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FOREWORD

The safety of food and protection of the environment continue to be important issues on the
Government’s agenda. Radioactivity in food and the environment, a source of potential harm, therefore
receives continuous surveillance to ensure that public safety targets and international commitments are
met and ensure that the environment is effectively protected. The Government makes the results of such
surveillance widdly available through publication of this report and through regular updates on the MAFF
Web site. This technical report presents the scope and results of our radiologica surveillance
programmes for 1998. It is complemented in England and Wales by the Environment Agency’s
surveillance report on non-food pathways.

Sponsored by the Joint Food Safety and Standards Group of the Ministry of Agriculture, Fisheries and
Food and the Scottish Environment Protection Agency, measurements of radioactivity have been carried
out in awide range of foodstuffs and in the environment around nuclear sites and other potential sources
of elevated radioactivity throughout the United Kingdom, and also at locations remote from these
SOUrces.

This report demonstrates that the public is being protected against unacceptable contamination of the
foodchain and that the UK is fully meeting public safety targets. We remain committed to ensuring that a
proper and rigorous surveillance programme is continued to ensure that this remains the case.
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Summary

EXECUTIVE SUMMARY

Radiation Safety — Food and the Environment at Nuclear Sites

This report combines data from both SEPA’s and MAFF s monitoring programmes for radioactivity in
food and the environment in 1998. Both programmes demonstrate that, in terms of radioactive
contamination, terrestrial foodstuffs and seafood produced in and around the UK are considered safe to
eat. Exposure of consumers to artificialy produced radioactivity via the food chain remained well below
the gtatutory UK limit of 1 mSv (millisevert) for the public, EU limits and Government targets.

In Scotland SEPA’s monitoring programme also sets out to determine levels of anthropogenic (man-made)
radioactivity within the environment itself by using a number of environmental indicators. The foodstuffs
collected as part of SEPA’s programme act both as indicators of the health of the environment as well as
verifying that the levels of radioactivity present within foodstuffs have low radiologica significance.

The highest estimated doses were due to liquid discharges from the reprocessing plant at Sellafield where
high-rate fish and shellfish consumers received 0.20 mSv in 1998 as compared with 0.10 mSv in 1997.
The calculated increase was largely due to changes in the habits of high-rate consumers of seafood and
the inclusion of direct exposure, rather than increases in measured contamination. This critical group aso
received an estimated dose of up to 0.37 mSv from enhanced levels of natura radioactivity due to
operations at the Albright and Wilson Ltd works a Whitehaven. Consumption of uncommon foodstuffs
taken as by-catches of fishing activities in the Sdllafield area was dso identified. Preliminary information
suggests that doses up to 0.33 mSv could be received by afew individuals. The by-catches contain
species which are rarely eaten such as sea mice (a marine worm), common shore crabs and sea urchins.
Further information is being sought on this pathway.

The highest doses in Scotland were aso attributable to liquid discharges from Sellafield and were
received by a group of high-rate fish and shellfish consumers in the Dumfries and Galloway area. Their
radiologica dose was 0.048 mSv, similar to the estimate for 1997 of 0.047 mSv. There was a small
reduction in the contribution to this dose made by technetium-99 discharged by Sellafield but it remains
one of the most significant radionuclides for this group.

Externa exposure resulting from discharges was highest for people on a houseboat in the Ribble estuary.
Their assessed dose was 0.15 mSv in 1998, a small increase from the value for 1997. The highest doses
from gaseous discharges were also seen at Sellafield. High-rate consumers of milk, vegetables, fruit and
mest received an estimated dose of 0.042 mSv, similar to the value for 1997.

Most of the seafood and externa exposure due to Sellafield was from historic discharges. Recent and
current discharges of technetium-99 contributed around 12% of the dose to the Sellafield seafood
consumers.

The nuclear site of next importance with regards to public exposures was Nycomed Amersham in Cardiff
where sources of radionuclides for research, medicine and industry are produced. Doses to high-rate
seafood consumers at Cardiff were estimated to be 0.060 mSv in 1998. Most of this was due to tritium
and carbon-14 in fish from the Bristol Channel. Research is underway to determine the mechanisms
whereby tritium from this site accumulates in seafood. Such accumulation is not observed at other sites
in the UK.

Assessed doses at al major sitesin the UK are shown in Figure S and are detailed in the Table below.



Summary

Liquid wastes |:|

Gaseous wastes .
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Figure S. Radiation exposures in the UK due to radioactive waste discharges, 1998
(Exposures at Whitehaven and Sellafield include the effects of artificial
and enhanced natural nuclides from nuclear and non-nuclear industries)
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Summary

Summary Table:

Radiation doses due to discharges of radioactive waste in the United Kingdom, 1998

Establishment Radiation exposure pathway Critical group Exposure, mSv @
British Nuclear Fuelsplé
Sellafield and Drigg® Fish and shellfish consumption Locd fishing community 0.20
and external
Terrestrial foods Local consumersat Sellafield 0.042
Terrestrial foods Local consumersat Drigg 0.017
Terrestrial foods Loca consumers at Ravenglass 0.028
External Farmers 0.081
Externa Houseboat dwellers (River Ribble) 015
Externd © Y achtsman (Whitehaven) 0.034
External (skin) Anglers 0.30¢
Handling of fishing gear Locd fishing community 0.07¢
Porphyra/laverbread consumption Consumersin South Wales <0.005
Troutconsumption Local consumersat Sellafield 0.017
Seaweed/crops Local consumersat Sellafield 0.030
Consumption of fishing by-catches Local consumers 0.33
Springfields External Houseboat dwellers (River Ribble) 0.15
Externa Farmers 0.019
External (skin) Local fishermen 0.19¢
Fish and shellfish consumption Local fishing community 0.036
and external
Terrestrial foods L ocal consumers? <0.005f
Wildfowl consumption Wildfowlers 0.039
and external
External (skin) Wildfowlers 124
Capenhurst Inadvertent ingestion of water and Loca community <0.005
sediment
Terrestrial foods L ocal consumers? <0.005
Chapelcross Fish and shellfish consumption Locd fishing community 0.027
and external
Externa Wildfowlers 0.018
Terrestrial foods Local consumers 0.022
United Kingdom Atomic Ener gy Authority
Dounreay Fish and shellfish consumption Local fishing community <0.005
Mollusc consumption and external Mollusc collectors 0.008
External Local community 0.005
Terrestrial foods Local consumers 0.030
Harwell Fish consumption and external Anglers 0.017
Terrestrial foods Local consumers <0.005
Winfrith Fish and shellfish consumption Local fishing community <0.005
Terrestrial foods Local consumers <0.005
Electricity Companies’
Berkeley and Oldbury Fish and shellfish consumption Locd fishing community 0.009
and external
Terrestrial foods Local consumers <0.005
Bradwell Fish and shellfish consumption Houseboat dwellers 0.011
and external
Terrestrial foods Local consumers <0.005
Dungeness Fishand shellfish Bait diggers 0.014
consumption and external
Terrestrial foods L ocal consumers? <0.005
Hartlepool Fish and shellfish consumption Locd fishing community 0.005
and external
Terrestrial foods Local consumers <0.005
Heysham Fish and shellfish consumption Local fishing community 0.074
and external
Terrestrial foods Local consumers 0.005
Hinkley Point Fishand shellfish consumptionand external  Local fishing community 0.013'
Terrestrial foods Local consumers 0.011
Hunterston Fish and shellfish consumption Locd fishing community 0.025
and external
Terrestrial foods Local consumers 0.020
Sizewell Fish and shellfish consumption Locd fishing community <0.005
and external
Terrestrial foods Local consumers 0.009




Summary

ummary Table:  continued

Establishment Radiation exposure pathway " Critical group Exposure,mSv 2
Electricity Companies continued
Torness Fish and shellfish consumption Local fishing community 0.006
Externa Loca community <0.005
Terrestrial foods Local consumers 0.016
Trawsfynydd Fish consumption and external Local fishing community 0.023
Terrestrial foods Local consumers 0.006
Wylfa Fish and shellfish consumption Local fishing community 0.010
and external
Terrestrial foods Local consumers <0.005
Defence Establishments
Aldermaston Fish consumption Anglers <0.005
and external
Terrestrial foods L ocal consumers? 0.005"
Barrow External Local community 0.025
Devonport Fish and shellfish consumption Local community 0.019
and external
Fadane Externa Loca community 0.011
HolyLoch Externa Loca community 0.006
Rosyth Externa Loca community 0.008
Nycomed Amershamplc
Amersham Fish consumption and external Anglers <0.005
Terrestrial foods Local consumers 0.007
Cardiff Fish and shellfish consumption Local fishing community 0.057
and external
Terrestrial foods Local consumers 0.015
Albright and Wilson L td
Whitehaven® Fish and shellfish consumption Local fishing community 0.49

& Unlessotherwise stated represents committed effective dose cal culated using methodol ogy of | CRP-60 to be compared with thedose limit of 1

mSy (see section 6). Exposuresdue to marine pathwaysinclude thefar-field effects of discharges of liquid waste from Sellafield. All exposures
for terrestrial pathwaysinclude a component fromradionuclideswhich werefound to be below the limits of detection. Unlessstated otherwise,
thecritical group for terrestrial pathwaysisrepresented isrepresented by the 1 year old age group
The estimates for marine pathwaysinclude the effects of liquid discharges from Drigg, but exclude the effects of natural radionuclides. The
contribution dueto Drigg isnegligible. The exposure dueto enhanced concentrations of natural radionuclidesfor seafood consumersin 1998
was 0.37 mSy
Includesa small contribution dueto consumption of seafood
Exposureto skin including a component due to natural sources of beta radiation, to be compared with the dose limit of 50 mSy (see section 6)
These estimates include the effects of enhanced concentrations of natural radionuclides but exclude a small contribution fromthe effects of
artificial radionuclidesfromother sites. They assume a gut uptake factor of 0.8 for poloniumwhichisbased on studies of seafood consumption
(see section 6). The exposuredueto artificial radionuclidesin 1998 was 0.074 mSvy
Includesa component dueto natural sources of radionuclides
Adults
With effect from 1/4/98, power stations within Magnox Electric plc became part of Magnox Generation Business Group, BNFL plc. For
reasons of continuity with previousreports, such power stationsareincluded in the category ‘ Electricity Companies
E%(cl uﬂ;esthe effectsof direct radiation fromthesite

yo
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Summary
Radioactivity levels at nuclear sites

No significant changes in radioactive contamination of food or external dose rates were observed in 1998.
Levels of technetium-99 in lobsters from the vicinity of Sellafield were again above those specified in the
EU Directive setting post-accident intervention levels* but there has been some declinein levels as a
result of reduced dischargesto sea. The assessed dose to the most exposed group of seafood consumers
from technetium-99 discharges was less than 3% of the dose limit of 1 mSv. Sea-to-land transfer of
technetium-99 took place on a small scale via the harvesting of seaweed for use as a soil conditioner and
fertiliser.

Site incidents

In February 1998, MAFF was informed of contaminated fera pigeons near the Sellafield site. A specia
study of the levels and consequentia doses from the potential consumption of pigeon mest was
undertaken. People were advised not to handle, daughter or consume pigeons within a 10 mile radius of
the Sellafield site. This advice remains in place.

Other incidents occurred at Sdllafield and a Hinkley Point. Reassurance monitoring showed that levels
and doseswere low.

In Scotland in 1998, a ‘snapshot’ study of technetium-99 levels in the environment was commissioned by
SEPA, including 10 samples of the seaweed Fucus vesiculosus, asit is abundant as well as being agood
environmenta indicator of this radionuclide in the marine environment.

In 1998, SEPA and NRPB published the findings of an extensive study into the fragments that had been
appearing in the environment around Dounreay (SEPA, 1998). SEPA’s advice to the Scottish Office was
that the two kilometre fishing restrictions should remain in force and that greater and speedier effort
should be made by UKAEA to find and quantify the extent of contamination in the local marine
environment, using the best available methodology and technology. SEPA’s advice was accepted by
Government.

Following the discovery of the potentia for activity to be transferred off-site by wildlife, SEPA initiated
studies to determine whether a comparable pathway might exist at nuclear licensed sites in Scotland.
Operators were required to take samples of wildlife that could provide a smilar pathway. These studies
did not produce any evidence to support the existence, at these sites, of such a pathway.

Radiation doses and levels at other locations in the UK

Analyses of food throughout the UK demonstrated that natural radionuclides are by far the most
significant source of exposure to communities in areas remote from nuclear sites. Monitoring of artificia
radioactivity on the Ie of Man and in Northern Ireland showed that doses were al less than 2% of the 1
mSyv limit. A survey on the Channel Idlands confirmed that doses due to discharges from the French
reprocessing plant at La Hague and other local sources were less than 1% of the limit.

Concentrations of naturd radionuclides in fish and shellfish near Whitehaven Works (Albright and Wilson
Ltd) continued to be enhanced above normad levels. Making maximising assumptions about the level of
enhancement, doses to high-rate seafood consumers, including the effects of artificid radionuclides from the
Sdlafield ste nearby, were estimated to be up to 0.56 mSv. There was no conclusive evidence for
enhancement of natura radionuclides near other non-nuclear industria sites. Tritium was found to leach
from some landfill sites but the radiologica significance of the levels was negligible.

* Theselevelsapply only after an accident and do not cover routine discharges. Itisworth noting that two other
radionuclideswith relatively |ow dose coefficients, comparableto that of technetium-99 (tritiumand carbon-14)
are exempted fromthese intervention levels. Government policy isexplained in Section 3.5.
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Summary

The surveillance programmes

The programmes involved the collaboration of five specialist |aboratories, each with rigorous quality
assurance audits, and a wide range of sample collectors throughout the UK. They were organised
independently of the industries discharging wastes by SEPA and by MAFF on behdf of the Channel
Idand States, the Environment and Heritage Service for Northern Ireland, the Manx Government and the
Welsh Office. Thisyear’s programmes required the collection of 2000 food samples and 3100 other
samples asindicators of environmenta levels. 21000 analyses or dose rate measurements were

compl eted.

Results of samples collected in the vicinity of nuclear sites in England and Wales are published as
quarterly summaries on the internet (www.maff.gov.uk.). Further details of al programmes described in
thisreport can be obtained by telephoning MAFF on 0171 238 6177 or SEPA on 01786 457 700.
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1. Introduction

1. INTRODUCTION

1.1 Background

This report contains the results of foodstuff and dose rate monitoring throughout the United Kingdom, the
Channel 1dands and the Ide of Man in 1998. Thisis the fourth in the series which combines the results
of the radioactivity monitoring programmes previoudy published by the Ministry of Agriculture,
Fisheries and Food (MAFF) in two documents: the ‘ Terrestrial Radioactivity Monitoring Programme
(TRAMP) Report: Radioactivity in food and agricultural products in England and Waes (e.g. MAFF,
1995) and the *Aquatic Environment Monitoring Report: Radioactivity in surface and coastal waters of
the British Ides (e.g. Camplin, 1995). Monitoring results from around nuclear licensed sites are
published regularly on MAFF's Internet site (www.maff.gov.uk).

The report is the third in the series which aso includes the reaults of al environmental monitoring for
radioactivity carried out in Scotland on behaf of the Scottish Environment Protection Agency (SEPA).
These results were previoudy presented in the * Statistical Bulletin:  Environmental Monitoring for
Radioactivity in Scotland’ (e.g. The Scottish Office, 1996). It is intended that data for monitoring in
Scotland will be published on SEPA’s web site (www.sepa.org.uk).

For nuclear sitesin Wales MAFF act on behalf of the National Assembly for Wales.*
This report is jointly published by MAFF and SEPA.

The datain this report cover the calendar year of 1998 and the results of the programmes are assessed by
the Centre for Environment, Fisheries and Aquaculture Science (CEFAS) on behaf of MAFF, SEPA, the
Welsh Office, the Environment and Heritage Service (Northern Ireland), the Manx Government and the
Channel Idand States.

The purpose of the programme is to verify that the levels of radioactivity present within foodstuffs are
acceptable and to ensure that public radiation exposure from the consumption of these foods is within UK
and internationally accepted limits. In Scotland, SEPA has a broader responsbility (under the
Environment Act 1995) for protecting (and determining general levels of pollution in) the environment
and here the data are also used for this purpose.

The monitoring is independent of similar programmes carried out by nuclear Site operators as a condition
of their authorisations to discharge radioactive wastes. The magjority of the report concerns the local
effects of disposals from nuclear sites in the United Kingdom. However, data on the marine environment
of the whole of the British Ides and further afield, together with information on the levels of radioactivity
in foodstuffs in areas of the UK remote from nuclear sites, isincluded. For Scotland, al monitoring of
the environment that is carried out is aso included in this report (some of the other environmental
monitoring data from outwith Scotland are included in other publications). Where appropriate, the
monitoring data for nuclear sites are supplemented by results from other projects related to the behaviour
of radioactivity in the environment. A summary of the scope of al radioactivity monitoring programmes
as undertaken by nuclear site operators and local and central government can be found in Cotter et a.
(1992).

To set the monitoring results from the programme in context, radioactive waste disposals from nuclear
establishments in the United Kingdom for 1998 are first addressed in section 1.2. Before the results are
presented, an explanatory section gives details of methods of sampling, analysis and presentation and
explains how results are interpreted in terms of public radiation exposures. A glossary of terms and
abbreviations is provided at Appendix 3.

* Prior to 1 July 1999 MAFF acted on behalf of the Welsh Office, reference is therefore made to this former
Department in thisreport.
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Figure 1.1. Principal sources of radioactive waste disposal in the UK
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1. Introduction
1.2 Disposals of radioactive waste

1.2.1 Radioactive waste disposal from nuclear sites

Data on radioactive waste discharges (disposals) are published annualy by the Department of
Environment, Transport and the Regions (DETR, 1998), the latest available publication being for the year
1996. Details of the disposas from individua sites are available from public records held by SEPA and
the Environment Agency. These agencies are responsible for authorising discharges in Scotland, and in
England and Wales respectively. A summary of 1998 disposals is included in Appendix 1; this enables
the results of monitoring presented in this report to be considered in the context of the relevant disposals.
The sites which are the principal sources of waste containing man-made radionuclides are shown in
Figure 1.1. The programmes include monitoring at each of these sites. For completeness, it should be
noted that disposals of radioactive waste are a so authorised from other sites such as hospitas, chemical
works and research establishments. These authorisations are made under the Radioactive Substances Act
1993 (United Kingdom - Parliament, 1993). The non-nuclear licensed sites are not subject to the
additiona controls provided for by the Nuclear Installations Act 1965 (United Kingdom - Parliament,
1965). Occasiondly the impact of such disposals is detected within this programme, for example, iodine-
131 originating from hospitals is detected in some marine samples. Small amounts of solid waste are also
disposed of in specified landfill sites. In genera these disposals are so insignificant that environmental
monitoring of their effectsis not required. However, this Stuation is reviewed from time to time, and
small surveys are included in the programme where relevant.

Appendix 1 presents the principal disposals of liquid, gaseous and solid radioactive waste respectively
from nuclear establishments in the United Kingdom during 1998. The Tables dso list the disposal limits
which are authorised or, in the case of the Ministry of Defence , administratively agreed. In some cases,
the authorisations specify limits in greater detail than can be summarised in a single table: in particular,
periods shorter than one year are specified at some sites. The authorised limits are usualy significantly
lower than discharge levels that would result in an exposure equivaent to the dose limits which are
recommended by the Internationa Commission on Radiologicd Protection (ICRP), and embodied in
nationda policy (United Kingdom - Parliament, 1995). The percentages of the authorised (or agreed)
limits taken up in 1998 are aso stated in the tables.

Where changes in the rates of disposa in 1998 have affected the levels of radioactivity in the
environment, thisis addressed in the relevant part of the subsequent text.

The Government regards it as important that there should be progressive and substantia reductions in the
discharges of radioactive waste to sea. In July 1998 the Government signed the Sintra Statement which
included the following commitment (OSPAR, 1998):

“We shall ensure that discharges, emissions and losses of radioactive substances are reduced by
the year 2020 to levels where the additional concentrations in the marine environment above
historic levels, resulting from such discharges, emissions, losses, are close to zero”

In achieving this objective the following issues should be taken into account:
. legitimate uses of the sea
. technical feasibility
. radiologica impacts to man and biota

1.2.2 Solid radioactive waste disposal at sea

In the padt, there have also been disposals of packaged solid waste of low specific activity, mainly to an
area of the deep Atlantic Ocean. The last such disposal wasin 1982. The Government formally withdrew
from this disposal option at the OSPAR Ministeria meeting held in Portugal in July 1998 (OSPAR, 1998)
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1. Introduction

when dl Contracting Parties agreed that there would no longer be any exception to a prohibition on the
dumping of radioactive substances, including wastes. The environmental impact of the deep ocean
disposds is predicted by detailed mathematica modelling and has been shown to be negligible (OECD
(NEA), 1985). Disposas of small amounts of waste also took place from 1950 to 1963 in a part of the
English Channel known as the Hurd Deep. The resaults of environmental monitoring of this areain 1998
are presented in Section 11.3, which confirms that the radiologica impact of these disposas was
insignificant.

Small amounts of radioactive waste have also been dumped in other coastal locations, details of which
were given in Parliamentary replies (United Kingdom — Parliament, 1997a). These wastes were from a
variety of industrial and university sources and not the nuclear power industry. The Government asked
the National Radiological Protection Board (NRPB) to carry out an independent assessment of the
radiologica significance of the disposals. The assessment (Titley et ., 1997) concluded that the
estimated doses from the dispersion of radionuclides in marine waters were not significant in radiological
protection terms and that there was no need for additional environmental monitoring in connection with
the disposals. The results of the assessment were given in a further written Parliamentary reply (United
Kingdom — Parliament, 1997b).

The NRPB considered that the only eventuality which could give rise to a significant calculated dose was
if one of two anti-static devices dumped off the ISe of Arran in 1958 were to be recovered by fishermen
or washed ashore. The likelihood of this occurring is extremely low; however in the interests of the loca
populations precautionary advice has been issued, by The Scottish Office and MAFF, to fishermen’s
organisations, loca authorities and other relevant bodies (MAFF 1998). Copies of this advice, and of the
NRPB report, are available from MAFF Rurd and Marine Environment Division, Room 150 Nobel
House, 17 Smith Square, London SW1P 3JR.

1.2.3 Other sources of radioactivity

There are severa other possible sources of radioactivity which may affect the marine food chain and the
environment. These include transport incidents, satellite re-entry, release from overseas installations and
the operation of nuclear powered submarines. Submarine berths in the UK are monitored by the Ministry
of Defence (DRPS, 1999). Genera surveillance of the British Ides is undertaken as part of the
programmes described in thisreport. Thiswould detect any gross effects from the sources above. No
such effects were found in 1998. Small enhancements in environmenta levels were detected in the
Channel 1dands due to discharges from the nuclear fuel reprocessing plant at LaHague. These are
discussed further in Section 11.3.
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2. Sampling and measurement

2. SAMPLING AND MEASUREMENT

2.1 Sampling programme

The primary purpose of the MAFF programme is to monitor the safety of the food chain. In order to
assess the total radiation dose received by a member of the public, for comparison with dose limits,
samples from the environment are aso taken. In this context the term sampling includes the collection of
samples from the environment for laboratory analysis (which is mainly directed at food pathways), and
also selective direct measurements in the environment of dose rates to assess external exposure pathways.
Subsidiary objectives for the programme are: (i) to establish a baseline from which to judge the
importance of accidental releases of radioactivity should they occur; (ii) to determine whether undeclared
releases of radioactivity have occurred from sites; and (iii) to provide information on radioactivity in the
diet of the genera population and to aid caculation of collective radiation exposures to the population as
awhole.

The primary purpose of the SEPA programme is to determine the levels of anthropogenic radionuclides in
the environment in order to assess their affects on human health (including via the food chain) as well as
that of the environment. Subsidiary objectives for the programme are: (i) to act as an additional check for
compliance with conditions in an authorisation and provide a basdline dataset from which to judge the
importance of accidental releases of radioactivity, should they occur; and (ii) to provide information on
radioactivity in the environment and diet of the general population and aid calculation of collective
radiation exposures to the population as a whole.

Sampling is focused on nuclear sites licensed by the Health and Safety Executive under the Nuclear
Installations Act, 1965 (United Kingdom - Parliament, 1965). Here the programme also serves to provide
information to assst the Environment Agency (and SEPA in Scotland) to fulfil its statutory duties under
the Radioactive Substances Act, 1993. Additional sampling is carried out in areas remote from nuclear
sites to establish the general safety of the food chain and the environment. Results from this sampling
generate data which can be used as background levels to compare with results from around nuclear sites.
M easurements can be affected by disposals of radioactive waste from nuclear sites abroad and show the
legacy of atmospheric fallout from past nuclear weapon testing and the nuclear reactor accident at
Chernobyl in the Ukraine.

The programmes can be divided into four main sectors largely on the basis of the origin of radioactivity in
the environment:

1 Nuclear sites

2. Other indugtrial and landfill Stes
3. Chernobyl

4, Regiona monitoring

The scope of these sectors is summarised in Table 2.1 and described in the following sub-sections.
2.1.1 Nuclear sites

Nuclear sites are the prime focus of the programme as individualy they are responsible for the largest
disposals of radioactive waste. Monitoring is carried out close to each of the sites shown in Figure 1.1.
Most food chain sampling and direct monitoring is conducted in the sit€'s immediate vicinity. Because
some radionuclides discharged in liquid effluent from BNFL Sellafield can be detected in marine
environment in many parts of north-European waters, the programme for this site extends beyond
nationa boundaries.

The frequency and type of measurement and the materials sampled vary from siteto site. Detailed
information on the scope of the programme at individua Sitesis given in the tables of results. The
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routine programme is supplemented by additiona monitoring when necessary, for example, in relation to
gteincidents. The results of both routine and additional monitoring are included in this report.
Supplementary information can be found on the internet (www.maff.gov.uk/food/radintro/radintro.htm,
www.maff.gov.uk/food/incid_1/bnfp23.htm and www.maff.gov.uk/food.incid_1/bnfl_s35.htm).

The main aim of the programme is to monitor the diet of consumers who live near nuclear sitesin order
to estimate exposures for those small groups of people who are most at risk from disposals of radioactive
waste. In the aguatic environment, the pathways which are the most relevant are the ingestion of seafood
and freshwater fish, drinking water and external exposure from contaminated materials. In the terrestrial
environment they are the ingestion of terrestrial foods, inhaation of airborne activity and externd
exposure from materia in the air and deposited on land. The drinking water pathway is of interest for
inland nuclear sites which are found in England and Wales. This pathway is considered as part of the
Environment Agency programme (Environment Agency, 1999). Inhaation of arborne activity and
externa exposure from airborne material and surface deposition are difficult to assess by direct
measurement and are better assessed using environmental models. The main thrust of the monitoring is
therefore directed at awide variety of foodstuffs and measurements of external exposures on the shores of
sess, rivers and lakes. It also includes some key environmental indicators, often where there is a database
50 that levels found in the environment can be put in an historic context.

The description of the work undertaken can be conveniently divided into two categories. aquatic and
terrestrial. The first deals with contamination in or near the sea, rivers and lakes and acts as a check on
disposals of liquid wastes. The second deals with contamination on land which is dominated by disposals
to the atmosphere.

From January 1998 onwards, the responsibility for the bulk of surveillance of externa exposure in
England and Wales passed to the Environment Agency who will publish their results in a separate report.
However, as part of SEPA’s programme the RIFE report will continue to provide external exposure
information for Scotland. Also data will be presented for externa exposure in England and Wdes in
order to give a holistic approach to high-rate consumers protection and assurance for the farming and
fishing communities.

The aquatic programme

The genera scope of the aquatic programme in 1998 is summarised in Table 2.2. The main components
were sampling and laboratory analysis of a wide range of seafood and indicator materials (see below) and
selected direct measurements of external dose ratesin areas of known or suspected contamination and
where public occupation occurs or is likely to occur. In both cases the frequency of measurement
depends on the level of environmental impact from the source under scrutiny, the intervals between
measurements varying between 1 week and 1 year.

The types of materia sampled and the locations from which samples are taken are chosen to be
representative of existing exposure pathways. Knowledge of such pathways is gained from local habits
surveys and other sources. As a consequence the programme varies from site to site and indeed from year
to year, according to local circumstances. Selected large area contamination monitoring is carried out in
Scotland. Thisis to establish whether there is any unusua localised radioactivity which may be missed
by the sediment sampling and measurement regime, which by definition is selective. The Environment
Agency carry out this function for sitesin England and Wales. Measurements of indicator materials, such
as sediments and seaweeds, perform an important function by, for example, providing information on
trends in contamination levels in the environment. These materias can concentrate particular
radionuclides and offer a cost-effective means of determining levels of activity in the environment
(sometimes referred to as “ environmenta indicators’). In the case of sediments, there is an immediate
use for activity concentration data in assessments. Such data can also be used to help distinguish
contributions to the overall dose rates from artificial and natural radionuclides and different sources of
artificia radioactivity using the characteristic radionuclide signatures.
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Data from the aguatic programme are also used to aid the development of models for assessment of future
(prospective) doses from planned discharges. Thisisimportant for deciding on the acceptability of
revised or new discharge authorisations.

The terrestrial programme

The general scope of the terrestrial programme in 1998 is summarised in Table 2.2. The main focus of
this programme is the sampling and analysis of foodstuffs which may be affected by disposals to
atmosphere, athough in some cases where food availability is limited, environmenta indicator materials
such as grass are monitored in place of food.

The types of foodstuff sampled are chosen on a site-by-site basis to reflect local availability, and to
provide information on: (i) the main components of diet; milk, meat and ceredls, and on: (ii) products
most likely to be contaminated by disposals, such as leafy green vegetables or soft fruit. Minor foods
such as mushrooms and honey, which under certain circumstances are known to accumulate radioactivity,
are also sampled when available.

For monitoring purposes, cows milk is generally the most important foodstuff as grass is an efficient
collector of atmospheric contaminants and many of the more important radionuclides are rapidly passed
from grass into milk. Milk is aso a convenient product to regularly sample and analyse and is an
important part of the diet, especialy for young children and infants. In addition cows graze alarge area
of pasture and therefore the monitoring of milk provides a method of carrying out surveillance of large
areas. For most analyses of milk, weekly or monthly collections are combined (bulked) to provide four
quarterly samples for analysis each year, athough some analyses may be carried out more frequently.
Annual bulking of some samplesis carried out for analyss of tritium, C-14 and caesum ratios. The
frequency of analysis of other foodstuffs is generally annual, this allows for a wide a range of sample
types. Samples are collected from locations as close to the sites as practicable as these are usualy the
most sengitive to the effects of disposals. In the case of milk, sampling may take place at severa farms
and these are labelled either as ‘near’ or ‘far’ in the tables of results depending on their distance from the
site. The threshold for distinguishing between near and far farms is 8 km.

‘Dry cloth’ detectors, positioned around the nuclear sites are analysed for airborne radionuclides which
have become entrapped in the cloth. Further details are given in section 2.2.3.

2.1.2 Industrial and landfill sites

Whilst the main focus of the programme is the nuclear industry, a watching brief is kept on other
activities which may have aradiologica impact on the food chain. This part of the programme considers
the impact of disposals of natural and man-made radionuclides from non-nuclear industries and of
disposdl into landfill sites other than at Drigg and Dounreay. The Sites considered in 1998 are shown in
Figure 2.1.

Industria sites are chosen because either they are known from previous research to have a measurable
radiological impact on the food chain or they represent a type of industria activity which has potentia
effects on the environment/food chain. These sites do not require licensing under the Nuclear
Installations Act. 1n 1998, the industrial sites studied were:

. Whitehaven, Cumbria (a phosphate plant)

. Aberdeen, Grampian (gas and oil industry)

. Port Talbot, West Glamorgan (sted works)

. Scunthorpe, Humberside (sted works)

. Pontypool, Gwent (industrial waste incinerator)
. Sidcup, Kent (hospital waste incinerator)
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@ Industrial site
W Landfill site

Figure 2.1. Industrial and landfill sites studied in 1998

In the case of the Whitehaven and Aberdeen sites, the survey was directed at seafood and marine
sampling and analysis. At the other sites monitoring of grass, soil or animals took place because the main
interest was the terrestrial food chain.

Four landfill sites were monitored in England and Wales and twelve in Scotland. These sites are amongst
those that have been approved for disposal of very low levels of radioactivity. They are studied to assess
the extent, if any, of the contamination leaching from the Site and re-entering the terrestrial environment
and hence the food chain.

2.1.3 Chernobyl fallout

The main effort to monitor the effects of the 1986 Chernoby! accident was in relation to the continuing
restrictions on the movement, sale and daughter of sheep in Cumbria, north Wales and parts of Scotland
and Northern Ireland. Monitoring of other foodstuffs is now at a much reduced rate as levels have
declined dramatically since the accident, but there remains a small scale survey of radio-caesum in
freshwater fish taken from a small number of upland lakes.

2.1.4 Additional monitoring

In addition to the previous programmes which address specific sources of contamination in the United
Kingdom, this report aso considers the levels of radionuclides in the environment in areas remote from
these sources as an indication of general contamination of the food supply and the environment. The
component parts of this programme are:
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. monitoring of the ISe of Man and the Channel I1dands;
. dietary surveys,

. sampling of milk, crops, bread and mest;

. drinking water and air particulates in Scotland;

. seawater surveys.

Isle of Man and the Channel Islands

The programmes for the Insular States are designed to complement that for the United Kingdom and to
take account of the possibility of long-range transport of radionuclides.

Monitoring on the Ide of Man for terrestrial foodstuffs is carried out on behalf of the Department of
Loca Government and the Environment. Sampling is undertaken of a range of foodstuffs which are
analysed for Chernobyl, Sdllafield and Heysham related radionuclides. Monitoring of seafood is
primarily directed at the effects of disposals from Sellafield.

Channdl Idands monitoring is carried out on behalf of the Channel Idand States. It consists of sampling
and analysis of seafood and indicator materials as a measure of the potential effects of United Kingdom
and French disposals into the English Channel and historic disposal of solid waste in the Hurd Deep.

General diet

The purpose of the generd diet surveysis to provide information on radionuclides in the food supply to
the whole population, rather than to those in the vicinity of particular sources of contamination such as
the nuclear industry. This programme provides background information which is useful in interpreting
ste-related measurements and also helps ensure that al significant sources of contamination form part of
the site-related programme. Representative mixed diet samples are collected from thirteen regions
throughout the United Kingdom. Norma culinary techniques are used in preparing samples (eg removal
of outer leaves) and samples are combined in amounts which reflect the relative importance of each food
in the average UK diet. These samples are analysed for arange of contaminants including radionuclides.
Part of this datais also supplied to the European Commission (EC) in support of the Euratom Tresty.

Specific foods, freshwater, and airborne particulates

Further background information on the relative concentrations of radionuclides is gained from the
sampling and analysis of foods, particularly milk, crops, bread and meat. Freshwater and airborne
particulates in Scotland are also analysed to add to our understanding of radionuclide intakes by the
population via ingestion and inhaation and as genera indicators of the state of the environment.

Milk sampling took place at 30 dairies throughout the United Kingdom in 1998. Samples are taken
monthly and are reported to the EU to allow comparison of results with those from other member states.

Other food sampling complements the regiona dairy programme described above. Crop samples were
taken from 24 locations covering areas throughout the United Kingdom. Bread and meat samples were
taken from 4 areas in Scotland. The results are used to give an indication of background levels of
radioactive contamination from natural and anthropogenic sources (nuclear weapon tests and Chernobyl
falout) for comparison with samples collected from around nuclear sites.

Drinking water was sampled from 29 |ocations throughout Scotland. The results of monitoring of
drinking water in England and Wales have been published by the Department of the Environment,
Trangport and the Regions (DETR, 1998) and are summarised in the Environment Agency’s Annua
Report (Environment Agency, 1999). Airborne particulates are sampled monthly in Glasgow by the
NRPB for SEPA.
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Seawater surveys

Seawater surveys are carried out in the Irish Sea, Scottish waters and the North Seato provide
information on radionuclide levels and fluxes in the coastal seas of northern Europe.  Such information is
used to support international studies of the health of the seas under the aegis of the Odo and Peris
Conventions (OSPAR, 1993a) to which the United Kingdom is a signatory. These surveys are mounted
using government research vessels and are supplemented by a programme of spot sampling of seawater at
coastal locations.

2.2 Methods of measurement

There are two basic types of measurement made: (i) samples are collected from the environment and
analysed for their radionuclide content in a laboratory; and (ii) dose rates are measured directly in the
environment.

2.2.1 Sample analysis

The analyses carried out on samples vary according to the nature of the radionuclide under investigation.
The types of analysis can be broadly categorised in two groups. (i) gamma-ray spectrometry; and, (ii)
radiochemical methods. The former is a cost-effective method of detecting a wide range of radionuclides
commonly found in radioactive wastes and is used for most samples. The latter comprise a range of
analyses involving chemical treatments to isolate the radionuclides under study. They are senditive
methods but costly. They are therefore only used when there is clear expectation that information is
needed on specific radionuclides which are not detectable using gamma spectrometry.

Four laboratories analysed samples in the programmes described in this report. Their main
responsibilities were as follows*:

. CEFASandysis of dry cloths and aguatic samples excluding those from Scotland

. VLA gamma spectrometry and radiochemistry (excluding total uranium anaysis) of
terrestrial samples excluding those from Scotland

. NRPB gamma spectrometry and radiochemistry of Scottish samples, and diet and
industrial samples from England and Wales

. IC total uranium analysis of terrestrial samples

Each laboratory operates a quality control procedure to the standards required by MAFF or SEPA
involving regular calibration of detectors and intercomparison exercises with other |aboratories. The
methods of measurement used are summarised in Table 2.3.

Corrections are made for the radioactive decay of radionuclides between the time of sample
collection and measurement in the laboratory. This is particularly important for radionuclides with
relatively short half-lives such as sulphur-35 and iodine-131. Where bulking of samples is
undertaken, the date of collection of the bulked sample is assumed to be in the middle of the
bulking period. Otherwise the actual collection date for the sample is used. In afew cases where
short-lived radionuclides are part of a radioactive decay chain, the in-growth of activity from their
parent radionuclides after sample collection is also considered. Corrections to the activity present
at the time of measurement are made to take this into account for the radionuclides protactinium-
233 and thorium-234.

The analysis of foodstuffsis carried out on that part of the sampled material which is normally eaten. The
shells of shellfish and the pods of legumes are usualy discarded before andlysis. Foodstuff samples are
prepared in such away so as to minimise losses of activity during the analytical stage. Most shellfish

* Abbreviationsareexplained in Appendix 3.
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samples are boiled soon after collection to minimise losses from the digestive gland. For afew
radionuclides, some activity may be lost in the cooking process during sample preparation. These losses
reflect the effects of the normal cooking process for the foodstuff.

2.2.2 Measurement of dose rates

Measurements of gamma dose in air over intertidal areas are normally made at 1 m above the ground
using Mini Instruments* environmental radiation meters type 6-80 with compensated Geiger-Muller tubes
type MC-71. With certain key public activities, for example for people living on houseboats or for
wildfowlers lying on the ground, measurements at other distances from the ground may be made.

Externa beta doses are measured on contact with the source, for example, fishing nets, using Berthold*
LB 1210B contamination monitors. These portable instruments are calibrated against recognised
reference standards.

2.2.3 DryCloths

The dry cloth programme provides a smple and cheap method of sampling airborne radioactive
contamination around each of the mgjor nuclear licensed sites. The dry cloth assembly consists of a
v-shaped, dust retentive cloth mounted to pivot on a2 metre rod. The assembly is set up in arelatively
exposed, but secure, area and is free to turn in the wind to maximise collection. The cloths are changed
each month and analysed for apha, beta and gamma activity. Around 2000 cloths are analysed each year.
Each set of resultsis carefully examined so that any unusual levels of activity can be followed up by
further sampling or investigation at the site.

*Thereferenceto proprietary productsin thisreport should not be construed as an official endor sement of these
products, nor isany criticismimplied of similar products which have not been mentioned.

25



2. Sampling and measurement

able 2.1. Scope of the monitoring programmes

Programme Sub-programme

Nuclear sites®

Industrial sites Chemical works
Landfill sites

Chernobyl falout Sheepmonitoring

Freshwater fish
Regional® Milk, crops, bread and meat
Digt
Isleof Man
Northernlreland
Channel Idands
Freshwater and air particul atef
Seawater

Main purpose

Support for RSA 93, assessment of waste disposal

Support for RSA 93, assessment of waste disposal
Support for RSA 93, assessment of waste disposal

Support for FEPA 85, guidance on restrictions
Support for FEPA 85, trend analysis

Generd food safety, support for EURATOM Treaty©

Generd food sefety, support for EURATOM Tresty©

General food safety

General food safety

General food safety

Safety of drinkingwater andair, support for EURATOM Treaty
Support for OSPAR Convention

2 Theterrestrial partsof thisprogrammein England and Wal es, excluding most grassand soil sampling and all drycloth sampling, are known

asTRAMP (Terrestrial Radioactivity Monitoring Programme)

b Theterrestrial parts of these programmesin England and Wales are known as FARM (Food and Agriculture Monitoring Programme)

¢ InScotland
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Table 2.2. Scope of the nuclear site sampling in 1998

M easurement

Routinefregquency of
measurement

Anayses
or measurements

Typesof materia

Detailed speciesmaterials

Aquaticprogramme

Analysis of foods

Analysis of indicator
materias

Gamma dose rates

Betadoserates

Contamination survey

Annualy to monthly

Annually toweekly

Annualy to monthly

Annualytoquarterly

Annually to monthly

Terrestrial programme

Anaysis of foods

Analysis of indicator
materials

Annually to monthly

Annualy to monthly

Totd beta, gamma
spectrometry, °H, 24C,
ZZSRB, 903’ %TC, 147Pm,
134/137CS Th U
transuranics

Total beta, gamma
spectrometry, 3H, 24C,
ZZSRa, 908- %TC 147Pm
134/137C$, T’-h, U: ’
transuranics

Total alpha, betaand
gamma, gamma
spectrometry

3H, organic°H, “C, %P,
3551 45C3, 909-’ 99TC, RU,
l3l| , 129|7 147Pm, CS
ZloPO, U, 210%
transuranics

Total alpha, betaand
gamma, gamma
spectrometry

3H, organic3H, “C, %2P,
353 4SCa, 903,‘ 99-|'C7 RU,
131| , 129| , 147911' CS,
210|:>07 U, 210pb
transuranics

Fish, crustaceans, molluscs,

edible aquatic plants

Water, sediments, salt
marsh, seaweeds, aguatic
plantsand coarsefish

On beaches, harbours,
marshes, riverbanks,
|akesidesand boats

Onnets, pots, ropes,
sediments and saltmarsh

On beaches

Milk, cropsand animals

Grass, soil, faeces, dry
clothsand animal food

Cod, plaice, grey mullet, bass, dab, ray,
herring, flounder, seatrout, dogfish,
whiting, whitebait, fish oil, salmon,
sole, spurdog, saithe, mackerel,
haddock, hake, edl, crabs, lobsters,
squat |obsters, winkles, native oysters,
mussdls, limpets, whelks, cockles,
Nephrops pacific oysters, shrimps,
squid, scallops, queens, ormers,
Porphyra laverbread, samphire, pike,
brown trout, rainbow trout, perch, sea
mice and spider crabs

Fish meal, mud, sand, coal, clay, salt
marsh, peat, turf, sludge, seawater,
freshwater, Fucus spp., Rhodymenia
spp., Fontinalis, Laminaria digitata,
Elodia canadensis, Nupha luteaand
rudd

Cows' and goats' milk, beef meat,
kidney and liver, sheep meat and offal,
pig meat and offal, chicken, duck,
pheasant, rabbits, honey, mushrooms,
hazelnuts, beetroot, whest, barley,
elderberries, apples, crab apples,
blackberries, strawberries, raspberries,
abbage, seakale, lettuce, potatoes,
runner beans, turnips, leeks, carrots,
swede, sprouts, sprout tops, broad
beans, kale, peas, cauliflower, spinach,
marrow, asparagus, pumpkin, sugar
beet, sugar beet tops

Grass, soil, silage, animal faeces, rape,
fodder beet, lucerne, rainwater,
compost and dry cloths
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able 2.3. Analytical methods

Radionuclides Sampletype Method of measurement

3H ®H (organic) 1*C32P 3*S*Ca All Betacounting by liquid scintillation

147 Pm 241 Pu

0y High-level aquatic samples Cerenkov counting by liquid scintillation

0y Terrestrial andlow-level Beta counting using gas proportional detectors
agquatic samples

99Tc2Phbeta All Beta counting using gas proportional detectors

103+106R 131) 144C134+137Cg Terrestrial samples Beta counting using gas proportional detectors

125 199 Terrestrial samples®™W Gammacounting by solid scintillation

B4Cs197Cs Seawater Gammacounting by solid scintillation

Gamma Dry cloths Gammacounting by solid scintillation

51Cr5*Mn5’Co%8Co 5°Co >°Fe All Gammaspectrometry using

65Zn 9Nb 9Zr 103Ry106Ry 110mA g 125G germanium detectors

134CS 137csl44ce 154Eu 155Eu

241 Am 233 Pa234Th

125 1299 Terrestrial samples’® Gammaspectrometry using

germanium detectors

129) 13 Agquatic samples Gammaspectrometry using
germanium detectors

U Terrestrial samples Activation and delayed neutron counting

210pg 226Rgr 234 235+236 238 All Alphaspectrometry

237Np 228Th 230Th ZSSRJ

239+240 Pu 241Am ZAZCm 243+2440n

22°Ra Terrestrial samples Alphacounting using thin window
proportional detectors

Alpha Dry cloths Alphacounting using thinwindow
proportional detectors

*  Determined by gamma spectrometry in sediment samplesnear Springfields
EW England and Wales
S Scotland
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3. PRESENTATION AND ASSESSMENT

Dose to members of the public from consumption of food is a function of the level of contamination of
the foodchain, the rate of consumption, and the dose coefficient. This section explains how data are
presented and how assessments of public dose are made, including non-food pathways where thisis
relevant.

3.1 Time averaging

The tables of monitoring results which follow contain summarised values of observations obtained during
the year under review. The data are generally rounded to two significant figures. Values near to the
limits of detection will not have the precison implied by using two significant figures. Observations of a
given quantity may vary throughout the year. Variability may be due to changes in rates of discharge,
different environmenta conditions or the random fluctuations expected in the environment.

The method of presentation of the summarised results allows the data to be interpreted in terms of public
radiation exposures for comparison with agreed safety standards. The appropriate period for comparison
with recommended limitsis one year. Standard practice is to combine annua rates of consumption or
occupancy of the small group of people, usualy living close to the site, who are expected to be the most
exposed (the critical group) with the arithmetic means of observed radioactivity concentrations or dose
rates, respectively, during the year at the appropriate locations. This procedure is followed for ng
contamination of seafood (see Section 3.6)

For milk samples, the most appropriate quantity for use in assessments is the arithmetic mean at the farm
where the highest concentrations are observed. In most tables thisis also labelled ‘max’ to distinguish it
from the values which are averaged over arange of farms. However for Scottish sites bulking of milk
samples across farmsiis carried out prior to analysis. In these cases the ‘max’ values are the maximum
results from the analysis of the respective bulked samples over the year.

For most other terrestrial foods an aternative approach is adopted , since it is recognised that the possible
storage of foods harvested during a particular time of the year has to be taken into account. Greater
public exposures would be observed when foods are harvested at times when levels of contamination are
high. For such foods, we have presented the maximum concentration observed of each radionuclide in
1998 as well as the mean value. The maximum islabelled ‘max’ in the tables and forms the basis for the
assessment of dose.

3.2 Spaceaveraging

In this report results are presented for each location or source of supply where asampleistaken or a
measurement is made. These measurements form the basis of the dose calculations. Sample collectors
are instructed to use the same location for obtaining samples during the year. Spatial averaging is
therefore not generally undertaken though it is inherent in the nature of some samples collected. A fish
may move some tens of kilometres through concentration gradients in seawater and lower trophic levels.
The resulting level of contamination therefore represents an average over alarge area. Similarly cows
providing milk at afarm may feed on grass, silage and other fodder collected over a distance of afew
kilometres of the farm. In the case of dose rate measurements, the position where the measurement is
carried out is within afew metres of other measurements made within ayear. Each observation consists
of the mean of a number of instrument readings at a given location.

The numbers of farms which are sampled to provide information on activities in milk at nuclear stesin
England and Wades are indicated in the tables of results. In Scotland, milk from al farms sampled around
a dte are bulked for each sampling period and the numbers in the tables refer to the number of bulked
samples analysed at the site. Otherwise, the number of sampling observations in the tables of
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concentrations refers to the number of samples which were prepared for analysis during the year. In the
case of smdl animals such as molluscs, one sample may include severa hundred individua animals.

The number of sampling observations does not necessarily indicate the number of individual analyses
carried out for a specific radionuclide. In particular, determinations by radiochemical methods are
sometimes carried out less frequently than those by gamma spectrometry. However, the results are based
on bulking of samples such that the resulting determination remains representative.

3.3 Detection limits

There are two main types of result presented in the tables: (i) positively detected values above the
detection limits and (ii) ‘less than’ values which include data at the limit of detection (LoD) or minimum
reporting level (MRL). There are also afew results quoted as ‘ not detected’ (ND) by the methods used.
‘Lessthan’ values are reported when the radionuclide is one which is likely to be discharged from the
nuclear site under study, or when a positive result is detected in any other sample presented in the table in
1998.

Limits of detection are governed by various factors relating to the measurement method used and these
are described in earlier reports (MAFF, 1995). The minimum reporting level is a quantity related to the
radiological significance of a particular concentration of activity. In certain cases, whilst a limit of
detection may be relatively low, the requirements for reporting from analytical laboratories are defined at
ahigher level, that isthe MRL. The concepts and values of MRLs are discussed further in earlier reports
(e.g. MAFF, 1995).

3.4 Additional information

The main aim of this report is to present dl the results of routine surveillance from the programmes
described previously. However it is necessary to carry out some averaging for clarity, and to exclude
some basic data which may be of use only to those with particular research interests. Full details of the
additional data are available from MAFF and SEPA. Results of samples collected in the vicinity of
nuclear sites in England and Wales are published as quarterly summaries through the Internet
(www.maff.gov.uk).

The main categories of additiona data are:

. data for individual samples prior to averaging

. uncertainties in measurements

. data for very short-lived radionuclides supported by longer-lived parents

. data which are not relevant to a site's discharges for natural radionuclides and artificia
radionuclides below detection limits

. measurements carried out as part of the research programme described in section 12.

