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Food’s (MAFF’s) Directorate of Fishenes Research
(DFR), Lowestoft. The nifonitoring progtaiiime com-
plements the Minisiry’s Terrestrial Radioactivity
Monitoring Programmie (TRAMP) (MAFF, 1990} in -
supporting the Ministry’s functions under the Radioac-
tive Substances Act, 1960 (Great Britain - Parliament,
1960). The DFR programme is set up to verify the
satisfaciory control of liquid radioactive waste dis-
charges to the aquatic entvironment, and to ensure that
the resulting public radxauon emm iswithin.
nationally-accepted limits. The monitoriing is inde-
pendent of similar programmies cartied out by miclear
site operators as a condition of their authiorisations to
discharge radivactive wastes. This report also iticludes
results of monitoring carried out-on behalf of depart-
ments of the Scottish Office; the Welsh Office; the
Depattment of the Environment for Northern Ireland

and the Channel Istands States. Where appropriate; the:

information presented is supplemiented by resalts fiom
our éxtensive programme of research into the behav-
iour of radioactivity in the aquatic environment.
During 1989, the special programme of monitoring of
the freshwater environment was contitiued in connec-
tion with the accident at Chernobyl, USSR on 26 April
1986, and the results are presented in this report.

To set the monitoring resudts froth-onr régular pro-
gramme in context, liquid radivactive discharges fiom
UK nuclear establishments 1o the agoatic environment
n 1989 are first summariséd. Before thie results are
presented, an eacplanawry m gms detar‘l:s @f

Data on radioactive waste discharges are published an-
nually by the Environment Departments (Department
of the Environment, 1990; Scottish Development.
Department, 1988), the latest available data being for
the year 1988. Data for 1989 are being prepared for
publication but, to enable the results of envirommental
monitoring presented ii this report to be considered
reamlym the wnwxwfrelemdimharges a sum-
mary is included here,

2.1 L:qmd mdlmch% Waﬁ@

Taﬁlelhststhepmmpa’ldlscﬁarw:}thmﬂmmc
tive waste from UK nuclear establishments during

. Nivex Ltd for both low- and internsed.
. active wasies, The Government has not ruled out sea

- 1‘989 Themmsofﬂwgewmbhshmemsareshown
'mFlgmel, Tablela]sohsfsﬂm""‘

Wimhafe atithorised-or, in the case of Crown opera-

aﬂﬁnﬁrﬁﬁ&m&ly agreed. Insomecases,the
anﬁmam specify linits i greater detail than can
be suminzgrised i a single table: in particular, where
periods shorter than one year dre specified the annual
equivalent hias been used. The limits are usually very
much lower than the activities which could be released
without exceeding the dose limits which are recom-
mended by the International Commission on Radiologi-
cal Protection (ICRP), and embodied in national policy
(Great Britain - Parliament; 1986). The percentages of
the authorised (or agreed) limits taken up in 1989 are
also stated in Table 1.

For completeness it should be noted that radiclogical
safety foT US Navy operations ih the Holy Loch is the

hility of the US: Navy in association with the
thsﬁ'y of Defence who publish mfou'manon annually
(Fuller and Casey, 1990).

H
2.2 Solid radioactive waste

In-addition to receiving most of the above liquid
discharges, the marine environment has also received
low specific activity packaged solid waste, disposed of
mainily in-an area of the deep Atlantic Ocean. The
most recent sach disposal was in 1982; none was
carried out in 1989, and it was announced by the
Secretary of State for Energy (Great Britain - Parlia-
ment, 1988) that sea dumping of drummred radicactive
wastes would ot be resumed, Instead, such wastes
will be prepared for eventual disposal in the National
Radioactive Waste Centre to be developed by UK
te-level radio-

_dmpﬁmlfanafgemsmhasbuﬁers from decorm-
ower stations, but will keep under review
whether this disposal option néeds to be maintained.

Routine eivironmental monitoring does not provide an
effective means of assessing radiation exposure from
sea dumping, as radionuclides from this practice are
largely undetectable in deep-sea samples (OECD
(NEA), 1985). Intemational surveillance of the effects
of these disposals is coordinated by the Nuclear Energy
Agency-of the Organisation for Economic Cooperation
and Development by means of a Coordinated Research
and Environmental Surveillance Programme (CRESP)
(OECD-(NEA), 1981), This Programme is continuing.
Iin the absenc‘e bf reatl-y' detectablh‘ty of radioactivity
_as&ess@mmnlyby zhe nse of matheniatical mﬁdelhng
s-afsmeﬂlmcewmnnCRESP hasbeen

ital impact of these disposals is

. negligible (OECD. (NEA), 1985),
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Figure 1. UK nuclear establishments giving rise to principal discharges of liguid radivactive waste
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3. ME""T‘*ODS OF ANALYSIS

2.1 SI units Y

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

methods

3.2

Although some of the analytical inethiods which we-
have used are detailed elsewhers 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 rcsalts ﬂwstly iclude
nieasurements of {otal beta tadivactivi
- gamma-emitting nuclides. Pmbmeimﬁaersmd ‘alphia
cmiiters (mcluﬂmg transura '_cs) are alsa measm*eﬂ m
appropriate cases. '

Totaibemmﬁownﬂtymmurainmgﬁmmm '

with a potassinm-40 standard hnu , 1968). Theef--
ficiency of the methiod is nearly: constant over a wide
rangeofbetaeuergwsand:hemsultgrwsameatsureof
the total radicactivity of the beta emitters present, -

including natuzal tadivactivity. However, agreemenit

with thetotalasdenvedﬁbm:sﬁtoplc analysis is not
expected to be exact. The main advanitas

3 mdofspec:ﬁc'

i re of total beta
measurerneits is diat they can be cartied out quickly to-

give an early warning of any change in radioactivity

concentrations which nright require farther investiga-

-tiom; they also provide reassarance that no beta-

emitting radionuclides of s:gmﬁcance have been

'-neglecm

Gama—emnung nuclides are analysed by gamma
spectrometry. This is carried out using both NaI(T1)
ard Ge detectors, calibrated using suitable reference
soutces. 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 3. In the
tables of resalts for these samples, the abserice of a col-
umn for any of these nuclides indicates non-detectabil-
ity in-éach sample in that table. Otherwise, non-
detectability is indicated by *“ND’. Approximate
detection limits for these nuclides under typical
conditions are listed in Table 3; however, these
conditions may vary, sometimes significantly.

Pure beta einitters, such as carbon -14, st'rontimn-go,

technetium-99 and promethium-147, are chemically

separated from samples before beta comnting (Harvey

et al., 1989), Transuranic nuclides are chemically

separated and analysed by alpha spectrometry using
silicon. surfac&bamcr derectors (Harvey and Thurston,
1988; Lovett et al., 1990) o, in the ‘case of pluto-
nitn-241, by liguid scintiflation counting. Radio-
chemical procedures are generally labour-intensive and

 are cartied out on samples in which these nuclides are

of particular relevance, often on an anmnual bulk (sub-

- section 3.3). Detection limits are usually much lower

for radionuclides analysed using these procedures than
for gamma-¢mitting radionuclides.

Quaniity NewSlunit ~ Definition.  Oldunit ~  Defirition Conversion data
and symbol - and symbol . o .
Radioactivity  Becguerel {Bq) Dimmm Cure @ - 3.7 x 10 disintegra- 1Ci=3710"Bq
. pb“r second tiotis per second: 1Bq =2.7 1o Cj 27 pCi
“The mwm éequerel (TBg) s sl i this repoit for radiouctive discharges: 1TBq=10"Bq =27Ci

2 Radioactivity conceitrati m ate. given in' becquerefs per kilogram (Bq kg™):

Absorbed dose Gy ('Gy)' : J kg‘(;xmlt Rad (rad)
| - periiogram) i
Dose equivalent  Sievert (Sv) kg x Rem (rent
{inodify-

ing factors)

102 T kg

1Bgkg" = 1 mBg g'= 27 pCi kg
IpCig? =37 Bgkg!

1 rad = 102 L}y

" !
102 g x :
- (miodify- 1 rem = 10°2 8v = 10 mSv
" ing factors) 1 8v = 1Prem
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Table 3. Artificial gamma-emitting
radionuclides routinely
analysed and approximate
limits of detection.

Radionuclide Approximate limit

of detection®,

Bgkg!
Manganese-54 0.2
Cobalt-58 0.3
Iron-59 0.5
Cobalt-60 0.2
Zing -65 0.4
Zirconium-95 plus Niobium-95 1.0
Ruthenium-106 1.0
Silver-110m 0.5
Antimony-125 0.4
Caesium-134 0.1
Caesium-137 0.1
Cerum-144 1.0
Europium-i54 ' 1.0
Europium-135 1.0
Americium-241 1.0#

*Under typical conditions of counting; these may
vary in practice.

#¥When analysed by alpha specirometry, much lower
limits are achieved.

3.3 Methods of presentation of
measurements

The tables of monitering results generally ¢contain sum-
marised values of observations obtained during the year
under review. Observations of a given quantity may
vary throughout the year; in general, any variations
are larger than the analytical errors inherent in the
observations. The variations may, for example, be due
to changes in rates of discharge or to different disper-
sion 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
3.4. The appropriate integration period for comparison
with recommended limits is at lcast one year; standard
practice is to combine annual rates of consumption or
occupancy of the more highly exposed members of the
public (the critical group) with the arithmetic means of
observed radioactivity concentrations or dose rates,
respectively, during the year. The use of, for example,
the highest observed (but unsustained} radioactivity
concentration with an annual consumption rate would
not provide a realistic basis for comparison with the
recommended limits. Therefore, the tables present the
arithmetic means of observations made during the year,
This procedure takes account of corrections for radio-
active decay which are made to the time of sampling.

The frequency of sampling reflects the resolution
(which affects the accuracy} judged to be necessary in
the assessment of dose and is largely governed by the
radiological importance. The tables indicate the
number of sampling observations carricd out during the
year. Observations on biota consist of the results of
analysing suitably large samples of material; for fish
and shellfish, a sufficient number of individual animais
is sampled and analysed for each observatien so as to
allow for statistical variations. The number of indi-
viduals sampled alse reflects the radiological impor-
tance. Thus, as in previous years, the number of
individual animals sampled within an observation
varied - by up to several hundred for fish ard molluscs
from near Sellaficld. For external beta and gamma
dose rates, which are measared using portable instru-
ments calibrated against reference standards, each
observation consists of the mean of a number of indi-
vidual readings at a given location. This number again
depends upon the radiological importance of the
observation; the locations or materials chosen are
generally those where there is likely to be occupancy or
handling by persons as determined by habits surveys
{see sub-section 3.4).

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

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

The results for certain measurements, particularly toal
beta radioactivity concentrations and gamma dose rates.
include a contribution due to natural radioactivity.
Further analysis of samples (usnally by gamma spec-
trometry) indicates the component of total beta radio-
activity which is due to artificial sources and the com-
ponent due to natural radionuclides {mainly potassium-
40 and the decay products of uranium 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. For both types of measurement,
however, experience is also useful. Table 4 lists repre-
sentative values to be expected from natural sources, It
should be noted that concentrations of alpha-emitting
radicactivity can be due to natural radionuclides. For
example, concentrations of poloniurn-gl(), a decay
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Table 4. Concentrations of natural radio-
activily in various environmental
materials and dose rates for natu-

ral background around the British
Isles.
Material Total beta radioactivity Connnems
concentration (wer)*
Bqkg!
Fish 40 to 100  Mostly¥K
Shellfish 4010 100 "
Seaweed 20040 600 .
Sand 200 1o 400 0K and decay products
ofUsmdTh -
Mud 700 16 1000 -

-+ Gamma dose rates in air over fntertidal sediments: pGy -

Sand, shingle 0.03to 0:05
Musd 005’:001

*Except sediments for which dry concentrations apply

product of radon, of up to 4 Bg kg (wet), have beén
observed in fish and up to 250 Bg kg (wet) in sheil-
fish from a variety of locations (Pentreath et al., 1979;
McDonald ez ai., 1986; Pentreath and Allington,
1988; Pentreath et al., 1989(a)). Radiation exposures
from namral sources are in Most cases greater than
those from artificial radioactivity. For example,
natural polonium-21¢ alone can result in dose rates of
up fo 0.5 mSv year -! to high-rate consumers of fish
and shellfish (Pentreath and Allington, 1988). How-
ever, the ICRP dose limits (sub-section 3.4) do not
apply to nataral and medical irradiation.

8.4 Method of interpretation of
results

The monitoring results in this report are mw:preted in
terms of radiation exposures of the public. The

standards against which these exposures are judged are .

embodied in national policy on radioactive waste
(Great Britain - Parliament, 1986). Thie National Ra-
diological Protection Board (NI
Governmesit 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); at present; these recom-

mendations are under review, The Buratom Directive -
on basic radiation safety standards (Commission of the

Furopean Communities, 1980), with which UK

B) advises the UK -

legislation complies, is based on the récommendations
of ICRP Publication 26, as are the Basic Safety
Standards for Radiation Protection promulgated by thic
International Atomic Energy Agency (IAEA, 1982).
In this report, results have been interpreted also on the
basis of the recommendations of ICRP Publication 26,
taking account of recent explanatory statements by the
ICRP (ICRP, 1987) and advice from the NRPB
(NRPB, 1987).

The effects of accidental releases of radioactivity
sirictly do not fall within the scope of the ICRP dose
limitation system, which applies to controlled sources.
However, because the effects of the release of radioac-
tivity from Chemobyl on the UK aguatic environment
near nuclear sites were minor (Camplin et al., 1986),
ard in many cases difficult to separate from the effects
of site operation, the total exposures due to artificial
radionuclides, including those from Chemobyl, have
conservatively been considered when comparing
exposures with ICRP dose lirnits.

The ICRP dose limitation system includes, within
appropriate dose limits to individuals, the requirement
that “all exposures shall be kept as low as reasonably
achievable...” (ALARA). This requirement involves
consideration of collective, as well as individual, doses
in radiological control procedures. As in previons
repoits 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

- regaiided as suggesting the acceptability of a higher
- population exposure than is either necessary or prob-

able. For reference purposes in this report, collective
doses averaged-over the UK population are compared
with the average natural background level of approxi-
mately 2.2 mSv (Hughes et dl., 1988).

ICRP Publication 26 recommends that doses should
meet the ALARA objective, subject to compliance with
appropriate individual dose limits. Control of individ-
ual exposures is intended to limit stochastic effects (i.e.
those whose probability depends on the dose) to an
acceptable level and to prevent non-stechastic (thresh-
old) effects. For stochastic effects, it is recommended
that the risk slionld be equal whether the whole body is
irradiated uniformly or non-uniformly; weighting
factors proportional to the tisk are defined for different
-organs. The weighted sum of organ doses is called the
effective dose equivalent. Exposures from intakes of
radioactivity ¢an continue for a number of years,
“depending upon body retention time, The committed

- effective dose equivalent represents the integrated

exposure over 50 years following an intake. The ICRP
{ICRP, 1985)reconumends that the principal limit for
the commitied effective dose equivalent received by a

" mentber of the public is 1 mSv in a year. However, it
is permissible to use a subsidiary dose limit of 5 mSv
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in a'year for somie years provided that the average
annual committed effective dose equivalent over a
lifetime does not exceed 1 mSv year ', The ICRP-
recommended dusefnmﬁ apply to the sam afthe
effective dose equivaleiit résulting from eéxternal ¢xpo-
sure during 1 year and the cormitted effective dose

equivalent incurred from that year’s intake of radionu-

clides. For meribers of the public, ihie dose inmitation
¢riteria apply at each site to-the-appropriate “ciitical
group®, who are that sinail growp of people whio, be-
cause of their habits and other aspects of belzviour -
which affect the doses received, are likely to be the
miost exposed.

