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1. INTRODUCTION

This report presents the results of the environmental
monitoring programme carried out during 1990 by staff
of the Ministry of Agriculture, Fisheries and Food’s
(MAFF’s) Directorate of Fisheries Research (DFR),
Lowestoft. This programme, together with the
Terrestrial Radioactivity Monitoring Programme
(TRAMP) (MAFF, 1990) and the programme operated
by Her Majesty’s Inspectorate of Pollution (HMIP, 1991}
supports statutory functions under the Radioactive
Substances Act, 1960 (Great Britain - Parliament,
1960). The DFR programme is set up to verify the
satisfactory control of liquid radioactive waste dis-
charges to the aquatic environment, and to ensure that
the resulting public radiation exposure is within nation-
ally-accepted limits. The monitoring is independent of
stmilar programmes carried out by nuclear site opera-
tors as a condition of their authorisations to discharge
radioactive wastes. This report includes results of
monitoring carried out on behalf of departments of the
Scottish Office, the Welsh Office, the Department of
the Environment for Northern Ireland, and the Channel
Islands States. Where appropriate, the monitoring data
are supplemented by results from our extensive pro-
gramme of research into the behaviour of radioactivity
in the aquatic environment. The special programme of
monitoring of the freshwater envirenment, in connec-
tion with the accident at Chernobyl, USSR on 26 April
1986, was continued during 1990, and the results are
presented in this report.

To set the monitoring resuits from our regular pro-
gramme in context, liquid radioactive discharges from
UK nuclear establishments to the aquatic eavironment
in 1990 are first summarised. Before the results are
presented, an explanatory section gives details of
methods of analysis and presentation and a sub-section
explains how results are interpreted in terms of puliic
radiation exposures.

2. DISCHARGES OF
RADIOACTIVE WASTE

Data on radioactive waste discharges are published
annually by the Environment Departments
{Department of the Environment, 1990, 1991;
Scoitish Development Department, 1990(a)}(h)), the
latest available data being for the year 1989. Details
of the 1990 discharges arc not yet available, but a
summary is included here, This enables the results
of environmental monitoring presented in this report
to be considered in the context of the relevant dis-
charges.

2.1 Liquid radioactiive waste

Table 1 lists the principal discharges of liquid radioac-
tive waste from UK nuclear establishments during

1990. The locations of these establishments are shown
in Figure 1. Table 1 also lists the discharge limits
which are authorised or, in the case of Crown opera-
tors, administratively agreed. In some cases, the
authorisations specify limits in greater detail than can
be summarised in a single table: in particular, where
periods shorter than one year are specified, the annuat
equivalent has been used. The authorised limits are
usually very much lower than the levels of activities
which conld be released without excecding the dose
limits which are recommended by the International
Commission on Radiological Protection (ICRP), and
embodied in national policy (Great Britain -
Parliament, 1986). The percentages of the authorised
(or agreed) limits taken up in 1990 are also stated in Table 1.

For completeness, it should be noted that radiological
safety for US Navy operations in the Holy Loch is the
responsibility of the US Navy in association with the
Ministry of Defence who publish information annually
(FuHer and Casey, in press).

2.2 Solid radioactive waste

In addition to receiving most of the above liquid dis-
charges, the marine environment has also received
packaged solid waste of low specific activity, mainly
disposed of in an area of the deep Atlantic Ocean. The
most recent such disposal was in 1982; none was
carried out in 1990, and it was announced by the
Secretary of State for Energy (Great Britain -
Parliament, 1988) that sea disposal of drurnmed radio-
active wastes would not be resumed. Instead, such
wastes will be prepared for eventual disposal in the
National Radioactive Waste Centre 1o be developed by
UK Nirex Lid for both low- and intermediate-tevel
radioactive wastes. The UK Government has not ruled
out sea disposal for large items such as boilers from
decommissioned power stations, but will keep under
review whether this disposal option needs to be main-
tained.

Routine environmental monitoring does not provide an
effective means of assessing radiation exposure from
deep-sea disposal, as radionuclides from this practice
are largely undetectable in environmental samples
(OECD [NEA], 1990). International surveillance of
the effects of these disposals is coordinated by the
Nuclear Energy Agency of the Organisation for
Economic Cooperation and Development by means of
a Coordinated Research and Environmental
Surveillance Programme (CRESP) (OECD [NEA},
1981). This Programme is continuing (OECD [NEA],
1990). In the absence of readily detectable radioactiv-
ity from the disposal practice, radiation exposure is
assessed mainly by the use of mathematical modelling.
The emphasis of surveillance within CRESP has been
to improve, by means of appropriate research, the data
for modelling assessments. These assessments indicate
that the environmental impact of these disposals is
negligible (OECD [NEA], 1985).
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Figure 1. UK nuclear establishments giving rise to principal discharges of liquid radioactive waste




Table 1. Principal discharges of liquid radioactive waste from UK nuclear establishments

1990
Establishment Radioactivity Discharge limit Discharges during 1990
(annual equiv-
alent), TBq TBq 12 % of limit
British Nuclear Fuels plc
Sellafield Total alpha 10 2.16 22
Sea pipelines? Total beta 500 70.93 14
Tritium 3500 1698.62 49
Carbon-14 4 1.97 49
Cobalt-60 8 0.17 21
Strontium-90 35 4.22 12
Zirconium-95+Niobium-95 180 6.82 38
Technetinm-99 10 3.82 38
Ruthenium- 106 170 16.54 9.7
Iodine-129 0.4 0.11 28
Caesium-134 10 1.15 12
Caesium-137 110 2346 21
Cerium-144 22 201 9.1
Plutonium alpha T 1.14 16
Plutonium-241 170 3161 19
Americium-241 3 0.75 25
Seabum sewer Total activity 0.148 0.0013 0.9
Springficlds Total alpha 13.32 0.20 15
Total beta 444 92 21
Chapelcross Total alpha 01 0.0005 0.5
Total beta! 25 011 <1
Tritiom 5.5 0.28 5.1
Capenhurst
Rivacte Brook Uranium 0.02 0.0030 15
Uranium daughters 0.02 0.010 50
Non-uranic alpha 0.003 0.00013 43
Technetium-9% 0.1 0.0066 6.6
Meols cutfall Technetium-99 0.148 NIL NIL
United Kingdom Atomic Energy Authority
Winfrith Tritium 650 392 6.0
Cobalt-60 10 12 12
Zinc-65 6 0.19 32
Total alpha 03 0.004 13
Other radionuclides 80 26 33
Harweil Total activity'” 2.38 0.17 1.9
Tritiom 8.88 1.0 12
Dounreay Total alphat 075 0.022 29
Total beta 110 43 39
Tritium 130 030 <1
Cobali-60 1.0 0.023 23
Strontiom-90 12 1.3 11
Zirconium-95 +Niobium-95 6.0 0.01 <1
Ruthenium- 106 12 0.34 2.8
Sitver-110m 0.4 0.0 <25
Caesium-137 50 22 4.4
Cerium-144 12 0.038 <1
Plutonium-241 15 0.72 48
Curium-242 1.0 0.019 1.9
Nuclear Electric plc
Berkeley Total activity! 74 0.33 44
Tritivm 55.5 1.35 24
Bradwell Total activity* 7.4 032 44
Zine-65 0.185 0.00097 <1
Tritium 55.5 14 2.5
Dungeness
‘A’ Station Total activity' 74 0.39 53
“Tritium 74 0.71 <1
‘B* Station Total activity!s® 4 0.0091 <1
Sulphur-35 25 0.05 <1
Tritium 650 7.2 1.1
Hartlepool Total activity'? 4 0.020 <1
Sulphur-35 75 0.92 12
Tritiam 1850 166 9.0



Table 1. Continued

Esiablishment Radioactivity Discharge limil Discharges during 1990
(annual equiv-
alent), TBg TBq12 % of Hmit
Heysham
tation 1 Total activity'* 4 0.058 14
Sulphur-35 15 0.40 53
Tritum . 1850 157 85
Station 2 Tritium 1200 45.2 38
Sulphur-35 7 0.073 1.0
Cobalt-60 0.036 0.000007 <1
Other radionuclides 045 0.011 24
Hinkley Point®
‘A’ Station Total activity!- 7.4 0.39 6.2
Sulphur-35 3.7 023 T4
Tritium 74 0.74 12
Total activity!” 1.0 0.053 -
Caesium-13 1.5 0.084 -
Tritium 25 0.17 -
‘B’ Station Total activity! 37 0.030 <1
Sulphur-35 222 1.2 6.6
Tritium 666 231 42
Total activity!5# 025 0.0675 18
Sulphur-35 20 0.39 -
Cobalt-60 0.035 0.00026 -
Tritivm 630 64 -
Oldbury Total activity! 3.7 0.43 12
Tritium 74 1.7 23
Sizewell Total activity! 74 0.43 58
Tritinm 111 50 4.5
Trawsfynydd Total activity! 1.48 0.33 22
Caesivm-13 0.259 0.041 16
Tritizm T4 25 34
Wylfa Total activity! 2.405 0.072 3.0
Tritium 148 54 36
Scettish Nuclear Lid
Hunterston
‘A’ Station Total activity! 13 032 43
Tritium 48 0.52 1.1
‘B’ Station Total activity!® 3.7 0.05 14
Sulphur-35 26 25 9.6
Tritium 1480 353 24
Torness Tritium 1200 82 6.8
Sulphur-35 10 0.081 <l
Cobalt-6( 0.05 0.000029 <1
Beta activity!5$ 0.45 0.0018 <1
Total alpha 0.0045 0.000008 <l
Ministry of Defence (Procurement Executive)
Aldermaston Tolal aciivity!” 58 0.045 <l
Tritivm 5.8 0.60 10
Ministry of Defence
{Navy Department)
Devonport? Total activity'® 0.002 0.000009 <1
Cobalt-60 0.016 0.0014 88
Tritium 0.12 0.049 41
Faslane Total activity! 0.037 0.000084 <i
Rosyth'® Beta activity!* 0.01 0.0002 20
Cobalt-60 0.055 0.0005 <1
Tritium 0.01 0.00056 5.6
Total alpha 1x10°6 6x 107 60
Amersham International ple )
Amersham Total activity'™ 2.7 1.07 40
Tritium 14.8 0.032 <1
Cardiff Beta/gamma activity!! 0.096 0.022 23
Carbon-14 2 1.57 79
Trjtiom 1400 609 4
1 Excluding trittum
2. Awthorisation was varied with effect from 1 January 1990 .
3 Authorisation of agreemenr Specifies a control formula in which the total effective activity is calculated to allow for the relaiive
radiotoxicities of i'ﬁerent nuclides. The sums of the actual discharges were lower than the values indicated
4. Excluding curium-242 :
.g . Excluding sulphur-35

Authorisation was revised with e_gect from I November 1990. For each station the first block of dala relates to the  period
1 January to'31 Octaber 1990; the second biock of data relates to the period 1 November to J1 December 1990, ‘% of limit’
refers to discharges during the first ten months of the year as a perceniage of the equivalent limit for ten months of a year
7. Excluding caestum-137
8. Excluding cobalt-60
Q. The operator of this site is Devonport Management Lid
10, The operator of this site is Babcock Thorn Lid
11. Excluding tritium, carbon- 14 and radiotsotopes of calcium and strontium -
i2. Some discharges are upper estimates because they includeless than” data derived from analyses of effluents at limits
of detection 8



3. METHODS OF ANALYSIS
AND OF PRESENTATION
AND INTERPRETATION
OF RESULTS

3.1 SIunits

In this report, data are presented using the Sysiéme
Internationale (ST) radiological units recommended for
use in the UK by the British Committee on Radiation
Units and Measurements (BCRU, 1978). Table 2
summarises the radiological units used in this report,
and provides relevant conversion factors to relate SI
units to the old radiological units.

3.2 Summary of analytical
methods

Although some of the analytical methods which we
have used are detailed elsewhere as referenced in this
sub-section, a very brief summary is given here in
support of the measurements and the method of their
presentation. The tables of results mostly include
measurements of total beta radioactivity and of specific
gamma-emitting nuclides. Pure beta emitters and
alpha emitters (including transtiranics) are also meas-
ured in appropriate cases.

Total beta radioactivity is measured using thin sources
with a potassium-40 standard (Dutton, 1968). The
efficiency of the method is nearly constant over a wide
range of beta energies and the result gives a measure of
the total radioactivity of the beta emitters present,
including natural radicactivity. However, agreement
with the total as derived from isotopic analysis is not
expected to be exact. The main advantage of total beta

Table 2. Radiological units used in this report

measurements is that they can be carried out quickly to
give an early warning of any change in radioactivity
concentrations which might require further investiga-
tion; they also provide reassurance that no beta-emit-
ting radionuclides of significance have been neglected.

Gamma-emitting nuclides are analysed by gamma
spectrometry. This is carried out using both Nal(TT)
and Ge detectors, calibrated using suitable reference
sources. The spectra are reduced by computer-aided
techniques to give radicactivity concentrations of
detected nuclides. For samples of biota and sediments,
searches are routinely made for, amongst others, the
artificial gamma emitters listed in Table 3. In the
tables of results for these samples, the absence of a
column for any of these nuclides indicates non-
detectability in each sample in that table. Otherwise,
non-detectability is indicated by “ND’. Approximate
detection limits for these nuclides under typical condi-
tions are listed in Table 3; however, these conditions
may vary, sometimes significantly.

Pure beta emitters, such as carbon-14, sulphur-35,
strontium-90, technetium-99, promethium- 147 and
plutenium-241, are chemically separated from samples
before beta counting (Harvey et al., 1989, 1991).
Alpha-emitting thorium, uranium and transuranic
nuclides are chemically separated and analysed by
alpha spectrometry using silicon surface-barrier detec-
tors (Harvey and Thurston, 1988; Lovett et al., 1990).
Thorium-234 is analysed by reference to the activity of
protaclinium-234m using gamma spectrometry.
Radiochemical procedures are generally labour-inten-
sive and are carried out on samples in which these
nuclides are of particular relevance, often on an annual
bulk (sub-section 3.3). Detection limits are usually
much lower for radionuclides analysed using these
procedures than for gamma-emitting radionuclides.

Quantity New SI vnit Definition Old unit Definition Conversion data
and symbol and symbol
Radioactivity Becquerel (Bq)  Disintegration = Curie (i) 3.7 x 1010 disintegra- 1Ci= 3710'Bq
per second tions per second 1Bq=27 10" Ci=27pCi
Notes: i The terabecquerel (TBq) is used in this report for radioactive discharges: © 1TBq=1012Bq=27Ci
2 Radioactivily concentrations are given in Wemls per kilogram (Bg kg™): 1Bqkg!=1mBqg?=27pCikg?-
| 1pCig" =37 Bake'
Absorbed dose  Gray (Gy) Jkg! (joule Rad (rad) 102 ] kgl 1rad =102 Gy
. per kilogram) ! 1Gy =10%rad
Dose equivalent  Sievert (Sv) Tkglx Rem (rem)’ 1020 kgl x 1rem =102 Sv=10mSv
(modifying . {modifying 1Sv=10%rem. .
factors) factors) o
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Tabie 3. Artificial gamma-emitting
radionuclides routinely analysed and
approximaie limits of detection

Radionuclide Approximate limit
of detection®*,
Bg kg1
Manganese-54 0.2
Cobalt-58 03
Iron-59 0.5
Cobait-60 0.2
Zinc-65 04
Zirconinm-93 plus Niobium-95 1.0
Ruthenium- 106 1.0
Silver-110m 0.5
Astimony-125 04
Caesium-134 0.1
Caesium-137 61
Cerium-144 1.0
Europium-154 1.0
Europium-155 1.0
Americium-241 1.0O#

* Under typical conditions of counting; these may vary in practice
# When analysed by alpha spectrometry, much lower limits are
achieved

Measurements of gamma dose in air over intertidal
areas are made at 1 m above the ground using Mini
Instruments™® environmental radiation meters type
6-80 with compensated G-M tubes type MC-71.
Thermoluminescent dosemeters are also used to meas-
ure integrated doses over a period of time in some
situations. External beta doses are measured on con-
tact with the source, for example, fishing nets, using
Berthold* LB 1210B contamination monitors, These
portable instruments are calibrated against recognised
reference standards.

3.3 Methods of presentation of
measurements

The tables of monitoring resulis generally contain
summarised values of observations obtained during the
year under review. Observations of a given quantity
may vary thronghout the year; in general, any varia-
tions are larger than the analytical errors inherent in
the observations. The variations may, for example, be
due to changes in rates of discharge or to different
conditions in the receiving environment. The present-
ation of the summarised resuilts reflects the purpose of
this monitoring which is interpretation in terms of public
radiation exposures. The method of interpretation is

* The reference to proprietary products in this report
should not be construed as an official endorsement of
these products, nor is any criticism implied of similar
products which have not been mentioned.

described more fully in sub-section 3.4. The appropri-
ate integration period for comparison with recom-
mended limits is at least one year; standard practice is
to combine annual rates of consumption or occupancy
of the more highly exposed members of the public (the
critical group) with the arithmetic means of observed
radioactivity concentrations or dose rates, respectively,
during the year. The use of, for example, the highest
observed (but unsustained) radioactivity concentration
with an annual consumption rate would not provide a
realistic basis for comparison with the recommended
limits. Therefore, the tables present the arithmetic
means of observations made during the year. This
procedure takes account of corrections for radioactive
decay which are made to the time of sampling.

The frequency of sampling reflects the resolution
{which affects the accuracy) judged to be necessary in
the assessment of dose and is largely governed by the
radiological importance. The tables indicate the
number of sampling observations carried out during the
year. Observations on biota consist of the results of
analysing suitably large samples of material; for fish
and shellfish, a sufficient number of individual animals
is sampled and analysed for each observation so as to
allow for statistical variations. The number of indi-
viduals sampled also reflects the radiological impor-
tance. Thus, as in previous years, the number of indi-
vidual animals in a sample varied — by up to several
hundred for fish and molluscs from near Sellafield.

For external beta and gamma dose rates, each observa-
tion consists of the mean of a number of individual
readings at a given location. This aumber again de-
pends upon the radiological importance of the observa-
tion; the locations or materials chosen are generally
those where there 1s likely to be occupancy or handling
by persons as determined by habits surveys (see sub-
section 3.4).

Analyses requiring radiochemical separation may be
carried out on individual samples directly or on bulks
made up of a number of individual samples collected
over an extended period; in tables combining the
results of gamma spectrometry and radiochemical
analysis the extended period is one year unless other-
wise stated.

Measurements on biota are given in terms of concen-
trations in wet material. For fish and shellfish, the
concentrations apply to the edible parts, because the
purpose is assessment of internal exposure of the
consumer, For sediments, whose water content is more
variable, dry concentrations are given,

The results for certain measurements, particularly total
beta and carbon-14 radioactivity concentrations and
beta and gamma dose rates, include a contribution due
to natural radioactivity, Further analysis of samples

10
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Table 4. Concenirations of natural radicactivity
in various environmental maferials
and dose rales for natural background

around the British Isles
Material Total beia radioactivity Comments
concentration {wet)*,
Bqkg!
Fish 40to 100 Mostly K
Shellfish 4010 100 “
Seaweed 200 o 600 “
Sand 200 to 400 40K and decay
products
of Uand Th
Mud 700 1o 1000 “

Gamms dose rates in air over intertidal sediments: 0.03 - 0.1 pGy h?

*Excepl sediments for which dry concentrations apply

(usually by gamma spectrometry) indicates the compo-
nent of total beta radioactivity which is due to artificial
sources and the component due to natural radionuclides
(mainly potassium-40 and the decay products of ura-
nium ang thoriom). In the case of gamma dose raics,
an indication of the natural background component can
be gained from measurements at similar locations
which are remote from nuclear activities or from
experience before these activities began. Table 4 lists
representative values to be expected from natural
sources of radioactivity. It should be noted that con-
centrations of alpha-cmitting radioactivity can also be
due to natural radionuclides. Typical levels of total
aipha radioactivily are approximately 2 and 40 Bq kg!
(wet) in fish and shellfish respectively (Pentreath ef al.,
1989 (a)). These are mostly due to polonium-210.
Near Whitchaven in Cumbria, concentrations of polo-
nium-210 of a few hundred Bq kg-! (wet) can be
detected in shelifish. These are due to discharges from
a phosphogypsum piant. The radiation dose to high-
rate seafood consumers due to discharges from this
plant is estimated to be approximately 0.3 mSv year?!
{Rollo et al., in press).

Radiation exposures from unenhanced sources of
natural radioactivity are in most cases greater than
those from artificial radioactivity.

3.4 Method of interpretation of
results

The mdniton'ng results in this report are interpreted in
terms of radiation exposures of the public, The stand-
ards against which these exposures are judged are

embodied in national policy on radioactive waste
{Great Britain - Parliament, 1986). The National
Radiological Protection Board (NRPB) advises the UK
Government on appropriate standards, including the
recommendations of the ICRP. Current UK practice
relevant to the general public is mainly based on the
recommendations of the ICRP as set out in I[CRP
Pubtication 26 (ICRP, 1977). The Euratom Directive
on basic radiation safety standards (Commission of the
European Communities, 1980), with which UK legisla-
tion complies, is based on the recommendations of
ICRP-26, as are the Basic Safety Standards for
Radiation Protection promulgated by the International
Atomic Energy Agency (IAEA, 1982). In this report,

results have been interpreted also on the basis of the
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recommendations of ICRP-26, taking account of recent
explanatory statements by the ICRP (ICRP, 1987) and
advice from the NRPB (NRFPB, 1987).

The ICRP has recently published a comprehensive
revision of its recommendations, in ICRP Publication
60 (ICRP, 1991). These recommendations have not
yet been adopied by the UK Government, but are being
considered, with advice from the NRPB. To assist in
this process of consideration, and in keeping with our
practice of providing up-to-date information, some of
the relevant implications of ICRP-60 are addressed in
this report.

In addition to reviewing radiation risks and other key
factors, ICRP-60 includes new recommendations on
the conceptual framework of radiological protection.
The ICRP now recommends separate systems of radio-
logicat protection for “practices’, which are those
activities which increase exposures, and ‘interven-
tions”, which may be necessary in existing situations,
to reduce exposures which might otherwise occur.
ICRP-60 recommends that practices should be subject
to a dosefrisk limitation system which contains the
three elements of justification, optimisation, and com-
pliance with limits, with the additional proviso that
optimisation should be subject to appropriate
constraints which apply within the overalt limits. The
setiing of constraints is left to National Authorities,
and is being considered by the UK Government. The
dose limit for individual members of the public, rec-
ommended in ICRP-60, is an effective dose of 1 mSv
in a year. However, in special circumstances, a higher
value of effective dose could be allowed in a single
year, provided that the average over 5 years does not
exceed 1 mSv per year. The term ‘effective dose’
replaces ‘effective dose equivalent’ of ICRP-26; in
addition, different tissue weighting factors apply to
effective dose and, in this report, the appropriate use of
the two terms denotes which system (i.e. ICRP-26 or
ICRP-60) is being referred to.
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The separate dose limitation system of ICRP-60 which
applies for interventions involves, firstly, justification
in terms of positive net benefit and, secondly, that the
net benefit should be maximised through a process of
optimisation. The ICRP does not recommend dose
limits which are applicable for intervention purposes
because measures might be indicated which would be
out of proportion to the benefit to be gained, thus
conflicting with the two elements of the system of
protection. Some important examples related to inter-
vention are given in this report where there is signifi-
cant radioactivity already in the environment because
of the effects of discharges made in the past. Noting
the reservations of ICRP in applying dose limits in
such a situation, we are currently considering whether
it would be appropriate to compare the combined
effects of current and past discharges calculated using
ICRP-60 dose coefficients with a level of 1 mSvina
year. If this level were exceeded then intervention
might need to be considered. In addition, to provide
further information to help with the process of inter-
preting the ICRP-60 recommendations, we have also
calculated the effects of current discharges from
Sellafield and Springfields separately.

Both the ICRP-26 and ICRP-60 dose limitation sys-
tems for practices include, within appropriate dose
limits to individuals, the requirement that ‘all expo-
sures shall be kept as low as reasonably achievable...’
{ALARA). This requirement involves consideration of
collective, as well as individual, doses in radiological
control procedures. As in previous reports in this
series, collective doses from liquid radioactive waste
discharges continue to be kept under review. The
ICRP and the NRPB do not recommend a dose limit
for populations; such a limit might be regarded as
suggesting the acceptability of a higher population
exposure than is either necessary or probable, For
reference purposes, in this report, collective doses
averaged over the UK popalation are compared with
the average natural background level of approximately
2.2 mSv (NRPB, 1989).

For practices, both ICRP-26 and ICRP-60 recommend
that doses should meet the ALARA objective, subject
to compliance with appropriate individual dose limits.
Control of individual exposures is intended to limit
stochastic effects (i.e. those whose probability depends
on the dose) to an acceptable level and to prevent non-
stochastic or deterministic (threshold) effects. For
stochastic effects, it is recommended that the risk
should be equal whether the whole body is irradiated
uniformly or non-uniformly; weighting factors propor-
tional to the risk are defined for different organs. The
weighted sum of organ doses is called the effective
dose equivalent in ICRP-26, or effective dose in
ICRP-60. Exposures from intakes of radioactivity can
continue for a number of years, depending upon body

retention time, The ICRP-26 committed effective dose
cquivalent {or committed effective dose in ICRP-60)
represents the integrated exposure over 50 years fol-
lowing an intake. The ICRP-26 principal limit for the
committed effective dose equivaleny received by a

‘member of the public is 1 mSv in a year (ICRP, 1985);

however, it is permissible to use a subsidiary dose limit
of 5 mSv in a year for some years, provided that the
average annual committed effective dose equivalent
over a lifetime does not exceed 1 mSv year . These
dose limits apply to the sum of the effective dose
equivalent resulting from external exposure during one
year and the commiitted effective dose equivalent
incurred from that year’s intake of radionuclides.
ICRP-60’s dose limits were given earlier, and a paral-
lel additive rule applies. For members of the public,
the dose limitation criteria for both methodologies
apply at each site to the mean dose of the appropriate
‘critical group’, which is that small group of people
who, because of their habits and other aspects of be-
haviour which affect the doses received, are likely 10
be the most exposed.