Very short-lived radionuclides such as yttrium-90, rhodium-103m, rhodium-106m, barium-137m and
protactinium-234m which are formed by decay of, respectively, strontium-90, ruthenium-103, ruthenium-
106, caesium-137 and thorium-234 are taken into account when calculations of exposure are made. Asa
first approximation, their concentrations can be taken to be the same as those of their respective parents.

A ligt of research studies underpinning the surveillance programme is given in Section 12.
3.5 Radiation protection standards

The monitoring results in this report are interpreted in terms of radiation exposures of the public,
commonly termed ‘doses. This subsection describes the dose standards which apply in ensuring
protection of the public.
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The dose standards are embodied in national policy on radioactive waste (United Kingdom -
Parliament, 1995). The National Radiological Protection Board (NRPB) advises the UK
Government on appropriate standards, including the recommendations of the International
Commission on Radiological Protection (ICRP). Current UK practice relevant to the general public
is based on the recommendations of the ICRP as set out in ICRP Publications 26 (ICRP, 1977) and
60 (ICRP, 1991). The Euratom Directive on basic radiation safety standards (Commission of the
European Communities, 1984), with which UK legislation complies, is based on the
recommendations of ICRP-26, but has been revised to take account of the changes in radiological
protection criteria recommended in ICRP-60 (Commission of the European Communities, 1996); the
directive will be mainly implemented through amendments to the Radioactive Substances Act (RSA
93) and the lonising Radiation Regulations (IRR85); the Department of Environment, Transport and
the Regions (DETR) is acting as the lead Government department for making amendments to the
Radioactive Substances Act and the Health and Safety Executive (HSE) has already consulted on
draft legislation to place the IRRs. Together these legislative amendments will ensure the directive
isimplemented in the UK. The International Atomic Energy Agency (IAEA) and its related inter-
governmental organisations have now published their own revised Basic Safety Standards for
Radiation Protection based on ICRP-60 (IAEA, 1996).

There are two limits on individua dose which apply in this report. The limit for whole-body dose (more
formally ‘committed effective dose’) is 1 mSv* (millisevert) per year (United Kingdom - Parliament,
1995). For skin, an dternative limit of 50 mSv per year to the skin, applies. Thisisto ensure that
specific effects on skin due to external exposure are prevented. It is applicable, for example, in the case
of handling of fishing gear.

The individual dose limits apply to the mean dose received by the ‘critical group’. This group
represents those who are most exposed to radiation and in this report are generally people who
eat large quantities of locally grown food (high-rate consumers) or who spend long periods of
time in areas where radioactive contamination may exist. The limits apply to all age groups.
Children often receive higher doses than adults because of their physiology, anatomy and
dietary habits. Consequently we have assessed doses to different age groups and determined
those most at risk.

Individual dose limits are to be used in situations where the effects of past routine operations have
introduced radioactivity into the environment, and the effects of severa sources combined with
those of the present day are taken together. Thisis the case when assessing the results of
environmental surveillance. Further ‘constraints on doses received by members of the public,
apply when considering the current and future operations of specific sources (United Kingdom-
Parliament, 1995).

Accidental releases may be judged against EU and ICRP standards in emergency situations (CEC,
1989 and ICRP, 1993). In addition it is Government policy that EU food intervention levels will be
taken into account when setting discharge limits. It therefore follows that intervention levels are
taken into account and used as a yardstick for radioactive concentrations in this report.

3.6 Assessment methods and data

Calculations of exposures of members of the public from waste disposals are based on the
environmental monitoring data for 1998. These data provide information on two main pathways:
(i) ingestion of foodstuffs; and (ii) external exposure from contaminated materials in the aguatic
environment. In both cases, the assessment estimates exposures from these pathways for potential
critical groups, that is the groups of people who are likely to be most exposed. There are three

* Srictly the statutory limitis5 mSvin any one year, and 1 mSy a year averaged over fiveyears. 1 mSv has
effectively been adopted asa limit in the UK, and this has been endorsed in recent white papers.
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factors to consider in the assessment of the ingestion pathway: (i) the concentrations of
radionuclides in foodstuffs; (ii) the amounts of food eaten; and (iii) the dose coefficients relating an
intake of activity to a dose.

3.6.1 Radionuclide concentrations in foodstuffs

In nearly all cases, the activities in foodstuffs are determined by monitoring and are given later in this
report. The Sellafield, Ie of Man and Scottish terrestrial assessments are supplemented by information
from mathematical models (see Appendix 2). The concentrations chosen for the assessment are intended
to be representative of the intakes of the most exposed consumers in the population. All of the
concentrations tabulated are included irrespective of the origin of the radionuclide. In some cases this
means that the calculated exposures include contributions due to disposals from other sites as well as
from wegpon test fallout and activity deposited following the Chernobyl accident. Where appropriate
corrections for background concentrations of natural radionuclides are made in the calculations of dose.

For aquatic foodstuffs, the assessment is based on the mean concentrations from the areas where
harvesting of seafood is known to take place near the site in question. For milk, the mean concentrations
at afarm close to the site are taken where possible. The farm is chosen by reference to the data on
concentrations such that the highest values of any farm are used in the assessment. This procedure
accounts for the possibility that any farm close to a site can act as the sole source of supply of milk to
high-rate consumers. For Scottish sites, results for individual farms are generally not available. In such
cases the maximum observed concentration in the bulk samples across farms is taken to provide an
adequate degree of conservatism. For other foodstuffs, the maximum concentrations are selected for the
assessment. This allows for the possibility of storage of food harvested at a particular time when the peak
levelsin ayear may have been present in the environment.

The tables of concentrations include ‘less than’ values as well as positive determinations. Thisis
particularly evident for terrestrial foodstuffs. Where aresult is presented asa‘less than’ value, the dose
assessment methodology treats it as if it were a positive determination in two situations: (i) when a
radionuclide is specified in the relevant authorisation and (i) when a pogtive determination is found in
another foodstuff from the site. This accounts for the possibility that some activity is present when no
positive determination is found. Although this approach will produce a dight overestimation of dose,
particularly at sites where levels are low, it ensures that estimated exposures are unlikely to be
understated. Formally, as a consequence of including ‘less than” concentrations in the dose assessments,
dose values in this report should be preceded with the less than (<) symbol. However, for reasons of
clarity, we have presented doses without the symbol.

3.6.2 Consumption rates

In the assessment of the effects of disposals of liquid effluents, the amounts of seafood consumed are
determined by site-specific habits surveys. Data are collected primarily by direct interviews with
potential high-rate consumers who are often found in fishing communities. Techniques have included the
use of consumption logging sheets (Leonard et d., 1982; Leonard, 1984) and consumption rate data have
been interpreted using techniques based upon |CRP recommendations (Hunt et al., 1982) to select
appropriate groups of high-rate consumers. Children are rarely found to eat large quantities of seafood
and their resulting doses are invariably less than those of adults. The calculations presented in this report
are therefore representative of adult seafood consumers.

In assessments of terrestrial foodstuffs, the amounts of food consumed are derived from national surveys
of diet and are grouped for four ages. adults, 15-year old children, 10-year-old children, and 1-year-old
infants (based on Byrom et d., 1995). For each food type, consumption rates at the 97.5 th percentile of
consumers have been taken to represent these people who consume a particular foodstuff at a high level
(the “critical group’ consumption rate). For foodstuffs where there is a marked variability in local
availability, for example honey, or in personal preference, for example offal, diet surveys undertaken
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among loca populations can provide additional data (Stewart et ., 1990). A programme of such
surveys is being undertaken around nuclear sites (Smith, D et d., in press). However, it has been found
that when the consumption rates for a variety of staple foodstuffs are examined, the contributions of
cows milk in the infant diet and vegetable consumption by young adults are generally the most
important pathways for radionuclide intake.

The foodstuff consumption rates are given in Appendix 4.

The assessment of terrestrial foodstuffs is based on the assumptions. (i) that the foodstuffs eaten by the
most exposed individuals are those that are sampled for the purposes of monitoring; and (ii) that the
consumption of such foodstuffs are sustained wholly by local sources. The two food groups resulting in
the highest dose are taken to be consumed at ‘high level’ consumption rates, while the remainder are
consumed at mean rates. The choice of two food groups at the higher consumption rates is based on
statistical analysis by MAFF of nationa diet surveys. This shows that only avery small percentage of the
population were critical rate consumers in more than two food groups (Day, persona communication).
Locally grown ceredls are not considered in the assessment of exposures as it is considered highly
unlikely that a significant proportion of cereals will be made into locally consumed (as opposed to
nationally consumed) foodstuffs, notably breed.

3.6.3 Summation of aquatic and terrestrial doses

The dose standards formally require the summation of contributions from all practices under contral. In
the context of this report, individual members of the public will be exposed to disposas from the nuclear
site under study and, in the case of widespread contamination, from other nuclear sites. However, they
may aso be exposed to other controlled practices such as the transportation of radioactive materials, the
use of consumer products containing radioactivity (e.g. some fire darms and tritium lights) and direct
radiation from nuclear sites and other sources.

The environmental data and the individuals affected that are assessed in this report naturaly fall into two
separate groups. those influenced by liquid waste disposal and those by gaseous waste disposal. We have
therefore calculated doses separately in these two cases. This information can form the basis for a formal
comparison with dose limits, though the smple addition of ‘liquid’ and ‘gaseous doses will overestimate
the dose received at a Site due to radioactive waste disposal. This is because an individual is unlikely to
consume both aquatic and terrestrial foods at such high rates. Development of a robust method for
cdculating a combined aquatic and terrestrial dose is a high priority. Surveys of consumption in
locations close to nuclear sites has demonstrated that the use of national data, particularly for seafood
consumption, is not appropriate. I1n future reports consumption rate data may be derived from the total
habit survey data; how representative groups will be defined is currently under consideration. In
addition, it should be noted that the age groups receiving the highest doses from liquid and gaseous
disposals are often not the same, this provides a further complication.

As a consequence of the Euratom Basic Safety Standard Directive it is anticipated that the Environment
Agencies in conjunction with the Nuclear Installations Inspectorate (NI1) will be required to determine
cumulative exposures (doses), in order to demonstrate compliance with the principal dose limit of 1 mSv
(for members of the public from al anthropogenic sources). It is likely that this will involve an appraisa
of ‘true’ total critical exposure from multiple sources, and the issue of summation across different
pathways will need to be addressed. The directive has to be implemented by 13" May 2000.

3.6.4 Dose coefficients

Dose calculations for intakes of radionuclides are based on dose coefficients taken from ICRP Publication
72 (ICRP, 19964). These coefficients (often referred to as ‘dose per unit intake') relate the committed
dose received to the activity ingested. The dose coefficients used in this report are provided in Appendix
5 for ease of reference. In past reports (e.g. The Scottish Office 1996) the dose received by infants from
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the consumption of milk has been caculated using the dose per unit intake values appropriate to 3-month-
old infants. In this report, for uniformity with the calculations carried out for England and Wales, the
values gppropriate to a 1-year-old have been used. This should be considered when comparing the dose
estimates reported for Scottish sites with those reported previoudly.

The dose assessments include consideration of children and the use of appropriate gut transfer factors
(proportion of radioactivity being absorbed from the digestive tract). Where there is a choice of gut
transfer factors for a radionuclide we have generally chosen the one which results in the highest predicted
exposure. However, we have a so taken into account specific research work of relevance to the foods
considered in this report. This affects the assessments for polonium, plutonium and americium
radionuclides.

The current ICRP advice is that afactor of 0.5 is appropriate for dietary intakes of polonium by adults
(ICRP, 1994). A study involving the consumption of crab meat containing natura levels of polonium-210
has suggested that the factor could be as high as 0.8 (Hunt and Allington, 1993). Estimates of the
exposures due to polonium intake have therefore been calculated using the conservative assumption that a
factor of 0.8 appliesto all seafood. We have retained afactor of 0.5 for other food.

Studies using adult human volunteers have suggested a factor of 0.0002 is appropriate for the
consumption of plutonium and americium in winkles from near Sdlafield (Hunt et d., 1986, 1990). For
these and other actinidesin food in generd, the NRPB considers a gut transfer factor of 0.0005 to be a
reasonable best estimate (NRPB, 1990) to be used when data for the specific circumstances under
consideration is not available. In this report, when estimating doses to consumers of winkles from
Cumbria, a gut transfer factor of 0.0002 is used for plutonium and americium. For other foods and for
winkles outside Cumbria the factor of 0.0005 is used for these radioelements. This choice is supported
by recent studies of cockle consumption (Hunt, 1998).

3.6.5 External exposure

In the assessment of externa exposure there are two factors to consider: (i) the dose rate from the source
and (ii) the time spent near the source. In the case of external exposure to penetrating gamma radiation,
uniform whole body exposure has been assumed. The measured quantity is air kermarate. This has been
converted into exposure using the factor 1 milligray = 0.85 millisevert (ICRP, 1996b). This factor applies
to arotational geometry with photon energies ranging from 50 KeV to 2 MeV. Thisis appropriate for the
instrument used whose sensitivity is much reduced below 50 KeV, and to the geometry of deposits of
artificia radionuclides. Applying an isotropic geometry gives a value of 0.70 Sv Gy* which would be
more appropriate for natural background radiation. The choice of 0.85 will therefore tend to overestimate
dose rates for the situations considered in this report which include both artificia and natural radiation.

For external exposure of skin, the measured quantity is contamination in Bq cni2. In this case, dose rate
factorsin Sv y'! per Bg cnt? are used which are calculated for a depth in tissue of 7 mg cn? (Kocher and
Eckerman, 1987). The exposure of gonads to beta radiation is assessed using the methods described by
Hunt (Hunt, 1992). The times spent near sources of external exposure are determined by site specific
habits surveys in a smilar manner to consumption rates of seafood. The occupancy and times spent
handling fishing gear are given in Appendix 4.

3.6.6 Subtraction of ‘background’ levels

When assessing the man-made effect on external exposures to gamma radiation and internal exposures
due to ingestion of carbon-14 and radionuclides in the uranium and thorium decay series in seafood,
estimates of dose rates and concentrations, as appropriate, due to natural background levels are
subtracted. Background carbon-14 concentrations in terrestrial foods are also subtracted. The estimates
of background concentrations are given in Appendix 6. On the basis of measurements made previoudy as
part of the programmes reported here, the gamma dose rate backgrounds in the aquatic environment were
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taken to be 0.05 pGy h! for sandy substrates, 0.07 uGy h* for mud and sat marsh and 0.06 uGy h* for
other substrates. These data are compatible with those presented by McKay et al. (1995). However,
where it is difficult to distinguish the result of a dose rate measurement from natural background, the
method of calculating exposures based on the concentrations of man-made radionuclides in sediments has
been used (Hunt, 1984). Estimates of external exposures to beta radiation include a component due to
natural (and un-enhanced) sources because of the difficulty in distinguishing between natural and man-
made contributions. Such estimates are therefore conservative when compared with the relevant dose
limit which excludes natura sources of radiation.
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4. British Nuclear Fuels plc
4. BRITISHNUCLEAR FUELS PLC (BNFL)

BNFL’s main business interests are the design and production of fuel for nuclear reactors, fuel
reprocessing and the generation of eectricity. The company aso operates a solid waste disposal site at
Drigg. Regular monitoring is carried out of the food chain and environmental* consequences of disposals
of radioactive waste from all BNFL sites by MAFF. For continuity with previous reports, this Section
comprises the results for five BNFL stes, namely Sdllafield, Drigg, Springfields, Capenhurst and
Chapelcross. The power stations within Magnox Electric plc became part of Magnox Generation
Business Group, BNFL with effect from 1 April 1998. These sites are considered in Section 6 “Nuclear
power stations operated by electricity generating companies’.

4.1 Sellafield and Drigg, Cumbria

Operations and facilities at Sellafield include fuel eement storage, the Magnox and oxide fuel
reprocessing plants, decommissioning of some nuclear facilities, and the Calder Hall Magnox nuclear
power station. Radioactive waste disposals include a very minor contribution from the adjoining
UKAEA Windscale and AEA Technology facilities. The most significant disposals are made from the
BNFL fuel element storage ponds and the reprocessing plants, which handle irradiated Magnox and oxide
fuel from the UK nuclear power programme, and some fuel from abroad. Small disposals of liquid and
gaseous radioactivity are made from the Drigg site, as aresult of the solid waste management practices.
Historicaly disposals from Sdllafield have had the greatest impact on food and the environment of the
UK. Current surveillance of the site reflects both historic and present day activities and, in view of its
importance is considered in depth in this report.

4.1.1 The aquatic monitoring programme

Liquid radioactive wastes from both Sellafield and Drigg are discharged under separate authorisations
effectively to the same body of water on the Irish Sea coastline. The sites are therefore considered
together for the purpose of aquatic environmental monitoring.

Disposds from the Sellafield pipelines during 1998 are summarised in Appendix 1. Tota alpha and beta
disposals were 0.174 and 85.5 TB( respectively (1997: 0.185 and 138 TBq respectively). The reduction
in beta disposals was due to reduced treatment of stored wastes and improved performance of the Site lon
Exchange Effluent Plant (SIXEP).

There were aso reductions in discharges of particular radionuclides (strontium-90 and technetium-99;
reasons as for beta activity) and an increase in cobalt-60 discharges (due to inputs from fuel stored in the
oxide reprocessing plant ponds). All disposals were within the limits set in the authorisations.

The main function of the Drigg sSite is to receive low level solid radioactive wastes from Sdllafield and
other UK sites and to dispose of them in engineered trenches or vaults on land. The authorisation for
disposals allows for the discharge of leachate from the trenches through a marine pipeline. The limits for
activity to be discharged through the marine pipeline and for concentrations of residua activity in the
Drigg Stream are given in Appendix 1. These disposals are small compared with those discharged from
the Sdllafield site. Marine monitoring of the Drigg Site is subsumed within the Sellafield programme
which is described in the remainder of this sub-section. The contribution to exposures due to Drigg
disposdls is negligible compared with that attributable to Sdllafield and any effects of Drigg disposas
could not be detected in 1998 above those due to Sdllafield. Regulatory monitoring of the Drigg Stream
is carried out by the Environment Agency.

*The Environment Agency hasthe principal responsibility for non-food pathwaysin England and Wales.
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Regular monitoring of the marine environment near Sellafield continued during 1998. Important
radiation exposure pathways were consumption of fish and shellfish and external exposure to gammarays
and beta particles from human occupancy over sediments. Other pathways are kept under review. In
1998, asin previous recent years, there was no harvesting of Porphyra seaweed in west Cumbriafor
manufacture of laverbread, but monitoring continued because the pathway remains potentially important.
A general review of radioactivity in the Irish Sea has been compiled by Kershaw et al. (1992). In
addition, Hunt (1995) has provided a reconstruction of exposures due to Sellafield liquid disposals from
the beginning of operations in 1952 through to 1993. A recent review of changes in disposals and effects
from the site is given by Smith et al.(in press).

In Scotland in 1998, a ‘snapshot’ study of technetium-99 levels in the environment was commissioned by
SEPA, to demonstrate explicitly that activities reduced with distance around the Scottish coast from the
point of discharge (also to make comparisons possible with environmental levels at Sites that were
routiney monitored; predominantly on the South West Scottish coast and in the Solway Firth). The study
included 10 samples of the seaweed Fucus vesiculosus, asit isagood accumulator and hence
environmental indicator of this radionuclide, around the coast of Scotland. The results of this study are
included in Table 4.13 and demonstrate a fall-off in environmental levels with distance from Sdllafield.

The fish and shellfish consumption pathway

Concentrations of radioactivity

Time trends of activity concentrations of carbon-14, technetium-99, caesum-137, plutonium-239/240 and
americium-241 are shown in Figures 4.1-4.5 respectively.

Concentrations of beta/lgamma activity in fish from the vicinity of the Irish Sea and from further afield are
given in Table 4.1. Data are listed by location of sampling or landing point, in approximate order of
increasing distance from Sellafield. Samples taken near other nuclear establishments which reflect
Sdlafield disposals are given later in this report. The ‘ Sellafield Coastal Area extends 15 km north and
south of Sdlafied from St Bees Head to Selker and 11 km offshore; most of the fish and shellfish
consumed by the local most exposed group is taken from this area. Specific surveys are carried out in the
smaller ‘ Sellafield Offshore Area’ where experience has shown that good catch rates may be obtained.
This area consists of a rectangle, one nautical mile (1.8 km) wide by two nautical miles (3.6 km) long,
Stuated south of the pipelines with the long side paralldl to the shoreling; it averages about 5 km from the
pipeline outlet.

The results for radiocaesium generaly reflect progressive dilution with increasing distance from
Sellafield. However the rate of decline of radiocaesium concentrations with distance is not as marked as
was the case some years ago, because significant reductions in disposals have been achieved. Thereis
therefore a greater contribution from historical sources. Radiocaesium in fish from the Bdtic is not due to
Sdlafield disposas but is substantialy from the Chernobyl accident (Aakrog et al., 1991). Concentrations of
radiocaesum in fish known to have been caught in Icelandic waters remained typica of those from weapon
test falout, a avaue of about 0.3 Bq kg™ for caesum-137in cod. Datafor the Barents and Cdltic Seasare
smilar. Inthe Irish Seg, the ratios of caesium-137 to caesium-134 were generaly higher than those in recent
disposds from Sdlafied, even dlowing for resdence time in the water and uptake into fish; this suggests that
a sgnificant contribution from aged radiocaesum is present, due to remobilisation from the sediment of the
Irish Sea (Hunt and Kershaw, 1990). Datafor cod from the * Offshore Ared typify thetimetrendsin
concentrations in fish (Figure 4.3).

A sample of rainbow trout from a small lake near Sellafield was again collected thisyear. The caesium-
137 concentration in the sample, 180 Bq kg?, was greater than in 1997 (39 Bq kg?); however the
variability of activities in samples of freshwater fish is known to be high (Camplin et al., 1989).
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The absence of any detected caesium-134 in the sample suggests that fallout from Chernobyl, which is
detected in other freshwater fish in Cumbria, is unlikely to be the source of activity nor would fallout
from atmospheric weapon tests be the source at these concentrations.

For shdlfish, a wide range of radionuclides contribute to radiation exposure of consumers owing to
generally greater uptake of radioactivity in these organisms than in fish. Table 4.2 lists concentrations of
beta/lgamma-emitting nuclides (except plutonium-241) and tota beta activity in shdlfish from the Irish
Sea and further afield. Crustaceans and molluscs are of particular radiological importance to the most
exposed group near to Sdllafield, as described later in this section. In addition to sampling by MAFF,
supplies of winkles, mussals and limpets were obtained from consumers who collected them in the
Sellafield coastal area.

Concentrations of artificia radionuclides in shellfish, as with fish, diminish with increasing distance from
Sdlafield. There are substantial variations between species: for example, lobsters tend to concentrate
more technetium-99 in comparison to crabs (see also Knowleset al., (1998)). However as a generad rule,
molluscs tend to contain higher levels of radionuclides than crustaceans, which in turn tend to contain
more than fish. When comparing 1997 and 1998 data across a wide range of sampling locations and
shellfish species, it is apparent that increases occurred for cobalt-60 and decreases for technetium-99
(Figure 4.2). These changes appear to reflect changes in disposals of these radionuclides.

The shdllfish table includes data for an annelid worm, A phrodite aculeata, commonly known as the sea
mouse. Thisanimal is caught as part of by-catches from fishing in the Sellafield area and is rarely eaten.

Analyses for transuranic radionuclides are costly and labour-intensive; as in previous years, a selection of
samples of fish and shellfish, chosen mainly on the basis of potential radiologica significance, was
analysed for transuranic nuclides. The datafor 1998 are presented in Table 4.3. Transuranics are less
mobile than radiocaesium in sea water; this is reflected in higher concentrations of transuranics in
shdllfish as compared to fish, and a rapid reduction with distance from Sdllafield in concentrations of
transuranics, particularly in shellfish. Concentrations in shellfish in 1998 were similar to those in 1997
(Figures 4.4 and 4.5). Those in samples from the north-eastern Irish Searemain the highest levels of such
nuclides to be found in foodstuffs in the UK

Concentrations of natural radionuclides in fish and shellfish in the Sellafield area are presented in
Section 10.

Individual dose

Table 4.4 summarises doses in 1998 from artificial radionuclides in fish and shellfish. The dose to
the local most exposed group of consumers was 0.20 mSv. This includes a contribution due to
external exposure. Theincrease in dose from 0.10 mSv reported for 1997 (MAFF and SEPA, 1998)
islargely due to changes in the assumed habits of high-rate consumers of shellfish. The changes,
which were based on the results of alocal habits survey, included increased consumption of
molluscs and the explicit inclusion of external exposure in the group. Most of the seafood and
external dose due to Sellafield was from historic discharges. Recent and current discharges of
technetium-99 contributed about 12% of the dose to the Sellafield seafood consumers.

Data for natural radionuclides in fish and shellfish are discussed in Section 10; however, the effects
on the Sellafield most exposed group from controlled disposals of natural radionuclides from
another west Cumbrian source, Albright and Wilson Ltd, Whitehaven, are considered here to enable
the total dose to be compared to the limit of 1 mSv. The dose to the local group of seafood
consumers due to the enhancement of concentrations of natural radionuclides in the Sellafield area
in 1998 was 0.37 mSv using a gut uptake factor for polonium of 0.8. Most of this was due to the
polonium-210 and lead-210 content of shellfish. This gives a total dose to this group of less than
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0.57 mSv. These doses may be compared with an average dose rate of approximately 2.2 mSv year to
members of the UK public from &l natural sources of radiation (NRPB, 1998) and are well within the
limit of 1 mSv.

Exposures of groups representative of the wider fishing communities associated with fisheriesin
Whitehaven, Dumfries and Galloway, the Morecambe Bay area, Fleetwood, Northern Iredland and the Ide
of Man have been kept under review (Table 4.4). The doses received by these groups are significantly
less than that for the local Sellafield group because of the lower concentrations observed further afield.
There were small changes in the doses in each area when compared with those in 1997 (see text table).
All doses were well within the dose limit for members of the public of 1 mSv.

In the case of the Dumfries and Galloway group, this pathway has the highest attributed dose of &l the
identified critical pathways in Scotland. As indicated in Table 4.4, the 1998 dose is only dightly higher
than that for the previous year. In spite of a reduction in the contribution of technetium-99 this remains
one of the most significant radionuclides in the local environment. The dominant radionuclide for this
pathway is now americium-241.

The dose from artificia radionuclides, appropriate to a consumption rate of 15 kg year! of fish from
landings at Whitehaven and Fleetwood, is aso given in Table 4.4. This consumption rate represents an
average for typica fish-eating members of the public. The dosein 1998 was 0.002 mSv, the same as that
for 1997 (MAFF and SEPA, 1998).

Sedafood doses from artificial radionuclides in the Irish Sea
Group Dose, mSv

1997 1998
Northern Ireland 0.012 0.014
Dumfries and Galloway 0.047 0.048
Whitehaven 0.037 0.023
Sdlafied 0.10 0.20
Ide of Man 0.010 0.010
Morecambe Bay 0.073 0.074
Fleetwood 0.030 0.027

A full review of seafood consumption rates at Sellafield was undertaken in 1998. Changesto the
consumption rates for fish and shellfish were included in the assessments whose results are given above.
The review revealed consumption of materia caught as by-catches of fishing in the local area. A single
family was involved. The material includes species which are not normally eaten, for example sea mice,
seaurchins (Echinoidea), brittle stars (Ophiur oidea), common shore crabs (Car cinus maenas), and hermit
crabs (Eupagurus spp.). Some of these species are consumed directly after cooking, other material is
used in soups. At the time of writing, it has not been possible to obtain precise information on the amount
of radioactivity eaten by the few individuals making use of these materials. Therefore we have made a
speculative calculation of the maximum dose that could be received using pessmistic assumptions based
on the mass of material provided to the family in question. The dose estimate is 0.33 mSy, the largest
contribution coming from the direct consumption of sea mice, in which relatively high concentrations of
actinides have been found (Table 4.3). Although this pathway is no longer detected, it will be kept under
review in 1999,

The exposure of consumers of trout from alocal fish farm was aso considered in 1998. Their dose was

0.017 mSv or 2% of the dose limit of 1 mSv. This includes a contribution due to Chernobyl and weapon
test fallout.
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External exposure

A further important pathway leading to radiation exposure as a result of Sdllafield disposals arises from
uptake of gamma-emitting radionuclides by intertidal sediments in areas frequented by the public. These
exposures can make a significant contribution to the dose received by local consumers, a programme of
direct measurements has therefore been maintained. In generd, it is the fine-grained muds and silts
prevaent in estuaries and harbours, rather than the coarser-grained sands to be found on open beaches,
which adsorb the radioactivity more readily. Gamma dose rates currently observed in intertidal areas are
mainly due to radiocaesum and natura radionuclides.

A range of coastal locations is regularly monitored, both in the Sdllafield vicinity and further afield, using
portable gamma-radiation dosimeters. Table 4.5 lists the locations monitored by MAFF and SEPA
together with the dose ratesin air at 1 m above ground. Dose rates on Irish Sea shorelines, near other
nuclear establishments which reflect Sellafield disposals, are given later in this report. Further data are
available from the Environment Agency. Variationsin sediment type from place to place account for the
quite marked fluctuations in dose rate, superimposed on a general decrease with increasing distance from
Sdlafield. Dose rates over intertidal areas throughout the Irish Seain 1998 were similar to those data for
the same locations in 1997.

Radioactivity concentrations in surface sediments are also regularly monitored, both because of relevance
to dose rates and in order to keep under review distributions of adsorbed radioactivity. Concentrations of
beta/gamma emitting radionuclides and transuranics, in most cases at the same locations as the dose rate
measurements, are given in Table 4.6. Concentrations in sediments vary for reasons similar to those
causing variation in dose rates, and comparison with results for 1997 (MAFF and SEPA, 1998) shows
smilar amounts of radioactivity. Kershaw et al. (1999) have recently published a review of plutonium
and americium in Irish Sea sediments.

In western Cumbria the dose in 1998 to a yachtsman living on a boat in Whitehaven harbour was 0.034
mSv. This exposure includes a component due to consumption of fish and shellfish. The reduction from
the value for 1997, 0.16 mSv, was mainly due to a reduction in the occupancy of the boat. The dose to
anglers who dig bait near to Sdllafield and who fish in the Cumbrian coastd area is included in the
assessment of seafood consumers (Table 4.4). In the wider area, including Cumbria, Lancashire and the
north Solway coast it was confirmed that houseboat dwellers in the Ribble estuary are representative of
those who receive the highest externa exposures from the effects of disposals from Sellafield. Making
an alowance for natural background using a dose rate of 0.07 uGy h, their external dose in 1998 was
0.15 mSv, similar to the value for 1997 (MAFF and SEPA, 1998). In terms of occupancy over tide-
washed pasture, farmers are representative of those most exposed. In northern Cumbriatheir dose was
0.081 mSv in 1998.

Inhaation of resuspended beach sediments and inadvertent ingestion of the same materia give rise to
only minor radiation exposures to the public compared with the externa radiation pathway considered in
this sub-section (Wilkins et al., 1994). In areas of salt marsh and sea-washed pastures such as the
Ravenglass estuary, exposures from pathways other than those due to external radiation need
congideration. Doses including external radiation in such areas were cautiously assessed for 1989 to be
well within the dose limit of 1 mSv (Wilkins et al., 1994). Thiswould aso have been the case in 1998
because, in general, concentrations of activity and dose rates in such areas have reduced. However, in
order to investigate the effects of recent increases in technetium-99 discharges from Sellafield, additional
research was undertaken. Thisisreported in sub-section 4.1.5.

Fishing gear

During immersion in sea water, fishing gear may entrain particles of sediment on which radioactivity is
adsorbed. Fishermen handling this gear may be exposed to externa radiation, mainly to skin from beta
particles. Fishing gear is regularly monitored using portable beta dosmeters. Results for 1998 are
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presented in Table 4.7. Measured dose rates were generally less than those for 1997. Habits surveys keep
under review the amounts of time spent by fishermen handling their gear; for those most exposed, atime
handling nets and pots of 1200 h year! was appropriate. The skin dose from handling of fishing gear in
1998, including a component due to natural radiation, was 0.067 mSv, which is less than 1% of the
appropriate dose limit. Handling of fishing gear therefore continues to be a minor radiation exposure

pathway.
4.1.2 The terrestrial monitoring programme

Because of the proximity of the sites, environmental monitoring at Sellafield and Drigg are considered
together in this sub-section. In addition, the programme around the Ravenglass estuary approximately
10 km south of the Sdllefield is included. The purpose of that programme is primarily to investigate
contamination of searwashed land resulting from disposals of liquid waste from Sellafield.

Sellafield

Disposals of gaseous wastes from Sellafield are summarised in Appendix 1. There were small decreases
in the overal discharges of apha and beta activities from the site and larger changes for particular
radionuclides. However, none of these were of sufficient magnitude such that substantia changesin
environmenta levels were to be expected. Over and above routine sampling, special sampling was
undertaken to investigate three potential issues of concern:

. enhanced releases of sulphur-35 from Calder Hal in January 1998
. contamination of feral pigeons and
. caesium-137 releases from the Magnox encapsulation plant in July 1998.

The routine sampling programme for terrestrial foods in the vicinity of Sellafield was the most
extensive of those for the nuclear sites in the United Kingdom in order to reflect the scale of the
operations on the site. A wide range of foodstuffs was sampled including milk, fruit, vegetables,
meat and offal, game, honey, cereals and indicator materials such as grass and soil. Samples were
obtained from different locations around the site in order to encompass the possible variations in
activity levels due to the influence of meteorological conditions on the dispersal of gaseous
disposals. The analyses undertaken included gamma spectrometry and specific measurements for
tritium, carbon-14, sulphur-35, strontium-90, technetium-99, iodine-129, radiocaesium, uranium and
transuranics.

The results of routine monitoring in 1998 are presented in Table 4.8. The concentrations of all
radionuclides were low and there was no indication of widespread contamination from the site.
However, small enhancements of some radionuclides were found close to the site.

The ratio of the mean concentration in milk collected from near and far farms was close to 1 for all
radionuclides though positive determinations of strontium-90 and caesium indicated a factor nearer
2. Some evidence for a site-related effect was also found by examination of the maximum
concentrations at single farms. Concentrations in milk were generally similar to those in 1997
(MAFF and SEPA, 1998).

As part of the routine surveillance programme samples of apples and blackberries were analysed in
1998. Both fruits were good indicators of the local effects of disposals from Sellafield. Plutonium
concentrations, whilst much lower than those found in seafood, gave isotopic ratios ((239+240)/
238) less than 20. With aratio of about 40 expected for background weapon test fallout, these data
demonstrate a site source. Concentrations of carbon-14 in fruit samples were also in excess of the
concentrations assumed as representative of background values (Appendix 6). Concentrations of
other radionuclides, for example tritium, sulphur-35, and strontium-90, also provided evidence of a
local effect. Where it was possible to compare data for fruit in 1998 with those for 1997, similar
concentrations of activity were found.
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Levels of activity in bovine and ovine meat and offd continued to be andysed in 1998. Concentrations of
radionuclides were low, with limited evidence for the effects of Sdlafield disposds in data for tritium, carbon-
14, sulphur-35, srontium-90 and the plutonium isotopic ratio.

Barley was sampled as being representative of ceredlsin 1998. Sulphur-35 was detected, athough at lower
levels than those found in wheet in 1997. In common with meat and offd samples, limited evidence for the
effects of Sdllafield disposd's was dso found in data for the plutonium isotopic ratio. The vegetables sampled
in 1998 were cabbage, carrots, cauliflower, lettuce, potatoes, runner beans, swede and turnips. Concentrations
of transuranic radionuclides in vegetables were very low and did not provide as digtinct a Sdlafidd sgnd in
the plutonium isotopic ratio as some other food groups. Evidence of the effects of Sdlafield was aso weak for
other radionuclides in vegetables. Data for game and honey aso showed little indication of Sdlafield
discharges.

The dose received by the most exposed group of terrestria food consumers was cal culated using the methods
and data presented in Section 3. Theresults are presented in Table 4.9. Calculations were performed for four
age groups (adults, 15y, 10y and 1y) and the doses received by the 1-year-old age group were found to be the
highest, & 0.042 mSv (Adult: 0.026; 15y: 0.041: 10y: 0.031). The most Sgnificant contributions to this dose
were from sulphur-35, cobat-60, strontium-90 and ruthenium-106.  The most important foodstuff was milk
which accounted for 50% of the dose. The exposure is an upper estimate of the effects of Sdlafied disposas
because: (i) it is based on the assumption that a radionuclide which is not detected in asampleis present at a
concentration equivaent to the limit of detection; (ii) the effects of the background of artificid nuclidesin the
area from Chernobyl and weapon test fallout are included; and (jii) it is assumed that most food consumed is
localy produced.

The assessed doses in 1998 were amilar to those in 1997, the highest dose being to an infant, 0.044 mSy. The
dose received by atypica adult consumer obtaining food from the vicinity of Sdlafield, 0.014 mSv, was much
less than this.

A boiler tube legk in one of the Cdder Hal Magnox reactors led to an enhanced discharge of sulphur-35in
January 1998. A number of controlled releases were required to remove moisture from inside the reector.
Increased levels of sulphur-35 were present in these discharges because moisture in the reactor draws sulphur-
35 from the reactor surfaces. Over the week beginning the 3rd January 1998 discharges of about 30 GBq
ulphur-35 were made; this is 75% of the weekly limit of 40 GBq and 14% of the annud limit of 210 GBg. A
sampling programme over the likely affected area was immediately initiated to establish whether there had
been a dgnificant impact on the food chain. The results are available on the internet at www.gov.uk/food/
incid_1/bnfl_s35.htm.

Samples of grass and winter barley (animal fodder) were taken from the area over which the activity was
predicted to have travelled. The highest leve of deposition found to be 87 Bg kg™ in grass. For comparison
purposes, this represents only a small fraction of the EU Food Intervention Level of 1250 Bg kgt . The
assesd radiation dose to consumers was less than 0.005 mSv and confirmed that there was no significant risk
to consumers of localy grown foodstuffs.

On 6th February 1998 MAFF was informed of contaminated fera pigeonsin Seascale village, Stuated near
the Sdllafield site. The birds were part of a group of 700 that had been fed by a pigeon sanctuary in Seascde.
150 birds were culled humanely by the RSPCA in order to reduce numbers and afew were taken to the
Sdlafidd ste for monitoring, as it was thought the birds might roost on site. Surface dose rates of 1.4 mSv ht
werefound.

MAFF obtained random samples of the 150 culled pigeons and carried out provisond andysis which
showed there to be significant interna contamination of up to 0.11 MBq kg, whichisfar in excess of the EU
Food Intervention Levels. The study continued using the birds from the initid cull, dong with a further group
of pigeon samples taken from the sanctuary. The main contaminant was found to be caesum-137; levelsin the
breast meat of pigeons varied considerably but the highest level found was 40 times the EU Intervention
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Leve for foodstuffs containing caesum-137. Consuming the breast meet from 20 such contaminated birds
would result in adose of 1 mSv, the annud dose limit for members of the public. Other radioactive
contaminants were found in the pigeon meat induding plutonium-238, plutonium-239/240, americium-241
and grontium-90. However, they were a levels which would only contribute a few percent to the overal dose
as compared with caesum-137.

MAFF issued precautionary advice on 14th February 1998, advisng people not to handle, daughter, or
consume pigeons within a 10 mile radius of the Sdlafidd ste.

No evidence could be found for people eating ferd pigeons in the Sdlafidd. Detalls were provided on the
internet (Wwww.maff.gov.uk/foodlincid_1/bnfp23.htm).

The company subsequently implemented remediation and dose reduction procedures. Approximately 1500
pigeons were culled from the sanctuary and the Sellafield area. Other measures taken et the bird sanctuary
included replacing the top soil, the lawn, roof dates, garden ornaments and gutters, and resurfacing the drive.
Possible routes of access of wild lifeto buildings on the Sdllafield Site were reviewed and measures were
taken to reduce the presence of wildlife on ste. In addition possible contamination of other wildlife in the area
is currently being investigated.

This incident and the serious issues raised have been consdered in detail by MAFF dong with other
Government departments and agencies and Copedand Borough Council. A combined report was published in
June 1999 (CBC et al., 1999). A joint statement was aso issued by the Committee on Medical Aspects of
Radiation in the Environment (COMARE) and the Radioactive Waste Management Advisory Committee
(RWMAC) (COMARE and RWMAC, 1999).

In Scotland SEPA initiated studies to determine whether a comparable pathway for contamination to leave a
Ste could exist at nuclear licensed Stesin Scotland. Operators were required to take andyses of wildlife that
could provide asmilar pathway. These studies did not produce any evidence to support the existence at these
sites of a pathway for contamination to leave the Ste comparable to the feral pigeons a Sdlafield.

Onthe 16 July 1998 an abnormd release of caesium-137 was recorded from the Magnox encapsulation plant.
Reassurance monitoring was carried out by MAFF; the highest measurement in grasswas 2.1 Bg kg*. Thisis
comparable to the routine measurementsin the RIFE programme.

4.1.3 Drigg

No gaseous disposds are authorised from Drigg. The monitoring programme is therefore primarily directed at
the potentid migration of radionuclides from the waste burid dte via ground water.

Results for 1998 are given in Table 4.10. Low concentrations of tritium which may have leached from the site
were found in sheep and blackberries; however they were of negligible radiologica sgnificance. Other than
this there was no direct evidence to suggest migration of activity from the site was taking place. In generd
concentrations of other radionuclides detected were smilar to, or lower than those found near Sdll&field.
Levels of technetium-99 in foodstuffs and actinides in duck and sheep meat may have been due to sea-to-land
trandfer. The radiation doseto the most exposed group, including a component due to Chernobyl and wegpon
test falout, was 0.017 mSv or 2% of the dose limit of 1 mSv (Table 4.9).

4.1.4 Other Surveys

Contact dose-rate monitoring of intertidal areas

A routine programme of measurements of beta dose rates on contact with shoreline sediments continued
in 1998 in order to establish the contribution to effective dose made by exposures of seafood consumers,
such as bait diggers, who handle sediments regularly, and to estimate their exposures for comparison with
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the skin dose limit of 50 mSv. The results of the measurements made using portable beta dosimeters are
presented in Table4.11.

The skin dose to anglers who dig bait, based on a time handling sediment of 950 h year?, was 0.30 mSv
in 1998 which is less than 1% of the appropriate dose limit. The contribution this source of exposure
makes to effective dose is included in the assessment in sub-section 4.1.1.

Ravenglass

The main purpose of the monitoring of terrestrial foodstuffs in the Ravenglass area is to determine
whether there is a significant transfer of radionuclides from seato land in thisarea. In order to
investigate this samples of milk, crops, fruit, livestock and indicator materias are collected and analysed
for radionuclides which are released in liquid effluent disposals from Sdllafidd. In addition analyses for
sulphur-35 are also undertaken for comparison with results for the immediate area around Sdllafield.

The results of measurementsin 1998 are presented in Table 4.12. In generd, the data are smilar to those
for 1997 (MAFF and SEPA, 1998) and show lower concentrations than are found in the Sellafield
vicinity. Evidence for sea-to-land transfer is limited. Technetium-99 concentrations in al materials were
very low. A small amount of promethium-147 (0.8 Bq kg*) was detected in cabbage from Ravenglass
though the concentrations in grass were similar to those found at Drigg. Concentrations of plutonium
isotopes in some samples indicated a loca source in that the plutonium-239/240 to plutonium-238 ratio
was substantially less than that expected due to weapon test fallout. Taken together these observations
suggest that some seato-land transfer of radionuclides takes place, though the resulting effect is minor.

The only other indication of the effects of Sdllafield disposasis the low concentrations of sulphur-35
detected in some samples. These would have been due to gaseous disposals from the site.

The exposure due to consumption of terrestria foods from Ravenglassin 1998 is given in Table 4.9. The
1-year-old age group received the highest exposures. Their dose, including contributions from Chernobyl
and weapon test fallout, was 0.028 mSv or 3% of the dose limit of 1 mSv. From this evidence, sea-to-
land transfer in this areais not having a mgjor effect on the terrestria food chain.

Research and other surveys

In addition to the monitoring described above, which is related to the most significant radiation exposure
pathways as a consequence of Sellafield disposals, a number of further investigations are undertaken.
Some of these are of aresearch nature; however, they aso enable pathways of lower radiological
significance to be kept under review.

Seaweeds are useful indicator materias; they may concentrate certain radionuclides, so they gresatly
facilitate measurement and assist in the tracing of these radionuclides in the environment. Table 4.13
presents the results of measurements in 1998 on marine plants from shorelines of the Irish Sea and further
afield. Although smal quantities of samphire and Rhodymenia (ared seaweed) may be eaten,
concentrations of radioactivity were of negligible radiological significance. Fucus seaweeds are useful
indicators, particularly of fisson product radionuclides other than ruthenium-106; samples of Fucus
vesicul osus seaweed were collected both in the Sellafield vicinity and further afield. These clearly
showed the effects of increases in disposals of technetium-99 from Sellafield in recent years, though at a
reduced level compared with 1997. Such seaweeds are sometimes used as fertilisers and soil conditioners
and this pathway was the subject of a continuing research study in 1998. The results are shown in Table
4.14.

The study comprised a survey of the extent of the use of seaweed as afertiliser in the Sellafield area,
collection and analysis of samples and an assessment of radiation exposures based on the consumption of
crops grown on land to which seaweed, or its compost, had been added. The survey established that
seaweed harvesting in the Sellafield area was not widespread. However, three plots of land fertilised by
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seaweed were identified which were investigated further (Camplin et @, in press). Samples of soil from
them were analysed by gamma spectrometry and for technetium-99, the radionuclide of main interest.
The soil data show enhanced levels of technetium-99 and small amounts of other radionuclides as would
be expected from the activity initialy present in the seaweed. Various vegetable samples were obtained
which had been grown in the soils from these plots. The technetium-99 concentrations in vegetables
ranged from about 2 to 220 Bq kg in the edible parts. The higher concentrations were found in beetroot.
Small concentrations of gamma emitting radionuclides were found in some vegetables.

Consumption rates of people who were supplied with vegetables from the plots were investigated as well
as their consumption of local seafood. Based on pessimistic assumptions, the maximum dose received by
the consumers was estimated to be 0.030 mSv, most of which was due to the technetium-99 content of the
vegetable component of their diet. The mean dose was 0.017 mSv. Whilst the doses due to consumption
of seafood and externa radiation from sediments remain more important, further studies of the seaweed/
vegetable pathway will be undertaken in 1999.

Recent investigations have shown that seaweed in the vicinity of Sdllafield is not used in the production
of aginate. The species harvested for this purpose are not those associated with high levels of
technetium, therefore this is not a significant pathway.

The potential transfer of technetium-99 to milk, meat and offa from animals grazing tide-washed pasture
was considered in the report for 1997 (MAFF and SEPA, 1998). The maximum potential dose was
calculated to be 0.009 mSv at that time. In the Scottish iands seaweed may be eaten directly by sheep
grazing on the foreshore. However our investigations show that this does not take place to a significant
extent in the Sellafield area.

No harvesting of Porphyra in west Cumbria, for consumption after being made into laverbread, was
reported in 1998; this pathway has therefore remained essentially dormant. However, monitoring has
continued in view of its potentia importance, historical significance and the value of Porphyra as an
indicator materid. Samples of Porphyra are regularly collected from selected locations along UK
shorelines of the Irish Sea. Results of analyses for 1998 are presented in Table 4.13. Samples of
laverbread from the major manufacturers are regularly collected from markets in South Wales and
analysed. Results for 1998 are also presented in Table 4.13. The dose to critical laverbread consumersin
South Waes was much less than 0.005 mSv, confirming the low radiologica significance of this exposure
pathway.

Research into the distribution of radionuclides in seawater is considered in Section 11.8.
4.2 Springfields, Lancashire

This establishment is mainly concerned with the manufacture of fuel elements for nuclear reactors and
the production of uranium hexafluoride. Radioactive liquid waste arisings consist mainly of thorium and
uranium and their decay products; liquid disposals are made by pipeline to the Ribble estuary. Disposals
of beta emitting radionuclides, which result in the greatest contribution to the radiological impact, were
similar in 1998 (150 TBQ) to 1997 (142 TBq) as rates of processing of uranium ore concentrate were
maintained. Disposals of gaseous effluents remained very low at a similar level to those for 1997.

Public radiation exposure in this vicinity, as a result of site disposals, is relatively low; there is, however,
a contribution in the estuary due to Sdllafield disposals. The most important marine pathway is externa
exposure, due to adsorption of radioactivity on the muddy areas of river banks and in salt marshes. The
most exposed group consists of people who live on a houseboat moored in a muddy creek of the Ribble
estuary. Other activities which have been found to have significant occupancies are wildfowling, farming
and bird conservation which take place in intertidal areas and marshes bordering the estuary, and angling
which is popular in the Preston area. Surveys have also identified consumers of seafood, particularly fish
and shrimps, and they are considered as a potentia critical group in this report. Gamma and beta dose
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rates are regularly monitored in relevant areas including muddy creeks where houseboats are moored, and
some of these measurements are supported by analyses of sediments. Locally obtained fish, shellfish,
wildfowl and samphire continued to be sampled. A study (Rollo et al., 1994) has shown that exposures
due to airborne radionuclides which may have come from disposals to the estuary and are subsequently
remobilised are negligible. The MAFF programme of dose rate and sediment monitoring reduced in
1998. Some was undertaken by the Environment Agency. Foodstuff monitoring has been maintained at
pre-existing levels.

Monitoring of terrestrial foods included sampling of milk, fruit and vegetables. Indicator materias
including dry cloths, grass, soil and animal faeces were aso sampled.

Results for 1998 are shown in Tables 4.15(a) and (b). Radionuclides detected which were partly or
wholly due to Springfields disposals were isotopes of thorium, uranium and their decay products. Natura
sources aso contributed to these activities. Artificia radionuclides present were mainly from Sdllafield.

Gamma dose rates over intertidal areas in 1998 were similar to those in 1997. The results of beta dose
rate measurements are highly variable but overall the results for 1998 were aso unchanged. 1n 1998, our
assessment of the dose to the most exposed group of houseboat dwellers including the Sellafield
component was 0.15 mSv, similar to the value for 1997 (0.13 mSv). Most of this exposure was due to the
radioactivity aready in the environment as a result of past disposals from Sellafield. The whole-body
doses of farmers and wildfowlers were assessed as being 0.019 and 0.039 mSv respectively in 1998. A
significant proportion of the dose is due to Sdlafield disposals. Consumption of wildfowl makes a very
small contribution to the dose received by wildfowlers because of the very low concentrations of
radionuclides in ducks and geese. Further details of externa exposure pathways will be made available
in the Environment Agency report for 1998.

