ISSN 0142-2499

AQUATIC ENVIRONMENT
MONITORING REPORT

Number 34

Radioactivity in Surface and Coastal
Waters of the British Isles, 1991

Gl
MAFF

§ Directorate of Fisheries Research
Lowestoft, 1993



MINISTRY OF AGRICULTURE, FISHERIES AND FOOD
DIRECTORATE OF FISHERIES RESEARCH

AQUATIC ENVIRONMENT MONITORING REPORT
Number 34

Radioactivity in Surface and Coastal Waters
of the British Isles, 1991

LOWESTOFT
1993



The author: W C Camplin, BS¢ MSc MSRP, is a Grade 7 Officer (Principal Scientific Officer) at
MAFF Directorate of Fisheries Research, Fisheries Laboratory, Lowestoft, Suffolk NR33 OHT.

Aguat, Environ, Monit. Rep., MAFF Direct. Fish. Res., Lowestoft, (34): 68pp.

© Crown Copyright 1993

Requests for reproduction of material contained within this report should be addressed to MAFF



CONTENTS Page

1. Introduction resesaireraeenateertessanbts i stea e LRRRSR A AR SRS R P RESS PN A0a bR RIS S OAS 5
2. Discharges of radioactive waste 5
2.1 Liquid radiOactive WASEE ...cociiiiiieerrisrearerrsssersceraesaesasssssssssassessssnsessssssssssssssnssssessessessensesssansannes 5

2.2 50lid 7adi08CHVE WASLE ...cevrereesrressresrerrianssessssasssnssssasosssensosvassssssasssssssensessessassassnsassnsssenssmmsnmonenns 5

3. Methods of analysis and of presentation and interpretation of results .9
3.1 Summary of analytical MELhOAS ....cvveevvreceeceee e s s s b et es e sas sassa s 9

3.2 Methods of presentation Of MEASUTBINENLS .....c.vcvveveeeeceiesesseesessesiassseseesaseassrnssrssnssssssnersessessesses 10

3.3 Method of interPretation OF TESUHS ccccuiiiiiveciiriceierressessrssesseeseesessreseesssnssssssssssssssasseesessessnares 11

4. British Nuclear Fuels ple (BNFL) 13
4.1 Sellafield and Drigg, CUMDIA ....ccoeieeiiiicsiiiesieiesieicaseessstaresssesesserssstesssnsssssssesssrsonsorsssssssssssen 13

4.1.1 The fish and shellfish cCORSUMPLON PALRWAY «.....couecevceeieeiriraremrcrnin i e seasssssssesins 14

A T2 EXICITAL CXDOSUTE ..o ce s cereees e sissessassa b e e sat s et st et st e et amt et mee e et eesemsnesemeeenesasanesraes 25

4.1.3 Fishing gear ........cccoreeerun... ettt ettt e oot e e St eEemeteE Rt e et et esen e ses e reaseanasas 30

4.1.4 Porphyrallaverbread PALAWAY .....ueeeceeeeesecevececseeiesesissteeeeesseseensemseses e esentenseesnnaneas 30

4.15 Contact dose-rate monitoring of intertidal Qreas .........ceovvveevcrearesesesvsvsererseressssnnnes 30
A8 OLREE SUIVEYS eoeieeeseerrevrereitseastereeveseessses s smsssessestestensesssessassesssssesssssssssssssestestessrossesnens 31

4.2 Springficlds, LanCASHITE ....ivicviiecerieseecceetreressscentesesnesseacsaassessessessasssessesesensensssssnssessensenseseessenss 32
4.3  Capenhurst, Cheshire .......cccveciiiriiiiiciiieie s s stssststs st s eseeetmneesrmaesreseesnessennresrnssasserranseesnres 34
4.4  Chapelcross, DUMFHESSNITE ......ccciiiiieriierniinieer e se s esseesrsssrssessassanssessesasessessesssassassassessassassanse 34
5. United Kingdom Atomic Energy Authority (UKAEA) 36
5.1 Harwell Laboratory, OXfOrdShire.. ... irrreesiriesesiesrseessersestresssnsessssssssaesassssssassenss 36
5.2 Winfrith Technology Centre, DOISEL ....coiceuieieirniiiininirir e eerresressasssseesesssnssassrvassrassssssasssasseses 37
5.3 AEA Technology, Dounreay, CHIIMESS .....ccvvieveererrereerrrsressniesssrsssssssssssssrsssssssssssseresssssassoses 37
6. Nuclear power stations operated by the electricity companies 40
6.1 Berkeley, Gloucestershire and OldbUry, AVOR ....c..oeueeeercrinercneseesreeiensinesiessnestemssessesensesesenes 40
6.2 BIAQWELL ESSEX coeirriiiicecererinne e ecesn s csstensst e ressasassstssasansasase sessansesaresrasssssstsasrastesasssns seves 41
6.3 DUNZENESS, KETIL ...ccvvvrvevrierirsresesssassesssessessssessessessassessrsssasssassassassassassasssssassassassnssasssssnssnsnssnssnes 42
6.4 Hartlepool, CIEVEIANM .....c.cerceireccerecrescrecescreseeritessssssensrassesrsersseesesssssresessnasssssarasssssssrasssenes 43
6.5 Heysham, LANCASHITE ......ccccvivevierreecresrrerreesnssssssesrrnsssssssasssssssnssasssnssssessnsssssssbssssassnssssssssnsnsanses 43
6.6 Hinkley POINt, SOMETSCE ......cvcrcerierrereaeseernerrsasersssssrassasnssscasessessassressssassasessessssssesaesssssessasssnnes 45
6.7  HUNLETSION, AYISHITE ..ecvvveiierreeriiriitissnssesssssiestessassasestesaesastassstantessnbassasssnsantarsesesansassstsntesseresis 45
6.8 Sizewell, Suffolk.......... rrrerrertbrrtserarresras et e re ea et s tee ReR e SR PeR e et s an e e e e s nasrasane e anenetanreasate 46
6.9  Tormess, East LOIA ..o et rcnrssrnssns e ssrsbnsnressessssse s sesaranssnsansbnssnses 47
6.10 Trawsfynydd, GWYNEA .....c.cciivvrerrierrrerisssrmessriensssssrssrssesssssressessssasessssaressessssarmrassassenssaras 48
0.11 WYHA, GWYTEAT .ot ces e sersren s cseser e sssessne e ssnesssasbassaneasbe st sssneanssssbssastsssnstbssssanson 50
7. Defence establishments 51
7.1 Atomic Weapons Establishment, Aldermaston, Berkshire .......ccccccoviiveiiiiiiiiiioreiee s e e 51
7.2 Naval StabliSHMENIS .....c.ucerceireeireeree e streceneseesererssresearsesessssssestesessessasssessesesssentesssessesantesess 52
8. Amersham INLErNALIONAL PIC cu.eeieoireeiisriiisectinisrenrenscnssnsensssssrsssnsssssssssroresssssnssassasssssssss bas bassesoat soess 53
8.1 Amersham Laboratory, Buckinghamshire ..........c.covereervrriresrisinermsrmsemnemessiessenseseessnisesssss 53
8.2 Cardiff LaDOMBIOTY ..eevreirrerreerarsarresssseesseisesssessensessassersessssnsessessessesssensessessasseasesrasrsassessessessnsens 54
9. Channel Islands monitoring ....... 54

18.  Monitoring of the freshwater environment for radioactivity from the Chernobyl reactor accident .... 56

11, Natural radioNUCHAES c.ocicriirisirssicrssssssssissansrsassrstessssssasassassssnenssssssssssensssssesssserssssssnssasses w37
12, Summary a0d CONCIISIONS ......cusrrersreersernsssessssssssssersssasssssssssnsssossorsssssnssassostesisssssassesnonses 59
13.  References .61
14.  Recent publications on radioactivity in the aquatic environment by staff of the

Directorate of Fisheries Research 64
Appendix 1.  Areas of work related to the monitoring programme and staff responsibilities .....c.c.coeveu.e. 67

Appendix 2.  DOSIMEITIC ALA coveiiieiirieriisssnssssiis st st s ssms sttt b s s s s s aes i s 68



P&G



1. INTRODUCTION

This report presents the results of the environmental
monitoring programme carried out during 1991 by staff
of the Minisiry of Agriculture, Fisheries and Food’s
{(MAFF’s) Directorate of Fisheries Research (DFR),
Lowestoft. This programme, together with the Terres-
trial Radioactivity Monitoring Programme (TRAMP)
{MAFF, 1992(a)} and the programme operated by Her
Majesty’s Inspectorate of Pollution (HMIP, 1992)
supports statutory functions under the Radioactive
Substances Act, 1960 (Great Britain — Parliament,
1560). 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
similar programmes carried out by nuclear site operators
as a condition of their authorisations to discharge radio-
active wastes. This report includes results of monitoring
carried out on behalf of the Scottish Office, the Welsh
Office, the Department of the Environment for Northern
Ireland, and the Channel Islands States. Where appro-
priate, the monitoring data are supplemenied by results
from our extensive programme of research into the
behaviour of radicactivity in the aquatic environment.

To set the monitoring results from our regular pro-
gramme in context, liquid radioactive discharges from
UK nuclear establishments to the aquatic envifonment
in 1991 are first summarised. Before the results are
presented, an explanatory section gives details of meth-
ods of analysis and presentation and a sub-section
explains how results are interpreted in terms of public
radiation exposures.

2. DISCHARGES OF
RADIOACTIVE WASTE

Data on radioactive waste discharges are published
annually by the Environment Departments (Department
of the Environment, 1992(a), (b); Scottish Office, 1991,
1992), the latest available data being for the year 1990.
Details of the 1991 discharges are not yet available, but
a summary is included here. This enables the results of
cnvironmental monitoring presented in this report to be
considered in the context of the relevant discharges.

2.1 Liquid radioactive waste

Table 1 lists the principal discharges of liquid radioac-
tive waste from UK nuclear establishments during 1991,
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 operators,
administratively agreed. In some cases, the authorisa-
tions specify limits in greater detail than can be summ-
arised in a single table: in particular, where periods
shorter than one year are specified the annual equivalent
has been used, The authorised limits are usually very

much lower than the levels of activities which could be
released without exceeding the dose limits which are
recommended by the International Commission on
Radiological Protection (ICRFP), and embodied in na-
tional policy (Great Britain — Parliament, 1986). The
percentages of the authorised (or agreed) limits taken up
in 1991 are also stated in Table 1.

For completeness, it should be noted that radiological
safety for US Navy operations in Holy Loch in 1991
was the responsibility of the US Navy in association
with the Ministry of Defence who publish information
annually (Fuller and Casey, 1992).

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 car-
ried out in 1991, and it was announced by the Secretary
of State for Energy (Great Britain — Parliament, 1988)
that sea disposal of drummed radioactive wastes would
rot be resumed. Instead, such wastes will be prepared
for eventual disposal in the National Radioactive Waste
Centre to be developed by UK Nirex Lid for both low-
and intermediate-level radioactive wastes. In the con-
text of a new Convention on the Protection of the Ma-
rine Environment of the North-east Atlantic (PARCOM,
1992), the UK Government agreed a 15-year ban on the
sea disposal of all radioactive waste to 1 January 2008.
The Convention provides for the possibility of extend-
ing the ban, by unanimous agreement of Contracting
Parties, for a further ten years. However, the Govern-
ment has not ruled out sea disposal for large items of
low-level radiocactive waste, such as boilers from
decommissioned nucliear power stations, as a safe
longer-term option, but will keep under review whether
the option needs o be maintained.

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 Coordi-
nated Research and Environmental Surveillance Pro-
gramme (CRESP) (OECD [{NEA], 1981). This Pro-
gramme is continuing (OECD [NEA], 1990). In the
absence of readily detectable radioactivity 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 envi-
ronmental impact of these disposals is negligible
(OECD [NEA], 1985).
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Table 1. Principal discharges of liquid radiocactive waste from UK nuelear establishments, 1991

Discharges during 1991

Establishment Radioactivity DHscharge limit
(f:rénual equivalent),
q TBg(™
British Nuclear Fuels plc
Sellafield Total alpha 10 2.13
Sea pipelines Total beta 500 62.2
Tritium 3500 1800
Carbon-14 4 244
Cobali-60 8 0.087
Strontiom-90 35 4.09
Zirconium-95 + Niobium-95 180 12.4
etinm- 10 3.86
Ruthenium-106 170 187
lodine-129 0.4 0.159
Caesium-134 10 0.765
Caesium-137 110 156
Cerium-144 22 1.73
Plutonium alpha 7 1.08
Plotonium-241 170 205
Americium-241 3 0.744
Seabum sewer Total activity 0.148 0.00108
Drigg?
Sea pipeline Total al 0.1 0.0005
pipe Totl beal 03 0.014
Tritinm 120 22
Stream!? Total alpha 910% 730
Total beta! 1.2 108 5000
Tritium 610° 54108
Springfields! Total alpha 13.32 0.143
Total beta 444 325
Total alpha 4 0.0271
Total beta 240 594
Technetium-99 0.6 0.0192
Thorium-230 2 0.0042
Therium-232 0.2 0.0003
Neptunium-237 0.04 0.0003
Uranium 0.15 0.0184
Chapelcross Total al 0.1 0.0002
pe Total bept:\!? 25 0.11
Tritium 55 1.87
Capenhurst
Rivacre Brook Uranium 0.02 0.00293
Uraniom daufhters 0.02 0.0077
Non-utanic alpha 0.003 0.000136
Technetium-9 0.1 0.00767
Meols omfall Technetium-99 0.148 NIL
United Kingdom Atomic Energy Authority
V\Ejnfrilh ipeline) Total alph: 0.3 0.00286
mner pipeling ola a .. .|
pipe Tritium 650 13.2
Cobalt-60 10 0.152
Zinc-65 6 0.0213
Other radionuclides 80 0.492
outer pipeline; Toial al 0.004. 0.000172
(outer pipefine) T P2 1 0.128
Orher radionuclides 0.01 0.00034
Harwell Total activigy!'? 8.88 0.231
Tritium 8.88 0.444
Dounreay Total alphat 0.75 0.03
Total betal 110 5.6
Tritium 136 0.82
Cobalt-60 1.0 0.04
Sirontium-90 12 1.1
Zirconium-95 + Niobium-95 6.0 0.02
Ruthenium- 106 12 0.52
Silver-110m 0.4 0.04
Caesium-137 50 3.5
Cerinm- 144 12 0.04
Plutonium-241 15 0.563
rium- 1.0 0.003
Nuclear Electric plc
Berkeley® Total activity! 1.4 0.200
Tritium 555 0.095
Totat activity 04 0.174
Htinm 8 0.177
Caesium-137 0.2 0.122
Bradweil Total activity? 74 0.453
Tritium 55.5 1.37
Zinc-65 0.185 0.00021
Dungeness
‘A° Station Total activity? 7.4 0374
Tritiam 74 0.492
‘B’ Starion Total activity™> 4 0.0103
Tritium 650 76.1
Sulphur-33 25 0379
Hantlepool Total activity! 4 0.036
Tritium 1850 142
Suiphur-35 7.5 035

% of limit1®
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Table 1. continued

Establishment Radioactivity Discharge limit Discharges during 1991
annual equivalent), .
q TBq4? % of limit1
Heysham
Station 1 Total activity® 4 0.026 <l
Tritium 18350 309 17
Sulphur-35 15 .69 92
Station 2 Tritium 1200 107 89
Sulphur-35 7 0.002 <1
Cobalt-60 0.036 0.00143 4.0
Other radionuclides 0.45 0.007 1.5
Hinkley Point
*A’ Station Total activity” 1.0 0.286 29
Tritium 25 0.781 31
Caesium-137 1.5 0.443 30
‘B’ Station Total activity 5% 0.25 0.022 8.8
Tritium 650 277 .43
Sulphur-35 2.0 1.51 76
Cobalt-60 0.035 .004 11
Oldbury!* Total activity! 3.7 0.284 10
Tritium 74 0.202 <1
Total activity ' 1.3 0.083 26
Tritium 25 0.069 1.1
Caesium-137 0.7 0.006 34
Sizewell Total activity! 7.4 0.47 6.4
Tritium 111 56 50
Trawsfynydd!’ Total activity* 1.48 0.271 22
Tritium 74 0.31 25
Caesium-137 0.259 0.0284 13
Total activity!-:1 0.72 0.0250 21
Tritivm 12 0.0467 23
Strontium-90 0.08 0.00232 17
Caesiom-137 0.05 0.00536 64
Wylfa Total activity! 2405 0.0877 3.6
Tritiom 148 5.68 38
Scottish Nuelear Ltd
Hunterston
*A” Station Total activity! 715 0.28 37
Tritium 48 025 <!
*B* Station Total activity!” 37 0.04 1.1
Tritium 1480 257 17
Sulphur-35 26 148 57
Tomess Total alpha 0.0045 0. <l
Beia activity!5# 0,45 0.0054 1.2
Tritium 1200 132 11
Sulphur-35 10 0.044 <1
Cobalt-60 0.05 0.0014 2.8
Ministry of Defence (Procurement Executive
Aldemsmn ® ) Total activity? 5.8 0.047 <1
Tritium 58 0.017 <1
Ministry ogf Defence (Navy Department) .
Devonpori Total activity# 0.002 0.000151 75
Tritium 0.12 0.0432 = 36
Cobalt-60 0.016 0.00116 72
Faslane Total activity! 0.037 0.00011 <1
Rosyth!® Total alpha 110 6 107 60
Beta activity!8 0.01 0.0002 2.0
Tritium 0.01 0.0015 15
Cobalt-60 0.055 0.00035 <1
Amersham International pic
Amersham Total activity! 27 0.9 34
Titium 14.3 0.013 <1
Cardiff Beta/gamma activity!! 0.056 0.018 19
Tritium 1400 555 40
Carbon-14 2 1.33 67

Excluding tritium . R

Authorisation was varied with effect from 1 January 1991 . L ] .

Authorisation of agreement specifies a control formula in which the total effective activity is calculated to allow for the relative radiotoxicities

Zf different nuclides. The sums of the actual discharges were lower than the values indicated

4 Excluding curium-242

Excluding sulphur-35 . . .

S Authorisation was revised with effect from I May 1991, The first block of data relates to the period 1 Janugry 1991 to 30 April 1991; the

second block of data relates 1o the period I May 1991 10 31 December 1991, “Je limut’ refers to the equivalent limit for 4 months or & months

respectively

Excluding caesium-137

Excluding cobalt-60

The operator of this site is Devonport Marnagement Ltd

0 The operator of this sile is Babcock Thorn Lid

1 Excluding tritium, carbon-14 and radioisotopes of calcium and strontium R L .

12 Some discharges are upper estimates because they include 'less than' data derived from analyses of effluents at limits of detection. Data
Euoted to 3 significant figures except where fewer significant figures are provided in source documents

atg quoted o 2 significant ﬁgures except when values are less than 1% .

1 Auithorisation was revised with effect from 1 October 1991, The grst block of data relates 1o the period 1 January 1991 to 30 September 1991;
the ss;fsond block a]f data relates to the period 1 October 1991 1o 31 December 1991, "% limit" refers 1o the equivalent limit for G months or 3
monlns respeciive

15 Aurhorisanpon was ¥ew'.s'ed with effect from | November 1991. The —){‘irst block of data relates to the period 1 January 1991 to 31 October 1991;
the second block of data relates 1o the period 1 November 1991 10 31 December 1991, "% limit' refers to the equivalent limit for 10 months or
2 months respectively

6 Excluding strontium-90

7 Values are expressed in terms of concentrations of activity in Bg m3

[

[

O x o



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

3.1 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 transuranics) 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 radicactivity 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
measurements is that they can be carried out quickly to
give an carly 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(T1)
and Ge detectors, calibrated using suitable reference
sources. The spectra are reduced by computer-aided
techniques to give radioactivity concentrations of
detected nuclides. For samples of biota and sediments,
searches are routinely made for, amongst others, the
artificial gamma emitters listed in Table 2. 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 2; however, these conditions
may vary, sometimes significantly. Natural
radionuclides are not normally reported in the tables
unless there is reason to believe that waste discharges
may have increased their levels in the environment.

Pure beta emitters, such as carbon-14, sulphur-35,
strontium-90, technetium-99, promethium-147 and
plutonium-241, are chemically separated from samples
before beta counting (Harvey et al_, 1989, 1991, 1992).
Alpha-emitting thorinm, uranium and transuranic
nuclides are chemically separated and analysed by

Table 2. Artificial gamma-emitting radio-
nuclides routinely analysed and
approximale limits of detection

Radionuclide Approximate limit

of detection*,

Bqkg
Manganese-54 0.2
Cobali-58 03
Iron-59 0.5
Cobalt-60 0.2
Zing-65 04
Zirconium-95 0.5
Nicbiom-95 0.5
Ruthenium-106 1.0
Silver-110m 05
Antimony-125 04
Caesium-134 0.1
Caesium-137 0.1
Cerium-144 10
Europium- 154 1.0
Europium-155 1.0
Americium-241 L.O#

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

alpha spectrometry using siticon surface-barrier detec-
tors (Baker, 1984; Harvey and Thurston, 1988; Lovett
et al., 1990). Thorium-234 is analysed by reference to
the activity of protactinium-234m using gamma
spectrometry. Radiochemical procedures are generally
labour-intensive and are carried out on samples in
which these nuclides are of particular relevance, often
on an annual bulk (snb-section 3.2). Detection limits
are usually much lower for radionuclides analysed
using these procedures than for gamma-emitting
radionuclides.

With the exception of total beta analyses, radioactive
decay of radionuclides is taken into account by correct-
ing the activity measured at the time of counting 10 a
value representing the activity in the sample at the time
of collection. A decay correction for total beta analyses
is not carrted out because the activity measured 1s due to
a mixture of several radionuclides each with different
half-lives and samples are generally counted soon after
collection as indicated above. For the relatively short-
lived radionuclides protactinium-233 and thorium-234,
the ingrowth of activity from their parent radionuclides
is also taken into account when deriving the activity in
the sample at the time of collection. In keeping with
normal practice, the concentrations of very short-lived
(< 3 days) radionuclides which are supported by their
parents are not reported in the tables. However, the
concentrations of parents are quoted and it can be
assumed that the concentrations of the daughter prod-
ucts are approximately equal to those of the parents.
Examples of such very short-lived radionuclides are
ylrium-90, thodium-103m, rhodium-106m, harium-
137m and protactinium-234m which are formed by
decay of strontium-90, ruthenium-103, ruthenium-106,
caesium-137 and thorium-234 respectively.
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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 {0 meas-
ure integrated doses over a peried 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.

3.2 Methods of presentation of

measurements

The tables of monitoring results generally contain
summarised values of observations obtained during the
year under review, The data are generally quoted to
two significant figures but it should be noted that
values near to the limits of detection will not have the
precision implicd by using two significant figures.
Observations of a given quantity may vary throughout
the year; in general, any variations are larger than the
analytical ¢rrors 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 presentation of the summarised
results reflects the purpose of this monitoring which is
interpretation in terms of public radiation exposures.
The method of interpretation is described more fully in
sub-section 3.3. The appropriate integration period for
comparison with recommended limits is at least one
year; standard practice is to combine annuat rates of
consumption or occupancy of the more highly exposed
members of the public (the critical group) with the
arithmetic means of observed radioactivity concentra-
tions 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. There-
fore, the tables present the arithmetic means of cbser-
vations made during the year.

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 nomber of individual animals
is sampled and analysed for each observation so as t0
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 number again de-
pends upon the radiological importance of the observa-
tion; the locations or materiais chosen are generally
those where there is likely to be occupancy or handling
by persons as determined by habits surveys (see sub-
section 3.3).

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.

Measurements on biota are given in terms of concen-
trations in wet matertal. For fish and shellfigh, 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
t0 natural radioactivity. Further analysis of samples
(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 and thorium). In the case of gamma dose rates, 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 3 lists representa-
tive values to be expected from natural sources of
natural radioactivity, Further discussion of natoral
radioactivity is given in section 11 of this report.

Table 3. Concenirations of natural radio-
acivity in various environmenial
maierials and dose rates for natural
background around the British Isles

Material Total beta radioactivity Commenis

concentration {wet)*,

Bgkg'

an
Fish 4010 100 Mostly K
Shellfish 4010 100 “
Seaweed 200 10 600 “
K and decay

153%3;:(:“ 200 to 400 of Uand Th
Mud 700 to 1000 “

Gamma dose rates in air over intertidal sediments: 0.03-0.1 mGy h™!

* Except sediments for which dry concentrations apply

* 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
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3.3 ° Method of interpretation of
results

The monitoring 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 ICRP
Publication 26 (ICRP, 1977). The Euratom Directive
on basic radiation safety standards (Commission of the
European Communitics, 1980), with which UK legisla-
tion complies, is based on the recommendations of
ICRP-26, as are the Basic Safety Standards for Radia-
tion Protection promulgated by the International Atomic
Energy Agency (JAEA, 1982). In this report, results
have been interpreted also on the basis of the recom-
mendations of ICRP Publication 26, taking account of
recent explanatory statements by the ICRP (ICRP,
1987) and advice from the NRPB (NRPB, 1987).