In this report, the committed effective dose equivalents
to the critical groups presented are compared with the
principal ICRP-recommended dose limit of 1 mSv
year” and, where examples ar¢ given of the implica-
tions of ICRP-60, cffective doses are compared with
the dose limits of 1 mSv year!, As regards non-
stochastic {deterministic) effects due to intakes of
radionuclides, the ICRP has indicated (ICRP, 1984a,
1691} that because of the limitation on lifetime expo-
sure, described above, these effects in members of the
public will be avoided. For external exposures, spe-
cific non-stochastic (deterministic) limits are appropri-
ate. For example, the ICRP continues to recommend
(ICRP, 1991) the limit for skin of 50 mSv year; this
limit is applicable in the case of handling of fishing
gear.

For the calculations based on ICRP-26, values for
committed effective dose equivalents, following in-
takes by members of the public, have been taken from
three sources:

(i} NRPB Documents (NRPB, 1950);
(ii) ICRP Publication 56 (ICRP, 1989); and

(iii) the NRPB ‘RAPID’ database (Greenhalgh ei al.,
1986) as amended by changes in dosimetric
factors outlined in Kendall et al. (1987).

Where there is a choice, the most recent information is
adopted. ICRP-60’s dose calculations are based on
data taken from Phipps et al. (1991). For reference,
data on dose per unit intake are provided in Appendix
2 of this report.
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Our dose assessments include consideration of chil-
dren, where they are known to be members of critical
groups, and the use of appropriate gut transfer factors.
The NRPB has recently made recommendations on gut
transfer factors for a range of radionuclides (NRPB,
1990). These recommendations include endorsement
of the resulis of recent work at this Laboratory, using
adult, human volunteers, which has suggested a gut
transfer factor of 0.0002 in connection with the con-
sumption of plutonium and americinm in winkles from
near Sellafield (Hunt et al., 1986, 1990). For these and

other actinides in food in general, the NRPB considers .

a gut transfer factor of 0.0005 to be a reasonable best
estimate (NRPB, 1990), In this report, when estimat-
ing doses to consumers of winkles from the Irish Sea, a
gut transfer factor of 0.0002 is used for plutonium and
americium. For other foods and for winkles from
outside the Irish Sea, the factor of 0.0005 is used for
these radioelements.

In the case of external exposure to penetrating radia-
tion, uniform whole body exposure has been assumed.
The measured guantity is absorbed dose rate in air.
When interpreting this in terms of radiological effect,
an absorbed dose rate in air of 1 mGy h™' has been
taken as producing an effective dose equivalent rate of
0.87 mSv h (Spiers et al., 1981). This factor does not
change significantly for effective dose under ICRP-60.
For external exposure of skin, the measured quantity is
contamination in Bq cm-2. In this case, dose rate
factors in Sv year?! per Bq cm-2 are used which are
calculated for a depth in tissue of 7 mg cm-2(Kocher
and Eckerman, 1987). When assessing external expo-
sures to gamma radiation and internal exposures due to
ingestion of carbon-14, estimates of dose rates and
concentrations, as appropriate, due to natural back-
ground levels are subtracted.

In order to interpret monitoring results in terms of
committed effective dose equivalents to critical groups,
the remaining data required are, as appropriate, rates of
food consumption andfor occupancy of areas relevant
to external exposure. These are obtained by habits
surveys specific to, and generally near, each nuclear
establishment of interest. The resulis are kept under
review and the surveys are repeated at intervals. The
main purpose of the surveys is to identify, and to
quantify, the relevant habits of the critical group of
persons most highly exposed through a particular
pathway or pathways. In this report, critical group
habits data relevant to a given establishment are com-
bined with the results of environmental monitoring and
appropriate dosimetric data as above to estimate the
committed effective dose equivalent to the critical
group, which may then be compared with the appropri-
ate dose limitation criteria.

1t has been generally assumed, in radiological protec-
tion, that controls applied to radicactive waste disposal
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to provide adeguate protection for man will result in
sufficiently low concentrations of radionuclides in the
environment that the fauna and flora are also likely to
be protected (ICRP, 1977, 1990). This assumption has
been specifically addressed in the case of the aquatic
environment of the British Isles, and our rescarch -
programmes include a continuing study of potential
radiologicai effects on aquatic populations. Studies of
such effects on fish and shelifish (¢.g. Woodhead and
Pentreath, 1989) and on seabirds (Woodhead, 1986)
have confirmed the applicability of the general as-
sumption in these cases. In addition, the wider context
of the work of DFR (MAFF, 1989) includes research
programmes which are designed to keep the health of
fish and shellfish stocks under close scrutiny.

4. BRITISH NUCLEAR

FUELS PLC (BNFL)

BNFL is concerned mainly with the design and produc-
tion of fuel for nuclear reactors and its reprocessing
after irradiation. The company also operates nuclear
power plant supplying electricity to the national grid.
We regularly monitor the environmental consequences
of discharges of liquid radicactive waste from four
BNFL sites, namely Sellaficld, Springfields,
Capenhurst and, on behalf of departments of the
Scottish Office, Chapelcross.

4,1 Sellafield, Cumbria

Operations and facilities at this establishment include
fuel element storage and decanning, the Windscale
nuclear fuel reprocessing plant and the Calder Hall
magnox-type nuclear power station. Liquid radioac-
tive waste discharges include a very minor contribution
from the adjoining UKAEA Windscale Laboratories.
The most significant discharges are from the BNFL
fuel element storage ponds and the reprocessing plant,
through which pass all of the irradiated Magnox fuel
from the UK nuclear power programme, and some fuel
from abroad. Most of the radicactive waste separated
from the fuel is presently stored on site; relatively
small quantities of radioactivity are discharged to the
north-eastern Irish Sea through pipelines which termi-
nate 2.1 km beyond low-water mark. On 1 January
1990, the authorisation to discharge these wastes was
varied, specifying lower limits to radioactivity in
discharges than previously. The condition requiring
BNFL to use the ‘best practicable means’ (BPM) to
control discharges is unchanged. This condition re-
flects, inter alia, the objective of keeping radiation
exposures ‘as low as reasonably achievable’ (ALARA),
to comply with the ICRP principles, as described in
sub-section 3.4, This condition also has the effect of
requiring the use of the ‘best available technology’ as
described in the recommendations of the Paris
Commission (PARCOM, 1989). '
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Discharges from the Sellafield pipelines during 1990

are summarised in Table 1, and were within the new,

- more stringent limits set by the Authorising
Departments. The site ion-¢xchange effluent plant
(SIXEP) and the salt evaporator operated during 1990.
Discharges of most radionuclides were slightly lower
than those in 1989 because of a period of shutdown of
reprocessing in mid-1990 for plant refurbishment,
Transfers to SIXEP of some sludges from the older fuel
storage ponds continued as part of pre-decommis-
sioning operations. These transfers resulted in slightly
greater discharges of radiocaesium from SIXEP than
would have otherwise occurred, but overall discharges
of radiocaesium, at 23.5 TBq in 1990, were still less
than those in 1989 (28.6 TBq). Discharges of total
beta activity were 71 TBq (1989: 101 TBq). Dis-
charges of alpha-emitting radionuclides in 1990 to-
talled 2.2 TBq (1989: 2.7 TBq).

Our regular monitoring continued during 1990. Impor-
tant radiation exposure pathways were still from con-
sumption of fish and shellfish and from external expo-
sure to gamma rays from occupancy over sediments,
with other pathways being kept under review. Follow-
ing established practice, the largest monitoring effort
was expended on these more important pathways. In
1990, as in previous recent years, there was no harvest-
ing of Porphyra in the immediate vicinity of Sellafield
for manufacture of laverbread, bul monitoring contin-
ved because the pathway remains potentially impor-
tant. An extensive research programme also contin-
ued. The aims of this programme are to improve our
knowledge of the distribution and behaviour of
radionuclides in the marine environment, especially in
relation to the critical exposure pathways, and also to
provide a means of assessing other pathways of lower
current importance, thereby assisting in keeping all
exposure pathways under review. Results from our
research programme are included where relevant.

4.1.1 The fish and shellfish
consumption pathway

Public radiation exposure from Sellafield discharges by
consumption of fish is still predominantly due to
radiocaesium. Concentrations of toial beta activity and
caesinm-134 and -137 in fish from the vicinity of the
Irish Sea and from further afield are given in Table
5(a). Data are listed by location of sampling or landing
point, in approximate order of increasing distance from
Sellafield. So as to be representative of consumption
by the public, samples are generally obtained from
commercial sources. However, to minimise the risk of
underestimating exposures, and as ceriain species of
fish or shellfish may not be available commerciatly, we
also catry out specific surveys. The ‘Sellafield Coastal
Area’ extends 15 km north and south of Sellafield from
St Bees Head to Selker and 11 km offshore; most of

the local fish and shellfish consumed by the critical
group is taken from this Area {Leonard and Hunt,
1985). Our specific surveys are carried out in the
smaller ‘Sellafield Offshore Arca’ where experience
has shown that good catch rates may be obtained. This

" Area consists of a rectangle, one nautical mile wide by
two nautical miles long, situated south of the pipeline
with the long side paralle! to the shoreling; it averages
about 5 km from the pipeline outlet.

The results reflect the progressive dilution of
radiocaesium with increasing distance from Sellafield,
but the rate of decline of radiocaesium concentrations
with distance is not as marked as was the case some
years ago, because of the significant reductions in
discharges since that time. The ratios of caesinm-137
to caesium-134 (half-lives 30 years and 2 years respec-
tively) reflect the age of the radioactivity; up to 1985,
these ratios increased with distance from Sellafield, but
in 1986 they were perturbed by the addition of
radiocaesium from Chemobyl which was relatively
rich in caesium-134. This perturbation persisted in fish
from Scottish waters and the North Sea until 1988
{Hunt, 1989) but was difficult to detect in these areas
in 1989 or 1990 due te decreasing concentrations of
caesinm-134, However, radiocaesium in fish from the
Baltic Sea is substantially from the Chernobyl acci-
dent. Concentrations of radiocaesium in fish known to
have been caught in Icelandic waters remained typical
of those from weapons-test fallout, at a value of about
0.3 Bq kg for cacsium-137 in cod. In the Irish Sea,
the ratios of caesium-137 to caesium-134 were gener-
ally higher than those in recent discharges from
Sellafield, even allowing for residence time in the
water and uptake into fish; this suggests that a signifi-
cant contribution from aged radiocaesium is present,
due to remobilisation from the sediment of the Irish
Sea (Hunt and Kershaw, 1990). '

Variations between fish species for a given area, while
not large, are mainly to be explained in terms of resi-
dence time in the area as well as in terms of feeding
habits. To obtain representative results for dose esti-
mation, samples include large numbers of individual
fish (sub-section 3.3).

Concentrations of radiocaestum in fish from the eastern
Irish Sea in 1990 were gencrally similar to those in
1989. This is consistent with the observatior that
much of the radiocaesivm in fish in this area is due to
remobilisation of aged deposits. Further afield, con-
centrations of radiocaesium in fish were lower than
those in 1989, continuing the downward trend due to
reductions in discharges during the 1980s.

Specific radionuclides, other than caesium-134 and
-137, which were detected in fish in 1990, are listed in
Table 5(b). Analyses of samples of fish for carbon-14,
strontium-90, technetium-99 and promethium-147
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Table 5(a). Betalgamma radioactivity in fish from the Irish Sea vicinity

and further afield, 1990
Sampling areaf Sample No. of Mean radioactivity concentration
landing point sampling (wet), Bq kg!
observa-
tions? Total beta 13Cs 137C,
Sellafield coastal area’ Cod 6 190 0.8 37
Plaice 2 190 10 37
Sellafield offshore area! Cod 3 190 0.5 27
Plaice 4 130 0.2 14
Flounder i 150 0.9 &9
Dab 3 160 04 24
Whiting 2 170 0.6 40
Ravenglass? Cod 16 160 0.5 29
Plaice 8 150 0.3 24
ith 2 120 03 23
Flounder 1 180 0.8 45
Hake 1 140 0.8 21
Whitebait 1 99 ND 13
Sea tromt 1 160 0.7 n
Salmon 1 100 ND 29
‘Whitehaven? Cod 4 160 04 21
Plaice 4 130 0.1 14
e, |0 B & 4
Herting 3 110 ND 10
Hake 1 140 05 20
Morecambe Bay! Flounder 4 160 04 54
Plaice 3 130 0.07 25
Bass 2 170 0.6 50
Whitebait 1 94 03 20
Cumbrian rivers? Brown trout 2 120 ND ND
Sea trout 5 130 “ 19
Fleetwood? Cod 4 140 0.2 17
ice 4 120 0.2 14
Fish meal® 2 240 02 37
Isle of Man? Cod 4 150 0.1 11
Plaice. 3 100 ND 6.0
Herring 2 170 01 15
iting 1 120 03 13
Inner Solway! Salmon 1 160 ND 1.1
Sea trout 2 140 - 15
Flounder 4 180 0.6 &5
Kirkcudbright? Plaice E) 100 0.2 97
North Anglesey! Plaice 2 100 ND 25
Spurdog 2 110 0.2 12
Northern Ireland? Cod & 130 0.07 1.5
Whiting 8 120 ND 83
Hemnn, 4 120 0.3 12
Dogfi 5 00 0.1 74
Saithe 1 100 ND 50
Ay Cod 4 140 02 39
Plaice 3 100 0.06 5.8
Whiting 1 130 ND 2.6
Loch Levent Saimon 1 130 “ 1.1
Minch! Cod 4 150 ND 20
Plaice 4 100 0.03 1.3
Haddock 4 120 ND 10
Herring 2 120 “ 15
Mackerel 7 119 “ 0.7
Sheiland® Fish meal’ 1 500 ND 21
Northern North Sea? Plaice 4 100 “ 14
Cod [ 130 “ 13
Haddock g 120 “ 10
Saithe 4 NA - 14
Herring 6 120 “ 08
Mackerel 2 NA “ 04
Whiting 1 " 14
Mid North Sea® Plaice 8 96 0.02 1.1
Cod 3 130 0.04 1.9
B [ 0B B8
Mackesel 1 NA ., 10
Whiting 2 “ “ 1.1
Southem North Sea! Plaice 3 91 t 1.0
Cod 3 130 - 10
Herring 3 110 “ 0.7
Mackerel 1 NA “ 0.6
Whiting 1 NA “ 10
Norwegian Seal Cod 2 110 ND 11
Baltic Sea’ Cod 3 110 2.1 16
Herring 2 110 1.1 79
English Channel! Plaice 2 110 ND 03
Cod 2 130 “ 0.6
Whiting 1 98 “ ND
Mackerel 1 100 “ 0.5
Iceland area’ Cod 2 110 “ 03
Icelandic processed Cod 2 110 “ 0.8
Haddock 1 110 “ Q01

ND = not d. d; NA = not analysed; Sampling area; *Landing point; 3See sub-section 3.3 for definition;
*Samples collected from a number of vivers by the North West Waler Authority; *Conc ions refer to ht
of sample as supplied :

K
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Table 5(b). Other betalgamma radioactivity in fish from the Irish Sea vicinity, 1990
Sampling area/ Sample No. of Mean radioactivity concentration(wet), Bq kg
landing point sampling
observa- 14c 0o 657n 0S¢ Tc TPy
tions?
Sellafield offshore area! Plaice 1 82 ND ND 0.065 .68 0.0074
Cod 1 95 “ “ 0.12 0.39 0.013
Ravenglass® Whitebait 1 NA 0.5 * 0.38 NA NA
Whitehaven® Plaice 1 43 ND “ 0.070 “ “
Cod 1 43 “ “ 0.051 “ “
Morecambe Bay! Plaice i 35 » NA “ “
Flounder i 46 “ “ “ “
Fleetwood? Plaice 1 34 " “ “ “ “
Cod 1 23 . “ “ "o “ “
Fish meal? 1 NA “ » 0.50 " “
Isle of Man? Plaice 1 30 * “ NA " -
Inner Solway! Flounder 1 22 “ * “ * "
North Anglesey? Dogfish 1 20 » " “ “ “
Minch? Mackerel 1 64 “ “ “ “ “
Shetland? Fish meal? 1 NA “ “ 0.042 “ “
Northern North Sea! Cod 2 “ 0.1 - NA “ “
Haddock 1 12 ND " “ " *
Herring 2 NA 0.3 “ “ “ "
Mackerel 2 “ 09 - " “ “
Mid North Seal Cod 1 7.8 ND “ “ “ “
Iceland areal Cod 1 19 “ “ “ u “
Icelandic processed Cod 1 15 * * * “ “
English Channelt Plaice 2 NA 0.06 024 “ " “

NA = not analysed

ND = not detected

1 Sampling area

2 Landing point .

3 See sub-section 3.3 for definition

* Concentrations refer to weight of sample as supplied

continued 10 be included in our monitoring programme
to enable the effects of discharges of these nuclides
from Sellafield to be assessed, and for resuits based on
measurements to be included later in consideration of
critical group and collective dose. Analyses for these
radionuclides are labour-intensive; thus a selection of
samples was made based on potential radiological
significance. The data for 1990 confirm that the radio-
logical significance of these radionuclides remained low.

For shellfish, a wide range of radionuclides contributes
to radiation exposure of consumers owing to generally
greater uptake in these organisms than in fish. Table 6
lists concentrations of total beta activity and beta/
gamma-emitting nuclides in shellfish from the Irish
Sea and further afield. Results for carbon-14, stron-
tium-90, technetium-99 and promethium-147 are
included. Winkles are of particular radiological impor-
tance to the critical group near to Sellafield, as

described later in this section. In addition to our own
samples, supplies of winkles, mussels and limpets were
obtained from consumers who collected them in the
Sellafield Coastal Area exploited by this critical group.

Concentrations of artificial radionuclides in shellfish,
as with fish, diminish with increasing distance from
Sellafield; the rate of reduction is least for nuclides
which are relatively mobile in sea water, such as iso-
topes of cacsium. There are substantial variations
between species: in general, molluscs tend to concen-
trate the less mobile nuclides to a greater extent than
crustaceans, which in turn tend to concentrate them
more than fish; the reverse behaviour is generally
observed for mobile nuclides. Concentrations of beta/
gamma-emitting radionuclides in shellfish in 1990
were generally similar to those in 1989, with some
evidence of reductions (e.g. for ruthenium-106) in line
with decreases in discharges.
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Table 6. Betalgamma radicactivity in shellfish from the Irish Sea vicinity and

further afield, 1990
Sampling area/ Sample No. of Mean radioactivity concentration (wet)*, Bq kg1
landing point sampling
observa- Total -~ ¥C MMn ®Co  8Zn  ®§r  YZr  BNb  PTc
tions® beta o
Setlafield Crab 5 150 100 ND 34 ND 12 ND ND 58
coastal areal Lobster 5 4200 160 “ 2.0 - 065 * " 630
Winkles 4 12 380 72 “ -56 “ 17 08 04 76
Winkles® 4 360 NA “ 6.4 “ NA 2.5 3.7 NA
Winkles® 3 240 * " 34 “ “ ND ND “
Mussels? 5 220 0~ » 33 “ “ 0.6 05 “
Limpets* 3 410 “ * 6.0 “ “ 05 08 -
Sellafield ‘Whelks 2 230 * * 53 “ “ ND ND “
offshore area!
St Bees! Winkles 4 290 32 “ 43 “ 94 1.1 0.7 45
Mussels 4 260 NA # 4.0 “ 4.1 1.1 NA
Limpets 4 430 " “ 50 “ “ 1.8 29 “
Nethertown’ Winkles 12 350 65 “ 5.6 " 13 27 32 72
Drigg! Winkles 4 430 59 0« 85 75 19 16 150
Ravenglass! Cockles 4 230 NA “ 9.6 “ NA 16 26 NA
Mussels 4 230 “ “ 46 “ “ 13 ND “
Ravenglass® Crabs 3 e - “ 1.6 " “ ND ¢ “
Lobsters 3 240 “ “ 035 * “ " “ “
Whelks 3 160 “ " 34 0.1 “ " “ “
Tarn Bay! Winkles 4 350 “ 5.1 “ 3.1 4.7 “
Whitchaven? Nephrops 4 20 © " 1.3 “ “ ND ND “
Whelks 4 120 “ “ 0.6 “ " " “ *
Parton’! Winkles 12 240 “ “ 2.7 “ “ 0.7 04 “
Roosebeck! Oysters 4 75 “ - 0.7 “ “ ND ND *
Haverigg! Cockles 2 40 - “ 35 * “ 0.7 0.7 “
Millom! Mussels 2 170 “ “ 1.1 “ “ ND ND *
Whitrigg scar’ Shrimps 1 120 “ “ 09 “ " “ “ “
Morecambe Bay! Shrimps 4 96 it * ND “ 015 - “ “
Cockles 4 100 " “ 16 “ 10 " “ “
Heysham! Cockles 4 85 ot “ 1.4 “ NaA ¢ “ *
Mussels 4 T “ * 03 “ “ “ “ “
Fleetwood? Squid 1 86 “ “ ND “ “ * “ “
Whelks 3 110 “ “ 0.5 “ “ " * “
Isle of Man? Scallops 4 86 “ * ND “ “ * * *
Inner Solway! Shrimps 4 100 = “ “ ¢ “ * * “
Southerness! Winkles 4 230 “ * 1.0 “ " 0.1 ND “
Kirkcudbright? Scallops 4 49 * “ ND " “ ND “ “
Queens 4 64 - “ 008 * “ “ “ “
North Solway coast! Cockles 3 110 “ “ 20 " * 0.3 02 “
Winkles 4 116 * “ 1.0 “ * ND ND “
Wirral! Shrimps 2 72 “ “ 0.3 " “ “ 072
Cockles 2 69 “ “ 0.4 " “ “ 1.1
Conwy? Mussels 2 38 “ “ ND " - - “ NA
Nortth Anglesey! Crabs 2 89 “ “ “ “ - “ “ “
Winkles 2 83 “ “ 0.4 “ “ “ - “
Northem Iretand? Nephrops 8 110 “ “ 0.2 “ * “ " *
Winkles 4 85 “ “ 0.1 “ “ “ * “
Minch! Nephrops 4 89 * “ ND “ " " “ “
Northern North Seal Nephrops 5 93 “ “ “ = “ “ “ *
Mid North Seat Queens 1 NA ¢ “ “ “ “ “ “ “
Mussels 1 54 “ “ “ “ “ “ “ “
Mussels” 2 29 “ “ - “ - " " *
Southem North Cockles 2 21 “ " 1.7 “ “ " " “
Sea! Cockles® 2 45 “ “ 0.4 “ * * “ “
Mussels 5 36 “ ND “ “ * " “
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Table 6. Continued

Sampling area/ Sample No. of Mean radioactivity concentration (wer)*, Bq kg™!
landing point sampling
observa- j
tions? 1R, meRu 110m Ag lﬁSb 1M, 137¢g M, 147py, lS#Eu 155Ey,
Sellafiefd Crab b ND 11 4.4 0.7 ND 10 ND 27 ND ND
coastal area! Lobster 5 “ 8.9 6.7 0.2 0.2 14 0.6 438 0.08 006
Winkles* 12 - 65 6.5 33 006 25 14 12 ND 0.3
Winkles* 4 0.2 90 9.0 4.3 0.1 23 31 NA 1.2 035
Winkles® 3 ND 33 55 3.1 ND 15 ND * ND ND
Mussels* 35 009 44 ND 2.1 0.1 85 0.5 * 1.0 0.6
Limpets* 3 ND 37 29 37 ND 13 0.6 “ 07 0.6
Sellafield Whelks 2 “ 57 9.2 22 “ 6.4 1.5 “ 06 0.4
offshore areal
St Bees! Winkles 4 “ 60 6.6 4.5 0.2 24 1.7 8.0 0.6 03
Mussels 4 “ 86 3.0 2.5 ND 11 24 NA 02 03
Limpets 4 " 47 33 6.0 02 26 27 " 1.5 0.9
Nethertown! Winkles 12 0.2 87 80 535 31 4.0 14 1.3 0.7
Drigg! Winkles 4 04 130 87 S9 ND 23 43 16 05 0S5
Ravenglass! Cockles 4 ND 61 1.1 0.9 “ 15 34 NA 2.6 14
Mussels 4 - ¥\ ND 37 “ 16 ND “ ND 0.6
Ravenglass? Crabs 3 “ 55 22 0.4 “ 6.6 “ “ “ ND
Lobsters 3 " ND 33 ND “ 7.8 " " “ 0.2
Whelks 3 “ 30 6.2 13 “ 51 “ " * ND
Tam Bay! Winkles 4 0.5 92 58 39 0.2 26 34 " 0.9 0.6
Whitehaven? Nephrops 4 ND ND ND ND Q08 12 ND * ND ND
elks 4 “ 4.1 1.3 “ ND 35 “ “ “ “
Parton! Winkles 12 0.1 37 22 34 0.2 26 (121, B 003 0.1
Roosebeck! Oysters 4 ND 3.5 21 ND ND 50 ND “ ND ND
Haverigg! Cockles 2 “ 20 ND 1.0 02 18 16 “ 1.1 0.5
Miliom! Mussels 2 0.2 21 * 0.7 009 84 0.9 “ ND 0.1
Whitrigg scarl Shrimps 1 ND ND “ ND 0.7 20 ND - “ ND
Morecambe Bay! Shrimps 4 “ “ “ “ 02 20 =« “ “ “
Cockles 4 “ 4 “ 04 0.2 15 “ " * “
Heysham! Cockles 4 “ 37 " 0.5 006 87 * “ 007 0.1
Mussets 4 * 21 “ 02 0.1 45 “ “ ND ND
Flestwood 2 Squid 1 “ ND “ ND ND 4.7 “ * “ “
elks 3 “ 23 0.5 “ - 31 " “ “ "
isle of Man 2 Scallops 4 “ ND ND - “ 1.1 - “ * “
Inner Solway! Shrimps 4 - ND * “ 0.2 21 “ " “ "
Southemess! Winkles 4 - 8.6 L6 09 0.t 24 " “ 0.1 “
Kirkcudbright 2 Scallops 4 “ ND ND ND ND 04 “ “ ND “
Queens 4 “ “ 03 “ “ 12 * “ “ “
North Solway coast! Cockles 3 “ 3.0 ND ¢ " 13 “ “ = ot
Winkles 4 “ 38 20 0.5 “ 438 “ “ “ “
Wirral! Shrimps 2 “ ND ND ND “ 71 “ " * “
Cockles 2 T T R
Conwy? Mussels 2 “ " “ “ “ 1.1 " “ - “
North Anglesey! Crabs 2 “ “ 007 ¢ “ 1.7 “ " “ “
Winkles 2 “ 0.7 0.2 “ “ 3.7 “ “ “ “
Northem Ireland 2 Nephrops 8 “ ND ND * “ 37 - “ “ “
Winkles 4 “ “ 008 “ “ i1 “ " “ "
Minch! Nephrops 4 “ “ 008 - - 0.7 “ * - “
Notthem North Sea! Nephrops 5§ “ “ ND ™ " 0.7 “ “ “ “
Mid North Seal Queens 1 " “ “ “ - ND “ “ “ “
Mussels 1 “ “ “ “ “ 0.5 “ “ " *
Mussels? 2 “ " “ " “ 008 - “ " “
Southern Nortth Cockles 2 “ “ “ “ “ 0.1 “ “ “ *
Seal Cockles? 2 “ “ “ “ " 0.2 " * “ “
Mussels 5 * “ “ “ “ 04 01 “ “ “

NA = not analysed; ND = not detected; 'Sampling area; *Landing point; See sub-section 3.3 for defintion; *Samples collected
by Consumer 116; >Samples collected by Consumer 460; Samples collected by Consumer 311; "Landed in Denmark;
2Landed in The Netherlands

18



Analyses for transuranics are labour-intensive; as in
previous years, a selection of samples of fish and
shellfish chosen mainly on the basis of potential radio-
logical significance was analysed for transuranic
nuclides. Analyses were often carried out on bulked
samples (sub-section 3.3).- The data for 1990 are
presented in Table 7. Transuranics are less mobile
than radiocaesium in sea water; this is reflected in
higher concentrations of transuranics in shellfish as
compared with fish, and a rapid reduction with dis-
tance from Sellaficld in concentrations of transuranics,
particularly in shelifish.