The ICRF is cerrently revising ity basic recommenda-
tions in the light of improved tisk estimates, In the
meatititiie, it is recommended (CRP; 1987) lhat it
would be prudent to follow the present recommenda-
tions on dose liiitation as they were intended to be
principle in keeping doses well below the dose Limits.
Inadvanceofﬂrermewby the ICRP, tlic NRPB has
given interim guidance (NRPB; 1987), suggesting a -
criterion of 0.5 mSvyear‘fbrﬂ)eeffecﬁvedose _
equivalent to thie critical groap ot carignt dischacge;
of radioactive efftuents from a given site. The UK
Govemment has already accepted the 0.5 mSv year !
level as a target in connection with authorised limits -
(Great Britain - Parlianient, 1986), and this level is
now intérpreted as applying to the committed effective
dose equivalent tomembers of a critical group, due w0

all curtent radivactive waste dischatges. The totalex- -

posures received by critical groups are likely to be af-
fécted by past discharges. Thus, while the recompien-
dations of the ICRP are urider review, the committed
effective dose equivalents.to critical groups presenited
in this report are compared with.the principal ICRP-
recommended dose limit of 1 mSv year . .As regards
non-stochastic effects due to intakes of radiomiclides,
the ICRP has indicated (ICRP, 1984a) that because of
the limitation on hfelnmeexp’ogure, described-above,

these effects in members of the public will be avoided.

For external exposures; specific noa-stochastic linits
are appropriate.. For-example, the ICRP contitiues to
recbmmerfd (ICRP, 1985) the limit for skin of 50 mSv
year *; this bt is apphcable n meeaswf haivdlin

of ﬁshmg gear. :

Values for comnitted effective dose eqma’ienfs
follbwmg mtakes by membm's of rhe pnbhc of some

recommeridations include endorsemert of the results of
recent work at this laboratory, using adult human
volunteers, which has suggested a gut transfer factor of
0:0002 inr connection with the consuniption of pluto-
nivm and sinériciam in winkles fiom near Sellafield
(Hunt ez al., 1986; Huntet al,, 1990 ). For these and
other dctinides in food in general, the NRPB considers
‘a gut tranisfer factot of 0,0005 to be a reasonable best

. -estimate (NRPB, 1990). In this report, when estimat-

ing doses to consamers of molluscs from the north-east
Trish Sea, both gut transfer factors of 0.0002 and
0.0005 are used for plutonium and americium. For
otheér foods, and remote from Sellafield, the factor of
0:0005 15 used for these radioelements.

In the cdse of external exposure to penetrating radia-
tion, uniform whole body éxposure has been assumed.
Themeasmedquanmylsabsmbeddosemtcmalr
When interpreting this in terms of radiological effect,
an absorbed dose rate in gir of 1 pGy h! has been taken
as producing an effective dose equivalent raie of 0.87

BSv I (Spiers ef al., 1981).

In order to fnterpret monitoring results in terms of

committed effective dose equivalents to critical groups,
e resmativsing data required are, as Sppropriate, rates of
food consuiiiption and/or occupancy of areas relevant
to external exposure. These are obtiined by habits
surveys specific to; and generally near, each nuclear
establishment of initerest. The results are kept under
review and the surveys are repeated at intervals. The
main putpose of the sarveys is to identify, and to
quamtify, the rélevanthabits of the critical group of
persons most higlily exposed thitough a particular
pathway or-pathiways. In this report, eritical group
habity diith televant to a given establishment are
comblmﬂ W1th hie results of environmental monitoring
and fate dosimetric data as above to estimate
the eommuwd effective dose equivalent to the critical
group, which may then be compared with-the appropri-
ate dose hmmnon cntena.

It has been: geueml]y assumed, in radiological protec-
tion, that controls applied to radicactive waste disposal
to provide adequate protection for man will result in

Sufficiently Tow conceatrations of radionuclides in the
- énvironmenit thiat the fauna and flora are also likely to
be pfetecwd (I’C’RP 19’77) This assumption has been

d in the case-of the aquatic envi-

the Biitish Isles and our research:-pro-
fes include a ourmnumg study of potential
rical effects onr.aquatic populamns Studies of

: stch ffects o fish and shelifish (e.g. Woodlicad,
e 198#(3)) anrd_on mhlrds (Woodhead, 1984(b)) have

y of the genéral assumption

{ . inthese cases. ‘_(Inﬁdmon “the wider context of the

AFF 1989)mﬁludasresearch pro-

| mtmy theheaimdfﬁshmdsheﬁﬁshsmké



BNFL, is conicerned avainly with fhe desigh aid produc-
tion of fuel for nuclear reactors and its reprocessing
after irradiation. Thie company also Operates nuclear
power plant supplying electricity to the national grid..
We regularly monitor the environmental consequences
of discharges of liquid radioactive waste from four
BNFL sites, namely Sellafield, Springfields, -
Capenhm'st and, on behalf of departments of thie
Scottish Office, Chapelcross..

4.1 Sella;ﬁeld, Cui bria

Operations and facilitics at this establishinient incliude
fuel element storage and decanning, the Windscale
nuclear fuel reprocessing plant and the Calder Hall

magnox-type maclear power. mon Laqmd radioactive

waste discharges include a very minor contribiution
from the adjoining UKAE. -‘W‘mdﬁcalel.abﬁtatcnes
The most significant discharges are from the BNFL -~
foel element storage ponds and the feprocessing plant,
through which-pass all the rvadiated Magriox fugl fiom
the UK nuclear power progtan

the fuel is presently stored on-site; relatively smiafl
quantities of radicactivity are discharged to the northi-
east Irish Sea through pipelines which terminate

2.1 km beyond low-water mark. In 1989, these wastes
were discharged under an authioiisation which took
effect from 1 July 1986, specifying lower liniits to
radioactivity in discharges than prevwmsly and Huiting
more nuclides specifically, matntaining cofitrols.on
releases of solvents and particulates (Great Britain -
Parliamient; 1986). A further condition requires BNFL
to use the ‘best practicable mieans’ (BPM) to-control
discharges. This conditivii reflects, inter alia, the
objective of keeping radiationexposures “as low as
reasonably achievable” (ALARAY), {6 comply with the
ICRP principles, as desctibed in sab-section 3.4, This
condition also has the effect of applying die prificiple
of “best available techiiclogy®. From 1 January: 1990,
the authorisation was varied to specify even lower
limits to radioactivity in the discharges, whilst main-
taining the BPM condition.

Discharges from the Selafield pipetines during 1989

are summarised in Table 1, and were within the Limits

set by the Authorising Departments. ‘The site ion-
exchange effluent piant (SIXEP) and the salt vapora-
tor operated throughout 1989, There was tio-period of
plant shutdown for refurbishment in 1989 and riore
fuel was repmcessed tﬁaﬂ in previons tecent years, thus
there were stight incresses in discharges of some
radiomuclides to'sea; Discharges-of total beta activity
were 101 TBq (1988: 81 TBq). - Cacsium-137

'-_' and some fuel from.
abroad. Most oftheradwaﬁtwewasteseparwedfmm :

dischiarges in-1989 totalled 28.6 TBq (1988: 13.3
TBq), the increase being due 1o cleaning of old plants
as-well as to greater fuel reprocessing. Discharges of
alpha-emitting radionuclides in 1989 totalied 2.7 TBq
(1988: 2.1 TBq).

Otrr regalar mionitoring continued liuri'ng 1989,
Important radiation exposure pathways were still from
consumption of fish and shellfish dnd from external
exposure to gamma rays from occupancy over sedi-
ments, with other pathways being kept under review.
Following established practice, the largest monitoring
effort was expended on these more important path-
ways. In 1989, as in previous recent years, there was
no harvesting of Porpfiyra in the immediate vicinity of
Sellafield for manufacture of laverbread, but monitor-
ing continued because the pathway retains potentially
important. - An extensive research pragramme also

. -continued, The aims-of this programme are to improve
. ouf knowledge of the distribation and behaviour of

radionuctides it the marine environment, especially in

‘relation to the critical exposure pattiways, and also to
‘provide a means of assessing othier pathways of lower

current importance, thereby assisting in keeping all ex-
posure pathways under réview. Results from our

fesearch programme are included where relevant

4.1.1 The fish and shellfish consumption
paihway

Public radiation exposare from Sellafeld discharges by
consuription-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 fuither aficld are given in Table

.5(a). Data are listed by location-of sampling or

landing point, in approximate order of increasing
distanice fror Sellafield. So a8 1o be réprésentative of
coiiswmption by the public, saniples are generally
obtained: from commezcial sources. However, 10
nrinimise the risk of underestimating exposutes, and as
certain species of fishi or shellfish may not be available
commercially, we also carry out specific surveys. The
*Sellaficld Coadstal Area’ extends 15 km north and
south of Sellafield from St Bees Head to Selker and

11 km offshore; iost of the local fish-and shellfish
consumed by the critical group is faken from this Area
(Leonard and Hunt, 1985). Our specific surveys are
carried out in the smaller ‘Sellafield Offshore Area’
wheie experience has shown that good catch rates may

‘be obtained. This Arca consists of a rectangle, one
-ngutical mile wide by two nautical miles long, situated

soiith of the pipeline with the long side parallel to the
shoreline; . it averagés about 5 kni fromi-the pipelifie
ol
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Table 5(a). Beta/gamma radioactivily in fish from the Irish

fmspling ereaf Sawple - ;Ifq»#fﬁj -

tidns® ™ Toul - ™ PG
oo J— e m S —

Selfafield coastal arex’  Cod 4 200 09 4]
e 2 160 - . 0.8 23

Grey minflet % %gg } % gﬁ

Sols i 210 05 29

Sélaficld offshors area® Cod 2 80 K
Plaice 4 60 0.4 22

Flowndar 1 0 14 £

Wae 3 B 8B

_ Sputdos 1 83 ND 96
Ravenglass? Cod - 16 60 0.7 33
Plaice 16 20 03 14

Whitebait 1 30 09 24

Sea trout 1 40 0.6 15

Salmon 1 20 ND 08

Whitchaves® .- - Cod 4 50 05 19
Plaice 4 10 03 13

Rays 2 00 0.4 1R

Morecanibe Bay* Cod ' 1 30 3.4 16
gouude‘r 5. 50 0.8 64

Tuice 3. 20 0.3 28

_ Basd i 70 11 68

Cilinibrian rivers® - Brown trout 1 150 4.8 34
Sea trout 5 130 0.5 17

Fleetwood Coil " 4 150 03 17
Plaice 4 120 0.2 13

Fish mesP 4 290 02 11

Fish oil 4 A ND  ND

Tsle of Muin? Cod 4 140 0.2 87

: Phiite 4 97 0.1 5.0

Herring 3 130 0.4 91

Iriner Solwsy® - Salmon 1 130 KD 1.0
r‘ © .xy - - Sea trout 1 150 " 11

- _ : Flounder | 170 1.1 69
Kirkeodbiigh Praice 4 120 04 13
North Anglesey! Plaice "2 130 0.1 2.8
° i Spaﬁrdﬁ'g 3 99 0.4 9.6
Northern Tretand? od _ -8 130 0.2 10
hitiizg 9 120 0.2 10

erring 4 140 ND 7.8

Sputdog 5 99 0.3 9.1

Ay : Cod . 4 130 0.3 89

s Flaics K 0 . 02 69

Loch Leven! - - Safmon 1 160 ND 2.0

Minch! Cod 3 30 0.1 4.0

Plige g 10 ol 29

e 4 B te B

~ Mackerel 5 100 005 13

Shietlaiid! Fishmeall 2 570 ND LTI

Nogliern North Sea ~ Plaige . 4 10 0.1 1.5

Cod j 30 ND 22

Haddock & 30 " 1.1

Hermae i iy S ¥

Mg 1 NA " 0.4

Mackere ;"y'lwm A N " 0.9

i .2 " b LB

Mid-Nerth Sea* Phiice 7 94 005 1.5
Cod 8. 130 0.08 2.4

Haddtl)rtk - % NA ND %3

Herang 5 110 15

Southern NorthSea' Plaic 3 92 L1
ouihem o Cod 3 %0, o4 13
1 NA 0.2 19

Herving - 110 ND 10

_ Mackerel 1 NA " 0.5

Norwepian Sea Cod 1 110 01 1.2
- Iecland dreat Cod 2 110 ND 0.3
Ieglandic processed ~ Cod 2 120 " 0.3
ND = detcied, NA = vt ralyse: Sampli, s "L amiing point Son sabecto
X for definition; “Ssmples collected fom auraher of rivers by Nonh West Waters o

b A :'refertowﬂghtefsamﬂesssupphed._ .
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The resiilts reflect the progressive dilution of radiocae-
sium with mcreasmg distance from Sellafield, but the
rate of decline of radiocacsiom concentrations withi
distance is not-as'marked as in previous years because
of the significant reductions in discharges. The ratios
of caesium-137 to caesium-134 (half-lives 30 years and
2 years respectively) reflect the age of the radioactiv-
ity; up to 1985, these ratios increased with distance
from Sellafield, but in 1986 they were pertirbed by the
addition of radiocacsinm from Cheriobyl which was
relatively rich in caesium-134. This pertirbation
persisted in fish from Scottish waters and the North
Sea untit 1988 (Hi;rm, 1989) ‘bt was difficilt to detect
in 1989 due to-decreasing concentrations of caesiom-
134. Concenttations of radiocaesium in ﬁsh fmm
Icelandic waters remained typical of those fit
weapons-test falloat, 4t a value of about 0 1=0 4By

kg ! for caesium-137 in fish. In the Irish Sea, the -
ratios of caesium-137 to-caesium-134 were generaily
higher than in tecerit discharges from Sellafield, even
allowing for resideice fime in the water and vptake
into fish; this suggests that a contribution from aged
radiocaesium is present, due to remobilisation from the
sediment of the Irish Sea (Hunt and Kershaw, 1990).

Variations between fish species for a given area, while
not large, are mainly to be explained in terms of
residence time in the area as well as feeding habits. To
obtain represefitative results for dose estimation,
sampies include large numbers of individugl fish (Sub-
section 3.3),

Concentrations of ratiotaesiom in fish in 1989 were
generally less than in 1988 in all séa areas, contimmuing
the trend due to the significant overall reductions in
radiocaesium discharges from Sellafield beginning in
the late 1970s and sustained following the operation of
SIXEP from May 1985. In Scotiish waters and the

Notth Sea, this trend was alse due to continued disper-
sion from these areas of radioactivity originating from
the Chernobyl accident.

Near Setlafield, the effects of the overall reductions in
radiocaesimm discharges continued, despite the small
increases in-discharges that occurred in 1988 and 1989.
However, it appears that the rate of decrease in concen-
trations of radiocaesium in fish from the Irish Sea is
now disminishing.