The ICRP has recently published a comprehensive
revision of its recommendations, in ICRP Publication
60 (ICRP, 1991). These recommendations have not
yet been adopted 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-
logical 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 dose/risk limitation system which contains the
three elements of justification, optimisation, and ¢om-
pliance with limits, with the additional proviso that
optimisation should be subject to appropriate con-
straints which apply within the overall limits. The
setting 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.¢, 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 refated 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 applving 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 witha level of I 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
Sclafield 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 ‘afl expo-
sures shalt 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 radicactive 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 population are compared with
the average natural background level of approximately
2.2 mSv (NRPB, 1989),

For practices, both 1CRP-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-
tionat 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 con-
tinue for a number of years, depending upon body
retention time. The ICRP-26 committed effective dose
equivalent (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


P&G



committed effective dose equivalent 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 committed effective dose equivalent
incurred from that year’s intake of radionuclides.
ICRP-60’s dose limits were given carlier, 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 appropriate dose of the
‘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 to
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 are given of the implications of
ICRP-60, effective doscs are compared with the dose
limits of 1 mSv year!. Asregards non-stochastic (deter-
ministic) effects due to intakes of radionuclides, the
ICRP has indicated (ICRP, 1984(a); ICRP,1991) that
because of the limitation on lifetime exposure, de-
scribed ahove, these effects in members of the public
will be avoided. For external exposures, specific non-
stochastic (deterministic) limits are appropriate. 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:

@)
(ii)
(iif)

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

the NRPB “RAPID’ database (Greenhalgh et
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.

QOur 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
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of the results 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 americium in winkles from
near Sellafield (Hunt ez 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 Trish Sea, the factor of 0.0005 is used for
these radioelements.

In the case of external exposure to penetrating gamma
radiation, uniform whole body exposure has been
assumed. The measured quantity 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-680. For external exposure of skin, the measured
quaniity is contamination in Bq cm2. In this case, dose
rate factors in Sv year® per Bq cm™ are used which are
calculated for a depth in tissue of 7 mg cm?{Kocher
and Eckerman, 1987). The exposure of gonads from
beta radiation is assessed using the methods described
by Hunt (1992). When assessing external exposures to
gamma radiation and internal exposures due to inges-
tion of carbon-14, estimates of dose rates and concen-
trations, as appropriate, due to natural background
levels are subtracted.

In order to interpret moniloring resulis in terms of
committed effective dose equivalents to critical groups,
the remaining data required are, as appropriate, rates of
food consumption and/for occupancy of areas relevant
to external exposure. These are obtained by habits
surveys specific to, and generally near, each nuclear
establishment of interest. The results are kept under
review and the surveys are repeated at intervals, The
main purpose of the surveys is to identify, and to
quaniify, the relevant habits of the critical gronp 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 resuits of environmental monitoring and
appropriate dosimetric data as above to estimate the
committed effective dose equivalent 1o the critical
group, which may then be compared with the appropri-
ate dose limitation criteria.

It has been generally assumed, in radiclogical protec-
tion, that controls applied to radioactive waste disposal
to provide adequate 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; ICRP, 1991). This assump-
tion has been specifically addressed in the case of the



aquatic environment of the British Isles, and our re-
search programmes include a continning study of poten-
tial radiological effects on aquatic populations. Studies
of such effects on fish and shelifish (e.g. Woodhead and
Pentreath, 1989) and on seabirds {(Woodhead, 1986)
have.confirmed the applicability of the general assump-
tion in these cases. In addition, the wider context of the
work of DFR (MAFF, 1992(b)} includes research pro-
grammes 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 a solid
wasle disposal site and nuclear power plant supplying
electricity to the national grid. We regularly monitor
the environmental consequences of discharges of liquid
radioactive waste from five BNFL sites, namely
Seliafield, Drigg, Springfields, Capenhurst and, on
behalf of the Scottish Office, Chapelcross.

4.1 Sellafield and Drigg, Cumbria

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

Operations and facilities at Sellafield include fuel
clement storage and decanning, the Windscale nuclear
fuel reprocessing plant and the Calder Hall magnox-
type nuclear power station. Liquid radioactive waste
discharges include a very minor coniribution 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 powet programme, and some fuel from
abroad. Most of the radioactive waste separated from
the fuel is presently siored on site; relatively smalt
quantities of radicactivity are discharged to the north-
eastern Irish Sea through pipelines which terminate 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 dis-
charges is unchanged. This condition reflects, 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
3.3. 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).

Discharges from the Sellafield pipelines duting 1991
are summarised in Table 1, and were within the more
stringent limits set by the Authorising Departments.
The site ion-exchange effluent plant (SIXEP) and the
salt evaporator operated during 1991 and there was no

‘major shutdown of the reprocessing plant. Discharges
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continued at the low level typical of recent years.
Total alpha discharges, at 2.13 TBq, were virtually
unchanged as compared with 1990 (2,16 TBq) whereas
total beta discharges declined (1991: 62,2 TBq, 1990:
70.9 TBq) due largely to a fall in caesium-137 dis-
charges by about 30%. There were small increases in
the discharges of ratherium-106, zirconium-95 and
niobium-95.

The main function of the Drigg site is to receive solid
radioactive wastes from Sellafield and other UK nu-
clear and non-nuclear sites and to dispose of them in
engineered trenches on land. On 1 January 1991 a
Variation to the Authorisation for disposals came into
effect which allowed for the discharge of leachate from
the trenches through a new 1 km marine pipeline.
Previously the leachate was discharged into a stream
which runs across the site into the intertidal part of the
River Irt. The limits for activity to be discharged
through the marine pipeline and for concentrations of
residual activity in the Drigg Stream are given in Table
1. Levels in 1991 were well within these Iimits.

The amounts of activity discharged from the pipeline
are small compared with those discharged from the
Sellafield sitc. MAFF marine monitoring of the Drigg
site is subsumed within the Sellafield programme
which is described in the remainder of this sub-section.
The contribution to exposures due to Drigg discharges
is negligible compared with that due to Sellafield and
any effects of Drigg discharges could not be detected in
1991 above those due to Sellafield. Monitoring of the
Drigg Stream is carried out by HMIP (HMIP, 1992).

Our regular monitoring of Sellafield continued during
1991. Important radiation exposure pathways were
still from consumption of fish and shellfish and from
exiernal exposure to gamma rays from occupancy over
sediments, with other pathways being kept under
review. Following established practice, the largest
monitoring effort was expended on these more impor-
tant pathways. In 1991, as in previous recent years,
there was no harvesting of Porphyra in the immediate
vicinity of Sellaficld for manufacture of laverbread,
but monitoring continued because the pathway remains
potentially important. An extensive research pro-
gramme also continved. 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 keep-
ing all exposure pathways under review. Results from
our research programme are included where relevant.
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4.1.1 The fish and shellfish
consumpiion pathway

Public radiation exposure from Sellaficld discharges by
consumption of fish is still predominantly due to
radiocaesium. Concentrations of total beta activity and
caesium-134 and -137 in fish from the vicinity of the
Irish Sea and from further afield are given in Table
4(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 consamption
by the public, samples are gencrally obtained from
commercial sources. However, to minimise the risk of
underestimating exposures, and as certain species of
fish or shellfish may not be available commercially, we
also carry out specific surveys. The “Seilafield Coastal
Area’ extends 15 km north and south of Seltafield 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 cartied out in the
smaller ‘Sellafield Offshore Area’ where experience
has shown that good catch rates may be obtained. This
Area consists of a rectangle, one nautical mile wide by
two nautical miles long, situated south of the pipeline
with the long side parallel to the shoreline; it averages
about 5 km from the pipeline outlet.

The resulis reflect the progressive dilution of
radiocacsium 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 cacsium-137
to caesium-134 (half-lives 30 years and 2 ycars 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 radio-
caesium 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 is now difficult to detect due to decreasing
concentrations of cagsium-134. However, radio-
caesium in fish from the Kattegat and Skaggerak is
substantially from the Chemcbyl accident. Concentra-
tions 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 caesium-137 in cod. In the Irish Sea, the ratios of
caesium-137 to caesium-134 were generally higher
than those in recent discharges from Sellafield, even
allowing for residence time in the water and uptake
into fish; this suggests that a significant contribution
from aged radiocaesium is present, due to remobil-
isation 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 3.2},

Concentrations of radiocaesium in fish from the eastern
Irish Sea in 1991 were gencrally similar to those in
1990, This is consistent with the observation that
much of the radiocaesium in fish in this area is due to
remobilisation of aged deposits. Further afield, con-
centrations of radiocaesium in fish were generally
lower than those in 1990, 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 1991, are listed in
Table 4(b). Analyses of samples of fish for carbon-14,
strontium-90, technetium-99 and promethium-147
continued to be included in our monitoring programme
to enable the effects of discharges of these nuclides
from Sellaficld to be assessed, and for results 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 1991 confirm that the radio-
logical significance of these radicnuclides 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 5
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
importance to the critical group near to Sellafield, as
described later in this section. In addition to our own
samples, supplics of winkles, mussels and limpets
were obtained from consumers who collected them in
the Sellafield Coastal Azea 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 caesium. There are substantial variations
between species: for example, lobsters tend to concen-
trate technetium-99 when compared with crabs. In
addition, molluscs tend to concentrate the less mobile
nuclides to a greater extent than crustaceans, which in
turn tend to concentrate them more than fish. The
reverse behaviour has also been true for mobile
nuclides in the past. However, since the importance of
caesium-137 associated with sediment has increased
relative to the source of direct discharges, concentra-
tions of this nuclide in molluscs have tended to be
higher than those for crustaceans. Concentrations of
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beta/gamma-emitting radionuclides in shellfish in 1991
were generally similar to those in 1990, with some
evidence of small local increases for ruthenium- 106,
zirconium-95 and niobium-93 in line with increases in
discharges.

Analyses for transuranics are labour-intensive; asin
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 3.2). The data for 1991 are -
presented in Table 6. 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 Sellafield in concentrations of transuranics,
particularly in shellfish. Over the past decade dis-
charges of transuranic nuclides from Sellaficld have
reduced significantly, resulting in overall decreases in
concentrations of these nuclides in fish and shelifish,
However, the non-mobile nature of these nuclides
causes a delayed effect in the environment (Hunt,
1685) such that a contribution (0 present concentrations
is provided by discharges in earlier years. In 1991,
when compared with 1990, concentrations of transu-
ranic nuclides in fish and shellfish generally showed
small decreases, in ling with the expected trend.

Concentrations of natural radionuclides in fish and
shellfisk in the Sellaficid area are presented in
Section 11.

The radiation dose to consumers of fish and shellfish
depends upon the product of the mass of foodstuff
consumed and its radioactivity concentration. Because
of variations in these two variables 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
shellfish are generally 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 addition to the local fishing community, the larger
population in Cumbria and north Lancashire, including
those associated with commercial fisheries based
primarily at Whitehaven, Fleetwood and in the More-
cambe Bay area, contains consumers of large quantities
of fish and shellfish. These additional populations are
kept under review, even though, in general, the rel-
evant fishing grounds are further afield than the
Cumbrian Coastal Area and concentrations of radioac-
tivity in fish landed are lower.
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The consumption rates of the local fishing community
described above were kept under review in 1991.
Techniques used in the collection of data have contin-
ued to include the use of consumption logging sheets,
particularly by members of critical groups (Leonard er
al., 1982, Leonard, 1984). Consumption rate data
have been interpreted using techniques based upon
ICRP recommendations (Hunt ez al., 1982) o select
appropriate critical groups of higher-rate consamers.
We have included consideration of children’s con-
sumption rates in this sclection process (Leonard and
Hunt, 1985).

Radioactivity concentrations i fish and shellfish vary
with the species invoived, so in estimating doses to
consomers it is not sufficient 10 delermine only the
total consumption rates of fish and shellfish together.
Our experience (illustrated by Tables 4-6) 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
populations, therefore, sub-groups of persons were
identified 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 1991
were not significantly different from those in 1990
(Camplin, 1992), and the rates of 37 kg yéar! fish,

6.0 kg year! crustaceans, and 8.3 kg year® molluscs
have been used in the assessment of doses to the criti-
cal group of fish and shelifish 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
€xist, 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 consezvative (Leonard and Hunt, 1985). Plaice
and cod are overwhelmingly the most popular fish
eaten by the high-rate consumers, and the assessment
of exposure of the critical group 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 60%
crabs and 40% lobsters from the Coastal Area and
landings at Ravenglass, combined equally. The expo-
sure from consumption of molluscs was calculated on
the basis of averaged radionuclide concentrations in
winkles from the Coastal Area, including data from
boih our own sampling at specific locations within this
Area and from samples collected by local consumers.



Table 4(a). Betalgamma radioactivity in fish from the Irish Sea vicinity

and further afield, 1991
Sampling areaf Sample No. of Mean radioactivity concentration
landing point sampling  (wet), Bqkg'
observa-
tions? Total 134Cg 137
beta

Sellafield coastal areal Cod 5 180 0.86 38

" Plaice 2 170 0.50 31

- Grey mullet 1 170 0.38 24

Sellafield offshore areal Cod 3 170 0.67 30

“ Plaice 4 130 .15 15

“ Dab 4 160 0.24 20

" Herring 1 140 0.79 23

“ Whiting 3 160 0.32 36

Ravenglass® Cod 17 150 0.38 29

" Plaice 3 130 022 17

" Flounder 3 230 0.62 31

" Saithe 1 170 0.54 34

- ‘Whiting 2 130 0.50 31

- Pout whiling 1 130 0.68 30

“ Salmon 1 94 ND 1.4

“ ‘Whitebait 1 120 .42 17

“ Sea trout 1 9 ND 6.7

Whitehaven® Cod 4 140 0.14 15

“ Plaice 4 110 0.19 15

“ Herring 1 120 0.16 12

“ Ray 3 38 0.17 9.8

Haverigg? Flounder 1 150 ND 38

Morecambe Bay! Flounder 5 140 0.56 39

" Plaice 2 120 ND 16

" Bass 1 150 0.33 37

“ Whitebait 1 100 0.19 2

Cumbrian rivers* Sea trout 5 130 0.10 19

Fleetwood? Cod 4 140 0.24 17

“ Plaice. 4 110 0.08 11

* Fish meat® 4 260 0.08 47

Isle of Man? Cod 4 120 0.05 7.0

* Plaice 3 87 0.06 4.1

. Herring 4 120 0.05 51
s Witch 1 T ND 25

Inner Solway! Flounder 4 160 0.56 64

“ Salmon 1 130 ND 042

“ Sea wout 2 130 " 8.6

Kin;:uclt;right2 Plaice 2 110 “ 6.8

North Anglesey! Plaice 2 98 “ 3.0

u Ray 2 97 . 17

“ Spurdog 1 9 “ 8.7

Northem Ireland® Cod 4 130 0.09 9.6

“ Whiting 8 130 0.80 9.0

- Herming 4 120 ND 56

* Spurdog 5 92 “ 79

“ Saithe i 120 “ 11

Ayr? Cod 2 140 0.07 63

“ Plaice 2 91 ND 74

Loch Leven? Salmon 1 110 - 14

Minch! Cod 5 130 “ 1.3

" Plaice 5 120 “ 13

“ Mackerel 1 110 “ 0.29

" Haddock 5 120 0.02 0.83

“ Herring ] 120 ND 0.46

West of Scotland! Mackerel 4 160 " 024

Shetland! Fish meal® 3 360 “ 0.31

“ Fish oil 4 ND “ ND
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Table 4(a). Continued

Sampling arca/ Sample No. of Mean radioactivity concentration
landing point sampling (wet), Bgkg'!
observa-
tions Total 134Cy 137Cs
beta
Northern Nosth Seat Cod 5 110 0.87
* Plaice 4 100 * 0.73
* Haddock 7 100 " 0.55
* Herring 4 120 “ 0.49
* Mackerel 2 NA - 0.19
" Saithe 1 “ 0.89
Mid-North Seat Cod 6 120 0.01 2.1
“ Plaice 7 93 0.01 0.77
* Herring 5 120 ND 077
= Haddock 2 NA “ 0.92
« Whiting 2 “ “ L5
“ Mackerel 1 “ “ 037
Southern North Sea’ Cod 3 130 * 1.1
“ Plaice 2 89 “ 0.81
“ Herring 2 130 “ 0.93
English Channel! 1 97 0.07 0.98
" Mackerel 1 130 ND 0.48
“ Hake 1 89 “ 0.37
* Plaice 3 87 “ 0238
* Pollack 1 120 “ 0.56
“ it 2 95 “ 0.87
“ Pout whiting 1 110 0.06 0.46
Kattegat and Skagerrak! Cod 2 120 2.0 i8
Skagerrak! Herring 1 120 11 1
Norwegian Seat Cod 1 110 ND 0.97
Iceland area! Cod 2 110 “ 0.22
icelandic processed® Cod 2 110 “ 0.35
Greenland areal Cod 1 90 “ 0.34
NA = not analysed; ND = not detected; | Sampling area; 2 Landing point; ? See sub-section 32 for
definition; ¥ Samples collected from a number of rivers by North West Water; 3 Concentrations refer to
weight of sample as supplied -
Table 4(b). Other betalgamma radioactivity in fish from the Irish Sea vicinity and
further afield, 1991 _
Sampling area/ Sample No. of Mean radioactivity concentration {(wet), Bq kg'!
landmng point sampling
obsegva-
tions ug  ®ge % MTc  Mipg
Sellafield coastal arcat Ced 5 NA 0.06 NA NA NA
Sellafield offshore area! Cod 3 4 0.14 0.072 0.22 0.10
- Plaice 4 76 ND 0058 040 0.0098
Ravenglass? Whitebait 1 NA " 0.45 NA NA
Whitehaven? Cod 4 KK) “ 0.20 “ “
* : Plaice 4 48 n 003 - *
Morecambe Bay! Flounder 5 36 * NA “ “
» Plaice 2 48 0.42 n “ "
* Whitebait 1 NA ND 0.80 “ “
Fleetwood? Fish meal® 4 - - 0.14 * *
" Cod 4 31 “ NA * *
“ Plaice 4 41 “ " * “
Isle of Man? Plaice 3 30 " " * “
Inner Solway! Flounder 4 36 - “ " “
North Anglesey! Ray 2 29 “ “ * *
* Spurdog 1 41 “ “ * "
Northern Ireland?® Herring 4 NA 035 “ * -
West of Scotland! Mackerel 1 19 ND “ “ “
Shetland? Fish meal® 3 NA 0.38 0.62 “ *
Northern North Seal Haddock 4 15 ND NA “ “
Mid-North Sea! Cod 4 15 0.05 “ “ “
“ Plaice 4 16 ND “ “ “
Iceland area! Cod 2 16 b “ " “
Icelandic processed? Cod 2 21 “ “ * -

ND = not detected; NA = not analysed: 1

area; 2 Landing poini; 3 See sub-section 32 for definition;

4 Samples collected from a number of rivers by North West Water; * Concenlrations refer to weight of sample as supplied
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Table 5. Betalgamma radioactivity in shellfish from the Irish Sea vicinity and further afield, 1991

Sampling point/  Sample  No. of
landing area sampling
observa-
tiong?
Sellafield Crabs B
coastal area’ Lobsters 10
“ Winkles? 12
“ " £ 3
“ “ 6 3
* Mussels? 4
“ Limpets 4
Sellafield ‘Whelks 1
offshore area!
St Bees! Winkles 4
“ Mussels 4
“ Limpes 4
Nethertown! gl'ﬁkles }2
h impers
* Mussels 4
Drigg! Winkles 4
Ravenglass! Mussels 14
“ Cockles 4
Ravenglass? Crabs 2
" Lobsters 2
‘Whelks 2
Tam Bay' Winkles 5
Saltom Bay! “ 4
Whitehaven! Winkles 1
- Mussels 2
" Whitehaven? Nephrops 4
“ elks 4
Parton! Winkles 4
Roosebeck! Pacific oysters 4
Haverigg! Crabs 1
“ 2 Cockles 2
Millom! Mussels - 2
Whitrigg Scar' © Shrimps 1
Morecambe Bay! “ 4
* Cockles = 4
Heysham! Mussels 4
“ Cockles 4
Fleetwood? uid 1
* elks 4
Isle of Man? Scallops . 4
“ Queens 1
Inner Solway! Shrimps 4
Southerness! Winkles 4
Kirkcudbright?  Scallops 4
“ eens 4
Noith Solway coast! Winkles 4
b Cockles 3
Wirral! Shrimps 2
“ Cockles 5
Conwy? Mussels 2
Northern Ireland® Nephrops 8
“ Winkles 4
Minch! Nephrops 4
Northem North Sea® # 2
Mid-North Sea!  Mussels 4
Southem North Sea! Cockles 4
« Mussels 3

Mean radioactivity concentration (wet)*, Bq kg

Total

beta YC  %¥Co  5zn 0§ B
110 100 006 ND 097 016
276 110 084  “ 025 ND
320 T4 34 “ 7.0 72
240 NA 15 “ NA 60
140 = 54 “ “ 17
230 “ 26 006 “ 13
4920 - 34 ND ¢ 32
%0 57 “ “ .51
370 54 16 “ 13 9.0
250 NA 28 “ NA 81
350 34 “ “ 89
00 T1 42 “ 12 20
310 NA- 20 “ NA 25
NA o~ 32 “ “ ND
380 73 53 0« 75 57
220 NA 38 “ NA 053
220 “ 6.7 “ “ 29
120 85 L5 “ 089 ND
210 8% 037 014 =«
180 NA 53 “ NA ¢
340 “ 36 “ “ 9.0
420 2.1 “ “ 1.9
00 081 “ ND
160 « 095 “ “
130 « ND o “ “
20 057 “ “
200 1.2 “ “ 17
77 - 026 014 - ND
45 " 026 ' ND “ “
160 * 29 “ “ 17
150 = 085 '+ “ 23
g1 - 043 = “ ND
85 = ND ¢ o ¢
89 1.1 “ 081 -
92 - 046 NA "
n oo~ 1.0 “ “

g3 ND - “ “
120 = 031 - “ “
11¢ * . ND u “
120 “ “ “ - "
83 ) - L) “ [
170« 076 = - “
53 - 003 “ “
9§ o2 “ “
120 * 1.1 “ “ “
120 = 097 ~ “ “
51 - ND “ “
2 - 020 = “ “
9 - ND o w w
100 © “ w w “
95 003 - “
g8 - ND ¢ “ “
96 ”» - &% a 'y
40 - g1 - “ “
3§ - 089 “ -
30 - ND “ u
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0.53

0.11
ND

E

0.73
0.12

130
130
130

78
55

9.4
50
120

0.94
6.6
46

1.9
0.69

0.69
5.7

ND
0.04

ND

0.40

.10
1.2

0.20
2.5

ND
021

28
0.0%

ND

0.10
ND



Table 5. Continued

Sampling peint/  Sample No. of Mean radicaciivily concentration (wet)*, Bq kgl
ding area samnpling
observa-
tions3 lqu 134Cs 13’.‘Cs 143 Wipy 1545, 155G,
Sellafield Crabs 8 029 ND 85 ND 22 ND ND
coastal area! Lobsters 10 0.08 0.28 11 “ 48 - “
- Winkles? iz z4 0.02 22 26 7.8 {0.64 0.33
“ " 3 3 7.2 ND 9.6 ND NA 0.26
" N 6 3 4.6 “ 26 49 “ 0.81 0.25
“ Mussels? 4 23 - 1.7 1.6 “ d 0.55
- Limnpets 4 3.9 0.09 15 1.7 “ 0.85 0.42
Sellafield Whelks 1 25 ND 6.2 1.1 “ ND 0.65
offshore areal
St Beest Winkles 4 5.7 007 29 is 9.9 1.2 0.57
" Mussels 4 29 ND 9.6 19 NA 048 031
“ Limpets 4 6.8 0.73 25 27 “ 12 0.31
Nethertown! Winkles 12 5.1 0.24 29 6.3 11 1.3 0.52
" Limpets 1 6.1 ND 19 22 NA ND 0.92
" Mussels 4 38 0.01 10 23 " 022 026
Drigg! Winkles 4 40 ND 18 31 1 12 052
Ravenglass! Mussels 4 2.9 0.06 6.2 ND NA 621 028
“ Cockles 4 0.59 0.21 14 22 “ 0.72 0.82
Ravenglass® Crabs 2 ND 0.10 55 ND 1.5 ND ND
“ Lobsters 2 “ ND 9.1 - 2.7 “ “
* Whelks 2 14 “ 46 " NA " "
Tarm Bay! Winkles 5 25 0.13 19 33 “ 048 029
Saltom Bay! “ 4 39 0.06 16 0.26 ® 0.28 0.22
Whitehaven? Winkles 1 1.9 0.14 26 ND “ 070 0.55
" Mussels _ 2 1.1 ND 1.5 * ND ND
Whitchaven® Nephrops 4 ND 0.14 12 ND “ “ *
“ elks 4 “ ND 3.0 “ “ “ “
Parton! Winkles 4 24 0.06 19 0.29 “ " *
Roosebeck! Pacific oysters 4 0.19 0.02 4.9 ND “ “ “
Haverigg! Crabs 1 ND ND 26 “ “ “ “
“ Cockles 2 1.3 0.09 15 21 “ 082 0.56
Millom? Mussels 2 1.0 ND 6.8 0.68 “ ND ND
Whitrigg Scar'  Shrimps 1 ND “ 12 ND “ “ “
Morecambe Bay! “ 4 “ 0.10 17 “ “ * “
“ Cockles 4 054 0.60 10 “ “ 0.14 008
Heysham! Mussels 4 0.62 ND 4.7 4 - ND ND
“ Cockles 4 0.50 0.04 78 “ “ 0.28 0.07
Fleetwood? %?Kid 1 ND ND 2 “ " ND ND
Isle of Man? Scallops 4 " “ 1.5 “ " “ b
Inner Solway! Shrimps 4 " 0.05 18 “ “ “ “
Southemess! Winkles 4 0.56 NI> 13 - “ “ 004
Kirkcudbright? Scallops 4 ND * 0.74 " “ “ ND
North Solway coast! Winkles 4 0.71 “ 4.6 “ “ . “
" Cockles 3 0.26 “ 14 “ “ 0.17 “
Wirral! Shrimps 2 ND 0.07 5.4 “ “ ND “
“ Cockles 5 0.10 0.04 43 = “ " 0.50
Conwy! Mussels ys ND ND 1.1 “ “ “ ND
Northern Ireland? Nephrops 3 “ 002 32 “ “ “ “
- Winkles 4 “ ND 1.5 “ - * “
Minch! Nephrops 4 “ “ 14 = “ “ “
Northem North Sea® # 2 s " 0.53 “ “ " “
Mid-Nosth Sea!  Mussels 4 0.08 “ 029 * * “ *
Southem North Sea! Cockles 4 0.03 “ 086 “ “ “
“ Mussels 3 ND * 039 ¢ “ “ "