Over the past decade, discharges of transnranic
nuclides from Sellafield have reduced significantly,
resulting in overall decreases in concentrations of these
nuclides in fish and shellfish. However, the non-
mobile nature of these nuclides causes a delayed effect
in the environment (Hunt, 1985) such that a contribu-
tion to present concentrations is provided by discharges
in earlier years. In 1990, when compared with 1989,
concentrations of transuranic nuclides in fish and
shellfish showed general decreases, in line with the
expected trend. However, our model predictions
{Hunt, 1986; Penireath et al., 1989(b)) suggest that
there is likely to be a gradual slowing down in the rate
of decrease in these concentrations.

The radiation dose to consumers of fish and shellfish
depends upon the product of the mass of foodswff
consumed and its radioactivity concentration. Because
of variations in these two quantities between individual
consumers, a wide range of annual doses is to be
expected. The critical group approach, which is well
established in the UK and recommended by the ICRP
for control purposes, is based on identifying groups of
individuals in exposed populations who are subject to
the highest radiation exposures. Of the two main
variables, radioactivity concentrations in fish and
shelifish are highest in the Coastal Area as defined
above. Hence, eaters of fish and shellfish within the
local community represent one exposed population
whose consumption rates we have studied and kept
under review. As regards the other main variable,
consumption rates, surveys have shown that, in addi-
tion to the local fishing community, the larger popula-
tion in Cumbria and north Lancashire, including those
associated with commercial fisheries based primarily at
‘Whitehaven, Fleetwood and in the Morecambe Bay area,
contains consumers of large quantities of fish and shell-
fish. These additional populations are kept under review,
even though, in general, the relevant fishing grounds are
further aficld than the Cumbrian Coastal Area and con-
centrations of radioactivity in fish landed are lower.

The consumption rates of the local fishing community
described above were kept under review in 1990. Tech-
niques used in the collection of data have continued to
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include the use of ‘consumption logging sheets', par-
ticularly by members of critical groups (Leonard et al.,
1982; Leonard, 1984). Consumption rate data have
been interpreted using technigues based upon ICRP
recommendations (Hunt ef al., 1982) to select appro-
priate critical groups of higher-rate consumers. We
have included consideration of children’s consumption
rates in this selection process (Leonard and Hunt,
1985).

Radioactivity concentrations in fish and shellfish vary
with the species involved, so in estimation of doses to
consumers it is not sufficient to determine only the
total consumption rates of fish and shellfish together.
QOur experience (illustrated by Tables 5-7) has shown,
however, that for a given area within each of the
classes fish, crustaceans and molluscs, the concentra-
tions of given nuclides in representative samples are
relatively constant. For each of the exposed pop-
ulations, therefore, sub-groups of persons were identi-
fied who were likely to have received the greatest
exposures from eating each class of foodstuff, and
mean consumption rates for the sub-groups were deter-
mined. For the local fishing community, these sub-
groups’ consumption rates of fish and shellfish in 1950
were not significanily different from those in 1939
{(Hunt, 1990), and the rates of 37 kg year'1 fish, 6.0 kg
year'1 crustaceans, and 8.3 kg yeau"l molluscs have
been used in the assessment of doses to the critical
group of fish and shellfish consumers.

The habits survey data show that above-average con-
sumers in each of the component sub-groups are not
generally members of another component sub-group.
However, members of more than one sub-group do
exist, so to avoid underestimating the exposure of the
overall critical group, this exposure is derived by
adding together the exposures of each sub-group.
Comparison based on individual critical group mem-
bers” exposures shows that this procedure is not exces-
sively conservative (Leonard and Hunt, 1985). Plaice
and cod are overwhelmingly the most popular fish
caten by the high-rate consumers, and the assessment
of exposure of the critical gronp of local consumers
was based upon an equal mix of these species taken
from the Sellafield Offshore Area and from landings at
Ravenglass, typical sources of most of the local com-
mercial supplies. The exposure due to consumption of
crustaceans, following the 1990 review of consumption
rates, was calculated on the basis of a mix of two-
thirds crabs and one-third lobsters from the Coastal
Area and landings at Ravenglass, combined equally.
The exposure from consumption of molluscs was
calculated on the basis of averaged radionuclide con-
centrations in winkles from the Coastal Area, including
data from both our own sampling at specific locations
within this Area and from samples collected by local
CONSUmers, :



Table 7. Transuranic radioactivily in fish and shellfish from the Irish Sea vicinity and

further afield, 1990
Sampling area/ Sample No. of Mean radioactivity concentration (wet}, Bq kg™
landing peoint sampling
' observa- . D9py+ Cm+
tions® BiNp Bipy  Mpy  AWpy gy H0m M0p
Sellafield Plaice 1 NA 0012 0049 NA 0.068 ND 0.00019
coastal area! Cod 2 “ 00088 0036 “ 0.049 000029 0.00016
Crab 3 0060 025 10 29 3.6 0.0045 0011
Lobster 3 01z 016 067 21 74 ND 0.029
Winklest 4 016 49 22 370 37 0038  0.098
Winkles’ 2 NA 47 21 360 38 0.13 0.080
Winkles® 3 “ 2.0 3.8 150 15 ND 0.043
Mussels* 1 “ 3.5 16 NA 28 0083 0082
Limpets? 1 “ 4.1 19 “ 33 0000 014
Sellafield Plaice 1 0.0007 ©0.0022 00098 018 0018 ND 0.00004
offshore area! Cod 1 00004 00028 0012 NA 0.022 0.00012 0.00008
Whelks 1 NA 1.0 4.4 “ 15 0.056  0.043
St Bees! Winkles 4 012 38 17 280 29 0043  0.064
Mussels 2 NA 37 16 20 26 0061  0.077
Limpets 1 “ 53 24 NA 39 ND 0.11
Nethertown! Winkles 4 032 56 25 430 41 0.1 0.10
Driggt Winkles 4 03t 63 27 470 54 0.11 0.16
Ravenglass! Whitebait 1 NA a1t 049 78 064 ND 0.0020
Cockles 1 “ 45 19 330 49 0.12 0.21
Maussels 1 “ 4.1 17 310 29 0078 0.2
Ravenglass?® Plaice’ 1 “ 00027 0012 NA 0024 ND 0.00009
Cod’ 1 “ 0.0029 0013 0019 * © 0.00005
Crab® 1 “ 014 063 ¢ 2.7 “ 0.010
Lobster® | “ ot 048 v 9.4 “ 0.026
Whelks® 1 “ 048 21 6 4.6 0018 0019
Tarn Bay! Winkles 1 “ 5.1 2 390 37 0.084 011
Whitehaven? Plaice 1 “ 00015 0.0063 NA 0011 000004 0.00005
Cod 1 “ 0.00060 0.0027 0.0060 ND 0.00002
Herring 1 “ 00045 002 0031 - 0.00007
Rays 1 “ 000693 0.0045 *+ 0.0068 * 0.00002
Nephrops 1 “ 0052 026 067 ¢ 0.0020
Whelks 1 = 020 099 15 14 - 0.0036
Parton! Winkles 1 “ 2.7 13 210 20 - 0058
Roosebeck! Oysters 1 “ 029 14 NA 12 00031 00028
Haverigg? Cockles 1 “ 27 1z - 28 0061  0.076
Mitlom! Mussels 1 “ 098 46 “ 80 0024 0020
Morecambe Bay! . Shrimps 1 . 0.011 0052 079 0077 ND 0.00029
Cockies 1 “ 077 34 54 8.5 “ 0.024
Heysham! - Mussels 1 “ 023 11 NA 1.8 ND 0.0054
Cockles 1 “ 068 34 “ 8.4 0033 0011
Fleetwood? o Cod 1 S 000029 00013 < 00025 ND ND
: : Plaice 1 : “ 000060 0.0030 * 0.0062 * 0.00002
Fishmeal® 1 “ . 00034 0019 * 0023 ¢ ND
1 e 010 055 79 08 0.0023

Whelks
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Table 7. Continued

Sampling areaf Sample No. of Mean radioactivity concentration (wet), Bq kg
landing point sampling
observa- Bpus 23Cm+
tions? BINp DBEpy  AM0py  Mpy  Mpg, M0n MW,

Isle of Man? Cod I NA 000016 0.00079 NA 00014 ND ND
Plaice 1 “ 0.00047 00023 * 00030 *“ 0.00001
Herring 1 “ 0.00028 0.0013 *“ 00016 * ND
Scallops 1 “ 0,020 0.14 “ oMs ¢ “

Inner Solway! Sea trout 1 “ 0.00060 0.0030 * 00042 *+ 0.00001

Southemess! Winkles 1 “ 1.1 53 “ 8.7 “ 0.034

Kirkeundbright? Plaice 1 “ 000060 0.0031 = 0.0059 *“ ND
Scallops 1 “ 0018 Q088 *“ 0034 "
Queens 1 “ 0019 0097 ~ 0.11 “ 0.00024

North Solway coast! Cockles i “ 12 56 “ 13 “ 0.046
Winkles 1 “ 043 20 “ 33 “ 0.0080

Ayr® Cod 1 “ 0.00012 0.00059 “ 0.00087 * ND
Plaice 1 “ 0.00020 0.00096 * 0.0017 “ 0.00001

Wirral! Cockles 1 v 0.33 1.7 - 30 - 0.011

Conwy? Mussels 1 “ 0046 022 “ 0.35 “ 0.00086

North Anglesey! Spurdog 1 “ 0.00000 000042 “ 0.00074 * ND
Winkles 1 “ 0.20 0.98 “ 13 - 0.0030

Northern Ireland? Whiting 1 “ 006011 00058 0.0079 * 0.00002
Nephrops 1 - 0014 0069 0.17 - 000034
Winkles 1 “ 0052 025 " 0.15 “ ND

Minch! Cod 1 “ 0.00006 0.00035 * 0.00061 “ “
Haddock 1 “ 0.00011 0.00067 “ 0.00057 * "
Mackerel 1 " 0.00013 0.00072 “ 0.00016 * “
Nephrops 1 “ 0.00072 0.0046 = 0.0048 * 0.00002

Shetiand! Fish meal® 1 " 00012 00085 * 0.0015 * ND

Northern Norih Sea’ Cod 1 - 0.00007 0.00030 “ 0.00036 * 0.00001
Haddeck 1 “ 0.00011 0.00052 “ 0.00054 * ND
Nephrops 1 “ 0.00080 0.0038 * 0.0060 000015 0.00010

Mid North Sea! Mussels 1 “ 00045 0027 ~ 0.0067 ND ND
Mussels!® 1 " 0.00025 0.0044 * 00021 *“ “

Southern North Sea! Mussels 1 “ 00026 0015 * 00047 * "
Cockles 1 “ 0.0020 0.0083 * 00004 *~ 0.60091
Cockles!! 1 * 00018 00062 *~ 0.0065 “ 0.00051

Icelandic processed Cod 1 " 0.00005 0.00024 * 0.00022 ND

ND = not detected

NA = not analysed

{  Sampling area

2 Landing point

¥ See sub-section 3.3 for definition

4 Samples collected by Consumer 116

¥ Samples collected by Consumer 460

6 Samples collected by Consumer 311

7 Samples provided by Fisherman A

3 Saumples provided by Fisherman B

9  Concentrations refer to weight as supplied

10 Landed in Denmark

1 Janded in The Netherlands
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Table 8(a). Individual radiation exposures due to consumpiion of Irish Sea fish and shellfish, 1990

Exposed population Consumption rale used in assessment Nuclide Exposure, mSv
(see text), kg year!
ICRP-26* ICRP-60#
Consumers in local fishing Tish {plaice and cod): 37 %5 0.004 0.003
community Crustaceans {crabs and lobsters): 6.0 106Ry 0.005 0.008
Molluscs {winkles): 83 1370 0.015 0.015
28py, 0.007 0.004
239+240py, 0.034 0.021
21p, 0.012 0.007
HlAm 0.075 0.045
Total 0.16 0.11
Consumers associated with Fish (plaice and cod): 49 ST 0.002 0.004
commercial fisheries: Crustaceans (Nephrops): 11 137Cg 0.013 0.013
Whitchaven Moluscs {whelks): 6 239+240p, 0.004 0.003
WAm, 0.008 0.005
Total 0.03 0.03
Consumers in Morecambe Fish (flounders and plaice): 54 137Cg 0.035 0.035
Bay area Crustaceans (shrimps): 21 239+240py 0.025 0.014
Molluscs (cockles and mussels): 23 MAm 0.056 0.033
Total 0.14 0.10
Consumers associated with Fish (plaice and cod): 82 1370 0.023 0.023
commercial fisheries: Crustaceans (shrimps): 17 B9+240py 0.022 0.013
Fleetwood Molluscs (cockles and whelks) 23 21Am 0.053 0.031
Total 0.11 0.08
Typical member of the Fish (plaice and cod): 15 137Cs 0.003 0.003
fish-eating public
consuming fishlandedat s -ssesesssseem s s s
Whitehaven/Fleetwood Total 0.004 0.004

* Committed effective dose equivalent for comparison with current dose limits and criteria

# Committed effective dose calculated using methodology of ICRP-60

Table 8(a) summarises exposures in 1990, calculated
on two bases (sub-section 3.4). For each exposed
group, the committed effective dose equivalent is
given using the existing methodology of ICRP-26,
compared with results for committed effective dose
calculated on the basis of ICRP-60’s dose coefficients
{Appendix 2 of this report). In both cases, the contri-
butions of individual radionuclides are given; for
simplicity, only the more important of these are listed.
Hence, it is not to be expected that the sums of the
listed contributions will necessarily equal the totals
presented. Both methods of calculation use accepted
values for gut transfer factors of transuranics (i.e.
0.0002 for winkles near Sellafield, 0.0005 in other -
cases) (Hunt et al., 1990; NRPB, 1990). On the basis
of ICRP-26, the committed effective dose equivalent to
the local critical group in 1990 was 0.16 mSv. This
represents a small reduction from 0.19 mSv reported
on the same basis for 1989 (Hunt, 1990), mainly due to
decreases noted above in the concentrations of ruthe-
nium-106 and transuranics in shellfish. These commit-
ted effective dose equivalents, on the basis of ICRP-26,
are within the ICRP-recommended pn‘nciPal dose limit
for members of the public of 1 mSv year™.

Continuing with ICRP-26 methodology, the exposure
of the critical group has also been considered in com-
parison with the recommendation on lifetime exposure
(sub-section 3.4). In 1990, and in recent previous
years, realisticatly-assessed exposures were within the
principal dose limit of 1 mSv year. For a few years
prior 10 this, exposures were in excess of 1 mSv year”
but within the ICRP-recomimended subsidiary dose
limit of 5 mSv year”. There has been an overall
decline in concentrations of radiologically significant
nuclides in environmental materials as a result of
reduced discharges; consumption rates of shellfish
would need to increase substantially for exposures to
exceed the principal dose limit. These exposures are
now considered likely to remain below the 1 mSv year™
level, and dose rates above this level have not occurred
for long enough for lifetime exposures to have ex-
ceeded, on average, 1 mSv year . This statement takes
account of predicted exposures from future discharges
{Hunt, 1986).

The recommendations of ICRP-60 have not yet been
adopted by the UK Government, but their effects are
considered here to provide up-to-date information and
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as an aid to further study of the implications of these
recommendations. The committed effective dose to
the local critical group in 1990 was 0.11 mSv. Differ-
ences for individual radionuclides, from the ICRP-26
calculation, reflect the revised tissue weighting factors,
which give, for example, increased exposures for
ruthenium-106 but reductions for the transuranic
nuclides. Using ICRP-60 methodology, this committed
effective dose should not strictly be compared directly
with the dose limit for a practice of 1 mSv year!,
because a significant contribution is due to the effects
of radioactivity already in the environment, which can
only be subject to intervention. However, as discussed
in sub-section 3.4, we are considering whether it would
be appropriate to use 1 mSv year! as a level against
which to compare the combined effects of current and
past discharges, calculated using ICRP-60 dose coeffi-
cients, If this level were exceeded, then intervention
might need te be considered. In 1990, the committed
effective dose to the local criticial group of 0.11 mSv
was substantially less than this 1 mSv intervention
level.

In addition, to aid consideration of ICRP-60 in relation
to practices, we have calculated the exposure of the
local group of seafood consumers due to discharges
during 1990. A predictive model, based on environ-
mental monitoring data taking account of discharge
rates, has been used (Huont and Marshall, 1989). The
results are shown in Table 8(b); the total committed
effective dose was 0.03 mSv. This dose is likely to be
relevant for comparison with the dose constraint for
practices, currently under consideration (section 3.4),
but it is welt within the ICRP-recommended dose limit
for practices of 1 mSv year-!. Itis also a small fraction
of the dose received in 1990 due to the combined
cffects of past and current discharges.

Table 8(b). Exposure of fish and shellfish con-
sumers near Sellafield, due to dis-
charges in 1990, for comparison
with the ICRP-60 dose limit

Nuclide Committed effective dose*,
mSv year!

9051.

0.001
[Ru 0.013
ICs 0.004
Z%Pu 0.001
239+ 240py 0.003
2Py 0.002
HAm 0.002
Total# 0.03

* On the basis of a gut transfer factor of 0.0002 for Pu and Am in
molluscs (see text)
# Includes the small effect of other nuclides
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Consumption rates in the wider fishing communities of
Cumbria and northern Lancashire have been kept under
review. Consumption rates of groups associated with
commercial fisheries in Whitchaven, Fleetwood and
the Morecambe Bay area are given in Table 8(a),
together with the species whose radioactivity concen-
trations, following the information from habits surveys,
formed the basis of the assessments. Because high-rate
consumers in all areas may eat both fish and shellfish,
the critical groups have been defined by the maximis-
ing procedure of summing exposures due to the com-
ponent consumption rates. The committed effective
dose equivalents (ICRP-26) received by the groups are
given in Table 8(a). The results for Whitehaven were
less than those for Morecambe Bay or Fleetwood,
mainly because of lower consumption rates and radio-
activity concentrations in molluscs. In comparison
with the results for 1989, on the basis of the appropri-
ate gut wansfer factor, the committed effective dose
equivatents to the groups at Whitehaven and Fleetwood
were the same in 1990 (0.03 mSv and 0.11 mSv re-
spectively) and in the Morecambe Bay area were
slightly less in 1990 (0.14 mSv compared with (.15
mSv in 1989). Doses were well within the ICRP-
recommended principal dose limit for members of the
public of 1 mSv year™,

The committed effective dose equivalent, appropriate
to a consumption rate of 15 kg year " of fish from
landings at Whitehaven and Fleetwood, is also given in
Table 8(a). This consumption rate represents an aver-
age for typical fish-eating members of the public. The
committed effective dose equivalent in 1990 was 0.004
mSv, the same as that for 1989 (Hunt, 1990).

Comparison of the exposures reported in Table 8(a)
with those due to ingestion of natural polonium-210 in
fish and shellfish is of interest. For the high consamp-
tion rate groups, dose rates of about 0.3 mSv year”
could be received (Rollo et al., in press). The expo-
sures reported here may also be compared with the
average dose of approximately 2.2 mSv year" to mem-
bers of the UK public from all natural sources of radia-
tion (Hughes ef al., 1938).

Collective doses, received during 1990 from consump-
tion of fish and shellfish, have been estimated for the
UK and other European countries. In general, the
method used has been to combine data on actual fish
and shellfish landings from relevant sea areas with
average radioactivity concentrations in fish and shell-
fish caught in these areas. This method differs from
that based on modelling of water movements and a
(usually) fixed catch rate for different sea areas; this
modelling method generally derives the collective dose
to be received over a number of years as a result of
discharges during the year under review, and the re-
sults are not readily comparable with those based on



the present method. Sea arcas considered in this as-
sessment include the Irish Sea, Scottish waters, the
North Sea, Baltic Sea, Norwegian Sea, Spitzbergen/
Bear Istand area and the Barents Sea. Corrections have
been made for the fraction of fish or shellfish con-
sumed. The contribution of weapons-test fallout to the
radicactivity concentrations has been subtracted.
Consideration has been given to the pathway due to
fish offal and industrial fisheries, the product of both of
which is fish meal which is fed to pigs, poultry and
farm-reared fish. Consumption of food products from
these animals gives rise 0 a small contribution to the
collective dose, and this has been included. The results
are presented in Table 9. The results for 1990 are
preliminary, being based on landings statistics pro-
vided by the International Council for the Exploration
of the Sea (ICES); where data are not yet available,
the previous year’s data have been used. The doses
have been calculated using both ICRP-26 and ICRP-60
methodology. ICRP-60 doses are slightly less than
those of ICRP-26, due to reductions in dosimetric
factors for ransuranics. Further discussion in this
section refers to the ICRP-26 data, Results for 1989
have been revised to take account of updated landings
statistics and an improved assessment of concentrations
in areas remote from Sellafield. The preliminary result
of 20 man-Sv for the UK in 1989, given in the previous
report (Hunt, 1990}, has been reduced to 13 man-Sv on
this basis; the result for other European countries has
been increased from 30 to 45 man-Sv.

Liquid radioactive waste discharges from Sellafield up
to the end of 1990 are the main source of collective
dose reported in Table 9; by comparison, the effect of
liquid discharges from other establishments is very
small. The small contribution due to fallout from the
Chemoby! reactor accident to the Irish Sea, Scottish
waters and the North Sea has been included. Most of
the collective dose is due to radiocaesium in edible
fish; the contribution due to shellfish is generally
minor. Also relatively small is the contribution, again
mainly from radiocaesium, due to fish offal and indus-
trial fisheries (Hunt and Jefferies, 1981). Other
radionuclides which contribute to the collective dose,
bat in even smaller proportions, are strontium-90,
through both fish and shellfish, and the transuranics,
mainly through shellfish. It should be noted that for
transuranics the doses per unit intake allow for the long
body half-times, so that the small contributions esti-
maied for the transuranics are committed in the future
rather than already received (sub-section 3.4). The
contribution of pathways other than fish and shellfish
consumption (e.g. external exposure) to the collective
dose from Sellafield liquid discharges is relatively
small (Hunt and Jefferies, 1981).

The preliminary results for 1990, of 10 man-Sv for the
UK and 39 man-Sv for other European countries, are
less than the results now reported for 1989. The reduc-
tion is due to changes in concentrations of radio-

Table 9. Collective doses from fish and shell-
fish, 1989 and 19902
Population Collective dose, man-Sv
ICRP-26* ICRP-60#
198 190 1989 19908
UK 13 10 12 9
Other European countries 45 39 44 38

* Committed effective dose equivalent for use with current system of
dose limitation

# Committed effective dose calculated using methodology of ICRP-60

2 Preliminary data

caesium in fish. It has not been possible to derive a
direct estimate of the Chernobyl contribution in coastal
seas around the UK for 1990; however, based on the
contribution estimated in the past, in 1990 this would
have amounted to less than 10% of the totals for the
UK population and for other countries, excluding the
effect of fish from the Baltic Sea. On the basis of
concentrations of radioactivity, due to the effects of the
Chernobyl accident, in fish from the Baltic Sea (Tlus

et al., in press; Aarkrog et al., 1991), it is estimated
that the collective dose to other European countries,
from consumption of Baltic Sea fish could have been
as much as 150 man-Sv in both 1989 and 1990,

The collective dose for the UK, given in Table 9, may
be compared on a per caput basis with the annual dose
equivalent, averaged over the population, of 2.2 mSv
due to natural background radiation (see sub-section
3.4). In 1990, the preliminary UK collective dose
through the fish and shellfish pathway as a result of
liquid radioactive waste disposal operations amounted
to less than 0.01% of this level.