Skin irradiation of fishermen handling nets and wildfowlers including a component due to natura
radiation was 0.19 and 1.2 mSv in 1998. Thisis less than 3% of the relevant dose limit for members of
the public.

Seafood consumption was found to be dominated by fish and shrimps though small quantities of cockles
and samphire were also taken into account, as indeed was external exposure over the outer parts of the
estuary while fishing. The dose to seafood consumers was 0.036 mSv in 1998. Most of this was due to
Sdlafield disposals with only a small percentage attributable to Springfields.

The most exposed group of terrestrial food consumers were adults consuming vegetables at high rates.
Their dose in 1998, including a contribution due to weapon test and Chernobyl falout and natura
sources, was less than 0.005 mSv, a significant part of which was due to thorium radionuclides.

4.3 Capenhurst, Cheshire

The main functions undertaken on the Capenhurst site are enrichment of uranium and dismantling of
redundant plant. The enrichment facility is operated by URENCO Capenhurst Ltd. Radioactive waste
arisings of tritium, uranium and its daughter products, and technetium-99 and neptunium-237 from
recycled fuel, are minor; in 1998 BNFL had authorisations to dispose of small amounts of radioactivity in
gaseous wastes via stacks and in liquid wastes to the Rivacre Brook. An environmental monitoring
programme is carried out related to the pathways which could be of radiological significance due to all
disposa routes. Plants, rain water, animal faeces, soil and dry cloths are also sampled as indicator
materials.

Results for 1998 are presented in Table 4.16. Concentrations of radionuclides in materias from the land
and from the Rivacre Brook were generally similar to those for 1997. There was a decrease in the tritium
concentration in water from the Brook but this observation is based on very few measurements. The
hypothetical most exposed group for liquid disposals from the Site is considered to be people who may
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inadvertently ingest water and sediment from the Brook. Taking pessmistic assumptions about their
ingestion rates, the dose to the group was very low, at less than 0.005 mSv in 1998. The concentrations of
artificia radioactivity in marine samples are consistent with values expected at this distance from
Sdlafield. The dose to the most exposed group of terrestrial food consumers was also low, at less than
0.005 mSv in 1998.

4.4 Chapelcross, Dumfries and Galloway

At this establishment, BNFL operates a nuclear power station with four Magnox-type reactors.
Since 1980 the Chapelcross Processing Plant which produces tritium has also operated on this site.
Gaseous wastes from the site are discharged to the local environment and liquid waste is discharged
to the Solway Firth under authorisation from SEPA. Disposals in 1998 were similar to those in
1997. Terrestrial monitoring comprises sampling and analysis of milk and grass. Habits surveys
have been used to investigate aquatic exposure pathways. These have established that two groups
of people could receive radiation exposures of potential importance. The first of these groups
comprises of fishermen who consume local seafood and are exposed to external radiation whilst
tending stake nets. The second group consists of wildfowlers who are exposed whilst on salt
marshes. The scope of aguatic monitoring reflects these pathways. Samples of sea water and Fucus
vesiculosus, as useful indicators, are aso analysed.

The results of monitoring in 1998 are presented in Tables 4.17(a) and (b). Concentrations of artificia
radionuclides in marine materials in the Chapelcross vicinity are mostly due to Sellafield disposals, and
the genera levels of nuclides are consistent with values expected at this distance from Sellafield.
Concentrations of most radionuclides in 1998 were generally similar to, or less than, those in 1997.
Concentrations of technetium-99 due to Sellafield reduced as a consequence of a reduction in discharges.
The whole-body dose to the critical group of fishermen who consume seafood and are exposed to external
radiation over intertidal areas was 0.027 mSv in 1998 which is less than 3% of the dose limit of 1 mSv for
members of the public. Measurements of the contact beta dose-rate received whilst handling nets, were
below the limit of detection. Wildfowlers received a dose of 0.018 mSv. The magnitude of the
Chapelcross disposas indicates that the local contribution to dose was a tiny fraction of these exposures,
most of the dose being due to Sellafield disposals.

Since 1992, a number of particles have been found at the end of the discharge outfall. Most of these
particles are limescale and originate from deposits within the pipeline. Monitoring of this area
continued, although work carried out by the operator in recent years has led to a decline in the
incidence of these particles. However, at the end of 1997 this trend appeared to change and the
incidence of detection of these particles during monitoring increased. One of the particles found
was more active than normal and analysis indicated that it was likely to have come from degraded
fuel, probably discharged in the late 1970s. Analysis of the more active particle indicated that the
total activity was less than 10 000 Bg. Assessments carried out estimated that a potential dose of 3
mSv could arise from ingestion of such a particle, athough the likelihood of encountering one is
considered to be extremely low as the location is not frequented by the public. Following the
discovery of this particle, increased monitoring did not reveal further particles of this type. SEPA
has requested the operator to consider further improvements to the effluent management system to
prevent further release of such particles. During 1998 improvements were made to the operation of
the effluent management system and plans prepared to improve discharge equipment No unusual
levels of contamination were found in other intertidal areas near the site.

Concentrations of radionuclides in milk and grass were generally similar to those in 1997. The
effects of the power station were detected by observation of positive values for tritium in terrestrial
samples, but the radiological significance of this radionuclide is low. The dose to the most exposed
group of terrestrial food consumers, including a contribution due to weapon test and Chernobyl
fallout, was estimated to be 0.022 mSv or less than 3% of the dose limit of 1 mSv. This estimate
includes a contribution due to consumption of vegetables (Appendix 2).
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able 4.1. Beta/gamma radioactivity in fish from the Irish Sea vicinity and further afield, 1998

Location? Materia No.of Mean radioactivity concentration (wet), Bq kg!
sampling
observ- Totd
aionsb 14C Gch 908- 95Zr 95Nb 99TC lOGRu 134CS 137Cs 144@ beta
Sellafield coastal area Cod 8 <0.50 <042 <0.46 <14 <017 12 <0.85 170
Sellafield coastal area Plaice 4 <0.45 <042 <044 <14 <017 9.0 <0.78 170
Sellafield coastal area Grey mullet 1 0.39 <0.48 <0.58 <16 <017 9.0 <0.67
Sellafield coastal area Bass 1 <0.15 <0.47 <0.60 <13 <014 24 <0.57
Sdllafield offshorearea Cod 2 84 <022 0094 <029 <024 25 <12 <013 86 <0.65
Sdllefield offshorearea Plaice® 2 140 <021 016 <011 <010 14 <041 <004 6.6 <0.19
Sellafield offshorearea Dab 2 <0.28 <0.27 <0.24 <12 <015 91 <0.66
Sellafield offshorearea Whiting 2 <0.12 <0.23 <0.19 <10 <011 14 <0.64
Sdllefield offshorearea Haddock 1 <0.12 <0.23 <0.20 <093 <011 27 <0.46
Ravenglass Cod 5 <0.43 <0.31 <0.33 <10 <013 12 <0.51
Ravenglass Paice 4 <0.46 <0.40 <041 <13 <014 10 <0.71
Ravenglass Salmon 1 <0.24 <0.71 <0.68 <26 <026 <024 <093
Whitehaven Cod 4 67 <027 0058 <0.30 <0.34 <097 <013 7.8 <0.61
Whitehaven Paice 4 <0.13 <0.031 <0.35 <0.43 <10 <012 53 <0.68
Whitehaven Ray 4 <0.13 <0.32 <0.30 <12 <013 95 <0.62
Parton Cod 4 <0.13 <0.26 <0.24 <10 <011 11 <0.50
MorecambeBay
(Flookburgh) Flounder 4 9% <0.15 <0.56 <0.79 <16 <015 17 <0.88
MorecambeBay .
(Morecambe) Paice 4 <011 0.039 <0.29 <031 1.6 <098 <010 6.6 <0.48
MorecambeBay
(Morecambe) Bass 2 <0.15 <0.83 <16 <l5 <016 18 <0.74
MorecambeBay . o
(Sunderland Point) Whitebait 1 <0.08 0.20 <0.21 <0.22 <0.67 <0.08 5.8 <0.43
Calder Farm Rainbow trout 2 11 <0.95 <16 <33 <025 180 <14
River Duddon Seatrout 1 <0.07 <0.30 <0.38 <0.75 <0.08 7.4 <0.51
River Kent Seatrout 1 <0.09 <0.32 <0.44 <090 <0.09 9.6 <0.56
River Derwent Seatrout 1 <0.15 <0.80 <13 <15 <016 6.0 <0.73
Fleetwood Cod 4 Va4 <0.08 0.068 <0.19 <0.18 1.8 <0.68 <0.07 6.5 <0.40
Fleetwood Plaice 4 <0.10 <021 <0.20 <080 <0.09 6.2 <0.38
Isleof Man Cod 4 <0.06 <0.17 <0.19 <053 <0.06 2.6 <0.28
Ideof Man Herring 3 <0.08 <0.31 <0.45 <0.75 <0.08 23 <0.41
Inner Solway Flounder® 1 64 <010 010 <050 <010 3.2 <10 <010 11 <0.50
Inner Solway Seatrout 1 <010 <0.10 <050 <0.10 <10 <010 71 <0.50
Inner Solway Salmon 1 <010 <010 <0.50 <0.10 <10 <010 031 <050
Kirkcudbright Paice 4 <0.11 <0.48 <0.19 <11 <011 22 <0.56
Garlieston Cod 1 54 <007 <0.046 <0.19 <018 0.32 <0.65 <0.07 3.2 <0.39
Garlieston Plaice 1 <0.11 <0.32 <0.34 <092 <010 5.6 <0.54
NorthAnglesey Ray 4 <0.12 <0.40 <0.58 <12 <012 3.0 <0.55
NorthAnglesey Paice 2 52 <0.14 <0.46 <0.77 <13 <014 13 <0.63
RibbleEstuary Flounder 1 <0.09 <0.33 <048 <0.83 <0.09 9.2 <0.49
RibbleEstuary Salmon 1 <0.09 <0.26 <0.25 <091 <010 043 <056
RibbleEstuary Grey mullet 1 <0.19 <14 <31 <18 <021 47 <1.3
RibbleEstuary Seatrout 1 <0.11 <0.81 <17 <12 <013 6.0 <0.57
Northernireland Cod 7 36  <0.06 <0.26 <0.39 <061 <007 26 <0.37
Northernlreland Whiting 7 <0.08 <0.26 <0.36 <0.72 <0.08 3.6 <0.41
Northernlreland Herring 1 <0.12 <059 <11 <11 <012 21 <0.53
Northernlreland Spurdog 8 <0.10 <0.37 <0.53 <097 <010 34 <0.56
Sound of Mull Salmon 1 <0.10 <043 <0.66 <094 <010 027 <063
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able 4.1. continued

Location? Materia No.of  Mean radioactivity concentration (wet), Bgkg*
sampling
observ-
atl ons*’ 14C GOCO 908’ QSZr 95N b lOGRu 134CS 137CS 144(\2

Minch Cod <0.05 <0.14 <0.17 <0.44 <0.05 0.60 <0.27
Minch Plaice <0.06 <0.29 <052 <0.58 <0.06 0.62 <0.31
Minch Mackerel 69 <009 <0.025 <064 <16 <0.95 <0.10 0.32 <0.52
Minch Haddock <0.06 <0.17 <020 <050 <0.06 0.36 <0.27
Minch Herring <0.07 <0.24 <036 <0.61 <0.06 0.49 <0.31
Shetland Fishmeal® 180 <024 <0.028 <046 <034 <20 <0.23 1.0 <11

Shetland Fishoil <0.15 <1.7 <049 <21 <0.19 <0.16 <15

Northern North Sea Cod <0.06 <0.013 <0.16 <0.16 <053 <0.06 058 <0.26
Northern North Sea Plaice <0.06 <025 <036 <0.58 <0.06 0.32 <031
Northern North Sea Herring <0.17 <047 <050 <16 <0.16 041 <0.58
Northern North Sea Haddock 39 <0.05 <0.15 <0.16 <049 <0.05 051 <0.31
Mid-North Sea Cod 32 <0.06 <0.014 <0.15 <014 <051 <0.06 0.63 <0.27
Mid-North Sea Plaice 4 <0.05 <0.014 <0.12 <0.12 <043 <0.05 0.39 <0.24
Mid-North Sea Herring <0.09 <0.37 <058 <0.84 <0.09 0.61 <0.42
Southern North Sea Cod <0.05 <0061 <0.09 <007 <041 <005 0.58 <0.21
Southern North Sea Plaice <0.04 <0.063 <0.08 <005 <0.37 <0.04 0.44 <0.24
Southern North Sea Herring <0.06 <0.21 <024 <0.62 <0.06 0.45 <0.33

EnglishChannel -East  Cod
English Channel - East Plaice
English Channdl - West  Mackerel
English Channdl - West ~ Plaice
English Channdl - West ~ Whiting

<0.06 0.016 <014 <015 <050 <0.06 0.27 <0.25
<005 <0.015 <012 <013 <041 <0.05 0.14 <0.20
<0.10 <034 <038 <11 <0.11 0.33 <0.54
53 <005 <0.061 <012 <0.09 <051 <0.06 0.50 <0.32
<006 <0.062 <013 <011 <055 <0.06 042 <0.28

P PN W W W DNDNDNDNEPE P OWw D BN DNDDNDMNDEDDDNNMNDNDMDNDMDDNO DO 00PN BN

Gt Yarmouth (retail shop) Cod <0.05 <0.15 <0.19 <045 <0.05 034 <0.23
Gt Yarmouth (retail shop) Plaice <0.05 <020 <034 <050 <0.05 0.24 <0.30
Skagerrak Cod <0.05 <0.26 <043 <051 <0.06 0.44 <0.27
Skagerrak Herring <0.07 <0.29 <045 <0.68 <0.07 055 <0.38
Norwegian Sea Cod <0.04 <007 <005 <031 <0.03 0.26 <0.15
Norwegian Sea Saithe <0.06 <0.11 <0.08 <0.46 <0.05 0.30 <0.20
Iceland area Cod <0.04 <0.10 <0.09 <0.36 <0.04 017 <0.20
| celandic processed Cod 27 <0.04 <0.08 <0.06 <0.36 <0.04 0.30 <0.19
Barents Sea Cod <0.05 <0.30 <020 <0.48 <0.05 031 <0.28
Baltic Sea Cod <0.09 <0.28 <032 <089 <0.13 8.6 <0.47
Baltic Sea Herring <0.07 <0.31 <049 <0.73 <0.11 58 <0.34
Celtic Sea Cod 46 <0.08 <0.068 <0.18 <0.17 <0.70 <0.08 059 <0.34
Celtic Sea Pollack <0.04 <006 <004 <031 <0.04 051 <0.15
Celtic Sea Whiting <0.05 <0.14 <017 <042 <0.05 048 <0.19
not detected by method used

ling area or landing point
See section 3for definition
The concentration of *’Pmwas <0.0089 Bq kg?
Concentrationsrefer to weight of sample as supplied
The concentration of **Co was 0.10 Bq kg

® Qo0 oTo %
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able 4.2. Beta/gamma radioactivity in shellfish from the Irish Sea vicinity and further afield, 1998

Mean radioactivity concentration (wet), Bqkg*

Location® Material No.of

sampling

observ-

ations® Hc 0 %zn
Sellafieldcoastal area Crabs® 8 160 3.7 <0.20
Sellafieldcoastal area Lobsters 8 240 31 <041
Sellafieldcoastal area Winkles? 4 150 14 <0.52
Sellafieldcoastal area Mussdls? 4 7.8 <043
Sellafieldcoastal area Limpets? 4 88 8.6 <0.31
Sellafieldcoastal area Whelks 1 190 5.9 <0.36
Sdlefield offshorearea Whelks 2 28 <0.37
Sdlefield offshorearea Seamouse® 1 I <0.43
St Bees Winkles’ 4 130 17 <0.20
St Bees Mussels 4 11 <0.26
StBees Limpets 4 55 <0.33
Nethertown Winkles? 12 130 21 <0.43
Nethertown Mussels 4 180 15 <0.28
Whitriggs Shrimps 1 17 <0.51
Drigg Winkles 4 160 32 <0.47
Ravenglass Crabs 4 14 <0.27
Ravenglass Lobsters 4 2.0 <0.27
Ravenglass Winkles 2 7.6 <0.23
Ravenglass Cockles 4 180 3 <0.43
Ravenglass Mussels 4 12 <0.32
TarnBay Winkles 2 9.5 <0.37
SatomBay Winkles 4 4.8 <0.31
Whitehaven Whelks 3 79 0.62 <0.26
Whitehaven Nephrops 3 65 <011 <017
Silloth Mussels 4 0.63 <0.20
Parton Crabs 4 14 <0.23
Parton Lobsters 4 042 <0.40
Parton Winkles 4 6.4 <0.34
Haverigg Cockles 2 8.9 <0.22
Millom Mussels 2 17 <0.24
Roosebeck Pacificoysters 2 042 <0.16
E\'/Izlcgoeﬁgrl}gﬁ? Shrimps 4 7 <0.09 <022
MorecambeBay Mussels 4 87 0.66 <0.13
(Morecambe)

903

18
042
52

15

9.4
<0.090

8.4

7.3

0.96
0.25

2.3

<0.070
<0.15

957r

<0.22
<0.45
<11

<11

<0.37
<0.42
<0.36
<0.33

<0.81
<0.45
<0.35
<0.64
<0.74
<0.62
<0.46
<0.35
<0.32
<0.25
<0.50
<0.39
<0.53
<0.29
<0.28
<0.16
<0.24
<0.25
<0.44
<0.33
<0.22
<0.29
<0.13
<0.26

<0.16

®“Nb  ®Tc  Ru %Ry
<029 51 <019 <27
<063 7700 <040 <24
<095 80 <060 59
<18 <088 31
<050 1300 <033 45
<076 130 <041 15
<0.43 <029 44
<0.22 <016 31
<11 30 <018 67
<0.73 <018 52
<0.42 <029 3
<086 40 <035 69
<15 80 <017 70
<0.56 <049 <23
<051 2100 <032 9%
<047 28 <034 <15
<042 3600 <030 <16
<031 <021 48
<075 &8 <035 28
<052 90 <023
<0.95 <057 47
<0.30 <022 19
<031 <024 <18
<014 50 <012 <064
<0.27 <023 5.1
<0.29 <022 <15
<0.45 <037 <18
<0.33 <025 30
<0.20 <017 638
<0.49 <026 80
<0.14 <011 <25
<029 1 <025 <0.83
<018 250 <016 16
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able 4.2. continued

Location? Materia No.of Mean radioactivity concentration (wet), Bqkg*

sampling

observ- Totd

ations HompAg 1285y 1¥Cs  Cs  MWiCe  Wpm Mgy ®Eu beta
Sellafieldcoastal area Crabs® 8 4.0 <023 <009 28 <037 041 <0.22 <0.14 160
Sellafield coastal area Lobsters 8 8.1 <039 <017 45 <066 0.73 <0.45 <0.30 4700
Sellafieldcoastal area Winkles 4 12 <1.2 <022 10 <2.0 2.2 <0.63 <0.44
Sellafield coastal area Mussels? 4 <044 <057 <017 32 <11 <0.49 <0.34
Sellafield coastal area Limpets® 4 6.6 2.1 <014 14 <0.80 <0.44 <0.29
Sellafieldcoastalarea Whelks 1 13 <037 <014 17 <0.59 <0.38 <0.24
Sellafield offshorearea Whelks 2 33 <034 <015 17 <0.57 <0.41 <0.26
Sdllafield offshorearea Seamouse® 1 0.99 1 <021 18 3.8 14 16 730
StBees Winkles’ 4 1 13 <0.09 18 <22 3.6 <0.49 <0.26
StBees Mussels 4 0.68 11 <011 538 <14 <035 <0.23
StBees Limpets 4 6.6 2.0 <014 12 <1.0 <0.42 <0.35
Nethertown Winkles? 12 15 <1.3 <019 15 <21 31 <0.57 <048 620
Nethertown Mussels 4 <053 <1.0 <013 51 <20 <038 <031 740
Whitriggs Shrimps 1 18 <058 <023 20 <12 <059 <055
Drigg Winkles 4 2 <13 <022 12 <2.0 32 <0.49 <054 1700
Ravenglass Crabs 4 23 <035 <011 23 <0.58 <0.31 <027 120
Ravenglass Lobsters 4 5.0 <026 <010 37 <0.48 <030 <022 2500
Ravenglass Winkles 2 10 0.78 <010 13 <14 <0.36 <0.32
Ravenglass Cockles 4 0.90 <049 <019 6.9 <13 <051 <040 220
Ravenglass Mussels 4 <036 <0.73 <013 3.0 <1.0 <0.39 <0.29
TanBay Winkles 2 9.3 <093 <015 12 <12 <041 <0.39
SaltomBay Winkles 4 5.7 13 <014 10 <0.74 <0.39 <0.31
Whitehaven Whelks 3 14 <026 <010 18 <0.57 <030 <028 140
Whitehaven Nephrops 3 <014 <017 <007 53 <0.35 <0.22 <0.17 470
Silloth Mussels 4 <016 <025 <009 6.3 <0.48 <025 <021
Parton Crabs 4 23 <025 <010 27 <0.50 <0.28 <0.24
Parton Lobsters 4 <085 <040 <017 40 <0.71 <048 <0.30
Parton Winkles 4 34 <095 <016 17 <0.76 <0.44 <0.38
Haverigg Cockles 2 <018 <024 <010 7.8 <0.61 <033 <019
Millom Mussels 2 <020 <025 <010 31 <0.43 <0.29 <0.19
Roosebeck Pacificoysters 2 1.9 <012 <005 1.9 <0.22 <016 <0.10
MorecambeBay Shrimps 4 <016 <022 <0.09 6.8 <0.40 <024 <018
(Flookburgh)
%ogg&mﬂ%ee?ay Mussels 4 <010 <016 <006 3.3 <0.33 <014 <015
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able 4.2. continued

Location® Materia No.of Mean radioactivity concentration (wet), Bqkg*

sampling

observ-

ations® 4c 0  %zn Oy zr ®Nb  *®Tc 108Ru  1%6Ry
MorecambeBay

(Flookburgh) Cockles 4 &4 14 <0.14 044 <018 <023 25 <0.19 <15
MorecambeBay
(Middleton Sands) Cockles 2 17 <0.17 <021 <0.29 <022 12

Fleetwood Lobsters 2 0.27 <0.22 <027 <034 2500 <0.25 <0.82
Fleetwood Squid 1 <0.07 <0.16 <0.12 <0.10 <0.08 <0.53
Fleetwood Whelks 4 100 0.40 <0.19 0.036 <024 <031 o4 <0.24 <0.87
Isleof Man Lobsters 4 <016 <0.35 <042 <050 220 <040 <15
Ideof Man Scallops 4 <008 <0.21 <023 <0.29 <0.23 <0.71
Inner Solway Shrimps 4 <0.11 <0.20 <010 <041 <010 5.0 <0.50 <0.87
Southerness Winkles 4 0.83 <0.20 16 <040 <010 440 <050 34
Kirkcudbright Scallops 7 <0.07 <0.08 <026 <0.09 <0.05 <059
Kirkcudbright Queens 8 <023 <0.16 <031 <021 <0.22 <0.75
North Solway coast Crabs 7 8 057 <0.24 0.35 <037 <039 3b <043 <0.90
North Solway coast Lobsters 8 76 <023 <0.46 013 <055 <054 1400 <069 <14
North Solway coast Winkles 8 1.7 <0.21 <033 <021 <022 6.6
North Solway coast Cockles 8 50 16 <0.12 0.74 <028 <014 31 <014 <24
North Solway coast Mussels 8 64 0.79 <0.12 0.64 <028 <014 280 <0.14 <33
Garlieston Nephrops 1 61 <023 <0.83 <4.7 * 660 * <29
Wirrad Shrimps 2 <0.06 <0.16 <017 <018 10 <0.16 <0.57
Wirrd Cockles 4 0.17 <0.12 <0.16 <018 36 <0.14 <054
Knott End Cockles 1 15 <0.18 <019 <014 <0.14 <0.97
Conwy Mussels 2 <005 <011 <0.10 <0.07 <0.07 <0.48
Northernlreland Nephrops 7 <0.08 <0.21 <033 <058 79 <043 <0.77
Northernlreland Lobsters 6 <0.19 <0.49 <099 <19 190 <13 <20
Northernlreland Winkles 3 <0.07 <0.17 <0.33 <0.63 <046 <0.71
Northernlreland Mussels 1 <0.22 <061 <13 <2.6 61 <18 <25
Minch Nephrops 3 <0.16 <042 <068 <12 9% <0.80 <15
Northern North Sea Nephrops 4 <0.05 <0.13 <019 <032 16 <0.26 <0.45
Mid North Sea Mussels' 2 <0.05 <011 <012 <0.12 <0.10 <0.46
Southern North Sea Cockles 2 055 <0.12 <015 <0.17 <0.14 <0.46
Southern North Sea Cockles' 2 0.18 <0.09 <012 <014 0.090 <012 <0.38
Southern North Sea Mussels 4 <014 <0.37 <067 <12 35 <093 <15
English Channel East Scallops 3 37 <0.13 <013 <012 <0.12 <0.10 <0.46
English Channel West  Crabs 2 67 <0.08 <0.17 <0.16 <0.13 <0.12 <0.68
English Channel West  Lobsters 1 <0.20 <0.46 <041 <034 014 <0.28 <2.0
English Channel West ~ Scallops 2 28 <0.08 <0.22 <022 <024 <0.18 <0.74




4. British Nuclear Fuels plc

able 4.2. continued

Location? Materia No.of Mean radioactivity concentration (wet), Bq kg*
sampling
observ- Totd
ations® uompg 125G, s 187Cs L44ce BEy  BSEY beta
MorecambeBay
(Flookburgh) Cockles 4 <0.11 <0.16 <0.06 5.7 <0.25 <0.16 <011
MorecambeBay
(Middleton Sands) Cockles 2 <0.13 <0.17 <0.07 4.0 <0.29 <0.19 <013
Fleetwood Lobsters 2 0.85 <0.19 <0.09 2.8 <0.34 <0.25 <0.16 1400
Fleetwood Squid 1 <011 <014 <0.06 14 <0.28 <0.21 <0.15
Fleetwood Whelks 4 <0.27 <0.17 <0.07 14 <0.35 <0.22 <0.16
Isleof Man Lobsters 4 <025 <033 <0.14 0.51 <0.60 <043 <026 210
Isleof Man Scallops 4 <0.14 <0.16 <0.08 047 <0.30 <0.24 <012
Inner Solway Shrimps 4 <010 <041 <0.10 8.8 <0.44 <040 <041
Southerness Winkles 4 <0.48 <0.35 <0.10 3.2 <0.43 <0.40 <040
Kirkcudbright Scallops 7 <0.08 <026 <0.07 <0.20 <0.30 <0.27 <0.26
Kirkcudbright Queens 8 <0.14 <0.27 <0.08 052 <0.36 <0.29 <0.26
North Solway coast Crabs 7 0.66 <0.29 <0.09 1.9 <0.44 <0.30 <0.27
North Solway coast Lobsters 8 <0.50 <0.41 <0.14 2.8 <0.61 <0.46 <0.38
North Solway coast Winkles 8 11 <0.34 <0.09 34 <0.48 <0.33 <0.32
North Solway coast Cockles 8 <0.10 <0.27 <0.08 5.0 <0.35 <0.25 <0.22
North Solway coast Mussels 8 <020 <025 <0.08 35 <0.34 <0.28 <0.26
Garlieston Nephrops 1 <0.57 <0.51 <0.23 53 <1.2 <0.58 <031
Wirrd Shrimps 2 <011 <015 <0.06 33 <0.26 <0.18 <0.11
Wirrd Cockles 4 <0.10 <0.13 <0.06 11 <0.25 <0.15 <012
Knott End Cockles 1 <017 <026 <0.09 37 <0.56 <025 <0.32
Conwy Mussels 2 <0.09 <0.13 <0.05 0.24 <0.26 <0.15 <013
Northernlreland Nephrops 7 <015 <0.19 <0.08 1.2 <0.41 <0.24 <018
Northernlreland Lobsters 6 <0.36 <0.43 <0.19 <0.39 <0.94 <0.51 <0.39
Northernlreland Winkles 3 <015 <018 <0.07 0.37 <0.47 <0.18 <021
Northernireland Mussels 1 <044 <053 <0.23 15 <11 <0.65 <044
Minch Nephrops 3 <029 <032 <0.16 10 <0.58 <046 <024
Northern North Sea Nephrops 4 <0.09 <012 <0.05 0.25 <0.29 <0.14 <0.13
Mid North Sea Mussdls 2 <0.08 <0.12 <0.05 <0.10 <0.27 <0.13 <0.13 27
Southern North Sea Cockles 2 <0.09 <0.12 <0.05 015 <0.28 <0.14 <013
Southern North Sea Cockles' 2 <0.07 <0.10 <0.04 011 <0.24 <0.10 <011
Southern North Sea Mussels 4 <0.26 <0.32 <0.14 <0.16 <0.64 <0.36 <0.24
English Channel East Scallops 3 <0.09 <011 <0.05 <0.05 <0.25 <0.16 <0.12
English Channd West Crabs 2 <0.13 <0.19 <0.07 0.09 <0.46 <0.20 <0.21
English Channel West  Lobsters 1 <032 <047 <0.20 <0.19 <0.96 <0.58 <0.52
English Channd West Scallops 2 <0.14 <0.18 <0.08 <0.11 <0.38 <0.26 <0.19

not detected by the method used
ling area or landing point
SSZE?ecti%n 3for definiti gnp
The concentration of 2°] was <0.39 Bq kg*
Samplescollected by Consumer 116
Aphroditeacul eata, an annelid worm. The concentration of *Mnwas0.29 Bq kg?*
The concentration of 2°] was <0.70 Bq kg*
The concentration of 3H was < 140 Bg kg*
Landed in Denmark
Landed in Holland
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4. British Nuclear Fuels plc

able 4.3. Transuranic radioactivity in fish and shellfish from the Irish Sea vicinity and further

afield, 1998
Location® Material No. of Mean radioactivity concentration (wet), Bq kg*
sampling
observ- 239p 1+ 243Cm+
ati onsb 237Np 238|:‘J ZAORJ 241RJ 241Am 2420'T'I 2440’]’1
Sellafield coastal area Cod 2 0.0028  0.013 0.035 * 0.000064
Sellafield coastal area Plaice 1 0.0015  0.0067 0.015 * 0.000028
Sellafield coastal area Greymullet 1 <0.31
Sellafield coastal area Bass 1 <0.14
Sellafield coastal area Crabs 2 0.0062 0.071 034 45 15 * 0.0027
Sellafield coastal area Lobsters 2 0.027 0.067 0.30 33 4.2 * 0.0095
Sellafield coastal area Winkles® 1 0.032 23 11 130 20 0.039 0.040
Sellafield coastal area Mussels® 1 14 6.7 85 16 * 0.025
Sellafield coastal area Limpets® 1 32 16 190 2 0.053 0.041
Sellafield coastal area Whelks 1 0.25 11 15 23 * 0.0056
Sdllafield offshore area Cod 1 0.0016  0.0081 0.013 * *
Sdllafield offshore area Plaice 1 0.00029 0.0035 0.017 0.029 0.00013  0.0056
Sdllafield offshore area Dab 1 <0.51
Sdllefield offshore area Whiting 2 <0.47
Sdllafield offshore area Haddock 1 <0.35
Sdllafield offshore area Whelks 1 042 21 5 55 * 0.0077
Sell&field offshore area Seamouse? 1 7.6 37 110 * 0.38
StBees Winkles 1 0.053 39 19 230 A * 0.063
StBees Mussels 2 238 13 170 23 0.036 0.039
StBees Limpets 1 2.6 12 21 0.059 0.043
Nethertown Winkles 4 0.048 34 17 200 31 <0.030  0.054
Nethertown Mussels 4 21 10 18 <0.018 0.053
Whitriggs Shrimps 1 <0.50
Drigg Winkles 4 0.054 38 18 210 32 <0.049 0.072
Ravenglass Cod 1 0.0011  0.0052 0.0068 0.000029  0.000021
Ravenglass Plaice 1 0.0010  0.0045 0.012 * 0.000034
Ravenglass Salmon 1 <0.18
Ravenglass Crabs 1 0.046 0.23 238 10 * 0.0026
Ravenglass Lobsters 1 0.059 0.29 35 5.0 * 0.013
Ravenglass Winkles 2 21
Ravenglass Mussels 1 15 7.3 89 15 0.025 0.029
Ravenglass Cockles 1 21 10 130 29 * 0.083
TanBay Winkles 1 2.7 13 150 24 0.030 0.060
SatomBay Winkles 4 14
Whitehaven Cod 1 0.00045 0.0024 0.0049 * 0.000018
Whitehaven Plaice 1 0.0011  0.0051 0.0096 * 0.00013
Whitehaven Ray 1 0.00075 0.0040 0.0070 * 0.000017
Whitehaven Nephrops 1 0.023 0.12 041 * 0.00078
Whitehaven Whelks 1 0.17 0.89 10 13 * 0.0029
Silloth Mussels 1 0.69 3.7 6.4 * 0.0066
Parton Cod 4 <0.21
Parton Crabs 4 1.0
Parton Lobsters 4 13
Parton Winkles 1 23 12 140 20 0.044 0.040
Haverigg Cockles 1 21 10 19 * 0.029
Millom Mussels 2 6.2
Roosebeck Pacific 1 0.14 0.82 0.61 * 0.0013
oysters
MG Founder 1 000031 00019 00034 0000041 *
MRl Srambes Paice 4 <0.29
MorecambeB
(Morecambe Bass 2 <0.25
MRl ¥oint) Whitebait 1 0.048 026 28 041 * 0.00067
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4. British Nuclear Fuels plc

able 4.3. continued

Location? Materia No.of M ean radioactivity concentration (wet), Bq kg*
sampling
observ- 239p 4 24304+
Em Onsb 237 Np 238RJ 240Pu 241Pu 241Am ZAZOT] 2440-n
Morecambe Bay (Flookburgh) Shrimps 1 0.0057 0.031 0.37 0.052 * 0.00019
Morecambe Bay (Morecambe) Mussels 1 033 18 31 * 0.0042
Morecambe Bay (Flookburgh) Cockles 1 043 24 25 6.0 * 0.0094
M PGPS B Cokles 1 035 19 49 * 0.0065
Calder Farm Rainbow trout 2 <0.59
RiverDuddon Seatrout 1 <0.21
River Kent Seatrout 1 <0.42
River Derwent Seatrout 1 <0.15
Fleetwood Cod 1 0.00027 0.0015 0.0032 * 0.0000045
Fleetwood Plaice 1 0.00065 0.0034 0.0069 * 0.000010
Fleetwood Lobsters 4 12
Fleetwood Whelks 1 0.095 051 5.4 0.76 * *
Fleetwood Squid 1 <0.19
Isleof Man Cod 1 0.00011 0.00060 0.0022 * 0.0000065
Isleof Man Herring 1 0.00018 0.0010 0.0013 * *
Isleof Man Lobsters 4 <0.29
Isleof Man Scallops 1 0.022 012 0.036 * 0.000091
Inner Solway Flounder 1 <0.012 0.014 0.034 * *
Inner Solway Seatrout 1 0.00058 0.0010 0.0013
Inner Solway Salmon 1 <0.50
Inner Solway Shrimps 1 0.0042 0.017 0.0023 * *
Kirkcudbright Plaice 1 0.0013 0.0028 0.0035
Kirkcudbright Scallops 2 0.034 0.18 0.012 * *
Kirkcudbright Queens 2 0.0048 0.024 0.026 0.00018  0.000091
Garlieston Cod 1 0.00024 0.00091 0.0019 * *
Garlieston Nephrops 1 0.017 0.087 0.69 * 0.00074
Southerness Winkles 1 0.52 25 17 4.3 * *
North Solway coast Crabs 2 0.052 0.26 24 0.90 * 0.0015
North Solway coast Lobsters 2 0.026 0.13 14 0.92 * 0.0020
North Solway coast Winkles 2 0.29 15 13 4.8 * 0.0037
North Solway coast Cockles 5 0.79 4.1 45 10 * <0.019
North Solway coast Mussdls 2 0.50 2.6 33 6.5 * <0.0024
Wirrd Shrimps 2 <0.06
Wirrd Cockles 1 0.099 0.56 15 * 0.0027
Knott End Cockles 1 041 23 6.2 * 0.014
Conwy Mussels 1 0.021 011 0.19 * 0.00041
NorthAnglesey Rays 1 0.00023 0.0011 0.0018 0.000032 *
NorthAnglesey Plaice 2 <0.31
NorthAnglesey Lobsters 1 0.0015 0.0082 0.079 * 0.00011
RibbleEstuary Flounder 1 <0.29
RibbleEstuary Mullet 1 <0.85
RibbleEstuary Salmon 1 <0.24
RibbleEstuary Seatrout 1 <0.23
RibbleEstuary Shrimps 1 0.00060 0.0034 0.017 0.028 * 0.000072
RibbleEstuary Cockles 1 0.38 20 51 * 0.011
Northernlreland Cod 7 <0.22
Northernlreland Whiting 1 0.0016 0.0082 0.0064 * 0.0000085
Northernlreland Herring 1 <0.21
Northernlreland Spurdog 8 <0.27
Northernlreland Lobsters 6 <047
Northernlreland Nephrops 1 0.0073 0.039 0.32 0.00020  0.00037
Northernlreland Winkles 1 0.029 0.16 0.15 * 0.00014
Northernlreland Mussels 1 <053
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4. British Nuclear Fuels plc

able 4.3. continued

Location? Materia No.of M ean radioactivity concentration (wet), Bq kg
sampling
observ- 239p 1+ 243C M+
ati onsb 238|:‘J 240RJ 241Am 2420’]’1 244Gn
Sound of Mull Samon 1 <0.45
Minch Cod 1 0.000073 0.00038 0.00058 * *
Minch Haddock 1 0.00026 0.0013 0.00084 * *
Minch Mackerel 1 0.00021 0.0010 0.0014 * *
Minch Plaice 4 <0.15
Minch Herring 3 <0.13
Minch Nephrops 1 0.00096 0.0060 0.0091 * *
Shetland Fishmea® 1 0.00030 0.0025 0.00092 * *
Shetland Fishoil® 4 <0.48
Northern North Sea Cod 1 0.000085 0.00033 0.00045 * *
Northern North Sea Plaice 3 <0.18
Northern North Sea Herring 3 <0.22
Northern North Sea Haddock 1 0.000070 0.00046 0.00046 * *
Northern North Sea Nephrops 1 0.00042 0.0027 0.0036 * *
Mid North Sea Cod 4 <0.17
Mid North Sea Plaice 3 <0.12
Mid North Sea Herring 2 <0.22
Mid North Sea Mussels 1 0.00053 0.0021 0.0011 * *
Southern North Sea Cod 2 <0.15
Southern North Sea Plaice 2 <0.12
Southern North Sea Herring 2 <0.11
Southern North Sea Cockles 1 0.0035 0.0074 0.0098 0.00017 0.00095
Southern North Sea Cockles® 1 0.0028 0.011 0.015 0.00018 0.0014
Southern North Sea Mussels 1 0.0013 0.0084 0.0034 * *
English Channel East Cod 4 <0.11
English Channel East Plaice 4 <0.07
English Channel East Scallops 1 0.0019 0.0068 0.0027 * 0.00029
English Channel West Mackerel 2 <0.18
English Channel West Plaice 2 <0.15
English Channel West Whiting 2 <0.18
English Channel West Crabs 1 0.000068 0.00048 0.0011 * 0.00013
English Channel West Lobsters 1 <0.74
English Channel West Scallops 1 0.00026 0.0030 0.0011 0.000052 0.000016
Gt Yarmouth (retail shop) Cod 4 <0.13
Gt Yarmouth (retail shop) Plaice 4 <0.16
Skagerrak Cod 3 <0.12
Skagerrak Herring 3 <0.16
Norwegian Sea Cod 1 <0.04
Norwegian Sea Saithe 1 <0.06
IcelandArea Cod 2 <0.07
Icelandic processed Cod 1 0.000097 0.00050 0.00078 * *
Barents Sea Cod 3 <0.09
Baltic Sea Cod 3 <0.22
Baltic Sea Herring 3 <0.11
Celtic Sea Cod 2 <0.22
Celtic Sea Pollack 1 <0.04
Celtic Sea Whiting 1 <0.05

* not detected by the method used

Sampling area or landing point

See section 3 for definition
Samplescollected by Consumer 116
Aphroditeaculeata, an annelid worm
Concentrationsrefer to weight assupplied
Landed in Denmark

Landed in Holland
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4. British Nuclear Fuels plc

able 4.4. Individual radiation exposures due to consumption of Irish Sea fish and shellfish, 1998

Exposed Foodstuffs ExposuremSv 2
popul ation®

Totd 14C 908’ %TC 106Ru 137CS 2389J 239+240pu 241Pu 241Am Others
Sellafieldfishing Plaice and cod 0.20° 0.006 0.003 0.023 0.006 0.008 0.007 0.034 0.008 0.060 <0.004
community Crabs and lobsters

Winkles and other molluscs

Whitehaven Plaice and cod 0.023 0.002 0.005 0.001 0.004 0.001 0.004 0.001 0.005 <0.001
commercial Nephrops
fisheries Whelks
Dumfriesand Plaice,codandsamon  0.048° 0.002 0.008 0.001 0.002 0.001 0.005 0.001 0011 <0.001
Galloway Crabs, Lobster and Nephrops
Winkles and mussels
MorecambeBay Floundersand plaice 0.074 0.004 0.002 0.001 0.012 0.002 0011 0.003 0.023 <0.001
Shrimps
Cockles and mussels
Fleetwood Plaice and cod 0.027 0.005 0.001 0.001 0011 0.001 0.003 0.001 0.004 <0.001
Shrimps
Whelks
Isleof Man Fishand shellfish® 0.010 0.003 0.001 0.004 0.001 0.001 <0.001
Northernlreland Fishand shellfish® 0.014 0.001 0.003 0.001 0.004 0.001 0.003  <0.001
Typical memberof  Plaice and cod 0.002 0.001 <0.001
thefish eating
public consuming
fishlanded at
Whitehaven and
Fleetwood

2 Dueto artificial radionuclides: seetext for exposures dueto natural radionuclides. Blank data indicate a dose of lessthan 1 pSv.
‘Others’ comprisesdata for all radionuclideswith dosesbelow 1 pSv.

Representative of people most exposed unless stated otherwise

Including exposure dueto 1000 h year*occupancy over intertidal sediments

Including exposure due to 900 h year! occupancy over intertidal sediments

Local habits surveys have not been undertaken in these areas; representative species are adopted for fish, crustaceans and molluscs
Including exposure dueto 1100 h year? occupancy over intertidal sediments

- o a o T
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4. British Nuclear Fuels plc

able 4.5. Gamma radiation dose rates over areas of the Cumbrian coast and further afield, 1998

Location Groundtype No. of sampling Mean gammadoserateinairat 1 m,
obsarvations®  pGy ht

Cumbria

RockcliffeMarsh Saltmarsh 4 0.077
NewtonArlosh Satmarsh 4 0.12
CavoMarsh Saltmarsh 1 0.092
Parton Winklebed 4 0.096
Whitehaven - outer harbour Mud and sand 9 0.098
Whitehaven - outer harbour Coal and sand ik 0.13
Whitehaven - outer harbour Sand 2 0.096
Whitehaven - yacht basin Mud 12 0.17
Whitehaven - yacht basin (boat 4) Cabin® 3 0.12
Fishing vessd A Cabin® 3 0.092
Fishingvessd R Cabin® 2 0.082
SatomBay Winklebed 4 0.10
StBees Sand 4 0.072
Nethertown Winklebed 4 0.097
Sdll&field Sand 4 0.076
Drigg Barn Scar Mussel bed 4 0.094
Ravenglass- Carleton Marsh Saltmarsh 4 0.23
Ravenglass - saimon garth Mud and sand 2 0.12
Ravenglass - saimon garth Mud, sand and stones 2 0.12
Ravenglass - saimon garth Sand and stones 4 0.093
Ravenglass - saimon garth Mussel bed 4 0.097
Ravenglass - ford Mud and sand 4 011
Ravenglass- Raven Villa Mud 2 0.13
Ravenglass- Raven Villa Mud and sand 9 013
Ravenglass Satmarsh 11 0.20
Newbiggin Mud 3 0.19
Newbiggin Mud and sand 1 0.18
Newbiggin Sdtmarsh 4 024
TanBay Sand 2 0.073
TarnBay Winklebed 2 0.092
Haverigg Mud 2 0.093
Haverigg Mud and sand 3 0.090
Haverigg Sand 3 0.072
Millom Mud and sand 3 011
Millom Mud, sand and stones 1 0.12
Walney Channel - Vickerstown Church ~ Mud and sand 4 0.089
Sand Gate Marsh Satmarsh 4 0.10
Flookburgh Mud and sand 4 0.077
High Foulshaw Satmarsh 4 0.094
Arnsde Saltmarsh 4 011
Lancashire, Merseyside

and North Wales

Colloway Marsh Satmarsh 4 0.16
AldcliffeMarsh Sdtmarsh 4 0.12
Conder Green Mud and sand 4 011
Conder Green Satmarsh 4 0.12
Cockerham Marsh Saltmarsh 4 011
Heads - River Wyre Satmarsh 2 0.12
Height o’ th' hill - River Wyre Satmarsh 4 0.13
Knott End Mud and sand 2 0.081
Skippool Creek (boat2) Cabin® 1 0.093
Skippool Creek Mud 1 0.10
Skippool Creek Mud and sand 3 0.10
South-west Scotland

LuceBay Sand 4 0.058
Garlieston Mud 4 0.072
Innerwell Mud and sand 8 0.084
Creetown Saltmarsh 4 0.098
Cardluith Mud 4 0.093
Skyreburn Bay (Water of Fleet) Sdtmarsh 4 0.079
Kirkcudbright Satmarsh 4 0.093
Cutters Pool Winklebed 4 0.092
Rascarrel Bay Winklebed 4 0.12
PalnackieHarbour Mud 4 0.086
Gardenburn Saltmarsh 4 0.10
Kippford - Slipway Mud 4 011
Kippford - Merse Saltmarsh 4 011
Carsethorn Mud and sand 4 0.074
Glencaple Harbour Mud and sand 4 0.092

a8 Seesection 3for definition
b Inthe cabin of aboat or houseboat
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4. British Nuclear Fuels plc

Table 4.6. Radioactivity in sediment from the Cumbrian coast and further afield, 1998

Location Material No.of Mean radioactivity concentration (dry), Bq kgt

sampling

observa

tionsa\ 54Mn GOCb QSZr 95Nb lOGRu 1lOmAg 12533 134CS 137Cs
Cumbria
NewtonArlosh Turf 4 <087 <24 <2.8 <3.0 14 <15 <51 <12 700
Whitehaven - yacht basin Mud 4 <11 28 <5.2 <9.3 330 <32 <82 <15 840
St Bees Sand 4 <034 32 <1.2 <14 <3.9 <062 <12 <0.39 93
Sdlafield Sand 4 <034 34 <1.3 <15 <6.3 <065 <13 <0.39 110
Ravenglass- CarletonMarsh ~ Sand 4 <16 i’ <13 <20 310 <22 <65 <11 480
Ravenglass- Raven Villa Mud& sand 4 <096 33 <19 <22 170 <19 <52 <12 280
Newhbiggin Mud 3 <1.0 47 <41 <6.2 160 <20 <61 <13 320
Newbiggin Mud& sand 1 <070 22 75 14 180 <13 50 <0.89 270
Millom Mud& sand 4 <071 26 <27 <3.8 65 <l4 <29 <088 270
Flookburgh Mud& sand 4 <044 <047 <18 <34 <4.5 <0.81 <14 <053 83
Sand Gate marsh Turf 4 <081 <11 <21 <23 <9.7 <14 <33 <10 260
L ancashire, M er seysideand north Wales
Conder Green Turf 4 <0.83 <34 <22 <22 <10 <13 <36 <10 360
CemlynBay Mud 2 <056 <051 <25 <4.6 <5.2 <092 <16 <063 160