NA = not analysed; ND = not detected; ! Sampling area; 2 Landing point; * See sub-section 3.2 for definition;
4 Samples collected by Consumer 116 3 Samples collected by Consumer 311; & Samples collected by Consumer 460;
? Landed in Denmark; ® Landed in the Netherlands
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Table 6. Transuranic radioactivily in fish and shellfish from the Irish Sea vicinity and further

afield, 1991
Sampling area/ Sample No. of Mean radicactivity concentration (wet), Bq kg
landing point sampling
observa-
tions? 25pyu4 MCmy
237Np 238py 240py 21py Mam 220m 20m
Sellafield coastal area®!  Cod 1 NA 0.0020 00092 NA 0.017 ND 0.000040
b Plaice 1 " 0.0058 0024 “ 0.046 " 0.00011
* Crabs 3 0.044 0.16 0.70 14 29 0.0057 0.011
“ Lobsters 3 0.14 0.13 0.57 1 87 0.010 (.028
“ Winkles* 4 035 42 19 320 33 0074 0079
* “ 5 2 NA 46 20 360 37 0.066 .10
“ “ 6 3 “ 1.5 6.8 110 1 0.027 0.034
“ Mussels? 1 “ 3.4 15 NA 26 0.067 0.063
“ Limpers* 1 " 36 17 “ 28 0.13 0.075
Sellafield offshore area! Cod 1 0.00049 0.0037 0.016 “ 0.032 ND 000010
" Plaice 1 0.001 0.0042 0.019 0.20 0.039 “ 0.00010
“ Whelks 1 NA L3 54 NA 19 * 0.084
St Bees? Mussels 2 * _ 31 14 220 23 0.036 0.0656
“ Winkles 4 033 - 48 22 350 36 0.14 0.11
“ Limpets 1 NA 4.1 18 NA 30 ND 0.098
Nethertown! Winkles 4 0.62 5.8 25 450 42 0.12 0.14
“ Limpets 1 NA NA NA NA 31 NA NA
Mussels 1 “ “ “ “ 27 “ *
Whitrigg! Shrimps 1 “ “ “ “ 042 “ “
Driggt ° Winkles 4 0.40 47 21 350 40 0.10 0.10
Ravenglass! ‘Whitebait 1 NA 0.089 0.39 6.3 0.58 0.00057 0.0013
* Mussels 1 * 3.6 16 270 28 0.037 0.087
“ Cockles 1 * 3.9 18 290 42 0.066 0.13
Ravenglass? Cod? 1 " 0.0014 00060 NA 0.0097 ND ND
* Plaice’ 1 “ 0.0054 0.024 “ 0.040 “ 0.00014
* Crabs® 1 0.036 0.016 0.72 12 25 0.010 0.0087
Lobsiers® 1 0.068 0.079 0.36 54 10 ND 0.030
Whelks® 1 NA 0.042 1.8 31 4.1 " 0.014
Tam Bay! Winkles 1 “ " 45 20 340 . 34 0.075 Q.11
‘Whitehaven! Winkles 1 “ NA NA NA 21 NA NA
“ Mussels 1 “ “ “ “ 6.7 " “
Whitehaven?® Cod 1 “ 0.00077 00036 " 0.0054  0.000020  0.000020
“ Plaice 1 “ 000084 00043 0.0068 ND (.000020
* Herring 1 “ 0.0061 ¢.034 “ 0.046 0.000090  0.00010
= Rays 1 * 000045 00022 * 00035 ND ND
" Nephrops 1 " 0018 0.096 “ 043 “ 00012
b Whelks 1 “ 0.14 0.69 10 12 “ 0.0047
Saitom Bay! Winkles 4 “ NA NA NA 19 NA NA
Parton’ Winkles 1 “ 1.6 1.7 120 12 0.021 0.03%1
Roosebeck! Pacific oysters 4 “ NA NA NA 0.78 NA NA
Haverigg? Crabs 1 “ “ “ " 0.81 - “
* ! Cockles 1 * 32 15 “ 30 0.043 0.084
Millom! Mussels 1 * 0.90 4.1 * 73 ND 0.020
Morecambe Bay! Whitebait 1 - NA NA “ 0.46 NA NA
“ Shrimps 1 * 0.0078 0.039 045 0.058 0.000080 0.00010
“ Cockles 1 “ 0.62 30 39 7.1 ND 0.019
Heysham' Mussels 4 “ 0.17 0.84 NA 14 “ 0.0039
“ Cockles 1 “ 0.58 29 “ 76 " 0.017
Fleetwood? Cod 1 * 0.00042 00022 ™ 0.0044 * 0.000010
“ Plaice 1 “ 0.00049  0.0020 *~ 0.0041 " 0.000010
“ Fishmeal® 1 “ 0.0085 0.045 “ 0.067 “ 0.00018
“ Whelks 1 “ 0.14 067 9.2 0.93 " 0.0024
Isle of Man? Cod 1 “ 0.00026 00012 NA 0.0014 0.000010 ND
Plaice 1 “ 0.00052 0.0028 0.0042  0.000020 0.000010
Scallops 1 * 0.037 0.19 “ 0.062 ND ND
Inner Solway! Sea trout 1 “ 0.00055 00023 ¢ 0.0032 * 0.000010
Southemess® Winkles 1 “ 0.9¢6 44 * 68 0.020 0.0093
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Table 6. Continued

Sampiing arca/ Sample No. of Mean radioactivity conceniration (wet), Bq kg1
landing point sampling

observa-

tions? 239pyy 23Cm+

E?Np 23py 0py 21py 1Am 220" 240

Kirkcudbrighi? Plaice 1 NA 0.0012 00064 NA 0.012 ND 0.000030
“ Scallops 1 * 0.031 0.15 - 0074 ND
* Queens 1 " 0.017 0089 * 0.10 0.00018 0.00020
North Solway coast! Winkles 1 “ 041 2.0 “ 30 ND 0.0034
" Cockles 1 0.96 47 “ 9.9 “ 0.024
Ayr? Cod 1 0.00023 0.0011 0.0016 *“ ND
“ Plaice 1 0.00044 0.0022 0.0038 * 0.000020
Wirral! Cockles 2 “ 0.14 0.74 “ 2.6 " 0.0039
Conwy? Mussels 1 “ 0.049 0.24 “ 0.40 0.0031 0.0015
North Anglesey! Winkles 1 “ NA NA “ 0.72 NA Na
Northem Ireland? Whiting 1 * 0.00089 0.0045 * 0.0069 ND ND
* Nephrops 1 * 00064 0036 * 0.094 “ 0.00017
" Winkles 1 " 0.055 028 “ 0.19 * 0.00077
Minch! Cod 1 * 0.000040 0.00019 = 0.00025 ND ND
“ Haddock 1 “ 0.00011  0.00044 * 0.00040 * "
" Mackerel 1 “ 0.000020 000017 « 0.000i0 * -
" Nephrops 1 “ 0.0036 0.019 “ 0.053 0.000060  0.000080
Northern North Seal Nephrops 1 “ G.00078 00045 ¢ 0.0038  0.000020 0.000020
“ Cod : 1 “ 0.000040 0.00025 “ 0.00019 ND ND
“ ) Haddock 1 “ 0.00025 00014 00016 * “
Mid-North Sea! Mussels 1 “ 0.000040 0027 * 0.0088 ND ND
“ " 1o 1 “ 0.00024 00027 0021 0.000010
Southern North Sea! Cockles 1 “ 00023  0.0080 * 0.009 0.000080  0.0012
“ * u i “ 0.061 032 " 0.63 0.0034 0.0025
“ Mussels H * 00026 Q015 * 0.0053 ND 0.000010

ND = not detected; NA = not analysed; I Sampling area; 2 Landing point; 3 See sub-section 3.2 for definition; * Samples collected by Con-
sumer 116; ? Samples collected by Consumer 460; ¢ Samples collected by Consumer 311; 7Sam§ales provided by Fisherman A;  Samples

provided by Fisherman B; ° Concentrations refer to weight as supplied; 1° Landed iri Denmirk;

Table 7(a) summarises exposures in 1991 from artifi-
cial radionuclides, calculated on two bases (sub-section
3.3). For each exposed group, the committed effective
dose equivalent is given using the existing methodol-
ogy of ICRP-26, compared with results for committed
effective dose calculated using dose coefficients calcu-
lated on the basis of ICRP-60 methodology (Appendix
2 of this report}. In both cases, the contributions 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 contributicns
will necessarily equal the totals presented. Both meth-
ods of calculation use accepted values for gut transfer
factors of transuranics (i.e. 0.0002 for winkles from the
Irish Sea, (.0005 in other cases) (Hunt et ai., 1990;
NRPB, 1990). On the basts of ICRP-26, the committed
effective dose equivalent to the local critical group in
1991 was 0.15 mSv. This represents a small reduction
from 0.16 mSv reported on the same basis for 1990
{Camplin, 1992), mainly due to decreases of
transuranics in shellfish. These committed effective
dose equivalents, on the basis of ICRP-26, are within
the ICRP-recommended principal dose limit for mem-.
bers 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 lifctime exposure
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(sub-section 3.3). In 1991, and in recent previous years,
realistically-assessed exposures were within the princi-
pal dose limit of 1 mSv year?. For a few years prior to
this, exposures were in excess of 1 mSv year! but
within the ICRP-recommended subsidiary dose limit of
5 mSv year'. There has been an overall decline in
concentrations of radiologically significant nuclides in
environmental materials as a resuit of reduced dis-
charges; consumption rates of shellfish would need to
increase substantially for exposures 10 exceed the princi-
pal 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 cxposures to have exceeded, on average, 1
mSv year!. This statement takes account of predicted
exposures from future discharges {(fHunt, 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
as an aid to further study of the implications of these
recommendations. The committed effective dose to
the local critical group in 1991 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 ¢xposures for
ruthenium-106 but reductions for the transuranic
nuclides. Using ICRP-60 methodology, this committed



Table 7(a). Individual radiation exposures due o consumption of Irish Sea fish and shellfish,

1991
Exposed population Consumptios rate used in assessment Nuclide Exposure, mSv#
{see text}), kg yeat'l
ICRP-26* ICRP-601
Consumers in local fishing Fish {(plaice and cod): 37 U 0.002 0.002
community Crustaceans {crabs and lobsters): 6.0 90, 0.003 0.003
Molluscs (winkles): 83 1 0.007 0.010
3¢, 0014 0.014
BNp 0.002 0.001
238 0.006 0.004
2394, 0.032 0.020
Alpy 0.011 0.006
2 Am 007 0.043
Tol 015 o1
Consumers associated Fish {plaice and cod): 49 [ 0.001 0.002
with commercial fisheries: Crustaceans (Nephrops): 11 e 0.012 0.012
Whitchaven Molluscs (whelks): -6 239+240py, 0.003 0.002
© Pipgm 0.006 0.004
Total 0.02 0.02
Consumers in Fish (flounders and plaice): 54 e 0.002 0.002
Morecambe Bay area Crustaceans (shrimps): 21 1370 0.026 0.026
Molluscs (cockles and mussels): 22 28p,, 0.004 0.002
fostd 0.021 0.012
Hlp, 0.008 0.005
MAm 0050 0.030
Total 0.1 0.08
Consurmers associated Fish (plaice and cod): 82 ! 0.002 0.002
with commercial fisheries:  Crustaceans (shrimps): 17 1376 0.020 0.020
Fleetwood Molluscs (cockles and whelks): 23 B8py, 0.004 0.002
294 0.020 0.012
Hipy 0.002 0.001
MAm 0.049 0.029
Total 0.10 0.07
Typical member of the Fish (plaice and cod): 15 13 0.003 0.003
fish-eating public consoming 44 oo o ac b s oo e s o m - - - — e
fish landed at Whitehaven/ Total 0.003 0.003
Fleetwood

* Committed effective dose equivalent for comparison with current dose limits and criteria
T Committed effective dose calculated using methodology of ICRP-60
# Due to artificial radionuclides; see text for exposures due to natural radionuclides

effective dose should not strictly be compared directly
with the dose limit for a practice of 1 mSv year?, be-
cause 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 3.3, we are considering whether it would
be appropriate to use 1 mSv year! as a level against
which o 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 to be considered. In 1991, 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 1991. A predictive model, based on environ-
mental monitoring data taking account of discharge
rates, has been used (HIMIP and MAFF, 1992). The
results are shown in Table 7(b}; the total committed
effective dose was (.03 mSv. This dose is likely to be
relevant for comparison with the dose constraint for

Table 7(b). Exposure of fish and shellfish con-
sumers near Sellafield due to dis-
charges in 1991, for comparison

" with the ICRP-60 dose limii

Nuclide Committed effective
dose*, mSv year!

o 0.002

908y 0.002

106py 0.014

3¢ 0.003

259+240py, 0.003

lpy 0.002

Hlam 0.002

Total# 0.03

* On the basis of a gut transfer factor for Pu and Am of 0.0002 and
0.0005 in winkles and other species respectively (see text)
# Includes the small effect of other nuclides

practices, currently under consideration (section 3.3),
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 1991 due to the combined
effects of past and current discharges. '-\

Data for natural radionuclides in fish and shelifish are
discussed in Section 11; however, the effects on the
Sellafield critical group of controlted discharges of
natural radionuclides from another west Cumbrian
source are considered here for completeness. The expo-
sure of the local group of seafood consumers due to the
enhanced concentrations of natural radionuclides in the
Sellafield area in 1991 was .21 mSv (on the basis of
ICRP-60: 0.11 mSv). Most of this was due to the
polonium-210 and lead-210 content of molluscs. These
exposures may be compared with an average dose of
approximately 2.2 mSv year? to members of the UK
public froim all natural sources of radiation (NRPB,
19893,

Consumption rates in the wider fishing communities of
Cumbria and northern Lancashire have been kept under
review. Consumption rales of groups associated with
commercial fisheries in Whitehaven, Fieetwood and the
Morecambe Bay area are given in Table 7(a), tbgether
with the species whose radioactivity concentrations,
following the information from habits surveys, formed
the basis of the assessments. Because high-rate con-
sumers in alk areas may cat both fish and shelifish, the
critical groups have been defined by the maximising
procedure of summing exposures due to the component
consumption rates. The committed effective dose
equivalents (ICRP-26) from artificial radionuclides
received by the different groups are given in Table 7(a).
The resulis for Whitehaven were less than those for
Morecambe Bay or Fleetwood, mainly because of lower
consumption rates and radioactivity concentrations in
molluscs. In comparison with the results for 1990, on
the basis of the appropriate gut transfer facitor, the
commifted effective dose equivalents to the groups at
Whitchaven, Fleetwood and Morecambe Bay were

- slightly less in 1991 (1990: 0.03, 0.14 and 0.11 mSv
respectively (Camplin, 1992)). Doses were well within
the ICRP-recommended principal dose limit for mem-
bers of the public of 1 mSv year?.

The committed effective dose equivalent from artificial
radionuclides, appropriate to a consumption rate of 15
kg year! of fish from landings at Whitechaven and
Fleetwood, is also given in Table 7(a). This consump-
tion rate represents an average for typical fish-eating
members of the public. The committed effective dose
equivalent in 1991 was 0.003 mSv, slightly less than
for 1990 (Camplin, 1992).

Collective doses, received during 1991 from consump-
tion of fish and shellfish, have been estimated for the
UK and other Enropean 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 movemenis and a
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(usuatty) fixed catch rate for different sea areas; the
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 results
are not readily comparable with those based on the
present method, Sea areas considered in this assessment
include the Irish Sea, Scottish waters, the North Sea, the
English Channel, Baltic Sea, Norwegian Sea,
Spitzbergen/Bear Island area and the Barents Sea.
Corrections have been made for the fraction of fish or
shellfish consumed. The contribution of weapons-test
fallout to the radioactivity concentrations has been
subtracted. Consideration has been given to the path-
way due to fish offal and industrial fisheries, the product
of both of which is fish meal which is fed to pigs, pout-
try and farm-reared fish. Consumption of food products
from these animals gives rise to a small contribution to
the collective dose, and this has been included. The
resnits are presented in Table 8. The results for 1991 are
preliminary, being based on landings statistics provided
by the International Council for the Exploration of the
Sea (ICES); where data are not yet available, the previ-
ous year’s data have been used. The doses have been
calculated using both ICRP-26 and ICRP-60 methodol-
ogy. ICRP-60 doses are slightly less than those of ICRP-
26, due to reductions in dosimetric factors for
transuranics. Further discussion in this section refers to
the ICRP-26 data. Previous results for 1990 (Camplin,
1992) have been revised to take account of updated
landings statistics and an improved assessment of con-
centrations in areas remote from Sellafield. The pre-
Iiminary result of 10 man-Sv for the UK in 1990, given
in the previous report (Camplin, 1992), has now been
confirmed; the result for other European countries has
been reduced from 39 1o 37 man-Sv.

Liquid radioactive waste discharges from Sellafield up
to the end of 1991 are the main source of collective dose
reported in Table 8; by comparison, the effect of liquid
discharges from other establishments is very small. The
small contribution due to fallout from the Chernobyl
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 contribu-
tion due to shellfish is generally minor. Also relatively
small is the contribution, again mainly from radio-
caesium, due to fish offal and industrial fisheries (Hunt
and Jefferies, 1981). Other radionuclides which contrib-
ute to the collective dose, but in even smaller propor-
tions, are strontium-98, 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 estimated for the transuranics are commit-
ted in the future rather than already received. 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).



Table 8. Collective doses from fish and shell-
fish, 1990 and 1991¢

Population Collective dose, man-Sv
ICRP-26* ICRP-60*
1990 19914 1990 19919
UK 10 7 9 6
Other European couniries 3'?' 25 36 24 -

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

+ Committed effective dose calculated using methodology of ICRP-66

@ Preliminary data

The preliminary results for 1991, of 7 man-Sv for the
UK and 25 man-Sv for other European countries, are
less than the results reported for 1990. The reduction
is due to changes in concentrations of radiocacsium in
fish. It has not been possible to derive a direct esti-
mate of the Chernobyl contribution in coastal seas
around the UK for 1991. However, on the basis of
concentrations of radioactivity due to the effects of the
Chernobyl accident in fish from the Baltic Sea (Ilus ez
al., in press (a) and (b); Aarkrog et al., in press; this
report), it is estimated that the collective dose to other
European countries from consumption of Baltic Sea
fish could have been as much as 100 man-Sv in both
1990 and 1991. These estimates are less than those
made by Camplin (1992) becaunse further concentration
and catch data have become available for use in the
assessment.

The collective dose for the UK, given in Table 8, may
be compared on a per caput basis with the annual dose
equivalent, averaged over the population, of 2.2 mSv
due 1o natural background radiation (see sub-section
3.3). In 1991, 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.

It is clear from the staiements above, which compare
the 1990 and 1991 results for both critical group and
collective dose rates, that an important factor determin-
ing exposures is the distribution of radicactivity in the
marine environment. We maintatn a continuing pro-
gramme of research on marine behaviour and distribu-
tion {including budget assessments) of significant
radionuclides. Data on the distribution of
radiocaesium in sea water are regularly collected by
research vessel cruises and a historical database is
being published (Camplin and Steele, 1991; Baxter et
al., 1992; Baxter and Camplin, in press). The distri-
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Figure 2. Concenirations (Bq kg?) of caesium-
137 in filtered waiter from the Irish
Sea, 1991

bution of caesium-137 observed in the Irish Sea in
November 1991 is shown in Figure 2. Comparison
with the data for March 1989 (Hunt, 1990) shows that
concentrations of caesium-137 in sea water in the Jrish
Sea have not changed significantly. The trend of
decreasing concenlrations observed in the Irish Sea, in
particular since the reduction of discharges of caesium-
137 from Sellafield in 1985, following operation of
SIXEP, has levelled off to a relatively stable situation.
Budget studies for caesium-137 in the Irish Sea, based
on cruise data, indicate that there has been no change
in the total activity of caesium-137 since March 1989.
Qur cruise programme in November 1991 included
collection of data on the distribution of caesium-137 in
sca water west of Scotland; the data are illustrated in
Figure 3. Comparison with data for March 1989
(Hunt, 1990) indicates a small increase in the concen-
trations of caesium-137 in sea water, in particular in
the Minch and along the Atlantic side of the Outer
Hebrides. This increase is insignificant and may be
due 10 comparison being made between data collected
in the spring and in the antomn. Data for the North
Sea, collected during August and September 1991, are
shown in Figure 4. Comparison with the distribution
observed in August and September 1989 (Hunt, 1990)
shows a slight reduction in concentrations in the mid
and southemn North Sea.
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Figure 3. Concentrations (Bq kg) of caesium-
137 in filtered water from the west of
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Figure 4. Concentrations (Bg kg*) of caesium-
137 in filtered water from the North
Sea, Augusi-September 1991

4.1.2 External exposure

A further important pathway leading to radiation
exposure as a result of Sellafield discharges derives
from uptake of gamma-cmitting 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 harbours, rather than the coarser-
grained sands to be found on open beaches, which
adsorb the radicactivily more readily. Gamma dose
rates currently observed are mainly due to
radiocaesium.

We regularly monitor a range of coastal locations, both
in the Sellafield vicinity and farther aficld, 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 9
lists the locations monitored together with the dose
rates in air at 1 m above ground level. Monitoring in
Scotland is carried out on behalf 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, 4.4, 6.5,
6.11). Variations in sediment type account for the
quite marked fluctuations in dose rate, superimposed
on a general decrease with increasing distance from
Sellafield. Dose rates over intertidal areas in 1991
generally showed small reductions as compared with
those in 1990 (Camplin, 1992).

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 10. Variations similar in canse to those
of the dose rates are observed, and comparison wiih
results for 1990 (Camplin, 1992) shows general reduc-
tions in line with the behaviour of dose rates with some
evidence of small increases for ruthenium-106, zirco-
ninm-65 and niobium-95 in line with increases in
discharges,

To identify those members of the public subject to the
highest external exposures, occupancies of different
locations need 10 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-eastern Irish Sea; activities leading to significant
external exposures are sparse and our surveys cover a
wide area including Combria, Lancashire (Doddington
et al., 1990} and the north Solway coast (Doddington et
al., 1989). In western Cumbria, combining dose rates
and occupancy times, the maximum external exposure
in 1991 was 0.056 mSv, with no need for the addition
of dose due to fish and shellfish consumption. In the


P&G



Table 9.