4.1.2 External exposure

A further important pathway leading to radiation
exposure as a result of Sellafield discharges derives
from uptake of gamma-emitting radionuclides by
intertidal sediments in areas frequented by the public,
In general, it is the fine-grained muds and silts preva-
lent in estuaries and harbowrs, rather than the coarser-
grained sands to be found on open beaches, which
adsorb the radioactivity more readily. Gamma dose
rates currently observed are mainly due to radio-
caesiom,

We regularly monitor a range of coastal locations, both
in the Sellafield vicinity and further afield, using
portable gamma-radiation dosemeters, Locations are
chosen on account of both dose rates themselves and
levels of occupancy by members of the public. Table
10 lists the locations monitored together with the dose
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Table 10. Gamma radiation dose rates over intertidal areas
of the Cumbrian coast and further afield, 1990

Location Ground No. of Mean gamma
ype sampling  dose rate in
observa- ait at 1m,
tions# pGy k!
Cumbria
Burgh marsh Salt marsh 4 0.098
Greenend " “ 4 0.097
" Muddy sand 4 0078
Siddick Sand 4 0.078
Silloth - outer harbour Mud 1 0.13
“ - silt pond “ 1 0.24
Mazyport Christchurch “ 4 0.13
Workington harbour “ 4 0.19
Harrington harbour “ 4 0.19
Whitehaven outer harbour Muddy sand 12 0.15
* " * Coalfsand 12 0.14
“ inner “ Sandy mud 12 0.22
“ yacht basin Mud 12 0.32
St Bees Sand 4 0.073
Nethertown winkle beds Rock 4 0.12
Sellafieid Sand 4 G.087
Seascale “ 4 0.086
Drigg pipeline * 4 ¢.076
“ beach * 4 0073
“  Barn Scar Mussel bed 4 0.10
Ravenglass - salmon garth Sandy mud 5 017
“ “ “ Sand/stones 3 0.10
" * “ Mussel bed 4 0.11
* - boats area Sandy mud 12 0.13
* “oo. Sand 4 0.074
“ - ford arca Sandy mud 4 0.15
" - Ravenvilla Mud 3 0.18
* “ Sandy mud 9 0.18
“ “ Salt marsh 12 0335
" - Eskmeals “oo- 4 0.35
“ - Muncagster Flooded Pastare 4 0.28
Newbiggin Sandy mud 4 0.29
“ Salt marsh 4 0.41
“ - west of bridge Sandy mud 4 0.16
“ “owow Salt marsh 4 0.39
Haverigg Mud 4 0.12
* Sandy mud 4 0.070
Millom - “ 4 0.11
Tummer Hill Marsh Salt marsh 4 0.24
Walney Channel Sandy mud 4 .13
“*  Vickers shore “ * 4 0.099
“  west shore Sand 4 0.062
Low Shaw Salt marsh 4 0.14
Flookburgh Sandy mud 4 0.1¢
Lancashire, Merseyside
and North Wales
Jenny Browa’s Point Salt marsh 4 0.090
Sundertand Point Sandy mud 4 0.11
Sunderland Mud/sand/fstones 4 0.085
Colloway Salt marsh 4 0.21
Skirton Weir Mud 2 011
Skippool “ 4 6.14
Fleetwood Sand 4 6.070
Biackpool “ 4 0.057
Lytham Creek Mud 4 0.14
Freckleton “ 4 0.15
Becconsall Mud 4 0.16
Ainsdale Sand 4 0.057
New Brighton “ 4 0.067
Mersey (Rock Ferry) Mud 4 0.13
Llandudno Shingle 4 0.083
Prestatyn Sand 4 0.054
South-west Scotiand
Garlieston Sandy mud 4 0.096
Innerwetl Mud 4 0.1t
Kippford - slipway “ 4 0.10
“ - jeuy Sandy mud 4 0.090
“ - merse Salt marsh 4 0.18
Palnackie harbour Mud 4 0.13
Carsethom Sandy mud 4 0.11

# See sub-section 3.3 for definition
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Table 11. Radioactivity in sediment from the Cumbrian coast and further afield, 1990
Sampling point No.of  Mean radioactivity concenteation {dry), Bq kg™t
and sediment type sampling
observa-  Total
tions# beta $0Co 57r $*Nb 106RYy 125g5h 134Cg 137Cg 144Ce
Cumbria
Silloth outer harbour {mud) 1 NA 43 ND ND 42 ND 23 1470 ND
“ silt pond {*) 1 “ 15 31 25 130 12 16 1800 12

Maryport harhour ) 4 3500 18 51 69 480 22 83 1000 63
Workington harbour ) 2 3400 15 19 33 270 13 9.8 1300 36
Harrington ") 4 3000 16 31 34 310 18 1.0 800 37
‘Whitchaven ) 4 5500 19 50 62 380 22 12 1500 58
St Bees (sand) 4 470 3.1 ND ND 4.1 ND 05 120 ND
Sellafield (") 4 530 3.7 1.7 “ 11 08 1.4 230 1.7
Seascale ) 4 680 29 55 “ 7.9 ND 02 150 ND
Drigg (“) 4 590 34 ND “ 13 04 0.2 100 1.6
Ravenglass-Ravenvilla  (sandy mud) 4 2000 17 27 51 350 22 42 650 51
Newbiggin {mud) 4 2700 30 21 ND 440 25 6.8 970 40
Millom (sandy mud) 4 1500 9.1 25 27 280 11 26 510 30
Walney Island (mud) 4 1700 92 46 51 290 16 28 550 36
‘Walney Road Bridge (sandy mud) 1 2400 15 T 70 550 26 3.6 590 70
Low Shaw (tuef) 4 1800 6.5 ND ND 61 3.1 31 1100 ND
Flookburgh (muddy sand) 4 700 0.4 " " 28 14 0.9 190 “
Lancashire and Merseyside
Heysham (mud) 4 1500 5.6 4.5 22 69 12 33 510 38
Sunderiand Pt “) 4 1200 27 1.9 0.6 34 4.1 23 370 ND
Skippool Creck ) 4 2200 92 33 2.5 7 83 82 1000 “
Fleetwood (sand) 4 320 ND ND ND ND 02 04 41 “
Blackpool (") 4 240 * * " * ND ND 16 *
New Brighton ) 4 230 ¢ “ “ “ “ “ 12 “
Rock Ferry (mud) 4 1500 14 " " “ 1.2 37 600 “
Isle of Man “) 1 850 ND " " “ 23 9.4 130 “

* (sand) 1 520 “ “ “ “ ND ND 17 “
South-west Scotland
Garlieston {mud) 4 1500 79 7.0 6.5 92 42 6.8 490 9.9
Innerwell {(“) 2 200 54 ND ND 45 ND 4.6 290 36
Kippford slipway (“) 4 1200 53 19 “ 60 39 3.6 420 ND
Kippford merse (marsh) 4 2400 19 44 “ 150 24 12 1000 11
Palnackie (mud) 4 1400 6.0 ND " 66 1.8 4.1 550 3.6
Carsethom *) 1 1100 40 * “ 41 ND 31 360 ND

“ (muddy sand) 1 590 19 " " 9.1 * i.1 170 “
Northern Ireland
Strangford Lough* (mud) 2 76 ND ¢ “ ND ND 15 83 “
Strangford Lough**  (*) i 600 = “ “ “ “ ND 39 “
Groomsport (sand) 2 260 “ “ “ “ “ “ 12 *
Carlingford Lough {mmd) 2 1000 ¢ “ “ 39 “ 37 160 “
Dundrom Bay (sandy mud) 2 680 - " “ ND “ ND 16 "
Lame Lough (mud) 2 820 " * * " “ 32 180 *
Lough Foyle {“) 2 590 “ e “ “ “ ND 47 “
Belfast Lough ) 2 500 “ " “ “ “ 1.4 7 “
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Table 11. Continued

Mean radicactivity concentration (dry), Bq kg

Sampling point No. of
and sediment type sampling
observa-
tions#  1¥Bu  155Eu
Cumbria
Silloth outer harbour {mud) 1 69 85
*  siltpond ) 1 18 12

Maryport harbour {*) 4 29 15
Workington hatbour () 2 30 15
Harrington ) 4 20 14
Whitehaven {*) 4 3 20
St Bees (sand) 4 3.7 23
Sellafield “) 4 6.9 32
Seascale {“) 4 57 34
Drigg (“) 4 73 37
Ravenglass-Ravenvilla (sandy mud) 4 28 13
Newbiggin (mud) 4 40 25
Millom (sandy mud) 4 16 8.1
Walney Island {mud) 4 17 10
Walney Road Bridge (sandy mud) 1 24 19
Low Shaw (turf) 4 18 73
Flookburgh (muddy sand} 4 0.5 12
Lancashire and Merseyside
Heysham {mud) 4 69 55
Sunderland Pt ) 4 3.1 43
Skippoot Creek ) 4 1 76
Fleetwood {sand) 4 ND ND
Blackpoot {*) 4 “ "
New Brighton (“) 4 * "
Rock Ferry {mud) 4 1.5 25
Isle of Man “) 1 ND 3.6

“ (sand) 1 “ 1.8
South-west Scotland
Garlieston {mud) 4 11 74
Innerwell ") 2 70 38
Kippford slipway ) 4 17 4.6
Kippford merse {marsh) 4 15 9.7
Palnackie {mud) 4 11 8.1
Carsethom ") 1 ND 10

" (muddy sand) 1 * 44
Northern Ireland
Sirangford Lough* (mud) 2 * ND
Strangford Lough** ) 1 “ 1.4
Groomsport {sand) 2 * ND
Carlingford Lough {mud) 2 “ i3
Dundrum Bay {sandy mud) 2 * ND
Lame Lough (mud) 2 “ 13
Lough Foyle *) 2 “ 18
Belfast Lough (*) 2 * ND

238py

NA

140
NA

150
NA

4
NA
36
85
42
NA

1.8
0.47
NA
23
NA

0.024
27

B9py+

240py Hlpy M1 Am
NA NA 210
“ “ 750
680 “ 1000
NA “ 920
“ “ 670
740 “ 1100
NA “ 140
“ “ 250
“ “ 190
-» “ 250
“ " 990
1000 17000 1400
NA NA 510
“ “ 560
“ “ 710
“ “ 450
- “ 45
170 “ 260
NA * 120
“ “ 340
" “ 12
* “ 35
* “ 0.7
“ “ 130
* “ ND
“ “ 1.8
210 “ 320
NA “ 160
180 “ 270
430 * 620
200 “ 300
NA * 130
“ “ 53
95 “ 8.0
25 “ 14
NA “ ND
13 “ 638
NA “ ND
“ “ 12
0.18 “ 0.19
14 “ 18

#2Cm

NA

ND
NA

29
NA

Ll

NA
ND
1.8
ND
NA

Y Cm+

NA

1.9
NA

28
NA

L0
NA
0.75
24
0.46
NA

0.017
0.0040
NA
0.021
NA

ND
0.033

MNA = not analysed
ND = not detecied
* Nickey s Point
** Island Hill

# See sub-section 3.3 for definition
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rates in air at 1 m above ground level. Monitoring in
Scotland is carried out on behalf of the departments of
the Scottish Office. Dose rates on Irish Sea shorelines,
near other nuclear establishments which reflect
Sellafield discharges, are given later in this report (see
sub-sections 4.2, 4.3, 4.4, 6.5, 6.11). Variations in
sediment type accounnt for the quite marked fluctua-
tions in dose rate, superimposed on a general decrease
with increasing distance from Sellafield. Dose rates
over intertidal areas in 1990 showed general reductions
as compared with those in 1989 (Hunt, 1990).

We also regularly monitor radioactivity concentrations
in sediments, both because of relevance to dose rates
and in order to keep under review distributions of
adsorbed radicactivity. Concentrations of beta/gamma
radioactivity and transuranics, in most cases at the
same locations as the dose rate measurements, are
given in Table 11. Variations similar in cause to those
of the dose rates are observed, and comparison with
results for 1989 (Hunt, 1990) shows general reductions
in line with the behaviour of dose rates.

To identify those members of the public subject to the
highest external exposures, occupancies of different
locations need to be considered. We keep under re-
view the amounts of time spent by members of the
public on intertidal areas of coastline bordering the
north-castern Irish Sca; activities leading to significant
external exposures are sparse and our surveys covera .
wide area including Cumbria, Lancashire (Doddington
et al., 1990) and the north Solway coast (Doddington ef
al., 1989). In western Cumbria, combining dose rates
and occupancy times, the maximum external exposure
in 1990 was 0.067 mSv, with no need for the addition
of dose due to fish and shellfish consumption. In the
wider area, including Cumbria, Lancashire and the
north Solway coast, on the basis of dose rates and
occupancy times, it is considered that persons who live
on board boats in the Ribble estuary are representative
of those who receive the highest external exposures
from the effects of discharges from Sellafield (see sub-
section 4.2). Their occupancy of boats in 1990 was
similar to that in 198%. Making an allowance for
natural background, their external exposure in 1990
was {0.18 mSv, which is not significantly different from
that in 1989 (0.17 mSv). The exposure was within the
ICRP recommended principal dose limit of 1 mSv
year” for members of the public. Additional exposure
of these people, due to consumption of fish and shell-
fish and handling of fishing gear, was negligible. Most
of the external exposure of the houseboat dwellers was
due to the radioactivity already in the environment as a
result of past discharges from Sellafield. Exposures of
these houseboat dwellers due to Springfields dis-
charges are considered in sub-section 4.2.

The converse situation, of the critical group of fish and
shellfish consumers also receiving exposure from
external pathways, also needs to be considered. Habits
survey data indicate, however, that the external compo-
nent is too small to make a significant difference to the
result for their exposure already given in sub-section
4.1.1; additions of this small order are considered to
be adequately taken into account by the maximising

Table 12. Beta radiation dose rates on contact
with fishing gear on vessels operal-
ing off Sellafield, 1990
Vessel Type of No. of sarnpling ~ Mean beta dose
gear observations# rate in tissue,
pSv ht
A Neis 4 0.22
Ropes 4 ND
B Nets 8 0.39
Ropes 8 026
D Gill nets 2 0.28
Pots 3 0.39
Ropes 1 . ND
E Nets 3 0.37
Gill nets 4 0.3
I Gill nets 1 0.22
Pots H 0.33
M Nets 4 022
Ropes 4 0.22
Gill nets 3 0.55
R Nets 3 022

# See sub-section 3.3 for definition
ND = not detected

process of summing exposures from the consumption
of fish, crustaceans and molluscs.

It is to be noted that the levels of radionuclide concen-
trations in sediments (shown in Table 11) give rise to
only very minor radiation exposures o the public
following inhalation of resuspended particulates,
including those from the surf zone (Pattenden et al.,
1981).

4.1.3 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 ex-
posed to external radiation, mainly to skin from beta
particles. We regularly monitor fishing gear using
portable beta dosemeters. Results for 1990 are pre-
sented in Table 12. Revised dosc ratc conversion
factors were used in 1990 as compared with 1989, and
measured dose rates were higher as a consequence.
QOur habits surveys keep under review the amounts of
time spent by fishermen handlmg their gear; for those
most exposed, 500 h year™ is appropriate. The maxi-
mum exposure from handling of fishing gear in 1990
would have been 0.12 mSv, which is well within 1% of
the ICRP-recommended dose limit appropriate for
exposures to skin of members of the public, based on
non-stochastic (deterministic) effects (sub-section 3.4).
Handling of fishing gear therefore continues tobe a
minor radiation exposure pathway.
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Table 13. Radiocactivity in Porphyra from UK shorelines of the Irish Sea, 1990
Sampling point No. of Mean radioactivity concentration (wet), Bq kg!
sampling
observa-  Total C 0co Mgy ¥57r %Nb PTe W3Ry M6Ry  Hompg  I1Bgh
Hons# beta
Braystones South 4 380 NA 0.9 NA 0.4 05 NA 0.6 150 27 4.0
Seascale 53+ NA “ 1.0 “ 0.7 0.8 “ 06 98 ND 43
St Bees 4 260 18 0.6 0.42 12 08 0.94 04 93 02 42
Knock Bay 4 200 NA ND NA ND ND NA ND 05 ND ND
Sampling point No. of Mean radioactivity concentration (wet), Bq kgt
sampling
observa- BPu+ 23Cm+
tions# 1340y 131Cs Mice  Sgy 2Py 240py Alpy Wiam  M0m B0,
Braystones South 4 ND 9.3 ND 0.1 20 9.6 150 15 0012 0.042
Seascale 53+ 0.01 10 0.6 ND NA NA NA 13 NA NA
St Bees 4 ND 44 07 02 0.90 4.2 70 76 0015 0.020
Knock Bay 4 ND 0.9 ND ND NA NA NA 0.12 NA NA

NA = not analysed

ND = not detected

# See sub-section 3.3 for definition

* These samples are counted wet to provide a rapid result

Teble 14. Radioactivity in laverbread from

South Wales, 1990
Manufacmurer No. of Mean radioactivity
sampling concentration (wet), Bq kg
observa-
tions# Total Oy 13y Rlam
beta
A 4 75 ND 04 ND
C 4 52 0.1 0.6 0.2
D 4 53 ND 0.5 0.2
E 1 55 ® 0.3 ND

ND = not detected
# See sub-section 3.3 for definition

Table 15. Summary of contact beta and gamma
dose rate monitoring of intertidal
areas of Cumbria, 1950

Month Locations and dose rates
(mGy h") of items 0.1 mGy h!

and above

No. of ilems detected
(> 0.01 mGy h'l but
below 0.1 mGy h')

January
Febnuary

[ T B

Apnl

May

June

July
Aungust
September
October
November
December

Ehen Spit: 0.18

— B3 1 e ¥
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4.1.4 Porphyrallaverbread pathway

No harvesting of Porphyra in the Sellafield vicinity,
for consumption after being made into laverbread, was
reported in 1990; this pathway has therefore remained
essentialty dormant. However, monitoring has contin-
ued in view of its potential importance and the value of
Porphyra as an indicator material. Samples of
Porphyra are regularly collected from selected loca-
tions along UK shorelines of the Irish Sea. Resulis of
analyses for 1990 are presented in Table 13. Samples
of laverbread from the major manufacturers are regu-
larly collected from markets in South Wales and ana-
lysed. Results for 1990 are presented in Table 14. The
exposure of critical laverbread consumers was 0.005
mSv, confirming the virtual abeyance of this exposure
pathway.

4.1.5 Contact dose-rate monitoring
of intertidal areas

We regularly monitor contact beta and gamma dose
rates in intertidal areas to locate and remove any mate-
rial with unusual levels of contamination. A summary
of items detected during 1990 is presented in Table 15.
The rate of detection has continued to decline. The
presence of contaminated items only represents a
pathway for exposure of the public in the unlikely
event of prolonged contact with them. The ICRP-26
standard, with which to compare the dose rates, is the
recommended dosc limit of 50 mSv year'l for expo-
sures to skin of members of the public (sub-section
3.4). H is not considered likely that anyone has re-
ceived a dose to skin int excess of this limit.
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4.1.6 Other surveys

In addition to the monitoring described above, which is
related to the more {(or potentially more) significant
radiation exposure pathways as a consequence of
Sellafield discharges, we undertake a number of further
investigations. Some of these are of a research nature;
however, they also enable pathways of lower current
importance to be kept under review.

Scaweeds are useful indicator materials; they may
concentrate certain radionuclides, so they greatly
facilitate measurement and assist in the tracing of these
radionuclides in the environment. Table 16 presents
the results of measurements in 1990 on marine plants
from shorelines of the Irish Sca and further afield.
Although small quantitics of samphire and Rhodymenia
may be eaten, concentrations of radioactivity are of
negligible radiological significance. Fucus scaweeds
arc uscful indicators, particularly of fission product
radionuclides other than ruthenium-106; samples of
Fucus vesiculosus are collected both in the Sellaficld
vicinity and further afield, and the resuits are presented
here. Monitoring in Scotland is carried out on behalf
of departments of the Scottish Office. Analyses of
samiples collected in Northern Ireland are carried out
on behalf of the DOE(NI).

4.2 Springfields, Lancashire

This establishment is mainly concerned with the manu-
facture of fuel elements for nuclear reactors and the
production of uranium hexafluoride. Radioactive
waste arisings are of low radiological significance,
consisting mainly of thorium and uranium and their
decay products; liquid discharges are made by pipe-
line to the Ribble estuary. Public radiation exposure in
this vicinity, as a result of these discharges, is very
low; there is, however, a greater contribution due to
Sellafield discharges. The critical pathway is external
exposure, due to adsorption of radioactivity on the
muddy areas of river banks. The amounts of time for
which members of the public are subject to such expo-
sure is kept under review. The critical group consists
of people who live on houseboats moored in muddy
creeks of the Ribble estuary, and is the same group
which is affected by discharges from Sellafield (sub-
section 4.1.2). We regularly monitor dose rates in
relevant areas including muddy crecks where house-
boats are moored, and some of these measurements
are supported by analyses of sediments. In 1990,

we continued to investigate the fish and shellfish

consumption pathway by analysing locally-obtained
samples, including analyses for isotopes of thorium.,

Results for 1990 are shown in Table 17(a) and (b).
Radionuclides detected, which were due to
Springficlds discharges, were isotopes of thorium,
uranium and neptunium and their decay products.
Other radionuclides present were mainly from
Sellaficld. The concentrations of these radionuclides
in environmental materials were of low radiological
significance; in particular, the relatively high concen-
trations of thorium-234 do not give rise to significant
exposures, because of the low radioactivity of this
nuclide. Concentrations of thorium isotopes in fish
from the Ribble estuary were not significantly different
from those expected from natural sources. Any expo-
sures due to Springfields-derived radionuclides in
shellfish would have been a small fraction of the total,
most of which is due to Sellafield discharges, as con-
sidered in sub-section 4.1.1. The concentrations of
thorium isotopes in mud in areas outside the Ribble
estuary were consistent with natural sources, as were
concentrations of thorium isotopes in sand.

(Gamma dose rates over intertidal arcas were similar to
those for 1989. Exposure of the critical group of
houseboat dwellers in 1990, including the Sellafield
component, was 0.18 mSv which is not significantly
different from the value for 1989. The exposure was
within the ICRP-recommended principal dose limit of
1 mSv year'1 for members of the public. Most of this
exposure was due to the radioactivity already in the
environment as a result of past discharges from
Sellafield. To help the process of interpreting the
ICRP-60 recommendations, the contribution due to
discharges in 1990 from Springfields has been calcu-
lated from appropriate models (HMIP and MAFF,
1991). The contribution is estimated to be 0.02 mSv,
This dose is likely to be relevant for comparison with
the dose constraint for practices, currently under con-
sideration (section 3.4), but it is well within the ICRP-
recommended dose limit for practices of 1 mSv year.
It is also a small fraction of the dose received in 1990
due o the combined effects of past and current dis-
charges.