Specific radionuclides, other than caesiuin-134 and
-137, which were detected in fish in 1989 are listed in
Table SCb) Analyses of samples of fish for carbon-14,

ium-90; technetium-99 and promethivin-147
corrunued t0 be included in our monitoring programme
to enable the effects of discharges of these nuclides
from Sellafield to be assessed; and for results based on
measurements o be included later in consideration of
critical group dnd collective dose. Analyses for these
radiomiclides are labour-intensive; - thius a selection of
samples was made based on potential radiological sig-
nificance. The data for 1989 confirm that the radio-
logical significance of these radionuclides remained
low.

Far shellfish, a wide range of raditfmuc]ides contributes
to raddiation exposure of consurmers owing to generally
greater uptake iti these organisms {han in fish. Table 6
lists-concentrations of total beta activity and beta/
gamma-emitling nuclides in shellfish from the Irish
Sea and further afield. Results for carbon-14, stron-
tium-90, technetium-99 and promethiom-147 are
included. Winkles are of particular radiological
impottance to the critical group near to Sellafield, as
described later in this section. In addition to our own
samples, supplies of winkles, mussels and limpets were
obtained from consamers who collected them in the
Sellafield Coastal Area exploited by this critical group.

Table 5(8). Other beta!g’amma i'adzoucfwdy in fish from the Irish Séa

kuufy‘ iriily, 1989.
Sampling area/ 'Smple‘ ple No. of Mear radioactivily concentration (wet), Bq kg
landing poiniy - sanipling - ——
observa- Ho  epy, fige BT iRy Wipy
tions® o
Sellafield offshore area! Plaice 1 150 0.09 0.43. 1.7 ND  0.066
Cod 1 ‘86 ND  0.087 027 " 0.020
Ravenglas® °  Whitebait 1 NA 03 052 NA 12 .NA
Whitchaven® Plaice 1 T - ND. 005 * ND "
Cod 1 " " 0.046 "
Fleetwood? Fish meat* 1 " 052 ¢
Shetland! - Fish meal* 1 - - 0.050 *

NA = not analysed ND = not detected; ‘Samp!mg aren; stmdmg pomx. 3See sub-section 3.3 for definition;

“Concentrations referto weight of sample as supplied.
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Table 6. Betalgamma radioactivity in shellfish from the Irish Sea vicinity and farther

lSa‘mpling areaf éample No. o-f . I Mean radioactivity concentration (wetj*, Bq kgl
and int sainplifig T y
e po ob o a-g “Total ¥C  HMn ®Co SZn Mgy  PTc 18Ry
. , tior be - - . . N
Sellifield Crab 1 150 120 ND 6.7 ND L.5 ND 8. ‘' ND
coastal area! Lobster 2 4380 NA " 2.7 " NA " NA "
Winkles* 12 . 350 66 " 7.1 " 6.8 3.8 64 0.2
Winkles® 4 4200 NA 0" 85. " NA 81 NA 12
Winkles® 4 350 " " 4.5 " " 5.9 " ND
Mussels* 4 200 " " 4.1 0.1 " 0.8 " 0.3
) Linxpets* 4 410 " " 6.2 ND " 2.4 " ND
Sellafteld .
offshore area!  Whelks 1 0 v " 10 " " ND " "
St Bees! Winkles 4 390 59 005 78 " 12 11 49 02
. Mussels 4 310 NA ND 55 " NA 13 NA ND
Limpets 4 560 - " 69 88 " -
Nethestown! ~ Wiiikles 12 a60 . 19 " 76 " 12 17 36 09
Drigg! - Wirikles 4 720 94 0.1 12 - 14 62 97 3.2
Ravenglass! Sockles- 4 260 NA NO 14 " NA 11 NA ND
Mirssels 4 230 " " " 53 " " 38 " "
Ravenglass® Crabs -~ 2 1200 " " 40 " ' " "
' Lobsters 3 7 " " L3 " " " " *
2 B V4 P " 4.8 0.2 b 02 " "
Tarh Bay? Winikles 4 380 - " 6.4 ND " 10 " 0.8
Whitchavern?  Nephrops 4 140 * - 003 * " ND "
Wﬁalks . 4 120 " " 0.6 " " " " "
Paiton! Wirikles 11 310 - 3.2 " " 1.3 " "
Roosebeck! Oysters 4 75 " 02 O3 ¢ ND " "
Morecambe Bay® Shrimps 4 96 " " ND ND 0:008 " “ "
v Cockles 4 160 ™ " 1.6 " 1.0 " "
Heysham' Mussels 4 65 " " o7 " NA " "
Cotkles 4 75 " " 1.4 " " " " "
Flegtwood® Squid 1 g0 - " ND " " " " *
Whelks 4 00 " " 0.5 " " " " "
Isle of Man? Seallops 4 110 ~ il ND " " M " "
Qums 1 11 " " " " L3 t ” ”
Inicr Solway!  Shrimips 4 e v " " " " " " "
Southeriess! Cockles 3 156 * " 3.0 " " bl " "
) Wiinkles 4 240 ¢ " 1.5 " " 0.2 " "
Kitkcudbrigh?  Scallo 4 49 - " ND " " ND ¢
S v ol i T SR "
Noith §Ulw'ay . i .
coast Winkles 4 lSﬂ_ " " 1.7 " " " i "
Wirral! Shrimps 2 59 ¢ " ND " " " 053 "
Cockles ‘2 63 " " _ 0.3 " " " 1.1 "
Conwy? Misssels 2 49 - . ND ¢ " " . "
North Aniglesey' Crabs 2 g6 . " 0.2 " " - " "
Winkles 2 87 " " 0.4 v " " "
Northetn Irelund? Nephrops 8 1w ; NB " " " " "
‘Winkles 5 96 " " 0.2 " " " " "
Minch! Nephrops = 4 mw o ND " " " " "
Northetn Noith ' o
Seal Nephrops 4 90. " - " " " " v v
Mid-Norih Sea' Qiieens 1 88 - v " " " * *
Qeens i 1 S T . -, . .
Mhzesels? 2 25 " " 003 " " " " "
Southermn North  Cockles . 2 34 # n 23 " . “ " “
Seal Cockles® 2 53 " " 0.7 " " " " "
M.lm]s . 3 39 " ” ND " " » L "
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Concentrations of artificial radionuctides in sheflfish,
as with fish, diminish with increasing distance from
Sellafield; the rate of redaction is least for naclides
which arc relatively mobile in sea-water, sach as
isotopes of cagsium. There aré substantial variations
between species: in general, molluscs tend o concens
trate the less mobile nuclides to-a greater extent than-do
crustaceans, which in turn tend to concentrate them
more than fish; the reverse behaviour is generally
observed for mobile nuclides. Concentrations of beta/
gamma-emitting radionuclides in shellfish in 1989
were generally similar to those in 1988, and reflect the:
recent behaviour of the Sellafield discharges.

Analyses for ransuranics are labour-intensive; asin
previous years, a seléction of samples of fish and -
shellfish chosen nrainly on the basis of potential
radiological significance was analysed for transuraric
nuclides. Analyses weéte often cartied out ot bulked
samples (sub-section 3.3). The data for 1989 are - .
presented in Table 7. Transuranics dre less mobile than
radiocaesium in sea water; this is reflecied in higher
concentrations of transuranics in shellfish as compafed
with fish, and a rapid reduétion with distance from
Sellafield in concentiations of transuianics, particulirly
in shellfish,

Over the past decade discharges ofmgmc nuchdes
from SeHafield have reduced significantly, resulting in
overdll decreases in concentrations of these tizclides in
fish and shelifish. However, the nonmobile natre of
these nuclides causes a detayed effect in the environ=
ment (Hunt, 1985) such that-a contribution o present
concentrations is provided by discharges in earlier
years. A gradudl slowing down in the rate of decréase
in these concentrationis is consistent with our model
predictions (Fuxit, 1986; Penweatlier al., 1989(b)). It
is to be noted that environrental factors dee likely w
canse fluctuations in measured conicentrations, In

1989, compared with-1988, concentrations of transa-

ranic nuclides ir fish and shellfish showed stiall -
increases in maiy areas, inchoding areas odtside e
Irish Sea, These increases wete minor in erms of their
effect on-doses to e public.

whiose consurption rates we liave studied and kept

‘under review. ' As régards the other main variable, con-

sumption rates, surveys have shown that, in addition to
the local fishing community, the Yarger population in
Cumbria and north Lancashire, including those associ-
ated with commercial fisheries based prmlanly at
Whitehaven, Ficetwood and in the Morecambe Bay
area; contains consumers of large quantities of fish and
shellfish. These additional populations are kept under
teview, evei though, in general, the relevant fishing
grounds are further aficld than the Cumbrian Coastal
Area and concentrations of radioactivity in fish landed
are fower,

The consuription tates of the local ﬁshmg community
described above were kept under review in 1989.
Techniques used in the collection of data have contin-
ed to include the use of consumiption logging sheets,
particalarly by members of critical groups (Leonard et
al., 1982 Leonard, 1984), Consamption rate data

2y  interpreted-using techiniques based upon
ICRP recommenﬂaums (Hunt ¢ al., 1982) to select

" appropriate ¢ritical groups of higher-rate consumers,

We have included consideration of children’s consump-
tion rates in this-selection process (Leonard and Hunt,
1985).

Radioactivity conceritrations in fish and shellfish vary
with the species involved, 5o in estimation of doses ©
consumers it is iot sufficient to determine only the
total consumption rates of fish and shellfish together.
Our experience (illuserated by Tables 5-7) has shown,
however, that for a given area within each of the
classes fish, crustaceans and molluscs, the concentra-
tions of given nuclides int representative samples are
relatively constant. For each of the exposed popula-
tions, therefore, sub-groups of persons were identified
who-weré likely 1o have received the greatest exposures
from eating each cliss of foodstuff, and mean con-
suimiption rates for the sub-groups were determined.
For the local fistiing community, thizse sub-groups’
cemsmnpmn tates of fish-and shellfish in 1989 were

I siificantly different from those in 1988 (Hunt,
1989}, and the same rates of 36.5 kg year ! fish, 6.0 kg

- . year " crustaceans and 8.3 kg year "' molluscs have

The radiztion dose to-consumers of fish andsheﬂﬁsh
depends upon: ﬂveprwuct Gf tﬁe MiAss. of foodstuf
consumied and its radioac ' Because
of variaticiis in these two quantities between mdwntlual
consuiiers; a wide r4ige of anhual doses is to be
expected. The crifical group approach, which is well
established in the UK and recommended by the ICRP
far coiitrol purposes, is based on identifying groups of
individuals in éxposed populations who-are subject to
the highest radiation exposures. Of the two main
variables, radioactivity concentrations in fish arid

above. Hence, caters of fish and shelifish within the

bers” exposures shiows that this proce

ased in- the assessment of doses to the critical

. p of fish-and shellfish consumers.

The habits survey-data show that above-average
consumiers in cach-of the comporient sub-groups are not
generally members of another component sub-group.
However, members of more than one sub-group do
exist, so to avoid underestimating the ¢xposure 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-
ure is not

'Hunt, 1985).
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Table 7. Transuranic radwaciivity in fish and shellﬁsh from the Irish Sea vicinity

' Mean fadioactivity concentration (wet), Bq ke

and further afield, 1989
Sampling arca/ - Sample  No.of
landing point - _sampling '
observa- 2Np
tions® -
Sellafield coastal  Plaice 1 NA
area! Cod 1 "
Crsb 1 0.11
L.obster 1 NA
Winkles* 4. 0.21.
‘Winkles® 2 NA
Winkless 4 "
Mussels* } "
Limpets* 1 -
Sellafield offshore  Plaice - 1 0.0017
areal Cod -1 0.0003
Whelis - 1 NA
St Bees! Winkles 4 0.48.
Mussels 2 NA
Limpets. 1 "
Nethertown! Winkles 4 . 0:58
Drigg! Winkles 4 1.6
Ravenglass! Whitebait 1 NA
Cockles 1 "
Muszels 1 “
Ravénglass? Cod’ 1 "
Plaice” 1 »
Cub® 1 "
Lobster® 1 "
Whelks® 1 "
Taitsi Bay! Winkles 1 "
“Whitshaven? Price 1 -
- Cod 1 "
Rays 1 "
Nephrops 1 "
Whelks 1
Paiton’ Winkles 1 “
Rci:rsetiéék‘ T Oysters 1 "
Morecambe Bay! - ' Shrimps - 1 "
Cockd 1 “
Heysham' ~ Mossels 1 J
Cockles ™ T "
Fleetwood®’ Cud 1 "
' “Plaice 1 "
Fishmesl® 1 "
i "

mapy

0.0092
0.0061

0.39

0.14
4.1
43
42
3.7
5.1

0.020
0.0017

1.9

6.2
5.3
53

6.6

12

0.14

6.1
4.4

0.0027
0.003}

. 0.26.
0.13

0.60
5.1

0.0011

. 0.0017
CG.0015

0.18

0.24

- 0.0065

0.65

0.37

“OLTE

0.60071
0.018
0.11

23Py+

0.087
0.0074
7.9

27
23
24

28

50
0.68
25

19
0.012

0.013
1.1

- 0.56

2.6
23

0.0055
0.0077
0.0075
024
0.83

- 14

1.2

0035,

3.2

1.8

34

0.0016

0.0031 .
0.086 -

0,51

19

2ipy

330
380

- 350 .