Gamma radiation dose raies over intertidal areas
of the Cumbrian coast and further afield, 1991

Location Ground type . No. of Mean gamma
sampling dose rate in
observa- aitat 1 m,
tions# pGy h!
Cumbria
Rockliffe Marsh Salt marsh 4 0.095
Burgh Marsh * 4 0.12
Por Cazlisle Sandy mud 4 0.11
Greenend Sah marsh 4 0.091
* Muddy sand 4 0.077
Cardumock Marsh Salt marsh 4 0.12
Beckbrow by 4 0.085
Newton Arlosh “ 4 0.14
Calvo Marsh “ 4 0.091
Siiloth - silt pond Mud 5 022
Alionby Sand 4 0.084
Maryport - Christchurch Mud 4 0.13
Siddick Sand 4 0.080
Workington Harbour Mud 4 0.20
Harrington Harbour “ 4 0.16
Whitehaven - outer harbour Sandy mud & 015
“ Muddy sand 6 0.14
“ Coalfsand 12 0.14
Whitchaven - inner harbour Sandy mud 8 021
“ Mud 1 0.19
“ Mud/sand/stones 3 0.21
“ - yacht basin Mud 12 0.30
St Bees Sand 4 0.071
Nethertown Winkle bed 4 0.12
Sellafield Sand 4 0.083
Seascale “ 4 0.080
Drigg pipeline “ 8 0.071
Drigg Bam Scar Mussel bed 4 0.094
Ravenglass - Carleton Marsh Salt marsh 4 0.34
Ravenglass - salmon garth Sandy mud 4 0.19
“ Sand/stones 4 0.097
“ Mussel bed 4 0.10
* - boat area Muddy area 12 0.12
“ - Sand 4 0.072
“ - ford Muddy sand 4 0.14
* - River Mite Salt marsh 4 027
“ - Ravenvilla Sandy mud 12 0.17
“ Salt marsh 12 032
“ - Eskmeals Nature Reserve 4 0.30
* - River Esk flooded pasture * 4 023
Newbiggin Sandy mud 4 0.25
“ Salt marsh 4 041
“ - west of bridge Sandy mud 2 0.16
“ Mud/sand/stones 2 0.14
“ Salt marsh 4 0.36
Silecroft Sand 4 0.066
Haverigg - bost area Sandy mud 4 0.069
“ - river mouth « 4 0.11
Borwick Rails - Mitlom Muddy sand 4 0.11
Low Shaw Salt marsh 4 0.13
Foxfield “ 4 0.14
Askham “ 4 0.20
Tummer Hill Marsh “ 4 0.23
Walney Channet Sandy mud 4 0.12
" - Vickers shore “ 4 0.085
“ - west shore Sand 4 0.063
Roa Island Sandy mud 4 0.089
“ Oyster bed 1 0.076
Roosebeck Mud/sand/stones i 0.065
Greenodd Salt marsh 4 0.097
Sand Gate Marsh - Holker * 4 0.13
Flookburgh Muddy sand 4 0.099
High Foulshaw Salt marsh 4 0.11
Amside Muddy sand 4 0.080
Lancashire, Merseyside
and North Wales
Jermy Brown’s Point Sah marsh 4 0.081
Morecambe Central Pier Sandy mud | 0.080
“ Muddy sand 3 0.088
“ Mussel bed 4 0.079
Half Moon Bay Sandy mud 4 0.10
Red Nab Point " 4 0.10
Sunderland Point “ 4 0.092
Senderland Mud/sand/stones 4 0.082
Colloway Marsh Salt marsh 4 0.20
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Table 9. Continued
Location Ground type No. of Mean gamma
sampling dose rate in
observa- airatlm,
tions# pGy bt
Lancaster Salt marsh 4 0.13
Aldcliffe Marsh " 4 0.17
Conder Green Sandy mud 4 012
“ Salt marsh 4 0.17
Cockerham Samphire bed 1 0.11
Cockerham Marsh Salt marsh 4 0.13
Heads - River Wyre “ 4 0.17
Height o' th’ hill - River Wyre  “ 4 0.20
Hambleton Mud 4 0.14
“ Salt marsh 4 0.16
Fleetwood Docks * 4 0.20
Skippeol Creek Mud 4 0.13
Flectwood Sand 4 0.069
Blackpool “ 4 0.053
Crossen Marsh Mud 4 0.13
" Salt marsh 4 0.13
Ainsdale Sand 4 0.054
New Brighton “ 4 0.060
West Kirby Muddy sand 4 0.065
Rock Ferry Mud 4 0.12
Runcom “ 4 0.10
* Salt marsh 4 0.12
Linle Neston Marsh Muddy sand 4 0.076
* Salt marsh 4 0.092
Flint Muod 4 0.097
- Salt marsh 5 0.12
Prestatyn Sand 4 0.057
Rhyi Mud 4 0.073
Llandudno Shingle 4 0.080
Caerhun Grass 1 0.10
“ Salt marsh 3 011
Lianfairfechan " 3 Q.10
Red Wharf Bay Mud 4 0.072
“ Sand 3 0.051
South-west Scotland
Garlieston Muddy sand ) 0.10
Innerwell " 4 0.094
Carsluith Mud/sand 4 0.085
Kippford Slipway Muddy sand 4 0.095
“ Merse Salt marsh 4 0.17
Palnackie Harbour Mud 4 0.11
Carsethom Muddy sand 4 0.12
# See sub-section 3.2 for definition

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 Sellaficld (see sub-
section 4.2). Their occupancy of boats in 1991 was
similar to that in 1990. Making an allowance for
natural background, their external exposure in 1991
was .15 mSv, which is less than that in 1990 (0.18
mSv) because of reductions in dose rates in the vicinity
of the houseboats. The exposure was within the ICRP-
recommended principal dose limit of 1 mSv year?! for
members of the public. Additional exposure of these
people, duc to consumption of fish and shelifish 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 Sellaficld. Exposures of these

houseboat dwellers due to Springfields discharges are
considered in sub-section 4.2.

The converse sitation, 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 smatl 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
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 10) give rise to
only very minor radiation exposures to the public fol-
lowing inhalation of resuspended particulates, including
those from the surf zone (Pattenden et al., 1981).
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Table 10. Radioactivity in sediment from the Cumbrian coast and further afield, 1991

Sampling point No. of Mean radioactivity concentration {dry), Bq kg1

and sediment type sal::pling Tomal
observa- ota,
tions# beta 9Co 857x 5Nb 109Rn  106Ry  NMomp,  12gh 1340y

Cumbria
Newton Arlosh Tutf 4 1600 2.8 ND ND ND 16 ND ND 6.6
Silloth silt pond Mud 1 1700 55 “ “ - 30 “ " 4.4
Marypon - Christchurch “ 3 3700 i3 %3 120 2.5 680 5.7 31 72
“ Sandy mud 1 1700 78 ND ND ND 110 ND 12 5.0
Harrington Harbour Mud 4 3600 8.7 110 120 23 430 53 18 5.6
Whitchaven - yacht basin =~ “ 4 5200 10 120 130 ND 450 2.7 23 7.1
‘Whitehaven - inner harbour Muddy sand 1 5000 58 32 ND " 260 54 10 34
St Bees Sand 4 440 2.8 ND “ “ 40 ND 040¢ 063
Sellafield “ 4 580 3.2 1.7 “ “ 85 " 068 052
Seascale “ 4 540 22 ND “ " 23 " 036 ND
Drigg “ 4 480 2.7 1.1 30 “ 89 “ 072 0.49
Ravenglass - Ravenvilla Sandy mud 5 1700 12 38 39 “ 310 16 i6 32
Newbiggin Mad 4 5800 22 37 33 “ 390 ND 22 59
Millom Sandy mud 4 980 3.1 13 17 “ 63 “ 6.0 1.1
Walney Channel " 4 1100 36 11 14 * 150 “ 6.7 1.4
Low Shaw Turf 4 1300 4.4 1.0 ND " 15 “ 25 16
Flookburgh shore Muddy sand 4 T30 ND ND " “ ND * ND 0.19
Sand Gate marsh Turf 4 1400 25 “ “ - 14 “ 22 6.5
Lancashire, Merseyside and north Wales
Morecambe Central Pier Mud H NA 36 “ “ 55 * 16 2.8
Half Moon Bay Sandy mud 4 1100 3.2 2.7 2.0 “ 55 “ 15 24
Sunderland Point " 4 930 2.0 1.0 ND “ 25 “ 24 1.7
Conder Green * 1 1200 31 ND “ “ 58 “ 58 33
“ Tuarf 4 1800 53 “ “ “ 31 “ 59 71
Cockerham Marsh « 2 990 2.7 “ “ “ 14 “ 4.8 4.8
Skippool Creek Mud 4 1900 51 “ “ “ 50 “ 9.1 58
Fleetwood Sand 4 500 ND “ “ “ ND ND ND
Blackpool " 4 230 020 * “ * “ * “ *
New Brighton * 4 430 024 023 * “ “ “ " 0.18
West Kirby Sandy mud 2 580 074 ND “ “ “ 2.0 0.62
Rock Ferry Mud 4 1300 36 " " " 20 “ 29 33
Rhyl o 4 760 075 * # * 6 ¢ 24 0.93
Caerhun Turf 4 1000 ND “ “ “ ND * ND 6.9
Red Wharf Bay Mud 4 600 023 “ “ “ “ 035 11
Cemlyn Bay “ 2 1000 1.7 “ “ “ " “ ND 2.5
South-west Scotlané
Garlieston Mud 4 1400 5.6 2.7 3.7 “ 67 “ 1.5 4.2
Innerwell “ 2 1100 32 ND ND " 41 “ 3.8 12
Catsluith “ 2 1700 5.5 12 14 “ ne -« 39 43
“ Muddy sand 2 910 23 ND ND " 31 “ ND 1.5
Kippford Merse Salt marsh 4 2000 94 6.9 6.6 “ 20 0~ 12 11
" Slipway Mud 2 1100 45 25 41 “ 71 “ 47 26
“ “ Muddy sand 1 760 19 ND ND “ 40 “ ND ND
Palnackie Harbour Mud 4 1400 4.5 9.7 15 “ 126 * 39 35
Carsethom “ 2 1100 49 39 11 “ 83 “ 59 52
Northern Ireland
Carrickhugh House “ 2 560 ND ND ND “ ND ¢ ND ND
Portrush Sand 2 190 * * * “ * " * "
Larme Lough Mud 2 830 “ “ “ “ * “ 23
Groomsport Sand - 2 280 “ “ “ “ * “ ND
Ballymacormick Mud 2 550 * “ * “ “ ¥ 080 11
Strangford Lough - Island Hill “ 1 570 “ “ “ “ “ “ ND ND
“ Sandy mnd 1 380 " “ “ “ “ “ “ “
* - Nickey's Point Mud 2 880 “ “ “ “ " “ “ 1.7
Dundrum Bay “ 2 600 * “ “ “ * “ “ ND
Carlingford Lough “ 2 990 “ “ “ “ “ “ “ 25
Oldmill Bay “ 2 820 “ “ “ “ “ “ “ 1.4
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Table 10. Continued

Mean radioactivity concentration {dry), Bq kg™

Sampling point No. of
and sediment type - sampiing
observa-
tons# B3¢
Cumbria
Newton Arlosh Turf 4 1100
Silloth silt pond Mud 1 1100
Maryport - Christchurch » 3 980
- Sandymud I 1200
Harrington Harbour Mud 4 1000
Whitehaven - yacht basin =~ * 4 1400
Whitehaven - inner harbour Muddy sand 1 910
St Bees Sand 4 110
Setlafield b 4 210
Seascale “ 4 140
Drigg “ 4 87
Ravenglass - Ravenvilla Sandymud 5§ 530
Newbiggin Mud 4 950
Millom Sandymud 4 310
Walney Channel “ 4 310
Low Shaw Torf 4 990
Flookburgh shore Muddy sand 4~ 200
Sand Gate marsh Turf 4 880
Lancashire, Merseyside and north Wales
Morecambe Central Pier Mud H 660
Half Moon Bay Sandy mud 4 460
Sunderiand Point * 4 300
Conder Green “ 1 620
* Turf 4 1400
Cockerham Marsh “ 2 600
Skippool Creek Mud 4 970
Fleetwood Sand 4 44
Blackpool “ 4 14
New Brighton “ 4 54
West Kirby Sandy mud 2 140
Rock Ferry Mud 4 560
Rhyl ® 4 190
Caerhun Turf 4 310
Red Wharf Bay Mud 4 150
Cemlyn Bay - 2 250
South-west Scotland
Ganlieston Mud 4 450
Innerwell * 2 270
Carsluith “ 2 410
" Muddy sand 2 190
Kippford Merse Salt marsh 4 1100
“ Slipway Mud 2 390
“ “ Muddy sand 1 280
Palnackie Harbour Mud 4 500
Carsethom “ 2 590
Northern Ireland
Carrickhugh House " 2 51
Portrush Sand 2 i6
Lame Lough Mud 2 156
Groomsport Sand 2 11
Ballymacommick Mud 2 82
Strangford Lough - Island Hill * 1 24
* Sandymud 1 17
. Nickey’s Point Mud 2 120
Dundrom Bay “ 2 16
Carlingford Lough “ 2 170
Oldmill Bay " 2 150

1.5 -
ND

23

6.0
ND
10

5.1

ND
6.3
4.9

1340y,

17
83
16

4.2
4.0

74

155gy

E 2 ® & ® & £ F £ £ F %t 8

H

42
NA

NA

32

47
NA

0.062
NA

33
0.24

3.0
NA
2.7
31

2pyy
210py

SSSRZ\OS:R
>d

0.45
NA

17
13

16
NA
16
15

MCm+
MIpy,  Mzm U, MCn
NA 210 NA NA
“ 310 “ “
* 910 22 23
“ 550 NA NA
“ 750 “ “
* 1106 32 31
“ 440 NA NA
“ 220 “ “
“ 140 “ “
[ 2m “ “
* 910 “ “
16000 1400 1.5 30
NA 180 NA NA
&% 250 " [}
“ 380 “ “
= 49 “ "
« 180 “ “
“ 230 “ “
" 2m “ -
“ 110 “ “
“ 190 “ “
“ 310 “ “
" 150 " “
“ 320 “* -
“ 15 “ “"
& 4.2 +“ “
“ 14 « «
+“ 24 L “
“ 140 * “
“ 49 “ "
" ND " “"
“ 38 “ «
“ 54 017 012
“ 320 ND 1.0
" 170 NA NA
“ 130 ND 0.61
¥ 220 NA NA
“ 550 1.2 14
“ 250 ND 065
“ 220 NA NA
“ 330 ND 1.1
“ 190 NA NA
“ 046 ND ND
“ 1.2 NA NA
“ 15 @ “
“ 052 = *
“ 21 ND 0.032
“ 081 = ND
* ND NA NA
“ 14 ND 0.028
“ ND NA NA
“ 8.0 ND ND
“ 19 0.044 - 0.050

NA = not analysed
ND = not detected
# See sub-section 3 2 for definition

29



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 exposed to exter-
nal radiation, mainly to skin from beta particles. We
regularly monitor fishing gear using portable beta
dosemeters. Results for 1991 are presented in Table 11.
Measured dose rates were similar to those for 1990
(Camplin, 1992). Our habits surveys keep under review
the amounts of time spent by fishermen handling their
gear; for those most exposed, 500 h year? is appropri-
ate, The maximum exposure from handling of fishing
gear in 1991 would have been 0.18 mSv, which is well
within 1% of the ICRP-recommended dose limit appro-

Table i11. Beta radiation dose rates on con-
tact with fishing gear on vessels
operating off Sellafield, 1991
Vessel Type of gear No. of sampling Mean beta
observations# dose rate
pSv 't
A Nets 4 0.25
Ropes 4 0.12
B Nets 7 0.24
Ropes 7 028
o Gill nets 3 0.22
Pots 1 042
E Gill nets 4 032
Nets 4 0.48
M Neis 4 023
Ropes 4 0.14
Q Gill nets 4 034
Pots i 0:31
R Nets 4 0.20

# See sub-section 32 for definition

priate for exposures to skin of members of the public,
based on non-stochastic (deferministic) effects (sub-
section 3.3). Handling of fishing gear therefore contin-
ues to be a minor radiation exposure pathway.

4.1.4 Porphyral/laverbread pathway

No harvesting of Porphyra in the Sellafield vicinity,
for consumption after being made into laverbread, was
reported in 1991; this pathway has therefore remained
essentially dormant, However, monitoring has contin-
ved 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. Results of
analyses for 1991 are presented in Table 12. Samples
of laverbread from the major manufacturers are regu-
larly collected from markets in South Wales and ana-
lysed. Results for 1991 are presented in Table 13. The
exposure of critical laverbread consumers was less than
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 1991 is presented in Table 14.
The rate of detection has continued to decline. The
presence of contaminated itemns 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 dose limit of 50 mSv year? for expo-
sures to skin of members of the public (sub-section
3.3). Ttis not considered likely that anyone has re-
ceived a dose to skin in excegs of this limit.

Table 12. Radioactivity in Porphyra from UK shorelines of the Irish Sea, 1991

Sampling point No. of Mean radioactivily concentration {(wet), Bq kg

sampling

observa- Total

tions# beta MC  OCo WSy %7  BNb ¥Tc MRy 106Ry 1ompg 125G
Braystones South 4 300 NA 060 NA 1.7 14 NA 682 120 4.6 39
Seascale 32 NA ~ 072 53 51 “ 1.0 130 35 a7
St Bees 4 230 25 052 088 29 28 1.8 066 76 1.6 36
Knock Bay 4 180 NA ND NA ND ND NA ND 08 ND ND
Sampling point No. of Mean radioactivity concentration (wet}, Bq kgt

sampling

observa- 9Py, 23Cm+

tions# 10 1990 MCe 1By 1SEn WSpy  Mpy Wipy  WlAm MOy M0y
Braystones South 4 007 53 047 012 016 1.4 6.4 97 12 030 0.028
Seascale 52* ND 11 13 005 014 NA NA NA 17 NA NA
St Bees 4 " 5.1 0.93 020 ND “ “ 81 12 “ b
Knock Bay 4 “ 082 ND ND “ “ “ NA 025 = "

ND = not detected
NA = not analysed

# See sub-section 3 2 for definition
* These samples were counted wet to provide a rapid result
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Table 13. Radioactivity in laverbread from
South Wales, 1991

Manufactorer  Ne. of Mean radioactivity concentration
sampling (wer), B kg™
observa-
tions# Total ®Co Qs ANanp
A 3 59 ND 064 019
C 4 53 004 048 015
D 2 67 005 046 ND
E 1 o0 ND 046 -
ND = not detected

# See sub-section 32 for definition

Table 14. Summary of contact beia and gamma
dose rale monitoring of intertidal
areas of Cumbria, 1991

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
imporiance to be kept under review.

Seaweeds 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 15 presents
the results of measurements in 1991 on marine planis

Month No. of jtems detected  Location and dose rates from shorelines of the Irish Sea and further afield.

(> 0.01 mGy h? bat mGy h?) of items it I i

e i A @ I(i’;Gy offtems Although small quantities of samphire and Rhodymenia

may be eaten, concentrations of radioactivity are of
f%'g:;y : - negligible radiological significance, Fucus seaweeds
March y . are useful indicators, particularly of fission product
Aprit - - radionuclides other than ruthenium-106; samples of
?::ﬁ ‘ . Fucus vesiculosus are collected both in the Sellafield
Tuly - - vicinity and further afield, and the results are presented
ngustbe - - here. Monitoring in Scotland is carried out on behalf
piciman 1 : of the Scottish Office. Analyses of samples collected
November - - in Northern Ireland are carried out on behalf of the
December - - DOE(NI).
Table 15.  Radioactivity in marine planits from shorelines of the Irish Sea and further afield, 1991
Type of seaweed No.of  Mean radicactivity concentration (wet), Bq kgt
and sampling point sabJ;]phng Toud
0 - (1]
dons#  boa ac Mo  WSr  YZLr  BNb  PTec 1BRa 1Ry MOmpg 125,

Fucus vesiculosus :
Sellafield 4 1300 NA 23 2.9 34 3.0 1100 0.09 22 14 3.7
Nethertown 2 1200 * 20 NA 24 15 NA 14 16 1.5
Gutierby 1 “ 0.79 “ 1.0 ND “ “ 45 4.1 10
St Bees 4 820 28 14 21 i3 16 630 " 11 6.3 1.9
Workington Harbour 1 310 NA 0.47 NA 0.77 ND NA “ 34 038 044
Half Moon Bay 4 500 " 0.34 “ ND " “ “ 057 ND 1.0
Port William 4 300 “ 023 * “ “ “ “ ND “ 0.08
Rascarrel Bay 1 310 “ ND " “ “ “ “ “ “ ND
Garlieston 4 370 “ 075 “ 0.59 0.18 “ - 098 0.4 1.8
Auchencaim 4 380 “ 0.64 “ 0.42 ND “ “ 1.1 038 095
Cape Wrath 1 160 n ND - ND “ 6.1 “ ND ND ND
Wick 1 210 " “ “ “ “ 13 “ “ “ “
Ardglass 1 61 “ “ “ “ " A - “ - *
Pom sh 3 21 0 - “ =~ " - -“ o “ “ 13
Portmado 1 85 “ “ “ “ “ - “ - “ 0.15
Fishguarl:ig 2 210 “ “ “ - “ 40 “ “ “ 0.14
Lavemock Point 2 190 “ * “* “ “ NA “ “ “ D
Isles of Scilly 1 260 - “ “ “ “ 12 “ “ * “
Fucus serratus
Rascarrel Bay 1 290 - 0.54 “ “ “ NA “ “ 047 081
Guiterby 1 550 ¢ 1.8 " 08 “ “ 10 32 15
Nethertown 1 630 = 1.9 “ 12 " “ “ 26 I §1 14
Fucus spiralis
Ardglass 2 210 “ ND " ND “ “ “ ND ND ND
Porishs i 50 = B “ E) “ “ “ EA ) “
Ascophylum nodoesum
Ardglass 1 280 " “ “ “ “ “ “ “ “ 0.34
Rhodymenia spp.
StBecs F 2 500 - 037 = 18 - “ « 82 61 Ll
Ballymacomnick 1 1800 “ ND * ND “ “ “ ND ND ND
Dilsea carnosa
St Bees 1 410 “ 077 “ 44 “ “ “ 99 9.6 39
Laminaria digitata
St Bees 1 520 o~ ND * 15 55 " " 29 74 1.1
Laminaria sacharina
Isle of Man 2 790 “ “ “ ND ND “ “ ND ND ND
Samphire
Rabbit Cat How, Ravenglass 1 34 “ 0.05 « “ “ “ " 1.1 " “
Cockerham Marsh 1 41 * ND - - “ “ “ ND “ “
Llanfairfechan 43 * - “ “ " “ “ “ “ -
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Table 15. Continued

Type of scaweed No-. of Mean radioactivity concentration (wet), Bq kg™
and sampling point sampling
observa- 9Py + 23Cm+
tions# B3aCg Bigs  1WCe Wipgm 1Mpy  155Ey  B8py Mpy Mg, H0;m M0

Fucus vesiculosus T

Sellafield 4 0.38 22 085 3.2 ND ND NA NA 7.1 NA NA
Nethertown 2 032 16 ND NA “ “ “ “ 49 “ -
Guiterby 1 ND 14 - - - 046 ¢ “ 25 “ “
St Bees 4 0.24 16 0.31 “ “ 0.08 “ " - 58 * “
Workington Harbour 1 0.12 1.9 ND “ * ND “ “ 24 “ “
Half Mcon Bay 4 0.19 22 “ “ “ * " * 1.1 " “
Port William 4 0.03 54 « “ “ “ # “ 043 ¢ “
Rascarrel Bay 1 ND 10 « “ “ “ “ " 25 “ “
Garljeston 4 0.05 12 “ “ “ 611 “ 4.2 “ “
Auchencaim 4 0.09 18 “ “ “ ND “ “ 3.9 “ “
Cape Wrath 1 ND 099 “ “ - " * ND “ =
Wick 1 0.17 16 “ - “ 033 “ “ “ “
Ardglass 1 ND 13 “ “ " ND “ “ - “ -
Portrush 3 “ §9s o - " " “ 010 * “
Portmadog 1 0.08 075 o~ - " 014 = “ ND “ *
Fishguard 2 ND 031 = “ “ 810 “ * “ “ “
Lavemock Point 2 “ 03§ ¢ " * ND “ “ - * “
Isles of Scilly 1 “ ND " " “ “ “ * " “ -
Fucus serratus

Rascarrel Bay 1 " 89 “ " - " “ * 2.1 * “
Gunierby 1 0.17 11 “ * “ 026 *“ “ 42 « -
Netheriown 1 0.14 13 " * 018 ND “ * 35 " “
Fucus spiralis

Ardglass 2 ND 34 “ " ND “ “ " ND “ “
Pomush 1 “ ND “ “ - . " - ] " <« L
Ascophylum nodosum

Ardglass 1 “ 1.8 “ “ “ “ " “ - « "
Rhodymenia spp.

St Bees 2 0.54 36 2.4 “ - « “ “ 15 “ *
Ballymaconmnick 1 ND 17 ND * * * " “ 33 “ “
Strangford Lough 4 0.07 4.4 “ “ “ “ 0083 043 050 ND 0.00086
Dilsea carnosa .

St Bees 1 ND 13 32 * “ 059 NA NA 18 NA NA
Laminaria digitata

St Bees 1 “ 13 ND “ “ ND “ * 44 “ “
Laminaria sacharina .

Isle of Man 2 “ 29 “ “ “ 010 " ND “ “
Samphire

Rabbit Cat How, Ravenglass 1 0.03 25 * “ 011 ND “ “ 22 “ “
Cockerham Marsh 1 ND 33 “ “ ND " “ “ 1.0 * ,
Llanfairfechan 1 " 20 * " “ " “ “ 021 *~ “

NA = not analysed
ND = not detected
# See sub-section 32 for definition

4.2 Springfields, Lancashire

This establishment is mainly concerned with the manu-
facture of fuel elements for nuclear reactors and the
production of uranium hexaflucride. Radioactive
waste arisings are of low radiological significance;
consisting mainly of thorium and uranium and their
decay products; liquid discharges are made by pipeline
to the Ribble estuary. Discharges of beta-emitting
radionuclides reduced in 1991 because uranium ore
concentrate was not processed for approximately 8
months of the year. Public radiation ¢xposurc in this
vicinity, as a result of site discharges, is low; there is,
however, a greater contribution due to Sellafield dis-
charges. The most important pathway is external
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exposure, due to adsorption of radioaciivity on the
muddy areas of river banks and in salt marshes. The
amounts of time for which members of the public are
subject to such exposure are kept under review. The
critical group consists of people who live on house-
boats 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). Other activitics
which have significant occupancies are wildfowling
which takes place in intertidal areas and marshes
bordering the estuary and angling which is popular in
the Preston area (Hunt, 1992). We regularly monitor
gamma and beta dose rates in relevant areas including
muddy creeks where houseboats arc moored, and some
of these measurements are supported by analyses of
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sediments. In 1991, we continued to investigate the
fish and shelifish consumption pathway by analysing

locally-obtained samples, including analyses for iso-
topes of thorium.