Monitoring of fishing gear was carried out using port-
able beta dosemeters. Results for 1990 are shown in
Table 17(b). It is estimated that the maximum expo-
sure to skin of fishermen due to handling nets was 0.60
mSv, which is less than 2% of the ICRP-recommended
dose limit appropriate for exposures to skin of mem-
bers of the public.
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Table 16. Radioactivity in marine plants from shorelines of the Irish Sea and further afield, 1990

Type of scaweed No.of  Mean radioactivity concentration (wet), Bg kg?!

and sampling point sampling
observa- Totl MC WCo Y08y 57r $5Np ®Tc 1Ry Mompgp 135p 134Gy
tions# beta

Fucus vesiculosus

Sellafield 4 1500 NA 34 23 21 ND 1s00 21 2.7 5.3 0.6

St Bees 4 1000 23 2.0 18 1.7 09 830 10 13 34 03

Heysham 4 460 NA 0.5 NA ND ND NA 0.2 ND 15 03

Port William 4 320 " 02 “ * * “ ND “ ND 02

Garlieston 4 380 * 11 “ 0.09 0.1 “ 1.7 “ 0.8 0.1

Auchencaim 4 410 “ 1.0 “ ND ND * 0.4 " 07 03

Cape Wrath 1 290 " ND * “ “ “ ND " ND ND

‘Wick 1 250 ] o LD ) L) “ L L] [ “

Ardglass 1 440 “ “ “ “ " “ “ - “

Ponmsh 4 220 & ] “ “ &“ * “ “ ) “

Porthmadog p 130 " * * * * * » " 02 0.1

Fishguard 1 280 “ " “ * “ “ " “ ND ND

Lavemock Point i 250 “ “ “ “ “ “ “ “ “

Scilly Istes 2 130 * “ ® " “ “ b u " “

Grimslv ) 1 250 " - i “ “ - “ L) - 0.1
Fucus spiralis

St Bees 1 NA 11 NA NA NA NA NA NA NA NA NA

Ardglass 2 1260 NA ND ND ND ND ND ND ND ND ND
Samphire

Ra‘,mglass 1 36 a“" & " " " " “* " “ “®

Heyshara 1 53 “ “ “ “ “ " 0.9 “ " 0.06
Rhodymenia

St Bees 2 620 “ 0.7 “ 37 * - 110 0.5 18 09

Strangford Lough 4 750 * 0.4 * ND “ “ ND ND ND ND
Laminaria digitata

isle of Man 1 61 “ ND “ " “ “ “ " “ "
Alaria esculenta

Isle of Man 3 330 “ " ¢ " " “ “ “ “ “

Type of scaweed No.of  Mean radicactivity concentration (wet), Bq kg!

and sampling point sampling
observa- B9py+ M3Cm+
tions# 3¢y e M4pym  1Ey gy BEpy opy Plam  ¥Cm  PCm

Fucus vesiculosus

Sellafield 4 26 ND 28 ND ND 3.9 17 7.0 0.021 a.017
St Bees 4 21 “ NA “ 004 21 9.5 5.2 0.024 0016
Heysham 4 23 " “ * ND NA NA 13 NA NA
Pont William 4 54 " “ - “* “ “ 0.17 “ “
Garlieston 4 13 “ “ “ “ “ “ 57 “ “
Auchencaim 4 20 “ “ " “ “ “ 4.0 “ “
Cape Wrath 1 09 “ * " “ * - ND " “
Wick 1 08 “ “ “ “ “ “ “ “ “
Ardglass 1 52 “ “ “ “ “ “ “
Pottrush 4 0.6 “ “ “ * “ *
Porthmadog 2 12 “ “ " 0.07 “ " “ *
Fishguard 1 09 “ “ “ 08 " “ “ “ "
Lavemock Point 1 07 “ “ “ 0.2 “ “ “ “
Scilly Isles 2 0.1 * “ “ ND “ “ - “
Grimsby 1 1.6 “ * by 0.2 “ “ “ "
Fucus spiralis
St Bees 1 NA NA NA NA NA NA NA NA NA NA
Ardglass 2 27 ND ND ND ND ND ND ND ND ND
Samphire
Ravenglass 1 6.3 “ “ “ “ * " 0.70 “
Heysham 1 ‘7 4 " “ “ " " “ 2 5 " “
Rhodymenia
St Bees 2 45 20 “ 07 " 13 84 20 0.088 0.067
Strangford Lough 4 4.7 ND “ ND " 0.12 0.54 047 ND 0.00089
Laminaria digitata
Isle of Man 1 3.2 “ " “ " NA NA ND NA NA
Alaria esculenta
Isle of Man 3 14 “ “ “ “ “ “ 0023 *

NA = not analysed
ND = not detected
# See sub-section 33 for definition
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Table 17(a). Radioactivity in environmenial materials near Spﬁngﬂelds, 1990

Material Sampling point No. of

Mean radicactivity concentration (wet)*, Bq kg

sampling
observa- Total ®Co %Zr 9Np 1%R, 125§y M4 1 W, 1ME, 155, 224
tions# E T e
Bass Ribble Estuary i 140 ND ND ND ND ND 0.5 32 ND ND ND 0.0044
Eel “ “ H 93 “ “ “ * “ 0.4 24 “ “ “ NA
Grey mujlet *“ “ 1 130 “ “ " “ “ ND 19 * " “ “
Sea trout “ “ 1 150 " “ “ “ “ 04 37 “ " “ “
Shrimps - “ 1 93 “ “ " “ “ ND 67 “ “ “ 0.0084
Cockies “ “ 2 130 1.9 “ “ 18 0.6 “ 11 “ “ “ 0.62
Mud Pipeline outlet 4 41000 4.2 “ “ 34 6.0 4.0 660 “ 8.1 15 40
Becconsali 4 36000 5.5 “ “ 34 23 6.8 870 “ 6.5 1.9 46
Penwortham 4 120000 4.0 * * 38 0.9 6.0 660 43. 438 1.5 50
Freckleton 1 38000 5.8 “ “ 84 ND 9.3 1000 ND 10 76 NA
Lytham Creck 1 26000 6.6 “ “ 81 “ 6.0 1000 “ 7.5 ND “
Skippool Creek 4 2200 92 33 25 i) 83 8.2 1000 " 11 76 35
Rock Ferry 4 1500 14 ND ND ND 1.2 3.7 600 " 1.5 2.5 43
Deepdale Brook 4 2700 ND 0 “ “ “ ND 4.8 43 " ND 55 30
Sand Ribbl-e Estuary 1 600 * “ “ “ “ ND 32 “ “ ND 13
Material Sampling point No. of Mean radioactivity concentration (wet)*, Bq kg™!
sampling
observa- ] 9Py + 3Cm+
tionst BTh  Bn  Bipy BT My By BINp By By Mopy  MaAm  MCm
Bass Ribble Estoary 1 0.0020 0.00070 ND ND NA NA NA NA NA NA ND NA
Eel « o« 1 NA NA “ “ “ “ “ “ “ “ a “
sca mut “ L 1 “ [ @ “® “ - “ - - “ - “*
Shrimps oo 1 0.0085 00040 “ “ “ * “ " - * “
Cockles oo 2 0.75 036 " “ “ “ 820 * “ “ 55 “
Mud Pipeline outlet 4 200 42 “ 95000 34 14 NA 33 26 130 200 0.41
Becconsall 4 290 50 " 81000 41 1.9 “ 40 NA NA 280 NA
Penwortham 4 530 58 92 220000 74 36 “ 64 " “ 230 “
Freckleton 3 NA NA ND 75000 NA NA * NA “ “ 330 “
Lytham Creek 1 - “ “ 43000 “ “ “ “ “ “ 350 -
Skippool Creek 4 78 38 “ ND 27 1.1 “ 30 “ * 340 *
Rock Ferry 4 68 46 - * NA NA * NA “ “ 130 “
Deepdale Brook 4 320 30 17 1500 1200 71 * 1000 * “ ND “
Sand Ribble Estuary 1 17 13 ND ND NA NA * NA “ * 9.5 “

NA = not analysed
ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 3 3 for definition

Table 17(b). Monitoring of dose rates near

Springfields, 1990
Location Material No. of pGy h!
sampling
observa-
tions#
Gamma dose rates at 1 n over intertidal areas
Pipeline outlet Mud 4 0.15
Freckleton " 4 0.15
Becconsall * 4 0.16
Lytham “ 4 0.14
Penwortham “ 4 0.16
Beta dose rates on nets pSv bt
Ribble estuary Net 1 1.3
“ " Gill net 1 30

# See sub-section 3 3 for definition

4.3 Capenhurst, Cheshire

The main function of the Capenhurst Works is earich-
ment of uranium. Radioactive waste arisings, mainly
of uranium and its daughter products, and technetium-
99 and neptunium-237 from recycled fuel, are minor;
the Works has authorisations to dispose of small
amounts of radioactivity in liquid wastes to the Rivacre
Brook and to the North Wirral sewage outfall at Mcols.
In May 1989, the Rivacre Brook authorisation was
varied to control more radionuclides specifically,

prior to the operation of a new decontamination plant.
This plant commenced active operation in August

1989 and there were increased discharges of tech-
netinm-99 to the Rivacre Brook in 199( as compared
with 1989, in line with the plant throughput. No
discharges from Capenhurst took place via Meols in
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Table 18. Radioactivity in environmental maierials in the vicinity of the Wirral, 1990

Material Sampling point No. of Mean radicactivity concentration (wet)*, Bq kg!
sampling
observa- Total %Co  "Tc g 1¥gg B 155gy  B3p, BTy
tions# beta
Shrimps Hoylake 2 72 03 07 ND ND .1 ND ND ND
Cockles Dee Estuary 2 69 04 1.1 “ « 7.0 " “ "
Fucus spiralis Hoylake 2 240 0.1 33 05 “ 17 “ “ *
.o« Liule Orme 1 430 ND NA 0.2 0.1 59 “ “ "
Water weed
Cladophora rupestris  Rivacre Brook 2 590 0.2 450 ND ND 0.6 6.7 140 430
Mud Rivacre Brook 2 3700 0.4 2500 ¢ 36 31 11 130 1900
Material Sampling point No. of Mean radioactivity concentration (wet)*, Bq kgl
sampling
observa- 23y 29py+ 2Cm+
tions# By By  BNp BY B8Py Wopy  Wiam W0y
Shrirmps Hoylake 2 NA NA NA NA NA NA ND NA
Cockles Dee Estuary 2 “ “ “ “ 0.33 1.7 30 0.011
Fucus spiralis Hoylake 2 “ " “ “ NA NA 13 NA
Liutle Orme 1 * - “ “ “ “ ND "
Water weed
Cladophora rupestris Rivacre Brook 2 “ " “ “ “ “ “ “
Mud Rivacre Brook 2 810 47 180 530 “ “ “ "

ND = not detected

NA = not analysed

* Except for sediment where dry concentrations apply
# See sub-section 33 for definition

1990 (sce Table 1). We have established an environ-
mental monitoring programme related to the pathways
which could be of radiological significance due to both
disposal routes. Aquatic plants are also sampled as
indicator materials. It is to be noted that the pro-
gramme is much more extensive than is technically
justified by the potential radiological hazard from
Capenhurst discharges.

Results for 1990 are presented in Table 18. The con-
centrations of artificial radioactivity in marine samples
are mainly due to Sellafield discharges and are consist-
ent with values expected at this distance from
Sellafield. Concentrations of technetium-99 were low,
reflecting the low levels of discharges of this
radionuclide from Sellaficld. Exposure of potentially
critical shellfish consumers in the vicinity of the Wirral
in 1990 amounted to 0.06 mSv, which is within the
ICRP-recommended principal dose limit of 1 mSv
year” for members of the public. The effective dose,
calculated on the basis of ICRP-60, was 0.04 mSv,
This exposure was mainly due to transuranic nuclides
from Sellafield; only a tiny fraction was due to
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technetium-99, which was almost entirely from
Sellafield discharges. There were increases in concen-
trations of radionuclides in materials from the Rivacre
Brook in 1990 but these concentrations were of ex-
tremely low radiological significance.

44 Chapelcross, Dumfriesshire

At this establishment, BNFL operates a magnox-type
nuclear power station. Liquid waste is discharged to
the Solway Firth under anthorisation of Scottish
Government Auathorities. A recent habits survey has
confirmed the significance of two pathways leading to
public radiation exposures which are of potential
importance, The first of these comprises fishermen
who consume local seafood and are exposed to exter-
nal radiation whilst tending stake nets. The second
group are fishermen who receive skin exposures whilst
handling nets, Our monitoring, which is carried out on
behalf of departments of the Scottish Office, continued
to reflect these pathways. Samples of Fucus seaweeds,
as useful indicators, are also analysed. The results of
monitoring in 1990 are presented in Table 19(a) and (b).
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Table 19(a). Radioactivily in environmental materials in the vicinity of Chapelcross,

1950
Material Sampling No.of  Mean radioactivity concentration (wet)*, Bq kg
point sampling

observa- Total

tions# beta uc $4\Mn 55Co 957r Nb 06y 125gh
Flounder Seafield 4 180 22 ND ND ND ND ND ND
Salmon “ 1 160 NA “ “ - “ “ “
Sea troumt “ 2 140 “ “ * " “ “ "
Shrimps “ 4 100 * “ * “ “ “ “
Fucus vesiculosus " 4 340 " 0.1 0.7 “ - 0.8 0.6
Sandy mud " 2 1300 * ND 29 1.2 1.9 41 36
Muddy sand “ 2 840 “ " ND  ND ND 6.8 ND
Material Sampling No.of  Mean radioactivity concentration (wet)*, Bq kg™!

l point sampling

observa- B%Pu+ 0m+

tions# 1340 137Cy 19py  ¥5En 28py 240py MAm  4Cm
Flounder Seafield 4 06 65 ND ND NA NA ND NA
Salmon “ 1 ND 1.1 “ " “ e “ “
Sea trout “ 2 “ 15 “ * 0.00060 0.0030 0.0042 0.00001
Shrimps “ 4 0.2 21 “ - NA NA ND NA
Fucus vesiculosus “ 4 04 39 “ 02 0.65 3.1 .32 0.0063
Sandy mud “ 2 54 620 54 ND NA NA 120 NA
Muddy sand “ 2 2.1 270 ND “ 10 51 76 021

ND = not detected
NA = not analysed

* Except for sediment where dry concentrations apply
# See sub-section 3.3 for definition

Table 19(b). Monitoring of dose rates near Concentrations of artificial radionuclides in the
Chapelcross, 1990 Chapelcross vicinity are mostly due to Sellafield dis-
Location Material No. of pSv h! charges, and the general levels of nuclides given in
sampling Table 19(a) are consistent with values expected at this
observa- distance from Sellafield. Concentrations of radio-
tions# caesium in 1990 were generally similar to those in
Beta dose rates on nets 1989. The exposure of the critical group of fishermen

who consume seafood and are exposed to external
Seaficld Stake net 2 0.50 radiation over intertidal areas was 0.07 mSv in 1990,
which is 7% of the ICRP-recommended principat dose

G d tes at 1 intertidal Gy h! - - .

amina Cose rates st T maver areas ey limit of 1 mSv year” for members of the public. The

Seaficld Sandy mnd 4 0.097 exposure of the skin of fishermen, due to handling nets,
. Salt marsh 4 0.097 was 0.23 mSv which is much less than 1% of the

Batle Hill Sandymud 4 0.097 ICRP-recommended dose limit appropriate for expo-

Browhouses " 4 0.10 . . .

Dornoch Brow Muddy sand 2 0.097 sures to skin of members of the public. The magnitude
“ “ Salt marsh 4 0.1t of the Chapelcross discharges indicates that the local

contribution would have been a tiny fraction of these
exposures, most of it being due to Sellafield dis-
charges.

# See sub-section 3 3 for definition
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5. UNITED KINGDOM

ATOMIC ENERGY
AUTHORITY (UKAEA)

We have continued our regular monitoring of the
environmental impact of liguid radioactive discharges
from the Winfrith Technology Centre and from AEA
Technology, Dounreay. Liquid radioactive wastes also
arise at the UKAEA Harwell Laboratory. In common
with such wastes from other nuclear establishments in
the Thames Valley area, these are discharged into the
River Thames catchment; whilst monitoring of the
drinking water pathway is carried out by HMIP (HMIP,
1991}, we have continued our small programme of
monitoring of fish and other aquatic materials, and the
results arc presented in this section,

5.1 Hafwell Laboratory,
Oxfordshire

At this establishment the UKAEA operates research
facilities, including, for part of 1990, low-power
nuclear research reactors. These reactors ceased opera-
tion during 1990. Liquid radioactive waste arisings are

small and discharges are made under anthorisation to
the River Thames at Sutton Courtenay. During 1990,
we continued our small programme of monitoring of
fish and other aquatic materials from the Thames
catchment in surveillance of fisheries-related exposure

pathways. In addition, sampling was carried out in the

River Teme, Shropshire to indicate background levels
remote from nuclear establishments. Analyses were
carried out of available fish species, with Nuphar lutea
(vellow water lily) and sediments as indicator materials.

The results of this monitoring are shown in Table 20.
The concentrations of artificial radicactivity detected
were very low. Concentrations of some nuclides, most
notably caesium-137 in sediment, were enhanced close
to the outfall, but the levels were very small in terms of
any radiological effect. External exposures were
calculated using a mode! based on concentrations of
radionuclides in sediment (Hunt, 1984). If any fish
were eaten, even at rates typical of enthusiastic trout
consumers, the radiation dose in 1990, inclnding that
from external exposure due to occupancy of the river
bank near the outfall for times typical of enthusiastic
anglers, would have been 0.008 mSv, or less than 1%
of the ICRP-recommended principal dose limit of

1 mSv year™.

Table 20. Radioactivily in environmenital materials from the River Thames calchment in surveil-
lance of the effects of liquid radioactive waste discharges from Harwell, 1990

Mean radioactivity concentration (wet)*, Bq kg

Material Sampling point No. of
sampling
observa-  Total
tions# beta  MC
Pike Outfall 2 110 NA
Upstream of Harwell omfall 2 110 14
Staines i 120 NA
Chub Outfall 1 100 *
Upstream of Harwell outfall 1 929 “
River Teme 1 97 ND
Rainbow tront East Hendred 1 96 NA
(Ginge Brook)
Nuphar lutea  Sutton Courienay 1 36 “
Staines 1 34 “
Sutton Pools 1 27 “
Mud Sutton Pools 1 52 ¢
Muddy sand  Sizines 1 340 ¢
Sandy mud Sutton Courtenay 1 Je0 "

29py+
g B0, 125G, 1340y 1y B8py  2A0py 2IAm
NA 009 ND 0.1 58 000003 0.00012 0.00023
14 ND ND ND 0.00002 0.00008 000012
ND ¢ “ * 06 NA NA ND
NA &“® - " 0.9 - " “
o L “ L ND “ " L
28 “ “ “ 02  0.00003 0.00000 0.00014
“ " - * 03 NA NA ND
“ 3-0 - “" 1 .5 - ] @&
« 03 « 03 « .. «
“ ND = “ ND ¢ « “
% " - " 6-2 “ “ “
» 0.9 “ “w 20 L “ “
* 57 6.6 313 190 - “ *

NA = not analysed

ND = not detected .
* Except for sediment where dry concentrations apply

# See sub-section 33 for definttion
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5.2 Winfrith Technology Centre,
Dorset

The principal source of liquid radioactive wastes at this
establishment is the Steam Generating Heavy Water
Reactor which ceased power production in September
1990. Most of the activity in these wastes (see Table 1)
is due to tritium from the moderator and coolant, but
small amounts of activation products, including man-
ganese-54, cobalt-60 and zinc-65, are removed during
decontamination of the reactor’s pressure circuit.
These wastes are disposed of under authorisation to
deep water in Weymouth Bay. In 1990, the wastes
continued to be subjected to treatment and storage,
mainly to allow the short-lived zinc-65 to decay before
release. The radiological significance of the dis-
charges from Winfrith is small and mainly due to the
activation products rather than to tritium. Re-concen-
tration of activation products by shellfish, followed by
local consumption, constitutes the critical exposure
pathway; this is reflected in our monitoring pro-
gramme. External gamma radiation dose rates are
monitored at Kimmeridge and in Poole Harbour where
the intertidal sediment has the potential to adsorb
radioactivity. In addition, monitoring of environmen-
tal materials and gamma dose rates at a number of
locations along the south coast provides additional
information on the distribution of radioactivity from atl
sources. Data are presented in Table 21.

The impact of Winfrith discharges, as in previous
years, was mainly observed in the concentrations of
activation product radionuclides. The concentrations
of the shorter-lived of these radionuclides, particularly
zing-635, continued 1o decline in 1990 as compared with
previous years; this was likely to have been due to the
treatment procedures noted above., The radiation dose
to the critical group of fish and shellfish consumers
(Smith and Hunt, 1989) was 0.01 mSv, or 1% of the
ICRP-recommended principal dose limit of 1 mSv
year‘l. External gamma radiation dose rates, and dose
rates on fishing nets, measured using portable instru-
ments, continued to be indistinguishable from levels
typical of the natural background.

8.3 AEA Technology, Dounreay,
Caithness

Liquid radioactive waste discharges from this estab-
lishment are made to the Pentland Firth under authoti-
sation of Scottish Government Authorities. Discharges
include a minor contribution from the adjoining reactor
site (Vulcan Naval Reactor Test Establishment) which
is operated by the Ministry of Defence (Procurement
Executive). Discharges from Dounreay in 1990 were
generally less than those in 1989 reflecting the cam-
paigns of reprocessing of reactor fuel. Our surveys
near Dounreay are carried out on behalf of departments

of the Scottish Office. Monitoring in 1990 continued
to include sampling of fish and shellfish from the area
of the Dounreay outfall and other materials further
afield, with associated gamma dose rate measurements.
The results are presented in Table 22.

Recent habits surveys have confirmed the existence of
four potentially critical exposure groups, three of
which involve external 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 resuits in skin dose, mainly
from beta particles, to the hands and forearms of fish-
ermen. The most exposed group is represented by a
small number of people who operate a salmon fishery
from Sandside Bay, close to Dounreay. Our regular
measurcments in previous years have shown that, at
current rates of discharge, the average dose rates on
nets would be low. Monitoring by the UKAEA in

1990 has confirmed that the exposure of these fisher-
men remained low, at 0.02 mSv, or less than 0.1% of
the ICRP-recommended dose limit of 50 mSv year” for
skin exposures (see sub-section 3.4).

The second potentially critical group arises also 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 visit these areas. In
1990, we carried out monitoring of sludge at Qigin’s
Geo; concentrations of radioactivity were generally
less than those in 1989 and consistent with the range of
levels expected due to normal Dounreay operations.
We also carried out measurements of gamma dose
rates above areas of the foreshore. Public radiation
exposure via this pathway remained low, at 0.006 mSv
or less than 1% of the ICRP-recommended principal
dose limit of 1 mSv year'l.

The third potentially critical group involves internal
exposure of consumers of locally-collected fish and
crustaceans; we sample fish, crabs and lobsters from
the outfall area to enable this pathway to be kept under
review, Additionally, as in previous years, secaweed
was sampled as an indicator material. Concentrations
of radionuclides in 1990 were similar to those for
1989. Exposures from consumption of fish and crusta-
ceans continued to be low: for high-rate consumers,
the radiation dose was less than 0.005 mSv or 0.5% of
the I(IJRP-recommended principal dose limit of 1 mSv
year .

The fourth potential critical group is mollusc collectors
and consumers. Gamma dose rates were measured
over collecting areas and winkles were analysed for
their radioactivity content. The radiation dose due to a
combination of consumption of molluscs and externat
exposure during collection was 0.02 mSv in 1990 or
2% of the ICRP-recommended principal dose limit of
1 mSv year,
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Table 21. Radioactivily in environmental materials and gamma dose rates from the

vicinily of Winfrith, 1990

Material Sampling point Ne. olf_ Mean radioactivity concentration (wet)*, Bq kg1
samplin;
obse?rva-g Total  3Mn SFe  3Co 0cy, 65Zn 1Ry
tions# beta o .
Plaice Weymonth Bay 3 98 ND 03 ND ND ND ND
Cod ‘Weymonth Bay 1 140 “ NA “ 0.3 0.6 “
Pollack Weymouth Bay 1 110 ¢ * “ ND ND “
Squid Weymouth Bay 1 T0 “ * “ “ “ *
Crabs Weymouth Bay 8 79 0.07 14 0.03 9.6 33 “
Spider crabs Weymouih Bay 1 66 ND NA ND 44 21 “
Lobsters Weymouth Bay 2 84 0.1 “ “ 37 19 “
Oysters Poole 2 &7 ND “ “ 09 60 “
Cockles Poole 2 63 " * 0.2 12 2.0 “
Scallops Weymeouth Bay 5 110 42 - ND 6.9 19 “
Whelks ‘Weymouth Bay 2 82 ND " " 6.1 31 "
Poole Bay 2 89 " " " 10 - 48 “
West Bay 1 82 " 0.7 " 20 6.0 -
Fucus serratus  Arish Mell 1 190 29 NA 5.4 77 13 *
Kimmeridge 2 170 22 " 2.8 40 48 “
Swanage 2 180 0.8 " 1.9 29 34 “
Hengistbury Head 2 180 04 “ 0.5 16 19 “
Bognor Rock 2 150 ND “ ND 7.7 02 04
Sandgate 2 260 * “ “ 15 03 1.1
Weymouth 2 190 1.0 “ 1.0 21 25 Nb
Chesil 2 160 ND “ ND 19 ND "
Lyme Regis 2 140 * “ " 1.1 “ “
Mud Kimmeridge 2 550 03 “ 0.7 16 42 “
Poole Harbour 2 180 04 “ ND 14 ND "
Hardway 2 740 1.0 “ " 24 20 “
Rye Harbour 2 510 0.6 “ “ 22 ND 43
Material Sampling point No. olf_ Mean radioactivity concentration (wet)*, Bq kg
samplin
obs e?rva—g 238py4 MWm4
tions# WGz  159Ey BIpy  MWpy WA, XCm WMCm
Plaice Weymouth Bay 3 0.5 ND NA NA ND NA NA
Cod Weymouth Bay 1 0.5 * " " " " *
Pollack Weymouth Bay 1 0.6 " " “ ® “ “
Squid Weymouth Bay 1 ND * " “ * " *
Crabs Weymouth Bay 8 “ - 0.00033 0.0013 0.0022 0.00002 0.00011
Spider crabs Weymouth Bay 1 " “ NA NA ND NA NA
Lobsters Weymouth Bay 2 0.1 ¥ " " * “ *
Oysters Poole 2 ND “ “ “ “ “ “
Cockles Poole 2 “ “ “ “« o * “
Scatlops Weymouth Bay 5 02 “ 00016 00050 00018 ND 0.00005
Whetks Weymouth Bay 2 ND “ 0.0012 00046 00046 0.00024
Pocle Bay 2 “ «“ NA NA ND NA NA
West Bay 1 “ “ 0.0010 00053 0.0058 ND 0.00047
Fucus serratus  Arish Mell 1 “ “ NA NA ND NA NA
Kimmeridge 2 “ * “ " " * "
Swanage 2 02 “ « “ “ “ *
Hengistbury Head 2 0.2 “ “ o “ “ “
Bognor Rock 2 ND “ “ “ “ “ “
Sandgate 2 0.2 “ “ * " “ “
Weymouth 2 0.1 “ “ “ “ “ “
Chesil 2 0.06 “ “ “ “ “ “
Lyme Regis 2 02 “ “ “ “ " "
Mud Kimmeridge 2 2.1 “ “ “ “ “ *
Poole Harbour 2 38 “ 0.097 049 036 ND 0.0065
Hardway 2 46 * NA NA ND NA NA
Rye Harbour 2 42 1.0 0.14 0.64 042 ND 0.038

Mean gamma dose rate in air at 1m over intertidal sediments

Location Ground type pGy h!
Kimmeridge (2 sampling observations): Shingle 0.085
Poole Harbour {2 sampling observations): Mud 0050
Hardway (2 sampling observations}: “ 0.063
Rye Harbour {2 sampling observations): “ 0.063

" Mean beta radiation dose rate on contact with fishing gear
(2 sampling observations): D
(1 sampling observation):

Pots
Nets

NA = not analysed

ND = not detected

* Except for sediment where dry concentralions apply

# See sub-section 3.3 for definition
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Table 22. Radioactivity in environmental materials and gamma dose rates from the
vicinity of Dounreay, 1990

Sampling point No. of

Mean radioactivity concentration (wet)*, Bq kg

and material sampling
observa-  Total HC  MMn BCo 60, 18Ry Mompp 1ML 1MCg
tions# bela '
Area of ouifail
Cod 4 120 ND ND ND ND ND ND ND ND
Crabs 4 82 NA " * * “ 1.9 " -
Lobsters 4 83 “ * * “ “ 72 “ “
Sandside Bay
Winkles 4 90 “ 0.8 “ 1.3 09 42 “ *
Fucus spiralis 1 280 “ 3.9 " 33 6.6 49 “ 0.5
Fucus vesiculosus 3 270 “ 5.8 * 1.2 ND 1.9 “ ND
Sand 4 480 “ ND “ 0.3 “ ND “ 01
Oigins Geo
Sludge 4 4400 “ 340 85 120 2000 280 67 13
Brims Ness
Winkles 4 110 “ 1.0 ND 26 1.8 75 ND ND
Fucus vesiculosus 4 330 «“ 51 e 22 1.0 36 “ 03
Sampling point No.of  Mean radioactivity concentration {wet}*, Bq kg1
and material sampling
observa- 2P+ Cm+
tions# s M4Ce IMEy 18Ry WEpy  00py  2Ipy Mlpg, W0y 20m
Area of outfall
Cod 4 1.8 ND ND ND 6.00007 0.00030 NA 0.00051 ND ND
Crabs 4 0.3 “ “ " 0.0015 0.0066 “ 0011 00026 0.00044
Lebsters 4 0.5 “ “ “ 0.0029 o011 © 0052 00045 0.0016
Sandside Bay
Winkles 4 0.9 1.0 “ " 0.060 020 26 032 0050 0.0097
Fucus spiralis 1 24 1.8 “ 22 NA NA NA 1.3 NA NA
Fucus vesiculosus 3 1.1 ND " ND “ “ - ND * “
Sand 4 84 05 34 3.6 31 12 “ 10 0.26 017
Oigins Geo
Slhdge 4 150 530 140 420 110 320 « 390 300 31
Brims Ness
Winkles 4 07 1.2 ND 03 0.17 0.50 * 0.97 020 0039
Fucus vesiculosus 4 25 0.9 “ 05 NA NA ® ND NA NA
pGy h!
Mean gamma dose rate in air at 1m over intertidal sediment: Qigins Geo (6 sampling observations): 0.15
Mean gamma dose rate in air at 1m over intertidal sand: Sandside (1 sampling observation); 0.054
Mean gamma dose rate in air at 1m over winkle beds: Sandside (2 sampling observations): 0.13

ND = not detected
NA = not analysed

* Except for sediment where dry concentrations apply

# See sub-section 3.3 for definition

6. NUCLEAR POWER
STATIONS OPERATED BY
THE ELECTRICITY

COMPANIES

All but two of these siles are in England or Wales and
are operated by Nuclear Electric plc. The power
stations at Hunterston and Torness are operated by

Scottish Nuclear Litd.