L7
NA

490
440
NA
540
980
22
480
360

NA

48

410

NA -

13

240
| NA

8:67 -

8.5

M xm #0m %0y
H0om
0.036 ND 0.00022
0.041 " ND
3.5 " 0.0097
5.4 » 0.023
31 0.852  0.11
36 0.11 0.12
26 0.054  0.085
24 0.073  0.073
37 ND 0.15
0.12 0.00028 0.00042
0.016 ND 0.00004
27 0.048  0.094
41 0.11 0.13
34 0.11 0.094
37 0.12 0.088
45 0.13 0.15
84 0.33 0.22
0.93 0.0012  0.0032
57 0.21 0.19
31 0.087  0.071
0.017 ND ND
0.025 " 0.00010
4.1 " 0.012
8.0 " 0.014
4.9 » 0.0084
36 " 0.088
0.0099 0.00005. 0.60002
© G.0067  0.00007 0.00003
0.011 0.00003  0.00002
0.86 ND 0.0019
1.4 0.0029  0.0030
20 0.052 0.078
0.99 ND 0.0031
0654 0.00028 0.00012
1.6 0.019  0.022
3.3 ND 0.0067
1.2 " 0.021
0.0023 " ND
. 0.0055 " "
0.13 " 0.00037
0.64 0.0021 0.0015



Table 7

Sampimg awq{ Sample . No.of _ Mein mdmnt:uvny concentration (wi:t), Bq kg’
: ' : observa- mNp mPu % Hpa  Mpm WCm MCaw
tions® o Hopy

Haom
Lleof Mai® ~ Cod - NA 000013 000065 NA = 00012 ND ND

' . 000050 00022 0:0031 0.00001  0.00001

" 6.00030 00014 7 0.0014 ND ND

oo 0,043 0.21 " - 0.065 ¢ “

&
2B
— b ek

Inmer Solway! Seawout .1 " 000033 00014 " 0.0022 *

Southierness! " Cotkles 1 AR B S IO 12 0.031. 0.033
" Winkles 1 o 1.4 12 “ 19 ND 0:034

Kitkcudbright> - Plaice™ = 1 .. " 000071 00035 " 0.0067 * ND
" Scallops: 1 SR 014 . 0064 - " - 0024 0.00012  0.00004

Queens 1. " 0020 0099 " 011 ND ND -

North Solway coust! - Winkes I . " L1 54 15 0013 0018

Ay? Cod 1 " 000016 000084 " 00010 ND . ND
: Plaice 1 . " 000033 00018 ¢ o007 ¢ "

Wiral! Cockles 1 " 0.32 L6 " . 34 0.0089  0.0089
Conwy? . Muassels 1 L Y1} 028 " 049  ND 0.0011

Noith Anglesey! ~ Spurdeg 1 " 000005 ~ 0:000i8 " 0.00033 " ND
. Winkles 1 v pg7s 036 043 " 0.0017

Nomthern Ireland?  Whitisg - 1 . 00069 00035 " 0.0054  ~ 000001
Nephrops 1 " @003 0017 " . 0.055 0.00009
: 0.067 o032 " 018 " 0.00032

%

SO 000006 0.00032 0.00032 " ND
"o 0:00014. - 000072 " . 0.00074 " -
_0.00003  0.00017 " 0.00018 "

" 0.0016 - ~ 0.0082 - 0.0086 0.00003 0.00003

Minch! Cod
. Haddock
' Mackerel
‘Nephrops

z

Sheiland! Fishmeal® 1 - " 000021 00083 * . 000083 ND . ND
NomhemNorhSea! Cod 1 ™ D00008 " 000035 " 0.00029 .
: . Haddock 1 C v 000004 000033 T 6.00026 "
‘Nephrops 1 - v 00070 0:0036 0:.0045 " "
MicNomhSea! ~ Muse 1 . 0@ 043t 0016 -
Musiel® 1 .. " 000035 00048 " @001 ° 0.00004
Southern North Sea’ Misssels . 1 . 0002 0012 ° G004z~ ND
T - Gockless 1. ¢ . Op@28  ool1 " gz " 00014
Coade™ 1 U0 0bms  gefe * 0000 T T 0i000rs
Teelandic provessed - Cod 1 L 00001 0.06005 " 000005 " ND

-ND = ot dected.
NA = ot analysed.

. 1Sampimg area; *Landiitg: ptiml,"‘Seemf' tioh ?:Sfm definition; ‘Sumplu cdl’}eﬂedby Conisurner 116;
SSamples collected by Constiner460; Samples coltected by Consumer 311; "Samiples provided by Fishietmun A;

_ ’Smﬂupmr&wdbyl*ﬁhmﬁmk'tmmaﬁmmfamm@tmmﬂ.‘%n&ﬁmm :
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Table 8. Indwtdual radumon exposures due to consumptwn of Irish Sea fish arnd shellfish,

1989,
Exposed population Consumption rate ﬁ;i:él in asséssment Nuclide | Commitied effective dose
(st text), kg year ! equivalent, mSv year -,
- on basis of following gut
transfer factors for Pa,
Am in molluscs (see text)
- 0.0002 0.0005
Consumers in local Fish (plaice and cod): 6.5 905 004 0.004
fishing community crustaceans (crabs and lobsters): 6.0 1Ry 010 0.010
molloses (winkles): 83. Bicy 0.015 0.015
: Bipg 0.009 0.022
29pas APy 0.045 0.107
#ipy 0.017 0.040
MAm 0.084 0.188
Total 0.19 0.40
Consumers associited Eish (plaice aiid cod): 49 DIy 0.013 0.013
with cominercial crastaceans (Nephropsy: 11 % BOPy 2Py 0.002 0.004
fisheries: Whitehaven moluscs (whelke): 6 Mipm 0.006 0.009
Total 0.03 0.03
_ Consumers in Morecainbe Fish {flounders-and plmee) 54 1y £.040 0.040
Bay arca crustaceans (shrimps): 21 29pyA40py a.011 0.028
mollizscs (cockles and miussels): 22 . am 0.024 0.058
Total 0.09 0.1 5
Consumers associaied Fish (plaice and cod): 82 ) 1y 0.022 0.022
with comimercial crustacesns sk ): 17 BIpgy 3Py 0.00% 0.021
fisheries: Fleetwood molluscs (cockles and whelks): 23 | M Am 0.018 0.044
Total 0.06 0.11
Typical member of the Fish (plaice and cod): 15 g 0.003 0.003
fish-eating public con- '
suming fish landed at.
Total 0.004

WhltehavenJFleetwwd

0.004

Plaice and cod are overwhelmingly the most popualar
fish eaten by the high-rate consamers, and the assess-
ment of exposure of the critical group of local consum-
ers was based upon an equal mix of these specics taken
from thie Sellafield Offshore Area and from Iandings at
Ravenglass, typical sources of most of the local
commercial supplies. The exposure due to tonsumip-
tion of crustaceans, following the 1989 review of
consumption rates, was calculated on the basis of a mix
of two-thirds crabs and one-third lobsters from the -
Coastal Area and lindings at Ravenglass, combined
equally. The exposure from corsumption of molluscs
was calculated on the basis of averaged radionuclide
concentrations in wigkles from the Coastal Atea,
including data ffom both our own sampling at specific
locations within this Area and from samples collected
by local consumers.

Table 8 surimarises exposures in 1989. For each
exposed group considered, the committed effective
dose equivalent (sub-section 3.4) is given together with
the contributions of individial radionuclides. For sim-
plicity, only the mote important of these are listed:

hence it is not to be expected that the sums of the listed
contributions will necessarily equal the totals presented.

~The gut transfer factor for plutonium and americium in
fish and crustaceans was taken to be 0.0005; for
mollascs the effect of applying gut transfer factors of
0.0002 and 0.0005 is shown in the last two columns.
Recent work at this laboratory (Hunt et al., 1990) has
suggested that a gut transfer factor of 0.0002 may be
used for these elements in realistic assessments of dose
from eating winkles from near Scliafield, and this
procedure has now been endorsed by the NRPB
{NRPB, 1990). On this basis, the committed effective
dose equivalent to the local critical group in 1989 was
0.19 mSv.  Thisteptesentsa small-increase from 0.15
mSv reported for 1988 (Hunt, 1989), due to small
differences in the revised values used for dose per unit
intake (see sub-section 3.4) and to the small increases
noted above in the concentrations of transuranics in
shelifish. These committed effective dose equivalents
are within the ICRP-recommended principal dose limit
for members of the public of 1 mSv year .
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The exposure of the critical group his also been
considered in comparison with the ICRP récommenda-
tion on lifetime exposure (sub-section 3.4). In 1989,
and in previous recent years, realistically-assessed
exposures were within the principal dose Timit of 1
mSv year . For a few years prior to this, exposures
were in excess of 1 mSv year ! but within the ICRP-
recommended subsidiaty doseé limit of 5 mSv year .
There has been ah overall decline in concentrations of
radiologically significant nuclides in environmental
materials as a result of reduced discharges; consump-
tion rates of shellfish would need to increase substan-
tially for exposures to éxceed the principal dose limit.
These exposures aré now considered likely to rémain.
below the 1 mSv year - level, and dose rates above
this level have not occutred for long enough for
lifetime exposures to have exceeded, on average,

1 mSv year *'. This statement takes account of pre<
dicted exposores from future discharges (Hunt, 1986).

Consumption rates in the wider fishing communities of
Cumbria and north Lancashire have been kept under
review. Consumption rates of groups associated with
commercial fisheries in Whitehaven, Fleetwood and the
Morecanibie Bay area afe given in Table 8, together
with the species whose tadioactivity concentrations,
following the information from habits surveys, formed
the basis of the assessmients. Because high-tate con-
sumers in all areas may eat both fish and shellfish, the
critical groups have béen defined by the maximising
procedure of summing exposures due to the componeiit
consumption rates. The committed effective dose
equivalents received by the groups are given in Table
8. The results for Whitehaven were less than those for
Morecambe Bay or Fleetwood, mainly because of
lower consumption rates and radioactivity concentia-
tions in molluscs. In comparison with the results for
1988 on the basis of the more conservative gut transfer
factor of 0.0005 for plutonium and americiam in non-
winkle species, the committed collective dose equiva-
lents to the groups at Whiitehaven and Fleetwood were
slightly lower in 1989 (1988: 0.05 mSv year ! and
0.12 mSv year " respectively) and in the Morecambe
Bay area was slightly higher in 1989 (1988: 0.11 mSv
year '), The changes from 1988 are smalf in relation
to the associated variabilities, including environtnental
fluctuations. Doses were well within the ICRP-
recommended principal dose limit for mémbers of the
public of 1 mSv year 1.

The effective dose appropriate to a consumption rate of
15 kg year ** of fish from Iandings at Whitehaven and
Fleetwood is also given in Table 8. This consumption
rate represents an average for typical fish-eating
members of the public. The committed effective dose
equivalent in 1989 was 0.004 mSv, which represents a
decrease from 0.005 mSv reported for 1988 (Hunt,
1989), due to the reduced concentrations of radiocae-
sium in Irish Sea fish,

Comparison of the exposures reported in Table 8 with
those due to ingestion of natural polonium-210 in fish
and shellfish is of iterest although this source of
exposure is not subject to the ICRP-recommended dose
limits. For the high consumption rate groups, dose
rates up to 0.5 mSv year ' could be received (Pentreath
and Allington, 1988; Pentreath ef al., 1989(2)).' The
exposures reported here may also be compared with the
average dose of approximately 2.2 mSv year ! to
members of the UK public from all nataral sources of
radiation (Hughes ef al., 1988).

Collective doses received during 1989, from consump-
tion of fish and shellfish have been estimated for the
UK and other European countries. In gencral, the
method used has been 0 combine data on actual fish
and shefifish landings from relevant jea areas with
average radioactivity concentrations in fish and shell-
fish caught in these areas. This method differs from
that based on modelling of water movements and.a
usually fixed catch rate for different sea areas; this
modelling method generally derives the collective dose
10 be received over a nurnber of years 4s a result of
discharges during the year under review, and the results
ate not readily coniparable with those based on the
present method. S¢a areas considered in this assess-
ment included the Hish Sea, Scottish waters, the North
Sea, Baltic Sea, Norwegian Sea, Spitzbergen/Bear
Island area and Barents Sea. Corrections have been
made for the fraction of fish or shellfish consumed.
The contribution -of weapons-test fallout to the radioac-
tivity concentrations has been subtracted. Considera-
tion has been given to the pathway due to fish offal and
industrial fisheries, the product of both of which is fish
meal which is fed 1o pigs, poultry 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 resulis are presented in
Table 9. The results for 1989 are preliminary, being

Table 9. Collective doses from fish and shell-

fish, 1988 and 1989%.
Population Size of . Collective committed
population effective dose

equivalent, man-Sv
1988 1989*

UK 5.6x 107 30 20

Other European

countries 6.5x 108 50 30

* Preliminary- data



but it éven smaller proportions, are strontium-90, -

. throngh both fisli-and shelifish, and the transuranics,
‘maiily through shellfish. It shoald be noted that for
transifanics the doses per unit intake allow for the long
bady lm‘lf nmes; S0 that the smaﬂ cmxmlmuons csl~

prelisiis : camﬁimmofpaﬂawaysodﬁerthanﬁshandshellﬁsh
msultofwman-Svforﬂ:e‘[me%gwenmﬂle ' consamption, ¢.g. external éxposure, to the collective -
pre\nousmpm‘t(Huﬂt 1989) bas been reduced to 30 dose from Sellafield liguid discharges is relatively
mian-Sv on this basis; th@rehasbeennﬁchangemthe . maﬂﬁmtmﬂfeﬁml%l)
prelnnumresnhnfSOmaﬁ-Svfarm‘” N
cotntries because ouly a very Ilcom, smentof this Thie v
dose:sdmboplmmand"f" iciu.

yireliitiinary resalts for 1989 6f 20 man-Sv for the
" UK and 30 man-Sv for other Eafopean countries are

L 0 Jess thani the respective results now reported for 1988,
qumdrad;ﬁwuvcmdkclmtgesﬁuﬁi Séllaf’ﬁlﬂ up TInswasmmnly doe to redactions i concentrations in
totheendafl%gmﬂtemmqf - ﬁsimf_”_" -"'bmhﬁﬁmSeﬂaﬁelddxscharges

ﬁshfwmtheNnrﬂi Seaandﬁmheraﬁeldmbelow
detsctmﬁ Iimns.. HaweVer lyased on the comnbuuon

: nerally munﬁdmmmedmnabamlﬂ%ofﬂlemtalsfor
1 : : i the X mbtltwm agani -the: UK population and for other countries, excluding
mauﬂyfmmratﬁnmsrwn due 1o fish offal and - - thie effect of fish from e Batiic:Sea. The contribution
industrial fisheries (Hunt.and Jefferies, 1981). Other o the collective dose to the UK population from Baltic
rachonuchdes wlﬁch camﬁbme o the coﬂecnve dose, Sea ﬁS'h would liave m mmlmal On the basis of
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Figure 3. Concentrations (Bq k") of caesium-137 in filtered water from the west of

- Scotland, March 1989,

concentrations of radicactivity in fish from the Baltic
Sea (Saxen et al., 1989), it is estimated that the collec-
tive dose to other European couniries due to the effects
of the Cliernobyl accidert-on Baltic S¢a fish could have
been as much as 30 miasi=Sv in both 1988 and 1989,

The collective dose for the UK, given in Table 9, may
be compared on a per aput basis with the annual dose
equivalent averaged ver the population of 2.2 mSv
due to natural background radiation {(see sub-section
3.4). In 1989, the preliminary UK collective dose
through the fish and shelifish pathiway as a result of
liquid radioactive waste disposal operdtions amounted
to less than 0.02% of this level.

Itis clear from the statemients above, which compare
the 1988 and 1989 results for both ctitical group and
coliective dose raws, tiat an important factor determin-
ing exposures is the distribution of radivactivity in the
marine environment. We maintain-a continuing pro-
gramme of research on marine behaviour and distribu-
tion (including budget assessments).of significant
radionuclides, Data on the distribution of caesinm-137

in sea water are regularly collected by resgarch vessel
criises; the distribution gbserved in the Irish Sea in
March 1989 is shown in Figure 2. Comparison with
the data for March 1988 (Hunt, 1989) shows that
concentrations of caesium-137 in sea water of the
eastern Irish Sea were generally similar, and those in
the western Irish Sea decreased, continuing in that area
to teflect the reductions in discharges from Sellafield
since 1988, following operation of SIXEP. Our craise
programme in March 1989 included collection of data
on the distribation of caesium-137 in sea water west of
Scotland; the data are shown in Figure 3. Comparison
with the data for March 1988 (Huiit, 1989) shows con-
tinping reductions in concentrations of caesiam-137 in
Scottish waters. Data for the North Sea daring August
and September 1989 are shown in Figure 4. Compari-
son with:the distribation observed in August and
September 1988 (Hant, 1989) shows a continuing
reduction in concentrations of caesiurn-137 in most
areas of the North Sea, particularly off the east coast of
Scotland. Some of the caesiim-137 in the North Sea,
particularly in the north and east, is due to the effect of
fallout from Chiertiobyl (Mitchell and Stecle, 1988);



Figure 4. Concentrations (By kg!) of caesium-137 in filiered water from the North '

Sea, August-September 1989,

the distribution for 1989 continues to show thie intro-
duction of water from the Baltic Sea which is slightly
richer in caesium-137 fmm Chernoby] than water of
thie North Sea.