South-west Scotland

Garlieston Mud 4 <0.10 039 <0.45 <014 <12 <0.11 <058 <0.10 58
Innerwell Mud 6 <026 <14 <0.87 <0.72 <95 <042 <10 <033 100
Cardluith Mud 4 <011 43 <0.47 <018 28 <012 <14 <0.16 280
Kippford Merse Satmarsh 4 <0.18 4.0 <0.90 <085 <12 <026 <14 <037 510
Kippford Slipway Mud 4 <013 37 <0.51 <020 17 <014 <15 <026 400
PalnackieHarbour Mud 4 <012 <19 <0.56 <0.70 19 <0.12 <0.88 <0.14 210
Carsethorn Mud& sand 2 <0.10 <010 <0.36 <0.14 <089 <010 <038 <010 48
Ideof Man
Douglas Sand 1 <037 <032 <14 <23 <34 <067 <091 <044 99
Northernlreland
Lough Foyle Mud 2 <051 <039 <38 <1.0 <45 <095 <10 <058 84
Portrush Sand 2 <031 <026 <15 <3.0 <2.9 <0.58 <0.65 <0.33 11
Balymacormick Mud 2 <039 <033 <17 <2.8 <3.8 <069 <11 <046 46
Strangford Lough Mud 2 <041 <032 <19 <3.0 <35 <0.73 <1.0 <047 39
-Nickey'sPt
Dundrum Bay Mud 1 <031 <025 <0.96 <1.0 <2.6 <050 <0.77 <0.34 8.3
Dundrum Bay Mud& sand 1 <048 <039 <23 <4.3 <4.2 <0.88 <1.0 <052 8.1
Carlingford Lough Mud 2 <0.70 <063 <20 <21 <6.1 <11 <18 <080 79
Oldmill Bay Mud 2 <0.78 <080 <27 <37 <74 <14 <20 <092 66
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4. British Nuclear Fuels plc

able 4.6. continued

Location Materia No.of M ean radioactivity concentration (dry), Bqkg*
sampling
Obm& 144@ 154Eu 155Eu 238RJ 239m+ 24lRJ 241Am 2420n 24acm+ TOtd
tions? 240py 240m  beta
Cumbria
NewtonArlosh Turf 4 <88 <37 <44 250
Whitehaven - yacht basin Mud 4 <30 15 7.6 130 710 1100 * 17 2800
StBees Sand 4 <27 18 <13 190
Sellefield Sand 4 <26 <16 <16 190
Ravenglass- CarletonMarsh ~ Sand 4 37 13 <5.9 920
Ravenglass- Raven Villa Mud & sand 4 24 84 <45 590
Newbiggin Mud 3 17 91 <63 8 440 5300 660 * 15 1600
Newbiggin Mud & sand 1 29 69 43 590 1400
Millom Mud & sand 4 <69 <53 <27 460
Flookburgh Mud & sand 4 <29 <13 <13 39
Sand Gate marsh Turf 4 <57 <26 <29 100
Lancashire, Merseysideand northWales
Conder Green Turf 4 <6.6 <28 <33 180
CemlynBay Mud 2 <28 <15 <20 39 2 31 * 0.052
South-west Scotland
Garlieston Mud 4 <056 <051 <0.60 5.9 30 33
Innerwell Mud 6 <19 <13 <13 74
Carduith Mud 4 <078 32 22 43 210 210 2400
Kippford Merse Sdtmarsh 4 13 50 <15 ™ 280 410
Kippford Slipway Mud 4 <083 37 <19 42 200 290
PalnackieHarbour Mud 4 <0.77 19 16 28 130 200
Carsethorn® Mud & sand 2 <0.57 <046 <0.39 7.8
Isleof Man
Douglas Sand 1 <28 <10 <14 <24
Northernlreland
Lough Foyle Mud 2 <27 <11 <14 036 20 31 00014 *
Portrush Sand 2 <18 <081 <0.77 <0.96
Ballymacormick Mud 2 <29 <11 <14 27 16 20 * 0.058
Strangford Lough Mud 2 <27 <11 <13 19 9.7 10 * 0.012
-Nickey'sPt
Dundrum Bay Mud 1 <22 <082 <11 15
Dundrum Bay Mud & sand 1 <27 <13 <12 <19
Carlingford Lough Mud 2 <33 <19 <17 20 12 7.7 * *
Oldmill Bay Mud 2 <34 <23 <16 31 17 24 * 0.042

* not detected by the method used
& Seesection 3for definition
® The concentration of°Zn was 0.30 Bq kg*

62



4. British Nuclear Fuels plc

able 4.7. Beta radiation dose rates on contact with fishing gear on

vessels operating off Sellafield, 1998

Vesd Typeof gear No. of sampling Mean betadoseratein
observations? tissue, uSv ht
A Nets 6 0.090
Ropes 6 0.039
Nets 4 *
Pots 2 *
Gill nets 4 0.037
Pots 3 0.058
W Gill nets 1 *
X Gill nets 4 *
Pots 4 *

a8 Seesection 5 for definition
* Not detected by the method used
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able 4.8. Radioactivity in terrestrial food and the environment near Sellafield, 1998

Materia Selection® Farmg/ . Mean radioactivity concentration (wet)?, Bqkg*

WHS 3H (Organic) 3H 14C 3SS 60(33 909 QBTC 106Ru 1253:)
Milk Near farms 12 <3.2 <53 18 <0.73 <040 010 <0.0055 <28 <0.79
Milk Near farms max <45 11 23 <22 <044 015 <30 <089
Milk Far farms 4 <3.0 <2.8 15 <054 <040 0.057 <0.0040 <28 <0.80
Milk Far farms max <3.0 16 <055 <041 0.066 <30 <090
Apples 5 <2.8 <3.8 13 <0.78 <042 017 <0.025 <2.8 <0.74
Apples max <3.0 7.0 17 16 <050 033 <3.6 <0.90
Barley 2 6.0 110 17 <055 1.6 <34 <075
Barley max 8.0 22 <060 24 <1.0
Blackberries 1 <3.0 23 3H 2 <0.80 538 <34 <070
Bovinekidney 1 <4.0 <4.0 2 <090 <050 1.3 <0.051 <39 <14
Bovineliver 1 <4.0 <4.0 31 9.7 <040 <0.018 <0.032 <2.7 <0.70
Bovinemuscle 1 4.0 <4.0 33 <090 <050 <0.016 <0.031 <19 <13
Cabbage 1 <3.0 4.0 5.0 <040 <050 094 <25 <10
Carrots 1 <3.0 <3.0 6.0 <040 <030 070 <0.048 <3.2 <1.0
Cauliflower 1
Chicken 1 <3.0 <3.0 40 4.8 <050 <0.014 <37 <13
Duck 1 <3.0 6.0 36 <20 <050 <0.026 <24 <1.0
Game birds 1 <4.0 <4.0 30 <090 <050 <0.022 <3.7 <13
Honey 1 5.0 61 <11 <030 <0.051 <3.7 <0.80
Lettuce 1 <3.0 <3.0 <30 <040 <030 030 <2.6 <0.70
Ovineoffa 2 <4.0 <75 48 7.9 <045 026 <0.033 <30 <15
Ovineoffa max <5.0 10 49 12 <0.50 <37
Ovinemuscle 2 <35 6.0 31 5.7 <040 0.040 <0.034 <2.6 <0.75
Ovinemuscle max 4.0 9.0 A 0.064 <3.0 <1.0
Pheasants 1 3.0 7.0 40 <17 <040 <0.019 <0.030 <3.9 <13
Potatoes 4 <33 6.0 23 <040 <040 051 <33 <0.90
Potatoes max 4.0 1 29 060 <050 15 <3.8 <1.0
Runner beans 1 <3.0 50 7.0 070 <040 023 <16 <0.80
Swede 1 <3.0 <3.0 10 050 <040 073 <3.3 <0.80
Turnips® 1 4.0 11 13 090 <060 <0.031 <3.6 <1.0
Grass"ef 2 <0.033 <2.7
Grass*ef max <0.035 <3.7
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able 4.8. continued

Materia Selection® Farmg/  Mean radioactivity concentration (wet), Bg kgt
samples® P

29 1¥7Cs  TotalCs TotdU %8Py 24%py 241py 21Am
Milk Near farmg 12 <0.014 <044 019 <0.00037 <0.00024 <0.16 <0.00033
Milk Near farms max <0.020 <047 028 <0.00063 <0.00030 <0.19 <0.00040
Milk Farfarms 4 <0011 <043 012 <0.00030 <0.00020 <0.13 <0.00020
Milk Farfarms max <0.013 <044 015
Apples 5 <0.045 <0.13 <0.00058 <0.0016 <0.15 <0.0032
Apples max <0.072 024 0.00070 0.0032 <0.23 0.0067
Barley 2 <0.066 14 0.0020 0.014 0.18 0.017
Barley max <0.092 2.6 0.0026 0.020 0.019
Blackberries 1 <0.033 5.0 0.0015 0.0074 <0.14 0.0069
Bovinekidney 1 0.78 <0.00070 <0.00060 <0.11 0.00050
Bovineliver 1 <0.035 0.63 <0.0011 0.0023 <0.28 0.0041
Bovinemuscle 1 <0.056 11 <0.00040 <0.00040 <0.078 0.00020
Cabbage 1 <0.042 <0.029 <0.00050 0.00050 0.15 0.0015
Carrots 1 <0.033 0.19 <0.00050 0.0052 <0.14 0.0063
Cauliflower 1 <0.030
Chicken 1 <0.029 0.067 <0.00060 <0.00060 034 0.00040
Duck 1 <0.059 0.81 <0.00040 0.0013 0.15 0.00090
Game birds 1 0.71 <0.00040 <0.00040 0.081 <0.00020
Honey 1 <0.017 28 <0.0010 0.0015 <0.13 0.00060
Lettuce 1 0.068 0.12 <0.00030 0.00070 041 0.00090
Ovineoffa 2 0.62 <0.0028 0.040 <0.25 <0.0092
Ovineoffa max 0.0052 0.080 0.37 0.018
Ovinemuscle 2 <0.037 0.90 <0.00035 <0.00050 <0.12 <0.00055
Ovinemuscle max <0.041 11 <0.00050 0.00070 <0.13 0.00060
Pheasants 1 <0.037 3.7 <0.00020 0.00030 <0.061 0.00070
Potatoes 4 <0.036 0.20 <0.00040 <0.0028 <0.091 <0.0015
Potatoes max <0.039 0.29 0.00050 0.0056 <0.11 0.0033
Runner beans 1 <0.058 0.45 0.00030 0.00070 <0.14 0.0010
Swede 1 <0.042 0.67 <0.00020 0.00070 <0.14 0.0010
Turnips? 1 <0.047 0.051 0.012  0.00060 0.0030 <0.089 0.0024

2 except for milk where unitsare Bq | and soil wheredry concentrations apply

b seesection 3 for definition

¢ dataarearithmetic meansunlessstated as‘max’ . ‘Max' data are selected to bemaxima. If no ‘max’ valueisgiven, themeanisalsothe
maximum. See section 3 for definition

4 the mean concentration of “*Cawas 7.7 Bgkg?, the maximumwas 8.1 Bq kg*

¢ themean concentration of >Fewas 4.9 Bgkg?, the maximumwas 6.6 Bgkg*

' the mean concentration of ®Ni was <0.30 Bq kg*

9 the concentrations of 224U, 235U and 28U wer e 0.0014, <0.00030 and 0.0010 Bq kg™ respectively

" the concentrationsof U, 24U, 22U and2*8U in soil were 36, 7.1, 0.27 and 6.6 Bq kg™ respectively

' 333dryclothswereanalysed. Thealpha, beta and gamma concentrationswere0.27, 1.9 and 1.1 Bq per cloth

1" the mean concentration of 3| was <0.030 Bq kg*; the maximumwas <0.032 Bq kg*
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able 4.9. Individual radiation exposures due to consumption of terrestrial foodstuffs near Sellafield

and Drigg, 1998

Exposed Key ExposuremSv 2
population® foodstuffs

TOtd 14C 355 BOQ) 903- 106Ru 12533 129| 131| 137CS 144Ce Others
Consumersnear Milk 0.042 0.003 0.004 0.005 0011 0011 0.002 0.002 0.002 0.002 <0.001
Sellafieldaged 1y Potatoes
Consumersnear Milk 0.017 0.001 0.004 0.003 0.006 0.001 0.001 <0.002
Driggaged 1y Potatoes
Consumersnear Milk 0.028 0.001 0.004 0.003 0.009 0.002 0.002 0.001 0.005 <0.001
Ravenglassaged 1y Potatoes
Typical adult member Potatoes 0.005 0.003 0.001 0.002 <0.003
of the public eating Wildfruit 0.014

food grown near Sellafield

2 Excluding natural radionuclides. ‘Others’ comprisesdata for all radionuclideswhose doseisnot presented
b Representative of people most exposed unless stated otherwise
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able 4.10. Radioactivity in terrestrial food and the environment near Drigg, 1998f

g/lng%%lc fione Farrasés b M ean radioactivity concentration (wet)?, Bq kgt

3H 14C 358 60@ 908- 99TC lOGRu 125& 129|
Milk 1 <33 15 <0.48 <043 0.086  <0.0083 <3.0 <0.76 <0.011
Blackberries 1 4.0 24 0.70 <0.30 0.27 <18 <0.60 <0.069
Cabbage 1 2.0 18 1.0 <0.30 0.81 <0.055 <3.0 <0.50 <0.058
Duck 2 <3.0 37 <1.3 <0.45 0.026 0.068 <3.2 <11
Duck max 47 <16 <050 0.028 <33 <15
Ovinemuscle 1 5.0 46 53 <040 0.032 <0.023 <17 <0.40 <0.037
Ovineoffa 1 <5.0 50 25 <0.50 0.36 <0.12 <3.8 <13
Pheasant 1 <3.0 26 <14 <0.30 <0.017 <2.0 <0.90
Potatoes 2 <3.0 14 <0.40 <0.50 <0.041 <0.024 <27 <0.70 <0.072
Potatoes max 0.40 0.056 <2.8 <0.90 <0.075
Crass 2 <0.13
Grass max 021
Materia Farmg/ M ean radioactivity concentration (wet)?, Bqkg*
andselection® samples® Pt

Total CS 147R‘n 238RJ 240RJ 241Pu 241Am
Milkd 1 0.19 <0.35 <0.00015 <0.00025 <0.096 <0.00058
Blackberries 1 0.13 0.00040  0.0015 <0.11 0.0035
Cabbage 1 0.56 0.30 0.00050  0.00070  <0.090 0.0020
Duck 2 43 0.0085 0.035 <0.10 0.032
Duck max 52 0.015 0.064 0.10 0.050
Ovinemuscle 1 0.75 <0.00020 0.00040 <0.077 <0.00040
Ovineoffa 1 0.64 0.0028 0.014 014 0.011
Pheasant 1 3.7 <0.00030 <0.00040 <0.069 <0.00020
Potatoes 2 0.20 <0.30 <0.00035 <0.00045 <0.11 0.00055
Potatoes max 0.28 <0.00050 <0.00050 <0.13 0.00070
Crass® 2 5.9
Grass max 8.9

¢ 1fno‘max valueis
t e concentration

SRt

themeanlsal
swas <0.43 Bl

a exc%{%nn% | T}f) \rlvgge unlts areBql*and for soil wheredry concentrations apply

¢ dataareanthmeucrneansunl&ssstatedas max . ‘Max' data are selected to be maxima.
the maximum. See section 5 for definition.

¢ theconcentrationsof U, 234U, 2°U and 38U were 0.19, 0.17, 0.030 and 0.16 Bq kg* respectively
" the concentrationsof U, 234U, 235U and*8U in soil were 30, 8.6, 0.30 and 8.2 Bq kg™ respectively
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Table 4.11. Betaradiation dose rates over intertidal areas of the Cumbrian

coast, 1998
Location Ground No.of pSv ht
type sampling

observa-

tions®
Whitehaven  outer harbour Mud and sand 1 0.29
Whitehaven  outer harbour Sand 1 043
Whitehaven  yachtbasin Mud 2 14
StBees Sand 2 0.29
Nethertown Winklebed 2 054
Sdllafield pipeline Sand 2 031
Drigg Barn Scar Mussel bed 2 034
Ravenglass- Raven Villa Sdtmarsh 2 17
Ravenglass - sailmon garth Mussel bed 2 0.60
TarnBay Sand 2 023

a8 Seesection 3for definition
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Table 4.12. Radioactivity in terrestrial food and the environment near Ravenglass, 1998¢

g/le%ctelrgﬂ and ggrnrasé , Meanradioactivity concentration (wet), Bgkg"

H e S SR Y O SZr %Nb ®Tc 106Ry 1255y |
Milken 3 <38 16 <0.53 <042 0070 <086 <0.84 <0.0089 <28 <0.85 <0.010
Milk max 17 <0.55 <044 0079 <092 <085 <0011 <0.95 <0.011
Apples 1 <30 11 <0.50 <040 0.056 <040 <060 <0024 <25 <0.90 <0.045
Barley 1 <40 97 11 <050 0.047 <040 <0.60 <0.045 <26 <0.60 <0.049
Blackberries 1 3.0 16 <0.40 <0.30 053 <040 <050 0.034 <16 <080 <0.043
Bovinekidney 1 6.0 21 <0.90 <040 0.028 <060 <040 <0.031 <33 <13
Bovineliver 1 <40 37 <0.70 <040 0.062 <060 <040 <0.023 <29 <050 <0.12
Bovinemuscle 1 <40 30 <0.90 <050 0.093 <080 <060 <0.025 <36 <13
Cabbage 1 <30 40 21 <040 070 <0.70 <080 0.044 <24 <070 0.085
Carrots 1 <30 11 0.60 <050 033 <090 <080 <0036 <35 <10 <0.065
Duck 1 <30 35 <16 <040 <0.018 <090 <050 0.091 <34 <11 <0.042
Honey 1 <40 87 <0.90 <040 0.023 <0.60 <0.40 <0.029 <25 <060 <0.018
Lettuce 1 <0.048
Ovineoffal 2 <50 39 12 <090 038 <16 <0.95 <39 <13
Ovineoffal  max 45 16 <12 0.50 <21 <12 <40 <14
Ovinemuscle 2 <45 37 6.3 <030 <0.019 <0.60 <040 <0.029 <27 <065 <0.034
Ovinemuscle max 6.0 44 7.3 <0.40 <0.80 <0.030 <29 <0.70 <0.036
Potatoes 2 <30 2 <0.40 <030 0.0711 <050 <0.70 <0.029 <28 <040 <0.059
Potatoes max <0.030
Runner beans 1 <30 10 <0.40 <040 022 <050 <070 <0.028 <40 <090 <0.069
Grass*f 2 14 <0.062
Grass® max 2.0 0.097
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Table 4.12. continued

Material and Farms/  Mean radioactivity concentration (wet)?, Bqkg*

sdection® samples® 299p+

Total Cs e 155Ey “wpm 28py 24Py 21py 2LAm
Milk 3 0.19 <19 <0.61 <0.35 <0.00024  <0.00029 <0.14 <0.00038
Milk max 0.23 <0.65 <0.00028 <0.00033 <0.21 <0.00040
Apples 1 011 <17 <0.60 <0.00040 0.00030 0.14 0.00050
Barley 1 0.10 <15 <0.60 0.0013 0.0060 <0.22 0.012
Blackberries 1 0.067 <1.3 <0.60 0.0013 0.0070 0.13 0.016
Bovinekidney 1 051 <2.8 <25 <0.00030 0.00050 <0.047 0.0019
Bovineliver 1 040 <1.2 <0.50 <0.00040 0.0039 <0.063 0.0044
Bovinemuscle 1 0.53 <2.7 <2.6 0.00020 0.00040 <0.060
Cabbage 1 0.22 <1.6 <0.60 0.80 <0.00020 0.00030 <0.093 <0.00090
Carrots 1 020 <21 <0.90 <0.00050 0.0013 <0.11 0.0025
Duck 1 16 <3.2 <2.0 0.00070 0.0028 011 0.0050
Honey 1 0.53 <1.6 <0.50 <0.00030  0.0017 <0.11 0.0016
Lettuce' 1
Ovineoffa 2 094 <35 <0.90 0.015 0.080 <1.0 0.060
Ovineoffal max 1.0 <4.8 <14 0.030 0.16 2.0 0.12
Ovinemuscle 2 0.56 <1.6 <0.30 <0.00030 <0.00050 <0.081 <0.00075
Ovinemusclemax 0.61 <1.8 0.00040 0.00070 <0.089 0.0011
Potatoed 2 0.14 <21 <0.60 <0.40 <0.00050 0.00030 0.18 0.00070
Potatoes max
Runnerbeans 1 014 <1.0 <0.70 <0.00030 0.00040 0.17 0.0015
Grass® 2 34
Grass' max 3.6

& except for milk whereunitsare Bq | and for soil wheredry concentrations apply

see section 3 for definition

dataarearithmetic meansunlessstated as‘max’. ‘Max' data are selected to be maxima. If no‘max’ valueisgiven, themeanisalsothe
maximum. See section 3 for definition

the concentration of “°Cawas 6.5 Bq kg?, the maximumwas 8.0 Bq kg*

the concentrations of U, 22U, 235U and 28U in soil were 39, 10, 0.39 and 9.4 Bq kgI:]'1 respectively

the mean concentration of 53Ni was <0.35 Bg kg?, the maximumwas < 0.40 B kg®

the mean concentration of***Cswas <0.35 Bg kg, the maximumwas < 0.36 Bq kg*

the concentration of 1*’Cswas <0.45 Bq kg*

the concentrations of U, 224U, 235U and?®U were 0.050, 0.021, 0.0020 and 0.017 Bq kg respectively
the concentration of U was 0.041 Bq kg*

o o

— - Ta * o0 a
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able 4.13. Radioactivity in aquatic plants from the Cumbrian coast and further afield, 1998

Location® Material No.of
sampling
observ-
ations®

England

StBees Fucusvesiculosus 4

StBees Porphyra 4

StBees Rhodymeniaspp. 2

Braystones south Porphyra 4

Sell&field Fucusvesiculosus 4

Seascae Porphyra 52¢

Rabhit Cat How,

Ravenglass Samphire 1

CockerhamMarsh ~ Samphire 1

Marshside Sands Samphire 1

Isleof Man Fucusvesiculosus 3

Wales

Portmadoc Fucusvesiculosus 1

Fishguard Fucusvesiculosus 1

Lavernock Point Fucusvesiculosus 1

Lavernock Point Fucusserratus 1

South Wades,

Manufacturer A Laverbread 3
Manufacturer C  Laverbread 3
Manufacturer D Laverbread 3

Scotland

Port William Fucusvesiculosus 8

Garlieston Fucusvesiculosus 8

Auchencairn Fucusvesiculosus 8

Dumfries Fucusvesiculosus 1

Knock Bay Porphyra 8

Machrahanish Fucusvesiculosus 1

Girvan Fucusvesiculosus 1

Hunterston Fucusvesiculosus 1

CapeWrath Fucusvesiculosus 1

Thurso Fucusvesiculosus 1

Wick Fucusvesiculosus 1

Tondra, Shetland Fucusvesiculosus 1

Laxfirth, Shetland Fucusvesiculosus 1

S. Ronaldsay, Orkney Fucusvesiculosus 1

Stornoway,

Ideof Lewis Fucusvesiculosus 1

Northernlireland

Ardglass Fucusvesiculosus 3

Portrush Fucusvesiculosus 1

Portrush Fucusserratus 2

Strangford Lough Rhodymeniaspp. 3

Carlingford Lough Fucus spp. 3

I slesof Scilly Fucusvesiculosus 1

Mean radioactivity concentration (wet), Bqkg*

14C

45
47

GOCO

13
1.6
2.3

34

0.13
<0.04
<0.05

<0.14

<0.05
<0.10
<0.10
<0.05

<0.08
<0.08
<0.09

<0.27
<0.75
1.0

<0.08

<0.05

<0.05

<0.10
<0.05
0.06

<0.07
<0.07

<0.05

908-

16

0.13

4.5

957r

<0.14
<0.17
16

<0.18
<0.49
<0.54

<0.09
<0.16
<0.28

<0.27

<0.16
<0.16
<0.54
<0.13

<0.38
<0.26
<0.26

<0.33
<0.32
<0.33

<0.31

<0.10

<0.16

<0.34
<0.14
<0.08
<0.23
<0.21

<0.09

SNb

<0.13
<0.15
<0.71
<0.16
<0.49
<0.33

<0.08
<0.27
<0.49

<0.24

<0.20
<0.11
<l1

<0.14

<0.78
<0.43
<0.35

<0.18
<0.25
<0.17

<0.18

<0.08

<0.19

<0.46
<0.14
<0.09
<0.27
<0.26

<0.06

STc

7700
9.1

20000

16

1500

21

1900
2800
3200
7200

1400

4200

1800

570

140
410

48
760

13

106 Ru

gR& 3

<12
<31

<0.41
<0.34
<0.50

<1.0

<0.40
<0.69
<0.86

<0.38

<0.83
<0.76
<0.85

<0.84
<l1
<l1

<0.76

<0.42

<0.38

<0.94
<0.44
<0.28
<0.74
<0.64

<0.38

llOmAg 1253)

28
<0.19
34
<0.37
8.5
<0.69

<0.06
<0.07
<0.11

<0.19

<0.09
<0.15
<0.20
<0.08

<0.14
<0.13
<0.15

<0.13
<0.18
<0.16

<0.10

<0.09

<0.08

<0.18
<0.09
<0.06
<0.13
<0.12

<0.08

0.37
<0.30
<17
<0.29
<0.97
<0.97

<0.10
<0.08
<0.12

<0.24

<0.09
<0.18
<0.19
<0.09

<0.17
<0.17
<0.16

<0.30
<0.33
<0.33

<0.26

<0.11

<0.09

<0.22
<0.11
<0.07
<0.18
<0.16

<0.10

3.6

134Cs

<0.07
<0.07
<0.09
<0.08
<0.19
<0.34

<0.04
<0.04
<0.06

<0.11

<0.05
<0.09
<0.10
<0.05

<0.08
<0.07
<0.09

<0.10
<0.10
<0.10

<0.08

<0.05

<0.05

<0.10
<0.05
<0.03
<0.07
<0.07

<0.05
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able 4.13. continued

Location® Materia No.of  Mean radioactivity concentration (wet), Bqkg*
sampling
observ- 239py+ 243Cm+ Totd
atl On§1 l37cs 144CE 155Eu 238RJ 240RJ 241R_j 241Am 2420n 2440-n beta.
England
St Bees Fucusvesiculosus 4 5.3 <023 <012 1.2 5.7 2.7 0.0039 0.0037
St Bees Porphyra 4 1.7 <030 <013 034 17 19 34 * 0.0063 150
St Bees Rhodymeniaspp. 2 55 <0.83 <015 1.7 7.9 7.3 * 0.020
Braystones south Porphyra 4 16 <043 <022 032 15 18 29 * 0.0043
Sdllafield Fucusvesiculosus 4 9.3 <0.75 <041 31 14 5.7 0.012 0.014 14000
Seascale Porphyra 52°¢ 18 <15 <0.70 3.7
Rabhit Cat How,
Ravenglass Samphire 1 052 <020 <0.09 057
Cockerham Marsh ~ Samphire 1 16 <0.16 <0.07 071 32
Marshside Sands Samphire 1 0.76 <0.23 <0.10 <0.19
Isleof Man Fucusvesiculosus 3 13 <043 <0.21 <0.24 1300
Wales
Portmadoc Fucusvesiculosus 1 0.48 <0.18 <0.08 <0.05
Fishguard Fucusvesiculosus 1 <0.08 <0.36 <0.19 <0.26 220
Lavernock Point Fucusvesiculosus 1 0.45 <047 <0.20 <0.25 280
Lavernock Point Fucusserratus 1 022 <020 <0.10 <0.13 150
SouthWales,
Manufacturer A Laverbread 3 <016 <034 <014 <0.19
Manufacturer C Laverbread 3 024 <0.32 <0.13 <0.18
Manufacturer D Laverbread 3 <019 <0.28 <0.12 <0.13 89
Scotland
Port William Fucusvesiculosus 8 2.0 <043 <0.32 <0.44
Garlieston Fucusvesiculosus 8 4.3 <044 <0.32 3.9
Auchencairn Fucusvesiculosus 8 6.3 <0.44 <0.29 2.6
Dumfries Fucusvesiculosus 1
Knock Bay Porphyra 8 027 <0.34 <0.25 <0.34
Machrahanish Fucusvesiculosus 1
Girvan Fucusvesiculosus 1
Hunterston Fucusvesiculosus 1
CapeWrath Fucusvesiculosus 1 14 <026 <0.14 <0.25 450
Thurso Fucusvesiculosus 1
Wick Fucusvesiculosus 1 0.31 <0.21 <0.10 <0.14 310
Tondra, Shetland Fucusvesiculosus 1
Laxfirth, Shetland ~ Fucusvesiculosus 1
S. Ronaldsay, Orkney Fucusvesiculosus 1
Stornoway,
Isleof Lewis Fucusvesiculosus 1
Northernlreland
Ardglass Fucusvesiculosus 3 0.74 <048 <0.21 <0.20
Portrush Fucusvesiculosus 1 013 <028 <0.15 <0.24
Portrush Fucusserratus 2 0.29 <0.17 <0.08 <0.10
Strangford Lough Rhodymeniaspp. 3 0.93 <040 <018 0.061 0.36 0.64 * 0.00090
CarlingfordLough ~ Fucusspp. 3 0.99 <0.35 <0.16 <0.15
Islesof Scilly Fucusvesiculosus 1 0.10 <024 <0.13 <0.22 180
not detected by the method used

Samplingarea

*
a
b Seesection 3 for definition
c

countedwet
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Table 4.14. Radioactivity in vegetables and soil measured to investigate the transfer of radionuclides from

seato land, 1998

Location® Materia No.of M ean radioactivity concentration (wet)?, Bq kgt

sampling

observa

Vatl ons Gch QSZr 95N b 99TC 106 RU 134Cs 137Cs 144@ 155Eu 241Am
Sellafield1676°  Rhubarb 1 <0.05 <008 <005 & <038 <004 011 <014 <0.07 <0.04
Sellefield1676°  Soil 1 13 <073 <058 2000 <4.0 <044 71 <24 <13 3b
Sellafield 14° Onions 1 <0.02 <006 <005 24 <0.23 <0.03 017 <015 <0.07 <0.07
Sellafield 14° Potatoes 1 <0.15 <029 <024 31 <14 <015 035 <058 <0.28 <0.36
Sellefield 14° Runner beans 1 <004 <012 <012 31 <041 <004 016 <0.15 <0.06 <0.03
Sellafield 14° Sail 2 21 <11 <11 1900 <44 1.0 120 <2.8 <19 4
Sellafield 1674°  Bestroot 1 <0.11 <023 <020 220 <095 <011 <010 <039 <019 <0.23
Sellafield 1674°  Cabbage 1 <007 <011 <008 4 <056 <006 025 <022 <012 <0.14
Sellafield1674°  Onions 1 <0.08 <0.18 <0.16 15 <0.79 <0.08 <0.07 <028 <011 <0.06
Sellafield 1674°  Potatoes 1 <005 <0.08 <005 47 <040 <005 034 <025 <014 <0.23
Sellafield 1674°  Runnerbeans 1 <007 <014 <012 24 <058 <006 010 <020 <0.09 <0.05
Sdllafield1674° ol 1 0.93 <0.81 <0.68 1500 <3.6 <050 71 <22 <11 25

@ except for soil wheredry concentrationsapply

b sampling area

¢ Consumer numbers
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able 4.15(a).

Radioactivity in food and the environment near Springfields, 1998"

Materia LocationPor No.of M ean radioactivity concentration (wet)?, Bq kgt
sdlection® sampling
observ-
atl ongﬂ 14C GOCD 1253) 137CS 154Eu 226Ra 228Th 230T h 232'rh
Aquatic samples
Flounder RibbleEstuary 1 <0.09 <0.24 9.2 <0.29
Samon RibbleEstuary 1 <0.09 <0.26 043 <0.28
Seatrout RibbleEstuary 1 <0.11 <0.29 6.0 <0.35
Grey mullet RibbleEstuary 1 <0.19 <0.46 4.7 <0.62
Shrimps RibbleEstuary 2 56 <0.05 <015 44 <0.15 0.033 0.0078 0.010 0.0041
Cockles RibbleEstuary 1 0.67 <0.25 4.3 <0.24 0.069 044 0.63 0.24
Samphire Marshside Sands 1 <0.05 <012 076 <0.15
Turf HeskethBank 4 22 <4.5 580 <3.0 27
Mud Savick Brook 4 <24 <9.9 450 <4.9 33
Mud & sand Pipeline 4 <0.87 <39 140 <23 17 16 150 13
Mud & sand RibbleEstuary 1 0.96 <14 52 <11 24 20 18 16
Materia Location®or No.of M ean radioactivity concentration (wet)?, Bqkg*
selection® sampling
observa 235 )4 239p 4 24304+
tl Onsd 234Th 234U 236U 238U 23SRJ 240Pu 241RJ 241Am 2440-n
Aquatic samples
Flounder RibbleEstuary 1 * <0.29
Salmon RibbleEstuary 1 * <0.24
Seatrout RibbleEstuary 1 * <0.23
Grey mullet RibbleEstuary 1 * <0.85
Shrimps RibbleEstuary 2 3.8 0.0034  0.017 0.028  0.000072
Cockles RibbleEstuary 1 33 0.38 2.0 51 0.011
Samphire Marshside Sands 1 * 0.19
Turf HeskethBank 4 760 250
Mud Savick Brook 4 710000 140 1500 210 049
Mud & sand  Pipeline 4 63000 31 12 23
Mud & sand  RibbleEstuary 1 790 37
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able 4.15(a). continued

Materia Location®or No.of Mean radioactivity concentration (wet)?, Bqkg!
selection® sampling

observ- Totd

ations® °H Hc %0 0 Cs Z0Th Z2Th
Terrestrial samples
Milk Near farms 5
Milk max
Apples® 1 <3.0 15 <0.40 0.19 0.14 0.0052 <0.0010
Cabbage 1 <3.0 5.0 <0.50 0.28 0.087 0.020 0.019
Duck 1 <3.0 3B <0.40 0.28 31 0.014 0.010
Elderberrries 1 <3.0 21 <0.40 0.062 0.059 0.013 0.0052
Leeks 1 2.0 3.0 <0.40 0.28 0.18 0.083 0.068
Potatoes’ 1 <3.0 15 <0.50 0.077 <0.034 0.0056 0.0032
Runner beans 1 <3.0 9.0 <0.30 0.068 0.058 0.0096 <0.0057
Spinach 1 <3.0 <2.0 <0.40 0.057 0.025
Material L ocation®or No.of Mean radioactivity concentration (wet)?, Bqkg*

sdection® sampling

observ& 235U+ 239RJ+

tions’ 2y =y =8y Totd U 28y 240py 241py 21Am
Terrestrial samples
Milk Near farms 5 <0.0062
Milk max <0.0063
Apples® 1 <0.00030 0.00020 <0.087 0.00040
Cabbage 1 0.00010  0.00030 <0.097 0.00090
Duck 1 0.00090 0.0073 <0.061 0.012
Elderberries 1 <0.00030 0.0011 <0.16 0.0029
Leeks 1 <0.00050 0.0016 <0.34 0.0012
Potatoes? 1 <0.00020 <0.00020 <0.25 0.00040
Runner beans 1 <0.00030 <0.00040 <0.22 0.00040
Spinach 1 0.00090 <0.00030 <0.15 0.0018
Bovinefaeces 6 3.8
Bovinefaeces max 14
Ovinefaeces 4 19
Ovinefaeces  max 29
Grass 8 0.67 0.042 0.52 18
Grass max 0.75 0.048 0.56 5.1
Slage 4 0.89
Slage max 14
Sail 4 72 3.0 68 81
Soil max 150
* not detected by the method used
2 Except for milkwhere unitsareBq|* and for sediment and uraniumin soil wheredry concentrations apply
: Landing point or sampling area

maximum. See section 3 for definition

- T a "o a

See section 3 for definition

The concentration of 2°] was <0.067 Bq kg1
The concentration of 2| was <0.050 Bq kg*
The concentration of 2°] was <0.039 Bq kg*
140dry clothswere analysed. Theal pha beta and gamma concentrationswere 0.86, 3.5 and 0.82 Bq per cloth respectively
Theconcentration of **Tcwas 2.7 Bq
The concentration of Z’Np wasO0. 00060 Bq kg
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Monitoring of radiation dose rates near Springfields, 1998

Location Material or No.of UGy ht
ground type sampling
observa-
tions®

Gammadoseratesat 1 mover intertidal areas

Warton Marsh Mud 4 014
Warton Marsh Mud® 4 015
Warton Marsh Saltmarsh 4 012
Banksmarsh Mud 4 0.15
Banksmarsh Mud® 4 0.16
Banksmarsh Satmarsh 4 0.18
Hesketh Bank Mud 4 0.13
Hesketh Bank Mud® 4 014
Hesketh Bank Saltmarsh 4 013
Becconsall (boat 5) Cabin® 2 0.086
Betadoser ates uSv ht
Lytham - Granny’ sBay Mud and sand 1 13
Warton Marsh Mud 4 4.8
Warton Marsh Satmarsh 4 071
BanksMarsh Mud 4 5.8
Hesketh Bank Mud 4 4.5
Hesketh Bank Saltmarsh 4 13
Ribbleestuary Gill net 2 0.38
Ribbleestuary Shrimpnet 2 0.35

a8 Seesection 3for definition
b Inthecabin of a houseboat
¢ 15cmabovesubstrate
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Table 4.16. Radioactivity in food and the environment near Capenhurst, 19984
Materia Location No.of  Mean radioactivity concentration (wet), Bqkg!
sai\)mpllng
Ol a

tion: 3H GOCO 99TC 137CS 233Pa 234Th 234U 235+236U 238U 237Np 241Am

Aquatic samples

Shrimps Hoylake 2 <0.06 1.0 33 * * <0.06
Cockles® Deeestuary 4 0.17 36 11 * <5.7 15
Elodeacanadensis  RivacreBrook 2 <0.06 7.2 <031 12 21 54 030 53 024 <0.09
Mud RivacreBrook 2 <0.41 2000 18 440 90 200 12 160 46 <2.6
Freshwater RivacreBrook 2 11 <042 0.033 <012 * * 0.031 <0.0012 0.022 0.00064 <0.28
Materia Locationor No.of ~ Mean radioactivity concentration (wet)?, Bqkg*

selection® sampling

tion: 3H PTc 24y 25y 28y Totd U

Terrestrial samples

Milk Near farms 6 <0.0050 <0.0018 <0.0063
Milk max <0.0069
Milk Far farms 6 <2.3

Milk max <24

Lettuce 1 <0.028 0.019
Potatoes 1 <0.025 0.034
Strawberries 1 0.12 0.013
Bovinefaeces 8 <0.021 087 0.034 086 2.2
Bovinefaeces max <0.022 32
Grass 8 0.61 0.13 0.60 <0.23
Grass max 11
Silage 4 <0.022 0.16
Silage max 0.28
Sail 4 7.9 0.30 74 4

Sail max 58
Rainwater 8l <2.3

Rainwater max 4.0

* not detected by themethodused . . _

2 Except for milk and water where unitsare Bg |2, for dry clothswhere unitsare Bq per cloth and for soil and sediment where
dry concentrations apply

b See section 3 for definition o .

¢ Dataarearithmetic meansunlessstated as‘ Max' inthiscolumn. ‘Max’ data are sel ected to be maxima.
If no‘max’ valueisgiven, themean isal so the maximum. Seesection 3

¢ 119dry clothswere sed, Th ha, b amma concentrationswere0.10, 1.1and 0.65 Bq kg™ respectivel
e The co)r/]cmtrati,onS g&%%u, 239+ 5@1& and%t‘%mggmwereo.ogg, 0.55and 0.0027 Bq kg’Preﬁpedivgy 9 y
T The concentration of beta activity was 110 Bq kg*

77



4. British Nuclear Fuels plc

able 4.17(a).

Radioactivity in food and the environment near Chapelcross nuclear power station, 1998

Material Location® No.of Mean radioactivity concentration (wet)?, Bgkg*

sampling

observar

tions® SH 14C 60@ 909« %TC 106Ru 110mAg 12533
Aquatic samples _
Flounder® Inner Solway 1 &4 <0.10 0.10 32 <1.0 <0.10 <0.50
Seatrout Inner Solway 1 <0.10 <1.0 <0.10 <0.50
Salmon Inner Solway 1 <0.10 <1.0 <0.10 <0.50
Shrimps Inner Solway 4 <0.11 <0.10 5.0 <0.87 <0.10 <041
Winkles Southerness 4 0.83 16 440 34 <0.48 <0.35
Fucusvesiculosus Pipeline 4 0.40 1600 <0.89 <0.10 <0.37
Mud and sand Pipeline 4 1.0 6.1 <0.12 <0.54
Seawater Pipeline 4 11
Seawater Southerness 4 29
Materia Location® No.of Mean radioactivity concentration (wet)?, Bgkg*

sampling

observar 29py+

tl Onsc 134Cs 137Cs 154Eu 155Eu 238RJ 24ORJ 241RJ 241Am
Aquatic samples T T
Floundere Inner Solway 1 <0.10 11 <0.50 <0.50 <0.012 0.014 0.034
Seatrout Inner Solway 1 <0.10 7.1 <0.50 <0.50 0.00058 0.0010 0.0013
Salmon Inner Solway 1 <0.10 031 <0.50 <0.50 <0.50
Shrimps Inner Solway 4 <0.10 8.8 <0.40 <041 00042  0.017 0.0023
Winkles Southerness 4 <0.10 32 <0.40 <0.40 0.52 25 17 4.3
Fucusvesiculosus Pipeline 4 <0.10 13 <0.40 <0.33 0.38 2.0 2.6
Mud and sand Pipeline 4 <0.13 210 0.84 <0.73 33 170 58
Seawater Pipeline 4 <0.076
Seawater Southerness 4 <0.17 0.00035 0.0020 0.0012
Materia Location® No.of Mean radioactivity concentration (wet)?, Bqkg*

or selection? sampling

observa- Totd

tions® °H uc %3S 0y BCs  dpha
Terrestrial samples
Milk Near farms 4 120 12 <5.0 <0.10 <0.063
Milk Near farms max 180 <0.10
Milk Far farms 4 48 15 <5.0 <0.10 <0.055
Milk Far farms max 57 <0.070
Grass 6 26 <5.0 051 <046 <50
Grass Far farms max 47 1.0 15 18
@ Except for seawater and milk whereunitsareBq|™ and for sediment where dry concentrations apply
® Landing point or sampling area
. See section 3 for definition

If no‘max’ valueisgiven, the mean isalso the maximum. See section 3 for definition.
¢ Theconcentration of *Co was 0.10 Bq kg*

Data are arithmetic means unless stated as‘ max’ inthiscolumn. ‘Max’ data are selected to be maxi ma.

Monitoring of radiation dose rates near

Chapelcross, 1998

Location

Sedfield
Sedfield
Battle Hill
Browhouses

Dornoch Brow
Dornoch Brow
Powfoot
Powfoot®
Priestside Bank

Betadoser ates

Sedfield

Gammadoseratesat 1 mover intertidal areas

Ground No.of MGy h*
type sampling
observar
tions*
Mudandsand 4 0.089
Saltmarsh 4 0.089
Mudandsand 4 0.079
Mud, sand and
stones 4 0.077
Mud and sand 4 0.078
Saltmarsh 4 0.085
Saltmarsh 4 0.077
Satmarsh 4 0.085
Saltmarsh 4 0.070
pSv ht
Stakenets 4 *

@ Seesection 3for definition

b 15cmabove substrate

* not detected by the method used
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5. UNITED KINGDOMATOMIC ENERGY AUTHORITY

The United Kingdom Atomic Energy Authority (UKAEA) operates in England at Harwell,
Winfrith and Windscale, adjacent to the BNFL Sellafield site, and in Scotland at Dounreay. All
sites have reactors that are at different stages of decommissioning. Disposals of radioactive waste
are related to decommissioning and decontamination operations and the nuclear related research
that is al'so undertaken. Some of this work is carried out by tenants such as AEA Technology. In
addition, gaseous and liquid wastes are generated at Dounreay as a result of fuel reprocessing and
small amounts of low level solid waste are disposed of by shallow land burial on the site. In
previous years some solid waste was authorised for disposal in a shaft 55 metres deep at
Dounreay, but no such disposals have been made since 1977. Solid and liquid waste disposals
from Dounreay include a minor contribution from the adjoining reactor site (Vulcan Naval
Reactor Test Establishment) which is operated by the Ministry of Defence (Procurement
Executive) and the activities of AEA Technology at two of their facilities on the Dounreay site.
Disposals from the Windscale site are negligible compared to Sellafield. Regular monitoring of
the environment in relation to Dounreay, Harwell and Winfrith is undertaken and disposals from
Windscale are monitored by the Sellafield programme. Disposals from Vulcan (NRTE) and AEA
Technology (Dounreay) are monitored by the Dounreay programme.

5.1 Dounreay, Highland

Radi oactive waste disposals from this UKAEA establishment are made under authorisation by SEPA.
The quantities discharged from Dounreay in 1998 were generally lower than those in 1997 reflecting
the shut down of processing activities within the fuel cycle area by formal direction issued in May
1998 by NIl under the Nuclear Site Licence. The establishment is aso authorised to dispose of solid
low level waste on site. Monitoring in 1998 continued to include sampling of ovine liver and thyroid,
grass and soil to detect the effects of gaseousreleases. There are no dairy herdsin the Dounreay area.
Routine marine monitoring involved sampling of fish and shellfish from the area of the Dounreay
outfdl in the Pentland Firth and other materias further afield, in combination with associated beta and
gamma dose rate measurements. Seafood samples are collected under consent granted by The Scottish
Office within the area covered by the FEPA Order (prohibiting the harvesting of seafoods around the
pipeline). The results of SEPA’s monitoring are presented in Tables 5.1(a), (b) and (c).

SEPA required UKAEA to send five fragments of irradiated nuclear fuel recovered from the local
Dounreay environment, for independent analysis. The results of the analysis are given in Table
5.1 (c). Theresultsdid not in all cases accord with UKAEA'’s declared activity of the fragments
and SEPA required UKAEA to comprehensively review the activities of all of the fragments found
by UKAEA. This was satisfactorily carried out. The notices erected at Sandside bay to inform the
public of the discovery of fragments of irradiated nuclear fuel on the public beach were at the
request of Highland Council and the Highland Health Board made multi lingual. SEPA and NRPB
have conducted an extensive study into the likelihood of an encounter with these fragments, and
the consequences that this might have on human health and the environment and published the
findings in 1998 (SEPA, 1998). SEPA’s advice to the Scottish Office was that the two kilometre
fishing restrictions should remain in force and that greater and speedier effort should be made by
UKAEA to find and quantify the extent of contamination in the local marine environment, using
the best available methodology and technology. At the request of SEPA, UKAEA published a
summary report into the radioactivity levels outside the UKAEA Dounreay site (UKAEA, 1999)
and have agreed to undertake some remediation of certain areas.

In response to the report of contaminated feral pigeons near the Sellafield site, UKAEA undertook
areview on the ability of plant at Dounreay to withstand the ingress of vermin which, coupled
with the results of a programme of analysis of rabbit and seabird droppings showing no elevated
levels of radioactivity, indicates to SEPA that the transfer of contamination to wildlife at
Dounreay is not significant.
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The Prohibition Notice placed on the treatment of radioactive waste sodium at an AEA Technology
facility remains in force. The Enforcement Notice issued to UKAEA to control mobile radioactive
particulate matter in the duct leading to the main fuel cycle discharge stack was reissued to alow time
for the provision of a new duct to modern standards. UKAEA have in the mean time proposed to SEPA
that temporary HEPA filtration be provided in order to mitigate any release of the particulate matter in
the duct.

Following a round of second consultation, in November 1998 SEPA forwarded draft new authorisations
for Dounreay to the Secretary of State for Scotland, as required by law. SEPA published its decision
document in February 1999 (SEPA, 1999). Scottish Minigtersindicated to SEPA that they are content
to leave it to SEPA to issue the proposed authorisations.

Habits surveys have confirmed the existence of four potentialy critical exposure pathways for marine
radioactivity at Dounreay, three of which involve externa irradiation. The first of these is due to
radioactivity adsorbed mainly on fine particulate matter becoming entrained on fishing gear which is
regularly handled. This results in skin dose, mainly from beta particles, to the hands and forearms of
fishermen. The most exposed group is represented by a small number of people who operate a fishery
close to Dounreay. Dose rates on their fishing gear were below the limit of detection in 1998.

The second potentialy critical pathway arises aso from the uptake of radioactivity by particulate
material which accumulates in rocky areas of the foreshore and presents a potential source of exposure,
mainly to gamma radiation, of those who vist these areas. In 1998, monitoring of dudge at Oigin's
Geo showed generaly decreased concentrations of radionuclides compared with 1997 reflecting the
decrease in the discharge. However, there is known to be significant variability in these concentrations
with differing sea and weather conditions. The more important measurements of gamma dose rates
above areas of the foreshore remained similar to, or less than, those for 1997. Public radiation dose via
this pathway remained low, a 0.005 mSv or 0.5% of the dose limit of 1 mSv.

The third potentialy critica pathway involves internal exposure of consumers of locally-collected fish
and shdllfish; fish, crabs, lobsters and winkles from the outfall area are sampled to enable this pathway
to be kept under review. Additionaly, sea water and seaweed were sampled as indicator materials.
Concentrations of radionuclides in 1998 were generally smilar to those for 1997. Technetium-99, due
to disposals from Sdllafield, remained at its high levels typical of recent years. Despite these, doses
from consumption of fish and shellfish continued to be low; for high-rate consumers the radiation dose
was less than 0.005 mSv or 0.5% of the dose limit of 1 mSv.

The fourth potential critical pathway is due to consumption of molluscs and external exposure during
collection. Gamma dose rates were measured over collecting areas and winkles were analysed for their
radioactivity content. Gamma dose rates over the main collecting areas were similar in 1998 to those
measured previoudy. The radiation dose due to a combination of consumption of molluscs and externd
exposure during collection remained low at 0.008 mSv or less than 1% of the dose limit of 1 mSv. This
pathway was the critical marine pathway at Dounreay in 1998.

The results for terrestrial samples, Table 5.1(a), generaly showed low levels of radioactivity. There
was no evidence for enhanced levels of caesum-137 in ovine liver as was found in 1996. Plutonium-
239+240/238 ratios in grass and soil suggested an effect due to the nuclear industry. The dose to the
most exposed group of local terrestrial consumers, including a contribution due to weapon test fallout,
was estimated to be 0.030 mSv or 3% of the dose limit of 1 mSv.
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5.2 Harwell, Oxfordshire

Digposdls of radioactive wastes from Harwell continued in 1998 with liquid disposals made under
authorisation to the River Thames at Sutton Courtenay and to the Lydebank Brook north of the Site,
while gaseous disposals were made to the atmosphere. The monitoring programme sampled milk, other
terrestrial foodstuffs, freshwater fish and indicator materials together with measurements of gamma
dose rates around the liquid discharge points. Monitoring of the aquatic environment at Newbridge is
undertaken to indicate background levels remote from nuclear establishments. Anaysis of tritium in
aquatic samples was added to that in milk and vegetables.

The results of measurements of radioactivity concentrations and dose rates are shown in Tables 5.2(a)
and (b). Tritium was detected in fruit and vegetables collected near the site but at lower levels to those
observed in local foodstuffs in previous years. Discharges of this radionuclide were about one third of
thosein 1996. The dose to the most exposed group of terrestrial food consumers was estimated to be
less than 0.005 mSv or 0.5% of the dose limit of 1 mSv.

Concentrations of some nuclides, notably cobalt-60 and caesium-137, were enhanced close to the
outfall for liquid discharges, but the levels were small in terms of any radiological effect. The
concentration of tritium determined in local pike could have been due to site discharges though it was
close to the limit of detection. Its effect was trivia since tritium has a very low toxicity. The
concentration of caesium-137 in pike increased in 1998 to 26 Bq kg (1997: 3.6 Bq kg'). Based on a
single measurement it is difficult to conclude whether the observation is representative. A similar level
was found in asample in 1991

Habits surveys have identified anglers as the most exposed group affected by direct disposals into the
river. Their occupancy of the river bank has been assessed to estimate their external exposures.
Consumption of freshwater fish was not found, but it is considered prudent to include a component in
the assessment of the angler’ s exposure equivalent to a hypothetical consumption of fish at a rate of
1kgyear?. On thisbasis, and excluding a background dose rate of 0.06 uGy h, the radiation dose to
anglersin 1998 was 0.017 mSyv, or about 2% of the dose limit of 1 mSv.