6.1 Berkeley, Gloucestershire
and Oldbury, Avon

Berkeley Power Station ceased electricity generation in
March 1989, but radioactive wastes still need to be
disposed of as part of decommissioning operations; in
addition there is a component 1o these wastes from the
adjoining Berkeley Nuclear Laboratories. Liquid
radioactive wastes from both Berkeley and Oldbury are
discharged to the same stretch of the Severn Estuary.
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Table 23. Radioactivily in environmental materials and gamma dose rates near Berkeley and

Oldbury nuclear power stations, 1990

Mean radioactivity concentration (wet)*, Bg kg1

Material No. of

sampling

observa- Total

tions# beta e
Flounders 3 100 110 ND
Eel 1 83 NA “
Elver 1 76 " “
Shrimps 1 82 “ “
Fucus vesiculosus 2 250 “
Mud: area of outfalls 4 850 “ 02

Lydney 2 820 “

0Co

B9Pu+ #3Cm+

Bagg 137 1556, Bspy 2A40py, Ml A mcm
ND 0.9 ND NA NA ND NA

- 12 - “ “ “ “

L] 0‘2 “ «“ “ " "

“ 04 “ . . “

16 20 “ “ “ “ “

22 41 i1 “ " “ “

20 34 23 013 063 052 0.021

Gamma dose rates in air at 1 over intertidal areas in the vicinity of Berkeey and Oldbury

Location Ground type No. of
sampling
observa-
tions#

Berkeley pipeline outlet Mud 2

Guscar Rocks “ 2

Lydney Locks “ 2

Sharpness “ 2

Salmon Lodge * 2

Sevem Hounse Farm Putcher Rank “ 2

pGy bl

0.075
0.077
0.068
0.070
0.081
0.089

NA = not analysed
ND = not detected

* Except for sediment where dry concenirations apply
# See sub-section 3.3 for definition

The stations are therefore considered together for the
purpose of our environmental monitoring. The two
potentially critical pathways for public radiation expo-
sure are internal irradiation following consumption of
locally-canght fish and shellfish, and external exposure
from occupancy of muddy intertidal areas, We there-
fore analyse samples of fish and shellfish and monitor
gamma dose rates over sediment. In addition, meas-
urements of external exposure are supported by analy-
ses of intertidal mud, and Fucus vesiculosus is col-
iected as an indicator material.

Data for 1990 are presented in Table 23. The only
artificial radioactivity detected in fish and shellfish was
due to carbon-14 and radiocaesium. Concentrations of
these radionuclides represent the combined effect of
discharges from the stations, other nuclear establish-
ments discharging into the Bristol Channel, fallout, and
possibly include a small Sellafield-derived component.
Apportionment is difficult at the low levels detected.
Very small concentrations of other artificial radio-
nuclides, in addition to radiocaesium, were detected in
mud and seaweed but, taken together, were of low

radiological significance, Directly-measured gamma
dose rates over intertidal mud continued to be indistin-
guishable from the natural background, thus a calcula-
tion based on concentrations of radionuclides in
sediments has been used (Hunt, 1984) to estimate
exposure of the critical group of fish and shellfish
consumers. Their total exposure due to liquid waste
discharges was low, at 0.007 mSv or 0.7% of the
ICRI;-recommended principal dose limit of 1 mSv
year .

6.2 Bradwell, Essex

Radioactive liquid effluent from this power station is
discharged to the estuary of the River Blackwater.

The critical pathways are external exposure of people
who live in houseboats moored in muddy areas of the
estuary and consumption of locally-caught fish and
shellfish. Our environmental monitoring, therefore,
reflects both these pathways. Gamma dose rate meas-
urements are supported by analyses of intertidal sedi-
ment, and Fucus vesiculosus is analysed as an indicator
material.
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. Table 24. Radioactivily in environmental materials and gamma dose rates
near Bradwell nuclear power station, 1990

Material No. of Mean radicactivity concentration (wet)*, Bq kg-!
sampling
observa- Total *Mn %Co 6Zn %Ry I106Ry Nemp, 123g,
tions# beta
Mixed fish 3 100 ND ND ND ND ND ND ND
Native oyster 2 100 = 02 6.6 “ " 05 h
Pacific oyster 1 56 “ ND 14 “ ND “
Whelks 2 79 “ “ ND “ " “ "
Fucus vesiculosus 2 290 * 1.1 * ® “ “ “
Mud 7 780 0.1 15 " 0.2 1.2 * 0.5
Material No. of Mean radicactivity concenlration (wet)*, Bq kg1
sampling
observa- B9py+ HWCm+
tions# 130 W3ICy 15gy,  BEpy  Upy  Mpy Moy
Mixed fish 3 ND 1.0 ND NA NA ND NA
Native oyster 2 - 03 - 0.00045 0.0020 0.0048 0.00031
Pacific oyster 1 * ND “ NA NA ND NA
Whelks 2 * 0.1 “ “ “ " “
Fucus vesiculosus 2 0.08 14 0.1 * “ * “
Mud 7 0.6 25 0.8 * “ “ "

Gamma dose rates in air at 1m over intertidal areas in the vicinity of Bradwell

Location Ground type No. of pGy bt
sampling
observa-
tions#
Pipeline outlet Mud 2 0.12
1.5 km east of outfall “ 1 0.068
Boomomoom Sand 1 0.058
Waterside Mud 2 0.069
West Mersea " 3 0.071
“ “ Salt marsh i 0.067

NA = not analysed
ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 3.3 for definition

Measurements for 1990 are summarised in Table 24.
In fish and shellfish, artificial radioactivity was de-
tected due to the combined effects of discharges from
the station, Se¢llafield discharges, and fallout. Appor-
tionment of the effects of these sources is difficult
because of the low levels detected. Concentrations of
artificial radionuclides in sediment and seaweed were
also low. Gamma dose rates, as directly measured,
were indistinguishable from the natural background
with the exception of the measurements close to the
station which were affecied by direct radiation. A
calculation based on concentrations of radionuclides in
sediments has been used (Hunt, 1984) to estimate the
external exposure of the critical group of houseboat
dwellers. This exposure, including the effects of
consumption pathways, was small, amounting to 0.01
mSv or 1% of the ICRP-recommended principal dose
limit of 1 mSv year ™.

6.3 Dungeness, Kent

There are two, essentially separate, ‘A’ and ‘B’ nuclear
power stations on this site; the ‘A’ station is powered
by magnox-type reactors and the ‘B’ station by
advanced gas-cooled reactors (AGRs). Discharges are
made via separate, but adjacent, outfalls and for the
purposes of our environmental moenitoring are consid-
ered together. There are two potentially critical radia-
tion exposure pathways as a result of liquid radioactive
waste discharges: internal irradiation due to consump-
tion of locally-caught fish and shellfish, and external
exposure from occupancy of the foreshore. Our
monitoring programme therefore includes analyses of
fish and shellfish and gamma dose rate surveys of the
intertidal areas. Samples of sediment are also col-
lected and analysed. Scaweed is analysed as an
indicator material. The results for 1990 are given in
Table 235.
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Table 25. Radioactivity in environmental materials and gamma dose rates near Dungeness nuclear

power stalion, 1990

Material No.of  Mean radicactivity concentration (wet)*, Bqkg!

sampling

observa- Total BPu+ 295Cm+

tions#  beta b MMn 9o S57n 95y Ry Wigg 155Gy WPy M0py  Mipzm  WOm
Bass 1 98 NA ND ND ND ND ND 13 ND NA NA ND NA
Cod 2 120 “ * “ “ " " 1.0 " “ “ “ “
Dab 2 75 “ “ “ “ “ ® Q.7 “ “ " “ *
Plaice 4 93 28 “ " " “ " 04 “ “ “ “ “
Shrimps 2 110 NA “ 0.5 02 “ 0.9 0.3 “ “ " “ “
Whelks 4 100 “ “ 17 19 “ 0.9 003 “ “ “ “ “
Fucus serratus 2 260 " " 135 03 “ 1.1 02 “ “ “ “ “
Sand 4 150 “ " 19 ND 0.5 ND 04 0.2 " * “ “
Mud 2 510 “ 06 22 “ ND 43 42 1.0 014 064 042 0.038

Gamma dose rates in air at Im over intertidat areas in the vicinity of Dungeness

Location Ground type No. of aGy h!

sampling

observa-

tions#
0ld lifeboat station Sand 1 0.050
woou “ Shingle 1 0.040
Pilot Inn Sand 1 0.045
“ o« Sand/silt 1 0.062
Camber sands Sand 2 0.056
Rye Harbour Mud 2 0.063
Folkestone Sand 1 0.050

NA = not analysed

ND = not detected
* Except for sediment where dry concentrations apply
# See sub-section 3.3 for definition

Concentrations of radiocacsivm are atiributable to
discharges from the stations and from Scllafield, with a
small contribution due to weapons-test fallout. Appor-
tionment is difficult at these low levels. Trace levels
of manganese-54, cobalt-60 and zinc-65 in some mate-
rials are likely to be due mainly to discharges from
Winfrith rather than to Dungeness, as demonstrated by
the indicator sampling programme described in sub-
section 5.2. Trace amounis of ruthenium-106 were
also detected in shellfish, sediment and seaweed. Our
monitoring programme in the Channel Islands {(section
9) shows that the French reprocessing plant at Cap de
Ia Hague may be the source of this radionuclide. The
small concentrations of transuranics in silt were similar
to levels observed at other sites remote from Sellafield.
The critical group comprises local bait diggers who
also cat fish and sheiifish. Gamma dose rates over
intertidal sediments, measured using portable instru-
ments, were indistinguishable from the natoral back-
ground, thus the external exposure of the critical group
has been based on a calculation using concentrations of
radionuclides in sediment (Hunt, 1984). The total
exposure of the critical group due to lignid discharges
from Dungeness was low, at 0.01 mSv or 1% of the
ICRP-recommended principal dose limit of 1 mSv year™.

6.4 Hartlepool, Cleveland

This station is powered by twin AGRs. Discharges of
liquid radivactive wastes are made under authorisation
to the North Sea. The critical pathway for radiation
exposure of the public near the station is internal
irradiation following consumption of locat fish and

- shellfish. Collectors of small coal, which is washed
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ashore along this stretch of ceast, account for the
highest beach occupancies.

Results of our monitoring programme carried out in
1990 are shown in Table 26. Concentrations of
radiocaesium and transuranics were mainly due to
discharges from Sellafield and to fallout. The radiation
exposure of the critical group of local fish and shelifish
consumers was low, at less than 0.005 mSv or 0.5% of
the ICRP-recommended principal dose limit of 1 mSv
year'. Gamma radiation dose rates over intertidal
sediments, as direcily measured, continued to be indis-
tinguishable from the natural background.
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Table 26.
nuclear power station, 1990

Radioactivity in environmental materials and gamma dose rates near Hartlepool

Mean radioactivity concentration (wet)*, Bq kg

Material No. of

sampling

observa- Totat

tions# beta e 80Co
Plaice 2 100 15 ND
Cod 2 140 NA -
Crabs 2 7 * "
Shrimps 1 57 “ "
Winkles 2 120 “ 0.1
Fucus vesiculosus 2 240 “ ND
Coalfsand 2 250 * “
Mud 2 g20 “ “

29pys
wopy  opy

23Cm+

1370 ISSE“

ND 038 ND NA NA ND NA

1.9 * “ “ " “
0.2 # 0.00029 0.00616 00012 0.0000f
04 “ NA NA ND NA
0.7 * 0.0046 0024 0010 ND
0.7 “ NA NA ND NA
3.0 06 “ " “ “
0.5 35 0.7 " “ “ “

Gamma dose rates in air at Im over intertidal areas in the vicinity of Hartiepool

Location Ground type No. of nGy !
sampling
observa-
sions#
Lintle Scar Coalfsand 2 0.053
Paddy’s Hole Mud 2 0.082
North Gare Sand 2 0.051

NA = not analysed
ND = not detected )

* Except for sediment where dry concentrations apply
# See sub-section 3.3 for definition

6.5 Heysham, Lancashire

This establishment comprises two, essentially separate,
nuclear power stations both powered by AGRs. Dis-
charges of liqnid radioactive waste from both stations
arc made under anthorisation to Morecambe Bay via
adjacent outfalls, and for the purposes of our environ-
mental monitoring are considered together. The poten-
tially critical radiation exposure pathways are due to
internal irradiation following consumption of locally-
caught fish and shellfish and external exposure from
occupancy of intertidal areas. Our monitoring pro-
gramme includes analyses of fish and shelifish and
measurements of gamma dose rates over intertidal
areas. Samples of scdiment are also analysed, and
Fucus vesiculosus is monitored as an indicator mate-
rial. Samphire is also collected and analysed because
of its use as a foodstuff.

The results for 1990 are given in Table 27. These
mainly reflect discharges from Sellafield; the effect

of discharges from Heysham was not detectable above
this background. The radiation exposure in 1990 to the
critical group of fish and shellfish consumers in the
Morecambe Bay arca was (.14 mSv {on the basis of
ICRP-60: 0.10 mSv), as given in sub-section 4.1.1,
The doses due to the combined effects of external
exposure and consumption of seafood to individuals of
the local fishing community were less than the dose
calculated for the critical group of consumers in
Morecambe Bay. The critical group of those subject to
external exposure were wildfowlers in the Lune
estuary. Their exposure in 1990 was (.05 mSv. Both
exposures are within the ICRP-recommended principal
dose limit of ImSv year . Concenirations of
radioactivity in samphire were of negligible
radiological significance.
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Table 27. Radioactivity in environmenial materiais and gamma dose raies near
Heysham nuclear power station, 1990

Material No.of  Mean radioactivity concentration (wet)*, Bq kg
sampling
observa- Total C NCo ¥z SN IRy  1Bgp My 13
tions# beta
Flounder 4 160 46 ND ND ND ND ND 0.4 54
Plaice 3 130 35 “ “ “ " “ 0.07 25
Bass 2 170 NA “ " “ “ “ 06 50
Whitebait 1 94 “ " - “ “ “ 03 20
Cockles 4 85 . " 14 “ “ 37 0.5 0.06 87
Maussels 4 mn “ 03 “ o 24 0.2 0.1 45
Fucus vesiculosus 4 460 “ 05 “ “ 0.2 1.5 03 23
Samphire i 53 “ ND “ " 09 ND 0.06 74
Muddy sand:
Sunderland Point 4 1200 « 2.7 19 0.6 34 4.1 23 370
Half Moon Bay 4 1500 5.6 45 22 69 12 33 510
Material No.of  Mean radioactivity concentration {wet)*, Bq kg™!
sampling
observa- Z9py4+ MCm+
tions# MCe 1MEn  18Ey B8Py Mpy WAm  P#Cm PCm
Flounder 4 ND ND ND NA NA ND NA NA
Plaice 3 “ “ “ “ “ " " “
Bass 2 Lo “ " “ 4 “ “ "
Whitebait 1 * “ “ “ “ “ “ “
Cockles 4 " 0.07 0.1 0.68 34 84 0.033 0011
Mussels 4 " ND ND 023 1.1 1.8 ND 0.0054
Fucus vesiculosus 4 " " " NA NA 13 NA NA
Samphire 1 " " “ “ “ 2.5 “ “
Muddy Sand:
Sunderland Point 4 “ 2.8 43 “ “ ND “ “
Half Moon Bay 4 38 6.9 55 35 170 260 ND 1.0

Gamma dose rates in air at Im over intertidal areas in the vicinity of Heysham

Location Ground type No. of pGy bt

sampling

observa-

lions#
Area of outfall Muddy sand 4 0.082
Half Moon Bay “ “ 4 (.088
Red Nab Point Sandy mud 4 Q.11
Morecambe Central Pier * “ 4 0.090
“ “ “ Mussel bed 4 0.079
Sunderland Point Sandy mud 4 0.11
Colloway Marsh Salt marsh 4 021
Skerton Weir Mud 2 0.10

NA = not analysed
ND = not detected

* Excepl for sediment where dry concentrations apply
# See sub-section 3.3 for definition

43



6.6 Hinkley Point, Somerset

At this establishment there are two essentially separate
‘A’ and ‘B’ nuclear power stations; the ‘A’ siationis
powered by magnox-type reactors and the ‘B’ station
by AGRs. Liquid radioactive waste discharges are
made via the same outfall and for the purposes of our
environmental monitoring they are considered to-
gether. Those members of the public subject to the
greatest (but still smail) radiation exposures as a result
of these discharges are those who eat large amounts of
locally-caught fish and shrimps and spend time on silty
intertidal areas (Doddington ef ai., 1988). Our monitor-
ing programme includes analyses of locally-caught fish
and shellfish, and external exposure is monitored by
means of gamma dose rate measurements, supported
by analyses of sediment. In addition, Fucus seaweed is
monitored as an indicator material.

The results for 1990, presented in Table 28, indicate
concentrations of radionuclides representing the com-
bined effect of releases from the stations, from other
establishments which discharge to the Bristol Channel,
from Sellafield, and from fallout. Apportionment is
difficult at the low levels detected. The concentrations
in shrimps of transuranic nuclides from the station and
from Sellafield were of negligible radiclogical signifi-
cance. Gamma radiation dose rates over intertidal
scdiment, measured using portable instruments, were
indistinguishable from the natural background with the
exception of the measurements at one Iocation close to
the station. A calculation based on concentrations of
radionuclides in sediments has been used (Hunt, 1984)
to estimate the external exposure of the high-rate fish
and shellfish consumers. Their total exposure due to
liquid waste discharges was low, at 0.006 mSv or 0.6%
of the ICRP-recommended principal dose limit of 1
m3v year'l.

Table 28. Radicactivity in environmental materials and gamma dose rates near Hinkley Point
nuclear power station, 1990

Material No.of  Mean radicactivity concentration (wet)*, Bq kg1

sampling

observ-  Total 5P+ #3Cm+

tions# beta MC  Mn SCo Zn 0§ PCs VCs  19Bg 238py 40py MAm MCm
Flounder 1 140 54 ND ND ND NA 02 1.8 ND NA NA ND NA
Shrimps 2 99 80 “ “ “ 0.18 007 07 “ 0.00016 0.00068 0.00071 0.00003
Fucus vesiculosus 2 _ 230 NA 14 1.5 0.09 NA 06 35 “ NA NA ND NA
Muod 4 1000 “ 0.2 06 ND " 22 44 16 " “ “ “
Muddy sand 3 360 0.1 03 - " 09 9.0 0.3 “ " " *

Gamma dose rates in air at 1m over intertidal areas in the vicinity of Hinkley

Location Ground type No. of pGy h!

sampling

observa-

tons#
0.8 km west of pipe Muddy sand 2 0.12
Pipeline outlet “ 2 0.080
0.8 km east of pipe -~ Mud 2 0.066
1.6 km east of pipe “ 2 0.075
Combwich “ i 0.068
River Parreit “ 2 0.075

NA = not analysed

ND = not detected
* Except for sediment where dry concentrations apply
# See sub-section 3 3 for definition

44


P&G



6.7 Hunterston, Ayrshire

This establishment comprises ‘A’ and ‘B’ stations;

the *A’ station is powered by magnox-type reactors and
the B’ siation by AGRs. The ‘A’ station ceased power
production at the end of March 1990. Liquid radioac-
tive waste discharges are made to the Firth of Clyde
under authorisation of Scottish Government
Authorities. There are two pathways which contrib-
ute to the radiation exposure of the critical group: fish
and shellfish consumption leading to internal irradia-
tion, and occupancy of intertidal areas leading to
external exposure. We regularly monitor, on behalf of
departments of the Scottish Office, samples of fish and
shellfish and carry-out gamma dose rate measurements
on the foreshore. Samples of sand are analysed in
support of the gamma dose rate measurements and
Fucus seaweed is analysed as an indicator material.
The results of monitoring in 1990 are shown in

Table 29.

The concentrations of artificial radioactivity in this
area are predominantly due to Sellafield discharges,
the general values being consistent with those to be
expected at this distance from Sellafield. Concentra-
tions of radiocaesium generally declined in 1990
following the overall reductions in Sellafield dis-
charges over the past few years. In 1990, the exposure
of members of the critical group of fish and shellfish
consumers near Hunterston was low, at 0.01 mSv or
1% of the principal ICRP-recommended dose limit of
1 mSv year'. The small amounts of activation prod-
ucts observed in molluscs, seaweed and sand were
mainly due 1o discharges from the ‘B’ station. How-
ever, they gave rise to but a small fraction of the above
exposure and their radiological significance was negli-
gible. Gamma radiation dose rates directly measured
over intertidal sediments were indistinguishable from
the natural background, but a small contribution to the
exposure of the critical group given above was in-
cluded, based on a calculation (Hunt, 1984) using
measured concentrations of radionuclides in sand.

Table 29. Radiovactivity in environmental materials and gamma dose rates near Hunterston nuclear

power station, 1990

Material No.of Mean radioactivity concentration (wet)*, Bq kgl

sampling

observa- Total 9Py 4 A3Cm+

tions# beta MC Mn 8Co PFe ®¥Co ©Zn Nmpg 1MCg 13Cy 15Ey BEpy Mpy  Uigm HCm H4Cm
Cod 2 120 ND ND ND ND ND ND ND 009 52 ND NA NA ND NA NA
Grey mullet 1 130 * " “ * “ " “ 04 73 - “ “ “ “ "
Saithe 2 40 * “ “ “ = “ “ 04 95 - * “ “ “ “
Lobster 1 9 = “ “ * i3« " ND 21 * “ “ “ “ "
Crab 2 ) I * “ “ a3 ¢ “ “ 0 - “ “ . “ “
Nephrops 2 1o = " “ “ ND ¢ * “ 50 * * ® “ “ "
Oyster 1 50 - " “ “ G5 16 14 “ 67 ¢ “ “ “ “ “
Winkles 4 00 - %0 02 ¢ 85 04 22 “ 27 0 0.052 0.19 0087 0.0025 0.0051
Fucus spiralis 4 250 ¢ 35 t6 10 11 10 04 04 47 0.094 041 0.10 0.0034 0.0043
Sand 4 240 ¢ 49 ND ND 18 ND ND 03 17 07 NA NA ND NA NA

Gamma dose rates int air at 1 over intertidal areas in the vicinity of Hunterston

pGy !

Location Ground type No. of
sampling
observa-
tions#

0.5 km north of pipeline Sand 4

0.5 km south of pipeline Sand/stones 4

0.062
0.079

NA = not analysed

ND = not detected

* Except for sand where dry concentrations apply
# See sub-section 3.3 for deftnition
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Table 30. Radioactivity in environmenial materials and gamma dose rates near Sizewell

nuclear power station, 1990

Material No. of Mean radioactivity concentration (wet)*, Bq kg?!

sampling __

cbserva-  Total BPus

tions# beta 1#C 80Ce ©Zn 10mpg 13Cg 13Cg ISEy 208py 240Dy lpm,
Whiting 1 130 15 ND ND NI ND 17 ND NA NA ND
Sole 1 110 NA “ “ “ “ 1.0 “ “ “ “
Lobster 2 61 “ “ “ 0.2 “ 0.5 “ * “ “
Shrimp 1 86 “ “ “ ND 03 16 “ 0.00017 0.000856 0.0016
Crab 1 64 “ 04 “ “ ND 04 “ NA NA ND
Native oyster 1 81 “ ND ¢ “ “ ND “ “ # *
Pacific oyster 1 79 “ “ 0.5 “ “ 0.5 “ “ “ “
Mud 2 740 ¢ 62 ND “ 06 A 11 “ * #

Gamma dose rates in air at Im over intertidal areas in the vicinity of Sizewell

Location Ground type No. of nGy bt

sampling

cbserva-

tions#
Pipeline outlet Sand 2 0.046
Dunwich “ 2 0.043
Rifle range “ 2 0.043
Sizewell Hall “ 2 0.042
Aldeburgh Sand/shingle 2 0.041
Southwold Harbour Mud 2 0.059

NA = not analysed

ND = not detected

* Except for silt where dry concentrations apply
# See sub-section 3.3 for definition

6.8 Sizewell, Suffolk

At this establishment there is an ‘A’ station powered
by magnox-type reactors; a ‘B’ station, to be powered
by a PWR, is under construction. Radioactive liquid
cffluent from the ‘A’ station is discharged under au-
thorisation to the North Sea. Our monitoring reflects
the two potentially critical radiation exposure pathways
of fish and shellfish consumption leading to internal
irradiation, and occupancy of intertidal areas giving
rise to external exposure (Leonard and Smith, 1982).
The results of this monitoring in 1990 are shown in
Table 30.