Results for 1991 are shown in Tables 16(a) and (b).
Radionuclides detected which were due to Springfields
discharges were isotopes of thorium, uranium and
neptaniom and their decay products. Other
radionuclides present were mainly from Sellafield.
Concentrations of most radionuclides decreased in
1991 compared with 1990 because of reduced dis-
charges from Springfields and reductions in the recent
past of discharges from Sellafield. Concentrations of
thorium isotopes in fish from the Ribble estuary were
not significantly different from those expecied from
natural sources. Any exposures due to Springficlds-
derived radionuclides in shellfish would have been a
small fraction of the total, most of which is due to
Sellafield discharges. The concentrations of thorium
isotopes in mud in areas outside the Ribble estuary
were consistent with natural sources, as were concen-
trations of thorium isotopes in sand.

Gamma dose rates over intertidal areas were gener-
ally iess than for 1990. Exposure of the critical
group of houseboat dwellers in 1991, including the
Sellafield component, was 0.15 mSv, a reduction
from the value for 1990 which was due to the decline
in dose rates. The exposure was within the ICRP-
recommended principal dose limit of 1 mSv year?!
for members of the public. Most of this exposure
was due to the radioactivity already in the environ-
ment as a result of past discharges from Sellafield.
To help the process of interpreting the ICRP-60
recommendations, the dose contribution due to
discharges in 1991 from Springfields has been calcu-
lated from appropriate models {(HMIP and MAFF,
1991). The contribution is estimated to be 0.01 mSv.
This dose, in addition to those considered below, is
likely to be relevant for comparison with the dose
constraint for practices, currently under considera-
tion (section 3.3), 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

1991 due to the combined effects of past and current

discharges.

Table 16(a). Radioactivity in environmental materials near Springfields, 1991

Material Sampling point No. of Mean radioactivity concentration {wet)*, Bq kg
sampling
observa-  Total
tions# beta ®Co W6Ry 125 1340 B0 1Ry 1SSy 2%y, 20rR 22y
Bass Ribble Estuary 1 180 ND ND ND 029 38 ND ND 0.0027 0.00096 0.0010
Grey muller “ 1 95 * “ “ ND 13 “ “ NA NA NA
Seatrout * 1 110 = “ “ 019 14 “ * " “ "
Shrimps " 1 73 “ * “ ND 1.6 * “ 0.013 0.018 0.0047
Cockles " 2 i1 047 12 “ - 10 “ “ 071 o081 037
Sand " 2 290 ND ND " 0350 46 “ “ 0.72 12 0.68
Turf Hesketh Bank 4 1500 34 53 1.6 52 950 6.1 4.0 NA NA NA
Mud Pipeline 4 67000 1.8 27 52 2.5 450 43 ND 37 410 37
" Becconsall 4 28000 4.4 51 59 54 800 1.3 “ 46 500 47
“ Penwortham 4 59000 2.7 32 2.1 4.5 570 39 “ 49 1100 47
«“ Deepdale Brook 4 2700 ND ND 15 41 39 ND 6.9 33 390 33
“ Rock Fenry 4 1300 3.6 20 29 33 560 29 35 NA NA NA
" Skippool Creek 4 1900 5.1 50 9.1 58 970 8.6 6.7 " “ *
Material ~ Sampling point  No. of Mean radioactivity conceniration (wet)*, Bq kg
sampling
observa- B3 B9py+ 23Cm+
tions# BTy VP, WY WY WY BINp B, M0py Mgy My,
Bass Ribble Estuary 1 ND ND NA NA NA NA NA NA ND NA
Grey mullet 1 “ “ “ “ “ " “ “ “ *
Seatromt 1 “ “ “ “ “ “ “ " “ "
Shrimps 1 * “ “ - “ 0.0070 0033 * 0.000080
Cockles “ 2 * * " “ " 019 053 26 58 0.013
Sand * 2 “ “ “ " " NA NA NA 13 NA
Turf Hesketh Bank 4 “ " * “ “ “ it “ 210 “
Mud Pipeline 4 180000 “ 43 1.9 38 “ “ “ 150 “
“ Becconsall 4 61000 ~ 43 1.7 39 “ “ “ 270 “
* Penwortham 4 160000 = 59 28 51 31 “ * 190 *
“ Deepdale Brook 4 1200 44 1200 57 1100 44 “ “ ND “
" Rock Ferry 4 ND ND NA NA NA NA “ “ 140 "
“ Skippool Cresk 4 “ “ “ .. “ “ . “ 320 =

NA = not analysed

ND = not detected

# See sub-section 32 for definition

* Excepf for sediment where dry concentrations apply
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Table 16(b). Monitoring of radiation dose rates

near Springfields, 1991

Location Material No. of pGy h?
sampling
observa-
tions#

Gamma dose rates at 1 m over intertidal areas

Lytham Mud 4 0.17

“ Salt marsh 4 0.18

Lytham Boatyard Mud 4 0.12

Hesketh Bank “ 4 0.13

“ Salt marsh 4 0.14

Freckleton Mud 4 0.13

Becconsall “ 5 0.13

Hutton Marsh “ 4 0.16

“ Salt marsh 4 0.15

Pipeline Mud 3 0.10

“ Sandy mud 1 0.16

Pipeline (south bank)  Mud 4 0.12

“ Salt marsh 4 0.16

Penwortham Mud/sand/stones 2 0.089

“ Mud 2 0.17

Lower Penwortham “ 2 0.17

“ Muddy sand 2 0.088

“ Grass 4 0.099

River Darwen Sand 4 0.073

" : Grass 4 0.079

Reta dose rates pSv hl

River Darwen Mud/sand/stones 4 - 0.94

" Grass 4 0.60

Hesketh Bank Mud 4 1.5

Hutton Marsh “ 4 79

Lower Penwortham * 4 18

“ Grass 4 12

Lytham Mud 4 33

Pipeline (south bank) “ 4 16

Penwortham “ 4 29

Ribble estuary Gill net 1 25

# See sub-section 32 for definition

The exposure of wildfowlers and anglers was assessed

as being 0.02 mSv in 1991 on the basis of ICRP-26 and

0.03 mSv using ICRP-60. In both cases the effects of
beta-emitting nuclides have been considered in addi-
tion (0 gamma emitlers. The reason for a slightly
higher dose using ICRP-60 is that skin dose contributes
to cffective dose in the new ICRP recommendations,
Most of the dose is due to Springfields discharges and
is well within the 1 mSv limit for members of the

public.

The critical group for skin irradiation was wildfowlers
with skin exposures of 1.5 mSv in 1991. This is 3% of
the relevant ICRP-recommended dose limit for mem-

bers of the public.

4.3 Capenhurst, Cheshire

The main function of the Capenhurst Works is enrich-
ment of uranium. Radioactive waste arisings, mainly
of uranium and its danghter products, and technetium-
99 and neptunium-237 from recycled fuel, are minor;
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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 Meols.
No discharges from Capenhurst took place via Meols
in 1991 (see¢ Table 1). We have established an envi-
ronmental monitoring programme related to the path-
ways which could be of radiological significance due
to both disposal routes. Aquatic plants are also sam-
pled as indicator materials. It is to be noted that the
programme is much more extensive than is technically
justified by the potential radiological hazard from
Capenhurst discharges.

Results for 1991 are presented in Table 17, The con-
centrations of artificial radioactivity in marine samples
are mainly due to Sellaficld 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 Sellafield. Exposure of shellfish
consumers, a potential critical group, in the vicinity of
the Wirral in 1991 amounted to 0.04 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 0.03
mSv. This exposure was mainly due to transuranic
nuclides from Sellaficld; only a tiny fraction was due
to technetium-99, which was almost entirely from
Sellafield discharges. Concentrations of radionuclides
in materials from the Rivacre Brook in 1991 show the
effects of Capenhurst discharges but these concentra-
tions were of extremely low radiological significance.

4.4 Chapelcross, Dumfriesshire

At this establishment, BNFL operates a magnox-type
nuclear power station. Liquid waste is discharged to
the Solway Firth under anthorisation by the Scottish
Office. A recent habits survey has established that
three groups of people could receive radiation expo-
sures of potential importance. The first of these groups
comprises fishermen who consume local seafood and
are exposed to external radiation whilst tending stake
nets. The second group are fishermen who receive
skin exposures whilst handling nets and the third are
wildfowlers who are exposed whilst on salt marshes,
Our monitoring, which is carried out on behalf of the
Scottish Office, reflects these pathways. Samples of
Fucus vesiculosus, as useful indicators, are also ana-
lysed. The resulis of monitoring in 1991 are presented
in Tables 18(a) and (b).

Concentrations of artificial radionuclides in the
Chapelcross vicinity are mostly due to Sellafield dis-
charges, and the general levels of nuclides given in
Table 18(a) are consistent with values expected at this
distance from Sellaficld. Concentrations of
radiocaesium in 1991 were generally similar to those in
1990. The exposure of the critical group of fishermen
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Table 17. Radioactivity in environmental materials near Capenhiirst, 1991

Material Sampling point  No. of Mean radioactivity concentration (wet)*, Bq kg!
sampling
observa- Total
tions# beta ®Co WIc MWRa 128p MOy Py 18Ep 24T
Cockles Dee estary 5 62 029 14 017 010 004 48 005 64
Fucus spiralis Hoylake 3 180 ND 23 ND 013 ND 14 019 5.0
Shrimps “ 2 51 “ (130 ND 0407 54 ND ND
Cladophoraceae rupestris  Rivacre Brook 2 2400 004 77O “ 013 015 138 0.86 810
Mud * 2 2700 051 1900 ND 14 17 27 640
Material Sampling point’ No. of Mean radicactivity concentration (wet)*, Bq kg
sampling .
observa- B 9P+ 23Cm+
tons# Dy Bey  my Wpy  DINp  Bipy APy Wiy Moy
Cockles ) Dee estnary 5 NA NA NA 052 NA 0.14 6.74 26 0.0039
Fucus spiralis Hoylake 3 “ “ “ ND “ NA NA 1.5 NA
Sh rim P s [ 2 “* “ “ “ “ o [y ND “w
Cladophoraceae rupestris ~ Rivacre Brook 2 170 14 130 59 55 “ “ “ “
Mud “ 2 500 34 300 68 90 " “ “ “

NA = not analysed

ND = not detected

# See sub-section 32 for definition

* Except for sediment where dry concentation apply

Table 18(a). Radioactivity in environmenial materials near Chapelcross, 1991

Material No. of Mean radioactivity concentration (wet)*, Bq kg1
samplin,
observa: Toal MC ®Co %Zr Nb WTc 1%Ry 1tmpg 125gp
tons# beta
Flounder 4 160 32 ND ND ND NA ND ND
Salmon 1 130 NA “ “ “ “ “ " “
Sea trout 2 130 “ “ “ “ “ “ “ “
Shrimps 4 83 “ “ “ “ “ “ 020 *
Fucus vesiculosus 4 370 “ 03 014 * 81 * ND 012
Sandy mud 4 840 “ 18 18 1.6 NA 23 " 0.75
Material No. of Mean radicactivity concentration (wet)*, Bq kg
sampling
observa- 9Pyt M30m+
tionsit 1340g Wigg IMEy  MWSEy  BEpy 0py $lAm  M0;m MCm
Flounder 4 0.56 64 ND ND NA NA ND NA NA
Salmon i ND 042 = “ “ - “ “ “
Sea trout 2 “ 8.6 “ “ 000060 00020 00032 ND 0.000010
Shrimps 4 005 18 “ “ NA NA ND NA NA
Fucus vesiculosus 4 0.17 39 “ 021 054 25 24 0.0041 0010
Sandy mud 4 27 440 092 17 12 56 82 ND 0.14

ND = not detected; NA = not analysed
* Except for sediment where dry concentrations apply
# See sub-section 32 for definition

Table 18(b). Monitoring of radiation dose rates  who consnme seafood and are éxposed to external

near Chapelcross, 1991 radiation over intertidal areas was 0.02 mSv in 1991,
. . . hich is 2% of the ICRP-recommended principal dose
Lo Material No. of bl w
cation e sa(:n;ling pSv limit of 1 mSv year?! for members of the public. The
fi';;esga' reduction in dose for this group from 0.07 mSv in 1990
was due to a decrease in consumption and occupancy
Beta dose rates on nets rates. The exposure of the skin of fishermen, due to
Seafield Stake nets 2 048 handling nets, was (.12 mSv which is much less than
. 1% of the ICRP-recommended dose limit appropriate
G: d 1 intertidal ht
amma daserafes at L m over areas POy for exposures to skin of members of the public.
Seaficld g:}‘:rfm“;ﬂd : gé& 4 Wildfowlers received a dose of 0.01 mSv or 1% of the
Battle Hilt Sandy mud 4 0.086 principal dose Yimit for members of the public. The
Browhouses N 4 0.095 magnitude of the Chapelcross discharges indicates that
Domoch B Muddy sand 2 0.083 g e
LOmOS RN Saltmarsh 4 0.10 the local contribution would have been a tiny fraction
# See sub-section 3.2 for definition of these exposures, most of it being due to Sellafield
discharges,
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5. UNITED KINGDOM
ATOMIC ENERGY
AUTHORITY (UKAEA)

We have continued our regular monitoring of the
environmental impact of liquid 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,
1992), we have continued our small programme of
monitoring of fish and other aquatic materials, and the
results are presented in this section.

5.1 Harwell Laboratory,
Oxfordshire

At this establishment the UKAEA operates research
facilities. Liquid radicactive wastes are created as a
result of decommissioning and decontamination opera-
tions and nuclear-related research and development.
Liquid waste arisings are small and discharges are
made under authorisation to the River Thames at

Sutton Courtenay. During 1991, we continued our
small programme of monitoring of fish and other
aquatic materials from the Thames catchment in sur-
veillance of fisheries-related exposure pathways. In
addition, sampling was carried out upstream of Sutton
Courtenay at Standlake to indicate background levels
remote from nuclear establishments. Analyses were
carried out of available fish species, with Nuphar lutea
{yellow water lily) and sediments as indicator materi-
als. In addition, gamma dose rates were measured on
the river bank near the outfall.

Recent habits surveys have identified anglers as a
potential critical group which may be affected by
discharges into the river. Their occupancy of the river
bank has been assessed to estimate their external
exposures. Consumption of freshwater fish was also
considered but none was found. Nevertheless, it is
considered prudent to include a component in the
assessment of the anglers’ exposure and a hypothetical
consumption of fish at a rate of 1 kg year?® was as-
samed.

The results of the monitoring are shown in Tabies
19¢a) and (b). The concentrations of artificial radioac-
tivity detected were very low. Concentrations of some
puclides, notably chromizm-51, cobalt-60 and cae-
sium-137, were enhanced close to the outfall, but the

Table 19(a). Radioactivity in environmenital materials from the River Thames caichment in sur-
veillance of the effects of liguid radioactive waste discharges from Harwell, 1991

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

DIpy+

tions# beta MC B§ NG o BCo BCo WG G REw Bpy Wpy  Wpm

sampling
observa-  Total
Pike Oatfall :
(Sutton Courtenay) 2 140 NA NA ND
Standlake 2 98 23 717 ¢
Staines 2 110 NA ND *
Muphar hitea Sutton Courtenay i 54 NA 15
Suston Pools 1 41 * 9.1
Staines 1 45 “ ND
Sandy mud Sunton Courtenay 1 1200 “ “ “
Mud Staines i 430 “ “ "
Sutton Pools 1 230 ¢ “ "

ND ND ND 029 16 ND 0.000040 0.00024 0.00018
“ “ “ ND 017 * 0.000017 0.00011 0.00017

“ “ “ “ 058 * NA NA ND
“ “ 19 o612 23 Oar * “ “
" “ ND ND 006 ND * * *
1.2 030 012 * 075 * “ * *
16 ND 32 19 650 *“ “ “ “

25 1.9 ND 51 ¢ * “
ND * ND ¢ 15 “ “ *

NA = not analysed

ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 3.2 for definition

Table 19(b}). Monitoring of gamma dose rates
near Harwell, 1991

Location Groundtype  No. of sampling pGy h'l
observations#’

Gamma dose rates at 1 m over river bank

Sutton Courtenay Soil i 0.078

# See sub-section 32 for definition

levels were very small in terms of any radiological
effect. Gamma dose rates were indistinguishable from
natural background. External exposures were calcu-
lated using a model based on concentrations of
radionuclides in sediment (Hunt, 1984). The radiation
dose to anglers in 1991 from fish consumption and
external occupancy of the river bank would have been
0.004 mSv, or 0.4% of the ICRP-recommended princi-
pal dose limit of 1 mSv year™.
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5.2 Winfrith Technology Centre,
Dorset

The principal source of liquid radioactive wastes at this
establishment in 1991 was decommissioning and decon-
tamination of the Steam Generating Heavy Water
Reactor (SGHWR) which ceased power production in
September 1990. Discharges in 1991 were substantially
less than those in 1990 because regular decontamination
of the primary coolant circuit was no longer needed.
The wastes from decommissioning operations are dis-
posed of under authorisation to deep water in Wey-
mouth Bay. The radiological significance of the dis-
charges from Winfrith is small and mainly due to acti-
vation products from decommissioning of the SGHWR.
Concentration of activation products by shellfish, fol-
lowed by local consumption, constitutes the critical
exposure pathway; this is reflected in our monitoring
programme. External gamma radiation dose rates are
monitored at Kimmeridge and in Poole Harbour where
the intertidal sediment has the potential to adsorb radio-
activity. In addition, monitoring of environmental
materials and gamma dose rates at a number of loca-
tions along the south coast provides additional informa-
tion on the distribution of radioactivity from afl sources.
Data are presented in Tables 20(a) and (b).

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
zinc-65, declined in 1991 as compared with previous
years; this was due to the closure of the SGHWR
noted above. The radiation dose to the critical group
of fish and shellfish consumers (Smith and Hunt, 1989)
was 0.009 mSv, or less than 1% of the ICRP-recom-
mended principal dose limit of 1 m8v year!, External
gamma radiation dose rates, and dose rates on fishing
nets, measured using portable instruments, continued
to be indistinguishable from levels typical of the natu-
ral background.

5.3 AEA Technology, Dounreay,
Caithness

Liquid radioactive waste discharges from this estab-
lishment are made to the Pentland Firth under authori-
sation by the Scottish Office. Discharges include a
minor contribation from the adjoining reactor siie
{Vulcan Naval Reactor Test Establishment) which is
operated by the Ministry of Defence (Procurement
Executive). Discharges from Dounreay in 1991 were
generally greater than those in 1990 reflecting the
campaigns of reprocessing of reactor fuel. Our surveys
near Dounreay are carried out on behalf of the Scottish
Office. Monitoring in 1991 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 Tables 21(a) and (b).
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Habits surveys have confirmed the existence of four
potentially czitical exposure pathways, three of which
involve external irradiation. The first of these is duc
to radioactivity adsorbed mainly on fine particniate
matter becoming entrained on fishing gear which is
regularly handled. This results in skin dose, mainly
from beta particles, to the hands and forearms of 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
measurements 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
1991 has confirmed that the exposure of these fisher-
men remained low, at 0.01 mSv, or less than 0.1% of
the ICRP-recommended dose limit of 50 mSv year? for
skin cxposures (see sub-section 3.3).

The second potentially critical pathway 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 radia-
tion, of those who visit these areas. In 1991, we carried
out monitoring of sludge at Oigin’s Geo; concentrations
of some radionuclides increased and others decreased
compared with 1990 but were 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?,

The third potentially critical pathway 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, seaweed
was sampled as an indicator material. Concentrations
of radionuclides in 1991 were similar in fish and crabs
to those for 1990 but there were increases in silver-
110m and transuranics in lobsters. Nevertheless,
exposures from consumption of fish and crustaceans
continued to be low: for high-rate consumers the
radiation dose was less than 0.005 mSv or 0.5% of the
ICRP-recommended principal dose limit of 1 mSv
year?,

The fourth potential critical pathway is due to con-
sumption of molluscs and external exposure during
collection. Gamma dose rates were measured over
collecting areas and winkles were analysed for their
radioactivity content. Gamima dose rates over the main
collecting arcas reduced in 1991 and the radiation dose
dne 0 a combination of consumption of molluscs and
external exposure during collection was 0.01 mSv in
1691 or 1% of the ICRP-recommended principal dose
limit of 1 mSv year?, a reduction from 0.02 mSv in
1990. This pathway was the critical one at Dounreay
in 1991,
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Table 20{a). Radicactivily in environmenital maierials near Winfrith, 1991

Material Sampling point  No. of Mean radicactivity concentration (wet)*, Bq kg™
sg&pling Toml -
observa- To
tions#  beta UC SV BCo 0, SZp 1Ry Nomp, 125G
Plaice Weymouth Bay 2 85 14 ND N ND ND ND ND ND
Crabs “ 7 63 NA - “ 72 92 “ “ “
Lobsters “* 2 61 “ “ “ 24 1.1 “ " “
Native oysters Poole 2 K} “ “ “ 1.1 43 " 0.14 “
P: ese oysters  Chesil | 1 54 ® “ - 0.60 051 “ 18 “
Cockles Poole 2 52 “ “ “ 4.8 033 = ND “
Scallops Weymouth Bay 3 96 . “ 046 “ 2.1 2.5 “ “ 0.14
Squid “ 2 64 “ ND “ ND 020 * “ ND
" Poole Bay 2 100 “ “ «“ 6.0 16 “ “ “
Fucus serratus Arish Meil 1 300 “ 061 067 33 46 = “ “
Kimmeridge 2 160 “ 024 022 15 1.0 “ “ "
Swanage 2 210 “ 030 011 16 1.0 “ * “
Bognor Rock 2 260 “ ND ND 59 ND ¢ “ -
Hengistbury Head 2 210 «“ 011 = 12 050 * “ «
Weymouth 2 170 * ND “ 9.6 051 “ " “
Chesil 2 180 - “ “ 1.1 NBD ¢ “ “
Lyme Regis 2 220 “ “ “ 0.83 “ “ “ “
Sandgate 2 240 “ “ “ 6.0 0.11 046 “ “
Mud Kimmeridge 2 340 “ “ “ 2.0 080 ND “ -
Poole Harbour 2 420 “ “ “ 14 ND ¢ " “
Hardway 2 - 640 “ “ “ - 16 “ “ “ "
Rye Harbour 2 520 “ “ " 83 " * * “
Matesial Sampling point  No. oﬁn Mean radioactivity concentration (wet)*, Bq kg™
sam,
observa. 9Py 4 MWCom+
tions#  1%Cs Wigg  1S5Ey BWpy  MOpy  Apnp WOy MOm
Plaice Weymouth Bay 2 ND 043 ND NA NA ND NA NA
Crabs “ 7 “ 002 ~ 0.00047 0.0015 0.0018 0.000047 0.00012
Lobsters * 2 “ 014 - NA NA ND Na NA
Native oysters Poole 2 “ ND ¢ " “ " *
Portuguese oysters  Chesil 1 - 024 - “ “ “ " “
Cockles Poole 2 “ 008 “ “ “ " ®
Scallops Weymouth Bay 3 bt Q.14 00022 0.0078 0.0031 ND 0.00008
uid “ 2 “ 007 “ NA NA ND NA NA
elks " 2 " ND " 0.0019 0.0074 0.0066 ND 0.00029
“ Poole Bay 2 “ L1 (1 00011 00044 0.0046 * 0.00020
Fucus serratus Arish Mell 1 " ND - NA NA ND NaA NA
Kimmeridge 3 “ “ “ A “ b “ “
Bognor Rock 2 “ 018 ~ “ “ “ “ “
Hengistbury Head 2 * 007 022 ¢ " “ “ “
Weymouih 2 0.13 ND ND * “ “ * *
Chesil 2 ND 005 ¢ “ “ “ * *
Lyme Repis 2 “ c6os “ “ “ " ®
Sandgate 2 “ 028 “ “ " “ “ “
Mud Kimmeridge 2 * 23 - 070 ¢ - * “ *
Poole Harbour 2 " 52 24 017 0.75 056 ND 0.0098
Hardway 2 * 4.7 24 NA NA NA NA
Rye Harbour 2 - 3.0 21 ¢ “ “ " *

NA = not analysed
ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 3.2 for definition

Table 20(b). Monitoring of radiation dose

rates near Winfrith, 1991

Location

Ground

type

Gamma dose rates at § m over intertidal areas

Kimmeridge

Poole Harbour

Hardway

Rye Harbour

Sand
Mud

3

Beta dose rates on fishing gear

Weymouth Bay

Pots
Nets

No. of pGy h!

sampling

observa-

tions#

2 0.064

2 0.058

2 0.061

2 0.066
pSv it

3 ND

1 )

ND = not detected

# See sub-section 32 for definition
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Table 21(a). Radioactivity in environmental materials near Dounreay, 1991

Sampling point No. of "Mean radioactivity concentration {wety*, Bqkg?-
and material sampling
observa- Total
tions# beta “c 80Co $Tc 1Ry Mompg 135 13cg 137
Pipeline
Cod 4 110 19 ND NA ND ND ND ND 14
Crabs 4 67 NA “ " “ 2.0 “ " .30
Lobsters 4 83 » 008 “ “ 26 “ “ 0.57
Sandside Bay
Winkles 4 100 " 14 “ 23 78 “ “ 022
Sand 4 500 “ 008 * ND ND “ 014 71
Fucus vesiculosus 340 * 1.7 85 12 6.1 ® 031 21
Oigins Geo
Shudge 4 5500 ¢ 230 NA 4700 510 170 12 160
Brims Ness
Winkles 100 * i8 " 3.5 80 ND ND 0.26
Fucus vesiculosus 3 290 “ 2.0 “ ND 56 “ 0.76 1.2
Fucus spiralis 1 190 “ 20 " 077 55 " 020 14
Sampling point No. of Mean radioactivity concentration {wet)*, Bqkg™!
and material sampling
observa- 29Pu+ X3Crt
tions# Mgy 15py  238py 20py 2py MAm Cm MCm
Pipeline
Cod 4 ND ND 0.00015 G.00069 NA 0.0612  0.000020 0.000010
Crabs 4 “ “ 0.0036 0012 0.015 0.0057 0.00057
Lobsters 4 “ * 0.012 0035 o« 035 0.027 0.12
Sandside Bay
Winkles 4 0.88 - 0.088 022 37 047 0.048 0.013
Sand 4 ND 24 27 11 NA 9.7 0.31 0.15
Fucus vesiculosus 4 0.47 012 NA NA “ 0.027 NA NA
Oigins Geo '
Shudge 4 240 69 110 260 “ 195 38 1.0
Brims Ness
Winkles 4 0.29 ND 0.098 028 “ 0.54 0.055 0.017
Fucus vesiculosus 3 ND “ NA NA " 0.048 NA NA
Fucus spiralis 1 “ “ " “ “ ND * “

NA = not analysed
ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 3.2 for definition

Table 21(b). Monitoring of gamma dose rates

near Dounreay, 1991

Location

Ground type

No. of sampling
observations#

uGy h!