5.3 Winfrith, Dorset

Disposals of radioactive wastes from this site continued in 1998 at the low rates typical of recent years
following the shutdown of the Steam Generating Heavy Water Reactor (SGHWR) in September 1990.
Liquid wastes are disposed of under authorisation to deep water in Weymouth Bay. At this site the
monitoring programme consisted of samples of milk, crops, fruit, seafood and indicator materials and
measurements of gamma dose rates on the foreshore.

Data are presented in Tables 5.3(a) and (b). Results for terrestrial samples gave little indication of an
effect due to gaseous disposals. The most exposed group for gaseous disposals was the 1-year-old age
group who were estimated to receive an dose of less than 0.005 mSv or 0.5% of the dose limit of 1 mSv.
Concentrations of radionuclides in the marine environment continued at the low levels attained since
closure of the SGHWR. No indication of the effect of disposals from the Cap de la Hague facility in
France was detected. The radiation dose to the most exposed group of fish and shellfish consumers
remained low in 1998 at less than 0.005 mSv or 0.5% of the dose limit.
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Table 5.1(a). Radioactivity in food and the environment near Dounreay, 1998

Materia Location® No.of  Mean radioactivity concentration (wet)?, Bqkg'

sampling

observa-

tions 3H 4c 80 957y 9BNp BT 106Ry 110mAg 125qy
Aquatic samples
Cod Pipdine 1 24 <0.10 <0.50 <0.10 <10 <0.10 <0.50
Crabs Pipdine 5 <0.19 <0.42 <0.24 9.2 <0.84 24 <0.36
Lobsters Pipdine 1 <0.10 <0.50 <0.10 32 <10 <0.10 <0.50
Winkles BrimsNess 4 <0.22 <0.68 <0.84 <14 2.0 <0.46
Winkles SandsdeBay 4 043 <0.63 <0.73 <14 4.2 <0.44
Sudge® OiginsGeo 4 <17 <0.70 <31 <100 <9.2 13
Sand SandideBay 4 <0.19 <0.41 <0.11 <0.87 <0.10 <0.41
Fucus
vesculosus SendsdeBay 4 047 <0.35 <0.19 250 <0.74 <0.10 <0.31
Fucus .
vesculosus BrimsNess 4 <0.23 <0.43 <0.12 <0.83 <0.10 <0.40
Seawater SandsdeBay 4 24

Material Location® No.of  Mean radioactivity concentration (wet)?, Bqkg'

sampling

observar Bopy+

tl Onsc 134CS 137Cs 144@ 154Eu 155Eu 238Pu ZAORJ 241Am 2420-n
Aquatic samples o T T o o
Cod Pipdine 1 <0.10 0.70 <0.50 <0.50 <0.50 0.00041 00012 00021 *
Crabs Pipdine 5 <0.10 <0.25 <0.44 <0.34 <0.35 0.013  0.047 0.041 *
Lobsters Pipdine 1 <0.10 <0.10 <0.50 <0.50 <0.50 0.0014 00033 00070 *
Winkles BrimsNess 4 <0.13 <0.17 <0.72 <0.35 <0.43 0.060 019 0.19 *
Winkles SandsdeBay 4 <0.12 <0.18 <0.71 <0.35 <0.40 0056 021 0.15 *
Sudge® OiginsGeo 4 <0.37 32 <25 <17 <14 15 40 2 *
Sand SandsdeBay 4 <0.10 3.6 <0.46 11 0.99 4.9 20 14 *
Fucus .
vesculosus  SandddeBay 4 <0.10 044 <0.39 <0.30 <0.31 <0.3#4
Fucus
vesculosus BrimsNess 4 <0.10 0.29 <0.42 <0.40 <0.40 <0.40
Seawater SandsdeBay 4 <0.05
Materia Location No.of M ean radioactivity concentration (wet)?, Bq kgt

or selection® sampling
observa
tl Ong: 903- l29| 131 | 137CS 238RJ 239+240RJ 241Am

Terrestrial samples
Ovineliver 2 <031 <042  <0.0035 <0.0035 <0.0011
Ovineliver max 0.58 <0.0019
Ovinethyroid 2 <0.034 <0.046
Ovinethyroid max <0.050 <0.070
Grass 7 092 <0.044 <056 1.9 <0.062 <013 <0.094
Grass max 16 <0060 <1.7 7.1 013 0.64 0.36
Soil 6 16 <0.058 <044 15 <0.050 031 0.13
Sail max 29 <0.090 <0.78 26 042 0.27

*not detected by the method used i )

2 Except for seawater where unitsare Bg | * and for sediment where dry concentrations apply

® Landing point or sampling area

¢ Seesection 3 for definition

¢ Dataarearithmetic means unless stated as‘max’ inthiscolumn. ‘Max' data are selected to be maxima.
If no‘max’ valueisgiven, themean isalso the maximum. Seesection 3 ) ) ]

¢ Theconcentrations of activity inindividual samplesvaried ggnl ficantly asthey depend on a varying proportion of more active spume and
lessactive sediments. Individual resultsareavailablefrom SEPA
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5. United Kingdom Atomic Energy Authority (UKAEA)

able 5.1(b). Monitoring of radiation doserates near
Dounreay, 1998

Location Ground No. 0}‘_ MGy h*
type sampling
observa
tions*

Gammadoseratesat 1 mover substrate

QOiginsGeo Stones 1 014
OiginsGeo Intertidal sediment 4 0.12
Sandside Bay Sand 1 0.040
Sandside Bay Winklebed 4 0.082
Sandside Bay Gill nets 1 0.070
Castletown Harbour Mud 1 0.078
Betadoser ates uSv h*
Pipeline Lobster pots 1 *

@ Seesection 3for definition
* Not detected by the method used

Radioactivity in hot particles at Dounreay, 1998

Location Reference No.of  Meanradioactivity concentration, Bq per particle
number sampling

observ- 239 14

ations? 903 94Nb 134CS 137CS 234U 235U 238U 238R.I 240pu 241Am
Sandside Bay 971921 1 3800 4000 6.0 2.7
Sandside Bay 974151 1 97000 120000 310 69
Offshore 972727 1 36000 <10 <10 39000 8.9 <10 120 32 24
Offshore 972941 1 1100000 <800 1400000 280 21 <10 1300 770 650
Offshore 972951 1 14000 <50 14000 3.1 <10 <10 130 59 46

a Seesection 3for definition
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able 5.2(a). Radioactivity in food and the environment near Harwell, 1998

Materia Location No.of M ean radioactivity concentration (wet)?, Bqkg'

sampling

gg%:va- 3H 57Q) 60@ GSZn 134Cs 137cs 155Eu 241Am
Aquatic samples
Pike Outfall (Sutton Courtenay) 1 270 <0.04 <0.04 <010 028 26 <0.14 <0.13
Pike? Newbridge 1 <120 <0.03 <0.05 <0.15 <0.05 <0.05 <0.12  0.0049
Pke Staines 1 <0.02 <0.04 <0.04 <0.04 0.26 <0.06 <0.04
Nuphar lutea  Outfal (Sutton Courtenay) 1 <120 <0.04 <0.06 <013 <006 14 <0.14 <0.19
Nuphar lutea Newbridge 1 <120 <0.03 <0.05 <0.13 <0.05 0.08 <012 <011
Nuphar lutea Staines 1 <120 0.06 <0.06 0.33 <0.05 014 <0.08 <0.04
Mud Position ‘E’® 2 <086 5.9 <11 <0.62 2000 <29 54
Mud & Sand" Outfall (Sutton Courtenay) 2 <044 34 <1.2 <065 270 <19 18
Materia Locationor No.of M ean radioactivity concentration (wet)?, Bqkg*

sdlection® sampling
observar Totd  Totd Totd
tiong °H 80 ¥Cs dpha beta gamma

Terrestrial samples

Milkd Near farms 4 <38 <041 <0.40
Milkd Near farms  max <40 <043

Apples’ 1 <3.0 <030 <0.40
Asparagus’ 1 3.0 <040 <0.40
Cabbage' 1 <30 <040 <0.40
Honey 1 <40 <030 <0.30
Marrow 1 3.0 <0.40 <0.50
Raspberries 1 3.0 <030 <0.50

Dry cloths 9% 0.09 1.0 057

@ Except for milk and dry clothswhere unitsare Bq | * and Bq per cloth respectively, and for sediment where dry concentrations apply
b Seesection 3 for definition

¢ Dataarearithmetic meansunlessstated as‘max’ inthiscolumn. ‘Max’ data are selected maxima.

Ifno‘max’ valueisgiven, themeanisalso the maximum. See section 3 for definition.

The concentration of ®H (organic) was<3.9Bql*

Near the outfall

The concentration of 3H (organic) was<3.0 BcLI 1
The concentrations of 22Pu, 239*240py and 243 24Cmwer e 0.00053, 0.0026 and 0.000010 Bq kg * respectively
The concentration beta activity was 810 Bq kg

Sa ~ oo

Table 5.2(b). Monitoring of radiation dose rates

near Harwell, 1998

Location Ground No.of UGy h*
type sampling
observa
tions?

Gammadoseratesat 1mover river bank

Outfall (Sutton Courtenay)  Mud and sand 1 0.10
Qutfall (Sutton Courtenay)  Sail 1 0.080
Position' E'® Mud 1 0.10
Position' E' Soil 1 0.087

a8 Seesection 3for definition
b Near the outfall



5. United Kingdom Atomic Energy Authority (UKAEA)

able 5.3(a).

Radioactivity in food and the environment near Winfrith, 1998

Material Location® lgla(r)ﬁg ing M ean radioactivity concentration (wet)?, Bqkg*
gn%}/' 60 657 137Cg 238 iiggld + 2Am iﬁ m +
Aquatic samples
Cod Weymouth Bay 2 <0.07 <0.18 031 <0.10
Plaice Weymouth Bay 2 <0.05 <014 <0.19 <0.06
Crabs Chapman’ s Pool 1 0.85 <031 <013  0.000071 0.00041 0.00077  0.000046
Crabs Lulworth Banks 1 0.76 <015 <0.05 0.00024 0.0011 0.0018 0.000021
Pacific Oysters Poole 1 0.12 <011 <0.04 <0.19
Cockles Poole 1 19 <0.13 <0.05 <0.16
Whelks Weymouth Bay 1 0.56 <0.14 <0.05 <0.24
Whelks Poole 1 0.56 <0.11 <004 0.00049 0.0027 0.0027 0.000062
Fucusserratug Kimmeridge 2 0.95 <0.15 006 <0.09
Fucusserratus Bognor Rock 2 093 <0.13 <0.05 <0.10
Mud Parkstone Bay 2 14 <055 1.2 0.066 034 0.30 0.0046
Materia L ocation or selection® '3'43%8 ing M ean radioactivity concentration (wet), Ba kgt
aons SH %%  Bcs ;%ﬁa -kl)—gttg Tgt”r?ma
Terrestrial samples
Milk Near farms 4 <27 <041 <0.38
Milk Near farms® max <2.8 <043 <0.40
Apples® 1 <3.0 <050 <0.40
Cabbage® 1 <3.0 <040 <0.40
Carrots® 1 <3.0 <0.60 <0.60
Honey 1 <4.0 <030 1.2
Raspberries® 1 <3.0 <040 <040
Grass 4 <35
Grass max 5.0
Dry cloths 60 0.06 0.66 037

2 Except for milk whereunitsare B 1%, for dry clothswhere unitsare Bq per cloth and for sediment where dry concentrations apply

b Landing point or sampling area.

¢ Seesection 3 for definition

¢ Dataarearithmetic means unlessstated as‘ max’ in thiscolumn. ‘Max' data are selected to be maxima.
Ifno‘max’ valueisgiven, themeanisalso the maximum. Seesection 3

®

The concentration of °H (organic) was<3.0Bq|*

T The concentration of °H (organic) was<3.5Bq|*
9 The concentration of beta activity was 150 Bq kg*

Monitoring of radiation dose rates near

Winfrith, 1998

Location Ground No.of MGy h*
type sampling
observa
tions?
Gammadoseratesat 1 m over intertidal areas
Parkstone Bay Mud, sandand 1 0.058
stones
Parkstone Bay Sand 1 0.049

a8 Seesection 3for definition
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6. Nuclear power stations

6. NUCLEAR POWER STATIONS OPERATED BY ELECTRICITY
GENERATING COMPANIES

This Section considers the effects of disposals from 12 |ocations where nuclear power stations were
operating or undergoing decommissioning during 1998. For consistency with previous reports in this
series, they are grouped here under the genera description *electricity companies. Two of the
companies, Nuclear Electric Ltd and Scottish Nuclear Ltd, became British Energy Generation Ltd. and
British Energy Generation (UK) Ltd. respectively with effect from 31 December 1998. With effect from
1 April 1998, power stations within Magnox Electric plc became part of Magnox Generation Business
Group, BNFL plc. This Group includes other sites which are considered in Section 4.

6.1 Berkeley, Gloucestershire and Oldbury, South Gloucestershire

Berkeley Power Station ceased electricity generation in March 1989, but small amounts of radioactive
wastes still need to be disposed of as part of decommissioning operations. In addition thereis a
component of the discharge from the adjoining Berkeley Technology Centre. The Oldbury Power Station
has continued operation and because the effects of both sites are on the same area, Berkeley and Oldbury
are considered together for the purposes of environmental monitoring. Liquid radioactive wastes are
discharged to the Severn estuary.

Habits surveys have established that the two potentially critical pathways for public radiation
exposure in the aguatic environment are internal radiation following consumption of locally-caught
fish and shellfish, and external exposure from occupancy of muddy intertidal areas. Therefore,
samples of fish and shellfish are analysed and gamma dose rates are monitored. Measurements of
tritium in seafood were introduced in 1998 in surveillance of the local effects of discharges from
Cardiff (see Section 8). In addition, measurements of external exposure are supported by analyses
of intertidal mud, and Fucus vesiculosusis collected as an indicator material. The focus for
terrestrial sampling is on the tritium, carbon-14 and sulphur-35 content of milk, crops and fruit,
supported by analysis of dry cloths.

Datafor 1998 are presented in Tables 6.1(a) and (b). Where comparisons can be drawn, gamma dose
rates and concentrations in the aquatic environment were similar to those in recent years. Most of the
artificia radioactivity detected was due to tritium, carbon-14, radiocaesum and sulphur-35.
Concentrations of radiocaesium represent the combined effect of disposals from the sites, other nuclear
establishments discharging into the Bristol Channel, weapon test and Chernobyl fallout, and possibly a
small Sdlafield-derived component. Most of the tritium and carbon-14 in seafood is due to disposals
from the Nycomed Amersham site at Cardiff. Very small concentrations of other radionuclides were
detected but, taken together, were of low radiological significance. The total dose to the most exposed
group of fish and shellfish consumers including externa radiation was low, a 0.009 mSv or less than 1%
of the dose limit of 1 mSv.

Sulphur-35 was detected at very low levelsin some of the terrestria food samples monitored; the most
significant indications of the effects of the sites were in potatoes. Carbon-14 was detected in local fruit,
at levels dightly above background values. The most exposed group dose continued to be low and was
estimated to be 0.005 mSv or 0.5% of the dose limit.

6.2 Bradwell, Essex

This power gtation, powered by Magnox reactors, is authorised to discharge gaseous wastes to the local
environment and liquid wastes to the estuary of the River Blackwater. Terrestria sampling is similar to
that for other power stations including analyses of milk and crop samples for tritium, carbon-14 and
sulphur-35. Aquatic sampling was directed at external exposure of people who live on houseboats in
muddy areas of the estuary and consumption of locally-caught fish and shdlfish. It included the
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6. Nuclear power stations

commercial oyster fishery of importance in the northern part of the estuary. Gamma dose rate
measurements were supported by analyses of intertidal sediment, and Fucus vesi culosus was analysed as
an indicator material.

Measurements for 1998 are summarised in Tables 6.2(a) and (b). Doserates at West Mersea and Madon
could not be distinguished from the natural background. Low concentrations of artificia radioactivity
were detected in aquatic materials due to the combined effects of disposals from the station, Sellafield
disposals, and weapon test and Chernobyl fallout. Apportionment of the effects of these sourcesis
difficult because of the low levels detected; concentrations were similar to those for 1997 (MAFF and
SEPA, 1998). A calculation based on concentrations of radionuclides in sediments has been used to
estimate the external exposure of the houseboat dwellers who were the most exposed group in 1998.
Their dose, including the effects of consumption pathways, was small, anounting to 0.011 mSv or 1% of
the dose limit of 1 mSv.

Concentrations of activity were also low in terrestrial samples. There was nevertheless an indication that
carbon-14 levels had been enhanced by the operation of the power station. Low concentrations of
sulphur-35 were a so detected in some samples. The most exposed group dose was estimated to be less
than 0.005 mSv or 0.5% of the dose limit of 1 mSv, confirming that the radiological impact of authorised
disposals from Bradwell was very low.

6.3 Dungeness, Kent

There are two separate ‘A’ and ‘B’ nuclear power stations on this site; the ‘A’ station is powered by
Magnox reactors and the ‘B’ station by advanced gas-cooled reactors (AGRs). Disposas are made via
separate but adjacent outfalls and stacks, for the purposes of environmental monitoring these are
considered together.

Analyses for tritium, carbon-14 and sulphur-35 in terrestrial samples were supplemented by a small
number of analyses for strontium-90 and caesium-137 taken primarily for comparison with Sellafield
samples. Marine monitoring included gamma and beta dose rate measurements in Rye Harbour and
analysis of seafood and indicator materials.

The results for 1998 are given in Tables 6.3(a) and (b). Concentrations of radiocaesum in marine
meaterials are attributable to disposas from the stations and to wegpon test fallout with a contribution due
to disposals from Sdlafield. Apportionment is difficult at these low levels. Trace levels of cobat-60 in
some marine materias are likely to be due to the combined effects of disposals from the site and from
other sites on the English Channdl coast. The small concentrations of transuranics in whelks and mud
were typical of levels expected at sites remote from Sellafield. No tritium was detected in seafood.
Gamma and beta dose rates were difficult to distinguish from the natural background. The most exposed
group in 1998 continued to be represented by locd bait diggers who also eat fish and shellfish. Their
radiation dose was low at 0.014 mSv or 1% of the dose limit of 1 mSv.

Activity concentrations in many terrestrid foods were close to the limits of detection. Levels of carbon-14
were generaly within the range of activity concentrations observed for background sources, however some
enhancements were observed in fruit, honey and legumes. Low concentrations of sulphur-35 and caesum-137
were detected in some samples; the former is due to Station disposals, but the latter is likely to be due to other
sources, e.g. wegpon test and Chernobyl fallout. The maximum dose due to gaseous disposals was received by
adults. Ther dose in 1998 was estimated to be less than 0.005 mSv or 0.5% of the dose limit.

6.4 Hartlepool, Cleveland

This station is powered by twin AGRs. A habits survey was undertaken in 1998 to examine the potential
pathways for radiation exposure due to liquid effluent disposals. This established that exposures could be
represented by consumption of loca fish and shellfish and externa radiation whilst digging for bait. The
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sampling and measurement programmes at Hartlepool were similar to those for other power station sites.
However technetium analysisin Fucus vesiculosus is used as a specific indication of the far-field effects
of disposals to sea from Sdllafield.

Results of the monitoring programme carried out in 1998 are shown in Tables 6.4(a) and (b). The effects
of gaseous disposals from the site were not easily detectable in foodstuffs, though some enhancements of
carbon-14 levelsin terrestrial samples were apparent. The most exposed group dose in 1998 was less
than 0.005 mSv or 0.5% of the dose limit of 1 mSv.

Digposals of tritium in liquid effluents from the power gation are discontinuous and levels in the
environment vary accordingly. Camplin et al. (1990) has observed seawater concentrations in excess of
100,000 Bq I* immediately after a discharge. Even at this level the radiologica significance of the
disposals is minor because of the very low radiotoxicity of the nuclide. High levels of tritium in seawater
were not observed in 1998. Anincreasein the level of technetium-99 in Fucus vesicul osus was apparent
this year (110 Bqg kgt: 1998; 98 Bq kgt: 1997). While disposds of technetium-99 from Sdllafied
decreased in 1998, the increase of this radionuclide in Fucus vesiculosus at thistime is believed to be due
to the trangit time from the Irish Sea. Concentrations of radiocaesium and transuranics were mainly due
to disposals from Sellafield and to weapon test fallout. Gamma and beta dose rates were difficult to
distinguish from natural background with the exception of measurements at Paddy’s Hole and Redcar. In
these locations, waste dag from a stedl works can be found containing enhanced levels of gamma
emitting natura radionuclides. The radiation dose to the most exposed group of loca fish and shellfish
consumers was low, at 0.005 mSv or 0.5% of the dose limit of 1 mSv.

6.5 Heysham, Lancashire

This establishment comprises two separate nuclear power stations both powered by AGRs. Disposals of
radioactive waste from both stations are made under authorisation via adjacent outfalls in Morecambe
Bay and stacks but for the purposes of environmental monitoring are considered together. The
monitoring programme for the effects of gaseous disposals was similar to that for other power stations.
That for liquid disposals was aso smilar, including sampling of fish, shdlfish and indicator materias
and measurements of gamma dose rates, but for completeness the data considered in this sub-section
includes dl of that for Morecambe Bay. Parts of the programme are therefore in place in order to monitor
the effects of Sellafield disposals. Samphireis aso collected and analysed because of itsuse as a
foodstuff.

The results for 1998 are given in Tables 6.5(a) and (b). In general, smilar levels to those for 1997 were
observed and the effect of liquid disposals from Heysham was not detectable above the Sdllafield
background. There were decreases in concentrations of technetium-99 in marine samples reflecting the
lower discharges of this radionuclide from Sellafield. Tritium analysis in fish was introduced in 1998.
None was detected. The radiation dose in 1998 to the most exposed group of fishermen including a
component due to externa radiation was 0.074 mSv which is well within the dose limit of 1 mSv. There
was little change from the estimate for 1997 of 0.073 mSv (MAFF and SEPA, 1998). Most of this
exposure was due to the effects of disposals from Sdllafield. Concentrations of radioactivity in samphire
were of negligible radiologica significance.

The effects of gaseous disposals were difficult to detect in 1998. Small enhancements of concentrations

of carbon-14 were apparent in some samples. The most exposed group dose was estimated to be 0.005
mSv or 0.5% of the dose limit of 1 mSv.

6.6 Hinkley Point, Somerset

At this establishment there are two separate ‘A’ and ‘B’ nuclear power stations; the‘A’ station is powered
by Magnox reactors and the ‘B’ station by AGRs. Environmental monitoring covers the effects of the two
power stations together. Analyses of milk and crops were undertaken to measure activity concentrations
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of tritium, carbon-14, sulphur-35 and gamma emitters. Analyses of seafood and marine indicator
meaterials and measurements of external radiation over muddy intertidal areas were also carried out.
Measurements of tritium and carbon-14 are made to establish the local effects of discharges from Cardiff.

The results for 1998, presented in Tables 6.6 () and (b) indicate a small enhancement of radioactivity
levels due to disposals of gaseous wastes. Activity concentrations of tritium and gamma emittersin
terrestrial materials were al below or close to the limits of detection. Concentrations of sulphur-35
showed the effects of the power stations and some of the concentrations of carbon-14 in fruit and crops
were higher than the default values used to represent background levels (Appendix 6). The estimated
most exposed group dose due to radioactivity in the terrestria environment was 0.011 mSv or 1% of the
dose limit of 1 mSv.

During aroutine test of afilter on one of Hinkley Point A’s reactors, a small quantity of test gas
containing iodine-131 was released. The release was estimated to be 1.5 MBq. Three grass and one milk
sample were taken from the area over which the activity was predicted to have travelled. Levelswere
similar to those expected under normal operation and no iodine-131 could be detected. The assessed
radiation dose was low and confirmed there was no significant or additiond risk to consumers of locally
produced food.

The concentrations observed in the Bristol Channel were generaly similar to those in 1997. The
concentration of tritium in seawater decreased in 1998 but, as discussed for Hartlepool, the results of such
measurements are highly variable in view of the discontinuous discharge of this radionuclide. Further
information of tritium levels in seawater from the Bristol Channel is given in Section 11. Concentrations
of other radionuclides in the aguatic environment represent the combined effects of releases from the
gations, from other establishments which discharge into the Bristol Channdl, from Sellafield, and from
weapon test and Chernobyl falout. Apportionment is generaly difficult a the low levels detected.
However the tritium and carbon-14 content in seafood was likely to have been due to disposals from
Nycomed Amersham, Cardiff. The concentrations of transuranic nuclides were of negligible radiological
significance. Gamma radiation dose rates over intertida sediment, measured using portable instruments,
were difficult to distinguish from the natural background. The most exposed group from liquid disposals
from the site in 1998 was represented by local fishermen who were estimated to receive an dose of

0.013 mSv or 1% of the dose limit of 1 mSv. This estimate includes the effects of discharges of tritium
and carbon-14 from Cardiff but excludes the effects of direct radiation from the site.

6.7 Hunterston, North Ayrshire

At this establishment there are two separate ‘A’ and ‘B’ nuclear power stations; the‘ A’ station was
powered by twin Magnox reactors and the ‘B’ station is powered by apair of AGRs. The‘A’ station
ceased power production at the end of March 1990. Liquid radioactive waste disposals are made to the
Firth of Clyde a a common point under authorisations granted by SEPA. Gaseous disposals are made
separately from ‘A’ and ‘B’ stations. Environmental monitoring in the area considers the effects of both
Stes together. The main part of the aguatic monitoring programme consists of sampling fish and shellfish
and measurement of gamma dose rate on the foreshore. Samples of sand are also analysed in support of
the gamma dose rate measurements and seawater and Fucus seaweed are analysed asindicator materials.
Quarterly samples of milk, comprised of bulked samples, and grass are taken for the terrestria
programme.

The results of monitoring in 1998 are shown in Tables 6.7(a) and (b). The concentrations of artificial
radioactivity in the marine environment are predominantly due to Sdllafield disposdls, the generd vaues
being consistent with those to be expected at this distance from Sellafield. Small concentrations of
activation products such as manganese-54 were probably due to disposals from the site; however, these
were of negligible radiologica significance. 1n 1998, the dose, including externa radiation, to members
of the most exposed group of fish and shellfish consumers near Hunterston was low, at 0.025 mSv or less
than 3% of the dose limit of 1 mSv.
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The concentrations of radionuclides in milk and grass were generdly low and similar to previous years
results. The radiation dose to the most exposed group of terrestrial food consumers, including a
contribution due to wegpon test and Chernobyl falout, was 0.020 mSv or 2% of the dose limit of 1 mSv.

6.8 Sizewell, Suffolk

At this establishment there are two stations. The ‘A’ station is powered by Magnox reactors whilst the
‘B’ dtation is powered by a Pressurised Water Reactor (PWR). Station ‘B’ began operation in 1995.
Authorised disposas of radioactive liquid effluent from both power stations are discharged via adjacent
outfalls to the North Sea. Gaseous wastes are discharged via separate stacks to the local environment.
Environmental monitoring for the power stations is considered in a single programme covering the area
likely to be affected. The results of monitoring in 1998 are shown in Tables 6.8 (a) and (b).

In the aguatic programme, analysis of seafood and indicator materials and measurements of gamma and
beta dose rates in intertidal areas were undertaken. Concentrations of artificia radionuclides were low
and mainly due to the distant effects of Sdllafield disposals and to weapon test and Chernobyl fallout.
Tritium levels in seafood were below the limit of detection. Trace levels of activation products were
likely to have been due to disposals from the power stations though there was no conclusive evidence of
the effects of the new ‘B’ station. In 1998, the radiation dose to loca fish and shellfish consumers was
low, at less than 0.005 mSv or 0.5% of the dose limit of 1 mSv. Measured gamma and beta dose rates
were indistinguishable from the natural background. The above assessment includes a contribution for
external exposure based on a calculation using radionuclide concentrations in sediment.

Gamma spectrometry and analysis of tritium, carbon-14 and sulphur-35 in milk, crops and fruit showed
very low levels of artificid radioactivity near the power stationsin 1998. Trace quantities of sulphur-35
were detected in some samples. The estimated dose to the most exposed group of consumers eating such
foods was 0.009 mSv or less than 1% of the dose limit of 1 mSv. There has been no significant increase
in levels of radioactivity in foodstuffs due to the operation of the PWR.

6.9 Torness, East Lothian

This station, which is powered by two AGRs, came into operation at the end of 1987. The monitoring
programme at this site includes sampling of milk and seafood, and samples of seawater, seaweed and
grass are monitored as indicator materials. Measurements are also made of gamma dose rates over
intertidal areas, supported by analyses of sediment, and beta dose rates on fishing gesar.

Results of this monitoring in 1998 are shown in Tables 6.9(a) and (b). Concentrations of artificial
radionuclides were mainly due to the distant effects of Sellafield disposals and to weapon test and
Chernobyl falout, though trace levels of activation products were likely to have been due to disposals
from the station. The group of fish and shellfish consumers received alow dose, 0.006 mSv, or less than
1% of the dose limit of 1 mSv. The beta radiation from fishermen’s nets and pots was typica of that due
to natural radiation and the most exposed group of terrestrial food consumers would have received a dose,
including a contribution due to wegpon test and Chernobyl fallout, of 0.016 mSv, or less than 2% of the
dose limit of 1 mSv.

6.10 Trawsfynydd, Gwynedd

This station is being decommissioned. Low level disposas continued during 1998 under authorisations
granted by the Environment Agency. Disposals of liquid radioactive waste were made to a freshwater
lake making the power station unique in UK terms. Monitoring is carried out on behaf of the Welsh
Office. The aguatic monitoring programme is directed at consumers of freshwater fish caught in the lake
and externa exposure over the lake shoreline; the important radionuclides are those of caesium and, to a
lesser extent, strontium-90. Habits surveys have established that species of fish regularly consumed are
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brown trout, rainbow trout and a small amount of perch. Perch and most brown trout are indigenous to
the lake but rainbow trout are introduced from a hatchery. Because of the limited period which they
spend in the lake, introduced fish generally exhibit lower radiocaesium concentrations than those of
indigenous fish. However, larger and older rainbow trout are now being observed.

The results of the terrestrial programme, including those for local milk, crops and indicator materias, are
shown in Tables 6.10 (a) and (b). Concentrations of activity in al terrestrial foods were low, the most
significant being that of 17 Bq kg* of radiocaesium in hazelnuts. The most likely source of radiocaesium
in this and other samplesis falout from Chernobyl and wegpon tests though it is conceivable that a small
contribution may be made by resuspension of lake activity. In recognition of this potential mechanism,
monitoring of transuranic radionuclides was aso carried out in crop and anima samples. In all cases,
detected activities were low, and similar to observations in other areas of England and Wales, where
activity was attributable to weapon test fallout. No evidence was therefore found that resuspension of
activity in sediment from the lake shore contributed to exposure from transuranic radionuclides in 1998.

The most exposed group for terrestrial foods at Trawsfynydd in 1998 received doses of 0.006 mSv or
0.6% of the dose limit of 1 mSv. This assessed dose includes a contribution from the caesium activity
detailed above.

In the lake itself, there remains clear evidence for the effects of disposals from the power station.
Concentrations of caesium considerably exceed 1000 Bq kgt in the mud from the bed of the lake.
However, gamma dose rates found on the shoreline where occupancy by anglersis relevant were only
dightly enhanced above background and were similar to those in 1997.

The concentrations of caesum-137 in lake water remained above those for water coming into the lake via
the Afon Prysor but were less than thosein 1997. There were also small decreases in concentrations of
radiocaesum in fish in 1998. For instance brown trout from the lake averaged 120 Bq kg in 1998
compared to 150 Bq kg! in 1997. Taking this and the results of measurements of gamma dose rates into
account, the dose to the most exposed group of anglers was 0.023 mSv in 1998, or about 2% of the dose
limit of 1 mSv.

6.11 Wylfa, Isle of Anglesey

Gaseous and liquid wastes from this station were discharged in 1998 under authorisations granted by the
Environment Agency. Environmental monitoring of the effects of disposas on the Irish Sea and the local
environment is carried out on behaf of the Welsh Office. Such disposals and effects are very low.

The results of the programme in 1998 are given in Tables 6.11 (a) and (b). The datafor artificia
radionuclides related to the Irish Sea continue to reflect the distant effects of Sellafield disposals though
trace levels of activation products were likely to have been due to disposals from the station. The
concentrations were generally similar to or less than those for 1997, and continued to show the effects of
technetium-99 from Sdllafield. The dose to the most exposed group of high-rate fish and shellfish
consumers was low, at 0.010 mSv or 1% of the dose limit of 1 mSv. Gamma dose rates, measured using
portable instruments, continued to be difficult to distinguish from the natural background, but a small
contribution due to external exposure of the most exposed group has been included in the total above.

The results for terrestria foods indicate a small effect due to the total gaseous disposals from the power
gation. Thisis seen in the data for sulphur-35, particularly in blackberries and barley. However, the dose
received by high-rate food consumers remained low at less than 0.005 mSv or 0.5% of the dose limit.
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6. Nuclear power stations

Table 6.1(a). Radioactivity in food and the environment near Berkeley and Oldbury nuclear power stations,

1998

Materia Loceation No.of M ean radioactivity concentration (wet)?, Bqkg*
sampling
ol - 239p) 1 243Cm+
atl on 3H 14C 134cs 137CS 155Eu 23BRJ 240RJ 241Am 2440n

Aquatic samples

Samon Beachley 1 <130 37 <0.09 028 <0.22 <0.21
Elvers LittletonWarth 1 <0.06 007 <0.16 <0.24
Shrimps Guscar 1 4800 160 <0.08 0.37 <0.22 0.00015 0.00077 0.00090 0.000018
Fucus vesiculosus Pipdine* 2 <0.05 038 <0.10 <0.09
Mud HillsFlats 2 <078 29 24 0.65
Mud 1km south of Oldbury 2 097 29 1.6 <1.1
Material Location or selection® No.of Mean radioactivity concentration (wet), Bqkg!
%@U—n 9 Totd Totd Totd

ations®  °H ¥C %5 1¥Cg ¥Cs dpha beta gamma

Terrestrial samples

Milk Near farms 8 <38 18 <059 <0.34 <0.39
Milk Near farms max <43 22 <090 <0.40 <043
Milk Far farms 1 <40 15 <0.57 <0.33 <043
Apples 1 <30 14 <040 <0.30 <0.40
Blackberries 1 <30 3B 050 <0.30 <0.40
Cabbage*® 1 <30 6.0 <040 <0.40 <0.40
Carrots 1 <30 13 <030 <0.30 <0.50
Goatsmilk 1 <30 14 <10 <020 <0.40
Potatoes 1 <30 23 13 <0.30 <0.50
Runner Beans 1 <30 11 <040 <0.40 <0.40
Whest 1 <40 9 <040 <0.30 <0.50
Dry cloths 151 008 093 048

a  Except for milk where unitsareBq |, for dry clothswhere unitsare Bg per cloth and for sediment wheredry concentrations apply
b Seesection 5 for definition o ]
¢ Dataarearithmetic meansunlessstated as‘ Max' inthiscolumn. ‘Max' data are selected to be maxima.
. If nok‘elmax’ valueisgiven, themean isalso the maximum. Seesection5
Ber
e The concentration of >*Fewas <0.40 Bg kg*
T The concentration of beta activity was 120 Bq kg*

Monitoring of radiation dose rates near

Berkeley and Oldbury nuclear power
stations, 1998

Location Ground No.of UGy ht
type sampling
observa
tions?

Gammadoseratesat 1 m over intertidal areas

1 km south of Oldbury Mud 2 0.071
2km south west of Berkeley Mud 2 0.071
Sharpness Mud 2 0.072
HillsFlats Mud 2 0.075

@ Seesection 3for definition
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6. Nuclear power stations

Table 6.2(a).

Radioactivity in food and the environment near Bradwell nuclear power station, 1998

Materia Location No.of  Mean radioactivity concentration (wet)?, Bg kg

sampling

80” 14C GOCD GSZn 99TC 134CS 137CS 155Eu 241Am
Aquatic Samples o
Sole Bradwell 1 <0.07 <0.25 <0.09 0.64 <0.23 <0.34
Herring Bradwell 1 <0.09 <0.22 <0.09 0.39 <0.15 <0.09
Bass Pipeline 1 <0.04 <0.11 043 2.6 <0.11 <0.10
Mullet Pipeline 1 <0.06 <0.19 0.17 0.85 <0.19 <0.19
Native oysters® Tollesbury N Channdl 2 21 <0.05 0.39 <0.08 0.26 <0.07 0.0044
Pacific oysters Goldhanger Creek 1 <0.11 0.87 <0.10 037 <0.19 <0.23
Winkles Pipeline 2 <0.32 <0.48 <0.23 0.72 <0.32 <0.22
Fucus vesicul osug Watersde 2 0.39 <018 13 059 3.0 <0.15 <0.13
Mud WestMersea 2 <0.69 <1.0 2.2 17 <13 <18
Mud Maldon 2 <1.2 <13 6.9 62 <15 <2.0
Materia I(_)rogiec():tnlonC ya%ging M ean radioactivity concentration (wet)?, Bqkg*

foRd™ s mc  ®s @ 2Mcs 2Cs Aphh bad anma
Terrestrial samples
Milk Near farms 4 <26 15 <041 <043 <034 <0.39
Milk Near farms max <3.0 18 <043 <0.50 <040 <043
Milk Far farms 3 <2.0 16 <041 <043 <0.33 <041
Milk Farfarms max 18 <045 <048 <0.35 <043
Apples 1 <20 50 050 <050 <0.40 <0.40
Blackberries 1 <3.0 15 090 <0.40 <0.30 <0.40
Cabbage 1 50 14 060 <050 <0.30 <0.40
Carrots 1 <3.0 13 <0.50 <0.40 <0.30 <0.40
Potatoes 1 <30 19 070 <040 <020 <0.40
Rabbit 1 <3.0 26 <0.80 <040 <0.30 <0.40
Wheat 1 <40 R 26 <030 <0.20 <0.30
Lucerne 1 <3.0 16 44 <060 <050 <0.50
Dry cloths 115 009 12 083

a Except for milk whereunitsare Bq |, for dry clothswhere unitsare Bq per cloth

and for sediment wheredry concentrations apply
b Seesection 3 for definition
¢ Dataarearithmetic means unlessstated as‘max’ inthiscolumn. ‘Max' data are selected to be maxima.

If no‘max’ valueisgiven, the meanisalso the maximum. Seesection 3
4" The concentration of >Fe was <0.40 Bg kgt
¢ The concentrations of 238Pu, 23%+240py, 222Cmand?*%*2*Cmwere 0.00043, 0.0019, 0.000046 and 0.00020 Bq kg*respectively
' The concentration of beta activity was 200 Bq kg*

Table 6.2(b). Monitoring of radiation dose rates near
Bradwell nuclear power station, 1998
L ocation Ground No.of UGy ht
type sampling
observa
tions®
Gammadoseratesat 1 mover intertidal areas
WestMersea Mud 2 0.070
Maldon Mud 2 0.064

a8 Seesection 3 for definition
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6.

Nuclear power stations

Materia Location ls\lacr)ﬁor_ M ean radioactivity concentration (wet)? Bqkg®
ping 239 243
gtl on: 3 3H GOCO 134CS 137CS 155Eu 238RJ 240%4- 241Am 2420-n 2448rTr]]+
Aquatic samples
Plaice Pipeline 2 <120 <0.07 <0.07 0.8 <0.13 <0.11
Cod Pipeline 2 <120 <0.06 <0.06 037 <0.14 <0.16
Bass Pipeline 1 <130 <0.05 <005 0.76 <0.12 <0.12
Spiny spider crabs Hastings 1 045 <019 <017 <0.36 <0.42
Shrimps Pipeline 2 <0.08 <0.14 045 <0.13 <0.08
Whelks? Pipeline 2 034 <0.06 <0.05 <0.14 0.0011 0.0039 0.0053 0.000210.00045
Fucusvesiculosug' CoptPoint 2 0.43 <0.07 017 <0.15 <0.22
Mud RyeHarbour 1 19 <038 1.1 19 0.16 029 025 0.0034 0.014
Mud & sand RyeHarbour 1 22 <040 1.8 <0.85 <1.0
Seawater Pipeline 2 <17
Materia Iéroggi}o " sNﬂ%gfi ngM ean radioactivity concentration (wet)?, Bg kg
gtl ons® 3H uc s 0  1¥Cs BICs ggtﬁla -lggg ga-lr-#rﬁa
Terrestrial samples T T T T
Milkd Far farms 2 <28 15 <0.36 <045 <034 <0.40
Milk¢ Far farmsmax 16 <0.38 <048 <0.35 <0.43
Beans 1 3.0 13 <0.30 <050 <0.30 <0.50
Blackberries 1 <30 19 <0.30 <040 <0.30 <0.40
Honey 1 5.0 93 <0.70 <0.30 <0.10 <0.30
Peas 1 <40 77 21 <040 <0.30 <0.50
Potatoes 1 <30 16 <0.40 <040 <0.40 <0.40
Seakale® 1 <30 70 <3.0 <0.40 <0.40 050
Dry cloths 3] 013 15 0.98
a

Except for milk and seawater where unitsare Bq 1, for dry clothswhere unitsare Bqg per cloth and for sediment where dry concentrations

apply N
b Seesection 3for definition
¢ Dataarearithmetic meansunlessstated as‘ max’ inthiscolumn. ‘Max' dataare selected to bemaxima. |f no‘max’ valueisgiven, themeanis
also the maximum. See section 3

Sa@ "o a

Thereareno farms producing milk near thissite
The concentration of >°Fe was <0.40 Bq kg*

The concentration of **C was 49 Bq kg*

The concentration of *°Sr was <0.017 Bq kg*

The concentration of beta activity was 170 Bq kg*

Table 6.3(b). Monitoring of radiation dose
rates near Dungeness
nuclear power stations,
1998

Location Groundtype No.of UGy ht

sampling
observa
tions®

Gammadoseat Imover intertidal areas

RyeHarbour Mud 1 0.076

RyeHarbour Mud and sand 1 0.064

Betadoser ates uSv ht

RyeHarbour Mud 1 *

RyeHarbour Mud and sand 1 *

a Seesection 3for definition

* Not detected by the method used
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6. Nuclear power stations

Table 6.4(a). Radioactivity in food and the environment near Hartlepool nuclear power station, 1998

Materia Location® No. ori ng M ean radioactivity concentration (wet)?, Bqkg!

gtl Onsc- SH 14C GOCb 99TC 137CS 238RJ gig% + 241Am 5238?? + -t[)-&tg
Aquatic samples T S
Plaice Pipeline 2 46 <0.05 041 <0.11
Cod Pipeline 2 <0.05 0.65 <0.13
Crabs Pipeline 2 57 <0.07 019 0.0017 0.0087 0.015 0.0024
Winkles Paddy’sHole 2 <0.07 054 00090 0.052 0.026 *
Fucusvesiculosus Pilot Station 2 <0.04 110 023 <0.09 280
Mud Paddy’sHole 2 <0.36 16 <10
Coal & sand Little Scar 2 <0.18 11 <1.0
Seawater Pipeline 2 24
Materia Location®or selection® No.of M ean radioactivity concentration (wet)?, Bqkg!

el Tod  Tou

Totd
ations®  3H uc %S %G ¥Cs dpha beta  gamma

Terrestrial samples

Milk Far farms 6 <20 16 <0.60 <0.38 <0.35
Milk Far farms max 21 <0.75 <0.45 <0.38
Apples 1 <30 16 <0.30 <0.30 <0.50
Cabbage® 2 <25 75 <045 <050 <0.40
Cabbage® max <30 80 0.50

Elderberries 1 <30 # <0.40 <050 <0.40
Honey 1 3.0 83 <0.60 <0.30 <0.40
Potatoes 1 <30 29 070 <050 <0.40
Swede 1 <30 6.0 12 <050 <0.40
Whest 1 <40 67 <0.70 <0.60 <0.50
Dry cloths 116 021 17 11

* not detected by the method used ) ) i

2 Except for milk and seawater where unitsare Bq 2, for dry clothswhere unitsare Bq per cloth and for sediment where
dry concentrations apply

b Landing point or sampling area

¢ Seesection 3 for definition o )

4 Dataarearithmetic meansunless stated as‘ max’ in thiscolumn. ‘Max' data are selected to be maxima.
If no*max’ valueisgiven, themean isalso the maximum. Seesection 3

¢ Theconcentration of >>Fe was <0.40 Bq kg*

Table 6.4(b).Monitoring of radiation dose rates

near Hartlepool nuclear power|
station, 1998

Location Ground type No.of MGy H*
sampling
observa
tions®

Gammadoseratesat 1 mover intertidal areas

Middleton Harbour Mud and sand 1 0.067
Paddy’ sHole Mud 2 0.088
Paddy’sHole Winklebed 2 021

Bran Sands Sand 1 0.053
Redcar Mussel bed 1 0.090

@ Seesection 3for definition
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6. Nuclear power stations

Radioactivity in food and the environment near Heysham nuclear power stations, 1998f

Material Locgtion® No.0 M ean radioactivity concentration (wet)?, Bq kgt
oPngec?lonc sampring L4 (wety', Bakg

g[lOl’lSd_ 3H 14C 3SS GOO) 903— %TC 106Ru 110mAg 125S) 131| 13ACS 137CS 154Eu

Aquatic samples

Flounder Flookburgh 4 9% <0.15 <16 <025 <043 * <015 17 <0.46
Plaice Morecambe 4 <120 <0.11 0.039 16 <098 <0.18 <0.25 * <010 6.6 <031
Bass Morecambe 2 <0.15 <15 <031 <042 * <0.16 18 <046
Whitebait Sunderland Point 1 <0.08 0.20 <0.67 <0.12 <0.20 * <0.08 58 <0.20
Shrimps Flookburgh 4 7 <0.09 11 <083 <016 <022 * <0.09 68 <024
Cockles Middleton Sands 2 17 <12 <013 <017 * <0.07 40 <019
Cockles Flookburgh 4 4 14 04 25 15 <011 <016 * <0.06 57 <0.16
Winkles Red Nab Point 4 091 20 052 <0.25 <0.18 <0.08 53 <0.23
Mussdls Morecambe 4 87 0.66 250 16 <010 <0.16 * <0.06 33 <0.14
Fucusvesiculosus HafMoonBay 4 091 3600 <0.77 <0.16 <0.21 <0.55 <0.10 59 <0.27
Samphire CockerhamMarsh 1 <0.04 <0.34 <0.07 <0.08 * <0.04 16 <0.10
Mud & sand Flookburgh 4 <0.47 <45 <081 <14 * <053 8 <13
Mud & sand Half MoonBay 4 8.5 13 <11 <24 <28 <076 190 <22
Mud & sand Mor be 4 4.0 <87 <076 <16 * <058 150 <13
Central Pier
Turf Conder Green 4 34 <10 <1.3 <36 <25 <10 360 <28
Turf Sand GateMarsh 4 <11 <97 <14 <33 <29 <10 260 <26
Seawater Pipeline 2 37
Seawater HafMoonBay 1 0.0031 0.23
Terrestrial samples
Milk Near farms 6 <39 18 <055 <041 <3.1 <048 <0.33 <041
Milk Near farms max <45 21 <0.63 <0.45 <34 <053 <0.35 <043
Apples 1 <3.0 13 040 <0.60 <32 <0.70 <0.40 <0.50
Barley 1 <40 64 15 <0.60 <29 <0.70 <0.40 <0.60
Beetroot 1 30 13 090 <0.50 <2.8 <050 <0.40 <0.50
Cabbage® 1 70 50 080 <0.50 <3.1 <0.60 <040 <0.50
Mushrooms 1 <3.0 9.0 <0.40 <0.30 <19 <0.30 <0.20 <0.30
Potatoes 2 <25 20 <045 <045 <3.0 <0.50 <0.35 <0.45
Potatoes max <3.0 060 <0.60 <3.6 <0.60 <0.40 <0.50
Sprouts 1 <30 10 13 <050 <4.0 <0.30 <0.40 <0.50
Sprout tops 1 <20 18 14 <040 <34 <0.30 <0.40 <0.50
Grass 1 <0.60 <3.6 <0.70 <0.40 0.60
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6. Nuclear power stations

able 6.5(a). continued

Materia %P%L%’{‘.ch %%8 ing M ean radioactivity concentration (wet)?, Bqkg*

ﬁ%ﬁgya— ZSBRJ ;ig %4- 241R.| 241Am 2420n ;:3822-‘-
Aquatic samples
Flounder Flookburgh 4 0.00031 0.0019 0.0034 0.000041 *
Plaice Morecambe 4 <0.29
Bass Morecambe 2 <0.25
Whitebait Sunderland Point 1 0.048 0.26 2.8 041 * 0.00067
Shrimps Flookburgh 4 0.0057 0.031 0.37 0.052 * 0.00019
Cockles Middleton Sands 2 0.35 19 4.9 * 0.0065
Cockles Flookburgh 4 043 24 25 6.0 * 0.0094
Winkles Red Nab Point 4 0.30 16 3.0 * 0.0038
Mussels Morecambe 4 0.33 18 31 * 0.0042
Fucusvesicul osug’ Half Moon Bay 4 0.81
Samphire Cockerham Marsh 1 071
Mud & sand Flookburgh 4 39
Mud & sand Half Moon Bay 4 1 63 100 0.093 0.12
Mud & sand Morecambe 4 87

Centra Prer
Turf Conder Green 4 180
Turf Sand Gate Marsh 4 100
Seawater Pipeline 2
Seawater Half Moon Bay 1
hod u

O T ® %

Ifno‘max’ valueis
Seesection 3for d
&pe concentration of >>Fe
dry clothswereanaly: Th
The concentratjon of beta activity was 2900 Bq kg
The concentration of beta activity was 32 Bq kg*

Sa +~o a

not detected }étheJnet
Except for milk an
Landing point or sampling area

Data are arithmetic meansunless stated as‘ max'. ‘Max’ gg‘taaareselgctedto be maxima.
Iven, themean is al so the maximum. See section

ersssgjhere unitsare Bq | * and for sediment wheredry concentrations apply

.40 Bq kg
fa% econger%rati onsof alpha, beta and gamma activity were 0.06, 0.71 and 0.42 Bq per cloth respectively

Table 6.5(b). Monitoring of radiation dose rates near

Heysham nuclear power stations, 1998

Location Ground No.of UGy ht
type sampling
observer
tions®

Gammadoseratesat 1 m over intertidal areas

Sand Gate marsh Sadtmarsh 4 0.10
Flookburgh Mud and sand 4 0.077
High Foul shaw Satmarsh 4 0.094
Arnsde Saltmarsh 4 011
Morecambe Centra Pier Mussel bed 4 0.081
Morecambe Central Pier Mudandsand 4 0.081
Half Moon Bay Mud 1 0.083
Half Moon Bay Mudandsand 3 0.083
Colloway Marsh Sadtmarsh 4 0.16
AldcliffeMarsh Saltmarsh 4 012
Conder Green Mudandsand 4 011
Conder Green Saltmarsh 4 012
Cockerham Marsh Satmarsh 4 011

@ Seesection 3for definition
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6. Nuclear power stations

Table 6.6(a). Radioactivity in food and the environment near Hinkley Point nuclear power stations, 1998

Materia Location® No.of ~ Mean radioactivity concentration (wet)?, Bqkg!

ling
SRl = o
atl On§ 3H 14C 54Mn GOCb 134CS l37cs 155Eu 238RJ 240RJ 241Am 2420,-n 2440-n

Aquatic samples

Flounder Stolford 1 3200 110 <0.03 <0.03 0.06 054 <0.09 <0.10
Sole Stolford 1 900 <0.09 <0.08 <0.09 046 <0.24 <0.33
Shrimps Stolford 2 1900 110 <0.07 <0.06 <0.09 055 <0.19 0.00025 0.00078 0.0012 0.000078 0.000042
Fucusvesiculosug Pipeline 2 054 11 39 14 <019 <0.25
Mud l6kmeast 2 <059 <053 52 29 <1.8 <15
of pipeline
Mud RiverParrett 1 <052 <049 12 34 <15 <1.7
Mud and sand RiverParrett 1 <0.84 <081 26 3B <24 <3.6
Seawater Pipeline 2 31
Material Location®or No.of M ean radioactivity concentration (wet)?, Bqkg*
sdlection® Sppling Tod Tod  Towd
ations® SH “C s ¢y B 13Cs WCs dpha beta gamma
Terrestrial samples T T
Milk Near farms 5 <31 20 <0.68 <0.41 <0.34 <0.38
Milk Near farmsmax <38 27r 12 <048 <0.35 <0.40
Milk Far farms 1 <20 13 <0.43 <0.38 <0.28 <0.38
Apples 1 <30 12 <0.50 <0.50 <0.40 <0.50
Blackberries 1 50 23 <040 <0.30 <0.30 <0.40
Cabbage® 1 <30 50 28 <050 <040 <0.40
Honey 1 <40 87 <0.50 <0.30 <020 14
Potatoes 1 40 52 15 <050 <0.40 <0.40
Runner beans 1 6.0 13 4.4  <0.50 <0.30 <0.40
Whest 1 <40 92 10 <0.60 <0.40 <0.50
Fodder Best 1 <20 17 <0.30 <0.40 <0.30 <0.40
Grass 3 <14
Grass max <1.8
Dry cloths 105 009 11 086

@ Except for milk and seawater where unitsare Bql ™, for dry clothswhereunitsare Bq per cloth and for sediment where
dry concentrations apply

b Landing point or sampling area.