4.1.2 External exposure

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

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

©  rales in air at 1 m above ground evel, Monitoring in

Scotland is carried out on behalf of the departments of

" the Scottish Office. Dose rates on Irish Sea shorelines,

near other huclear establishments which reflect

* Sellafield discharges, are given later in this report (see

sub-sections 4.2, 4.3,4.4, 6.5, 6.11). Variations in
sediment type account for the quite marked fluctuations

- indose rate, superimposed on a general decrease with

increasing distance from Sellafield. Dose rates over

intertidal areas in 1989 showed general reductions as
compared wiih 1988 (Hunt, 1989).
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- Table 10. Gamm: rwd’mtwn deise rutes over intertidal areas of the
C’ambnan cmrst ami fm-ther aﬁeld, 19895 :

Lacation

Cumbria
.'Bu'rghma:rsh !
ernend .
Maryport Clmstch‘umh

shiore
Workington hatbour

Harrington hatbour . i
Whmhaveu outerhmbzmr N

L]

- mﬁiar :
" “yacht Basm )
St Bees

Nethettown witikle be'ds

- Sellafietd

Seascale

Dngg pipéﬁic
. Bm'n Sear -
~Ravenglass - sa‘dmon ganh

- fm‘d area .
- R;We:mlla

L]
"
W
"
L]
L
"
L]

Jenny Bmwn"s Pom
Sundeirland Poim-
‘Skippool Creek
Fleetwood
Blackpool .
Lythiam Creek

- Freckleton
Becconsall
Ainsdale -

". Rew Brighion -

- Mersey (Rock Ferry)
Liaidudno
Presmtyn

wmafbnﬂge_'

Mud

* Mud
. Sawcry
"-Smdy mud' ,

‘Mussel bed

Sanrdy mud
Saridfstones

- Mussel bed

Sandy mud

Sand

Salt inarsh

Swdy mmi__ .

-Snmiy m‘l!d
Muad -
© Sand

‘”

" Mad

r .

. Mud

Gravel

. Sandy gravel.

smymrfd
Mud

_ _--:Smﬂymud_
-..Sehmmh
‘ »;Smﬂ?mud o

P

Kh;ﬂ.pﬁ.ﬁ-ﬁ_}'nﬁi-{hh'&ﬁﬂh.#m#

F N A N N P

No. of

. sampling

observa-
tions#

b

Y]

Mean gamma
dose rate -
in air at

1m, pGy Kt

0.1
0.10
0.080
0.14
0.099
0.19
0.19
0.17
0.16
0.24
0.33

0.077

0.12

- 0.096

0.089
0.080
0.080
0.12
0.22.
0.11
0.12

0,14

0079
0.15
0.20
0.38
6.32
0.16
643
0.081
0.15

013

0:26

014

0:098

0.067

0.14

ol

0.095
0.11 -
0.16

0.061
o
0.16
0.15
0.061
0.072
0.14
0.083
0.059

0.10

0.12
-0.11

0.10

021 .

0.15

0.12

# See :ubasemon":': cti i 3.3 fordefinitio it



We also regularly monitor radioactivity concentrations
in sediments. This is both because of relevance to dose
‘rates and in order to keep under review distributions of
adsotbed radioactivity. Concentrations of beta/gamina
radioactivity and transuranics, in most ¢ases at the same
locations as the dose rate measurements, are given in
Table 11. Variations similar in cavse to those of the
dose rates are observed, and comparison with resalts
for 1988 (Hunt, 1989) shows general reductions in line
with the behaviour of dose rates.

To identify those members of the public subject to the
highest external exposures, occupancies of different

locations need to be considered. We keep under review

the amounts of time spetit by members of the pablic on
intertidal areas of coastline bordering the north-¢ast

Irish Sea; activities leading to significant external
exposures are sparse and our surveys cover a wide area
including Curibria, Lancashire (Doddington ef al.,

. 1990) and the north Solway coast (Doddington et al.,
1989). In west Cumbria, combining dose rates and oc-
capancy.times, it is considered that bait diggers are
representative of those who receive the highest externat
exposures, because of the occupancy times involved,
which are greater than for other activities on intertidal
areas. The maximum exterral exposure in 1989 was
0.079 mSv (Doddington ef al., 1990); addition of dose
due to other pathways including fish and shellfish
consumption increases this t0.0.24 mSv. This total is
within-the distribution of individual doses for the criti-
cal group of consumers of fish and shellfish from the

" Cumbrian Coastal Area, and the radiological impact in

Table 11. Radioactivity in sediment from the Cumbrian coast and farther afield, 1989.

No. of

Mean radioactivity concentration {diy), Bq kg

Sampling point
and sediment type samplinig -
. obgerva- Total -
C o Giendd veta.

Cumbria :
Maryport shote (wiisd) 4 . 800

Christchiorch (mied) 4 3700
Harrington ™) 4 4600
Whitehaven ™). 4 . 6200
St Bees (satdl) S 490
Sellafield - ") 4 690
Seascale ™) 4 570
Ravenglass- - : ;

Ravenvilla, (sandy i) 4 21060
Newbiggin - (mud) 4 3000
Millom (sandy fiiud) 4 . ¥500.
Walney Island (mud) 4 1100
Flookburgh- (riaddy sand) 4 660
Heysham (mud) - 4 1200
Sunderlarid Pt ) - 4 1200 -
Skippool Cieck ) 4 2200
Flegtwood (sand) 4 380
Blackpoo! - (") 4 230.
New Brigliton () 4 280
Rock Ferry (inod) 1 1800 -
South-west Scotiand
Garlieston (mud) 4. 1200:
Tinerwell ") 2 1400
Kippford slipway (") 4 500
Kippford merse {nrarsh) 4 26060-
Palnackie .. (ovad) 4 1900
Carsethiorn ") 2 1200
Northers Ireland
Strangford Lough*  (mod) 2 720
Strangford Lough** (") . 2 570
Groomsport (sand) 2 320
Carlingford Lough  (mud) 2 990
Dundrum Bay {sandy nud) 2 700
Lame Lough (mud) 2 950

gy

SMn  ®To %Zrv 1BRu %Ry B 1
— PN e e s
NO 31 ND ND 0 48 23 320
" 31 1y - 610 20 1z 1100
* 18 120 " 556 17 11 1100
" 18 91 21 436 21 13 1900
* 34 ND ND 62 ND L1 110
- 45 1.8 " 1. " 1.8 270
" 35 ‘ND " 6. 10 13 170
. 23 56 . 376 16 72 690
05 37 45 - " 480 35 10 990
‘ND 47 33 " 200 88 57 530
" 65 11 " 110 - 3.2 3.1 340
" 07 ND " 25 1.3 17 210
" .63 12 " 95 63 49 560
05 32 09 - 37 2.9 44 430
ND 73 ND " 8% 38 13 1200
" ND " ND ND 05 41

" " " " " " 01 17

* * " " * ND 25

" 36 . 310 7.0 700
- 63 e " 72 8 9.7 3%0
# 9.0 "~ ND ¢ 97 6 63 440
63 89 56 ° W0 41 79 560
ND - 18 41 " 186 2.8 33 1300
" 1. 63 .~ 136. 37 95 1750
. 58 ND " 6% 24 54 480
" ND " " ND ND 20 110
" " " " " " 03 21

" " " " " " 03 14

" " " " " 7.3 240
L .H. T L N. " 0.8 23

" " " " 34 v 5.1 190



Table 11, _' ¢

. Samplitig point and - C L Newof Mwn mdlowcuvny uonoentratren {dry), Bq! kg“
: B - cbservar - I“Ce gy ISRy 2’% Bipps Bipy  Fpm . B0 MCme

Cumbria
Marypoit shore (saird) 4 ND 24 1.5 18 92 NA 130 51 0.39
Maryport Christehurch(mud) 4 66 30 20 0 150 MO 0" 1100 ND 2.6
Harrington "y 4 63 30 19 "NA NA " 860 NA NA
Whitehaven (") 4 47 .34 22 180 810 " 1100 ND 2.6
St Bees (sandy 4 ND ‘4.5 2.7 NA NA " 150 NA NA
Sellafield - (") 4 2.8 6.9 4.0 " " " 230 " "
Seascale (") 4 09 57 T T " " 190 " "
Ravenglass- : .

Ravenvilla {sandy mud) 4 50 29 7 ..~ " " 810 " "
Newbiggin {mud) 4 69 43 .23 240 1100 19000 1300 1.8 4.7
Millom (sandy miud) 4 25 15 10. NA NA NA 420 NA NA

- Walney Island (mud) 4 13 9.1 5.9 " " " 260 ¢ "
Flookburgh (muddy sand) 4 ND 86 08 " - " 44 " "
Heysham (mad) 4 4.6 76 63 38 180 - 210 077 0.65
Sundeiland Pt ") 4 1.7 32 4.4 NA NA v 110 NA NA
Skippool Cresk () 4. ND 11 7.5 " " " 33 " "
Flestwood S (sand) L4 " ND. ND " - " 12 oo
Blmﬁ] ) ( ", ) . 4 w T ) " . L] L L 3'6 L3 "
New Biighiton "y 4. . " - “ " " 34 " "
Rock Ferry (imird) B 4.1 53 53 " * * 156 "
Garlicston S LY 66 39 36 170 ° 256  ND 0.54
Innerwell <y S 2 34 94 1.7 NA NA - 250 NA NA
Kippford slipway = (™) 4 87 10 12 45 2100 ¢ 290 ND  0.89
Kippford metse (tm‘rﬁli) 4 . ND R G _1'5 1w 500 * 650 " 2.7
Palnackie . {mud) 4 8.6 15 "9;7 68 310 * 430 085 1.7
Carsethorit ") A ND T4 57 NA- NA " 190 NA NA
Northerh 'Ii'el'm’:d '

Strangford Lough* (mud) 2. i ND - ND 1.4 7.2 " 5.6 ND ND
Strang‘ford Lough** ") 2 - - " D18 1.1 " 087 " 0.0015
Groomspott {wainnd) 2 " . " NA WA v 055 NA NA
Carlingford Longh (iirerd) o2 " 18 2.5 15 " 7.2 ND ND
Duiidiurs Bay {sandy miod) 2 " * ND NA NA oo ND NA NA

- Lame Lough {mud) 2 " " 2.0 " R ‘14 * "
NA = niot analysed.

- KD-=not detected.

" * Nickey's Pmm
** Island Fll o
# see sab-section. 3.3 for-definitic

-west Cutiibria of liquid wasm dlschﬁrgcs fmm R themselves, this occupancy was: equwalent to that from

“Sellafield is adequately represented by this ¢#ii ' spending 3000 h year * over unshiclded mud. Making
group. In the wider area, including Cumbnai .. anallowance for nataral background, their external
Laneashire and the notth Solway codst, on the basisof - exposure in’ 1989 was 0.17 mSv. This was less than in
dose tates and occupancy timés; it is considered that 1988 .(0.27 mSv), due to reduced equivaletit occuparicy
persons who live on board boats in the Ribble estuary ~  times and to reduced dose rates following declining

are representative of those whao receive the highest . concentrations of radiocacsium in sediments. The
external exposttes from the éffects of discharges: fiom  exposure was within the ICRP-recommended principal
Sellafield (sce sub-section 4.2). Their occopancy of . dwse Timit of 1 mSv year ! for members of the public.
boats in 1989 was nearly full-time biit, taking account ~ Additional exposuie of these people, due to consump-
ofmemﬂmmebmmsﬁwm&mmmwby ﬁmafﬁﬁlmdshﬁiﬁshmdhmdhngofﬁshmggcar

et e . _'was finibl.




The converse situation, of the critical group of fish and ~ Table 12. Beta radiation dose rates on contact

shellfish consumers also receiving exposure from . with fishing gear on vessels operat-
external patiways, atso needs to be-considered. Habits ing off Sellafield, 1989.
survey data indicate; however, that except in the case =~ B ———
- of the bait digger described above, the extemal compo- . Vessel  Type of No.of sampling - Mean beta dose
- nent is too small fomake a siguificant difference to the cgear - observations# rate in tissue,
testlt for their éxposure already given in sub-section . i pGy b”
4.1.1; additions of this small order arc considered o~ , Nets 4 0.05
be adequaicly taken ifito account by the maximising Ropes 4 0.03
process of suriming exposures from thie consmnptton
of fish, crustaccans and molluscs. B RNas 8 0.05
R C Ropes .8 0.05
It is o be noted thiat the levels 0‘f radioneclide coricen-
trations in sediments (shown in Table 1) give rise o Gl nets i b
only very mmﬁr ra'dmhon exposures to the public ’
following inhatation of resuspended particulates, E Nes Fl 0.10
incloding those from thie surf zone (Pat[mden et a"I ' Gillnets - 2 0.07
1981). : .
M Ness ' 4 0.06
. o i Coe . Ropes 4 : 0.04
4.1.3 ﬁshmggear o o N Nes .. 1 010
' - Gill ets 4 0.04
Dtmng immersion in sea water, fishing gedr may - - Pots ' 2 0.06
entrain particles of sediment on which radioaciivity is - , _
adsorbed. Fishermen handling this gear may be ex- P Nets 4 004
posed to external radiation, mamiytoshnfmmbeta Gl " 0.14
particles. We regularly monitor fishing gear using Q _ lf,m_nu.s 2 0.07
portable beta dosermeters. Results for 1989 afe pre-
sented in Table 12. Our habits surveys keep under R " Nets | 0.04

review the amounits of time speat by fishermen han-
dling their gear; for those most exposed, 500 h year !

is appropriate. The maximumn exposure from handling ¥ See sub-section 3.3 for definition. |

Table 13. Radwwchv!ty in Porphyra ﬁ-om UKshorehnes of the Irish Sea, 1989,

Sampling point . No of Mean radmcuvlty conicentration (wet), Bq kg"
observa-  Totad %Co 65Zn WSr BZre PTe  WRy Ry Mempg 1258
. tioms#  bem BNb
Braystones Soiith - 4 380 12 ND NA 34 NA 14 190 0.1 3.0
Seascale 52+ NA 19 005 44. " 1.8 180 0.4 5.7
St Bees 4 300 0.8 ND 097 5.7 2.3 1.2 130 ~ 0.1 4.5
Knock Bay ¢ 140 ND " NA ND NA ND L1 ND  ND

Sampling point No. of Mean radiosctivity conceritration (wet), Bqkg!

observa- - MCs Dy - MACe BSpy  Bpy  Dpgs Mpy  Mpm Moy M0me

tions# - opy W0
Braystones Somh 4 005 66 L6 ND 16 T4 130 12 0.026  0.039
Seascale | - 57 062 13 .8 01 NA NA  NA 20 NA NA
St Bees 4 005 93 22 .01 22 0 98 180 17 0074  0.033
Kiiock Bay 4 ND 69 ND ND NA. NA NA - 058 NA NA

NA: = not dnadlysed.

ND = not detected.