Gamma dose rates at 1 m over intertidal areas

Oigins Geo Intertidal sediment
Sandside Bay Sand

a Sand/stones

“ Winkle bed

4
1
1
3

0.16
0.059
0.10
0.11

# See sub-section 3.3 for definition
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6. NUCLEAR POWER
STATIONS OPERATED BY
THE ELECTRICITY
COMPANIES

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

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 to these wastes from the
adjoining Berkeley Technology Centre. Liquid radio-
active wastes from both Berkeley and Oldbury are
discharged to the same stretch of the Severn Estuary.

The stations are therefore considered together for the
purpose of our environmental monitoring. Although
there has been a substantial reduction in the consump-
tion of locally-canght shrimps, a recent habits survey
has confirmed that the two potentially critical path-
ways for public radiation exposure are internal irradia-
tion following consumption of locally-caught fish and
shellfish, and external exposure from occupancy of
muddy intertidal areas. We therefore analyse samples
of fish and shellfish and monitor gamma dose rates
over sediment. In addition, measurements of external
exposure are supported by analyses of intertidal mud,
and Fucus vesiculosus is collected as an indicator
material,

Data for 1991 are presented in Tables 22(a) and (b).
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 establishments discharging into the Bristol

Table 22(a). Radioactivity in environmental materials near Berkeley and Oldbury nuclear

power stations, 1991

Material No. of Mean radioactivity concentration (wet)*, Bq kg!
sampling
observa- Total B3Ppy+ ACm+
tions# beta .¥C 3§ 60, 130 1¢I5y BEpy  Mpy  MpAm HCm MCm
Cod 1 170 - 150 NA ND 1.8 ND NA NA ND NA NA
Flounder 3 190 740 ¢ e 0.85 “ “ “ " “ “
Eel 1 110 NA ¢ “ 15 “ “ “ “ * “
Elvers 1 78 “ “ ND “ “ “ “ " *
Shrimps 3 71 120 = “ 0.31 “ “ " “ " “
Fucus vesiculosus 2 180 NA 20 1.6 21 “ “ “ “ " *
Mud:
area of pipelines 4 890 “ NA ND 25 44 2.0 “ " “ “ “
Lydney 2 670 < % 016 058 29 20 012 069 067 00026 0011

NA = not analysed

ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 32 for definition

Table 22(b). Monitoring of gamma dose rates
near Berkeley and Oldbury nu-
clear power stations, 1991

Location Ground No. of pGy h
ype sampling

observa-

tions#
Gamma dose rates at 1 m over intertidal areas
Salmon Lodge Mud 2 0.075
Sevemn House Farm putcher rank  “ 2 0.071
Guscar Rocks * 2 0.080
Lydney Locks “ 2 0.070
Berkeley pipeline “ 2 0.074
Sharpness “ 2 0.067

# See sub-section 3.2 for definition
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Channel, fallout, and possibly include a small
Sellafield-derived component. Apportionment is
difficuls at the low levels detected. Very small concen-
trations of other artificial radionuclides, 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 indistingunishable from the natural
background, thus a calculation based on concentrations
of radionuclides in sediments has been used (Hunt,
1984} to estimate the external exposure of the critical
group of fish and shellfish consumers. Their total
exposure due to liquid waste discharges was low, at
0.008 mSv or 0.8% of the ICRP-recommended princi-
pal dose limit of 1 mSv year!.
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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-canght fish and shellfish.
Our environmental monitoring, therefore, reflects both
these pathways. Gamma dose rate measurements are

supl;brted by analyses of intertidal sediment, and Fucus
vesiculosus is analysed as an indicator material,

Measurements for 1991 are summarised in Tables
23(a) and (b). In fish and shellfish, artificial radioac-
tivity was detected due to the combined effects of
discharges from the station, Sellaficld discharges, and
fallout. Apportionment of the effects of these sources
is difficult because of the low levels detected. Concen-

Table 23(a). Radioactivity in environmental materials near Bradwell
nuclear power station, 1991

Material No. of Mean radioactivity concentration (wet)*, Bq kgt
sampling
observa- Total
tions# beta Lal® 60C, 657 BT Nompp 134y
Bass 1 100 NA ND ND NA ND 038
Flounder 1 91 16 “ “ “ " ND
Whiting 1 120 NA “ “ - “ “
Crabs 1 82 “ 023 = “ “ “
Native oysters 2 91 * 050 80 “ " “
Pacific oysters 1 33 “ ND 1.3 “ 017 ¢
Winkles 2 84 - 068 070 * ND *
Fucus vesiculosus 2 140 “ 078 ND 3.7 " 0.38
Mud 8 710 - 45 - NA . " 23
Material No. of Mean radioactivity concentration (wet)*, Bq kgt
sampling
observa- Pyt M3Cm+
tions# 1310y 15gy Mépy  240py HlAm 22Cm HMCm
Bass 1 22 ND NA NA ND NA NA
Flounder 1 0.99 “ “ “ “ “ “
Whiting 1 15 “ “ “ “ * “
Crabs -1 0.48 « “ “ “ “ “
Native oysters 2 041 “ 0.00062 0.0024 00067 0.000050 0.00044
Pacific oysters 1 0.09 “ NA NA ND NA NA
Winkles 2 0.80 * 0.0049 0.021 0021 000010 0.00086
Fucus vesiculosus 2 21 “ NA NA ND NA NA
Mud 8 29 1.5 " “ “ “ “

NA = not analysed

ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 3.2 for definition

Table 23(b). Monitoring of gamma dose rates

near Bradwell, 1991
Location Ground No. of pGy b
type sampling
observa-
tions#
Gamina dose rates at 1 m over intertidal areas
Pipeline Mud 2 .25
1.5 km east of pipeline “ 2 0.069
Waterside “ 2 0.064
West Mersea “ 2 0.062
Maldon “ 2 0.059
# See sub-section 32 for definition
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trations of artificial radionuclides in sediment and
scaweed 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 affected 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, amount-
ing to 0.009 mSv or 0.9% of the ICRP-recommended
principal dose limit of T mSv year?,
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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 ad-
vanced gas-cooled reactors (AGRs). Discharges are
made via separate, but adjacent, outfalis and for the
purposes-of our environmental monitoring 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 moni-
toring programme therefore includes analyses of fish
and shellfish and gamma dose rate surveys of the inter-
tidal areas. Samples of sediment are also collected and

analysed. Fucus serratus is analysed as an indicator
material. The resulis for- 1991 are given in Tables 24(a)

and {b).

Concentrations of radiocaesinm are attributable 10
discharges from the stations and from Sellaficld, with 2
small contribution due to weapons-test fallout. Appor-
tionment is difficult at these low levels. Trace levels of
cobalt-60 and zinc-65 in some materials 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
amounts of ruthenium-106 were also detecied in shell-
fish, sediment and seaweed. Our monitoring pro-
gramme in the Channel Islands (section 9} shows that
the French reprocessing plant at Cap de 12 Hague may

Table 24(a). Radioactivily in environmental materials near Dungeness nuclear power

stations, 1991

Mean radioactivity concentration (wet)*, Bq kg

Material No. of

sampling

observa- Total

tions# beta 14C Co
Plaice 3 100 24 ND
Cod 2 130 NA "
Bass 1 110. = "

" Shrimps 2 1o« 037
Whelks 3 97 " 0.84
Fucus serratus 2 240 “ 6.0
Mud 2 520 “ 83
Sand 4 200 " 1.6

5P+ Cm+

106Ry lS‘le !SSEu 2381)0 MOPu 241 Am mcm
ND 034 ND NA NA ND NA

" 092 * ® " “ ®

“ 16 * “ " “ “

“ 0l6 = “ " * “

092 ND “ “ " “ “

046 027 “ “ * *

ND 30 20 010 049 034 0029

* 0.i4 ND NA NA ND NA

NA = not analysed

ND - not detected

* Except for sediment where dry concentrations apply
# See sub-section 3.2 for definition

Table 24(b). Monitoring of gamma dose rates
near Dungeness nuclear power
stations, 1991

Location Ground type No. of pGy h'!
sampling
observa-
tions#
Gamma dose rates at 1 m over intertidal areas
Camber Sands Sand 2 0.050
Old Lifeboat Station “ 1 0.047
* Shingle 1 0.038
Pitot Inn Sand 1 0.053
“ Shingle H 0.039
Rye Harbour Mud 2 0.066

# See sub-section 3.2 for definition
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be the source of this radionuclide. The small concentra-
tions of transuranics in silt were similar to levels ob-
served at other sites remote from Sellafield. The critical
group comprises local bait diggers who also eat fish
and shellfish. Gamma dose rates over intertidal
scdiments, measured using portable instruments, were
indistingunishable from the natural background, thus the
external exposure of the critical group has been based
on a calculation using concentrations of radionuclides
in sediment (Hunt, 1984). The fotal exposure of the
critical group due to liquid discharges from Dungeness
was low, at 0.007 mSv or 0.7% of ihe ICRP-recom-
mended principal dose limit of 1 mSv year.
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Table 25(a). Radioactivily in environmental materials near Hartlepool nuclear power

station, 1991

Mean radioactivity concentration (wet)*, Bq kg!

Material No. of

sampling

observa- Total

tions# beta 4c
Plaice 2 87 3
Cod 2 130 NA
Crabs 2 - 76 “
Shrimps 1 84 h
Winkles 2 140 “
Fucus spiralis 2 190 “
Fucus vesiculosus 2 260 “
Mud 4 770 “
Coalfsand 2 150 “

29py+ M0+
wT, 19 18g;  238py ;op,  Mpam Mo
NA 055 ND NA NA ND NA
“ 14 “ “ “ " “
“ 0.37 “ 0.00065 0.0033 0.0027 ND
“ 028 - NA NA ND NA
“ 055 * 00058 0031 0015 0.000050
“ 0.43 “ NA NA ND NA
38 048 0.06 s “ “ “
NA 23 26 “ “ “ "
“ 18 ND “ - “ “

NA = not analysed

ND = not detected

* Except for sediment where dry concenirations apply
# See sub-section 3.2 for definition

Table 25(b). Moniloring of gamma dose rates
. near Harilepool nuclear power

station, 1991
Location Ground No. of pGy bt
type sampling
observa-
tions#
Gamma dose rates at 1 m over intertidal areas
Greatham Creek Mud 2 0.075
Little Scar Coal/sand 2 0.054
North Gare Sand 2 0.056
Paddy’s Hole Mud -2 0.092

# See sub-section 32 for definition

6.4 Hartlepool, Cleveland

This station is powered by twin AGRs. Discharges of
liquid radioactive wastes are made under authorisation
to the North Sea. The critical pathway for radiation
exposure of the public near the station is internal
irradiation foltowing consumption of local fish and
shellfish. Collectors of small coal, which is washed
ashore along this stretch of coast, account for the
highest beach occupancies.

Results of our monitoring programme carried out in
1991 are shown in Tables 25(a) and (b). Concentra-
tions of radiocaesium and transuranics were mainly
due to discharges from Sellafield and to weapons-test
fallont. The radiation exposure of the critical group of
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Tocal fish and shellfish consumers was low, at less than
0.005 mSv or 0.5% of the ICRP-recommended princi-
pal dose limit of 1 mSv year.

6.5 Heysham, Lancashire

This establishment comprises two, essentially separate,
nuclear power stations both powered by AGRs. Dis-
charges of liquid radioactive waste from both stations
are made under authorisation 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 shellfish and external exposure from occupancy
of intertidal areas. Qur monitoring programme in-
cludes analyses of fish and shellfish and measurements
of gamma dose rates over intertidal areas. Samples of
sediment are also analysed, and Fucus vesiculosus is
mounitored as an indicator material. Samphire is also
collected and analysed becanse of its use as a food-
stuff.

The results for 1991 are given in Tables 26{a) and (b).
These mainly reflect discharges from Sellafield; the
effect of discharges from Heysham was not detectable
above this background. The radiation exposure in
1991 to the critical group of fisherinen was 0.11 mSv
(on the basis of ICRP-60: 0.09 mSv} which is well
within the ICRP-recommended principal dose limit of
1 mSv year?, Concentrations of radioactivity in
samphire were of negligible radiological significance.
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Table 26(a). Radioactivity in environmental materials near Heysham nuclear power

stailions, 1991
Material No. of Mean radioactivity concentration (wet)*, Bqkg'!
sampling
observa- Total
tions# beta  4C 0Co gy 57  BNb  PTe WRu 2%5b  13Cs
Flounder 5 120 36 ND NA ND ND NA ND ND 0.56
Plaice 2 120 48 042 ¢ “ “ “ " * ND
Bass 1 150 NA ND “ “ " “ “ “ 033
Whitebait 1 100 “ “ 080 " “ “ “ 0.1
Cockles 4 " “ 1.0 NA “ “ “ 30 0.5 0.04
Mussels 4 92 “ 046  “ “ “ “ 52 062 ND
Fucus vesiculosus 4 500 “ 034 ¢ “ “ 310 057 10 0.19
Samphire 1 41 “ ND “ “ NA ND ND ND
Sandy mud
Half Moon Bay 4 100« 3.2 “ 27 20 “ 55 15 24
Sunderiand Point 4 930 “ 20 “ 1.0 ND “ 25 24 1.7
Conder Green 1 1200 31 “ ND “ “ 58 58 33
Mud
Morecambe Central Pier 1 NA “ 36 “ “ “ “ 55 16 2.8
Tarf
Conder Green 4 1800 * 53 “ “ " “ 31 59 71
Cockerham Marsh 2 990 “ 27 “ " " “ 14 ND 48
Material No. of Mean radioactivity concentration (wet)*, Bq kg'!
sampling
observa- D9py 4 23Cm+
tions# 137 e 1By 15p,  Z3py 240py MAm 4Cm
Flounder 5 39 ND ND ND NA NA ND NA
Bass 1 37 “ « “ “ “ a “
Whitebait 1 22 “ “ " " " 046
Cockles 4 7.8 - 028 007 0338 29 16 0.017
Mussels 4 4.7 * ND ND 017 034 14 0.0039
Fucus vesiculosus 4 22 * o= “ NA NA 1.1 NA
Samphire 1 33 * “ “ " “ 1.0 “
Sandy mud :
Half Moon Bay 4 460 22 53 43 25 110 190 033
Sunderland Point 4 300 - ND 2.5 43 NA NA 110 NA
Conder Green 1 620 % 53 59 “ * 190 “
Mud
TMorecambe Cenural Pier 1 660 “ 6.6 36 “ b 280 “
urf
Conder Green 4 1400 = 88 59 “ * 310 “
Cockerham Marsh 2 600 “ 32 22 “ “ 150 "

NA = not analysed
ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 3 2 for definition

Table 26(b). Monitoring of gamma dose rafes
near Heysham nuclear power sita-

tions, 1991

Location Material No. of pGy h!

sampling

observa-

tions#
Gamma dose rates at 1 m over intertidal areas
Morecambe Central Pier Sandy mud 1 0.080
“ Maussel bed 4 0.079
“ Muddy sand 3 (.088
Half Moon Bay Sandy mud 4 0.10
Pipeline Muddy sand 4 0074
Red Nab Point Sandy mud 4 0.10
Sunderland Point " 4 0.092
Sunderland Mud/sand/stones 4 0.082
Colloway Marsh Salt marsh 4 0.20
Lancaster “ 4 013
Alddliffe Marsh “ 4 0.17
Conder Green Sandy mud 4 0.12
“ Salt marsh 4 0.17
Cockerham marsh Samphire bed 1 0.11
* Salt marsh 4 0.13

# See sub-section 3.2 for definition




6.6 Hinkley Point, Somerset

At this establishment there are two essentially separate
‘A’ and ‘B’ nuoclear power stations; the ‘A’ station is
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 smatl) radiation exposures as a result
of these discharges are those who eat large amounts of
iocally-caught fish and shrimps and spend time on silty
intertidal areas (Doddington et al., 1988). Our moni-
toring programme inclizdes analyses of locally-caught
fish and shellfish, and external exposure is monitored
by means of gamma dose rate measurements, sup-
ported by analyses of sediment. In addition, Fucus
seaweed is monitored as an indicator material.

The results for 1991, presented in Tables 27(a) and (b),
indicate concentrations of radionuclides representing
the combined effect of releases from the stations, from
other establishments which discharge to the Bristol
Channel, from Sellaficld, and from fallout. Apportion-
ment is difficult at the low levels detected. The con-
centrations in shrimps of transuranic nuclides were of
negligible radiological significance. Gamma radiation
dose rates over intertidal sediment, measured using
portable instruments, were indistinguishable from the
natural background with the exception of the measure-
menis at one location close to the station which were
affected by direct radiation. 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
0.008 mSv or 0.8% of the ICRP-recommended princi-
pal dose limit of 1 mSv year?.

Table 27(a). Radioactivity in environmental materials near Hinkley Point nuclear power stations,

1991

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

sampling

observa-  Total DIpy+ 3Cm+

ons# beta MC 35g SN S0Cp  lmpp 1My B0y 1SRy 2Epy  M0py  MpAm M40y,
Flounder 3 140 150 17 ND ND ND 010 12 ND NA NA ND NA
Shrimps 2 89 93 16 “ " “ 004 054 =~ 0.00022 0,0010 0.0012 0.000020
Fucus vesiculosus -2 246 NA 39 28 1.7 021 048 22 * NA NA NA NA
Sand 1 252 ¢ NA ND 056 ND 14 9.0 “ " * * *
Muddy sand 1 432 0+ * 095 11 " 089 16 1.1 “ “ " “
Mud 4 850 “ ND oo1 - 23 39 1.3 “ “ “ *

NA = not analysed

NI = not detected

* Except for sediment where dry concentrations apply
# See sub-section 3.2 for definition

Table 27(b). Monitoring of gamma dose rates
near Hinkley Point nuclear power
stations, 1991
Location Groundtype  No. of #Gy b
sampling
observa-
tions#
Gamma dose rates at 1 m over intertidal areas
0.8 km east of pipeline Mud 2 0.070
0.8 ki west of pipeline * 2 0.15
1.6 km east of pipeline “ 2 0.062
Pipeline “ 2 0.080
River Parrent “ 2 0.067

# See sub-section 32 for definition
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6.7 Hunterston, Ayrshire

This establishment comprises ‘A’ and ‘B’ stations; the
‘A’ station was designed for magnox-type reactors and
the ‘B’ station for AGRs. The ‘A’ station ceased
power production at the end of March 1990, Liquid
radioactive waste discharges are made to the Firth of
Clyde under anthorisation by the Scottish Office,
There are two pathways which contribute to the radia-
tion exposure of the critical group: fish and shellfish
consumption leading to internal irradiation, and occu-
pancy of intertidal areas leading to external exposure.
We regularly monitor, on behalf of the Scottish Office,
samples of fish and shellfish and carry out gamma dose
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rate measurements on the foreshore. In 1991 the
sampling included velvet swimming crabs in view of
the importance of this fishery. Samples of sand are
analysed in support of the gamma dose rate measure-
ments and Fucus seaweed is analysed as an indicator
material. The results of monitoring in 1991 are shown
in Tables 28(a) and (b).

The conc¢entrations of artificial radioactivity in this
area are predominantly due to Sellafield discharges,
the general values being consistent with those to be
¢xpected at this distance from Sellafield. n 1991, 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
products observed in molluscs, seaweed and sand were
mainly due to 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 28(a). Radioactivily in environmenial materials near Hunilerston nuclear power stations, 1991

Mean radioactivity concentration {(wet)*, Bq kg

Material No. of

sampling

observa-  Total

tions# beta MC BCo PCo
Cod 2 120 21 ND ND
Grey mullet 1 126 NA ~ “
Saithe 3 120 *~ " *
Crabs 1 61 “ “ “
Velvet swimming crabs 2 57 * * 044
Nephrops 2 100 - “ ND
Lobsters 1 ot - “ “
Oysters 1 10 " “ 0.28
Winkles 4 90 - 016 83
Fucus vesiculosus 1 350 - 069 15
Fucus spiralis 3 260 “ 064 10
Sand 4 190 = ND 26

239Py 4 M3Cm 4
65211 lwmAg 1340 130 mpu M0py  WAm K204, M0y,
ND ND ND 61 NA NA ND NA NA
“ e e g m e w e
i T R
R 2
» %012 13 0% = e e
“ % ND 44 % = ===
e 2
065 091 * 054 - % &« e
004 23 % 20 0058 024 010 00015 0.0045
ND 048 * 54 NA NA ND NA NA
“ 009 016 53 0087 038 0059 00014 0.0028
“ ND 044 2 NA NA 031 NA Na

NA = not analysed

ND = not detected

* Except for sand where dry concentrations apply
# See sub-section 3 2 for definition

Table 28(b). Monitoring of gamma dose rates
near Hunterston nuclear power
stations, 1991
Location Groundtype  No.of pGyhl
sampling
observa-
tions#
Gamma dose rates at 1 m over intertidal areas
0.5 km notth of pipeline Sand 2 0.051
0.5 km south of pipeline Sand/stones 2 0.069

# See sub-section 3.2 for definition
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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
effluent 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 1991 are shown in
Tables 29{a) and (b).
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Table 29(a).

Radioactivity in environmenial materials near Sizewell nuclear power station,

1991

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

sampling ]

observa-  Total B+ 23Cm+

tions# beta e 80 Mee 1370 1SR, 238%py Ml)Pu 21Am 240,
Cod 1 130 22 ND ND 1.1 ND NA NA ND NA
Plaice 1 84 NA “ “ 067 “ “ “ “
Flounder i 110 “ “ “ 1.3 “ " “ " “
Crabs 3 65 “ 020 035 “ 0.00020 0.001 0.0017 0.000080
Shrimps 1 56 “ ND 054 i.2 " 0.001¢ 0.0045 0.0078  0.000050
Pacific oysters 1 84 “ * ND 056 NA NA ND NA
Wheiks 1 87 - 092 - ND " - “ “ “
Mud 2 720 “ 28 “ 22 0.86 " “ “ “

NA = not analysed

ND = not detecied

¥ Except for sediment where dry concentrations apply
# See sub-section 32 for definition

Table 29(b). Monitoring of gamma dose rales
rear Sizewell nuclear power
station, 1991
Location Ground type No. of pGy h?
sampling
observa-
tions#
Gamma dose rates at 1 m over intertidal areas
Pipeline Sand 2 0.047
Dunwich “ 2 0.044
Rifle range “ 2 0.043
Sizewell Hall 2 0.044
Aldebuorgh 2 0.044
Southwold Harbour Mud 2 0.062

# See sub-section 3.2 for definition

The radioactivity concentrations represent the com-
bined effect of discharges from the ‘A’ station and
from Seilafield, as well as of fallout. Apportionment ig
difficult at the low levels detected. Trace levels of
cobalt-60 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 consum-
ers 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 anthorised by the
Scottish Office. Our investigations, on behalf of the
Scottish Office, have shown that potentially 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 arcas. These pathways form the basis of our
regular monitoring programme (Leonard and Hall,
1989). Samples of fish and shellfish are collected and
analysed, and samples of Fucus vesiculosus are moni-
tored as indicator materials. Measurements are also
made of gamma dose rates over intertidal areas, sup-
ported by analyses of sediment, and beta dose rates on
fishing gear,

Results of this monitoring in 1991 are shown in Tables
30(a) and (b). Concentrations of artificial
radionuclides were mainly due to the distant effects of
Sellafield discharges and to fallout, though trace levels
of activation products were likely to have been due to
discharges from the station. 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 30(a).