¢ Seesection 3 for definition

4 Data arearithmetic meansunless stated as‘ max’ inthiscolumn. ‘Max' data are selected to be maxima.
Ifno‘max’ valueisgiven, themean isalso the maximum. Seesection 3

€ The concentration of >Fewas <0.40 Bq kg

' The concentration of beta activity was 230 Bq kg*

Table 6.6(b). Monitoring of radiation dose rates

near Hinkley Point nuclear power
stations, 1998

Location Groundtype No.of UGy ht
sampling
observa-
tions®

Gammadoseratesat 1 m over intertidal areas

1.6 kmeastof pipeline  Mud 2 0.066
RiverParrett Mud 2 0.077

2 Seesection 3for definition
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6. Nuclear power stations

Material Location® No.of Mean radioactivity concentration (wet)?, Bqkg!

sampling
observ- 239p 14
ations® 54Mn GOCO GSZn lOBRu llUmAg :I.37CS 144@ 155Eu 238RJ 240RJ 241Am

Aquatic samples

Cod Millport 2 <0.10 <0.10 <0.20 <0.67 <0.10 2.7 <035 <0.30 <0.30
Hake Millport 2 <0.10 <0.10 017 <0.71 <0.10 2.8 <0.35 <0.30 <0.37
Crabs Millport 1 <0.10 <0.10 <0.20 <1.0 <010 <050 <050 <0.50 0.0062 0.016 0.025
Nephrops Millport 2 <0.12 <012 <020 <11 <012 57 <054 <0.39 <0.53
Lobsters Largs 1 <0.10 <0.10 <0.20 <0.10 <0.10 1.6 <032 <011 0.22
Squeat |obsterd Largs 4 <0.10 <0.10 <0.20 <0.68 <0.10 047 <043 <0.33 0.0059 0.032 0.018
Oysters Fairlie 1 012 <010 <0.20 <0.10 <0.10 0.28 <0.26 <0.10 <0.10
Winkles Pipeline 2 33 08 <020 <12 <046 1.0 <055 <040 0.036 013 0.046
Scallops Largs 4 <0.10 <0.10 <0.20 <0.66 <0.10 0.70 <041 <0.31 0.0052 0.024 0.0041
Fucusvesiculosus® Pipeline 2 8.2 <085 014 15 <010 2.0 <040 <0.30 <0.11
Sand Pipeline 2 071 <010 <0.20 <0.85 <0.10 11 <045 <0.49 <0.34
Seawater’ Pipeline 9 <0.072
Material Ic_)rogg&o:{]lgn d %n(;agr&ng M ean radioactivity concentration (wet)?, Bqkg*

ol -

Totd
dions  °H  M4C ¥S g 1¥Cs dpha

Terrestrial samples

Milk 4 <26 20 <5.0 <0.10 021

Milk max 28 24 041

Grass 4 13 <50 052 031 <098
Grass max 16 069 056 14

a Excg_)t for milk and sea water where unitsare Bq | *and for sediment wheredry concentrationsapply
® Landing point or sampling area

Z Seesection 3 for definition

Data arearithmetic meansunlessstated as‘ max’ inthiscolumn. ‘Max’ data are selected to be maxima.
If no‘max’ valueisgiven, the mean isalso the maximum. See section 3 for definition

The concentrationsof *Sc and 'Cr were 0.18 and 8.6 Bq kg* respectively

The concentration of *H was 6.6 Bgl 1

9 The concentration of *°Tc was 2.8 Bq kg*

- o

Table 6.7(b). Monitoring of radiation dose rates near

Hunterston nuclear power
station, 1998

Location Ground No.of UGy h*
samplin
e obseF:v&g
tions*

Gammadoseratesat 1 m over intertidal areas

0.5 km north of pipeline Sand 2 0.057
0.5 km south of pipeline Sand and stones 2 <0.059

a Seesection 3for definition
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6. Nuclear power stations

Table 6.8(a). Radioactivity in food and the environment near Sizewell nuclear power stations, 1998

Materia Location® No. olf M ean radioactivity concentration (wet)?, Bqkg!
samp ing
atl ons" 3H 14C 600) 137CS 155Eu 238pu gig% 241Am gji%%n-'- E&tg

Aquatic samples

Cod Sizewell 1 <120 <0.04 063 <011 <0.11
Sole Sizewell 1 <130 <0.15 040 <0.22 <0.11
Crabs Sizewell 2 <120 46 <0.15 <0.20 <0.34 0.00096 0.0053 0.0094  0.000049
Pacific oysters Blythestuary 1 <0.03 0.08 <0.07 <0.10
Whelks Dunwich 1 <0.17 <014 <0.23 <0.11
Mud Southwold 2 23 13 <14 <13 830
Sand Aldeburgh 2 <014 020 <046 <0.58
Seawater Aldeburgh 2 3.2
Materia Location® No.of  Mean radioactivity concentration (wet)?, Bqkg*

or selection® wmpl ing

atl OnSd SH 14C 35 S SOQ) 903 137CS -IC—:SOtd 238RJ gig-‘-ﬂJ 241Am

Terrestrial samples
Milk Near farms 3 <29 15 <055 <042 <041
Milk Near farms max <33 16 <0.45 <0.43
Milk Far farms 3 <20 24 <053 <041 <0.43
Milk Far farms max 27 <055 <0.45 <0.45
Apples 1 30 13 09 <030 <0.40
Blackberries 1 20 23 <0.30 <0.40 <0.40
Cabbage® 1 <30 <30 41 <050 <0.40
Carrots 1 <30 90 040 <030 <0.40
Honey 1 <40 76 <11 <050 <0.50
Ovinemuscle 1 <30 42 <18 <050 011 041 <0.00080 <0.00050 0.00050
Ovineoffal 1 <50 39 27 <040 <0.020 017 <0.00030 0.00020  0.00050
Porcine muscle 1 30 30 37 <050 <0.044 0.77 <0.00020 <0.00020 0.00070
Porcinekidney 1 <30 21 <14 <040 0.036 0.24 0.00030  <0.00030 0.00050
Potatoes 1 <30 20 090 <030 <0.40
Runner Beans 1 <30 80 <040 <0.50 <0.40
Whest 1 <40 110 070 <0.40 <0.40

a ﬁot for milk and seawater where unitsare Bg | * and for sediment where dry concentrations apply
b ing point or sampling area.
¢ Dataarearlthmetlc meansunlessstated as‘max’. ‘Max' data are selected to be maxima.
Ifno*max’ valueisgiven, the mean isalso the maximum. See section 5 for definition.
4 Seesection 3 for definition
Theconcentration of Fewas<0.50 Bq ?
T 113 dry clothswere analysed. The concentrations of al pha, beta and gamma activity were 0.10, 1.2 and 0.79 Bq per cloth respectively

®

Table 6.8(b). Monitoring of radiation dose rates nea

Sizewell nuclear power stations, 1998

Location Ground type No.of UGy ht
sampling
observa-
tions®

Gammadoseratesat 1 m over intertidal areas

Aldeburgh Sandand gravel 2 0.048
Southwold Harbour ~ Mud 2 0.064
Betadoserates pSv ht
Southwold Harbour ~ Mud 2 *

2 Seesection 3for definition
* Not detected by the method used
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6. Nuclear power stations

Radioactivity in food and the environment near Torness nuclear power station, 1998

Material Location® No.of Mean radioactivity concentration (wet)?, Bqkg*

sampling

observ- 2Py

aIionsc 54Mn 600) 99TC 137CS 155Eu ZSERJ +24ORJ 24].Am
Aquatic samples
Cod Pipeline 2 <0.10 <0.10 0.92 <0.31 <0.31
Crabs Cove 2 <0.10 <0.10 <011 <0.30 <0.30
Lobsters Cove 1 <010 <031 26 <028 <0.50 <0.50
Nephrops Dunbar 4 <011 <011 0.62 <0.34 0.0019 0.0067 0.0062
Winkles® Pipeline 2 022 <0.18 031 <0.39 <0.35
Fucusvesiculosus Pipeline 2 060 029 0.80 <0.33 <0.15
Mud Eyemouth Harbour 1 <0.10 <0.10 3.0 <0.50 <0.50
Mud and sand Dunbar inner harbour 2 <0.10 <0.10 36 <0.74 <0.58
Mud and sand BarnsNess 1 <0.10 <0.10 38 <0.50 <0.50
Sand Thornton Loch Beach 2 <0.10 <0.10 17 <0.36 <0.42
Seawater Pipeline 12 <4.7 <0.06
Material Logion 4 No. or, Mean radioactivity concentration (wet), Ba kg*

or selection pling
dlone MW Mc  BS  Ng  WIcs Q%thi

Terrestrial samples
Milk 3 <25 18 <50 <010 <0.08
Milk max 20 0.10
Grass 6 27 <50 024 <020 22
Grass max 57 039 027 31
2 Except for milk and sea water where unitsare Bq | *and for sediment wheredry concentrationsapply
> Landing point or sampling area
Z See section 3 for definition

Data are arithmetic means unless stated as‘ max' in thiscolumn. ‘Max' data are selected to be maxima.
Ifno‘max’ valueisgiven, the mean isalso the maximum. Seesection 3 for definition
¢ The concentration of beta activity was 53 Bq kg?*

Monitoring of radiation doserates near

Torness nuclear power station, 1998

Location Ground No.of MGy h*
type sampling

observar

tions*
Gammadoseratesat 1 mover intertidal areas
BarnsNess Mud and sand 2 0.055
Skateraw Harbour Sand 2 0.046
Thornton Loch Beach Sand 2 0.046
Eyemouth Harbour Mud 1 0.055
Dunbar Inner Harbour Mud and sand 2 0.074
St Abbs Sand 2 0.081
Betadoserateson fishing gear uSv ht
Cove Pots 1 *
Dunbar Harbour Nets 1 *

@ Seesection 3 for definition
* Not detected by the method used
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6. Nuclear power stations

able 6.10(a).

Radioactivity in food and the environment near Trawsfynydd nuclear power station, 1998¢

Material Locationor No. of Mean radioactivity concentration (wet)?, Bgkg*
selection® sampling

tOIlC))n Ve 3H 14C 35 S GOCD 903 12583 134CS 137CS -(I_:gtd

Freshwater samples T T
Brown

Brown trout Lake 6 50 <021 3.1 <1.0 21 120
Rainbow trout Lake 6 <0.13 <031 <0.14 29
Perch Lake 4 <015 18 <12 39 180
Rudd Lake 1 <0.12 <1.0 45 200
Fontinalis AfonPrysor 2 <0.21 <060 <041 7.9
Fontinalis Gwylan Stream 2 34 <1.7 <0.69 32
Mud Barrier wall 2 70 230 50 3500
Water Bailey bridge 2 <23 <0.00076 0.033
Water Coldlagoon 2 <0.00073 0.031
Water AfonPrysor 2 * 0.0036
Terrestrial samples
Milk Near farms 1 <28 16 <045 0.082 <0.93 014
Milk Far farms 1 <28 16 <038 012 <0.85 0.16
Blackberries 1 <30 15 <0.40 <0.40 <0.70  <0.30 <0.50
Cabbage* 1 3.0 8.0 070  <0.50 <13 <0.30 <0.50
Carrots 1 <30 16 <0.30 <0.30 <090 <0.30 <0.40
Chicken 1 <30 3 080 <0.50 <16 <0.30 <0.50
Hazelnuts 1 <40 23 <22 <10 <17 <0.60 17
Ovinemuscle 2 <30 I <050 <0.025<1.1 15
Ovinemuscle Max a4 0.034 21
Ovineoffal 2 <50 3 <045 069 <0.85 0.90
Ovineoffal Max 5.0 33 <050 076 <1.0 0.93
Potatoes 1 <30 24 <040 <050 <0.80 <0.30 <0.50
Meaterial Is_e?gg&ié)r@or gla?hgri ng Mean radioactivity concentration (wet)?, Bgkg*

8lc))n ver 144CB 154Eu 155Eu 238Pu 239+24OR.| 241Am 243+2440n
Freshwater samples
Brown trout Lake 6 <16 <0.61 <0.74 0.00023 0.00094  0.0016 0.000013
Rainbow trout Lake 6 <0.70 <0.40 <0.33 <041
Perch Lake 4 <2.0 <0.46 <0.88 0.00030 0.00012  0.0024 0.000014
Rudd Lake 1 <15 <0.39 <0.58 <0.30
Fontinalis AfonPrysor 2 <15 <0.60 25 <0.76
Fontinalis Gwylan Stream 2 <2.3 <12 1.9 <16
Mud Barrier wall 2 <20 30 20 130
Water Bailey bridge 2
Water Coldlagoon 2
Water AfonPrysor 2
Terrestrial samples
Milk Near farms 1 <20 <0.50 <0.63
Milk Far farms 1 <19 <0.43 <0.58
Blackberries 1 <17 <0.40 <0.50 <0.00030 0.00020  0.0024
Cabbage* 1 <3.0 <0.70 <0.90
Carrots 1 <19 <0.40 <0.50 <0.00020 0.00050  <0.00030
Chicken 1 <39 <0.90 <24 <0.00010 <0.00010 <0.00040
Hazelnuts 1 <39 <0.70 <1.0
Ovinemuscle 2 <19 <0.55 <0.60 <0.00010 <0.00020 <0.00045
Ovinemuscle Max <20 <0.60 <0.70 0.00020  <0.00050
Ovineoffal 2 <17 <0.45 <0.65 <0.00025 <0.00040 <0.00060
Ovineoffal Max <23 <0.50 <0.70 <0.00030 0.00060  <0.00090
Potatoes 1 <21 <0.50 <0.70 0.00020 0.00040  0.00030

* not detected by the method used

@ Except for milk and water where unitsare Bq | *
and for sediment wheredry concentrationsapply
b Seesection 3 for definition

¢ Dataarearithmetic means unlessstated as‘ max’ in this column. ‘Max' data are selected to be maxima.

If no‘max’ valueisgiven, themean isalso the maximum. See section 3 for definition
4 The concentration of *Fewas <0.40 Bq kg*
¢ 120dry clothswereanalysed. The concentrations of alpha, beta and gamma activity were0.08, 1.2 and 0.53 Bq per cloth respectively
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6. Nuclear power stations

Table 6.10(b). Monitoring of radiation dose rates near

Trawsfynydd nuclear power station,

1998
Location Ground No.of UGy h*
type sampling
observa
tions?

Gammadoseratesat 1 mover areasnear lakeshoreline

Bailey Bridge Mudandstones 1 0.083
Bailey Bridge Grass 1 0.072
South end of lake Pest 1 0.063
South end of lake Grass 1 0.055
Cae Addaboat mooring Pest 2 0.065
Footbridge Rock 2 0.089
Nant Islyn Bay Mudandstones 1 0.097
Nant Islyn Bay Grass 1 0.075
West of footbridge Stones 1 0.096
West of footbridge Grass 1 0.081

a8 Seesection 3for definition
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6. Nuclear power stations

Table 6.11(a). Radioactivity in food and the environment near Wylfa nuclear power station, 1998

Materia Location No.of Mean radioactivity concentration (wet)?, Bgkg"

Ilng 239 243
%%Va— 14C 60&, %TC 137CS 155Eu 238RJ 240%“’ 241Am 2420n 2448m+ -Il;ce)%gl

Aquatic samples

Plaice Pipeline 2 52 <0.14 1.3 <0.29 <0.31

Lobster Pipeline 2 <0.1159 034 <023 0.0015 0.0082 0.0079 * 0.00011 100
Winkles CemaesBay 2 <0.08 064 <012 0025 014 019 0.00053 0.00035
Fucusvesiculosus CemaesBay 2 <0.06 10 <013 <0.17 640
Mud CemlynBay 2 <0.51 160 <20 39 2 3 * 0.052
Seawater CemaesBay 1 0.02

Material Location No. of Mean radioactivity concentration (wet)?, Bqkgt

or selection® ling
qs?%va Tod  Tod Tod
tion SH 1C 3°s % ¥Cs dpha beta gamma

Terrestrial samples

Milk Near farms 5 <30 16 <0.60 <040 <0.40
Milk Near farms max <38 22 <0.78 <043 <0.45
Apples 1 30 14 040 <050 <0.40
Barley 1 40 150 3H <060 <0.40
Blackberries 1 <30 24 80 <030 <040
Broad beans 1 <50 31 22 <040 <050
Cabbage! 1 <30 6.0 090 <050 <050
Carrots 1 <3.0 13 050 <030 <0.40
Goatsmilk 2 <30 12 090 <050 <0.50
Goatsmilk max 13

Honey 1 <40 68 <0.70 <040 <0.40
Marrow 1 <30 6.0 <0.60 <040 <0.50
Potatoes 1 <30 22 <0.30 <050 <0.40
Dry cloths 87 011 1.1 053

* not detected by the method used

@ Except for milk and sea water where unitsare Bq |, for dry clothswhere unitsare Bq per cloth
and for sediment wheredry concentrationsapply

b Seesection 3 for definition

¢ Dataarearithmetic meansunlessstated as‘max’ in thiscolumn. ‘Max' data are sel ected to be maxima.
Ifno‘max’ valueisgiven, themean isalso themaximum. Seesection 3

4 The concentration of >°Fewas < 0.40 Bq kg*

¢ The concentration of?*! Puwas 1.4 Bg kg®

Table 6.11(b). Monitoring of radiation dose rates

near Wylfa nuclear power station,

1998
Location Ground No.of UGy ht
type sampling
observa-
tions®

Gammadoseratesat 1 m over intertidal areas

CemaesBay Sand 4 0.051
CemlynBay Mud 4 0.073

a8 Seesection 3 for definition
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7. Defence establishments

7. DEFENCE ESTABLISHMENTS

Surveillance by MAFF and SEPA is undertaken near 8 defence related establishments in the UK.
Low-level discharges also occur from Burghfield in Berkshire. Environmental monitoring at this
siteis carried out by Hunting Brae. Monitoring at nuclear submarine berths is carried out by the

Ministry of Defence (DRPS, 1999).

7.1 Aldermaston, Berkshire

The Atomic Weapons Establishment at Aldermaston is authorised to discharge low levels of radioactive
waste to the environment. Liquid disposals are made to the River Thames at Pangbourne and to the
sewage works at Silchester. Samples of milk, other terrestrial foodstuffs, freshwater fish and indicator
materias were collected. Monitoring of the aguatic environment at Newbridge is undertaken to indicate
background levels remote from nuclear establishments.

The results of measurements of radioactivity concentrations are shown in Table 7.1. The concentrations of
artificia radioactivity detected in the Thames catchment were very low. Levels of tritium were al below the
limit of detection. Habits surveys have established that the most exposed group affected by disposds into the
river are anglers whose occupancy of theriver bank has been assessed to estimate their externa exposures.
No consumption of freshwater fish has been established, however the assessment has conservatively included
consumption of fish a alow rate of 1 kg yeart. The overdl radiologica significance of liquid digposds was
very low: the radiation dose to anglers was much less than 0.005 mSv or 0.5% of the dose limit of 1 mSv.

The concentrations of radioactivity in milk, vegetables, fruit and terrestria indicator materials were also
very low. Reaults for tritium, uranium and transuranic radionuclides were smilar to those for 1997. The
most likely source of the radionuclides detected was natural background or weapon test fallout. The
maximum dose was assessed to be for adults. The dose in 1998, including contributions from the natural
and fallout sources, was 0.005 mSv or 0.5% of the dose limit of 1 mSv.

7.2 Barrow, Cumbria

Whilst the site operated by Vickers Shipbuilding and Engineering Ltd (Marconi Marine (VSEL) Ltd.
with effect from 16 October 1998) at Barrow is not strictly a defence establishment, the small amounts of
liquid radioactive wastes which are authorised for disposal to the Irish Sea are related to submarine
activities and are therefore included in this section for completeness. No discharges were made in 1998.
However the monitoring programme continued to provide baseline levels. Measurements of gamma
dose rates and analyses of grass and of sediments collected near the outfall were made. The results,
given in Tables 7.2(a) and (b), show no enhancement due to site activities above the background to be
expected in the Irish Sea at this distance from Sellafield. The externa dose to the most exposed group at
the site was estimated to be 0.025 mSyv, representing less than 3% of the dose limit of 1 mSv. Most of
this exposure was due to historic disposals from Sdlafield.

7.3. Devonport, Devon

Disposals of liquid radioactive waste are made by Devonport Roya Dockyard Ltd and the Ministry of
Defence under authorisation into the Tamar Estuary. The monitoring programme in 1998 consisted of
measurements of gamma dose rates and analysis of seafood and indicator materials. The results given in
Tables 7.2(a) and (b) were similar to those in 1997. No activity was detected in grass. Trace quantities
of fission and activation products and actinides were detected in the marine environment. The detection
of iodine-131 is most likely to be related to its medical uses. The dose to the most exposed group taking
account of consumption of marine foods and occupancy times was estimated to be 0.019 mSv or 2% of
the dose limit of 1 mSv. The radiological significance of this, in common with other defence
establishments, continued to be low.
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7.4 Faslane, Argyll and Bute

Disposds of liquid radioactive wasgte into Gare Loch are made under |etter of agreement by the Minidry of Defence.
The monitaring programme in 1998 was undertaken primaily to investigate externd radiation pathways  Levds of
cobdt-60 in sediments shown in Table 7.2(a) could be atributed to locd disposas but the concentrations were very
low. Caesum-137 concentrations were congstent with the digant effects of digposds from Sdlafidd and wegpon tet
and Chernobyl falout. Gamma dose rates were difficult to disinguish from naturd background (Teble 7.2(b)). The
dose to the mogt exposad group was 0.011 mSy in 1998 or 1% of the dose limit of 1 mSv.

7.5 Greenwich, London

In order to monitor the potentid effects of the amdl disposals of gaseous activity from the Royd Nava College a
Greawich, grassis sampled and andysed by gamma spectrometry.  1n 1998, the results were dl bdow the limits of
detection and were within those expected due to the effects of wegpon tests and Chernobyl fdlout in the area
Therefore there was no detected impact in the environment due to the operation of the Stein 1998.

The reactor at this site is being decommissioned.

7.6 Holy Loch, Argyll and Bute

A small programme of monitoring Holy Loch continued in surveillance of the effects of past disposas
from the US submarine support facilities which closed in March 1992. Low levels of cobalt-60 detected
in sediments from the Loch are due to these earlier operations. However, measurements of gamma dose
rates in intertidal areas were difficult to distinguish from natural background (Tables 7.2(a) and (b)). The
externa dose to the most exposed group was 0.006 mSv in 1998 or 0.6% of the dose limit of 1 mSv.

7.7 Rosyth, Fife

Adivities & the Rosyth Royd Dockyard continued to give rise to disposds of low levds of liquid radicective weste
into the Hrth of Forth. Controlled discharges of gaseous radioactive waste on four occasions were reported during the
year. All digposals were within the authorised discharge adtivity limits

Rosyth Royd Dockyard Limited reported the discharge of liquid radioactive waste into the River Forth outside
the permitted times of the tide on two occasons in March 1998. Given the long record of compliance with this
condition, it was unusud to have two incidents so close together. Although the radiological consequences were
inggnificant Snce the waste arose from the laundry and no radioactivity was detected, the falure to follow
procedures was considered to warrant action by SEPA. An Enforcement Notice was served on the Company in
May 1998. The Notice required areview of procedures, a change to the format of the tide tables, retraining of
operationa staff and an evauation of dternative methods for restricting the times when discharges take place.
All aspects of the Notice were complied with in accordance with the specified time scale. There have been no
smilar events since the Notice was issued.

The monitoring programme comprised sampling and andysis of crabs and indicator materids and
measurements of gammadose ratesin intertidal areas. Results are shown in Tables 7.2(a) and 7.2(b). Aswas
the case a other defence establishments, the radioactivity levels detected were low, and in most part due to
other sources. Gamma dose rates were difficult to distinguish from natura background. The dose to the most
exposad group in 1998 was estimated to be 0.008 mSvy or less than 1% of the dose limit of 1 mSv.

7.8 Vulcan NRTE, Highland
The Vulcan Nuclear Reactor Test Establishment operated by the Ministry of Defence (Procurement

Executive) islocated adjacent to the UKAEA Dounreay site and the impact of its disposals are considered
along with those from Dounreay in section 5.1.
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7. Defence establishments

Radioactivity in food and the environment near Aldermaston, 1998

Materia Location No. olfin M ean radioactivity concentration (wet)?, Bqkg'
§%: Va—g 3H 570) GSZn 137CS 238|:1J 239+240RJ 241Am 243+2440-n
Aquatic samples
Pike Newbridge 1 <120 <0.03 <015 <005 0.00053 0.0026 0.0049 0.000010
Pike Outfall (Pangbourne) 1 <120 <0.03 <011 061 0.000010 0.000025 0.00010 *
Pike Staines 1 <0.02 <010 026 <0.04
Nuphar lutea Newbridge 1 <120 <0.03 <0.13 <0.08 <0.11
Nuphar lutea Staines 1 <120 0.06 033 014 <0.04
Clay Outfal (Pangbourne) 1 <027 <059 0.77 <0.93
Materia Location or selection®  No.of M ean radioactivity concentration (wet)?, Bqkg'
Spopling Tota Totd  Totd Totd
tion: 3L 137CS U 238FU 239+24ORJ 241Am dpha bet;a gamma
Terrestrial samples
Milk® Near farms 4 <2.9 <042 <0.0067 <0.00016 <0.00018 <0.00034
Milkd max <3.3 <043 <0.0076 <0.00018 <0.00025 <0.00043
Apples 1 <3.0 <0.30 0.75 <0.00020 0.00020 <0.00020
Carrots 1 <3.0 <050 0.041 <0.00020 0.00010 <0.00040
Honey 1 <4.0 <0.30 <0.011 <0.00030 <0.00030 0.00040
Lettuce 1 <3.0 <050 1.0 0.00020 0.0040  0.0023
Potatoes 1 40 <040 <0.023 <0.00020 0.00030 0.00050
Raspberries 1 <3.0 <040 <0.023 <0.00030 0.00010 0.00080
Runner beans 1 20 <040 0.0059 <0.00030 0.00010 0.00040
Whest 1 40 <050 0.025 0.00030 0.00010 0.00060
Soil® 4 46
Soil® max 57
Dry cloths A 006 061 0.38

* not detected by the method used

& Except for milk where unitsare Bq 2, for dry clothswhere unitsare Bq per cloth and for sediment and soil wheredry concentrations apply

b Seesection 3for definition

¢ Dataarearithmetic meansunlessstated as‘ max’ inthiscolumn.” Max’ data are selected to be maxima.
I1f no ‘max’ valueisgiven, the mean is al so the maximum. See section 3 for definition.

4 The concentration of 238U was<0.0021 Bq 1 *

¢ Theconcentrationsof 234U, 2°U and #*8U were 10, 0.37 and 9.7 Bq kg? respectively
T The concentration of beta activity was 450 Bq kg*
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7. Defence establishments

able 7.2(a).

Radioactivity in food and the environment near naval establishments, 1998

Material Location® No.of Mean radioactivity concentration (wet)?, Bgkg*
or selection® sampling

8%%\/&3H 14C 54Mn GOQ) IOGRU 12533 131| 137CS 14403 154Eu 155Eu 241Am
Barrow T T
Mud and sand Walney Channel 4 <0.63 13 59 <31 * 190 <75 <31 <27 240

(Vickerstown church)

Grass Barrow 2 <3.0
Grass max 3.0
Devonport
Dogfish PlymouthSound 1 <0.18 <0.17 <18 <040 * <0.16 <0.95 <051 <043 <0.62
Crabs PlymouthSound 1 38 <007 <0.07 <064 <0.16 * <0.06 <043 <0.19 <0.20 <0.28
Fucusvesiculosus Kinterbury 2 <0.05 <0.05 <0.40 <0.10 <0.85 007 <026 <0.15<0.13 <0.21
Mud® Kinterbury 2 <027 <024 <22 <059 <20 35 <15 <07622 0.15
Grass Devonport 4 <3.0 <045 <2.6 <040 <22
Grass max <0.50 <35 <0.50 <29
Fadane
Mudandsand  Carnbanboatyard 2 <0.10 <0.10 <0.84 <0.35 79 <053 <0.32 <034 <046
Holyloch
Sand Mid-Loch 1 <0.10 <0.10 <1.0 <0.50 70 <050 <0.50 0.70 <0.50
Rosyth
Crabs East of dockyard 2 <0.10 <0.10 <0.68 <0.30 <0.19 <0.36 <0.30 <0.30 <0.30
Fucusvesiculosus “ 2 <0.10 <0.11 <0.65 <0.30 53 <033 <0.30 <030 <034
Mud Port Edgar 2 <0.10 <0.12 <0.84 <0.35 52 <053 <0.32 <076 <044
Mud andsand ~ Westof dockyard 2 <011 <0.14 <10 <0.39 43 <030 <035<051 <054
Mudandsand  BlacknessCastle 2 <0.12 <012 <11 <040 47 <067 <035 <044 <057
Sand Burntisland Bay 2 <0.17 <0.12 <0.69 <0.31 088 <040 <0.30 <0.33 <0.32
Sand Eastof Dockyard 2 <0.10 <0.10 <0.86 <0.36 059 <0.53 <0.33 <0.39 <0.46
* not detected by the method used
2 Except for sediment where dry concentrations apply, and for seawater where unitsare Bql*
‘c’ Landing point or sampling area

Data are arithmetic meansunless stated as‘ max'. ‘Max' data are selected to be maxima.

If no‘max’ valueisgiven, themean isalso the maximum. Seesection 3 for definition

o

See section 3for definition

¢ The concentrations of 22Pu and 2%°*24°Py were 0.018 and 0.38 Bq kg™ respectively

No.of
sampling
observa
tions?

Table 7.2(b). Monitoring of radiation dose rates near naval establishments, 1998
Establishment Location Ground

type
Gammadoseratesat 1 m over intertidal areas
Barrow Walney Channel  (Vickerstown church) Mud and sand
Devonport Kinterbury Mud
Fadane GarelochHead Mud, sand and stones
Fadane Gulley Bridge Pier Sand and stones
Fedane Rhu Gravel
Fedane Rosneath Sand and gravel
Fedane Carnbanboatyard Mud and sand
HolyLoch North Sandbank Mud and sand
HolyLoch Kilmun Pier Sand and stones
HolyLoch Mid-Loch Sand
Rosyth Blackness Castle Mud and sand
Rosyth Burntisland Bay Sand
Rosyth East of Dockyard Sand
Rosyth Port Edgar Mud
Rosyth West of Dockyard Mud and sand

NNMNMNNEPRPRPEPNMNNMNMNNDNNDNDERE A

UGy ht

0.089
0.079
0.056
0.059
0.052
0.059
0.071
0.069
0.065
0.050
0.065
0.053
0.059
0.074
0.063

a Seesection 3for definition
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8. Nycomed Amersham plc

8. NYCOMEDAMERSHAMPLC

This company manufactures radioactive materials for use in medicine, research and industry. The
company’s principal establishment is located in Amersham, Buckinghamshire and it also operates from
Cardiff and on the Harwell site. The Harwell facility is being shut down and any environmental effects
from it are covered by surveillance of the UKAEA operations on the same site.

8.1 Amersham, Buckinghamshire

Disposals of liquid radioactive wastes are made under authorisation to sewers serving the Maple Lodge
sewage works; releases enter the Grand Union Canal and the River Colne. Disposals of gaseous wastes
are dso authorised.  The monitoring programme consists of anaysis of fish, milk, crops and indicator
materids. Monitoring at Newbridge on the Thames acts as an indication of background levelsin the
catchment. Additional monitoring of non-food pathways is carried out by the Environment Agency.

The results are presented in Table 8.1. The concentration of carbon-14 in fish was typica of the
background level and its radiologica significance was low. Concentrations of a few radionuclides, e.g.
cobalt-57 and zinc-65, were enhanced close to the outfall but their levels were very low. Tritium
concentrations in biota in the Thames and the Grand Union Cana were below the limit of detection.

The activity concentrations in milk and crops were generally lower than the limits of detection. However,
low levels of sulphur-35 and iodine-125 were detected in a few samples.

Habits surveys have identified anglers as the most exposed group affected by disposals into the canal/
river system. Their occupancy of the river bank has been assessed to estimate their external exposures.
Consumption of freshwater fish was also considered but none was found. Nevertheless, it is considered
prudent to include a component in the assessment of the anglers’ exposure and a hypothetical
consumption of fish at arate of 1 kg year* was assumed. The anglers' dose in 1998 was much less than
0.005 mSv or 0.5% of the dose limit of 1 mSv.

The dose to the most exposed group of terrestrial food consumers was assessed as being 0.007 mSv or
0.7% of the dose limit.

8.2 Cardiff, South Glamorgan

A second laboratory, situated near Cardiff, produces labelled compounds used in research and diagnostic
kits used in medicine for the testing of clinical samples and radio-pharmaceuticals. Liquid wastes are
discharged into the Severn estuary viathe sewer system. Disposals from the site are also made by
Johnson and Johnson Clinical Diagnostics Ltd.

Monitoring, carried out on behalf of the Welsh Office, includes consideration of consumption of food and
external exposure over muddy, intertidal areas. Measurements of external exposure are supported by
analyses of intertidal sediment. Indicator materials including seawater, Fucus seaweed, rape, silage and
dry cloths provide additiona information.

The results of monitoring in 1998 are presented in Tables 8.2(a) and (b). The main effect of liquid
disposalsis seen in tritium and carbon-14 activities above those expected due to background. The
relatively high levels of organically bound tritium (OBT) in loca fish and shellfish continued to be
found in 1998. Additional samples of shellfish on the Welsh coast were obtained to establish the
extent of the signal from Cardiff. These data suggest that the extent of contamination of the Welsh
coast is limited. Further information on tritium levels in seawater and at other nuclear sites in the
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Bristol Channel can be found in Sections 6 and 11. Research and further sampling are underway in
1999 to examine the mechanisms by which tritium becomes incorporated into biota in the marine
environment.

Concentrations of other radionuclides in aguatic samples were low and can be explained by other sources
such as Chernobyl and weapon test fallout and disposals from other establishments. Gamma and beta
dose rates over sediment, as measured using portable instruments, were difficult to distinguish from those
expected from the natural background. The dose to the most exposed group of fish and shellfish
consumers including externd radiation was 0.057 mSv or 6% of the dose limit of 1 mSv. The increase
over the value for 1997, 0.032 mSv (MAFF and SEPA, 1998), is largely due to the increases in the
observed concentration of tritium and carbon-14 in fish. Asthisis only the second year of tritium in fish
measurements this is not indicative of any upward trend These results are based on new consumption and
occupancy data from aloca habits survey undertaken in 1998.

The main effects of gaseous disposals were seen in results for tritium and carbon-14. Concentrations of
tritium, organicaly bound tritium and carbon-14 were found to be higher in milk sampled from farms
close to the site than from farms far from the site. When compared with data for other sites, relatively
high concentrations of these nuclides were aso detected in other terrestrial samples including grass.
Sulphur-35 and calcium-45 were a so detected, the former showing a significant increase compared to
1997 levels. The source of sulphur-35 is unknown and is under investigation. All these measurements
were of low radiological significance.

The maximum estimated dose from food consumption was to the 1-year-old age group. The most
exposed group dose received 0.015 mSv or less than 2% of the dose limit of 1 mSv. The largest
contribution was from carbon-14 in milk.
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8. Nycomed Amersham plc

Radioactivity in food and the environment near Amersham, 1998

Material Location No. Olfi ng M ean radioactivity concentration (wet)?, Bqkg*
%n%’va. 3H 14C 57(1) GSZn 137CS 155Eu ZSBRJ iig %‘F 241Am ;ﬁgm*'
Aquatic samples
Pike Newbridge 1 <120 <0.03 <0.15 <0.05 <0.12 0.00053 0.0026 0.0049 0.000010
Pike Qutfall (GrandUnionCand) 1 <130 26 <0.05 021 027 <011 <0.11
Pike Staines 1 <0.02 <0.10 026 <0.06 <0.04
Nuphar lutea Newbridge 1 <120 <0.03 <0.13 008 <0.12 <0.11
Nuphar lutea Outfall (GrandUnionCand) 1 <120 <0.04 <021 <0.07 <0.14 <0.16
Nuphar lutea Staines 1 <120 006 033 014 <0.08 <0.04
Mua Outfal (GrandUnionCanal) 1 20 30 13 15 <0.38
Material Location or selection® ’s\la?ﬁgri ng Mean radioactivity concentration (wet)?, Bqkg*
g on & °H %3 [&5 25 B BICs ;%tﬁ‘a ggg gg}ﬁma
Terrestrial samples
Milk Near farms 3 <28 <040 <050 <0.031 <0.026 <0.38
Milk Near farmsmax <3.0 <045 <0.60 <0.037 <0.042 <0.40
Bestroot 1 <3.0 <050 <070 <0.21 <0.50
Cabbage 1 <3.0 11 <0.60 <0.12 <0.40
Carrots 1 <3.0 <030 <030 <021 <0.50
Elderberries 1 <3.0 0.80 <050 013 <0.50
Goatsmilk 1 <2.0 <050 <0.70 031 <0.40
Runner beans 1 <3.0 0.40 <0.30 <0.18 <0.40
Strawberries 1 <3.0 12 <040 <0.091 <0.30
Whest 1 <4.0 040 <030 <0.16 <0.50
Dry cloths 71 007 086 039

@ except for milk where unitsare BqT?, for dry clothswhere unitsare Bq per cloth and for sediment where dry concentrations apply
b Seesection 3for definition
¢ Dataarearithmetic meansunless stated as‘ max’ inthiscolumn. ‘Max’ data are selected to be maxima.
If no‘max’ valueisgiven, the mean isal so the maximum. See section 3 for definition
4 The concentration of beta activity was 410 Bq kg*
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8. Nycomed Amersham plc

Table 8.2(a). Radioactivity in food and the environment near Cardiff, 1998¢

Material Location® ’N%Ogﬁri ng Mean radioactivity concentration (wet)?, Bqkg*

foR™ s 4 s wes Ry B8R
Aquatic samples
Founder East of new pipeline 6 31000 640 <0.07 033 <014
Sole East of new pipeline 1 25000 720 <0.05 029 <0.15
Cockles SwanseaBay 1 <120 24 <0.20 <0.16 <0.33
Cockles Burry Inlet 1 <120 19 <0.16 <0.14 <0.36
Cockles Ferryside 1 <120 27 <0.07 0.07 <0.19
Mussels Orchard Ledges 2 41000 580 <011 038 <024
Mussels SwanseaBay 1 <120 25 <0.16 <0.14 <0.22
Mussels Burry Inlet 1 <120 19 <0.12 <011 <0.29
Mussels Tenby 1 <120 22 <0.17 <0.14 <0.23
Mussdls StIshmael 1 <120 21 <0.03 <0.03 <0.10
Fucusvesiculosus Orchard Ledges 2 25 <005 033 <011
Fucusvesiculosus East of new pipeline 1 005 036 <012 160
Fucusspiralis East of new pipeline 1 13 <004 013 <010 &
Mud East of new pipeline 2 33 <0.63 25 <15
Mud West of new pipeline 1 12 <0.56 16 <11
Mud and sand West of new pipeline 1 <031 14 21
Seawater Orchard Ledges East 2 28
Materia LocationP or selection® g%)fﬁ:j g M ean radioactivity concentration (wet), Bgkg?

3H

8ons & (organic) °H “C ®p %5 4%Ca Co BiCs ¥7Cs
Terrestrial samples
Milk Near farms 4 <24 <46 23 <045 <044 <0.38 <0.31 <0.035 <0.30 <0.38
Milk Near farms max 41 85 28 <0.48 <0.33 <0.037 <0.35 <0.40
Milk Far farms 2 <3.9 <6.5 19 <049 <049 <0.33 <0.035 <0.33 <041
Milk Farfarms  max <4.7 <8.3 <0.55 <0.60 <0.036 <0.35 <0.43
Apples 2 <45 12 12 11 030 <0.35 <0.082 <0.40 <0.40
Apples max 6.0 17 14 12 040 <040 <0.088
Barley 1 180 8 12 5.4 <0.30 <0.13 <0.40 <0.40
Bovinemuscle 1 56 100 53 24 <030 <0.20 <0.073 <0.40 <0.50
Bovineoffal 1 73 120 66 55 6.6 <0.50 <0.070 <0.20 <0.40
Cabbage 1 <3.0 <30 5.0 040 11 <020 011 <0.30 <0.40
Honey 1 R 73 <050 1.0 <040 <0.12 <0.30 <0.30
Ovinemuscle 2 130 190 95 32 <030 <0.30 <0.053 <0.35 <0.50
Ovine muscle max 150 200 97 33 <0.40 <0.058 <0.50
Ovineoffa 2 65 120 69 50 25 <035 <0.071 <0.30 <0.40
Ovine offal max 9 160 79 6.0 2.8 <0.40 <0.074 <0.40
Potatoes 1 <3.0 30 19 070 <040 <030 <0.19 <0.30 <0.50
Rape 1 50 110 17 2.7 <0.30 <0.12 <0.50 <0.50
Grass 4 <30 4 27 41 34 <030 <012 <0.30 <0.40
Grass max 9 120 41 4.6 <0.13
Slage 2 82 120 47
Silage max 150 230 62

* not detected by the method used
@ except for milk and sea water where unitsare Bq | 2, for dry cloths where units are Bq per cloth and for sediment where dry concentrations

apply

b

landing point or sampling area.

¢ Dataarearithmetic means unless stated as‘max’ in thiscolumn. ‘Max’ data are sel ected to be maxima.
If no‘max’ valueisgiven, the mean isalso the maximum. See section 3 for definition.
4 96 dry clothswere analysed. The concentration of alpha, beta and gamma activity was 0.10, 0.67 and 0.39 Bq kg™ respectively

Table 8.2(b). Monitoring of radiation
dose rates near Cardiff,
1998
Location Ground No.of pGyht
samplin
type 3 p &g
tions?

Gammadoseratesat 1 mover intertidal areas

East of pipeline Mud 2 0.077
West of pipeline Mud 2 0.066
New Gout Mud 1 0.071
Betadoser ates uSv bt
East of pipeline Mud 1 0.16
West of pipeline Mud 1 0.14

a8 Seesection 3for definition
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9. Minor sites

9. MINORSITES

Three minor sites with very low levels of discharge are monitored using a small programme of sampling
indicator materials. The results, given in the following sub-sections, show that there was no detected
impact on the environment in 1998 due to operation of these sites.

9.1 Imperial College Reactor Centre, Ascot, Berkshire

Two grass samples were analysed by gamma spectrometry. All results in 1998 were less than the limits of
detection.

9.2 Imperial Chemical Industries plc, Billingham, Cleveland

The reactor at this site ceased operation on 28 June 1996. However low level releases have continued as
aresult of other operations.

Two grass samples were analysed by gamma-ray spectrometry. All results in 1998 were less than the
limits of detection.

9.3 Rolls Royce plc, Derby, Derbyshire

Results of monitoring at Derby are presented in Table 9. The operator became Rolls Royce Marine
Power Operations Ltd. with effect from 15 January 1999. Uranium activity detected in grass and soil
samples was similar to levelsin 1997. Isotopic analysis of the soil samples confirmed that the activity
was not enriched in uranium-235. The activities detected are therefore due to natural sources.

9.4 Scottish Universities’ Research Reactor Centre, South Lanarkshire

The reactor at this site has now ceased operation. The reactor has been defuelled and the fuel removed
for storage. Decommissioning plans are well advanced. Disposals of small amounts of radioactive
wastes to sewer still take place. The only monitoring carried out is that performed by the operator.
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9. Minor sites

able 9.1.

Radioactivity in the environment near Derby, 1998

Materia No. of M ean radioactivity concentration, Bq kgt
samples
Totd U 2y 25y 28y

Grass® 4 012 0.053 0.0040 0.047

Grass® max 021
SailP 4 63 31 0.93 26
Soil® max 110
a freshweight
b dryweight
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10. Industrial and landfill sites

10. INDUSTRIAL AND LANDFILL SITES

10.1 Albright and Wilson Ltd, Whitehaven, Cumbria

In view of the radiological importance of natura radionuclides to fish and shellfish consumers (Pentreath
et al., 1989; Rallo et al., 1992; Camplin et al., 1996), a smal programme of monitoring for these
radionuclides in the UK marine environment has continued. Previous surveys (Rollo et al., 1992) have
established that an important man-made source was the Albright and Wilson chemicd plant at
Whitehaven in Cumbria which has manufactured phosphoric acid from imported phosphate ore.
Phosphogypsum, a waste product of this process, has been discharged as a liquid durry by pipeline to
Sdtom Bay. The radioactive waste disposals are authorised by the Environment Agency and contain low
levels of natura radioactivity consisting mainly of thorium, uranium and their daughter products.
Discharge rates during 1998 continued at the low rates attained since the introduction of changesin
waste treatment techniques and the cessation of use of phosphate ore in 1992.

The results of monitoring for natural radioactivity near the Site in 1998 are shown in Table 10.1.

Andytica effort has focused on lead-210 and polonium-210 which concentrate in marine species and are
the important radionuclides in terms of potential dose to the public. Concentrations of polonium-210
and other natural radionuclides are dightly enhanced near Whitehaven but quickly reduce to background
levels further away. Figure 10.1 shows how concentrations of polonium-210 in winkles have decreased
substantially since 1989. It aso demonstrates the seasona variations in concentrations which have been
previoudy observed (Rollo et al., 1992). Concentrations of lead-210 and polonium-210 were generally
similar to those in 1997, however an increase in the polonium-210 content of mussels was observed.
Concentrations of other natural radionuclides are difficult to distinguish from naturd levels.

1988 1989 1990 1991 1992 1993 1994 1995 1996 1998 1999

Figure 10.1 Polonium-210 in Parton winkles

The critical radiation exposure pathway is internal irradiation, due to the ingestion of natural
radioactivity in local fish and shellfish. In this assessment, the contribution due to background levels of
natura radionuclides has been subtracted. The most exposed group consists of people who consume
seafood collected from Saltom Bay and Parton. This group is distinct from the group associated with
commercial fisheries at Whitehaven discussed in section 4. Consumption rates were reviewed in 1998
but no changes to fish and shellfish data were made. The dose to the most exposed group in 1998 was
0.31 mSv on the basis of the current generic ICRP advice for a gut transfer factor of 0.5 for polonium.
This value is to be applied in the absence of specific information.

As discussed in Section 3.6.4, a specific research study involving the consumption of crab meat
containing natural levels of polonium-210 provides evidence for a gut transfer factor of 0.8 for
polonium. Estimates of exposures due to polonium intakes due to consumption of seafood have
therefore also been caculated using the conservative assumption that the value of 0.8 applies to the total
intake of polonium. These data indicate that the most exposed group dose has increased from 0.40 mSv
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in 1997 (MAFF and SEPA, 1998) to 0.49 mSv in 1998, the increase being due to higher levels of
polonium-210 in mussels. It is worth noting that this level is an upper estimate for two reasons. Firstly
it is based on the application of arelatively high gut transfer factor of 0.8 to all species, whereas the
experimental evidence is limited to crabs. Secondly, there is limited information on the normal
background levels of polonium-210 in seafood. In view of the uncertainty we have chosen low values in
order to ensure that the assessment of local enhancements of these nuclides is not underestimated.