#See sub-section 3.3 for definition,

* These samples are couiited wet to provide & rapid result,
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of fishing gear in 1989 wouid have been less than 0.1
mSv, which is well within 1% of the ICRP-recom-
mended dose limit appropriate for exposures to skin of
members of the public, based on non-stochastic effects
(sub-section 3.4), Handling of fishing gear therefore
continues to be a minor radiation exposure pathway.

4.14 Porphyral/laverbread pathway

No harvesting of Porphyra in the Sellafield vicinity,
for consumption after being made into laverbread, wis
repotted in 1989; this pathway has therefore remained
essentially dormant. However, monitoring has contin-
uved in view of its potential importance and the value of
Porphyra & an indicator material. Samples of
Porphyra are regularly collected from selected Toca-
tions along UK shorelinés of the Irish Sea. Results of
analyses for 1989 are presented in Table 13. Samiples
of laverbread from the major manufactuters are rega-
larly collected from markets in South Wales and.
analysed. Results for 1989 are presented in Table 14,
The exposiire of critical laverbread consumers was less
than 0.01 mSv, confirming the virtnal abeyance of this
exposure patliway. '

Table 14. Radioactivily in laverbread from

South Wales, 1989.
Manu- No. of Mean radioactivity
facturer - -sainpling concentration (wet), Bqkg!

observa- -

tions# Total %Co

beta

A 4 70 0.2 0.7
C 4 55 ND 0.3 0.4
D 4 §1 " ND 0.4
E 1 80 " " 0.2

ND = not detected.
# See sub-gection 3.3 for definition.

Table 15. Summary of contact beta and
gamma dose rate monitoring of
intertidal areas of Cumbria, 1989,

Menth No. of items detected ~ Locations and dose raies
o0t mGyhkYbut  (mGy b of items
below 0,1 mGy i 0.1 mGy k! sind above

January 0

February 2 Drigg : 2.0

March 0

April 1 Sellafield ; 0.14

May 0

June 1

July [

Avgust 0

September 3

October 2

November 1

December T

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
material with unusual levels of contamination. A
summary of items detected during 1989 is presented in
Table 15, The rate of detection has continued to
decline. The presence of contaminated items only
represents a pathway for exposure of the pubtic in the
unlikely event of prolonged contact with them. The
appropriate standard with which to compare the dose
rates is the ICRP-recommended dose limit of 50 mSv
year ! for exposures o skin of members of the public
(sub-section 3.4). It is not considered tikely that
anyone has receivid a dose to skin in excess of this
limit,

4.1.6 Other surveys

In addition to the monitoring described above, which is
related to the more (or potentially more) significant ra-
diation exposare pathways as a consequence of Sel-
lafield discharges, we undertake a number of further
investigations. Some of these ate of a research nature;
however, they alsa enable pathways of lower curvent
mnportanice to be kept under review,

Seaweeds are useful indicator materials; they may con-
centrate certain radionuclides so they greatly facilitate
measurement and assist in the tracing of these radionu-
clides in the ¢nvironment. Table 16 presents the results
of measurements.in 1989 on marine plants from
shiorelinies of the Irish Sea and further afield. Although
small quantities of samplire and Rhodymenia may be
eaten, concentrations of radicactivity are of negligible
radiological significance. Fucus scaweeds are aseful
indicators, particularly of fission product radionuclides
other than ruthenium-106; samples of Fucus
vesiculosus are collected both in the Sellafield vicinity
and further afield, and the results are presented here.
Monitoring in Scotland is carried out on behalf of
departments of the Scottish Office. Analyses of
samiples collected in Northern Ireland are carried out
on behialf of the DOE{NI).

4.2 Springfields, Lancashire

This establishment is mainly concerned with the
manufacture of fuel elenients for nuclear reactors and
the production of uraniura hexafluoride. Radioactive
waste arisings are of low radiological significance, con-
sisting mainly of thorium and uranium and their decay
products; liquid discharges are made by pipeline to the
Ribbie estuary. Public radiation exposure in this
vicinity, ds a result of these discharges, is very low;
there is, however, a greater conttibution due to Sel-
lafield discharges. The critical pathway is external
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| Table 17(a). Radioactivity

ental materials near Springfields, 1989.

Material Sampling poi No. of Mean radioscivity conicentration (wety*, Bq kg™!
observa- “Total - 6'J(:a Ry gy Mgy DI MG 1Mp, 15y
Bass Ribbi¢ estuary I 150 ND NP ND T0 42 ND ND ND
Eel "o i 98 . v . " 0.6 24 " " "
Grey mulls = * - 1 150 - . 04 21 " " "
Sea trout - o 1 140 " - " 05 2 " " "
Shrimp " o 1 78 . » " 03 99 " "
Cocldes moow 1 156 » " ND 12 " "
Mud Pipeline culet 4 33000 3.7 19 33 83 680 " 29 20
Beccongall 4 40000 56 45 ND 11 98 " 9.8 9.9
Penworthiam 4. 140000 6.2 28 1.7 9.0 820 57 53 1.8
Freckleton 1 110000 53 53 10 11 1100 ND 13 4.9
Lythas Creek 1 42000 80 8 ND 12 1200 " 14 83
Skippoo] Creek 4 2200 7.3 88 38 13 1200 * 115
Rock Ferry 4 1600 36 31 ND 7.0 700 41 53 53
Sand Lytham 1 350 ND ND " KD 37 " ND ND
Material Samplingpomt  No.of  Mean fadioactivity concentration (wet)*, Bq kg™
oberva- WTy TOTR T Wpy BDamp,  Vpy  DPpyy Mam Home
Bass Ribble estuary 1 0.0011 0.0015 0.00060 NA  ND NA NA ND NA
Eel . 1 NA NA NA * " " . " "
Greymullel " L] l " L3 " " r " o " "
Sea trout n " 1 . e " 7 " " @ " " W
Shrimp "o 1 0.0086 0.039 0.0057 " " " - - .
Cockles R 1 041 079 028 " ¢ . " 60 "
Mud Pipeline outfet a 51300 62 1.3 460060 27 130 180 076
Beccorsall 4 60 . 460 75 54 510000 NA NA 270 NA
Penworttam 4 64 _ 840 90 37 Is00GO " . " 220 "
" Breckieton” 1 NA NA NA. 50 140000 " . " 330 "
Lythan Creek. 1 " . ND 50000 " " 330 "
Skippool Creek ! 43 . 88 47 ND 170 " " 330 ¢
Rock Ferty - 4 49 62 . 53 =~ ND o * . 150 -
S&lld Lyl.hm . l 61.9 13 E 7-3 " © o m W W 13 "

NA = not analysed.
* Except for seditnient whiere diy-concentiations apply.
# See sub-section 3.3 for deftaition.

Table 17(b). Gamma dose rates in gir ot _
Im over m‘i@iﬁdal areas near

Location

Pipeline outler 4 0.14
Freckleton 4 0.16
Beccongall 4 015 .
Lytham 4 0.1¢
Penrworthari 4 V.15

# See sub-section 3.3 for defiiiition. :

- exposute ::,jdﬁé-t‘o-vadwrp' sorption. of mdm ivactivity on the
-nmiddy areas of river banks. The amoaats of time for

‘which members of the public are subject to such

. consists of people who live on houseboats moored in

muddy creeks of the Ribble estuary, and is the same

 group which is affected by discharges from Sellafield

(sub-section 4:1.2). We regularly monitor dose rates in
relevant areas including moddy crecks where house-
boats are-moored, and some-of these measurements are

.. supported by arialyses of sediment. In 1989, we
L cuntmued to investigate the fish and shelifish consump-
" tion pathway by anglysing locally-obtgined samples,

o -including analyses for isotopes of thorium.

i
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Results for 1989 are shiown in Table 17(a) and (b).
Radionuclides détected which were due to Spnngﬁelds
discharges were isotopes:of thoriun and ‘protactinium
and their decay products. The concentrations of these
radionuclides in environmental materials were of low -
radiological significance; othier radiomiclides present
were mainly from Scllafield. Exposure of the critical
group of houseboat dwellers in 1989, including the
Sellafield component, was aboui 0.17 mSv, less than -
for 1988 (0.27 mSv), due to reduced equivalerit
occupancy times which atlow for shielding by the boats
themselves and to declining dose rates following
reduced discharges from SeHaficld. The contribation
to exposures due to Springfields discharges would have
been a small fraction of the total. Exposures were
within the ICRP-recommended principal dose limit of
1 mSv year ' for members of the public. - Concentra-
tions of thorium isotopes in.fish from the Ribble
estuary were not significantly differesnit from those
expected from naturat sources. Any exposures due to
Springfields-derived radionuclides in shellfish would

have been a small fraction of the total, most of which
is due to Sellafield discharges, as considered in sub-
section 4.1.1.. The concentrations of thorium isotopes
in silt in areas outside the Ribble estuary were consis-
tent with natural sources, as were coicentrations of

4.3 Capenhurst, Cheshire

The main fanction of the Capenhurst Works is enrich-
ment of uranium, Radioactive waste arisings, mainly
of uranium and its daughter products and technetium-
99 from recycled fuel, are minor; the Works has au-
thorisations to:dispose of small amounts of radioactiv-
ity in liquid wastes to the Rivacre Brook and to the
North Wirral sewage outfall at Meols. In May 1989,
the Rivacre Brook authorisation was varied (see Table
1) to ¢control more radionuclides specificaily, prior to

‘operation of a new decontamination plant. This plant
‘commiciiced active opeération in Aonguost 1989, leading

3

Table 18. Rwdwachmfy in enmmnmntal mateﬁals in the kuuty ofthe Wirral, 1989.

* Bxcept for sediment whete diy coacentratiotis apply.
# See sub-section 3.3 for definition.

Ma‘tc:i-al Smplmg Poiit No of Mem radwactzvxty wnwntrauon (wety*, Bq kg?!
: sampling e
observa-  Total By BT Ry Mg gy 18Ry BIpy
tiims#r beta ’
Shrimps Hoilake 2 59 ND 0535 ND ND 62 ND NA
Cockles Dee éstuaty A 63 0.3 1.1 - " g3 " "
Fueus spiralis Hoylake 2 -200 ND & 25 " 0.3 13 " "
Fucus serratus Little Onme 2 260 0.2 45 " 0.06 5.9 " "
Water weed
Cladophora rupestris  Rivacre Brook 2 150 0.4 a1 . ND 05 04 -
Mud " Hoylake 1 1300 26 NA 25 50 450 ND "
Rivacie Brook 2 1200 27 360 ND 12 52 47 30
Material Sampling poin No. of Mean tadicactivity concentration (wety*, Bq kg™
obsetva- B%py . TowlU PNp P%Pu PPy MAm
tions# R . Mom
“Shrimips Hoylake 2 ND  NA NA NA NA ND NA NA
Cockles Dee estuary” 2 " = " 932 16 3.4 0.0089 0.0089
Fucus spiralis Hoylake 2 t . ~  NA NA 1.3 NA NA
Fuius serratas Litle Onive 2 . " " " " ND " "
Water weed
Cladophora viupestris  Rivacie Brook 2
Muad Hoyldke 1. S " " " 90 "
Rivacre Brook 2 5800 710 2.8 - " ND "
ND = nct detected,
NA =wot analysed.
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to small incieases in discharges in techinetinm-99 to the
Rivacre Brook. No discharges from Capenburst took
place via Meols in 1989 (Table 1). We have estab-
lished an environmental mommrmg run" amime rela

to the pathways which could be of radicfogics

cance due to both disposal routes. Aquauc platits are
also sampled as indicator materials, It is to be noted
that the programme is much mor¢ extensive than i
technically justified by the potential radiological hazard
from Capenhurst discharges.

Results for 1989 are presented in Table 18. The con-
centrations of artificial radioactivity in marine samiples
are mainly due to Sellafield discharges and are consis-
tent with values expected at this distance from Sel-
lafield. Technetium-99 concentrations were low,
reflecting in seaweeds the much reduced discharges of
techinetium-99 fronr Sellafield because decay-stored
liquors were not being released. Exposure of poten-
tially critical shelifish consumers it the Vlcmlty of the
Wirral in 1989 amourited to 1éss thian 0.1 mSv, which
is within the ICRP-récommended principal doss liniit
of 1 mSv year ! for tiembers.of the pablic, This
exposure was mainty due to transaranic muclides from
Sellafield; “only a tiny fraction was due to techaetium-
99, which was aliwost entirely froin Seltafield dis-
charges. The small increases in dis¢harges of techne-
tinm-99 to the Rivacre Brook-were reflected in-the
concentrations of this nuclide in water weed and mud,
but these concentrations were. of neghgible radiological

significance.

}
4.4 Chapelcross, Dumfyiesshire

At this establisliment BNFL operates a magnox-type
nuclear power station, Liquid waste is discharged to
the Solway Firth under authorisatiom of the Scottish
Developmient Department. There aré two pathways
leadmg to public radiation exposures which are of po-
tential importance. These are internal irradiation from
consurniaption of locaily-caught fish and shellfish and
external exposure from use of intertidal areas by
fishermen and wrf cutters. Que monitoring, which is
carried out on behalf of departments of the Scottish
Office, continued to reflect these pathways. Samples
of Fucus scaweeds, as useful indicators, are also
analysed. The results of monitoring in 1989 are
presented in Table 19{a) and (b).

Concentrations of artificial radionuclides in the Chapel-
cross vicinity are mostly due to Sellafield discharges,
and thie general levels of nuclides given in Table 19(a)
dfe consisient with values expected at this distance
from Sellaficld. - Concentrations of radiocaesium in
1989 were generally tess than those in 1988, reflecting
overall reductions in Sellaficld discharges over the last
few yedrs. A reassessmenit of exposures was carried
out for 1989, and this showed that fishermen contiriue
m mume the critical group in view of their regular
cupancy. of intertidal areas and consumption of local
seafood. In 1989 theirexposuré was less than 0.1
n$Sy; which is within the ICRP-recommended principal

Table 19(a). Radioactivity in environmental materials in the vicinity of

Ckapelcmss, 1989
Material ' Sampling No. of Mesn radioaétivity concentration {wet)*, Bq kg'!
point samipling — —_—

observa- Total - SMn ®Co . *Zn SRu 'FSb s P

vons#  bew - PN
Flounder Seafield 1 170 ND. - ND ND ND ND 1.1 69
Salmon " 1 130 " " " " " ND 1.0
Sea tiout " 1 tso " " " " " " 11
Shrimps " 4 o " - - . 02 27
Fucus vesiculosus " 4 400 0.3 . 0.8 " 0.8 0.2 0.6 53
Mud * 4 1300 NI+ 3.4 " 52 2.1 6.0 610
Sand " 4 690 " 0.4 0.7 5.5 ND 1.6 170
Material Sampling Ne. of Mean radiosctivity concentration (we)*, Bq kg™

point - samplitig. - . . _
o observa-  ™Bu WEu PPy Pur  ¥Am  *Cm MCme

Flounder ! Seuﬁeld ) 4 ND.- ND RA NA-- ND NA NA
Salmon - 1 " .
Sea trout . 1 * ¢ 00033 0.0014 0.0022 ND ND
Shrimps - 4 "~ NA NA RND NA NA
Fucus vesicalosus ~ " 4 02 069 33 -~ 32 ND 0.0095
Mud " 4 4.4 4.2 21 - 97 140 0.048 0.51
Sand - 4 ND ©07 18  93. 13 ND ND

NP =not detected; NA = niot: analysed.
* Except for sedirent where dry concentrations apply.
# See subksection 3:3 for defimitioh.
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Table 19(b). Gamrniva dose rates in air-af Im
over intertidal areas in the

vicinity of Chapelcross, 1989.
Location Ground No. ¢f pGy Kt
observa-
tions#
Seafield - Mudfsand 4 0.10
Seafield Salt rhaish- 4 0.11
Battle Hilt Mudfsand 4 0.11
Browhouses Mud/sand 4 Dl
Domoch Brow ‘Sand/mud 2 0.094
Domoch Brow Salt marsh’ 4 0.12

# See sob-secfion 3.3 for definition

dose limnit of 1 mSv year ! for members of the public.
The magnitude of the Chapelcross dischdrges indicate
that the local contribution would have been a tiny
fraction of this exposure, most of it being due
Sellafield discharges.