The radioactivity concentrations represent the com-
bincd effect of discharges from the ‘A’ station and
from Sellafield, as well as of fallout. Apportionment is
difficult at the low levels detected. Trace levels of
cobalt-60 and zinc-65 in some shellfish and mud are
likely to have been due to discharges from the station,
but their radiological significance was negligible. The
total radiation exposure of local fish and shellfish
consumers was low, at less than 0.005 mSv or 0.5% of
the ICRP-recommended principal dose limit of 1 mSv
year. Directly-measured gamma dose rates, as in
previous years, were indistinguishable from the natural
background; however, the above exposure of the
critical group includes a small contribution for their
external exposure based on a calculation (Hunt, 1984)
using radionuclide concentrations in sediment.

6.9 Torness, East Lothian

This station, which is powered by two AGRs, came
into operation at the end of 1987. Discharges of radio-
active wastes to the North Sea are authorised by
Scottish Government Authorities. Our investigations,
on behalf of these Authorities, have shown that poten-
tially critical pathways for radiation exposure of the
public are internal irradiation from consumption of
local fish and shellfish and external exposure from
occupancy of intertidal areas. These pathways form
the basis of our regular monitoring programme
{Leonard and Hall, 1989). Samples of fish and shell-
fish are collected and analysed, and samples of sea-
weed are monitored as indicator materials. Measure-
ments are also made of gamma dose rates over inter-
tidal areas, supported by analyses of sediment, and beta
dose rates on fishing gear.

Results of this monitoring in 1990 are shown in Table
31. Concentrations of artificial radionuclides were
mainly due to the distant effects of Sellafield dis-
charges and to fallout. Radiation exposure of the
critical group of fish and shellfish consumers was low,
at less than 0.005 mSv, or 0.5% of the ICRP-recom-
mended principal dose limit of 1 mSv year”. This
exposure includes a small contribution due to external
radiation, calculated on the basis of radionuclide con-
centrations in sediment (Hunt, 1984); as directly
measured, gamma dose rates remained indistinguish-
able from the natural background. This also applies to
beta dose rates on contact with fishing gear.
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Table 31. Radioactivily in environmental materials and gamma dose rates near Torness nuclear

power station, 1990

Material No.of Mean radioactivity concentration (wet)*, Bqkg!
sampling
observa- Total 9Py M Cme+
tions# beta MC %G Mompa, 1MCg  137Cg 1SR, BEpy  Mpy  Mpm  H0m MO
Cod 2 130 ND Nb ND ND 22 ND NA NA ND NA NA
Crabs 2 70 NA " 04 0.4 “ “ “ “ “ “
Lobster 1 i} “ * ND “ 0.5 * “ - “ “ “
Nephrops 4 92 “ “ “ “ 1.0 “ 0.00079 0.0045 0.0041 0.00003 0.00002
Winkles 4 88 “ “ Q7 “ 0.5 “ NA NA ND NA NA
Fucus vesiculosus 2 260 ¢ “ ND “ 08 “ “ * “ - “
Mud
Dunbar Inner Harbour 2 730 0+ “ “ 22 49 * " " * *
Eyemocuth Harbour 1 550 ¢ “ " 0.8 21 15 “ “
Aberlady Bay 1 350 0+ 1.5 “ 06 16 ND “ * “ *
Sand
Thomion Loch Beach 2 200 ND “ ND 33 “ * “ “ “ "
Muddy sand
Bams Ness 1 31 = “ “ 0.6 1.0 " “ “ " “ "

Gamima dose rates in air at 1m over intertidal areas in the vicinity of Torness

Location Ground type No. of pGy ht

sampling

observa-

tions#
Belhaven North Beach Sand 2 0.056
Bams Ness Rock 2 0.077
Skateraw Harbour Sand 2 0.060
Thormton Loch Beach “ 2 0.058
Pease Bay Beach “ 2 0.061

Mean beta dose rate on contact with fishing gear

Pots (2 sampling observations): ND
Nets (2 sampling observations): *

NA = not analysed

ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 33 for definition

6.10 Trawsfynydd, Gwynedd

Discharges from this station are made to the freshwater
Lake Trawsfynydd under authorisation of the Welsh
Office. Because of the limited volume of water avail-
able for dispersion they are of greater radiological
significance than those from other UK nuclear power
stations which discharge to estuarine or coastal waters.
The critical radiation exposure pathway is due to
consumption of fish caught in the lake; the important
radionuclides are those of caesium and, to a lesser
extent, strontium-90. Species of fish regularly con-
sumed are brown trout, rainbow trout and, in 1990, a
small amount of perch; consumption rates of brown
trout were less than in 1989. Perch and most brown
tront are indigenous to the lake but rainbow trout, and
sometimes brown trout, are introduced from a hatch-
ery, Because of the limited period which they spend in
the lake, introduced fish generally exhibit lower radio-
caesium concentrations than those of indigenous fish.
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Our monitoring programme reflects the exposure
pathways. Samples of brown trout, rainbow trout,
perch and other fish are regularly analysed. Gamma
dose rates over lake shoreline areas are also regularly
monitored, and these measurements are supporied by
analyses of shoreline sediments. As part of our re-
search programme, mud and peat from the lake bed are
also analysed; these materials contribute radioactivity
to the fishes® diet. Additional information is gained
from anatyses of the moss Fontinalis which is a sensi-
tive indicator for a number of radionuclides, and from
analyses of lake water. Our enhanced monitoring
programme, which was increased in 1986 following the
Chernobyl accident, continued. The resulis of our
additional monitoring are reported in section 10. Our
regular programme of monitoring of fish at
Trawsfynydd continued during 1990, and is reported
here to present a balanced picture of public radiation
exposures for the whole year. The resulis of our regu-
lar monitoring are shown in Table 32.
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Table 32. Radioactivity in environmental materials and gamma dose rates near Trawsfynydd

nuclear power station, 1990

Material No.of  Mean radioactivity concentration {wet)*, Bqkg’!
sampling
observa- Total ¥C ig MMn  ®Ce %05 %Zr  ®Nb WBRy WeR, 1235
tions# beta
Brown trout 10 500 38 110 ND 0.05 84 ND ND ND ND ND
Rainbow trout 8 150 26 62 “ ND 36 * “ “ “ “
Rainbow trout (hatchery) 1 98 NA NA “ “ 5.1 “ " “ *
Perch 9 940 49 280 “ “ 5.0 “ “ “ “ “
Rudd 1 490 NA NA “ “ NA * “ “ “ “
Fontinalis
Afon Prysor 2 220 “ “ “ “ “ - - “ “ “
Gwylan Stream 2 1400 “ 3.6 30 “ “ “ “ 65 640
Mud
Near cooling wateroutfall 2 2600 “ ND 73 “ " “ “ 41 120
Hot lagoon 2 NA “ “ 170 “ 45 180 “ 890 1300
Cae Adda boat mooring 1 1200 “ “ “ 6.7 “ ND ND “ ND 27
Bailey bridge 1 NA “ " “ i1 “ “ “ “ “ 29
Gwylan Stream 2 2900 * “ * 15 “ “ " * 17 51
Peat
Hot lagoon 2 1500 “ “ 40 “ “ “ “ ND 90
South end of lake 2 1900 “ 7.8 “ “ “ “ 25
Cae Adda boat mooting 1 720 " * Nb “ “ " * " A
Bailey bridge 1 3300 ¢ “ s 17 “ 28 94 12 310 360
Water
Bailey bridge ] NA “ “ NA NA 0.16 NA NA NA NA NA
Cold lagoon 4 “ " * - " 616 * “ “ * “
Material No.of  Mean radioactivity concentration (wet)*, Bg kg!
sampling ‘
observa- BIpy+ MCm+
Lons# Moy BIgg 1M 1MEy  18E;  A8py 240py Alam 22Cm MCm
Brown trout 10 73 340 ND ND ND 0.00033 0.0013 0.0020 000023  0.00003
Rainbow troui 8 54 19 “ “ “ 0.00014 0.00043 000061 0.00033  0.00003
Rainbow trout (hatchery) 1 1.0 23 “ “ “ 0.00005 0.00023 0.00018 0.00014 ND
Perch 9 160 740 “ “ “ 0.00014 0.00044 000064  0.00014 0.00002
Rudd 1 70 3710 “ “ “ NA NA ND NA NA
Fontinalis
Afon Prysor 2 39 29 “ “ “ “ “ * * “
Gwylan Stream 2 18 94 32 1.4 32 " " " * “
Mud
Near cooling water outfall 2 93 1760 18 8.7 8.0 “ 22 * “
Hot lagoon 2 660 6700 620 54 36 “ “ 140 “ “
Cae Adda boat mooring 1 160 670 ND ND ND “ “ ND “ “
Bailey bridge 1 130 1900 17 “ “ “ “ 7.8 “ “
Gwylan Stream 2 59 1600 ND “ " “ “ ND “ “
Peat
Hot lagoon 2 34 450 14 " * 2.7 11 17 0.53 042
South end of lake 2 37 1200 ND “ NA NA 0.8 NA NA
Cae Adda boat mooring 1 64 230 “ “ " " “ ND * "
Bailey bridge 1 320 2400 230 * “ “ “ “ “ *
Water
Bailey bridge 4 0.10 0.27 NA NA NA " “ NA “ “
Cold lagoon 4 0005 027 " “ “ “ “ “ “ “

Gamma dose rates in air at 1m over areas near lake shoreline

Location Ground zype No. of pGy bt
sampling
observa-
tions#
Bailey bridge Peat 2 0.098
South end of 1ake “ 2 0.088
Cae Adda boat mooring Mud 2 0.069

NA = not analysed
ND = not detected

* Except for mud and peat where dry concentrations apply
# See sub-section 3.3 for definition
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Discharges of radiocaesium from the power station in
1990 slightly increased as compared with 1989 (see
Table 1). All discharges have, however, remained
within authorised limits. There were small increases in
the concentrations of caesium-137 in fish and water
from the lake. In 1990, as in previous years, transu-
ranic nuclides from station discharges and fallout were
also observed in fish; these concentrations continued
to be of negligible radiclogical significance.

It is estimated that, in 1990, members of the critical
group of fish consumers received 0.09 mSv, which is
within the ICRP-recommended principal dose limit of
1 mSv year”. The exposure was the same when com-
pared with that of 1989 (Hunt, 1990} and this was
mainly due to the balance of increasing concentrations
and reducing consumption rates. Gamma dose rates,
measured using portable instruments, were difficult to
distinguish from values to be expected from the natural
background. However, the exposure of the critical
group given above includes a small contribution due to
lakeside external exposure based on a calculation
{Hunt, 1984) using radienuclide concentrations in
sediment.

6.11 Wylfa, Gwynedd

Liquid radioactive wastes from this station are dis-
charged to the Irish Sea under authorisation of the

Welsh Office. The two potentially critical pathways
are due to consumption of local fish and shellfish and
10 occupancy of intertidal arcas. Monitoring is carried
out in respect of these pathways. Samples of sediment
are analysed in support of the gamma dose rate meas-
urements, and the indicator seaweed Fucus vesiculosus
is also sampled. The results of monitoring in 1990 are
presented in Table 33.

Any effects of discharges from this station are masked
by Sellafield-derived radicactivity. Concentrations of
artificial radionuclides in environmental materials were
consistent with those expected at this distance from
Sellafield. Data for 1990 confirmed that the critical
group consisted of high-rate fish and shellfish consum-
ers, and that their radiation exposure was 0.01 mSv, or
1% of the ICRP-recommended principal dose limit of

1 mSv year”’. The magnitude of discharges from the
station indicate that the local contribution would have
been a small fraction of this exposure. Gamma dose
rates, measured using portable instruments, continued
to be difficult to distingnish from the natural back-
ground, but a small contribution due 1o external expo-
sure of the critical group has been included in the
above total; this contribution was based on a calcula-
tion using concentrations of radionuclides in sediments
(Hunt, 1984).

Table 33. Radioactivity in environmental materials and gamma dose rates near Wylfa nuclear

power station, 1990

Material No.of  Mean radioactivity concentration (wet)*, Bq kg’

sampling

observa- Total BPu+ M3Cm+

tions# beta “e Sizn  0C, 657 18Ry 110mAg Mg 1310y 155g,  28py, 20py, UAtAm M0,
Plaice 2 100 NA ND 03 ND ND ND ND 25 ND NA NA ND NA
Dogfish 2 100 20 ¢ ND * ® “ 02 12 “ 0.00009 000042 0.00074 ND
Crabs 2 89 NA ¢ “ “« oo 007 ND 17 ¢ NA NA ND NA
Winkles 2 88 " “ 04 = 07 02 " N 0.20 0.98 13 0.0030
Mussels 2 38 " “ ND “ ND ND - 1 B 0.046 022 035  0.00086
Fucus spiralis 2 280 “ 1.3 27 04 * - 09 " 5.6 * NA NA 1.0 NA
Fucus vesiculosus 5 270 ¢ 08 12 ND *“ 04 4 60 004 * 0.6 “
Mud 2 1200 “ ND 24 *“ * ND 42 320 ND 96 48 71 0.16

Gamma dose rates in air at 1m over intertidal areas in the vicinity of Wylfa

Location Ground type No. of pGy h!
sampling
observa-
tions#
Cemaes Bay Sand 8 0.056
Cemlyn Bay Mud 4 0.084
Amlwch Harbour Rock 4 0.091

NA = not analysed
ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 3.3 for definition
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DEFENCE
ESTABLISHMENTS

7.

We have continued our regular monitoring of the
effects of liquid radioactive waste discharges to sea
from naval establishments, and the results are reported
in this section. Liquid radioactive wastes are also
discharged from the Atomic Weapons Establishment,
Aldermaston, to the River Thames. For this site, the
drinking water pathway is monitored by HMIP (HMIP,
1991}, In 1990, however, we continued our small
programme of monitoring of fish and other aquatic
materials in surveillance of discharges to the Thames caich-
ment from Aldermaston and other nuclear establishments,
The relevant results are reported in this section,

7.1 Atomic Weapons Establishment,
Aldermaston, Berkshire

Liquid radioactive waste discharges are small (see
Table 1) and are made under agreement with MAFF
and HMIP to the River Thames at Pangbourne. As

explained above, the drinking water pathway is inves-
tigated by HMIP bat, in 1990, we continued a small
programme of fisheries-related monitoring, This
included monitoring in the River Teme, Shropshire to
indicate background levels remote from nuclear estab-
lishments. Analyses were carried out of available fish
species, with Nuphar lutea (yellow water lily) and
sediments as indicator materials.

The results of this monitoring are shown in Table 34,
The concentrations of artificial radioactivity detected
were very low. Concentrations of plutonium were not
significantly different from the level expected due to
fallout. The overall effect was of very low radiological
significance: if any fish were eaten, even at rates
typical of enthusiastic trout consumers, the radiation
dose, together with that due to occupancy of the river
bank near the outfall for times typical of enthusiastic
anglers, would have been less than 0.005 mSv or less
than 0.5% of the ICRP-recommended principal dose
limit of 1 mSv year™.

Table 34. Radioactivity in environmental materials from the River Thames catchment in
surveillance of the effects of liguid radioactive waste discharges from the Atomic
Weapons Establishment, Aldermaston, 1990

Mean radioactivity concentration (wet)*, Bq kg

Material Sampling point No. of
sampling
observa- Total
tionsé# beta
Pike Pangbourne 1 130
Staines 1 120
Chub River Teme 1 97
Nuphar lwtea Pangboume 1 25
Staines 1 34
Sutton Pools 1 27
Mud Pangboume 1 310
Sutton Pools 1 520
Muddy sand  Staines 1 338

e}

NA

Y

ND

NA

BIpyy
5 0o 1370 238py 2A0py, Hiam
NA ND 0.7 0.00003 0.00015 0.00012
ND “ 0.6 NA NA ND
28 “ 02 0.00003 0.00000 0.00014
NA 0.1 06 NA NA ND
“ 0.3 0.3 “ “ “
" ND ND ) “ "
. 2429 - “ -
- ND 6-2 - “ L]
“ 0‘9 20 ] - L

NA = not analysed

ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 3.3 for definition
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7.2 Naval establishments

Liguid wastes containing small quantities of radioac-
tivity are discharged from the establishments at
Devonport, Faslane ard Rosyth nnder authorisation/
agreement with the relevant Authorising Departments
{see Table 1}. We carry out monitoring programmes
near all of these establishments and, in the case of
Faslane and Rosyth, on behalf of departments of the
Scottish Office. Monitoring is also carried out in the
Holy Loch (sub-section 2.1). Monitoring near
Chatham also continues in surveillance of the effects of
past discharges.

Public radiation exposures due to the effects of any
discharges from these establishments are primarily due
to external radiation from sediments, the nuclide of
main importance being cobalt-60. Cur regular assess-
ments of doses to critical gronps take account of the
effects of discharges from other nuclear establishments
(e.g. Sellaficld) as well as exposure pathways addi-
tional to external radiation, such as any consumption of
fish and shellfish. We regularly carry out measure-

ments of gamma dose rates near ail establishments;
these are supported by analyses of sediments. Marine
foodstnffs and seaweed are also analysed where appro-
priate.

Results of monitering in 1990 are presented in Table
35. The small concentrations of cobalt-60 mainly
reflect discharges from the establishments; levels of
radiocaesinm are mainly due to discharges from
Sellafield. Gamma dose rates over intertidal
sediments, directly measured using portable instru-
ments, remained indistinguishable from the nataral
background, such that public radiation exposure has
been estimated by calcuiation based on concentrations
of radionuclides in sediments (Hunt, 1984) as well as
on occupancy times from habits surveys. In 1990, the
exposure of critical groups, including the effects of
other sources and taking account of censumption of
marine foods and occupancy times, continued to re-
main very low near all of these naval establishments,
and at less than 0.01 mSv year”. This represents less
than 1% of the ICRP-recommended principal dose
limit of 1 mSv year™.

Table 35. Radioactivity in environmental materials and gamma dose rates near naval establish-

ments, 1990
Establishment Material No. of Mean radioactivity concentration (wet)*, Bq kg Mean gamma dose
sampling rates in airat Im
observa- Toal
tions#  bela ®Co llmpg 125§y My g 15gy MAm o No.of uGy h'!
sampling
observa-
tions#
Chatham Mud 2 NA 48 ND ND ND 19 1.3 ND 6 0.065
Devonport  Mussels 2 65 0.2 “ " " 03 ND “ NP NP
Fucus vesiculosus 2 NA 03 “ " “ 007 “ “ “ “
Mud 6 “ ND - “ “ 33 06 “ 12 0.073
Faslane Mud 2 “ 14 " 23 1.8 76 ND = 10 0.066
Rosyth Crab 2 “ ND " ND ND 0.5 “ “ NP NP
Fucws vesicudosus 2 “ 0.1 “ “ 1.0 - “ “ “
Mud 10 “ 02 - 13 28 0.8 “ 10 0.068
Holy Loch  Winkles 1 120 0.2 03 ND 30 ND 0.1 NP NP
Mud 2 NA 36 ND 12 32 » ND 12 0.059

NA = not analysed
ND = not detected
NP = not appiicable
* Except for sediment where dry concentrations apply
# See sub-section 33 for definition
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8. AMERSHAM
INTERNATIONAL PL.C

This company manufactures radioactive materials for
use in medicine, research and industry. The company’s
principal establishment is located in Amersham, Buck-
inghamshire, from which radioactive discharges are
made into the catchment of the River Thames, As
explained in section 5, environmental monitoring in
respect of these discharges is carried out by HMIP
(HMIP, 1991). However, in 1990, we continued our
small programme of fisheries-related monitoring in
connection with discharges of liquid radioactive wastes
to the Thames and its catchment. Results relevant to
the Amersham Laboratory are presented in this section.
Our monitoring programme in surveillance of dis-
charges from the Cardiff Laboratory has continued,
and the results of this programme are also presented.

8.1 Amersham Laboratory,
Buckinghamshire

Discharges of liquid radioactive wastes are made
under authorisation to the Maple Cross sewage works;

releases enter the Grand Union Canal and the River
Colne. In 1990, we continued our small programme of
monitoring of fish and other aquatic materials in sur-
veillance of the effects of these discharges, including

- monitoring at locations remote from nuclear establish-

ments, Analyses were carried out of available fish
species with Nuphar lutea (yellow water lily) and
sediments as indicator materials.

The results of this monitoring are presented in Table
36. The concentrations of radioactivity detected were
very low. Concentrations of some radionuclides were
slightly enhanced close to the outfall, but the overall
effect was of very low radiological significance. If any
fish were eaten, even at rates typical of enthusiastic
trout consumers, the radiation dose, including that due
to occupancy of river or canal banks near the outfall
for times typical of enthusiastic anglers, would have
been less than 0.005 mSv or less than 0.5% of the
ICRP-recommended principal dose limit of 1 mSv

year".

Table 36. Radioactivity in environmental materials from the River Thames catchment in surveil-
lance of the effects of liguid radioactive waste discharges from Amersham International

ple, Amersham, 1990
Material Sampling point No.of  Mean radioaciivity concentration (wet)*, Bq kg™
sampling
observa- Total B9pgy
tions# beta 1C 35 SICe S8Co SCo 57Zn 13Cs 1By V8py 20py  WAm
Pike Grand Union Canal 2 150 130 91 ND ND ND ND 07 ND NA NA ND
Staines 1 126 NA ND *“ * “ “ 0.6 " * “ “
Chub River Teme i 97 ND 28 * “ “ “ 02 “ 000003 0.00009 0.00014
Rainbow trout Huntsmoor i 130 NA NA * ND ND ND 05 ND NA NA ND
Nuphar lutea  Grand Union Canal 1 50 “ “ 03 0~ 04 ND * " "
Staines 1 34 * “ “ ND 0.3 ND 03 “ “ “ “
Sutton Pools 1 27 - “.ooom “ ND ¢ ND * “ “ “
Mud Grand Union Canal 1 40 - “ 11 52 2.1 50 84 3.2 “ * “
Sutton Pocls 1 520 - “ ND ND ND ND 62 ND “ “ ¥
Muddy sand  Staines 1 340 = " " “ 0.9 “ 20 “ “ “ “

NA = not analysed

ND = not detected

* Except sediment where dry concentrations apply
# See sub-section 3.3 for definition
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Table 37. Radioactivity in environmental materials and gamma dose
raies near the outfall of the sewer serving Amersham
International ple, Cardiff, 1990

Mean radioactivity concentration (wet)*, Bq kg!

Material No. of

sampling

observa- Total  MC

tions# betat
Flounder 5 290 790
Fucus spiralis 3 190 17
Fucus vesiculosus 1 140 14
Mud 4 820 14

358 131y 13403 137¢ lSSEu
30 ND ND 0.6 ND
390 04 * 0.5 0.05
NA ND " 0.5 ND

“ “ 15 31 1.0

Mean gamma dose rate in air at 1m over intertidal mud (4 sampling cbservations): 0.068 pGy h!

NA = not analysed
ND = not detected

* Excepl for sediment where dry concentrations apply

# See sub-section 3.3 for definition

t Includes contribution from carbon-14 at low counting efficiency due to the low energy of beta

particles emitted by this radionuclide

8.2 Cardiff Laboratory

A second laboratory, situated near Cardiff, produces
labelled compounds used in research and diagnostic
kits used in medicine for the in vitro testing of clinical
samples. An authorisation issued by the Welsh Office
regulates disposals of liquid radicactive wastes from
this establishment to a sewer discharging into the
Severn estuary,

QOur monitoring programme, carricd out on behalf of
the Welsh Office, reflects the two potentially critical
pathways due to consumption of marine foods and to
external exposure over muddy intertidal arcas. Meas-
urements of external exposure are supported by analy-
ses of intertidal sediment, and Frcus seaweed is col-
lected as an indicator material. The radiological con-
sequences of discharges from this establishment are
small and mainly due to carbon-14. Additional artifi-
cial radionuclides detected are due to faltout, other
establishments which discharge small amounts of
radicactive wastes to the Severn estuary and the Bristol
Channel, and possibly to discharges from Sellaficld.

The results of monitoring in 1990 are presented in
Table 37. Of the separate radionuclides listed, only
carbon-14 and sulphur-35 were discharged by this
establishment in 1990; the presence of the other
radionuclides was thercfore due to the combined back-
ground effects noted above. Small amounts of iodine-
131 detected in seaweed are likely to have been due to
discharges from a local hospital. The exposure of the
critical group of fish and shellfish consumers was 0.02
mSv or 2% of the ITCRP-recommended principal dose
limit of 1 mSv year”. This exposure includes a small
contribution due to external irradiation of the critical
group, calculated on the basis of concentrations of
radionuclides in sediment (Hunt, 1984). Gamma dose
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rates over sediment, as measured using portable instru-
ments, were indistinguishable from those expected

from the natural background.
9. CHANNEL ISLANDS
MONITORING

A full review of monitoring on the Channe! Islands
was carried out in 1989 and an assessment of the
radiological significance of artificial radionuciides in
marine pathways was made (Leonard et al., in press).
The review established that there was no need to make
major changes to monitoring on the Islands and that
individual doses to the critical group were no more
than about 0.01 mSv year 1.