The fish and shellfish consumed by the most exposed group also contains artificia radionuclides
due to Sellafield disposals. The additional exposure due to artificial radionuclides has been
calculated using data from Section 4. 1n 1998 these exposures added a further 0.074 mSv to the
doses above resulting in a total dose to this group of up to 0.56 mSv. The estimated doses in 1998
are therefore well within the dose limit for members of the public of 1 mSv.

10.2 Scotoil, Aberdeen

Another possible source of enhancement of natural radionuclides in the marine environment can be
found at Aberdeen. Prior to the setting up of the decontamination facility for equipment from the oil and
gas industry that is contaminated with enhanced levels of radionuclides of natural origin, a
phosphogypsum process was operated on the site with discharges to sea. Scotoil as the operator of the
facility has an authorisation granted by SEPA to discharge small amounts of radioactive waste to sea near
the Harbour. The authorisation includes conditions requiring environmental monitoring. Contractors
carry this out on behalf of Scotoil. The primary discharge is of radium-226 and radium-228 (a few GBq/
y) though approximately 0.1 GBq quantities of lead-210 and polonium-210 are aso discharged each
yedr.

In 1998 SEPA initiated independent sampling of mussels and marine sediments from Aberdeen Bay and
had them analysed. The results are given in Table 4.1. SEPA intends to continue taking independent
samples on an annual basis. Of main radiological interest is the relatively high value for polonium-210 in
mussels (180 Bq kg?t). Other concentrations in mussels are low. There is no known harvesting of
mussels for consumption from the Harbour, but if 1 kg were consumed, the radiation exposure, excluding
background, would lie between 0.18 and 0.28 mSv depending on the gut uptake factor chosen. This
assumes that the background concentration for polonium-210 in mussalsis 33 Bq kg™

As stated in Section 10.1, there is considerable uncertainty in the natura variation in background levels
of polonium-210 and other nuclides in mussels and other seafood. There is evidence that riverine inputs,
of the sort present at Aberdeen, may give rise to ‘background’ levels of polonium-210 well in excess of
33 Bgkg! (Reed, G, 1991). In addition, when comparing the level of discharge from Scotoil with the
higher historic discharges that have been made from Whitehaven, no significant change to concentrations
of polonium-210 in mussels would be expected at Aberdeen. Taken together, these indications suggest
that it is unlikely that, should consumption of local mussels occur, the dose from normal levels of natura
radiation would be enhanced due to Scotoil operations.

10.3 Other industrial sites

Levels of naturd radionuclides in gaseous discharges from some large-scale industria activities also have
the potential to raise the radionuclide concentrations in foodstuffs. Examples of such activities are
combustion of foss| fuels and metal or phosphate ore processing. Since 1991, a smal rolling programme
to examine the effects of these activities has been carried out. In 1998 four sites were chosen for study:

. Port Talbot, West Glamorgan (steel works)

. Scunthorpe, Humberside (steel works)

. Pontypool, Gwent (industrid waste incinerator)
. Sidcup, Kent (hospital waste incinerator)
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The results of the sampling of grass, soil and animalsin 1998 are given in Table 10.2. The analyses
performed included ones for man-made radionuclides to rule out the possibility that these nuclides were
enhanced by an unforeseen mechanism.

There is considerable variability in the concentrations of natural radionuclides in the terrestria
environment. It istherefore difficult to draw firm conclusions about the effects of man-made sources of
natural radionuclides. With this proviso, we conclude that in 1998 the concentrations of natura
radionuclides in grass and soil were within the ranges expected for natural sources. However, the
existence of unsupported polonium-210 has been observed before when monitoring industrial sites
(MAFF, 1995) and may be attributed to gaseous disposals of this radionuclide. Monitoring of such sites
will therefore continue in 1999.

The concentrations of man-made radionuclides in al samples were al low and of negligible radiological
significance. Tritium concentrations in grass at Pontypool and Sidcup may have been affected by site
discharges. However, there was suspected contamination of the samples during analysis, and the results
should therefore be treated with caution. Estimated doses from consumption of rabbit sampled near the
steswere dl less than 0.005 mSv.

10.4 Landfill sites

Some organisations are authorised by SEPA in Scotland or the Environment Agency in England and
Wales to dispose of solid wastes containing very low levels of radioactivity to landfill waste disposal
stes. In addition items with a small radioactive content can be disposed of in general refusein
accordance with RSA 93. Specific exemption orders apply in certain cases. There is potentia for the
radioactivity in wastes disposed of in this way to migrate in groundwater and in leachates to surrounding
farmland. Monitoring of leachates in England and Wales is carried out by the Environment Agency
(Environment Agency, 1999). In Scotland, this function is undertaken by SEPA whose results are
presented in Table 10.3. These show very low levels of carbon-14 and caesium-137 but, in common with
data for sites in England and Wales, there is evidence for migration of tritium from the disposa Sites.
Inadvertent ingestion of such leachate (2.5 y1), even at the highest concentration of tritium observed,
would only result in a dose of 0.0001 mSv.

Once covered over, landfill sites may aso be converted back to agricultural use. In recognition of this,
the programme in England and Wales includes monitoring of indicator materias (grass) collected near
such sites. In 1998 the sites chosen were:

Northwich, Cheshire
Stallingborough, Lincolnshire
. Strumpshaw, Norfolk

. Ware, Hertfordshire

Grass samples were collected at each site. Mean concentrations of tritium were of the order of 100 Bq
kg! in 1998, being an order of magnitude lower than those which can be detected in grass in the vicinity
of some nuclear sites. They are of negligible radiologica significance. Nevertheless they do provide
some evidence for migration of tritium at landfill Sites. The results for other nuclides were typical of
those expected due to natural background, weapon tests or Chernobyl fallout with the exception of the
carbon-14 result for Stalingborough (98 Bq kgt) which is higher than expected. The results are
summarised in Table 10.4.

The landfill programme in England and Wales will not be continued in 1999 as it has been demonstrated
that thisis a pathway of low radiologica significance. There will be a corresponding increase in the
indugtrial site sampling element of the programme.
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able 10.1. Natural radioactivity in fish, shellfish and sediment, 1998

Materia Location® No.of M ean radioactivity concentration (wet)’, Bqkg*
sampling
observ-
aIiOnS ZIOPO 210Pb 226Ra 228Ra 228Th 230Th 232'rh 234U 235U 238U

Albright and Wilson Ltd, Whitehaven

Winkles SatomBay 4 24 16

Winkles Parton 4 28 46  0.082 10 20 076 20 0079 19
Winkles North Harrington 1 2

Winkles Fleswick Bay 4 18

Winkles Nethertown 4 19 4.0

Winkles Drigg 4 08 11 0.66

Winkles TarnBay 1 16

Mussels Parton 2 69 5.7

Mussels Nethertown 4 52 4.7

Cockles SouthernNorthSea 2 044 023 0.33

Cockles RibbleEstuary 1 0.069 044 063 0.24

Crabs Parton 4 26 0.017 0.087 0.031 0013 0049 00016 0.044
Crabs StBees 4 19 0.075

Crabs Sdllafield coastal area 4 13 0.083

Lobsters Parton 4 8.8 0.017 0.032 0.010 0.0055 0.022 0.0011 0.020
Lobsters St Bees 4 17 <0.011

Shrimps RibbleEstuary 2 0.033 0.0078 0.010  0.0041

Cod Parton 2 089 0.014 0.025 0.0019 0.000800.0041 <0.00010 0.0035
Flounder Whitehaven 1 21

Scotoil, Aber deen

Mussels AberdeenHarbour 1 180 <20 <050

Shorelinesediment AberdeenHarbour 3 6.8 23 10

Sub-tidal sediment AberdeenHarbour 4 8.6 <25 13

2 landing point or sampling area
b except for sediment where dry concentrations apply
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able 10.2 Radioactivity in food and the environment near industrial sites, 1998

Site Material No.of Mean radioactivity concentration (wet)?, Bqkg*
samples

134CS 137CS 210Po 21.0P0 226Ra 232Th 238Pu 239+240RJ

Pontypool, Gwent Grass 4 <0.23 <0.26 2.3 0.87 0.20 0.033 <0.00037 0.0025
Soil 4 <0.67 18 36 33 20 17 <0.033 037
Rabbit 2 <0.13 <0.13 <0.023 0.036 0.020 <0.0021 0.00028 0.0054
Port Talbot, West Glamorgan ~ Grass 4 <020 <0.22 4.4 2.2 0.14 0.056 <0.00012 0.0012
Soil 4 <056 23 48 42 23 15 0.038 0.50
Rabbit 1 <0.14 022 0.050 0.036 0.015 <0.0024 0.00015 0.0011
Scunthorpe, Humberside Grass 2 <0.26 0.27 3.1 17 041 0.10 <0.00017 0.0011
Soil 2 <056 8.0 25 24 24 16 <0.035 0.14
Sidcup, Kent Grass® 4 <019 <021 5.0 2.3 0.092 014 <0.00056 0.0017
Soil 4 <046 12 26 24 18 n <0.019 0.27
Rabbit 1 <0.15 <0.17 0.0080 0.024 0.015 0.0015 0.00050 0.0051

@ except for soil sampleswhere dry concentrationsapply

b Concentrations of 33, 38, <65, <0.020 and <0.93 Bq kg™ (wet) of tritium, carbon-14, iodine-123, iodine-125 and iodine-131 were also
detected in this sample. Dueto suspected contamination, tritiumresults should be interpreted with caution.

¢ Concentrations of 63, 25, <37, <0.016 and <0.67 Bq kg™ (wet) of tritium, carbon-14, iodine-123, iodine-125 and iodine-131 were also
detected in this sample. Dueto suspected contamination, tritiumresults should be inter preted with caution.
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Table 10.3. Radioactivity in surface water leachate from landfill sites in Scotland, 1998

Area Locetion No.of M ean radioactivity concentration, Bq | *

sampling

observar

tions H “c oK 137Cs
AberdeenCity NessTip 1 160 <15 25 <0.050
City of Edinburgh Braehead 1 <25 <15 11 <0.050
City of Glasgow Summerston Tip 1 250 <15 6.7 0.058
Clackmannanshire Black Devon 1 <25 <15 4.9 <0.050
Dundee City Riversde 1 <25 <15 5.0 <0.050
East Dunbartonshire Birdston Tip 1 3B <15 0.38 <0.050
Fife Balbarton 1 &4 <15 4.1 <0.050
Fife MelvilleWood 1 48 <15 53 <0.050
Highland LongmanTip 1 36 <15 16 <0.050
North Lanarkshire Damacoulter 1 200 <15 75 0.055
North Lanarkshire Kilgarth 1 <25 <15 <0.40 <0.050
Stirling Lower Polmaise 1 <25 <15 14 024
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able 10.4. Radioactivity in plants near landfill sites, 1998

Samplinglocation Materid  No.of M ean radioactivity concentration (wet)?, Bqkg*
samples
3H b 1AC 908, 125| 134CS 137CS 238pu 239+240RJ
Northwich, Cheshire Grass 4 110 23 041 <0.018 <019 <0.19 <0.000060 0.00044
Stallingborough, Lincolnshire Grass 4 62 9% 027 <0.018 <042 <041 <0.00020 0.00054
Strumpshaw, Norfolk Grass 4 a7 24 0.65 <0.0073 <0.18 <020 <0.000083 0.0013
Ware, Hertfordshire Grass 4 110 23 0.39 <0.0090 <0.22 <021  <0.000099 <0.0022

2 Resultsareavailablefor other artificial nuclides detectable by gamma spectrometry
All suchresultsarelessthan thelimit of detection
b Dueto suspected contamination, these results should beinter preted with caution

123
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11. CHERNOBYL AND REGIONAL MONITORING

11.1 Chernobyl

The programme of monitoring in relation to the effects of fallout from this accident has continued in 1998
with surveillance of sheep and indigenous freshwater fish. Caesium is detected in sheep grazing certain
upland areas in the UK which were subjected to heavy rainfall after the Chernobyl accident in 1986.
Restrictions are in place on the movement, sale and daughter of sheep from these areas in order to
prevent animals from entering the food chain above the action level of 1000 Bq kg* of caesium; a level
that was recommended by an EC expert committee in 1986.

In the summer of 1998 intensive monitoring surveys of parts of the post-Chernoby! restricted areas of
Cumbria and Scotland were carried out. The results of the surveys enabled restrictions to be lifted on 2
holdings and part of one other. This leaves 389 holdings or parts of holdings within the restricted areas
of England, Scotland and Wales. These areas are identified in Figures 11.1 to 11.3. This represents a
reduction of 96% since 1986 when approximately 8900 holdings were under restriction.

In addition, the radiocaesium monitoring of sheep carcasses at daughter-houses has continued in England
and north Wales to ensure that continuing restrictions are adequate. The mean result of samples analysed
in 1998 was 37 Bg kg* and the highest result was 420 Bq kg*. Further information and results have been
published by MAFF (MAFF, 1999) and The Scottish Office (Scottish Office, 1999).

In Northern Irdand the remaining thirteen farms in Glenwherry, County Antrim, were removed from
redrictionsin February 1998. Forty-five farms in the Glenshane and Beraugh areas of County Londonderry
remain under regriction following a monitoring survey in the summer of 1998 (Figure 11.4).

Sampling locations for freshwater fish were mostly in areas of relatively high deposition of fallout
from Chernobyl, namely Cumbria and Scotland. Samples from areas of low deposition in England
were also obtained for completeness and comparison. Table 11.1 presents concentrations of caesium-
134 and -137 in fish and water. Artificial radionuclides, other than those of radiocaesium were, in
1998, no longer detectable from the Chernobyl accident. Concentrations of radiocaesium in
freshwater fish varied between locations, reflecting the areas of deposition of radioactivity from
Chernobyl and the small sampling programme. Perch had the highest concentrations of any of the
freshwater species but, as they are not eaten in large quantities, the radiological significance of these
concentrations is low. Concentrations in all species were less than 1000 Bqg kg?, the level attained
shortly after the accident. Where there are data for the same species and locations to compare with
results for 1997 there are likely to be large statistical fluctuations because of the small sampling
programme, but concentrations of radiocaesium were generaly similar in 1998 to those in 1997.

Radiation exposures have been estimated using a procedure based on cautious assumptions, as
previously (MAFF and SEPA, 1998). A consumption rate of brown trout of 37 kg year?, sustained
for one year, was taken to be an upper estimate for adults subject to the highest exposures. Actual
exposures are likely to be much lower, not only because this consumption rate is cautious (Leonard
et al., 1990) but also because, in practice, hatchery-reared or farmed fish of much lower
radiocaesium concentration may contribute to the diet. In 1998, estimated doses were less than
0.009 mSv.

The ICRP (ICRP, 1993) provides guidance in the context of emergencies, which includes suggested
levels of averted dose above which particular countermeasures would amost certainly be justified. It
recommends that intervention should be taken by restricting a single foodstuff if the averted effective
doseisin excess of 10 mSv in ayear. Given that the dose estimates here are cautious, it is clear that the
residual contamination of freshwater fish from falout from Chernobyl is only of minor radiologica
importance.
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11.2 Isle of Man

MAFF carries out an on-going programme of radioactivity monitoring on behalf of the Department of
Local Government and the Environment on the Ide of Man for a wide range of terrestrial foodstuffs.
Results are reported in 1sle of Man Government press releases in addition to this report. Results of
monitoring of aguatic foodstuffs are presented in Section 4 and Tables 4.1-4.3.

Radioactivity monitoring of terrestrial foods on the Idand serves two purposes: firstly to monitor the
continuing effects of radiocaesium deposition resulting from the Chernobyl accident in 1986 and
secondly to respond to public concern over the effects of the nuclear industry. The potentia sources of
exposure from the UK nuclear industry are: (i) liquid disposals into the Irish sea and sea-to-land transfer;
and (ii) gaseous disposals of tritium, carbon-14 and sulphur-35 and atmaospheric transport.

The results of monitoring for 1998 are presented in Table 11.2. Most radionuclides were present
below the limits of detection of the methods used. Carbon-14 was detected in local milk and crops
at activity concentrations similar to the natural background values observed in the regional network
of sampling locations remote from nuclear sites. Levels of strontium-90, caesium, plutonium
isotopes and americium-241 detected in local milk and crops were all similar to the values observed
in the regional networks of UK dairies and crop sampling locations remote from nuclear sites, at
those locations known to have received similar levels of Chernobyl and weapon test fallout. Low
levels of tritium and sulphur-35 were detected, but taken as a whole, the results demonstrate that
there was no significant impact on Manx agriculture from operation of mainland nuclear
installations in 1998.

These data are similar to results obtained in previous years. The dose to the most exposed group from
consumption of Manx foodstuffs monitored in 1998 was 0.020 mSv or 2% of the dose limit of 1 mSv.

11.3 Channel Islands

Marine environmental samples provided by the Channel Idand States have continued to be analysed. The
programme monitors the effects of radioactive disposals from the French reprocessing plant at Cap de la
Hague and the power station at Flamville; it also serves to monitor any effects of historical disposals of
solid waste in the Hurd deep. Fish and shdlfish are monitored in relation to the interna irradiation
pathway; sediment is analysed with relevance to external exposures. Seawater and seaweeds are
sampled as indicator materials and, in the latter case, because of their use as fertilisers.

The results for 1998 are given in Table 11.3. Concentrations of activity in fish and shellfish were low and
smilar to those in previous years. Apportionment to different sources, including weapon test falout, is
difficult in view of the low levels detected. However, no evidence for release of activity from the Hurd
Deep sitewasfound.

An assessment based on the results of arecent habits survey gives a dose of 0.007 mSv in 1998 or 0.7%
of the dose limit to the most exposed group of high-rate fish and shellfish consumers including a
contribution from externa exposure. The concentrations of artificia radionuclides in the marine
environment of the Channel Idands therefore continued to be of negligible radiological significance.

11.4 General diet

As part of the Government’s genera responsibility for food safety, radioactivity in whole diet is
determined on aregiona basis. Measurements are made on samples of mixed diet from regions
throughout the United Kingdom. In England and Wales the samples are derived from MAFF s Totd Diet
Study (TDS). The TDS uses mixed diets that are representative samples of al types of food, for which
the consumption rates are well defined by national statistics. Each diet is prepared as for consumption,
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and combined in amounts that reflect their relative importance in the average UK diet. These samples are
analysed for arange of food components including radioactivity. The results for the measurements of
radioactivity are presented here. The system of sampling mixed diet rather than individua foodstuffs
from specific locations, provides more accurate assessments of radionuclide intakes because people rarely
obtain al their food from alocal source (Mondon and Walters, 1990). Radionuclides of both natural and
man-made origins were measured in samplesin 1998. The results are provided in Tables 11.4 and 11.5.

All of the results for man-made radionuclides were low and of little radiologica significance.
Concentrations of sulphur-35 were less than the limits of detection. Strontium-90, caesium-137 and
actinide concentrations were below or close to the limit of detection and were similar to levels in previous
years. Tritium concentrations, athough of little radiologica significance, were higher than those for
1997. However, due to suspected contamination during anayss, the results should be interpreted with
caution. (NRPB, 1999)

Exposures as aresult of consuming diet at average rates at the concentrations given in Tebles 11.4 and 11.5
have been assessed for adults, infants and 15 and 10-year-old children. In dl cases the exposures of infants
were higher than other age groups. The dataare summarised in Table 11.6. The most important man-made
radionuclide was strontium-90, derived from wegpon test falout. The nationwide mean dose for dl man-made
radionuclides was low at 0.005 mSv. Similar doses were esimated for 1997 (MAFF and SEPA, 1998).

The mean concentration of carbon-14 in diet in 1998 was 42 Bq kg* with arange from 33 to 48 Bq kg™.
In previous years, the mean values have been 33, 38, 43, 54 and 39 Bq kg for 1993, 1994, 1995, 1996
and 1997 respectively. The genera expectation isfor a smal reduction from year to year due to the Suess
effect (the diluting of carbon-14 by carbon-12 released by the burning of fossil fuels) and dispersion of
weapon test fallout (Collins and Otlet., 1995). However, given the variability of results from region to
region, it is not surprising that this trend is not evident.

The mean concentration of lead-210 increased from 0.047 Bq kg! in 1997 to 0.29 Bq kg? in 1998. This
is due to high results in several regionsin 1998. Such results have been occasiondly observed
previoudy. Concentrations of polonium-210, radium-226 and uranium were smilar to those in 1997.

The mean dose due to consumption of natura radionuclides was 0.31 mSv. The most important
radionuclide was lead-210. Significant contributions would aso have been made by other members of
the uranium-238 and thorium-232 decay series which were not determined in this year’s andytical
schedule. Further data for these nuclidesis provided by MAFF (1995). Nevertheless it remains true that
the results demonstrate that natural radionuclides are by far the most important source of exposure in the
average diet of consumers.

11.5 Milk

The programme of milk sampling in the United Kingdom continued in 1998. Samples were collected
monthly and analysed for natural and man-made radionuclides. The programme, together with that for
crops presented in the following sub-section, provides useful information with which to compare data
from farms close to nuclear sites and other establishments which may enhance concentrations above
background levels. The data from this programme is supplied to the European Commission as part of the
requirements under the EURATOM treaty (e.g. JRC, 1996).

Where measurements are comparable, detected activity concentrations of al radionuclides in 1998 were
similar to those for previous years. These results are summarised in Table 11.7. Sulphur-35, iodine-129,
uranium and plutonium results were either very close to or below their respective limits of detection.
Results for tritium were generaly close to or below the limit of detection and similar to the value
detected inrain of 4.8 Bq I (Playford et al., 1995). Raised values of 7 and 17 Bq I'* were found at
Gwynedd and Tyneside respectively. Mean and maximum values for carbon-14 from all dairies were
similar and at expected background levels.
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The concentration of strontium-90 was approximately 0.04 Bq I, which is in good agreement with results
from other surveillance studies (Welham et al., 1996.).

The leves of radiocaesium in dairy milk were highest from regions that received the greatest amounts of
Chernobyl fallout. The results were in reasonable agreement with those from the NRPB surveillance
programme which showed mean levels in England and Wales of 0.03 and 0.02 Bq I'* respectively,
Scotland 0.07 Bq I'* and those in Northern Ireland to be 0.09 Bq I'* (Welham et al., 1996).

The assessed doses from consumption of dairy milk at average rates were highest to the one-year-old
infant age group. For the full range of radionuclides analysed, the doses ranged from 0.023 to 0.054 mSv
and were dominated by the presence of the natural radionuclides lead-210 and polonium-210. Man-made
radionuclides contributed less than 5% to these exposures.

11.6 Crops, bread and meat

The programme of monitoring natural and man-made radionuclides in crops continued in 1998 (Table
11.8). Tritium activity was close to or below the limit of detection in dl samples. The activities of
carbon-14 detected in crop samples were those expected from consideration of background sources. The
concentrations of other radionuclides in crops were similar to those observed in 1997.

Sampling of bread and meat continued in Scotland in 1998. The results, presented in Tables 11.9 and
11.10, show the presence of low-levels of man-made and natural radionuclides consistent with natural and
weapon test and Chernobyl falout sources. Similar levels to those in 1997 were observed (MAFF and
SEPA, 1998).

11.7 Fresh water and air particulates

Sampling and analysis of fresh water throughout Scotland continued in 1998. Anayses were made for
tritium, strontium-90, caesium-137 and total alpha and beta activity. The results, in Table 11.11, are
similar to those found in England and Waes (DETR, 1998). The observed concentrations were typically
at the low levels of recent years (MAFF and SEPA, 1998). An assessment of the dose to high-rate
consumers on the basis of the highest concentrations observed gives an estimated dose of less than
0.001 mSv in 1998.

Air particulates continued to be sampled at Glasgow. The results for beta activity were <2.0 mBg nt3 and
are largely determined by fallout from wespon test and natural radioactivity in the air.

11.8 Seawater surveys

Seawater surveys support internationa studies concerned with the quaity status of coastal seas (e.g. OSPAR,
1993h) and provide information which can be usad to diginguish different sources of man-made radioactivity
(eg. Kershaw and Baxter, 1995). In addition, the distribution of radioactivity in seawater around the British
Idesis alarge factor in determining the variation in individua exposures a coadtd Sites, asthisisamgor
contribution to the food chain. Therefore a programme of survelllance into the digtribution of key
radionuclides is maintained using research vessels and other means of sampling. Detailed historical data on
radiocaesum in seaweter have been published in a series of reports to aid mode development (Camplin and
Stede, 1991; Baxter et al., 1992; Baxter and Camplin 1993(a-C)) and have been used to derive disperson
factorsfor nuclear sites (Baxter and Camplin, 1994). Data have aso been used to examine the long distance
transport of activity tothe Arctic (Leonard et al., 1998). The research vessd programme on radionuclide
digtribution currently comprises cruisesin the Irish Sea, Scottish waters and the North Sea every two or three
years. Thereaults of the 1998 cruises are presented in Figures 11.5 - 11.7. Datafrom shoreline sampling in
the Irish Sea and Scottish watersin 1998 are given in Table 11.12.
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Concentrations of caesum-137 typicd of (i) the north-eastern Irish Seaand (i) northern Scottish waters and
the North Sea are of the order of 50-500 mBq kg and 2-20 mBq kg* respectively. The 1998 datafor the
North Sea show smilar leves to those observed from sampling in recent years, the generd digtribution being
one of faling concentrations as the distance from Sdlafield increases. This digtribution is governed by recent
disposals from the Sdllafied site and the effects of activity previoudy discharged which had become
associated with seabed sediments but is now being remobilised into the water column.  The concentrations
now observed are only a smal percentage of those prevailing in the late 1970s, typicaly up to 30,000 mBq kg*
(Baxter et al., 1992), when digposals were subgtantidly higher.

The concentrations of tritium observed in the North Sea (Figure 11.6) were at fallout levels and less than
those observed in the Irish Sea which are under the influence of discharges from Sdllafield (MAFF and
SEPA, 1998). In the Bristol Channel, the extent of the combined effects of discharges from Cardiff,
Berkeley, Oldbury and Hinkley Point is evident (Figure 11.7).

Technetium-99 concentrations in seawater have increased in recent years due to increases in disposals of
this nuclide from Sdllafield. The results of research cruises to study this radionuclide have been
published by Leonard et al. (1997aand b). Trends in plutonium and americium concentrations in
seawater of the Irish Sea have been considered by Leonard et al. (1999).

Measurements of beta and potassium-40 activity in water from the Clyde in 1997 gave results of <160
and <2300 mBq kg respectively. These levels are smilar to those for 1997.
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Figure 11.5 Concentrations (mBq kg?) of caesium- Figure 11.6 Concentrations (Bq kg) of tritium in
137 in filtered surface water from the surface water from the North Sea,
North Sea, August-September 1998 August-September 1998
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Figure 11.7 Concentrations (Bq kg?) of tritium in surface water from the Bristol
Channel, September 1998
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Table 11.1. Caesium radioactivity in the freshwater

environment, 1998

Location Materia No.of Mean radioactivity
sampling concentration
observa- (wet)?, Bgkg?*
tions

134Cs 137Cs

England

Branthwaite Rainbow trout 1 <0.07 033

Narborough® Rainbow trout 1 <0.14 042

EnnerdaleWater Water 1 * *

Devoke Water Perch 1 21 250

DevokeWater Browntrout 1 059 68

Devoke Water Water 1 * 0.012

Gilcrux Rainbow trout 1 <0.08 024

Scotland

LochDee Browntrout 1 18 190

Loch Dee Water 3 * 0.018

* not detected by the method used

& except for watér where unitsare Bg | *

b Concentrations of 47, 0.000052, 0.00032, 0.00049 Bq kg* (wet) of carbon-14,
plutonium-238, plutonium-239+ 240 and americium-241 were al so detected in

thissample
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Table 11.2. Radioactivity in terrestrial food from the Isle of Man, 1998

Materia No.of Mean radioactivity concentration (wet)?, Bqkg*
or selection® sampling

observe

tl ons*’ 3H 14C 35 S 600) 903 QSZr 95N b 99TC 106 Ru 125&
Milk 2 <28 14 <0.55 <044 0.077 <13 <16 <0.0040 <3.0 <0.78
Milk max <045 0.094 <14 <18
Apples 1 9.0 7.0 <0.40 <050 0.047 <0.70 <0.70 <31 <1.0
Cabbage 1 <3.0 4.0 25 <040 0.097 <0.70 <0.70 0.033 <2.6 <0.60
Potatoes 1 4.0 16 0.40 <020 014 <0.80 <0.50 <0.040 <3.0 <0.80
Materia No.of M ean radioactivity concentration (wet)?, Bq kgt
or selection® sampling

observa- Tota

ti onsb 129| Cs 144@ 147 Pm 238|q‘| 239+24°RJ 241RJ 241Am
Milk 2 <0011 0.15 <18 <0.20 <0.00030 0.00010 <0.036  0.00010
Milk max 0.20 <19
Apples 1 <0.030 <13
Cabbage 1 <0.036 0.069 <13 <0.50 0.00020  <0.00010 <0.083  0.00020
Potatoes 1 <0.043 0.061 <16 <0.20 <0.00050 <0.00050 <0.093  <0.00050

3 except for milk where unitsare Bq | 2

b Seesection 3 for definition o )

¢ Dataarearithmetic meansunless stated as‘ maxin thiscolumn. ‘Max' data are selected to be maxima
Ifno‘max’ valueisgiven, the mean isalso the maximum. Seesection 3 for definition
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able 11.3. Radioactivity in seafood and the environment near the Channel Islands, 1998
Materia Location® No.of Mean radioactivity concentration (wet)? Bq kg*
sampling
observ-
at| Ons: SH 14C 600) 908- 99TC 106 RU llOmA g 129| 137Cs
Rays Guernsey 1 <0.05 <0.52 <0.10 0.38
Mackerel Guernsey 2 <0.11 <12 <0.27 0.35
Pollack Jersey 1 <0.06 <063 <0.13 0.25
Edible crabs Guernsey 1 021 <0.63 <0.13 <0.06
Edible crabs Jersey 1 0.12 <049 <0.10 <0.05
Edible crabs Alderney 2 37 0.22 022 <13 <0.21 <0.11
Spiny spider crab  Alderney 1 11 <16 <0.27 <0.13
Lobsters Guernsey 1 <0.19 <18 <0.35 <0.19
Lobsters Jersey 1 <0.07 <054 <012 <0.07
Lobsters Alderney 1 <0.13 <12 <0.20 <0.11
Oysters Jersey 1 <0.06 <049 <011 <0.05
Limpets Guernsey 1 <0.06 <0.50 <0.11 <0.05
Limpets Jersay
LaRozel 1 <0.14 <0.84 <0.20 <0.09
Scallops Guernsey 2 <0.22 <12 <0.23 <0.13
Scallops Jersey 1 0.30 13 0.22 0.08
Ormers Guernsey 1 <0.12 <1.0 <0.20 <0.08
Porphyra Guernsey
Fermain Bay 4 <0.12 <13 <0.22 <0.10
Porphyra Jersey
Plemont Bay 4 <0.10 <11 <0.10 <0.05
Porphyra Alderney
Quenard Point 3 <0.08 14 <0.13 <0.06
Fucusvesiculosus  Alderney
Quenard Point 2 14
Fucusvesiculosus  Jersey
LaRozel 1 048 <068 <0.14 011
Fucusserratus Guernsey
Fermain Bay 4 <029 <0036 14 <0.68 <0.13 <0.12
Fucusserratus Jersey
LaRozel 3 0.59 <011 35 <0.63 <0.14 011
Fucusserratus Alderney
Quenard Point 4 0.50 <0.044 1.8 <0.58 <0.10 <0.06
Laminariadigitata Jersey
Verclut 4 <0.09 <0.83 <0.16 <0.14
Mud Guernsey
S Sampson’sHarbour 1 4.7 <1.7 <0.31 20
Mud Jersey
St Helier 1 21 <37 <0.67 5.8
Sand Alderney
Lt. CrabbeHarbour 1 047 <17 <0.32 16
Seawater Guernsey 4 0.002
Seawater Jersay 1 0.004
Seawater Alderney 4 <29 0.003
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Table 11.3. continued

Materia Location® No.of Mean radioactivity concentration (wet)? Bq kg
sampling
observ- 9Py + 243Cm+ Totel
atl Ong: 155Eu 238RJ 240RJ 241Am 2420n 2440n beta
Rays Guernsey 1 <0.16 0.0024 0.0076 0.0039 * * 110
Mackerel Guernsey 2 <0.26 0.00010 0.00055 0.00054 * 0.000012 120
Pollack Jersey 1 <0.11 <0.07 120
Edible crabs Guernsey 1 <0.12 0.0018 0.000030  0.00030 69
Edible crabs Jersey 1 <0.10 0.00023 0.00052 0.0028 * 0.00054 9
Edible crabs Alderney 2 <0.29 0.0013  0.0048 0.0093 0.000038  0.00062 64
Spiny spider crab  Alderney 1 <0.21 0.00099 0.0030 0.0044 0.00016 0.00084 79
Lobsters Guernsey 1 <0.36 <0.37 71
Lobsters Jersey 1 <0.14 0.00025 0.00047 0.0029 0.000040  0.00069 100
Lobsters Alderney 1 <0.27 0.00037 0.0014 0.0074 0.000041  0.0014 56
Oysters Jersey 1 <0.09 0.0020  0.0048 0.0052 * 0.00093 78
Limpets Guernsey 1 <0.10 <0.06 100
Limpets Jersey
LaRozel 1 <0.23 0.0037  0.0081 0.012 * 0.0018 80
Scallops Guernsey 2 <0.21 0.0018  0.0051 0.0048 * 0.00054 100
Scallops Jersey 1 <0.17 0.032  0.063 0.049 0.00014 0.0070 190
Ormers Guernsey 1 <0.22 <0.28 80
Porphyra Guernsey
Fermain Bay 4 <0.24 0.0022 0.0078 0.018 <0.00014  0.0025 120
Porphyra Jersey
Plemont Bay 4 <0.11 <0.12 200
Porphyra Alderney
Quenard Point 3 <0.16 <0.22 73
Fucusvesiculosus  Alderney
Quenard Point 2
Fucusvesiculosus  Jersey
LaRozel 1 <0.18 <0.23 230
Fucusserratus Guernsey
Fermain Bay 4 <0.15 0.0065 0.020 0.0087 0.00012 0.0015 170
Fucusserratus Jersey
LaRozel 3 <0.14 0.021  0.054 0.036 0.00021 0.0031 310
Fucusserratus Alderney
Quenard Point 4 <0.13 0.011 0.030 0.010 * 0.0015 160
Laminariadigitata Jersey
Verclut 4 <0.15 <0.13 380
Mud Guernsey
S Sampson’sHarbour 1 <0.50 0.26 0.75 1.0 * 0.15 500
Mud Jersey
St Helier 1 15 11 25 4.1 * 059 670
Sand Alderney
Lt. CrabbeHarbour 1 <0.67 <12 340
Seawater Guernsey 4
Seawater Jersey 1
Seawater Alderney 4

* not detected by the method used
2 Except for seawater where unitsare Bq | * and for sediment where dry concentrations apply
b Landing point or sampling area
¢ Seesection 3for definition
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Table 11.4. Radioactivity in regional diet in England and Wales, 1998

Region No. of. M ean radioactivity concentration (wet)?, Bgkg*

ﬁnsep,l\;gt?onsb 3Hc 14C 355 40K 903 137CS 210Fb 210p0
Wales 1 7.2 39 <0.53 78 054 0.05 <1.0 0.041
East Midlands 1 16 47 <0.13 83 0.15 0.04 0.60 0.040
SouthWest 1 24 48 <0.17 69 0.19 0.06 0.27 0.038
NorthEast 1 16 41 <0.39 83 0.22 <0.05 0.042 0.041
South East 1 9.8 41 <0.40 71 0.16 <0.05 <0.010 0.039
West Midlands 1 74 45 <0.22 67 0.14 <0.05 <0.020 0.041
East 1 12 39 <0.41 2 0.20 <0.07 015 0.050
South 1 4.9 33 <0.70 81 0.14 <0.07 0.50 0.059
North West 1 49 47 <0.14 81 0.25 0.04 <0.010 0.090
Region No.of M ean radioactivity concentration (wet)?, Bgkg*

sampling

observations® 22°Ra 22Th Total U Z8py 239+240py 21Am
Waes 1 0.032 0.0019 0.027 <0.00040 0.00088 0.0024
East Midlands 1 0.037 0.0037 0.021 <0.000090 0.00019 0.00029
South West 1 0.045 <0.00055 0.024 0.00011 0.00051 0.0059
NorthEast 1 0.039 <0.0015 0.030 0.00015 0.00083 <0.0026
South East 1 0.036 <0.0020 0.020 <0.00026 0.00013 0.00047
West Midlands 1 0.044 0.0012 0.024 0.00033 0.0014 0.00079
East 1 0.033 <0.00080 0.016 <0.00021 0.00048 <0.0023
South 1 0.038 <0.0020 0.025 <0.00046 0.0014 0.00072
NorthWest 1 0.037 <0.0016 0.022 0.00016 0.00075 0.0019

2 Resultsareavailablefor other artificial nuclides detectable by gamma spectrometry
All suchresultsarelessthan thelimit of detection

b Seesection 3 for definition

¢ Dueto suspected contamination, these results should beinterpreted with caution
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able 11.5. Radioactivity in regional diet in Scotland, 1998

Area No.of M ean radioactivity concentration (wet), Bgkg!
sampling
observaer
tions °H K Ny 187Cs
Dumfries and Galloway 12 <25 89 <0.10 <0.084
(Dumfries)
EastLothian 12 <25 85 <0.10 <0.073
(North Berwick)
Highland 12 <25 A <0.10 <0.094
(Dingwall)
Renfrewshire 12 <25 78 <0.10 <0.10
(Paisley)
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Table 11.6. Estimates of radiation exposure from radionuclides in regional diet, 1998

Nuclide? Exposure, mSv®

Mean Range

Man-mader adionuclides

Tritium 0.0006 0.0001-0.002
Sulphur-35 0.0004 0.0001-0.0007
Strontium-90 0.003 0.002-0.01
Caesium-137 0.0001 0.00009-0.0002
Plutonium-238 0.00002 0.000007-0.00004
Plutonium-239+240 0.00006 0.00001-0.0001
Americium-241 0.0001 0.00002-0.0004
Sub-total 0.005

Naturalradionuclides

Carbon-14 0.01 0.01-0.015
Lead-210 0.2 0.007-0.7
Polonium-210 0.08 0.06-0.2
Radium-226 0.007 0.006-0.008
Uranium 0.0006 0.0004-0.0008
Thorium-232 0.0001 0.00005-0.0003
Sub-total 031

Totd 031

& Tritiumisalso produced by natural meansand carbon-14 by man. Levelsof natural radionuclides may be enhanced
by man’ sactivities

® Toalyear old child consuming at averagerates. Exposuresdueto the potassium-40 content of food are not included here
because they do not vary according to the potassium-40 content of food. Levelsof potassiuminthebody are
homeostatically controlled
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Co.Antrim

Co.Armagh

Cambridgeshire®

Clwyd

Cornwall

Devon

Co.Down

Dumfries and Galloway

Co. Fermanagh

Gloucestershire

Gwent®

Gwynedd

Hampshire

Highland

Humberside

Lancashire

Lincolnshire

Selection? No.of
sampling
observer
tions
12
max
12
max

12
max

12
max

1
max

1
max

12
max
max
12
max
12
max

1
max

10
max

12
max

12
max

1
max

12
max

12

M ean radioactivity concentration, Bql?

*H

<2.8
<3.0
<2.8
<3.0
<22
3.0

<2.8
<3.0
<27
<3.0
<27
3.0

<2.8
4.0

<2.8
3.0
<2.8
3.0
<19
<2.0
<3.3
7.0
<29
4.0
<25

<29
4.0
<29
4.0
<31
5.0

14c

15
25
16
2

BB 6&

24

<25

BERES

REb&GRA

16

BsER&ENR

358

<56.0

239pyt Totd

g 2] TotdCs 2% pp  TodU 2Py 240py dpha

0.030 0.26 <0031 00050 <0.0063 <0.00020  <0.00010

0.038 033

0.030 0.085 <0030 00080 <0.0062 <0.00020  <0.00020

0.041 013

0.024 0.054 <0032 00060 <0.0062 <0.00010  <0.00010

0.032 0.083

0.038 0.043 <0032 00070 <0.0061 <0.00020  <0.00010

0.059 0.062

0.043 0.056 <0039 0011  <0.0062 <0.00020  <0.00020

0.052 0.10

0.039 0.056 <0040 00070 <0.0060 <0.00020  0.00010

0.051 0.082

0.044 0.097 <0031 00070 <0.0062 <0.00010  <0.00010

0.062 0.14

<50 <010 <0021 <0071 <0.38
<0030 019 <0.40

0.039 021 <0039 0010  <0.0061 <0.00010  <0.00010

0.051 0.30

0.033 <0043 <0030 0010 <00061 000010  <0.00010

0.084 0.10

0.037 0.059 0.037 00050 <0.0061 <0.00020  <0.00010

0.047 0.10

0.042 0.055 <0031 00040 0014  <0.00020  <0.00010

0.056 0.073

0.025 0.044 <0034 00040 <0.0062 <0.00020  <0.00010

0.037 0.079

<010 <0023 <0076 <0.35
<0030 014 <0.40

0.022 <0036 <0050 00050 <0.0061 <0.00010  <0.00010

0.036 0.054

0.029 0.064 <0031 00080 <0.0061 <0.00010  <0.00010

0.046 016

0.019 <0039 <0038 00070 <0.0062 <0.00010  <0.00010

0.038 0.076
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Table 11.7. continued

Location

Co. Londonderry
Middlesex
Midlothian
Norfolk

NorthY orkshire
Oxfordshire
Renfrewshire
Shropshire
Somerset
Suffolk

Tynesde

Co. Tyrone®
West Midlands
Meanvalues
England
Northernlreland
Wales

Scotland
United Kingdom

No.of
sampling
observar
tiong®

12

10

M ean radioactivity concentration, Bql*

°H

<2.8
4.0
<2.8
<3.0
<25

<29
<3.0
<31
6.0
<2.8
3.0
<25

<2.8
<3.0
<2.8
<3.0
<2.8
<3.0
<6.4
17

<2.0

<27
<3.0

<3.0
<2.7
<2.7
<25

<8.3

14C

16
2
16
24
12
16

BEBERGEEBEEEREREBER

26

16
16
17
13
15

358

<5.0

<5.0

<5.0
<5.0

@ Dataarearithmetic meansunlessstated as‘max’. ‘Max' data are selected to be maxima
Ifno‘max’ valueisgiven, the mean isalso the maximum. See section 3 for definition

b Seesection 3 for definition

¢ Sub-setsfor °H,°°S and Total Cs

d 137Cgonly

239py+ Tota
0y 129) TotalCs  %0pp 20pg TotdU  2%8py 240py apha
0.033 0.15 <0.033 00070  <0.0062 <0.00010  <0.00010
0.044 0.32
0.027 0.053 <0.043 00060 <0.0062 <0.00020  <0.00010
0.039 0.11
<010  <0.024 <0.057¢ <0.35
<0.060 0.10¢ <0.39
0.025 0.043 <0.031 00040 <0.0062 <0.00020  <0.00010
0.035 0.092
0.027 0.040 <0.027 00070  <0.0062 0.00010  <0.00020
0.035 0.070
0.034 0.046 <0.031 00070  <0.0061 <0.00020  0.00010
0.053 0.082
<010  <0.022 0.16¢ <0.30
<0.030 0414 <0.32
0.030 0.040 <0.037 0010  <0.0062 <0.00010 <0.00010
0.037 0.066
0.042 0.062 0.086 00060 <0.0061 <0.00010  <0.00010 .
0.066 0.18 =
0.013 0.033 <0.030 00020 <0.0062 <0.00010  <0.00010 0
0.018 0.062 g
0.040 0.062 <0.032 00050 <0.0062 <0.00020  <0.00010 =
0.055 0.14 S
0.032 014 <0.029 0010  <0.0061 <0.00020 <0.00020 <
0.039 0.19 g
0.027 0.034 <0.030 0010  <0.0061 <0.00020 <0.00010 o
0.052 0.057 )
Q
0.029 <0.047 <0.038 00068  <0.0062 <0.00015 <0.00011 8
0.035 0.16 <0.032 00078 <0.0062 <0.00015 <0.00013 2
0.039 0.052 <0.033 00053 <0.0086 <0.00020  <0.00010 g
<010  <0.023 <0.091¢ <0.35 S
<0.051 <0.023 <0.087 <0.034 00066 <0.0070 <0.00017 <0.00012 <035 §
g
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Location Material
BLﬁll%Qgréramgme Apples
Cabbage
Carrots
Camarthenshire
leégl?g Apples
Cabbage
Potatoes
Cheshi
Northwich Cabbage
Carrots
Pumpkin
Caornwall .
Wadebridge Kae
Strawberries
Fodder Beet
Cumbri
App‘éy Turnips
Barley
Devon
Tiverton Apples
Cabbage
Swede
Dumfri d Gall
ulgsjrﬂf?lse%n ovey Leafy Green Veg.
EastLothian.
NorthBerwick Leafy Green Veg.
H shi
ag]ePerngd Blackberries
Cabbage
Carrots
Herefor dshi
elieo%ldnstgre Cabbage
Carrots
Raspberries
Hextfor dshi
eéte\c/){anagler € Blackberries/
Raspberries
Cabbage

Potatoes

M ean radioactivity concentration (wet), Bq kgt

*H
<20
<30

<20

<30
<30
<30

<30
<30
<3.0

<3.0
<3.0
<3.0

<20
<4.0

<3.0
<3.0
<3.0

<25
<25

<3.0
<3.0
<3.0

<3.0
<3.0
8.0

<3.0
<3.0
<30

14C 358

16
13
8.0

15
<2.0
19

5.0
7.0
<3.0

10
10

8.5

9.0
7.0

4.7 <5.0

4.3 <5.0

4.0
8.0

6.0
7.0

14
14
26

908—

0.059
0.078
0.36

0.11
0.18
0.026

0.25
0.068
0.073

18
0.32
0.20

0.025
034

0.30
0.22
0.071

<0.10

<0.10

0.26
011
0.18

0.090
0.20
0.094

0.058
0.30
0.034

Total Cs

238RJ

239 Pu+
24ORJ

241Am

0.14
0.14
<0.032

0.084
<0.033
0.073

<0.034
0.081
0.061

0.14
0.038
0.061

<0.030
0.20

0.044
0.10
<0.028

<0.068°¢

<0.058°¢

0.064
<0.034
0.096

0.047
0.042
0.042

<0.025
<0.031
0.041

<0.00020
<0.00030
<0.00020

0.00040
<0.00030
<0.00020

<0.00020
<0.00020
<0.00040

0.00080
<0.00030
0.00020

<0.00040
<0.00020

<0.00030
<0.00020
<0.00030

<0.00010
0.00030
<0.00030

<0.00020
<0.00040
<0.00040

<0.00010
<0.00050
<0.00030

<0.00020
0.00080
<0.00030

<0.00020
<0.00020
<0.00020

<0.00030
<0.00030
<0.00030

<0.00030
0.00030
0.00030

<0.00030
<0.00020

<0.00020
<0.00020
0.00010

<0.00010
<0.00010
0.00050

0.00010
<0.00020
0.00010

<0.00020
<0.00030
0.00030

<0.00040
<0.00070
<0.0070

0.00080
<0.00060
<0.00040

<0.00050
<0.00040
<0.00050

<0.00060
0.00060
<0.00040

<0.00070
<0.00030

<0.00040
<0.00040
0.00050

<0.00040
<0.00050
0.0010

<0.00070
0.00090
<0.00050

0.00060
<0.0010
<0.00050
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Table 11.8. continued

Location Materia Noof
samples?
Highlands
ingwall Lesfy GreenVeg. 4
Lincalnshire
Gainsborough Cabbage
Potatoes
Soft fruit
ARSI Cabbage
Potatoes
Strawberries
Northumbria
Morpeth Cabbage
Strawberries
Swede 1
NorthYorkshire )
Ripon Raspberries 1
Sugar Beet 1
Sugar Beet Tops 1
Sdby Cabbage 1
Elderberries 1
Turnips 1
PORYSy ader Cabbage 1
Swede
CrabApples
Renfrewshire
Paidey Leafy GreenVeg. 4
Somer set
Frome Blackberries 1
Leafy GreenVeg. 1
Potatoes 1
Glastonbury Apples 1
Cabbage 1
Fodder Beet 1

Mean radioactivity concentration (wet), Bqkg*

<3.0
<3.0
<3.0

3.0
<3.0
<3.0

<3.0
<3.0
<3.0

<3.0
<3.0
<3.0

<3.0
6.0
<2.0

<3.0
<3.0
<2.0

<25

<3.0
<3.0
<3.0
<3.0
<3.0
<4.0

14C 35 S

3.7 <5.0

<3.0
12
13

12
14
18

9.0
8.0
13

10
14
8.0

9.0
28
10

5.0
50
13

4.5 <5.0

A
8.0
20
10
<2.0
11

903

<0.10

0.093
<0.010
0.086

0.088
0.027
0.093

017
0.062
0.22

0.12
0.10
031

0.70
0.24
011

0.085
017
0.19

<0.10

043
0.53
0.053
0.028
0.25
0.077

Total Cs

210Pb

ZIOFb

<0.063°¢

0.061
0.033
0.029

0.089
<0.026
<0.027

0.048
0.050
0.088

0.037
011
0.14

013
0.10
011

<0.028
012
0.14

<0.058°¢

0.087
0.091
0.062
0.073
0.096
0.12

11
<0.033

0.24

0.11

011
13

<0.033
0.14

1.0
<0.031

0.010
0.012

0.096

0.023

0.057
0.65

0.027
0.066

0.45
0.038

ZZGRa

0.029
0.024

<0.0010

0.033

0.066
0.039

<0.0040
0.038

<0.0030
0.026

z2rh

Totd U

23SRJ

Z30p+
240PU

241Am

Total
Alpha

<0.0014
0.010

<0.0021

0.0046

0.028
0.0092

<0.0029
0.031

0.0038
0.027

<0.011
<0.029

<0.022

0.040

0.083
0.057

<0.022
0.092

<0.057
0.064

<0.00010
<0.00020
<0.00030

<0.00030
<0.00040
<0.00020

<0.00020
<0.00030
<0.00030

<0.00020
<0.00030
<0.00030

<0.00030
<0.00020
<0.00020

<0.00030
<0.00040
<0.00040

<0.00020
<0.00040
0.00030

<0.00030
<0.00030
<0.00030

0.00010
<0.00020
<0.00020

<0.00020
<0.00020
<0.00010

<0.00040
<0.00010
<0.00030

0.00030
<0.00030
<0.00030

<0.00050
0.00010
<0.00020

<0.00030
<0.00030
<0.00040

<0.00020
0.00020

<0.00040
<0.00030
<0.00030
<0.00030

<0.00030
0.00090
0.00050

<0.00080
0.00050
<0.0010

<0.0010
<0.00040
<0.00060

0.00070
0.00050
<0.00040

<0.00060
<0.00050
<0.00030

0.00080
0.00040
<0.00050

<0.00030
0.00040
0.00030
<0.00060
0.00040
0.00070

<0.23

<0.25
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Table 11.8. continued ':
M ean radioactivity concentration (wet), Bg kg* 9
ey Totd ]
H uc B 0y ToCs Fph  Mpp  PRa  BTh TodU PPy Py MAm  Alpha =
- - o
O
<30 9.0 027 0.066 043 0.16 0.0030 <0.0025 <0.044 0.00040 <0.00050 <0.0012 <
<20 15 <0.013 <0.035 <0.00030 <0.00020 <0.00080 %
<30 17 0.043 <0.033 <0.034 0.009%0 0.017 0.012 0.042 <0.00030 <0.00020 <0.00080 o
=
D
<30 4.0 011 <0.036 <0.00040 0.00010 0.00040 Q,
<30 6.0 018 0.13 0.067 0.093 <0.0030 <0.0025 <0.0076 <0.00020 0.00030  <0.00040 g
<30 19 012 0.031 <0.030 0.021 0.018 0.0065 0.026 <0.00040 <0.00030 <0.00060 2
3
30 70 0.061 0.041 <0.00020 0.00010 0.00020 g
<30 11 0.35 0.15 <0.00010 <0.00010 <0.00040 6"
<30 12 0.077 0.048 0.00070 0.00020  0.00070 g
(@]
<31 <13 <0.20 0.069 0.31 0.13 <0.022 <0.0085 <0.040 <0.00029 <0.00025 <0.00058
<28 <98 0.13 <0.079 <0.087 0.047 <0.021 <0.017 <0.057 <0.00033 <0.00027 <0.00058
<25 43 <50 <0.10 <0.061¢ <0.23
<10 <9.1 <50 <014 <0.070 <0.20 <0.089 <0.022 <0.013 <0.048 <0.00031 <0.00026 <0.00058

Location Materia Noof
samples?
Suffolk
Sudbury Cabbage/Sprouts 1
Pears
Potatoes
S"Wﬁﬁ”c'ﬁﬁrch Cabbage 1
Potatoes 1
Pumpkin
Worcestershire
Evesham Cabbage 1
Carrots 1
Raspberries 1
Meanvalues
England
Wales
Scotland
Gresat Britain

@ seesection 3for definition
b Resultsareavailablefor other artificial nuclides detectable by gamma spectrometry. All such resultsare lessthan thelimit of detection.
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11. Chernobyl and regional monitoring

Table 11.9. Radioactivity in bread in Scotland, 1998

Area No.of M ean radioactivity concentration (wet), Bgkg*
sampling
observar Totd
tions 3H 1c 35S 0y BCs apha
Dumfries and Galloway 4 <25 59 <5.0 <0.10 <0.16 <0.74
(Dumfries)
EastLothian 4 <25 65 <5.0 <0.10 <0.14 <0.92
(North Berwick)
Highland 4 <25 55 <5.0 <0.10 <0.14 <0.82
(Dingwall)
Renfrewshire 4 <25 59 <5.0 <0.10 <0.17 <0.86
(Paisley)
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11. Chernobyl and regional monitoring

Table 11.10. Radioactivity in meat in Scotland, 1998

Area No.of Mean radioactivity concentration (wet), Bgkg!
sampling
observer Totd
tions °H c %3 0oy 187Cs apha
Dumfries and Galloway 3 <25 37 <5.0 <0.10 <0.08 <0.44
(Dumfries)
EastLothian 4 <25 32 <5.0 <0.10 <0.10 <0.44
(North Berwick)
Highland 4 <25 30 <5.0 <0.10 0.29 <041
(Dingwall)
Renfrewshire 4 <25 A <5.0 <0.10 <11 <0.39
(Paisley)
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Table 11.11.