UNTTED KINGDOM
ATOMIC ENERGY
AUTHORITY (UKAEA

5.

We have continued our regular monitoring of the
environmental impact of liquid radicactive discharges
from the Winfrith Technology Centre and from AEA
Technology, Dounreay. Liquid radioactive wastes also
arise at the UKAEA Harweli Laboratory. I common
with such wastes from other nuclear establishiments in
the Thames Valley arca, these are discharged into the
River Thames catcliment; whilst the critical exposure

pathway is likely to be from drinking water, and moni-
toting is catried out by the DOE (DOE, 1990), we
have coritineed our simall programnme 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 UKAFEA -operates research
facilities, including in 1989 iow-power nuclear reac-
tors. Liquid radicactive waste angmgs are small and
discharges are made under authorisation to the River
Thames at Sutton Courtenay. The critical exposure
pathway is likely to be from drinking water, as stated
above. During 1989, we continued our small pro-
gramme of monitoring of fish and other aquatic
tiaterials fiorm the Thames catchment in surveillance of
fisheries-related exposure pathways. This incloded
monitoring at locations remote from nuclear establish-
ments. Analyses were carried out of available fish
species, with Nuphar Iatea (yellow water lily) and
sediments as indicator materials;

The results of this monitoring are shown in Table 20.
Thie concentrations of artificial radicactivity detected
were very low, Concentrations of some auclides, most
notably caesium-137 in sediment, were enhanced close
to the ouifall, but the levels were very small in terms
of any radiological effect. If any fish were eaten, even
at rates typical of enthusiastic trout consumers, the
railiation dose in 1989, including that due to occupancy
of the river bank near the ¢utfall for times typical of
enthusiastic anglers, would have been less than 0.01
mSv, or less than 1% of the ICRP-recommended prin-
cipal dose limit of 1 mSv year ",

Table 20. Radioactivity in environmental maierials from the River
Thames catchment in surveillance of the effects of liquid
radioactive waste discharges from Harwell, 1989.

Maretial Sampling point

No.of

Mean radioactivity conceiitration
sarmipling (wet)*, Bqkg?
observa- T — .
tions# “ Towal ¥§  ©Co ©Zn Uy
Rainbow trout  Esst Hendred 1 140 NA 'ND ND 0.4
{Ginge Brook)
Chub ‘Stairies 1 14 ND " " ND
Nuphar litea  Sution Couftenay 1 4 NA 65 02 21
- Staines o 1 3 v 61 ND €3
Mud Suttoh CouriEiiay 1 580 " 10 " 150

NA =not analysed.
ND:= not detected,

* Except for sediment wheré dry concentrations apply.

# See sub-section 3.3 for definition.
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5.2 Winfrith Technology Centre
Dorset

Tl?epl’ln(;ipal somceothmd radicacti
establishment is the Steam Generatmg Heavy Witer
Reactor. Most of the activity in these wastes (Table 1)
is due to tritium from the moderator and coolant, but.
smiall amounts of activation products, including
manganese-54, cobalt-60 and zinc-65, are removed
during decontamination of the reactof’s pressure

- circuit. These wastes are disposed of under authorisa-
tion to deep water in Weymouth Bay. In April 1989,
the authorisation was révised, sctting fnore stringent .
limits and controlling more radiomuclides specifically,
as well as requiring limitation ofdrscharg% by the best
practicable means.

In 1989, the wastes continued 10 be s‘ubjected to
treatment and storage, mainly to allow the short-lived -
zinc-65-to decay before release. The radiclogical
significance of the discharges from Winfrith is small

and mainly due to the activation products rather than to

tritium. Reconcentration of activation products by
shellfish, followed by local consumption, constitiies

ive wasies at his

the critical exposure pathway; this is reflected in our

' monitoring programie. Extemnal gamima radiation

dose rates are monitored at Kimmeridge and in Poole

* Harbour where the intertidal sediment has the potential

 to.adsorb radivactivity. In addition, monitoring of en-

~ vironmental materials and gamma dose rates ata

‘number of locations along the south coast provides

. additional information on the distribution of radioac-

tivity from all sources. Data are presented in Table 21.

The impact of Winfrith discharges, as in previous
“years, was mainly observed in the concentrations of

activation product radionuclides. The concentrations

of the shorter-lived of these radionuclidés, particularly

- zinc-65, continved to-decline in 1989 as compared with

previous years;. this was likely to have been due to the
treatment procedures noted above. The radiation dose
to thie critical group of fish and shellfish consumers
{Smith and Hunt, 1989) was aboat 0.03 miSv, or 3% of
- the ICRP-recommended principal dose limit of 1 mSv
yedar . External gamia radiation-dosg rates, measured

" uging portable instruments, confinued to be indistin-

guishable from levels typical of the nau:ral back-
grmmd

Table 21. Radt_oacumtym environmental materiak and gamma dose rates from the vicinity

of Winfrith, 1989;
Material Sarmpling point No.of =~ Mean radioactivity concentration (wety*, Bq kgt
observa- Total *Mn Fe  %Co “Co Zn PTc ®Ru WA
tions# Cbea- . L
Plaice Weymotth Bay 2 95 ND ©06 ND ND 03 NA ND ND
Pout whiting  Weyrmouth Bay 1 o " 66 " " 03 v v "
Squid Weytmouth Bay 2 93 *  NA * " 26 ~ -* "
 Crabs Weymouth Bay 8 79 08 29 07 21 100 30 " 0.3
Old Harry 1 66 ND 12 ND 11 65 NA " ND
Lobsters Weymouth Bay 3 88 04 15 ND 13 76 36 " 0.2
Oysters ~ Poole 2 8 ND 25 " 0.8 92 NA " ND
Cockies Pocle 1 51 - 20 04 9.9 24 " -
Scallops Weyimouth Bay 4 110 12 40 L1 84 S1 " . "
Whelks Weymouthi Bay 1 120 ND 27  ND 56 26 " " "
Poole Bay 2 9% 04~ 65 " 10 93 v - "
* Fucus Arish Mell 1 210 80 LY 52 0 17 " -
serratus Kimmeridge 3 20 838 38 2.7 72 21 " 1.8 "
Swanage . 2 2% 18 26 L7 43 11 " ND "
Hengistbary Head: 2 200 07 06 08 . 22 45 ° " "
- BognorRock 2 270 B2 04 ND 84 04 " 06 -
Sandgate 1 300 02 NA " 73 07 " ND "
Weymouth 2 220 28 1.0 12 24 61 " . "
Chesil 2 20 NP NA ND 25 ND * " "
* Lyme Regis 2 30 " 03 " 7" .. "
Mud Kimmeridge 3. 560 15 60 13 31 21 " ” "
Poole Harbour 2 776 21 92 ND 22 23 " " .
Hardway 2 7206 17 NA " 20 1.6 " - "
Rye Harbour 2 570 1.2 NA " i6§ ND " 94
Muddy Sand 1 320 18 NA 08 31 15 " ND "

Kimmeridge
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Table 21. Contm:m:d.

No. of

Mum rwdmacuvny aon*cem‘mxon (wet)* Bq kg -1

observa- - 35b  Wigy
tions# _ )
Plaice Weymouth Bay 2 ND = 04
Pout whiting =~ Weymouih Bay 1 " 0.3
Squid WeymouthBay 2 " ND
Crabs Weymouth Bay 8. . " 0:03
Old Harry 1 " ND
Lobsters WeymotthBay 3 " 02
Oysters Poole 2 * KD
Cockles Poole 1 v o2
Scallops Weynictth Bay 4 " 0.05
Whelks Wegrouth Bay 1 " ND
Poole Bay 2 N o
Fucus Arishi Mell 1 o
-serratus Kitinieridge 3 " "
: Swansge 2 T 0:2
Hengistbury Head 2 * NIy
Bognor Rock -2 " 0.3
1 " 0.3
Weymouth 2 N ND
Chiesil 2 " 0.09 -
Lyre Regis 2 - 0.1
Mud Kimmeridge 3 . * 2.6
Poole Harbour 2 - X -3
Hardway 2 0:8 4.5
Rye Harbour 2 2.4 4.5
Muddy Sand  Kimmeridge 1 ND 3.4

Mean gamma dose rate in-air at 1m over interiidal sediments:

Kimmeridge (2 sampling observations): 0.085 pGy h-!
Poole Harbour (2 sampling observations): 0,068 [iGy h!
Hardway (2 sampling observations): 0.073- pGy k*
Rye Hatbour (2 sampling observations): 0.078 pGy K

S %:ég ======.:.='_=- s .= . s : oz o= ¢ = %I g

mpy W wgp

opy WCm
NA NA ND NA NA
000040 - 0.0013 00021  0.00004  0.00021
0.00016 0.00082 00015 ND ND
0.00045 00016 0010 " 0.00053
NA NA ND NA NA
00063 0017 00049 000045  0.00021
000074 00028 00020 = ND 0.00022
00013 0004 00042 " 0.00030
NA NA ND NA NA
019 087 _ 066 . ND ND
NA NA ND . NA NA
023 083 060 { ND 0.048
NA NA NA NA NA

NA = not analysed.

ND =not detected. _

* Except for sediment where dry coticerittations. apply.
# See sub-section 3.3 for defmition.

5.3 AEA Technology, Dounreay,

Liquid radicactive waste dischaiges fiom this establish-
ment are made to the Pentland Firth under authorisa-
tion of the Scottish Development Department, Dis-
charges include a sinor contribution from the adjoin-
ing réactor site (Vulcan Naval Reactor Test Establish-
ment) which is dperated by the Ministry of Defence
{Procurement Executive). In June 1989, thie authiorisa
tiofi was revised, settitg more stringent limits and

controlling more radionuclides specifically, as well as
reéquiring reduction of discliarges by the best practi-
cable means. Discharges from Dounreay in 1989 were
less than in 1988 reflecting the campaigns of reprocess-
ing of reactor fuel. All discharges remained well
within the new aunthorised limits. Our surveys near
Dounireay are ¢arried out on behalf of departments of
the ‘Scottish Office. Monitoring in 1989 continued to
include sampling of fish and shellfish from the area of
the Dounreay outfall and other materials further afield,
with associated gamma dose rate measurements. The
results are presented in Table 22.
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Table 22. Radw@ctivily in eni’)if‘bﬁméﬁtal matenuls aml gamma dose rates from the

vwimty ofDounreay, 1989,

' Sam‘plmg point -N‘o__.' df'_ :

: .:Méﬁﬂ_imny.maﬁimim'(weﬁ*, Bq kg

and miteﬂa] ’ mpﬁfng : -
observa- Total

rons beta

S

Arca of outfal
CM .
Crabs
Lobsters

79
85

e

Winkles 120
Fucus vesiculosis 310
Sand 4 500

Py

- Sludge _ 3
Winkles =~ 4 o130

%Co

140 ND KD

By Ry

iz
-
N

0.03
100 136

6100 800 250 160

24 WD 17 89 ND  ND

Pucus vesiculosus -4 a S 3j0 58 _O.l,:::.

58 v %2 w008

Samplmg pomt

Mean m!ioamve concemraﬁon (wet)* Bq kg" B

“and miaterial : .

Area of cutfall

- Crabs
Lobsters

03
0.3

FOrary
2 zé_ T

Sandside Bay
Wiikles:

Fucus vesiculosus -
Sand :

1.5 02

FOrara

Oigins Geo
Sludge o 3

Briins Ness

16 "

Fucus vesiculosus 4

gy gy

- N ; _

02 L "

79 44 22

1200 710 54

2”?1:& "“km 220m

S5hy D8Py

0.00048 ND- ND
0.013 0.0015  0.00044
0.057 0.0038  0.0016

| 0:00008 0.00035
‘0.0020. 0.0079
" 0.0020 0.011

- 0.093 - 032 027 0037 0.0088
" - NA NA NP NA NA
32 40 14 15 036 0.23

170, 140 390 250 &0 12

0.0692 023 033 0.030 0011
. NA  NA ND  NA, NA

Mean gamma dose rite in air at Iy over intertidal sediment : Oigins Geo (4 sampling observatiens): 0.15 Gy !

Mieari gamma dose féie in #if at L over imertidal sedimsent : Sandside (3 sampling observations): 0.0807:Gy b!

ND = not detected.
NA =not analysed.
Exceptforsedﬂn&nﬁhe:r&dry“""""" ol dpply.
#8eé sub-seerion 3.3 for defuition.

1

-Recenthabrrs su:rveys have conﬁmeﬂ the: emstenceﬁf |

three potentially critical exposure pathiways, two.of

which involve external irradiation. The first of dhese i is _

due to radiocactivity adsorbed miginly on firie particulate
matter becoriing entrained on-fishing gear-which is
regularly handled. This results in-skin dose, mainly
from beta particles, to the hands and forcarms of fish-

ermen. The most exposed group rsrepmsentedbya
smallnmberofpeoplewlmopera&asalmmﬁshery

fro Sandside Bay, close to Dounreay. Our regular
_measurentents in previous years have shown that, at

current rates of discharge, the average dose rates on

. néts would be low. Monitoring by the UKAEA in
1939has (v8]1}

[irracd that the exposure of these fisher-
ed low, at less than 0,1 mSv, or less than
ICRP-tecommended dose limit of 50 mSv

ycar 1 for s:k:m eXxposures (see sub-section 3 4)



Thie secorid potentially critical paﬂlway arises also ﬁcrm
the. uptake of radioactivity by pamculate material -
which accumulates in rocky areas of the foreshore and
presents a potential source of exposare, nxinly to -
gamma radiation, of those who visit these areas. In:
1989, we carried out monitoring of sludge at Oigin’s
Geo; concentrations of radiozctivity were less than in
1988 and consistent with the range of levels expected
due to normal Dounreay operations. 'We also carried
out measurements of gamma dose rates above areas of
the foreshore, Public radiation exposure via this
pathway remained low, at less than 0.01 mSv or less:
than 1% of the ICRP- recommended principal dose
limit of 1 mSv year 7,

The third potentially critical pathway involves internal
exposure of consamers of locally-collected fish and
shellfish; we sample fish, crabs and lobsters from the
outfall area and winkles from Sandside Bay and Brims
Ness to enable this pathway to be kept uider review.
Additionally, as in previous years, scaweed was
sampled as an indicator material. Radiomaclide:
concentrations in 1989 were less than in 1988, reflect-
ing the lower discharges from Dounreay and, for radio-
cacsium, the wrend of dlsfcharg’es from Sellaﬁslﬂ Over
he past few years, Exposares from ﬁsh and shellfish
consamption coiitinued ™ be low: for Highsrate
consumers the radiation dose was less than 0.01 mSv or
1% of the ICRP- recommendedprmnaldosehlmtof

1 mSv year .