Radioactivity in environmental materials near Torness nuclear power station, 1991

Material No. of Mean radioactivity concentration (wet)*, Bqkg™!
sampling
observa-  Total BIpus 3Cm+
tions# beta 19C MM PTc WG lempg 0y 1370 18R, WEpy  U0py Wpm MOy
Cod 2 110 23 ND NA ND ND ND 1.8 ND NA NA ND NA
Crabs 3 g6 NA “ " - “ “ 021 * - “ “ "
Lobsters 2 68 “ “ “ “ “ “ 016 “ " “ " “
Nephrops 4 86 “ “ “ “ “ “ 080 = 0.00060 6.0030 0.0047 0.060020
Winkles 4 91 “ “ “ 082 020 * 029 NA NA ND NA
Fucus vesiculosus 2 230 - 29 13 26 ND “ 058 * “ * “ *
Mud
Dunbar Inner Hatbour 2 510 ND NA ND " 083 28 074 ™ " “ “
Sandy mud
Aberlady Bay 1 740 0" “ “ - - ND 15 ND “ “ “ “
Bamns Ness 1 470 * " “ “ " " 21 * “ * “ "
Evemouth Harbour 1 670 * “ * “ * 29 58 21 “ “ “ *
Sand
Thomiton Loch Beach 2 210 < “ " « “ ND 2.6 027 “ "

NA = not analysed

ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 3 2 for definition

Table 30(b). Monitoring of radiation dose rates
near Torness, 1991

Location Material No. of pSvh!

sampling

observa-

tions#
Beta dose rates on nets
Cove Pots 2 0.14
Dunbar Harbour Nets 2 0.10
Gamma dose rates at 1 m over infertidal areas uGy h!
Bams Ness Mud/sand/stones 2 0.060
“ Rock 1 0.057
Skateraw Harbour  Sand 2 0.053
Thomton Loch Beach * 2 0.047

# See sub-section 32 for definition

6.10 Trawsfynydd, Gwynedd

Discharges from this station are made 1o the freshwater
Lake Trawsfynydd under authorisation of the Welsh
Office and IIMIP. Because of the limited volume of
water avaitable for dispersion they are of greater radio-
logical significance than those from other UK nuclear
power stations which discharge to estuarine or coastal
waters. The critical group is exposed through con-
sumption of fish caught in the lake and external expo-
sure over the lake shoreline; the important radio-
nuclides are those of caesium and, to a lesser extent,
strontium-90Q. Species of fish regularly consumed are
brown trout, rainbow trout and, in 1991, a small
amount of perch. Perch and most brown trout are
indigenous to the lake but rainbow trout, and some-
times brown trout, are introduced from a hatchery.
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Because of the limited period which they spend in the
lake, introduced fish generally exhibit lower
radiocaesium concentrations than those of indigenous
fish (Leonard, 1989).

QOur 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 supported by
analyses of shoreling sediments. As part of our re-
search programme, mud and peat from the take 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 results of our
additional monitoring are reported in section 10. Our
regular programme of monitoring of fish at
Trawsfynydd coatinued during 1991, and is reported
here to present a balanced picture of public radiation
exposures for the whole year. The results of our regu-
lar monitoring are shown in Tables 31(a} and (b).

Discharges of radiocacsium from the power station in
1991 decreased as compared with 1990 (Table 1) and
have.remained within authorised limits. The concen-
trations of caesium-137 in lake water also decreased in
1991; however, concentrations slightly increased in
trout and perch and this may be due to the delayed
effect of higher discharges and water concentrations in
1990 as compared with 1989. Concentrations of
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Table 31(a). Radioactivily in environmental materials near Trawsfynydd nuclear power

station, 1991

Material No.of  Mean radioactivity concentration (wet)*, Bqkg!
sampling
observa- Total
tions# beta MC 35§ S%Mn ®Co ®gr BZr ¥Nb  %Ru  12Sh
Brown trout 12 590 51 64 ND 003 9.0 ND ND ND ND
Rainbow trout 10 130 22 16 “ ND 1.7 * “ * “
Rainbow trout (hatchery) 1 119 NA NA “ “ 34 * “ “ *
Perch 8 1000 43 75 “ “ 54 “ “ “ “
Rudd 1 710 NA NA “ " NA “ “ - «
Eel 2 400 * ND " 034 356 * “ ¥ “
Fontinglis
Afon Prysor 3 170 “ “ “ ND NA “ - “ -
Gwylan Stream 3 3700 * “ 22 20 “ 1.1 - 110 420
Mud
Pipeline (bankside) 2 6000 * # 33 170 “ 45 38 630 1100
Hot lagoon 2 11000 « “ 47 150 “ 11 51 1200 1900
Cold fagoon 2 11000 “ N 14 140 “ 3.1 13 1000 1300
South end of lake 1 1700 ¢ “ ND 9.6 “ ND ND ND 63
Gwylan Stream 3 3200 " “ 23 “ “ “ 45 190
Peat
Near cooling water ontlet 3 3100 “ “ 44 “ * “ 120 520
Hot lagoon 2 2700 * " 54 " " * 130 470
South end of lake 1 Tie - “ " 35 " “ “ ND 72
Cae Adda boat mooring 2 1900 *~ " 1.5 20 “ “ “ 140 330
Bailey bridge 2 000 “ ND 18 “ “ " 94 230
Water
Bailey bridge 4 NA " " NA NA “ NA A NA NA
Cold lagoon 4 “ “ “ “ “ “ “ “ “
Material No.of  Mean radioactivity concentration (wet)*, Bq kg!
sampling
observa- 239py+ M Cm+
tions#  1MCg 130y MCe 134Gy ULSEg WPy 40py MAm Mm@ MCnp
Brown trout 12 100 420 ND ND ND 000036 0.0013 00019 0.00020 0.000035
Rainbow trout 10 29 12 i o “ 0.00018 0.00060 000061 0.00015 0.000015
Rainbow trout (hatchery) 1 1.1 4.5 - “ “ 0.000050 0.00015 0.0025 0.00015 0.000020
Perch 8 180 870 “ “ “ 000011 0.00045 0.00074 0.00017 0.000040
Rudd 1 140 590 *. " * NA NA . NA NA NA
Eel 2 57 330 “ “ “ 0.000070 0.00023 000039 ND 0000020
Fontinalis
Afon Prysor 3 1.8 19 - “ 11 NA NA ND NA NA
Gwylan Stream 3 20 110 32 042 33 * “ 092 * “
Mud
Pipeline (bankside) 2 510 3800 380 25 12 - “ 56 “ “
Hot lagoon 2 690 7100 690 50 35 35 100 150 23 74
Cold jagoon 2 1000 8200 450 25 28 NA NA 71 NA NA
South end of lake 1 54 1200 ND ND ND " “ 21 “ “
Gwylan Stream 3 120 1700 72 “ 20 “ “ 10 “ “
Peat
Near cooling water outlet 3 72 1100 46 10 ND - “ NA “ “
Hot lagoon 2 61 730 86 22 “ 6.2 23 35 28 1.1
South end of lake 1 18 241 ND ND “ NA NA ND NA NA
Cae Adda boat mooring 2 200 1300 46 “ “ “ “ “ * “
Bailey bridge 2 260 1800 57 “ * “ “ “ * “
Water
Bailey bridge 4 0050 016 NA NA A * NA “ “
Cold lagoon 4 0.061 019 * “ “ “ “ *

NA = not analysed

ND = not detected

* Except for mud and peat where dry concentrations apply
# See sub-section 3.2 for definition

Table 31(b). Moniitoring of gamma dose rates
' near Trawsfynydd nuclear power
station, 1991

radiocaesium in fish from the lake due to Chernobyl
are now very smalt compared with those due to dis-
charges from the power station. In 1991, as in previ-

ous years, transuranic nuclides from station discharges

and fallout were also observed in fish; these concen-
trations continued 10 be of negligible radiological

Location Ground No.of - pGy h!
type - sampling

observa-

tions#
Gamma dose rates at 1 m over areas near lake shoreline
Bailey bridge Peat 2 0.085
South end-of lake “ 2 0.084
Cae Adda boat mooring  Mud 2 0.064

significance.

It is estimated that, in 1991, members of the critical
group of fish consumers received 0.11 mSv, which is

# See sub-section 3 2 for definition

well within the ICRP-recommended principal dose
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limit of 1 mSv year!. The exposure has slightly in-
creased when compared with that of 1990 (Camplin,
1992) and this was due to the increased concentrations
in fish. Gamma dose ratcs, 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 incindes
a contribution due to lakeside external exposure based
on a calculation (Hunt, 1984} using radionuclide con-
centrations 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 pathhways
are due to consumption of local fish and shelifish and
to occupancy of intertidal areas. 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 1991
are presented in. Tables 32(a) and (b).

Concentrations of artificial radionuclides were mainly
due to the distant effects of Sellafield discharges
though trace levels of activation products were likely
to have been due to discharges from the station. Data
for 1991 indicates that the radiation exposure of the
critical gronp of high-rate fish and shellfish consum-
ers was low, at 0.007 mSv, or 0.7% 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, meas-
ured using poriable insiruments, continued 1o be
difficult to distinguish from the natural background,
but a small contribution due to external exposure of
the critical group has been included in the above
total; this contribution was based on a calculation
using concentrations of radionuclides in sediments
(Hunt, 1984).

Table 32(a). Radioactivity in environmental materials near Wylfa nuclear power station, 1991

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

sampling :

observa- Total 20py+ #Cm+

tons# beta MC SMp SCo $57n  1i0m Ag 1MCs 17Cs 1SRy BEpy 20py  MAm MOy M4Cm
Plaice 2 98 27 ND ND ND ND ND 30 ND NA NA ND NA NA
Crabs 2 7% NA ¢ 017 * “ “ 16 “ “ “ " * "
Winkles 2 8 “ 020 *“ “ “ 15 “ 0048 024 031 00016 0.00099
Fucus vesiculosus 6 200 “ 058 054 013 017 006 38 * NA NA 017 NA NA
Mud 2 1000 * ND 17 ND ND 25 250 073 71 039 54 0i6 012

NA = not analysed

ND = not detected

*Except for sediment where dry concentrations apply
# See sub-section 3.2 for definiton

Table 32(b). Monitoring of gamma dose rafes
near Wylfa nuclear power station,

1991

Location Ground type No. of sampling pGy h!
observations#

Gamma dose rates at I m over intertidal areas

Amiwch Harbour  Rock 4 0.091

Cemaes Bay Sand 6 0.057

Cemlyn Bay Mud 4 0.083

# See sub-section 3.2 for definition
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7. DEFENCE

ESTABLISHMENTS

We have continned 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, 1992). In 1991,
however, we continued our small programme of moni-
toring of fish and other aquatic materials in surveillance
of discharges to the Thames catchment 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 (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 investigated by
HMIP but, in 1991, we continued a small programme
of fisheries-related monitoring, This included monitor-
ing upstream of nuclear sites on the Thames at
Standlake to indicate background levels remote from
nuclear establishments. Analyses were carried out of

pike, with Nuphar lutea (yellow water lily) and
sediments as indicator materials. In addition, gamma
dose rates were measured on the river bank near the
outfall.

Recent habits surveys have identified anglers as a
potentiat critical group which may be affected by dis-
charges into the river. Their occupancy of the river
bank has been assessed to estimate their external expo-
sures. Consumption of freshwater fish was also consid-
ered but none was found. Nevertheless, it is considered
prudent to include a component in the assessment of the
anglers’ exposure and a hypothetical consumption of
fish at a rate of 1 kg year! was assumed.

The results of the monitoring are shown in Tables
33(a) and (b). The concentrations of artificia! radioac-
tivity detected were very low. Concentrations of
platonium were not significantly different from the
level expected due to fallout. Gamma dose rates were
indistinguishable from natural background. Extemal
exposures were calculated using a model based on
concentrations of radionuclides in sediment (Hunt,
1984). The overall radiologica! significance was very
low: the radiation dose to anglers from occupancy of
the river bank near the ouifall and consumption of fish
would have been less than 0.005 mSv or less than 0.5%
of the I[CRP-recommended principal dose limit of

1 mSv year!.

Table 33(a). Radioactivity in environmental materials from the River Thames catchment in sur-
veillance of the effects of liguid radioactive waste discharges from Aldermaston, 1991

Mean radioactivity concentration (wet)*, Bq kg?

Material Sampling No. of
point sampling
observa-  Total
onst bun MC %S 7o
Pike Standlake 2 98 23 17 ND
Pangboume 2 110 NA NA
Staines 2 110 * ND *
Nuphar lutea  Pangboume 1 443 NA
Staines 1 45 = * i2
Muad Pangbourne 1 260 * * ND
Staines 1 430 = * 25

BIpys
sto,  0C,  19Cg  1%E,  28py 240py Mg
ND ND 0.17 ND 0.000017 000011  0.00017
“ “ 091 * 0.000035 000016 0.00013
“ . 057 =« NA NA ND
“ 0.28 18 0.04 “ “ *
0.30 0.12 0.75 ND “ “ “
ND 12 15 “ - “ “
- 1.9 5] - - “ -

NA = not analysed

ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 3.2 for definition

Table 33(b).

Monitoring of gamma dose rafes

near Aldermaston, 1991

Ground
type

Location

Gamma dose rates at 1 m over river bank

Pé.ﬂgboume. Grass

No. of pGy bt
sampling

observa-

tions#

1 0.052

¥ See sub-section 3.2 for definition
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- 7.2 Naval establishments

Liquid wastes containing small quantities of radioac-
tivity are discharged from the establishments at
Devonport, Faslane and Rosyth under authorisation/
agreement with the relevant Aunthorising Departments
(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 Holy Loch
{sub-section 2.1). Monitoring near Chatham also
continues in surveillance of the effects of past dis-
charges.

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. Our regular assess-
ments of doses to critical groups 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 shelifish. We regularly carry out measure-

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

Results of monitoring in 1991 are presented in Table
34, The small concentrations of cobalt-60 mainly
reflect discharges from the establishments; levels of
radiocaesium are mainly due to discharges from
Sellafield. Gamma dose rates over intertidal
sediments, directly measured using portable instru-
ments, remained indistinguishable from the natural
background, such that public radiation exposure has
been estimated by calculation based on concentrations
of radionuclides in sediments (Hunt, 1984) as well as
on occupancy times from habits surveys. In 1991, the
exposure of critical groups, including the effects of
other sources and taking account of consumption of
marine foods and occupancy times, continued to re-
main low near all of these naval establishments, at less
than 0.02 mSv year'. This represents less than 2% of
the ICRP-recommended principal dose limit of 1 mSv
yearl,

Table 34. Radioactivity in environmental maierials and gamma dose rates near naval establish-

mentis, 1991 :

Establishment Material No. of Mean radioactivity concentration (wet)*, Bq kgl Gamma dose rates
sampling at I mover
observa- Total DPpy4 Cm+ intertidal areas
tions# bela %Co 110mAg 13§p 1MCs 137Cs M4Ce 1Bg PPy WPy MAm #Cm MCm

No.of pGyh'l
sampling
observa-

tions#

Chatham Mud 3 690 38 ND ND 064 16 ND 059 NA NA ND NA NA 5 0.060

Devonport  Mussels 2 50 021 “ “ ND 050 * ND ¢ “ “ " “

" Fucus

vesiculosus 2 NA 020 * “ " 015 “ “ “ “ “ “ *

“ Mud 6 - 055 * “ “ 52 * 14 0024 050 016 ND ND 12 0.069

Faslane Winkles 1 110 58 066 * “ 25 = ND NA NA ND NA NA

* Mud 2 NA 45 15 49 18 77 22 15 ¢ “ 049 * * 10 0.062

Rosyth Crabs 2 “ ND ND ND ND 025 ND O11 ¢ * ND * *

“ Fucus

- vesiculosus 2 “ “ “ * * 08 - ND ¢ “ 01z - "
" Mud ) 3 Y (B “ " 1.3 33 * Dgo “ “ ND % “ 10 0.062
Holy Loch Muddy sand 2 NA 20 * “ 046 20 “ ND * “ " “ “ 12 0.062

NA = not analysed

ND = not detected

* Except for sediment where dry concentrations apply
# See sub-section 32 for definition
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AMERSHAM
INTERNATIONAL PLC

8.

This company manufactures radioactive materials for
use in medicine, research and indusiry. The compa-
ny’s principal establishment is located in Amersham,
Buckinghamshire, from which radicactive 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 the HMIP
(HMIP, 1992). However, in 1991, we continued our
small programme of fisheries-related monitoring in
connection with discharges of liquid radioactive wastes
to the Thames and its caichment, Resulis 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 1991, we continued our small programme of
monitoring of fish and other aquatic materials in
surveillance of the effects of these discharges, includ-
ing monitoring at Standlake on the Thames which is
remote from nuclear establishments. Analyses were
carried out of pike and perch with Nuphar lutea
{yellow water lily) and sediments as indicator materi-
als. In addition, gamma dose rates were measured on
the river bank near the outfall.

Recent habits surveys have identified anglers as a
poiential critical gronp which may be affected by
discharges into the canalfriver system. Their occu-
pancy of the river bank has been assessed to estimate
their external exposuares. Consumption of freshwater
fish was also considered but none was found. Never-
theless, it is considered pradent to include a component
in the assessment of the anglers’ exposure and a hypo-
thetical consumption of fish at a rate of 1 kg year! was
assumed.

The results of the monitoring are presented in Tables
35(a) and (b). The concentrations of radioactivity
detected were very low. Concentrations of some

Table 35(a). Radioaclivily in environmental materials from the River Thames catchment in surveil-
lance of the effects of liguid radioactive waste discharges from Amersham, 1991

Material Sampling point No. of Mean radioactivity concentration (wet)*, Bqkg!
sampling
observa-  Total BIpy+
tionsi# beta MC 3§ HMn Co WCo ®Co Zn 13Cs WCs I5SEn PPy 20py  NlAm
Pike Standlake 2 98 23 77 ND ND ND ND ND ND 017 ND 0000017 000011 0.00017
Grand Union Canal 2 130 96 31 *« 002 = - - " 056 * NA NA ND
Staines 2 110 NA ND * ND *“ " “ “ 058 = " " N
Perch Grand Union Canal 1 140 % NA * 037 * “ 072 = 096 “ “ “ *
Nuphar ltea  Grand Union Canal 1 5 % * Qi 1 17 ¢ 060 * a1 - “ “ *
Staines 1 45 * * ND 12 030 €12 ND * 075 ¢ “ * *
Mud Grand Union Canai 1 190 =« =« = 25 45 079 36 061 12 067 * “ "
Staines 1 430 = = o« 25 ND 19 ND ND 51 ND * “ *
Muddy sand  FraysRiver, Yiewsley 1 a0 « = @ 33 ¢ 044 073 0467 18 19 * “ *

NA = not analysed

ND = not detected

* Except sediment where dry concentrations apply
# See sub-section 3.2 for definition

Table 35(b). Monitoring of gamma dose rates
near Amersham, 1951

Location Ground type No. of pGy bt
- sampling
observa-
tons#
Gamma dose rates at 1 m over canal bank
Grand Union Canal  Grass 1 0.044

# See sub-section 32 for defmition

radionuclides were slightly enhanced close to the
outfall, but the overall effect was of very low radio-
logical significance. Gamma dose rates were indistin-
guishable from natural background. External expo-
sures were calcnlated using a model based on concen-
trations of radionuclides in sediment (Hunt, 1984). If
any fish were eaten, the radiation dose, including that
due o 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'.
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Table 36(a).

Radioactivily in environmental materials near Cardiff, 1991

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

sampling

observa- Total

tions# beta®  MC ey 131y 40y 1370y 1558y
Ftounder 4 320 810 12 ND ND 047 ND
Mussels 1 360 1200 NA * “ 071 “
Fucus serratus i 150 18 “ 1.3 “ 0.28 “
Fucus vesiculosus 2 190 NA “ ND “ 0.38 “
Fucus spiralis 3 130 19 25 22 “ 0.28 0.72
Mud 3 990 13 NA ND 1.4 41 ND
Sandy mud 1 330 17 * * ND 54 “

NA = not analysed
ND = not detected
* Except sediment where dry concentrations apply

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

# See sub-section 3.2 for definition
by this radionuciide
Table 36(b). Monitoring of gamma dose rates
near Cardiff, 1991
Location Ground No. of uGy hl
type sampling
observa-
tions#
Gamma dose rates at 1 m ever intertidal areas
East of pipeline Mud 2 0.071
West of pipeline 2 0.061

# See sub-section 32 for definition

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 radioactive wastes from
this establishment to a sewer discharging into the
Severn estuary.

Our monitoring programme, carried out on behalf of
the Weish Office, reflects the two potentially critical
pathways due to consumption of marine foods and to
exiernal exposure over muddy intertidal areas. Meas-
urements of external exposure are supported by analy-
ses of intertidal sediment, and Frcus scaweed 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 fallout, other
establishments which discharge small amounts of
radioactive wastes to the Severn estuary and the Bristol
Channel, and possibly to discharges from Sellafield.

The results of monitoring in 1991 are presented in
Tables 36(a) and (b). Of the separate radionuclides
listed, only carbon-14 and sulphur-35 were discharged
by this establishment in 1991; the presence of the
other radionuclides was therefore due to the combined
background 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
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of the critical group of fish and shellfish consumers
including external irradiation was 0.02 mSv or 2% of
the ICRP-recommended principal dose limit of 1 mSv
year!. The external irradiation of the critical group
was calculated on the basis of concentrations of
radionuclides in sediment (Hunt, 1984). Gamma dose
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 Channel Islands
was carried out in 1989 and an assessment of the
radiological significance of artificial radionuclides in
marine pathways was made (Leonard et al., 1992),
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.

We have continued to analyse marine environmental
samples provided by the Channel Isiands Statcs,
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 internat irradiation pathway; sediment
is analysed with relevance to external exposures.
Seaweeds are sampled as indicator materials and
because of their use as fertilisers.

The results for 1991 are given in Table 37. Concentra-
tions of caesium-137 in fish and shellfish were low and
generally similar o those in previous years. Appor-
tionment to different sources, including fallout, is
difficult in view of the low levels detected. The pres-
ence of transuranics and ruthenium-106 in environmen-
tal materials may be attributed to discharges from the
plant at Cap de la Hague. However, the concentrations
of artificial radionuclides in each of these materials
continued to be of negligible radiological significance.
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Table 37. Radioactivily in environmental materials from the Channel Islands, 1991

Material Sampling area/ No. of Mean radioactivity concentration (wet)*, Bq kg!
- landing point s%r;lphng Towl — -
obserya- o
tions# beta MC  SMMn %Co Za  1%Re Mg W lmy
Rays Guemsey? 1 99 NA ND ND NP ND NA NA ND
Crabs Guem‘s"t:y2 1 56 " - 3.0 “ “ “ “ 0.57
Jersey 1 88 “ “ 08y ~ 16 “ “ 0.70
Aldemney!
Casqueis 3 69 26 “ 20 0.11 ND “ 0.87 0.15
Lobsters Guemsey? 1 61 NA “ 052 ND “ “ NA ND
ersey? 1 81 “ * 068 = “ “ “ 15
Aldemey!
Casquets 1 510 - " 066 ~ “ . “ ND
QOysters Jersey? 1 90 " “ 062 * 20 “ “ 21
Limpets Guemgey! 1 92 “ * 068 “ ND “ “ ND
Jerse
La Rozel 1 ‘140 “ * 082 * “ “ “ 0.26
Aldemey East 1 100 “ - 1.9 - “ “ “ ND
Omers Guemsey! 1 180 = “ 1.2 “ “ “ -
Porphyra Aldemey!
Quenarcl Point 3 160 “ 002 063 * 20 “ “ “
Guemsey
Fenqam Bay 4 126 = ND 015 = 0.53 “ “ *
Jersey
Greéve de Lecq 3 190 " * 037 * 1.8 “ “ "
Fucus serratus Guermsey!
Corbiere i 280 “ * 3.1 “ 1.0 " “ “
Guemsey’ :
Fem}am Bay 4 170 “ “ 1.7 “ 1.0 0.11 “ “
Jerseﬁ
02%1 4 280 “ 0.08 34 “ 16 034 “ “
Aldemey
Quenard Point 4 280 “ 013 35 “ 1.7 023 “ “
Laminaria digitata~ Jersey!
Verclust 4 350 * ND 028 *“ 1.0 NA - "
Mud Jersey! )
St Helier 1 610 “ 25 32 “ is “ “ "
Sand Guemsey!
ooy 1 3% “ ND 14 * ND - . “
Aldeme ’
l..ittlcC‘:abbe ’
Hatbour 2 430 “ 07 9.0 “ 70 “ “ “
Matenal Sampling area/ No. of Mean radioactivity concentration (wet)*, Bg kg
landing point  sampling 7
Pl ms, W By R Py Wy MAn  dgm  MGmT
Rays Guemsey> 1 ND 078 ND ND 000014 000050 000093 ND  0.000020
Crabs Guerngey" 1 “ 0.14 “ n 00011 00016 0.0060 0.000050 0.0021
.Lelrjey . 1 “ on ¢ “ 0.0016 Q00290 0.0053 0.000040 0.0014
CIne!
Casquits 3 “ 005 % % 00011 00017 00057 ND 00022
Lobsters G\:e:mge},r2 1 - ND o “ 000063 00021 0.0029 0.00011 0.00050
.kzlré:y . 1 " * “ “ 0.0012 0.0031 00093 0.00010 0.0021
ne
Casquats 1 » =« 000095 00020 0021 000039 0.0085
Oysters Jersey? 1 “ (11 % R “ 6012 0019 0.021 0.00016 0.0046
Limpets JGuemgeyl 1 - ND “ “ NA NA ND NA NA
erse:
La ﬁozel 1 “ 008 ¢ “ 0.0072 0013 0.020 000012 0.0049
Aldemey
East 1 - 042 0.012 0.014 06.026 000017 0.010
Omers Guemsey! 1 “ ND 4 NA NA ND NA NA
Porphyra Aldemey!
Quenard Point 3 - 0021 * “ - “ “ “ “
Guemnsey
Fermain Bay 4 “ 0013 * “ “ " * " *
Jersey!
Grevede Lecq 3 * 0118 - “ “ “ b " *
Fucus serratus Guemsey!
Corbiere 1 618 0.27 " “ “ “ “ " *
Guemsey! .
3 Ferlqam Bay 4 ND 007 006 0.019 0.031 0.014 0.00012 0.0036
ers
A}cﬂ: oz‘il 4 018 021 “ ND 0.053 0.074 0.034 0.00024 0.0097
e
Quena¥d Point 4 ND 022 * 0.10 0.040 0.056 0.032 0.00035 0.0097
Laminaria digitata  Jersey!
Veiciot 4 003 023 = 004 NA NA ND NA NA
Mud Jersey!
St I‘yleller 1 22 62 1.8 2.6 L3 2.7 4.1 0.058 098
Sand Guernsey! '
Bordeaux
Harbour 1 ND 23 ND ND 0.096 0.36 031 0.0027 0.065
Aldemey!
Little Crabbe
Harbour 3.0 38 030 1.1 NA NA 0.56 NA NA
7= ;
£ Lot
=
D = not detcgfeeg .
concentrations apply

* ? diment whe;
¥ oo Shotmenl ey e dry o
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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 1991, but at a reduced scale of
effort. Parts of the freshwater environment continued
to show the effect of fallout from Chemobyl. The
results of our additional monitoring for 1991 are pre-
sented in this section. Sampling locations were mostly
in areas of relatively high deposition of fallout from
Chemnobyl, namely Cumbria, North Wales and parts of
Scotland. Samples from areas of low deposition in

England were also obtained for completeness and
comparison. Monitoring in Northern Ireland and the
Isle of Man was discontinued in view of the low levels
detected in recent years.