We have continued to analyse marine environmental
samples provided by the Channel Islands States,
mainly in surveillance of the effects of radioactive
liquid discharges from the French reprocessing plant at
Cap de la Hague. Fish and shellfish are monitored in
relation to the internal irradiation pathway; sediment
is anatysed with relevance to external exposures.
Seaweeds are sampled as indicator materials and
because of their use as fertilisers,

The results for 1990 are given in Table 38. Concentra-
tions of caesium-137 in fish and shellfish were low and
generally similar 10 those in previous years. Appor-
tionment to different sources, including fallout, is
difficult in view of the low levels detected. The pre-
sence of transuranics and ruthenium-106 in environ-
mental materials may be attributed to discharges from
the plant at Cap de la Hague. However, the concentra-
tions of artificial radionuclides in each of these materi-
als continued to be of negligible radiological signifi-
cance.
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Table 38. Radioactivity in environmental materials and gamma dose rates from the Channel

Islands, 1990
Matenat  Sampling area No.of  Mean radioactivity concentration (wer)*, Bq kg?
sampling
observa- Total
tions#  beta | MC Mn  %Co  Zn %98y 9T 106Ry  Mimp, 125gh
Rays Guemsey? 1 110 NA ND ND ND NA NA ND ND ND
Crabs Guemsey? 1 84 » “ 1.4 09 " “ 1.8 0.6 “
Jersey? 1 76 - “ 09 ND “ - 1.5 1.5 “
Aldemey!
Casquets 2 71 20 " 39 “ “ L8 53 0.8 "
Lobsters  Jersey? 1 81 NA u ND “ “ NA ND ND "
Aldemey!
Casquets 2 97 “ * 09 - “ - 2.0 0.5 *
Oysters  Jersey? 1 91 “ “ 1.0 C.8 “ “ 59 34 “
Limpets  Jersey!
La Rozel i 89 “ “ 1.1 ND “ " 5.3 0.6 “
Guemsey? 1 [} “ - 09 “ " “ 27 ND "
Aldemey! 1 84 “ “ 1.3 “ “ * 8.4 0.7 “
Porphyra Jersey!
Greve de Lecq 3 260 * ND 09 “ “ “ 17 ND “
Guemsey!
Fermain Bay 3 140 “ “ 03 " " “ 25 “ “
Bordeaux Harbour 1 150 “ ¥ 03 " “ “ 8.6 “ “
Moulin Huet Bay 1 200 “ “ 1.2 “ “ “ 24 “ “
Alderney!
Quenard Point 4 160 “ 0.03 1.1 “ “ “ 12 “ “
Fucus Jersey!
serratus LaRozel 4 370 “ 0.03 53 * 0.19 * 49 0.1 0.1
Corbiere 1 310 “ ND 54 " NA “ 7.0 ND 0.2
Guemsey!
Fermain Bay 4 310 “ “ 32 “ 0.20 “ 32 ND ND
Aldemey!
Quenard Point 4 270 “ 0.03 46 " 0.14 “ 54 0.1 02
Laminaria Jersey!
digitata Verclot 4 420 “ ND 0.4 “ NA “ 34 0.04 0.08
Mud Jersey!
St Helier Harbour 1 620 “ 3.9 47 “ “ “ 87 ND 21
Guemsey!
St Sampsons Harbour 2 630 “ 0.7 82 “ “ “ 19 “ 23
Muddy Guemsey!
sand Bordeaux Harbour H 470 " ND 16 " “ “ 33 * 1.2
Sand Alderney!
Little Crabbe Harbour 1 480 “ " 42 " “ * 15 * 3.1
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Table 38. Continued

Material  Sampling Area No.of  Mean radioactivity concentration (wet)*, Bq kg'!
sampling
observa- B9Pu+ M3Cm+
tions# 34cg  1370g 1My 1Ry B8py 240py 2AlAm U2Cm M0Cm
Rays Guemsey? 1 ND 1.3 ND ND 0.00039 0.0015 0.0017 ND ND
Crabs Guernsey? 1 “ 0.2 " " 00012 00019 0.0048 “ 0.0020
Jersey? 1 “ a2 “ " 0.00093 00015 0.0056 0.00005 0.0022
Aldemey?
Casquets 2 “ 0.1 “ “ 00035 00041 0.0093 0.00010 0.0036
Lobsters  Jersey? 1 - ND “ » NA NA ND NA NA
Aldemey!
Casquets 2 “ - “ “ 0.0015 00017 0.0063 0.00015 0.0026
Oysters ~ Jersey? 1 “ 0.2 “ “ 0.011 0.018 0.017 0.00017 0.0050
Limpets  Jersey!
La Rozel i “ 0.2 “ “ 00058 0.0091 0013 0.00023 0.0034
Guemsey’ _ 1 “ ND “ “ NA NA ND NA NA
Aldemey! 1 “ “ “ " 0.018 0.019 0.043 0.0010  0.0092
Porphyra Jersey!
Greve de Lecq 3 v 0.06 “ “ NA NA ND NA NA
Guemsey!
Fermain Bay 3 “ ND “ * " “ * “ "
Bordeaux Harbour 1 # 04 “ * “ * “ * “
Moulin Huet Bay 1 " ND “ » “ “ “ * -
Aldemey!
Quenard Point 4 “ 007 " “ “ “ “ “ “
Fucus Jersey!
serratus  LaRozel 4 * 03 “ - 0.064 0086  0.034 0.00050 0.0098
Corbiere 1 * 03 “ 03 NA NA ND NA NA
Guemsey’
Fermain Bay 4 “ 02 “ ND 0.029 0.047 0.020 0.00023 0.0063
Aldemey!
Quenard Point 4 “ 0.2 “ 0.04 0.059 0.063 0.036 0.00044 0014
Laminaria Jersey!
digitata Verchut 4 “ 0.3 “ ND NA NA ND NA NA
Mud Jersey!
St Helier Harbour 1 * 11 49 38 24 48 72 ND 2.1
Guernsey!
St Sampsons Harbour 2 02 57 ND 0.7 0.48 1.2 1.4 0.016 034
Muddy  Guemsey!
sand Bordeanx Harbour 1 ND 26 “ 0.6 0.12 037 0.34 ND 0.075
Sand Aldemey!
Liitle Crabbe Harbonr 1 “ 3.7 " ND NA NA ND NA NA
! = Sampling area
2 = Landing point

NA = not analysed
ND = not detected

* Except for sediment where dry concenirations apply
# See sub-section 3.3 for definition
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10. MONITORING OF THE
FRESHWATER
ENVIRONMENT FOR
RADIOACTIVITY FROM
THE CHERNOBYL
REACTOR ACCIDENT

We continued surveillance of the effects of fallout
from this accident in 1990, but at a reduced scale of
effort. Parts of the freshwater environment continued
to show the effect of fallout from Chernobyl. The
results of our additional monitoring for 1990 are pre-
sented in this section, The sampling locations are
shown in Figure 2. They are mostly in areas of rela-
tively high deposition of fallout from Chemobyl,
namely Cumbria, North Wales and parts of Scotland,
but samples from Northern Ireland, the Isle of Man and
areas of low deposition were also obtained for com-
pleteness and comparison.

Tables 39-42 present concentrations of caesium-134
and -137 in fish, giving the averaged results of all
analyses carried out at each location on samples taken
during the year. The number of samples analysed is
specified. The sample size, in terms of the number of
individual fish, varied from on¢ to about ten, depend-
ing on availability and radiological importance. The
maximum concentrations in samples from a given
location varied by up to a factor of two or three times
the average value. Artificial radionuclides, other than
those of radiocaesium, in 1990, were no longer detect-
able from the Chernobyl accident.

Concentrations of radiocaesium in freshwater {ish
varied widely between locations, reflecting the areas of
deposition of radioactivity from Chernobyl. Most
samples analysed were of brown trout (Table 39), in
recognition of the potential radiological significance of
this species; although rainbow trout are more com-
monly eaten, their radiocaesium concentrations were
generally low (Table 40) compared with wild brown
trout, because rainbow trout are mostly hatchery-reared
and fed on relatively uncontaminated food prior to
release. Perch (Table 41) had the highest concentra-
tions of any of the freshwater species but, as they are
not eaten in large quantities, their radiological signifi-
cance is low. Other species (Table 42) had generally
similar or lower radiocaesium concentrations than
brown trout or pike taken from the same river or lake.
Where there are data for the same species and locations
to compare with results for 1989 (Hunt, 1990) there are
still likely to be fluctuations, such as those due to
sample size or to the contribution of hatchery-reared
fish, but concentrations of radiocaesium were generally
lower in 1990 than those in 1989, continuing the reducing
trend that began in the latter part of 1987 (Hunt, 1989).
The exception to this trend in radiocaesium concentra-
tions at Trawsfynydd has been discussed in sub-section 6.10.

Table 39. Caesium radioactivity in brown
trout, 1990
Location No. of samples Mean radioactivity
concentration {wet),
Bgkg!
13403 1370y
England
Devoke Water 10 26 180
Ennerdale Water 47 55 66
Loweswater 8 3.0 32
Wales
Bala Lake i ND 19
Llyn Conwy 4 19 140
Llyn Elsi 9 15 110
Liyn Goddionduon 6 39 2568
Liyn Ogwen 5 39 290
Liyn Trawsfynydd 85 78 360
Scotland
Loch of Harray i ND 15
Lochan Fada 1 * 76
Loch Dee 13 26 200
Loch Doon 1 6 71
Loch Gatry, Tayside Region 1 19 100
River Leader 1 ND ND
River Tummel 1 10 78
Loch of Girlsta 1 33 210
Northern Ireland
Altnahinch Dam 1 ND 56
Isle of Man
River Druidale 1 22 120

ND = not detected

Table 40. Caesium radioactivity in rainbow
trout, 1990
Location No. of samples Mean radioactivity
concentration (wet),
Bgkg!
134Cs 131Cs
England
Cogra Moss 1 ND ND
Narborough 1 " . "
Branthwaite 1 “ “
Wales
Llyn Elsi I 9.8 54
Liyn Trawsfynydd 12 4.7 17
Scotland
Water of Ae 1 ND ND
Northern Ircland
Altnahinch Dam 1 ND ND

ND = not detected
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Figure 2. Sampling locations for monitoring of the freshwaler environment for radioactivity from
Chernobyl
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Table 43. Estimaites of maximum dose* from
Chernobyl to adults due to consump-
tion of freshwater fish from areas of
high deposition of fallout, 1990

Table 41. Caesium radioactivily in perch, 1990
Location No. of Mean radioactivity
samples concentration {wet),
Bqkg?
1340y 1370y
England
Devoke Water i 190 1300
Loweswater 5 12 94
Wales
Liyn Hiraethlyn 1 15 120
Liyn Trawsfynydd 57 200 780
Scotland
Loch Faskally 1 10 68
Loch Doon 1 27 210

ND = not detected

Table 42, Caesium radioactivity in other
species of fish, 1990

Location Species No. of Mean radioactivity

samples concentration {wet},

Bgkg!
130, 137¢y
England
Ennerdale Water  Char 16 31 56
River Teme Chub 1 ND 0.2
Ribble Estuary Sea Trom 1 0.4 3.7
Loweswater Fike 1 17 75
" Eels 1 14 &7
River Ehen * 1 ND 11
Wales
Bala Lake Gwyniad 4 ND 10
” Roach 6 " 9.9
» Pike 10 2.3 62
Llyn Trawsfynydd Rudd 1 70 370
Scotland
River Tay Salmon 1 ND ND
River Annan " 1 “ 1.1
» SeaTrom 2 “ 15
Loch Doon Char 1 14 110
River Temmel Grayling 1 10 73
Loch Garmry, Char 1 14 93
Tayside region

Loch Leven Salmon 1 ND 11
Loch Faskally Pike H 24 180

ND = not detected
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Region Location Exposure, mSv
ICRP-261 ICRP-60#
England Devoke Water 0.10 0.10
Wales Llyn Ogwen 0.16 0.16
Scotland Loch Dee 0.11 0.11
Northem Ireland Altnzhinch Dam  0.027 0.027
Isle of Man River Druidale 0.072 0.072

¥ These data are likely to overestimate actual exposures. See text for
a description of the bases of the estimates

1 Committed effective dose equivalent for comparison with current
dose criteria

# Committed effective dose calculated using methodology of ICRP-60

Radiation exposures have been estimated using a
procedure based on cautious assumptions, as previ-
ously (Hunt, 1989). A consumption rate of brown trout
of 37 kg year’, sustained for one year, was taken to be
representative of adults subject to the highest expo-
sures. Actual exposures are likely to be lower, not
only becanse this consumption rate is cautious
(Leonard et al., 1990) but also because, in practice,
hatchery-reared or farmed fish of much lower radio-
caesium ¢oncentrations may contribute to the diet.
Exposures of children and infants would be likely to
be lower than those for adults. Concentrations of
radiocaesium in brown trout, representative of the
highest in each region, were chosen. Effective doses
were estimated using dose coefficients per unit intake,
provided as described in sub-section 3.4. Estimates of
dose are presenied in Table 43.

The ICRP (ICRP, 1984b) provides guidance in the
context of emergencies, which includes suggested
levels of dose below which particular countermeasures
would not be warranted. The suggested level of effec-
tive dose equivalent is 5 mSv in the first year. 1990
was outside this period but, as was the case in 1989,
the estimated doses for all areas of the UK were less
than 1 mSv year . It can be shown that organ doses (in
this case the lower large intestine is the critical organ)
are not more limiting. Given that these dose estimates
are cautious, it is clear that contamination of freshwa-
ter fish from fallout from Chernobyl was only of minor
radiological importance. The collective dose from
consumption of freshwater fish is likely to have been
very small, as estimates have shown (Camplin et al.,
1986). The more significant contribution to collective
dose, but still of low importance, was from consump-
tion of marine fish, as considered in sub-section 4.1.1.



11. SUMMARY AND
CONCLUSIONS

A summary of estimated public radiation exposures in
1990, relating to liquid radicactive waste discharges
from nuclear establishments, is presented in Table 44,
The exposures are expressed on two bases. For each
exposed group, the committed effective dose equiva-
lent is given using the existing methodology of ICRP-
26 compared with results for committed effective dose
calculated on the basis of ICRP-60. Where appropri-
ate, doses to skin are given. Both methods incorporate
accepted values for gut transfer factors of transuranics,
.. 0.0002 for winkles in the Irish Sea, 0.0005 in other
cases. Committed effective dose equivalents, on the
basis of ICRP-26, were all within the ICRP-recom-
mended principal dose limit of 1 mSv year! for mem-
bers of the public.

The recommendations of ICRP-60 have not yet been
adopted by the UK Government, but their effects are
considered here to provide up-to-date information and
as an aid to further study of the implications of these
recommendations. Committed effective doses, on the
basis of ICRP-60, were well within 1 mSv in 1990,
However, using ICRP-6(} methodology, it is not appro-
priate to compare these committed effective doses
directly with the dose limit of 1 mSv year-! because a
significant contribution may be due to the effects of
radioactivity already in the environment, which is
subject to ‘intervention’ rather than being a ‘practice’
(sub-section 3.4). For Sellafield and Springficlds
{sub-sections 4.1 and 4.2), it has been shown that,
when committed effective doses are calculated due to
discharges in 1990, the doses are much less than those
in Table 44. At other sites, committed effective doses,
from discharges in 1990, would also be less than or
equal to those in Table 44, depending upon the contri-
bution due to radioactivity already in the environment,
These committed effective doses would also therefore
be well within the ICRP-60 dose limit of 1 mSv year!
for members of the public.

The more important contributions to exposures from
the effects of discharges from Sellafield were due to
radiocaesium and transuranic radionuclides. Details
are given in sub-section 4.1, Exposures of high-rate
fish and shellfish consumers near Sellafield decreased
slightly in 1990, as compared with 1989, due to de-
creases in the concentrations of ruthenium-106 and
transuranic nuclides in shellfish. There was no signifi-
cant change in fish and shellfish consumption rates by
the group of high-rate fish and shellfish consumers
near Sellaficld in 1990. Consumption rates could
increase again in the future, but it is considered un-
likely that exposures, calculated using realistic param-
eters, will again exceed the 1 mSv yf:ar'I level. Further
reductions in discharges of radiologicatly significant
nuclides are planned when the enhanced actinide
removal plant (EARP) commences operation, scheduled

for 1993. Dose rates which were above the 1 mSv
year" level in the past did not occur for long enough
for lifetime exposure to have exceeded 1 mSv year” on
average, and thus the dose limitation objectives of
ICRP-26 will be met.

Gamma dose rates over intertidal areas in the Ribbie
estuary, and occupancy values, were similar to those
for 1989, as was the resulting exposure of the critical
group of houseboat dwellers of 0.18 mSv.

The maximum exposure to the skin of fishermen han-
dling nets in 1990 was 0.60 mSv. The dose limit for
non-stochastic {(deterministic) effects is 50 mSv year!.
This exposure is therefore less than 2% of the relevant
dose limit.

Near Trawsfynydd, concentrations of radiocaesium in
fish from the lake increased in 1990, but the consump-
tion rate of the radiologically important species, brown
trout, decreased. As a consequence, €Xposurcs were
similar to those of 1989.

Radioactivity from Sellafield contributed to exposures
near many other nuclear establishments. Since appor-
tionment of exposure to radioactivity of local origin is
often difficult, the exposures from all artificial sources
{(including the small contribution due to weapons-test
fallout) are quoted in Table 44, with appropriate foot-
notes. The effects of fallout from the Chernobyl acci-
dent are now difficait to detect in the marine environ-
ment of the UK, The continuing effect of fallout from
Chernoby] on the freshwater environment is described
in section 10; concentrations of radiocaesium have
generally diminished in 199¢ and conservative esti-
mates of exposures were, as before, within 1 mSv year™.

As in previous years, collective doses have also been
considered. The most significant radioactive waste
discharges giving rise to collective dose were those
from Secllafield, radiocaesium being the most signifi-
cant component. Details are given in sub-section
4.1.1. The contribution to collective dose due to
fallout from Chernobyl has been considered; this
contribution is small except for fish from the Baltic
Sea which are not widely eaten in the UK. The pre-
liminary collective commiited effective dose equiva-
lent to the UK population in 1990 was 10 man-Sv,
slightly less than the value for 1989 (13 man-Sv). For
the population of other European countries, excluding
the effects of the Chernobyl accident on Baltic Sea
fish, the preliminary collective committed effective
dose equivalent was 39 man-Sv in 1990, atso less than
the value for 1989 (45 man-Sv). The decreases reflect
the reductions in discharges from Sellafield over the
past decade and the decreased contribution from
Chernobyl. Itis estimated that the effects of the
Chernoby! accident on Baltic Seca fish could have
added a further 150 man-Sv (o the collective dose to
other European countries in both 1989 and 1990.
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Table 44. Summarised estimates of public radiation exposure from discharges of liguid radioac-
tive waste in the UK, 1990

Establishment Radiation exposure pathway Crtical group Exposure, mSv
ICRP-26% ICRP-601
British Nuclear Fuels plc
Sellafield gish am} shellfish consumption hoea] e{:}sﬁh’gg commil a{xiily Ribble) 8}3 8}%
xterna ouseboat dwellers (River e, X X
Handling of fishing gear Local fishing communi 0.12# 0,12%
Porphyraflaverbread consumption Consumers i South Wales 0.005 <0.005
Springfields Extemnal Houseboat dwellers (River Ribble 0.182 0.182
pringi Handling of fishing gear Local fishing cmnmu(ﬁilty ) 0.60% 0.60%
Capenhurst Shellfish consumption Local fishing community 0.06% 0.043
Chapelcross Fish and shellfish consumption ; Local fishermen 0.072 0.062
Xlerm.
Handling of fishing gear Local fishermen 0.23%a 0.23%a
United Kingdom Atomic Energy Authority
Harweil Fish consumption Anglers* 0.008 0.008
Extemal
Winfrith Fish and shellfish consumption Local fishing community 0.01 0.01
Dounreay. lélxandlinf of fishing gear B%‘ fishermen 8%‘; 8.006“2#:
tema COmMMmuN: ) .|
Fish and crustacean consumption Local fishin cotgunmity <0.003? <0.0CEb
Mollusc consumption Moiiusc collectors 0062 0.02
External
Nuclear Power Stations Operated by the Electricity Companies
Betkeley and Oldbury Fish and shellfish consumption 3 Locat fishing community 0.007% 0.007%
External
Bradwell Fish am} shellfish consumption ; Houseboat dwellets 0.01? 0.0t
terna
Dungeness Extemal Bail diggers 0.01 0.01
Fish and shellfish consumption
Hartlepool Fish and shellfish consumption Local fishing community <0.0053 <0.0052
Heysham Fish and shetlfish consumption Local fishing community 0.142 0.102
xiemnal Wildfowlers 0.052 0.052
Hinkley Point Fish and shelifish consumption ; Local fishing community 0.006b 0.006%
External
Hunterston Fish and shefifish consumption ; Local fishing community 0.012 0.012
External
Sizewell Fish am{ shellfish consumption ; Local fishing community <0.0050 <0.0050
xtemnal
Tomess Fish and shefifish consumption Local fishing community <0.0052 <0.0052
External
Trawsfynydd Fish consmmption ; Local fishing community 0.09 0.09
xtemn
Wylfa Fish and shellfish consumption ; Local fishing community 0.012 0.012
Extemnal
Defence Establishments
Aldermaston Fish consamption g Anglers*® <0.005 <0.005
xiernal
Chatham Extemal Houseboat dwellers 0.008 0.008
Devonpon Fish and shellfish consumption ; Local community <0.005 <0.005
lema
Faslane Fish and shellfish consumption ; Anglers 0.0092 0.0093
External
Rosyth Extemal Dredgermen <0.0058 <0.0052
Holy Loch External Local community <0.0052 <0.0052
Amersham International ple
Amersham Fish consumption ; Anglers* <0.005 <(.005
Extemal
Cardiff Fish and shellfish consumption } Local fishing community 0.02 0.02
External

+ Unless otherwise stated, represents the compmitted effecjive dose eﬂi\galqm, to be compared with the ICRP-reconmended Rrin(_:gr;pal dose limit
of 1 mSv year™! or with the subsidiary limit of 5 mSv year™ provided the lifetime average does not exceed { mSv year™ see sub-section 34)

* A notional group with maximising consumption and occupancy rates has been assumed (sge text) .

# Exposure to skin, to be compared with the ]CRP‘recommendeg dose limit of 50 mSv year™ (see sub-section 3 4)

q Mainly due to discharges from Sellafield

b Partly due to discharges from Sellafield )

t Unless otherwise stated, represents commilted effective dose calculated using methodology of ICRP-60 (see sub-section 34). Many of these
doses should not strictly ge compared wiih the dose limit of I mSv year! because there is a significant contribution due to past discharges.
See text for a comparison in important cases
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APPENDIX 1. Areas of work related to the monitoring
programme and staff responsibilities

Area of work

5.

6.

Inspection of nuclear sites

Management of the monitoring programme and fieldwork

Assessment of radiation exposure

Analysis of samples

Provision of laboratory and field equipment

Data analysis

Staff

G J Hunt

B D Smith
P G W Jones
D G Turner
S W Conney

DR P Lconard
C J Gough

P Caldwell

J D Parr

IR Tipple

R J Woodhead
T M Jeffs

W C Camplin

T E Eaton

A Y Baxter

S FNRollo

T C Doddington
L M Thurston

L Duckett

G A Sutton
A Taylor

P A Smedley
D I Coles

L A Goldspink
T A Bailey

R Hillier

K A Langston
S Cogan

M ] Howes
G Santillo

B R Harvey
M B Lovett
R D Ibbett

D J Allington
P Blowers

A K Young

I D Coward
R A Bonfield
H S Emerson
I McMeckan

I A Huggins
W J Meadows
G E Moore

P J Andrews
R JRead

M Sherlock
M D Baldwin
M H Beach

K Keable
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APPENDIX 2.

Dosimetric data

Radionuclide#

Hydrogen-3
Carbon-14
Sulphur-35
Manganese-54
Cobalt-58
Cobalt-60

Zinc-65
Strontinm-90#
Zirconium-95#
Niobium-95
Technetium-99
Rutheniom- 103#
Rutheniwm- 1064
Silver-110 m#
Antimony-125
Iodine-129
Caesium-134
Caesiumn-137#
Barium-140#
Cerium-144#
Promethiom-147
Enropium- 154
Europium- 155
Lead-210#
Bismuth-210
Polonium-21¢
Radium-226#
Uranium-238#
Neptunium-237#
Plutoninm-238 (a)
Plutonium-238 (b)
Plutonium-240 {a)
Plutonium-240 (b)
Plutonium-241 {a)
Plutonium-241 (b}
Americium-24 1{a}
Americium-241(b}
Curium-242
Curium-243
Curium-244

Half-life(years)

1.24 100
513108
2.39 10!
8.56 107!
1.94 10
527

6.67 101
29110
1.75 107
962107
213 1¢°
1,07 10
1.01

6.84 10+
2.77

1.57 0¥
2.06

300100
3.49 102
7.78 101
262

8.80

496

22310
1.37 102
3.79 101!
1.60 10°
447100
2.1410¢
377 10

6.54 10

1.44 10

432107

4.46 107

2.85101
1.81 18

Mean y energy
(MeV per
disintegration)

0.000
0.000
0.000
8364 10t
9.976 10!
2.500
5.845 10
3.163 10°
1.505
7.660 101
0.000
4.685 107
2.049 107
2.740
4312 10
2.463 102
1.550
565110
2.502
5.282 102
4374 10¢
1.237
6.062 102
4.810 103
0.000
0.000
1.765
2235107
2382101
1.812 10%

1.731 103

2.546 10

3253107

1.83210%
1.347 10!

1.700 10°

Dose* per unit intake by ingestion
using the foliowing methodology

(Sv Bq)

ICRP-26 ICRP-60

1.60 10" 1.80 10
5.60 10" 5.60 101
6.95 10 7.00 10°°
7.24 100 7.30 1010
9.40 100 1.00 10°

7.0410° 7.20 107

3.90107 3.80 107

377 10* 322 10°

172 10° 2.06 107

6.80 10°© 7.70 107
346107 6.70 100
£.10 107 1.1010*

750107 1.10 10*

2.89 10¢ 3.00 10*

7.02 1040 9.80 10
6.40 10+ 1.10 107

1.90 10 1.90 104

130 10* 1.30 10°

44110* 6.5010°

5.8010* 8.80 107

2.55 1010 4.40 100
247 10* 3.1010°

3.68 10 53010
2.03 10% 1.30 104

1.56 10% 2.1010°

435107 620107

2.96 107 220107

6.67 10° 417 10*

540107 320107

430107 260 107

170 107 1.10 107

4.80107 2.80 107

1.90 107 120107

9.3010% 530107

370 10% 220109

4.90 107 2.50 107

2.00 107 120107

1.80 10 1.6010%

3.40 107 2.00 107

270107 170107

# Energy and dose per unit intake data include the effects of radiations of short-lived daughter products

* ICRP-26 and ICRP-60 data are for committed effective dose equivalents and committed effective doses

respectively. References are given in the main text. All data are for adults

{a} Gut transfer factor 5 x 10 for consumption of all foodstuffs except Irish Sea winkles
{b) Gut transfer factor 2 x 10 for consumption of Irish Sea winkles
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