11. Chernobyl and regional monitoring

Radioactivity in freshwater in Scotland, 1998

Area Loceation No.of Mean radioactivity concentration, Bgl*

sampling

observ-

ations®  °H Ny 187Cs Totd Totd

apha beta
Angus LochLee 10 <1.0 <0.0046 <0.014
Argyll and Bute Auchengaich 1 <1.0 <0.0050 <0.010 0.15
Argyll and Bute Helensburgh Reservoir 3 <0.0077 <0.012 <0.071
Argyll and Bute LochAscog 3 <0.015 <0.011 <0.071
Argyll and Bute Loch Eck 1 <1.0 <0.0050 <0.010 0.028
Argyll and Bute LochFinlas 3 <0.0083 <0.013 <0.071
Argyll and Bute Lochan Ghlas 3 <0.0077 <0.011 <0.071
Clackmannanshire Gartmorn 1 <1.0 <0.0050 <0.010 0.044
Dumfries and Galloway Black Esk 1 <1.0 <0.0050 <0.010 <0.010
Dumfries and Galloway Purdomstone 3 <0.0087 <0.011 <0.085
Dumfries and Galloway Winterhope 1 <1.0 <0.0050 <0.010 0.047
EastLothian HopesReservoir 1 <1.0 <0.0050 <0.010 0.026
EastLothian ThortersReservoir 1 <13 <0.0050 <0.010 <0.010
EastLothian Whiteadder 1 <0.010 <0.011 <0.013
Fife Holl Reservoir 1 <1.0 <0.0050 <0.010 <0.010
Highland Loch Bdligill 1 <1.0 <0.0050 0.051 0.12
Highland Loch Calder 3 <0.0081 <0.011 <0.071
Highland LochGlass 12 <1.0 <0.0054 <0.017
Highland LochShurrerey 1 <1.0 <0.0050 <0.010 <0.010
NorthAyrshire Camphill 1 <1.0 <0.0050 <0.010 0.027
NorthAyrshire Knockendon Reservoir 3 <0.011 <0.011 <0.042
NorthAyrshire Munnoch Reservoir 1 <1.0 <0.0050 <0.010 013
NorthAyrshire Outerwards 1 <1.0 <0.0050 <0.010 0.046
Orkneylslands Heldalewater 1 <1.0 <0.0050 <0.010 0.025
Perth and Kinross Castlehill 1 <0.010 <0.012 <0.013
Scottish Borders Knowsdean 12 <1.0 <0.0047  <0.0061
Stirling LochKatrine 12 <1.0 <0.0053  <0.0057
West Dunbartonshire Loch Lomond 1 <1.0 <0.0050 <0.010 0.032
(RossPriory)

West Lothian Morton No. 2 1 <1.0 <0.0050 <0.010 0.034

a See section 3 for definition
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11. Chernobyl and regional monitoring

able 11.12. Radioactivity in sea water from the Irish Sea and Scottish waters, 1998

Location No. of Mean radioactivity concentration,

sampling Bq I*

observer

tions °H ®Tc B4Cs BiCs
Seascale 4 <0.0031 020
StBees 12 14 011 <0.0034 0.17
Whitehaven 1 0.0023 0.18
Maryport 1 0.0023 0.22
Silloth 1 0.0033 0.33
Silecroft 1 0.0039 0.16
Walney-westshore 4 13 0.0022 014
Isleof Whithorn 1 * 0.056
Drummore 1 * 0.039
Half Moon Bay 1 0.0031 0.23
Rossal (Fleetwood) 1 0.0013 0.16
Ainsdale 1 0.0020 014
New Brighton 1 0.0030 011
RossBay 1 * 0.091
Northof Larne 12 0.028 * 0.028
Sedfield 4 1 <0.076
Southerness® 4 29 <0.17
Knock Bay 8 <3.0 * <0.043
Prestatyn 1 * 0.065
Llandudno 1 * 0.046
CemaesBay 1 * 0.021
Holyhead 4 <1.6 * 0.019
CapeWrath 2 * 0.0087
Pentland Firth 4 * 0.012
Fairlde 3 * 0.0068
Aberdeen 4 * 0.0092

* not detected by the method used
@ Concentrations of 0.00035, 0.0020 and 0.0012 Bq I * of 28Pu, 22*240py and 2t Amweredetermined
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12. Research

12. RESEARCH IN SUPPORT OF THE MONITORING PROGRAMME

MAFF and SEPA have extramural programmes of specia surveillance investigations and supporting
research and development studies to complement the routine surveillance undertaken. This additiona
work has the following objectives:.

to evauate the significance of potentia sources of radionuclide contamination of the
food chain;

to identify and investigate specific topics or pathways not currently addressed by the
routine surveillance programmes and the need for their inclusion in future routine
surveillance;

to develop and maintain site-specific habit and agricultural practice data, in order to
improve the realism of dose assessment calculations,

to develop more sensitive and/or efficient analytical techniques for measurement of
radionuclides in natural matrices,

to evaluate the competence of laboratories radiochemical analytical techniques for
specific radionuclides in food,;

to develop improved methods for handling and processing surveillance data.

A list of related research projects completed in 1998 is presented in Table 12.1., and is dso available on
MAFF s Web site (www.maff.gov.uk). Copies of the final reports for each of those projects funded by
MAFF are available from the MAFF library, Nobel House, 17 Smith Square, London, SW1P 3JR. A
charge will be made to cover photocopying and postage. Table 12.1 aso provides information on projects
which are currently underway. The results of these projects will be made available in due course.
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12. Research

able 12.1. Extramural projects in support of the monitoring programmes

Further Taget

details completion date
Potential variability of naturally occurring radionuclidesin foodstuffs M Complete
Variability of concentrations between individual crabs and lobsters M Complete
Variability of radionuclidesin terrestrial foodstuffs M Complete
Freefoodsin thevicinity of nuclear sites M Complete
Radioactivity fromfishinanimal feed M Complete
Food production and distribution surveys M Complete
Optimisation of MAFF smonitoring programme M Complete
lodine-129 losses during milk storage M Complete
Dischargesto sewers S Complete
Improvementsto sheep radiocaesium monitor M Aug-98 (delayed)
Samplersfor radionuclidesin freshwaters M Apr-99
Improved analysis of cerium-144 M Apr-99
Food and non-licensed sites M Jun-99
Assessments of contaminated land S Aug-99
Impact on Irish Seacoastal communities S Oct-99
Methodsfor censored data sets M Dec-99
Quality control for the determination of radionuclidesin foodstuffs M Mar-00
RIFE Trend studies M Mar-00
Impact on non-human species S Nov-00
Accumulation of technetium-99in the Irish Sea M Mar-01
Organic tritiumin seafood M Mar-01
Cs, Amand Puin Northern Irish waters S Dec-01
Dietary studiesnear nuclear installations M Mar-02
Natural radionuclidesin seafood M Mar-02
Enhanced natural radionuclides S

M = MAFF
S= Scotland and Northern Ireland Forumfor Environmental Research
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Appendices

APPENDIX 1. DISPOSALS OF RADIOACTIVE WASTE*

Principal discharges of liquid radioactive waste from nuclear establishments in the

United Kingdom, 1998

Establishment Radioactivity Discharge limit Discharges during 1998
(annual
equivalent),
TBq TBg? % of limit®

British Nuclear Fuelsplc

Sdllefield Alpha 1 0.174 17
Sea pipelines Beta 400 85.9 21
Tritium 2.510* 2310 9.2
Carbon-14 20.8 3.74 18
Cobalt-60 13 2.41 19
Strontium-90 48 17.7 37
Zirconium-95+Niobium-95 9 0.647 7.2
Technetium-99 200 52.7 26
Ruthenium-106 63 5.58 8.9
lodine-129 1.6 0.553 35
Caesium-134 6.6 0.319 4.8
Caesium-137 75 7.54 10
Cerium-144 8 0.762 9.5
Plutonium alpha 0.7 0.140 20
Plutonium-241 27 3.54 13
Americium-241 0.3 0.0472 16
Uranium? 2040 554 27
Factory sewer Alpha 0.0033 3.210° <1
Beta 0.0135 4.9 10* 3.6
Tritium 0.132 0.0174 13
Drigg
Sea pipeline Alpha 0.1 1.20 10* <1
Betef 0.3 0.00172 <1
Tritium 120 0.530 <1
Stream' Alpha 9.0 10* 67.5 <1
Betef 1.2108 847 <1
Tritium 6.0 108 4.9 10* <1
Springfields Alpha 4 0.195 4.9
Beta 240 150 63
Technetium-99 0.6 0.0273 4.6
Thorium-230 2 0.0850 4.3
Thorium-232 0.2 0.0012 <1
Neptunium-237 0.04 2.0 10* <1
Uranium 0.15 0.0467 31
Capenhurst!
Rivacre Brook Uranium 0.02 1.210% 6
Uranium daughters 0.02 <0.0028 <14
Non-uranic alpha 0.003 1.510° <1
Technetium-99 0.1 0.00134 1
Chapelcross Alpha 0.1 4.24 10* <1
Betef 25 0.0404 <1
Tritium 5.5 0.216 3.9

*

Whilst great care has been taken in the compilation of Appendix 1, MAFF and SEPA accept no responsibility for the accuracy of
tables Al1.1, A1.2, and A1.3
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able A1.1. continued

Establishment

United Kingdom Atomic Energy

Authority

Dounreay

Harwell (pipeline)

Harwell (Lydebank Brook)

Winfrith (inner pipeline)

Winfrith (outer pipeline)

Magnox Electric plc

Berkeley

Bradwell

Dungeness
‘A’ Station

Hinkley Point

‘A’ Station

Hunterston
‘A’ Station

Oldbury

Radioactivity Discharge limit
(annual
equivalent),
TBq

Alpha® 0.75

Betd 110

Tritium 130

Cobalt-60 1

Strontium-90 12

Zirconium-95+Niobium-95 6

Ruthenium-106 12

Silver-110m 0.4

Caesium-137 50

Cerium-144 12

Plutonium-241 15

Curium-242 1

Alpha 0.001

Betef 0.02

Tritium 4

Cobalt-60 0.007

Caesium-137 0.007

Alpha 510*

Betd 0.002

Tritium 0.1

Alpha 0.3

Tritium 650

Cobalt-60 10

Zinc-65 6

Other radionuclides 80

Alpha 0.004

Tritium 1

Other radionuclides 0.01

Tritium 8

Caesium-137 0.2

Other radionuclides 0.4

Tritium 30

Caesium-137 0.75

Other radionuclides 1

Tritium 35

Caesium-137 1.2

Other radionuclides 1.4

Tritium 25

Caesium-137 15

Other radionuclides 1

Total activity® 2

Tritium 5

Tritium 25

Caesium-137 0.7

Other radionuclides 1.3

Discharges during 1998
TBg? % of limit®
0.012 1.6
0.584 <1
0.454 <1
0.010 1.0
0.171 1.4
0.012 <1
0.074 <1
0.0060 1.5
0.182 <1
0.006 <1
0.096 <1
5.0 10* <1
5.1210% 51
0.00298 15
0.0879 2.2
4,57 10° <1
4.90 10* 7.0
2.56 10° 51
2.1210* 11
0.0263 26
0.00133 <1
3.42 <1
3.1110* <1
3.20 10* <1
0.00814 <1
6.30 10° <1.6
0.0095 <1
1.00 10* <1
0.0342 <1
0.0143 7.1
0.0734 18
1.793 6.0
0.323 43
0.359 36
0.421 12
0.708 59
0.386 28
0.708 2.8
0.493 33
0.284 28
0.242 12
0.00668 <1
0.173 <1
0.0620 8.9
0.175 14
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able A1.1. continued

Establishment Radioactivity Discharge limit Discharges during 1998
(annual
equivalent),
TBq TBg? % of limit®
Sizewell
‘A’ Station Tritium 35 2.91 8
Caesium-137 1.0 0.0706 7
Other radionuclides 0.7 0.145 20
Trawsfynydd Total activity®' 0.72 0.0177 25
Tritium 12 0.0628 <1
Strontium-90 0.08 0.0103 13
Caesium-137 0.05 0.00651 13
Wylfa Tritium 40 9.64 24
Other radionuclides 0.15 0.0701 a7

Nuclear Electric Ltd®

Dungeness
‘B’ Station Tritium 650 172 26
Sulphur-35 2 0.202 10
Cobalt-60 0.03 0.00126 4.3
Other radionuclides 0.25 0.0165 6.6
Hartlepool Tritium 1200 329 27
Sulphur-35 3 0.325 11
Cobalt-60 0.03 0.00327 11
Other radionuclides 0.3 0.00255 <1
Heysham
Station 1 Tritium 1200 396 33
Sulphur-35 2.8 0.241 8.6
Cobalt-60 0.03 0.00100 3.3
Other radionuclides 0.3 0.00917 3.1
Station 2 Tritium 1200 307 26
Sulphur-35 2.3 0.0339 15
Cobalt-60 0.03 0.00109 3.6
Other radionuclides 0.3 0.0171 5.7
Hinkley Point
‘B’ Station Tritium 620 387 62
Sulphur-35 5 0.578 12
Cobalt-60 0.033 4.40 10* 1.3
Other radionuclides 0.235 0.0193 8.2
Sizewell
‘B’ Station Tritium 80 48.3 60
Other radionuclides 0.2 0.0178 8.9
Scottish Nuclear Ltd®
Hunterston
‘B’ Station Alpha 0.001 9.03 10° 9.0
Betef 9P 0.45 0.0102 <1
Tritium 800 442 55
Sulphur-35 10 2.36 24
Cobalt-60 0.03 0.0019 6.3
Torness Alpha 0.001 6.88 10° <1
Betef 9P 0.45 0.00344 <1
Tritium 800 355 44
Sulphur-35 10 0.0483 <1
Cobalt-60 0.03 4,53 10* 15
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able A1.1. continued

Establishment

Ministry of Defence

Aldermaston (pipeling)k

Aldermaston (Silchester)®

Barrow'

Burghfield

Devonport™" (sewer)

Devonport™" (river)

Devonport™® (sewer)

Devonport® (pipeline)

Faslane

Greenwich

Rosyth?

Nycomed Amersham plc

Amersham

Cardiff

Discharges during 1998

Radioactivity Discharge limit
(annual
equivalent),
TBq

Alpha 1.510*

Tritium 0.05

Plutonium-241 6.0 10*

Other radionuclides 1.510*

Alpha 1.0 10*

Beta 3.010*

Tritium 0.02

Manganese-54 2.5 107

Cobalt-58 7.0107

Cobalt-60 7.0 10

Tin-113 2.5107

Antimony-124 2.0 10°

Other radionuclides 3.510%

Alpha 2.010°%

Other radionuclides 1.2 10°

Beta

Tritium

Cobalt-60

Beta

Tritium

Cobalt

Total activity

Cobalt-60

Total activity®P 0.001

Tritium 0.12

Cobalt-60 0.006

Alpha activity 2.0 10*

Beta activity®? 5.0 10

Tritium 1

Cobalt-60 5.0 10*

Alpha and beta 4.4410°%

Alpha 10

Bete? 510*

Tritium 0.04

Cobalt-60 0.005

Alpha 3.010*

Beta>0.4 MeV 0.1

Tritium 0.2

lodine-125 0.2

Caesium-137 0.005

Other radionuclides 0.3

Tritium 900

Carbon-14 2

Phosphorus-32/33 0.01

lodine-125 0.05

Others 5.010*

TBg?

1.8910°
0.00143
7.57 10%
1.19 10°

5.59 10°
2.4510%

Nil

5.92 108
1.18 107

6.54 10
5.7110°
3.03 107

Nil

«

4.66 10
4.3110*

2.3110°%
0.113
1.24 10*

8.05 10°
2.1910°%
0.0425

2.1910%

4.50 10°®

7.510°%
2.47 10*
0.0208
5.66 10*

4.2010°
0.00766
0.00229
0.00215
3.56 10°
0.0563

277
1.15
4.4410°
0.00812
1.20 10°

% of limit®

13
2.9
13
7.9

5.6
8.2

3.0
<1

2.3
94
2.1

4.0
4.4
43
4.4

<1

7.5
49
52
11

14
7.7
1.2
11
<1
19

31
58
<1l

2.4
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able A1.1. continued

Establishment Radioactivity Discharge limit Discharges during 1998
(annual
equivalent),
TBq TBg? % of limit®

Imperial College Reactor Centre

Ascot Tritium 1.0 10* 2.0110% 2.0

Other radioactivity 4.010° 1.46 10° 3.7

Imperial Chemical Industries plc

Billingham Beta/gamma 0.36 1.07 107 <1

Rolls Royce plc

Derby Alpha 0.00666 2.5110* 3.8

Scottish Universities Resear ch and Reactor Centre

East Kilbride Total activity 1.56 103 9.910° <1

a

Se -~ 0 a o o

Somedischargesare upPer estimates because they include ‘ lessthan’ data derived from analyses of effluents at limits of detection. Data
guoted to 3 significant figures except where fewer significant figures are provided in source documents
ata (auoted to 2 significant figures except when values are |ess than 1%
Excluding curium-242 )
The limit and discharge data are expressed in kg
Excluding tritium ) ) o
Discharges and limits are expressed in terms of concentrations of activity in Bq m3
Excluding sulphur-35 o ] ] )
Datha are for January to September. Authorisation was revised 1 October 1998. No discharges were made under the revised
authorisation.
Excluding caesium-137
Excluding strontium-90 ]
Discharges are made by Hunting-BRAE Ltd ) ) o )
Discharges from Barrow are included with those from MoD sites because they are related to submarine activities. Discharges are made
by Marconi Marine (VSEL) Ltd
Discharges are made by the Ministry of Defence ) o
The current authorisation includes [Imits on concentrations of total activity (MoD 2 10¢ TBg m3;
Devonport Royal Dockyard 4 106 TBg m3). At no time did the concentrations exceed the limits
Discharges are currently made by Devonport Royal Dockyard Ltd.
Excluding cobalt-60
Discharges are made by Rosyth Royal Dockyard Ltd ) ) )
With effect from 1/4/98, power stations within Magnox Electric plc became part of Magnox Generation Business Group BNFL plc
With effect from 31/12/98, Nuclear Electric Ltd and Scottish Nuclear Ltd became British Energy Generation Ltd and British Energy
Generation (UK) Ltd respectively
Discharge limits depend on operational throughput
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able A1.2. Principal discharges of gaseous radioactive wastes from nuclear establishments in the United

Kingdom, 1998

Establishment Radioactivity Discharge limit Discharges during 1998
(annual
equivalent),
TBq TBg? % of limit®

British Nuclear Fuelsplc

Sdllafield™® Alpha 0.0017 1.110* 6.4
Beta 0.048 0.00154 3.2
Tritium 1400 250 18
Carbon-14 8.4 2.62 31
Sulphur-35 0.21 0.15 71
Argon-41 3700 2530 68
Cobalt-60 9.210* 5.30 10% 5.7
Krypton-85 3.5 10° 9.9 10 28
Strontium-90 0.0016 6.0 10° 3.8
Ruthenium-106 0.046 1.110°% 2.4
antimony-125 0.005 1.90 10* 3.8
lodine-129 0.052 0.0268 52
lodine-131 0.055 0.00317 5.8
Caesium-137 0.0073 4.41 10" 6.0
Plutonium (alpha) 8.4 10* 3.4 10% 4.0
Plutonium-241 0.0051 2.67 10* 5.2
Americium-241 and curium-242 3.6 10* 4,98 10° 14

Springfields Uranium 0.006 1.54 10°% 26

Capenhurst® Tritium 5.09
Uranium 6.1510°

Chapelcross Tritium 5000 1270 25
Sulphur-35 0.05 0.0217 43
Argon-41 4500 2800 62

United Kingdom Atomic Energy Authority"

Dounreay
(Fuel Cycle Areq) Alpha 0.001 5.7 10% 5.7
Beta 0.045 3.2 10* <1
Tritium 40 0.025 <1
Krypton-85 1000 Nil Nil
Strontium-90 0.005 9.9 10* 20
Ruthenium-106 0.007 2.4 10° <1
lodine-129 0.004 2.8 10° <1
lodine-131 0.003 1.8 10° <1
Caesium-134 0.001 3.4 10°% <1
Caesium-137 0.007 8.0 10° 11
Cerium-144 0.007 1.9 10% <1
Plutonium-241 0.005 5.6 10* 11
Curium-242 0.001 2.2 107 <1
Curium-244' 10+ 6.9 10° 6.9
Dounreay
(Fast Reactor) Beta 0.0015 1.52 107 <1
Tritium 130 0.0105 <1
Krypton-85 4.0 10* Nil Nil
Dounreay
(Prototype Fast Reactor) Tritium 18 0.708 3.9
Argon-41 15 Nil Nil
Krypton-85m 10 “ “
Krypton-87 20 “ “
Krypton-88 20 “ “
Xenon-133 3750 “ “
Xenon-133m 75 “ “
Xenon-135 350 “ “
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able A1.2. continued

Establishment Radioactivity Discharge limit Discharges during 1998
(annual
equivalent),
TBq TBg? % of limit®
Harwell Alpha 7.0 10° 1.80 107 2.6
Beta 4.5 10* 4.00 10 <1
Tritium 150 2.60 1.7
Windscale Alpha 1.2 10% 3.09 107 2.6
Beta 0.005 4,97 10°% <1
Tritium 2.3 0.0043 <1
Krypton-85 14 0.17 1.2
lodine-131 0.0012 2.4510° <1
Winfrith Alpha 2.0 10°% 2.1 10° <1
Beta 2.5 10°% 3.0 10° <1
Tritium 5 0.35 6.9
Carbon-14 0.3 6.6 10* <1
Krypton-85 150 Nil Nil

Magnox Electric plc*

Berkeley Alphaand beta 2.0 10* 1.87 10°® <1
Tritium 2 1.3 102 <1
Carbon-14 0.2 2.31 10* <1
Sulphur-35 0.006 Nil Nil
(Technology Centre) Alpha and beta 2.0 10° 1.53 10 8
Bradwell Beta 0.001 2.62 10* 26
Tritium 15 0.839 56
Sulphur-35 0.2 0.058 29
Carbon-14 0.6 0.379 63
Argon-41 1000 724 72
Dungeness
‘A’ Station Beta 0.001 3.6 10* 36
Tritium 2 0.57 29
Carbon-14 5 3.0 61
Sulphur-35 0.4 0.063 16
Argon-41 2000 1300 65
Hinkley Point
‘A’ Station Beta 0.001 1.05 10* 11
Tritium 25 2.59 10
Carbon-14 4 1.42 35
Sulphur-35 0.2 0.058 29
Argon-41 4500 2700 60
Hunterston
‘A’ Station Betd 10* 1.3107 <1
Tritium 1 Nil Nil
Carbon-14 0.2 “ “
Oldbury Beta 0.001 1.03 10* 10
Tritium 5 2.39 48
Carbon-14 6 3.72 62
Sulphur-35 0.75 0.311 41
Argon-41 500 180 36
Sizewell
‘A’ Station Beta 0.001 5.62 10° 5.6
Tritium 7 0.515 7.4
Carbon-14 1.5 0.465 31
Sulphur-35 0.6 0.019 3.2
Argon-41 3000 841 28
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able A1.2. continued

Establishment Radioactivity Discharge limit Discharges during 1998
(annual
equivalent),
TBq TBg? % of limit®
Trawsfynydd Beta 0.002 1.51 10°% <1
Tritium 10 0.137 1.4
Carbon-14 5 1.55 108 <1
Sulphur-35 0.4 Nil Nil
Argon-41 3500 “ “
Wylfa Beta 0.001 6.35 10° 6.35
Tritium 20 8.25 41
Carbon-14 2.4 1.47 61
Sulphur-35 0.5 0.30 59
Argon-41 120 60.6 50

Nuclear Electric Ltd®!

Dungeness
‘B’ Station Beta 0.001 1.61 10° 1.6
Tritium 15 3.32 22
Carbon-14 5 0.405 8.1
Sulphur-35 0.45 0.023 5.1
Argon-41 150 231 15
lodine-131 0.005 4.22 10°% <1
Hartlepool Beta 0.001 4.43 10 <1
Tritium 6 15 25
Carbon-14 5 191 38
Sulphur-35 0.16 0.022 14
Argon-41 60 12.4 21
lodine-131 0.005 8.87 10% 1.8
Heysham
Station 1 Beta 0.001 3.60 10° 3.6
Tritium 6 1.42 24
Carbon-14 4 1.16 29
Sulphur-35 0.12 0.014 12
Argon-41 60 12.6 21
lodine-131 0.005 7.47 10* 15
Heysham
Station 2 Beta 0.001 1.46 10° 15
Tritium 15 2.18 15
Carbon-14 3 1.05 35
Sulphur-35 0.3 0.0153 5.1
Argon-41 85 16.3 19
lodine-131 0.005 1.89 10* 3.8
Hinkley Point
‘B’ Station Beta 0.001 5.16 10° 5.2
Tritium 30 1.72 5.7
Carbon-14 8 1.92 24
Sulphur-35 0.4 0.101 25
Argon-41 300 36.6 12
lodine-131 0.005 1.25 10° <1
Sizewel
‘B’ Station (outlets 1-3) Noble gases 295 15.7 5.3
Halogens 0.0027 5.95 10° 2.2
Beta 0.01 1.06 10° <1
Tritium 7.8 1.39 18
Carbon-14 0.59 0.23 39
(Approved places) Noble gases 5 Nil Nil
Halogens 3.0 10* “ “
Tritium 0.2 “ “
Carbon-14 0.01 “ “
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able A1.2. continued

Establishment Radioactivity Discharge limit Discharges during 1998
(annual
equivalent), TBq
TBg? % of limit®
Scottish Nuclear Ltd®
Hunterston
‘B’ Station Betd 0.002 4.48 10° 2.2
Tritium 20 2.15 11
Carbon-14 3 1.86 62
Sulphur-35 0.8 0.0801 10
Argon-41 220 61.9 28
Torness Betd 0.002 1.55 10° <1
Tritium 20 2.08 10
Carbon-14 3 0.766 26
Sulphur-35 0.8 0.039 4.9
Argon-41 220 10.8 4.9
Ministry of Defence
Aldermaston®” Alpha 9.0 107 1.31 107 13
Betd 4.6 10° 1.51 107 3.3
Tritium 340 3.65 11
Krypton-85 0.4 2.56 10°® <1
Barrow? Tritium 3.2 10°% Nil Nil
Argon-41 0.08 “ “
Burghfield®" Alpha 2.010°% 7.90 10°%° 4.0
Tritium 0.35 1.26 10* <1
Krypton-85 1 Nil Nil
Dounreay
(Vulcan) Noble gases 9.25 Nil Nil
lodine 1.85 10% 2.88 10° 1.6
Fission products 0.0592 1.7 10° <1
Greenwich™ Argon-41 d Nil
Alpha 5.0 101 1.01 101 60
Tritium 2.9 10°% Not assessed
Other activity 1.0 10% 2.0 10°® 6
Rosyth® Beta 107 Nil Nil
Argon-41 0.4 0.0957 24
Nycomed Amer sham plc
Amersham Alpha 2.0 10° 1.70 107 8.5
Other (penetrating) 0.05 1.30 10* <1
Other (non-penetrating) 0.5 0.013 2.6
Tritium 40 Nil Nil
Selenium-75 0.03 2.8010* <1
lodine-125 0.1 0.014 14
lodine-131 0.05 5.50 10* 11
Radon-222 10 1.6 16
Cardiff Soluble tritium 400 153 38
Insoluble tritium 1000 407 41
Carbon-14 6 2.63 44
Phosphorus-32/33 2.0 10* 3.07 10°% 15
lodine-125 5.0 10* 1.17 10 23
Other activity 0.04 Nil Nil
Imperial College Reactor Centre
Ascot Tritium 5.0 10* 1.44 10* 29
Argon-41 25 0.672 27
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able A1.2. continued

Establishment Radioactivity Discharge limit Discharges during 1998
(annual
equivalent),
TBq TBg? % of limit®

Imperial Chemical Industriesplc

Billingham Tritium 2 7.3 107 <1

Argon-41 2 Nil Nil

Johnson and Johnson Clinical Diagnostics Ltd

Cardiff lodine-125 0.015 0.00177 12

Other activity 5.0 10* Nil Nil

Rolls Royce plc

Derby Alpha d 1.04 10°

Scottish Universities Resear ch and Reactor Centre

East Kilbride Tritium 19.2 Nil
Argon-41 3.33 “
URENCO
Capenhurst Uranium 2.5 10° 6.87 10°® 2.7

a

Dischargelimits and discharges are aggregated from data for individual locationson the site. Percentages are given asa general guide
to usage of the limits but should strictly be calculated for individual locations. All discharges were below the appropriate limit for each
location.

Some limits are related to the operation of the THORP plant and may thus vary from year to year

Discharges are made by Rosyth Royal Dockyard Ltd

There are no numerical limits for this discharge. However, the authorisation stipul ates that the Best Practicable Means should be used
to control the discharge

Discharges may also be authorised from incinerators at these sites

Excluding tritium and plutonium-241

Discharges from Barrow are included with those from MoD sites because they are related to submarine activities. Discharges are made
by Marconi Marine (VSEL) Ltd

Data includes contributions from tenants

Data includes any curium-243 present

Particulate activity

With effect from 1/4/98, power stations within Magnox Electric plc became part of Magnox Generation Business Group, BNFL plc
With effect from 31/12/98, Nuclear Electric Ltd and Scottish Nuclear Ltd became British Energy Generation Ltd and British Energy
Generation (UK) Ltd respectively

Authorisation was revised with effect from 1 October 1998. Thefirst block of data relatesto the period 1 January 1998 to 30 September
1998; the second block of data relatesto the period 1 October 1998 to 31 December 1998. ‘% limit’ refersto equivalent limit for 9 and
3 months respectively

Discharges are made by Hunting-BRAE Ltd
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able A1.3. Disposals of solid radioactive waste at nuclear establishments in the United Kingdom, 1998

Establishment

Radioactivity
TBq

Drigg

Dounreay®

Tritium
Carbon-14
Cobalt-60
lodine-129

Radium-226 plus
thorium-232

Uranium
Other alpha?
Others*®
Alpha

Beta/gamma

Disposals during 1998

Disposal limit,

TBq
10 8.65
0.05 0.025
2 0.551
0.05 1.0 10*
0.03 0.017
0.3 0.10
0.3 0.212
15 9.54
0.0232
0.502

% of limit
87
50
28
<1
56
37

71

69

2 With half-lives greater than three months
> Other beta emitting radionuclides but including iron-55 and cobalt-60
< Limits exist for concentrations of activity, activity per unit area and dose rate.
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APPENDIX 2. MODELLING OF RADIOACTIVITY IN FOOD

2.1 Introduction

There are two cases where the results of terrestrial monitoring in 1998 have been amended or
supplemented when carrying out assessments of exposures to consumers. Firstly some data for Sellafield,
Drigg, Ravenglass and the Ide of Man have been changed where relatively high limits of detection exist or
where no measurements were made. Secondly, data for Chapelcross, Dounreay, Hunterston and Torness
have been supplemented to provide a more complete coverage of food groups. The methods and data are
outlined below.

2.2 Sellafield, Drigg, Ravenglass and the Isle of Man

Activitiesin milk, meat and offa were calculated for %°Tc,1%Ru, 1*4Ce, 14’Pm and 2*!Pu using the equations:
C,=F,CaQ, and
C, =FRCaQ where

C,, isthe concentration in milk (Bq ),

C, isthe concentration in meat or offal (Bq kg* (wet)),

F ., isthe fraction of the animal’s daily intake by ingestion transferred to milk (d I'%),

F, isthefraction of the animal’s daily intake by ingestion transferred to meat or offal (d kg*(wet)),

Caisthe concentration in fodder (Bq kg'(dry)),

Q; isthe amount of fodder eaten per day (kg(dry) d*)

No direct account is taken of radionuclide decay or the intake by the animal of soil associated activity.
The concentration in fodder is assumed to be the same as the maximum observed concentration in grass,
or in the absence of such data, in leafy green vegetables. The food chain data for the calculations are
givenin Table A2.1 (Smmonds et al., 1995; Brenk et al., unpublished) and the estimated concentrationsin
milk, meat and offa are presented in Table A2.2.

2.3 Chapelcross, Dounreay, Hunterston and Torness

Soil to plant concentration ratios for green vegetables and potatoes are similar to or less than those for
pasture (Smmonds et al., 1995). These food groups make up a substantial part of the plant based intake
by humans which islikely to be locally sourced. Therefore, in the absence of site-specific data for
vegetables at Chapelcross and Dounreay, Hunterston and Torness, concentrations of activity in green
vegetables and potatoes were assumed to be the same as those measured in grass. This approach does
not take account of the relative foliar uptake of different crops and therefore may underestimate the
activities in foodstuffs.
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able A2.1 Data for food chain mode

Parameter

Q

F orF
m f

Nuclide

Tc
106 Ru
144Ce
147 Pm

241Pu

Food

Milk Beef Beef offal Lamb Sheep offal
13 13 13 1.5 15

102 102 4102 101 410t

10° 10° 10°% 102 102

2 10% 103 2107 102 2

2 10° 5103 4102 51072 3101

10% 10* 21072 410* 31072

Predicted concentrations from food chain model used in assessments of exposures

Foodstuff Location

Radioactivity concentration (wet weight), Bq kg*

®Tc

Milk Sdllafield
Ravenglass

Drigg
Isle of Man

Beef Sdllefield
Ravenglass

Lamb Sdllefield
Ravenglass

Drigg

Beef offal Sdllefield
Ravenglass

Lamb offal Sellafield
Ravenglass
Drigg

a

a

a

3.1110?

a

106 Ru

2.3310*
3.67 10*

6.50 10*
4.5110*

2.3310?
3.67 10

2.69 10*
4.24 10

7.50 10*

2.3310?
3.67 10

2.69 10*
4.24 10
7.50 10*

144Ce

b
4.8910°

b
4.5110°

b
2.4510*

b
2.8210*

b

147 Pm
b

2.4510°

1.30 103
1.7310°%

b
6.12 10*

b
7.06 10*

3.7510%

b
4.89

4.24
2.25

241Pu

3.68 10°
1.42 10°

1.95 10%
1.4410°

3.68 10°
1.42 108

1.70 10%
6.56 10*

9.00 10*

a

a

2 Positive result used, or LOD result used because modelling result greater than LOD

b

No grass or leafy green vegetable or LOD data available
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APPENDIX 3. ABBREVIATIONS

AEAT AEA Technology plc

AGR Advanced Gas-Cooled Reactor

BNFL British Nuclear Fuels plc

CARE Centre for Andytica Research in the Environment (Imperia College)
CEFAS Centre for Environment, Fisheries and Aquaculture Science (MAFF)
DoH Department of Health

EA Environment Agency

EARP Enhanced Actinide Removal Plant

FARM Food and Agriculture Monitoring Programme

FEPA Food and Environment Protection Act

GDL Generdised Derived Limit

G-M Geiger-Muller

IAEA International Atomic Energy Agency

ICRP International Commission on Radiologica Protection

LoD Limit of Detection

MAFF Ministry of Agriculture, Fisheries and Food

MRL Minimum reporting level

ND Not detected

NEA Nuclear Energy Agency

NII Nuclear Installations I nspectorate

NRPB Nationa Radiologica Protection Board

OECD Organisation for Economic Co-operation and Development
OSPAR Odo and Paris Commission

PWR Pressurised Water Reactor

RSA Radioactive Substances Act

RSND Radiological Safety and Nutrition Divison (MAFF and DoH)
SEPA Scottish Environment Protection Agency

SGHWR Steam Generating Heavy Water Reactor

TDS Totd Diet Study

THORP Therma Oxide Reprocessing Plant

TRAMP Terrestria Radioactivity Monitoring Programme

UKAEA United Kingdom Atomic Energy Authority

VLA Veterinary Laboratories Agency
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APPENDIX 4. CONSUMPTION, HANDLING AND OCCUPANCY
RATES

This appendix gives the consumption, handling and occupancy rate data used in the assessment of
exposures. Consumption rates for terrestrial foods are given in Table A4.1. These are based on national
statistics and are taken to apply at each site. Site-specific data for aquatic pathways based on local
surveys are given in Table A4.2.

Table A4.1 Consumption rates for terrestrial foods

Food Group Consumption rates (kg y?)

Average Above average consumption rate*

Adult 15 year old 10 year old Infant Adult 15 year old 10 year old Infant
Beef 15 15 15 3 45 35 30 10
Cereals 50 50 45 15 100 95 75 30
Eggs 8.5 7 6.5 5 25 25 20 15
Fruit 20 15 15 9 75 50 50 35
Game 6 6 4 0.8 15 10 7.5 21
Green Vegetables 15 9 6 35 45 25 20 10
Honey 25 2 2 2 9.5 5 7.5 7.5
Lamb 8 5.5 4 0.8 25 15 10 3
Legumes 20 10 8 3 50 30 25 10
Milk 95 110 110 130 240 260 240 320
Mushrooms 3 2 1.5 0.6 10 5.5 4.5 15
Nuts 3 2 15 1 10 9.5 7 2
Offal 5.5 35 3 1 20 10 10 55
Pork 15 10 8.5 15 40 30 25 55
Potatoes 50 60 45 10 120 130 85 35
Poultry 10 6.5 5.5 2 30 20 15 5.5
Root crops 10 7.5 6 5 40 20 20 15
Wild fruit 7 3.3 3 1 25 13 10 2

* These rates are the 97.5th percentile of the distribution across all consumers

able A4.2 Consumption, handling and occupancy rates for aquatic pathways

Site Group? Rates
Aldermaston 1kgy? pike

360 h y* over riverbank
Amersham 1kgy? pike

1600 h y* over riverbank
Barrow 1000 h y* over mud and sand
Berkeley and Oldbury 17 kg y* flounders

4.9 kg y* shrimps
980 h y* over mud

Bradwell A 75 kg y* fish
5.0 kg y* crustaceans
2000 h y* over mud

B 4.7 kg y* oysters
Capenhurst 0.0025 kg y* sediment
2.51 y* water
Cardiff 34 kg y! fish

1.4 kg y* prawns
990 h y* over mud and sand

Channel Islands A 62 kg y* fish
30 kg y* crustaceans
30 kg y* molluscs
1400 h y* over mud and sand
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Table A4.2. continued

Site Group? Rates
Chapelcross A 8.7 kg y* flounders
11 kg y* salmonids

7.3 kg y* shrimps
0.45 kg y* mussels
1000 h y* over mud and sand

B 1200 h y* over salt marsh
C 250 h y* handling nets
Devonport 14 kg y* salmonids
13 kg y* fish
5 kg y? crustaceans
2000 h y* over mud
Dounreay A 1600 h y* handling pots
B 54 kgy? cod
20 kg y* crab and lobster
0.40 kg y* winkles
C 5.5 kg y* winkles
380 h y* over winkle beds
D 100 hy?inaGeo
Drinking water Adults 6001 y*
10y 3501yt
ly 2601yt
Dungeness 98 kg y* fish
9.4 kg y* shrimps
14 kg y* whelks
2000 h y* over mud
Faslane A 500 h y* over mud
B 38 kg y* fish

4.8 kg y* molluscs
670 h y?* over mud and sand

Hartlepool 59 kg y* fish
35kgy?crab
9.4 kg y* winkles
520 h y? over sand

Harwell 1kgy? pike
650 h y? over river bank

Heysham 54 kg y* fish
21 kg y* shrimps
22 kg y* mussels and cockles
900 h y?* over mussel beds

Hinkley Point A 48 kg y™* flounder
6.5 kg y* shrimps
780 h y* over mud

B 1000 h y* over mud
Holy Loch 900 h y* over mud
Hunterston 82 kg y* fish

41 kg y* Nephrops
21 kg y* scallops
860 h y* over sand and mud

Rosyth A 2.7kgy? crab
B 1900 h y* over mud and sand
Sellafield A 45 kg y* cod (50%) and plaice (50%)

28 kg y* crab (85%) and |obster (15%)
15 kg y* winkles (30%) and other molluscs (70%)
1100 h y* over sand and mollusc beds

B 1200 h y* handling nets and pots
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able A4.2. continued

Site Group? Rates

Sellafield (cont.)
C (Whitehaven boat dwelling) 310 h y* over mud
1.8 kg y* cod and plaice
2.0 kg y* mussels from north Solway

D (farmers) 1900 h y* over saltmarsh (Rockcliffe)
E (Whitehaven commercia) 40 kg y*plaice and cod
9.7 kg y* Nephrops

15 kg y*whelks

F (Morecambe Bay) See Heysham

G (Fleetwood) 93 kg y* plaice and cod
29 kg y* shrimps
23 kg y* whelks

H (Dumfries and Galloway) 38 kg y* fish
15 kg y* Nephrops (50%), crabs (25%) and lobsters (25%)

8.2 kg y* winkles and mussels
1000 h y* over winkle beds

| (Laverbread) 47 kg y* laverbread

J (Trout) 6.8 kg y'* rainbow trout

K (typical fish consumer) 15 kg y*cod and plaice

L (Isle of Man) 100 kg y* fish

20 kg y* crustaceans
20 kg y* molluscs
M (Northern Ireland) 100 kg y*fish
20 kg y* crustaceans
20 kg y*molluscs
N (seafood by-catches) 8.3 kg y'seamice
19 kg y*crab
22 kg ywhelks
1.7 kg y* lobster
7.5kg ylplaice
O (bait diggers) 950 h y* handling sand

Sizewdl 56 kg y* fish
6.6 kg y* crustaceans
3.8 kg y* molluscs
260 h y* over mud

Springfields A (boat dwelling) 3300 h y* over mud
B 530 h y?* handling nets
C 360 h y* wildfowling
16 kg y* wildfowl
550 h y* handling mud
D 35 kg ytfish

34 kg y*shrimps
3.0 kg y* cockles and mussels
5.1 kg y'lsamphire
1100 h y? over sand
E (farmers) 410 h y* over saltmarsh

Torness A 58 kg y* fish
11 kg y* crab and lobster
10 kg y* Nephrops
2.2 kg y** molluscs

B 430 h y* over sand
C 640 h y* over winkle beds
Trawsfynydd 1.8 kg y* Brown trout

22 kg y* rainbow trout
0.93 kg y* perch
1000 h y* over lake shore

Upland lake 37 kg y* fish
Whitehaven 32 kg y* fish

17 kg y™* lobsters (40%) and crab (60%)
3.0 kg y* winkles (20%) and mussels (80%)

173



Appendices

able A4.2. continued

Site Group? Rates

Winfrith A 77kgy? cod
26 kg y* crab
39 kg y* whelks
B 390 h y* over mud

Wylfa 94 kg y* fish
23 kg y? crab
1.8 kg y* molluscs
370 h y?* over sand

2 Where more than one group exists at a site the groups are denoted A, B, etc.
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APPENDIX 5. DOSIMETRIC DATA

Radionuclide  Half Life Mean b energy Mean g energy Dose per unit intake by ingestion using
(years) (MeV per (MeV per ICRP-60 methodology (Sv.Bq?)
disintegration) disintegration)
Adults 15yr. 10yr. lyr.

H3 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
c14 5.73E+03 4.945E-02 0.000E+00 5.80E-10 5.70E-10 8.00E-10 1.60E-09
P32 3.91E-02 6.950E-01 0.000E+00 2.40E-09 3.10E-09 5.30E-09 1.90E-08
S35(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
FES55 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 T 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
AGLIOM T 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
| 125 1.65E-01 1.940E-02 4.205E-02 1.50E-08 2.20E-08 3.10E-08 5.70E-08
| 129 1.57E+07 6.383E-02 2.463E-02 1.10E-07 1.40E-07 1.90E-07 2.20E-07
11317 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
Ccs137t 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
PM 147 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
u23st 7.04E+08 2.147E-01 1.815E-01 4.70E-08 7.00E-08 7.10E-08 1.30E-07
U238t 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 a(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

T 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

(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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Appendices

APPENDIX 6. ESTIMATES OF CONCENTRATIONS OF NATURAL
RADIONUCLIDES

6.1 Aquatic foodstuffs

Table A6.1 gives estimated vaues of concentrations of radionuclides due to natural sources in aguatic
foodstuffs. The values are based on sampling and analysis carried out by MAFF. Dose assessments for
agquatic foodstuffs are based on activity concentrations of these radionuclides net of natural background.
Similarly, natural levels of carbon-14 are subtracted when ng exposures due to man-made sources
of thisradionuclide. The natural concentrations of carbon-14 are determined by measuring the carbon
concentration in each sample and applying a specific activity of 250 Bq *“C natural/kg C (Callins, et al.,
1995).

Radioactivity in seafood due to natural sources

Radionuclide Concentration of radioactivity (Bq kg* (wet))

Fish Crustaceans Crabs Lobsters  Moalluscs  Winkles Mussels Cockles Whelks
Lead-210 0.025 0.08 0.3 0.08 0.69 0.69 11
Polonium-210 0.28 5.2 15 5.2 9.4 12 33 18 9.4
Radium-226 0.04 0.03 0.03 0.06 0.08 0.08
Thorium-228 0.0054 0.0096 0.04 0.0096 0.37 0.46 0.37
Thorium-230 0.00081  0.0026 0.008 0.0026 0.19 0.26 0.19
Thorium-232 0.00097 0.0014 0.01 0.0014 0.28 0.33 0.28
Uranium-234 0.0045 0.040 0.055 0.040 0.99 0.99
Uranium-238 0.0039 0.035 0.046 0.035 0.89 0.89

6.2 Terrestrial foodstuffs

The values of carbon-14 in terrestrial foodstuffs due to natural sources that are used in dose assessments
aregivenin Table A6.2 (MAFF, 1995).

Table A6.2 Carbon-14 in terrrestrial foodstuffs due to natural sources

Food Category % Carbon content (wet) Concentration of carbon-14
(Bgkg' (wet))
Milk 7 18
Bovine meat 17 44
QOvine meat 21 54
Pork 21 54
Poultry 28 72
Game 15 38
Offal 12 31
Eggs 15 38
Green vegetables 3 8
Root vegetables 3 8
L egumes/other domestic vegetables 8 20
Dry beans 20 51
Potato 9 23
Cereals 41 105
Cultivated fruit 4 10
Wild fruit 4 10
Mushrooms 2 5
Honey 31 79
Nuts 58 148
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