Table 38 presents 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 one to about twenty-five, depending
on availability and radiological importance. The
maximum concentrations measured in samples from a
given location were generally a factor of three to four
times greater than the average value, Artificial
radionuclides, other than those of radiocaesium, in
1991, were no ionger detectable from the Chernobyl
accident.

Table 38. Caesium radioaciivity in freshwater fish, 1991

Location Species No. of Mean radioactivity
samples concentration (wet),
Bqkg?!
1340y 137Cy
England
Branthwaite Rainbow trout 1 ND ND
Narborough “ 1 “ “
Ennerdale Water ‘Brown trout 21 16 49
“ Char 12 0.67 21
Loweswater Brown wout 8 23 32
" . Pike 1 7.8 99
* Perch 10 4.6 57
“ Bel 1 44 45
Devoke Water “ 1 61 670
“ Brown troui 11 0.80 23
River Teme Chub 1 ND 0.18
River Bsk Salmon 1 “ 1.4
“ Sea tront 1 " 6.7
River Derwent “ 1 “ 19
River Duddon “ 2 “ 14
River Ehen “ 1 0.15 12
River Kent “ 1 037 37
River Calder Brown trout 1 4.6 51
Wales
Llyn Trawsfynydd Brown trout 130 110 440
“ Rainbow trout 10 29 12
" Perch 59 190 900
“ Rudd 1 140 590
“ Eel 2 57 330
Llyn Goddionduon Brown trout g 68 68
Scotland
Loch Dee, Durmndries and Galloway Brown trout - 17 19 180
Loch Garry, Tayside region - 1 5.0 73
“ ' Char 1 ND 49
River Almond Rainbow trout 1 “ ND
River Annan Salmon 1 * 0.42
“ Sea trout 2 “ 8.6
Loch Leven, Glencoe Salmon 1 - 1.4
River Tay ® 1 “ ND
“ Sea trout 1 “ “

ND = not detected
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Concentrations of radiocacsium in freshwater fish
varied widely between locations, reflecting the areas of
deposition of radioactivity from Chermnobyl. Most
samples analysed were of brown trout, in recognition
of the potential radiological significance of this spe-
cies; although rainbow trout are more commonly
eaten, their radiocaesium concentrations were gener-
ally low compared with wild brown trout, becanse
rainbow trout are mostly hatchery-reared and fed on
relatively uncontaminated food prior to release. Perch
and eels had the highest concentrations of any of the
freshwater species but, as they are not eaten in large
quantities, their radiological significance is low.

Where there are data for the same species and locations
to compare with results for 1990 (Camplin, 1992) 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 1991 than those in 1990, continuing the reduc-
ing trend that began in the latter part of 1987
(Camplin, 1992). Figure 5 shows a plot of mean totat
radiocaesium concentrations in brown troot from
Ennerdale Water against time. In recent years, the rate
of decline has reduced and 11 is likely that levels have
now become more stable, The exception io this trend
in radiocaesium concentrations at Trawsfynydd has
been discussed in sub-section 6.10.

12007

—_
o
=]
<

8001

6001

Bq per kilogramme (wet)

x4 Ey
Q [=]
2.2

89 90 91 92
Time (years)

1986 87 88

Figure 5. Mean total eaesium in brown troui
musecle — Ennerdale Water, 1991

Radiation exposures have been estimated using a
procedure based on cautious assumptions, as previ-
ously (Camplin, 1992). A consumption rate of brown
trout of 37 kg year™1, sustained for one year, was taken
10 be representative of adults subject to the highest
exposures. Actual exposures are likely to be lower, not
only because this consumption rate is cautious
(Leonard et al., 1990) but also because, in practice,
haichery-reared or farmed fish of much lower
radiocaesium concenirations 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 for ingestion,
provided as described in sub-section 3.3. Estimates of
dose are presented in Table 39.

Table 39. Estimales of maximum dose* from
Chernobyl to adults due to con-
sumptiion of freshwater fish from
areas of high deposition of fallout,

1991
Region Location Exposure, mSv
ICRP-26+ ICRP-60#
England Eanerdale Water 0.025 0.025
Wales Llyn Goddionduon 0.037 0.037
Scotland Loch Dee 0.10 0.10

* These data are likely to overestimate actual exposures. See text for
a description of the bases of the estimates
+ Committed effective dose equivalent for comparison with current
dose criteria
# Committed effective dose calculated using methodology of ICRP-60

The ICRP (ICRP, 1984(b)) provides guidance in the
context of emergencies, which includes suggested
leveis 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. 1991
was ontside this period but, as was the case in 1990,
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 cantions, it is clear that contamination of freshwa-
ter fish from fallout from Chemnobyl 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 ez al.,
1986). The more significant contribution to coHective
dose, but still of low importance, was from consump-
tion of marine fish, as considered in sub-section 4.1.1.

11. NATURAL
RADIONUCLIDES

In view of the radiological importance of natural
radionuclides to fish and shellfish consumers _
(Pentreath er al., 1989; Rollo et al., in press) we have
begun a limited programme of monitoring these
radionuclides in the UK marine environment. Previous
surveys (Rollo et al., in press) have established that an
important source is the Albright and Wilson chemical
plant at Whitehaven in Cumbria which has manufac-
tured phosphoric acid from imported phosphate ore.
Phosphogypsum, a waste product of this process, has
been discharged as a liquid slurry by pipeline to
Saltom Bay. The discharge is anthorised by HMIP and
contains low levels of natural radioactivity consisting
mainly of thorium, uranium and their danghter products.
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Discharges are expected to be substantially reduced
during 1992 due to changes in waste ireatment tech-
niques and the cessation of use of phosphate ore.

The results of MAFF monitoring for natural radioactiv-
ity near the site prior to 1991 are being published
{Rollo et al., in press). Tables 40(a) and (b) show the
results for 1991. The data have been separated into
those samples collected from the Irish Sea and those
collected from ¢lsewhere. The former may be affected
by discharges from Whitehaven whereas the latter can
be considered to be at background levels. Analytical
effort has focussed on polonium-210 which tends to
concentrate in marine species. Concentrations of
polonium-210 and other natural radionuclides are
enhanced near the site but quickly reduce to back-
ground levels further away. The critical radiation
exposure pathway is internal irradiation, due to the,

ingestion of natural radioactivity in local fish and
shellfish. The critical group consists of people who
consume seafood collected from Saltom Bay and
Parton. A preliminary assessment indicates a dose of
approximately 0.5 mSv in 1991 on the basgis of ICRP-
26 from the enhanced concentrations of natural
radionuclides taking into account background concen-
trations. However, this would fall on the basis of
ICRP-60 to approximately 0.27 mSv. The dose results
mainly from the consumption of winkles containing
polonium-210 and is within the ICRP-recommended
principal dose limit of 1 mSv year!. The fish and
shellfish consumed by the critical group also contains
artificial radionuclides due to Sellafield discharges.
The additional exposure due to artificial radionuclides
has been calculated using data from sub-section 4.1.
In 1991 these exposures were small adding 0.03 mSv
(ICRP-26 and ICRP-60) to the doses above.

Table 40(a). Natural radioactivity in fish and shellfish from the Irish Sea, 1991

Material Sampling point No. of Mean radioactivity concentration (wet), Bq kg
sampling
observa-
tions# 20p, 226R, 28Ty 20Tp W By 33 23813
Winkles Saltom Bay 4 350 NA NA NA NA NA NA NA
Parton 4 120 29 092 28 072 15 057 14.55
North Harrington 4 86 NA NA NA NA NA NA NA
Fleswick Bay 4 54 - " " - “ “ *
Nethertown 11 34 “ “ “ “ “ “ “
Southemess 3 25 - “ “ “ “ “ “
Tam Bay 5 23 - « * “ “ “ "
Mussels Parton 2 390 *~ * “ “ “ “ "
Nethertown 4 95 * - ° " " “
Whitehaven Inner Harbour 1 750 * “ “ “ “ " *
Ravenglass 4 64 “ " " * “ “ “
Whelks Parton i 89 ND “ " “ 030 0012 027
Cockles Ribble 1 21 “ 071 081 037 NA NA NA
Wirral 3 18 - NA NA NA * “ “
Crab Parton 3 44 0.26 0.13 0,068 0011 0.10 0.0052 0.096
Cod Parton 3 1.6 ND 0.017 0.0032 000044 0,0053 0.000300.0050
Bass Ribble 1 NA NA 0.0027 0.00096 0.0010 NA NA NA

NA = not analysed
ND = not detected

# See sub-section 32 for definition

Table 40(b). Natural radivactivity in fish and shellfish from areas other than the Irish Sea, 1991

Mean radicactivity concentration {wer), Bqkg!

Material Sampling point No. of
sampling
observa-
tionsi# 2Wpy  26R,
Winkles Tomess 4 13 0.080
Sandside Bay 4 18 NA
Fort William 1 30 “
Kinlochleven 1 38 “
Mussels Wash 3 56 “
Fort William 1 Kk “
Kinlochleven 1 61 “
Crab Tomess 3 17 0.030
Lobster “ 2 52 ND
Cod Mid-North Sea 3 028

2287y, 20TH 232Th B4y 1575 238y
0.089 0.038 0.063 0.71 0.024 0.62
NA NA NA NA NA NA
0.040 0.0084 0.010 0.055 00017 0.046
0.0096 00026 0.0014 0.040 0.0015 0.035
0.0054 000081 0.00097 00045 0.0002 0.0039

NA = not analysed
ND = not detected

# See sub-section 3.2 for definition
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12, SUMMARY AND
CONCLUSIONS

A summary of estimated public radiation exposures in
1991, relating to liquid radioactive waste discharges
from nuclear establishments, is presented in Table 41.
The exposures are expressed on two . Foreach
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,
i.e. 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 1991.
However, using ICRP-60 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 3.3). For Sellafield and Springfields (sub-
sections 4.1 and 4.2), it has been shown that, when
committed effective doses are calculated due to dis-
charges in 1991, the doses are much less than those in
Table 41. At other sites, committed effective doses,
from-discharges in 1991, would also be less than or
equal to those in Table 41, 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 1o
radiocaesinem and transuranic radionuclides. Details
are given in sub-section 4.1. Exposures of high-rate
fish and shelifish consumers due to artificial
radionuclides near Scllafield decreased slighily in
1991, as compared with 1990, due to decreases of
transuranic nuclides in shelifish. There was no signifi-
cant change in fish and shellfish consumption rates by
the group of high-rate fish and shellfish consumers
near Sellafield in 1991. 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 year! level. Further
reductions in discharges of radiologically significant
nuclides are planned when the enhanced actinide

59

removal piant {EARP) commences operation, sched-
uled 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.

Exposures of the externally-exposed group of house-
boat dwellers in the area of the Ribble estmary de-
creased from 0.18 mSv in 1990 10 (.15 mSv in 1991,
This was due fo a general reduction in dose rates over
sediments foliowing the earlicr decreases in discharges
of radiocaesium from Sellafield.

The maximum skin exposures in 1991 of 1.5 mSv were
in the Ribble estuary. The dose limit for non-
stochastic {deterministic) effects is 50 mSv year.

This exposure is therefore less than 3% of the relevant
dose limit.

Near Trawsfynydd, concentrations of radiocaesium in
fish from the lake slightly increased in 1991, following
eazlier increases in discharges. As a consequence, '
exposures of the high-rate fish consumers increased
from 0.09 mSv in 1990 {0 0.11 mSv in 1991, thongh
the increase was small. These doses are well within
the dose limit for members of the public.

In this year’s report we have included an assessment of
the exposures due to natural radioactivity. These are
enhanced above normal levels due io discharges from
the Albright and Wilson factory at Whitehaven, Cum-
bria. Exposure of the critical group of fish and shell-
fish consumers, due to enhanced concentrations of
natural radionuclides, on the basis of current recom-
mendations for dose coefficients for ICRP-26 was
approximately 0.5 mSv. However, this would fall on
the basis of ICRP-60 to approximately 0.27 mSv.
These doses are within the 1 mSv limit for members of
the public. The additional dose received by the critical
group due to artificial radionuclides from the Sellaficld
site was 0.03 mSv (ICRP-26 and ICRP-60). Details are
given in section 131. Discharges from Albright and
Wilson are expected 10 be substantially reduced during
1992 due to changes in waste treatment techniques and
the cessation of use of phosphate ore. The exposure
from enhanced concentrations of naturat radionuclides
to the Sellaficld fish and shellfish consumers was 0.21
mSv (on the basis of ICRP-60: (.11 m$v).

The effects of fallout from the Chemobyl accident are
now difficult to detect in the marine environment of
the UK. The continuing effect of fallout from
Chernobyl on the freshwater environment is described
in section 10; concentrations of radiocaesium have
generally diminished in 1991 and conservative esti-
mates of exposures were, as before, within 1 mSv year®.

As in previous years, collective doses have also been
congidered. The most significant radioactive waste
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Table 41. Summarised estimales of public Fadiation exposure from discharges of liquid radioactive

waste in the UK, 1991
Establishment Radiation exposure pathway Critical group Exposure, mSv
ICRP-26+ ICRP-60*
British Nuclear Fuels ple
Sellafield and Drigg* Fish and shellfisk consumption Local fishing community 0.15 0.11
Extern . Houseboat dwellers (River Ribble)  0.13 0.13
Handling of fishing fear Local fishing communil 0.18# 0.184#
Porphyraflaverbread consumption Consumers in South Wales <0.005 <0.005
Springfields External Houseboat dwellers (River Ribble}  0.157 0.15%
- Wildfowlers (20 0.03%
. (skin) “ 1.5 1.54
“ Anglers 0.02° 0.03b
Capenhurst Shellfish consamption Local fishing community 0.04% 0.03¢
Chapelcross Fish anc{ shellfish consumption ] Local fishermen 0.02¢ 0.02°
lema X
Extemal Wildfowlers 0.01° 0.014
Handling of fishing gear Local fishermen 0.12#° 0.1244
United Kingdom Atomic Energy
Authority
Harwell Fish consumption ] Anglers 0.004 0.004
Extemal
Winfrith Fish and shellfish consumption Local fishing community 0.009 0.009
Dounreay Handling of fishing gear Local fishermen 0.014° 0.01#°
. External Local community 0.006® 0.006"
Fish and crustacean consumption Local fishing community <(.005° <0.005®
Mollusc consumption Mollusc collectors 0.01* g.01*
External
Nucdlear Power Stations Operated
by the Electricignf:ompanies .
Bérkeley and Oldoury Eﬁf“ 1;!:‘1 shellfish consumption ] Local fishing community 0.008® 0.008®
' tel
Bradwell Fish and shellfish consumption ] Houseboat dwellers 0.009% 0.009%
External
Dungeness External ] Bait diggers 0.007 0.007
Fish and shellfish consumption
Hartlepoot Fish and shellfish consumption Local fishing community <0.005% <0.005%
Heysham Shelifish consumption ] Local fishermen 0.114 0.00%
Extemal
Hinkley Point Ié'xsh ;‘-;dl shellfish consumption ] Local fisking community 0.008" 0.008®
Xiel
Hunterston Ei;h am% shellfish consumption ] Local fishing community 0.01¢ 0.014
ternal
Sizewell E’;sh mﬁ shellfish consumption ] Local fishing community <0.005° <0.005®
tern,
Tomess E’;sh ar;(i shellfish consumption ] Local fishing commaunity <0.005% «0.0054
tem:
Trawsfynydd Fish consumption } Local fishing community 011 0.1
External
Wylfa Fish and shellfish consumption } Local fishing community 0.007¢ 0.006%
Exiernal
Defence Establishments
Aldermaston Fish consumption ] Anglers <0.005 <0.005
Extemal
Chatham External Houseboat dwellers 0.007 0.007
Devonport Fish and shellfish consumption ] Local community <0.005 <0.005
External
Faslane Fish and shelifish consumption ] Anglers 0.01¢ 0.01¢
Extemal :
Rosyth External Dredgermen 0.005% 0.005¢
Holy Loch External Local community <0.005% <0.005%
Amersham International plc
Amersham Fish consumption ] Anglers <0.005 <0.005
Extemal
Cardiff Fish and shellfish consumption ] Local fishing community 0.02 0.02
Extemnal
Albright and Wilson Ltd
Whitehaven® Fish and shellfish consumption Local fishing community 0.52 027
+ Unless otherwise slated, represents the committed effective dose equivalent, to be compared with the ICRP-re nded principal dose limit
1 mSv year or with ; h i pended principal dose imit of

Parthy due to discharges from Se

# T R

See text for a comparison in

*®

i
© Tﬁese estimates include the effects of enhanced concenirations of natural radionuclides but exclude a small contri

Unless otherwise stated, represents commitied
doses should not be sirictly compared with the

id

tant cases

wral r

the subsidiary limit of 5 mSv year” provided the lifetime average does not exceed 1 mSvgcaf
¢ 10 skin, to be compared with :h?'lCRP-recmrrI:ended dose tu“rfz& of 50 me year! {see sub-section 3.3)

Mainly due to discharges from Sellafield

These estimates include the effects of discharges from Drigg but exclude the
ible. The exposure due to enhanced concentrations of nat

Fective dose calculated using methodology of ICRP-60 (see sub-section 3 3). Mgn)vlg these
e limit of 1 mSv year” because there is a significant contribution dug 1o past disc

effects og natural radionuclides. <
in 1981 was 0.21 mSv (on the basis of ICRP-60: 0.11 .
bmw_%;om the effects of artificial

ges.

. The contribution due to Drigg is neg-
s/

radionuclides from other sites. The exposure due fo artificial radionuclides in 1991 was 0.03 mSv (ICRP-26 and ICRP

60



discharges giving rise to collective dose were those
from Sellafield, 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. Our pre-
liminary assessment of the collective commiited effec-
tive dose equivalent to the UK population in 1991 was
7 man-Sv, slightly less than the value for 1990 (10
man-3v). For the population of other European coun-
tries, excluding the effects of the Chernobyl accident
on Baltic Sea fish, the preliminary collective commit-
ted effective dose equivalent was 25 man-Sv in 1991,
also less than the value for 1990 (37 man-Sv). The
decreases reflect the reductions in discharges from
Sellafield over the past decade and the decreased
contribution from Chemobyl. It is estimated that the
effects of the Chernobyl accident on Baltic Sea fish
could have added a further 100 man-Sv to the collec-
tive dose to other European countries in both 1990 and
1991.
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APPENDIX 1. Areas of work related to the monitoring
programme and staff responsibilities

Area of work Staff

1. Inspection of nuclear sites G J Hont
B D Smith
S W Conney
F Skelding
W Hendrickson
N Wood

2. Management of the monitoring programme and fieldwork D R P Leonard
C 1 Gough
P Caldwell
JD Parr
JR Tipple
R I Woodhead
T M Jeffs

3. Asscssment of radiation exposure W C Camplin
T E Eaton
A J Baxter
SFNRollo
T C Doddington
L M Thurston
L. Duckett

4. Analysis of samples G A Sutton
A Taylor
P A Smedley
D J Coles
L A Goldspink
T A Bailey
R Hillier
X A Langston
S Cogan
M J Howes

- G Santillo

B R Harvey
MB Lovett
R D Ibbent
D J Allington
P Blowers
A K Young
J D Coward
R A Bonfield
H S Emerson
I McMeekan

5. Provision of laboratory and field equipment 1 A Huggins
W J Meadows
G E Moore
D ¥ Andrews
R JRead
M Sherlock
M D Baldwin
M H Beach

6. Data analysis ' ' J Church
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APPENDIX 2. Dosimetric data

Radionuclidet Half-life Mean -y energy Dose* per unit intake by ingestion
(years) (MeV per using the following methodology
disintegration) (Sv B¢
ICRP-26 ICRP-60
Hydrogen-3 12410 0.0 1.60 10°11 1.80 101!
Carben-14 573 10° 0.0 5.60107° 5.60 10710
Sulphur-35 239 10! 0.0 6.95 1019 7.00 110
Manganese-54 8.56 1071 8.364 107! 724 1019 7301010
Iron-55 c27 1.691 10 446 10°%° 3.40 1010
Cobalt-57 . 742107 1.25 10 3.10 1010 1.00 10%
Cobali-58 1.94 101 9.976 107 9.40 10°10 1.00 107
Cobalt-60 527 2.500 7.04 10 7.20 107
Zinc-65 6.67 1071 5.845 107 3.90 10°% 3.80 107
Strontium-90+ 291 10 ©o3163 107 3.7710% 322 10%
Zirconinm-95t 1.75 107 1.505 1.72107° 2.06 107
Niobium-95 9.62 102 7.660 1071 6.80 1010 770 10710
Technetiom-99 213 10° 0.0 346 10710 6.70 101°
Ruthenium-103t 107 191 4685 1071 8.10 10710 1.10 10®
Ruthenium- 106+ 1.01 2.049 101 750107 1.1010%
Silver-110 mt 6.84 1071 2.740 289 107 3.00 107
Anfimony-125 277 431210 7.02 10610 9.80 1010
Iodine-129 1.57 107 2.463 102 6.4010° 110107
Caesium-134 2.06 1.550 19010 1.9010%
Caesium-1371 300100 - 5651 107 130108 130103
Barium- 140+ 3.49 1072 2.502 4.4110% 6.50 109
Cerium-1441 7.78 10 5.282 102 5.80 10 830107
Promethinm-147 262 437410 2.55 10°1¢ 4.40 10710
Europium-154 8.80 1.237 247 107 3,10 167
Europium-155 4.96 6.062 102 368 10110 5301010
Lead-210t 223 10! 4.810 103 2,03 10°¢ 1.30 10
Bismuth-210 1.37 102 0.0 1.56 107 2.1010®
Polenium-210 3.79 10! 0.0 435107 2.10 107
Radivm-226+ 1.60 10° 1.765 2.96 107 220107
Thorium-228+ 191 1.567 3.42 107 232107
Thorium-230 7.7 10* 1.55310° 345107 1.80 107
Thorium-232 ~ 141 10% 1.33210% 1.83 10¢ 9.20 107
Uranium-238t 44710° 2235102 6.67 108 4.1710°%
Neptunigm-237+ 2.14 105 2382101 5.40 107 3.20 107
Plutonium-238 (a) 8.77 10! 1.812103 430107 260167
Plitonium-238 (b) ' 1.70 107 110107
Plutonium-240 (a) 6.54 10° 1731103 4.80 107 2.80 107
Plutonium-240 (b) 1.90 107 120507
Plutonium-241 {a) 144 10! 2.546 10 930 10% 53010°
Plutonium-241 (b) 370107 22010°
Americium-241 (a) 432102 3253 102 450167 290107
Americizm-241 (b) 2.00 107 120107
Curium-242 4,46 1071 1.832 10°3 1.80 10 1.60 108
Curium-243 2.8510* 1.347 107 3.40 107 2.00 107
Corium-244 1.81 10! 1.700 102 270107 170107

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

*ICRP.-26 and ICRP-60 data are for commitied sffective dose equivalents and committed effective doses respectively.
References are given in the main text. All data are for adults

{a} Gut transfer factor 3 x 10 for consumption of all foodstuffs except Irish Sea winkles

(B} Gut transfer factor 2 x 107 for consumption of Irish Sea winkles
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