NUCLEAR POWER
STATIONS OPERATED
BY THE ELECTRICITY
COMPANIES

All but two of thése power stations are in England or

Wales and are operated by Nuclear Electric pic. The

power stations-at Hunterston and Torness are operated
by Scottish Nuclear Lid.

6.1 Berkeley, Gloucestershire and
Oldbury, Avon

Berkeley Power Station ceased electricity generation in
March 1989, but radicactive wastes still need to be
disposed of as part of decommissioning operations; in
“addition there is-a coniponent to these wastes from the
adjoining Berkeley Nuclear Laboratories. Liquid ra-
dioactive wastes from both Berkeley and Oldbuty are
discharged to the same stretch of the Severn estuary.

. The stations are therefore considered togetheér for the
- purpose of our environmental moniforing. The two

_ potentially critical pathways for public radiation .
- exposure are internal irradiation following consump-

tion of tocalty-caught fish and shelifish, and external
exposare froin occupancy of muddy intertidal areas.

“We therefore andlyse samples of fish and shellfish and
monitor gamma dose rates over sediment. In addition,
measuremients of external exposure are supported by
analyses-of intertidal mud, and Fucus vesiculosus is
collected as-#n indicator material.

Table 23. Radioactivity in environmental materials and gamma dose rates near Berkeley and

Oldbu*ry imeleur pvower sﬁitwns, 1989

Material

Mean radioctivity concentration (mt)* Bq kg -

cbgerva-’ Toral ™C  Ma ®Co ™ PAy  WEz Ppy DPur Wam PCm PPom+
tions# betz . _ o " Hopy W
Flounders 2 97 73 KD ND ND 08 ND NA NA ND NA NA
Grey mullet 1 126 NAS ° " " 1z " " . - "
Salmon - 1 B b A " " " ND " " " - " "
M 1 15‘0 ” L] " " L] ” ” " L L L]
Sole 1 150 -~ . " " o6 " " . . - "
&I 1 . 9] " R L .". .’ " . ND n . ” L L " "
Shrimps 2 e " " o 006 07 " " " " .
Fucus vesiculosus 2 170 - AR 5 S T B " . r - -
Area of outfalls 4 %00 " 03 04 21 51 L2 " " " " .
Lydney 2 s40 * ND 08 L8 45 10 016 080 D66 0011 0.016

Mean gamma dose rate #t 1m over itertidal mud (13 samplurg abis‘aﬁ:iti@ﬁi): 0.076 gGy b

NA =net analysed.

ND = not detected.

* Except for sedimient where dry cont:entrauuns apply
# See sub-section 3.3 Tor definition.
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Data for 1989 are presenied in Table 23. The only
artificial radioactivity detected in fishi and shellfish was
due to carbon-14 anid radiocaesiom. Concentratiotts of
these radionuclides represent the coitibined effect of
discharges from the stations, other naclear establish-
ments discharging into the Bristol Channel, fallout, and
possibly iriclude a simall Sellaficld-derived component.
Apportionment is difficult at the fow levels detected.
Very small concentrations ¢of other artificial radionu-
clides, in addition to radiocaesium, were detected in
mud and seaweed but taken together were of low radio-
logical significance. Directly-measwred gamma dosc
rates over intertidal mud continued to be indistinguish-
able from the natural background, thus a calculation
based on concentrations of radionuclides in sediments
has been used (Hunt, 1984) to estimate exposure of the
critical group of fish dnd shellfish consumers. Their
total exposure due to liuid waste discharges was low,
at less than 0.01 mSv or 1% of the ICRP-recom-
mended principal dose Limit of 1 mSv year ',

6.2 Bradwell, Essex
Radioactive liguid effluent from this power station is

discharged to the estuary of the River Blackwater. A
reassessment of pathways-for radiation exposure of the

public has shown that the criticat pathway is external
exposure of peopleé who live in honséboats moored in
muddy areas of the estuary, because of the amounts of
timie spent on board. Consumption of locally-caught
fish aid shellfish is of tesser impoitance. Our environ-
mental monitoring, however, reflécts both these
patlrways, Gamina dose rite measurements are sup-
ported by analyses of intertidal sediment, and Fucus
vesiculgsus is analysed as an indicator material.

Measuremetits for 1989 are summarised in Table 24.

In fish and shellfish, artificial radioactivity was
detected due to the combined effécts of discharges
from the station, Sellafield discharges, and fallout.
Apportionment of the effects of these sources is
difficult because of the low levels detected. Concentra-
tions of artificial radionuclides in sediment and sea-
weed were also low. Gamma dose rates, as directly
measured, were indistingnishable from the natural
backgrourid, thus a calculation based on concenirations
of radionuclides in sedimerits has been used (Hunt,
1984) to estimate the external exposure of the critical
group of houseboat dwellers. This exposure was small,
amounting 10 less than-0.02 mSv or 2% of the ICRP-
recommended principal dose limit of 1 mSv year .,
Exposures of high-rate fish and shellfish consumers
were lower than those of houseboat dwellers.

Table 24. Radivactivity in énvironmental materials and gamma dose
rates near Bradivell nuelear power station, 1989.

Material No. of

Mean radioactivity concentration (wet)*, Bgkg™!
observa-  Total ¥6m ®Co $Zn %Ry 1M0mpg 125G,
tions# beta :

. Mixed fish 2 91 ND ND ND ND ND ND
Qysters 2 82 " " 12 " 1.4 "
Whelks 2 72 " " ND " 2.5 "
Fucus vesiculosus 2 190 " 1.0 0.2 " ND 0.2
Sediment 6 830 0.2 5.3 ND 5.3 " 1.4
Matetial No. of. Mean radioactivity concentration (wet)*, Bykg™!

sampling e sz .

observa- *Cs PG PRy PPa PPpr Wam  Mome

tions# : 2Py HCm
Mixed fish 2 ND - 09 ND NA NA ND NA
Oysters 2 " 03 0.00047 0.0019 0.0068  0.00029
Whelks . 2 " " " NA NA: ND NA
Fucus vesiculosus 2 " L5 0 " " " "
Seditient ) 6 1.1 21 16 " " * "

Mean garmma dose rate in air at Im over intertidal sediment (7 sampling observations): 0.77 pGy h!

NA =not analysed.
ND = not detected.”

* Except for sediment where dry conceritrations apply.

# See sub-section 3.3 for definition.
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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, outfalls and for the
purposes of our envircnmental monitoring are congid-
ered together, There are two potentially critical
radiation exposure pathways as a result of liquid
radioactive waste discharges: internal irradiation due
to consumption of locally-caughi fish and shelifish, and
external exposure from occupancy of the foreshore.
Our moritoring programme therefore includes analyses
of fish and shellfish and gamma dose rate sarveys of
the intertidal areas. Samples of sedirent are also
collected and analysed. Seaweed is analysed asan
indicator material. The results for 1989 are gwen in .
Table 25.

Concentrations of radiocacsium are attributable to
discharges from the stations aid from Sellafield, with a
small contribution die 6 weapons-test fallout and
perhaps from the Chernobyl accident. Apportionment
is difficult at these low levels, - Trace levels of manga-
nese-54, cobalt-60-and zinc-635 in some materials are
fikely to be due mainly to discharges from Winfrith
rather than to Dungeness, as-demonstrated by the
indicator samspling programme described in sub-section
5.2. Trace amounts of ruthenium-106 weré also
detected in whelks, sediment and scaweed. Ouar
monitoring programme in the Channel Istands (sectmn
9) shows that thie French reprocessing plant at Cap de
la Hague may be the source of this radionuclidé. The
small concentrations of transuranics in $ilt were similar
to levels observed at other sites remote from SeHafield.

A review of expostjre pathways has shown that the
critical group comprises local bait diggers who also eat
fish and shellfish, Gamrna dose rates-over intertidal

. _sednnems measured nsing portable instuments, were

- nishiable from the natural background, thus the
exwma! exposureofthecntlcal group has been based
on a calculation using concentrations of radionuclides
in sediment (Hunt, 1984). The total exposure of the
critical group due to liquid discharges from Dungeness
was low, at about 0. 01 mSv or 1% of the ICRP-
recommended principal dose limit of 1 mSv year .

6.4 Hartlepool, Cleveland

This station is powered by twin AGRs. Dischiarges of

liquid radioactive wastes are made under authorisation
to the North Séa. Potentially critical pathways for
radiation exposure of the public near the station are
internal iitadiation following consumption of local fish
and shellfish and external exposure from occupancy in
intertidal areas. Collectors of small coal, which is
washed ashore along this stretch of coast, account for
the highiest beach occupancies.

Results of our monitoring programme cattied out in
1989 are shown in Table 26. Concentrations of
radiocaesium and transaranics were mainly due to
dlschm'ges from Sellafield and to fallout including, for
radiocaesium, a contribution due to the Chernobyl
accident. The radiation exposure of the critical group
of local fish and shellfish.consumers was low, at less
than 0.01 mSv or 1% of the ICRP-recommended prin-
cipal dose limit of 1 mSv year ', Gamma radiation
dose rates over intertidal sedimen-ts, as directly meas-
ured, continued to be indistinguishable from the natural
background; a-calculation based on measured concen-
trations of radionuclides in coal/sand (Hunt, 1984)
confirmed that the external exposure of coal collectors
in 1989 would have been less than those of high-rate
fish and shellfish consumers, at less than 0.001 mSv.,

Table 25. Radivactivity in emnmnmntal materialy and gamnia dose rales near Dungeness

nuclearpowers. tiore; 1989.
Material No of Mean radloacuvnly conceniration (wet)* qug‘

sampling —— : . .

observa-  Totdl  SMn  9Cs —“Zn TRy 1B5E  BHgy  DIDy TRy B8py Dpyy Mz, Mony

tions#  bem o : - o 2opy M4
Cod 1 130 Np R ND NI . KD ND 0.7 Nb NA NA ND NA
Db 2 100 " " 0.2 " i 005 0.5 " " " " "
Plaice 2 20 "~ v ‘ND 4 " ND 84 " " ” " "
shm l 8-3 LJ B L " L] ) L4 " ND L] L] L] LJ L
Whiclks 2 91 R B | 1.1 L1 " " St v " "
Futas servats 1 360- 02 113 @7 ND " " 63 " " " "
Porphiyra 1 % 240 ND 11 .06 52 " "oz vt " " -
Sand r 350 " 3.7 ND ND- " " 0.6 20 O~ " " "
Mud - 2 59 1.2 16 ¢ 94 .24 " 45 KD 623 083 0460 0.048

Wleain garin dose vate in airat 1m over interiidal sand (7 samiplifig obsérvations): 0.066 pGy h!

Meangamm dwe fave-in dir &t fm over: mmﬁdnl silt in Rye Harbour (2 samplmg dbs’ervatwns) 0.07% pGy h“

NA = ot smalysed.
ND'=not detected.

* Bxcept for seditment whiere dfy concentrations apply.
# See sub-section 3.3 for definition. -
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ivity in environmental materials and gamma dose rates near ﬁaﬁlepoo!

Mean. radwac&vxty concentration (wet)* Ba kg*’

Table 26. Radion
7 rmclear power stahon, 1989
Material No, of
observa-  Total.-  T0mpg 1My
tions#h beta
Plaice 2 100 ND ND
Cod 2 “e " 0.2
Crabs 2 63 0.3 NIy
Shrimp 1 100 ° ND "
Winkles 2 120 ° 0.05
Fucus vesiculosus 2 240 " NI
Sand 1 450 " 1.4
Coalfsand 1 190 " ND
Mud 2 870 * 1. 8

131(3 15560 mpu

09 ND NA

3.1 " L

04 " 0.00040

L.r - NA

1.0 ™ 0.010

0.9 " NA
85 " "

2.8 " "

44 1.9 "

29Py+

2Py Hom
NA ND NA NA
6.0017 00013 ND ND
NA ND NA NA
0.056 0.020  0.00009 0.00007
NA ND NA NA

Mean garima dosé rate in &ir at lm over m;semdal seﬂxmam (6 mnplmg observanons) 0072 pGy ht

NA =
ND =

not analysed.
not detected.

* Except for sediineiit whete dry otmeem:rlmim apply.

# See sub-section 3.3 for defutition.

Table 27. Radioactivityin enmron:

tal materials and gamma dose rates
power statmns, 1989

Mean gamima dose rate in air-at Tof over intertidal sedinent:

" Heysham vicinity (24 sanipling cbservations): 0:097 pGy k1

Sundertand Point (4 sampling observations): 0.1 pGy k!

rear Heyshom i
Material Ne. of Mem radioactivity concentration (Wet)*, Bq kg -1
samiplitiy
observa- - Total Mo %Co FZn Ry g Mgy i
tioneh beta : SNb
Cod 1. 130. KD ND KD 'ND . ND 34 16
Plaice 3 S 1200 " me . 03 28
Bass 1. 170 * " " " » 1.1 68
Flounder 1 - 160 * “ " " . 07 59
Whitebait 1 130 - " v " 05 29
Cockles 4. 75 " 14 " 4.1 02 01 97
Mussels 4. 65 * 07 24 ND. 02 68
Fucus vesiculosus 4 460 " 0.5 " 0.8 1.0 0.3 22
Samphire 1. 73 " ND " ND ND 0.1
Sediment . ’ : '
Sunderland Point 4 1206 05 3.2 0.9 37 2.9 4.4 430
Half Moon Bay -4 1200 ND 6.3 12 95 6.3 4.9 560
Material No. of Mean radioactivity concentration (wet)*, Bq kg™
sampling =
observa- e © g 5En Ppp Ppus  MAm #0m 20
tions# 2py : 2404y
Cod 1 ND ND . ND NA RA ND NA~ NA
Plaice 3
Bass 1
Founider 1
Whitébait 1 0.047 023 031 ND 0.00084
Cockles - 4 071 34 72 " 0.021
Massels 4 " " " .37 1.8 3.3 " 0.0067
Fucus vesiculosus 4 v v 0.2 0.57 2.7 1.1 0.0010 0.0020
Samphie 1 " " ND NA NA 19 NA NA
Scdinent _ )
: SnndcrlmdPotm 4 LT 32 44 " " S B
Half Méon Bay 4 46 - 16 63 38 130 210 077 0.65

NA =not analysed. .
ND-= not détected.

* Bxcept for sediment where dry concentrations apply
#Set sub-section 3.3 for definition.
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6.5 Heysham, Lancashire

This establishment cotnprises two, essentialty ssparate,

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
potentially critica! radiation exposure pathways are due
to internal irradiation following consumption of
locally-canght fish and shellfish and external exposure
from -occupancy of intertidal areas. Our monitoring
programme includes analyses of fish and shellfish and
measarements of gamma dose rates over intertidal
arcas. Samples of sediment are also analysed, and
Fucus vesiculosus is monitored as an indicator material.
Samphire is also collected and analysed because of its
use as a foodstuff. '

The results for 1989 are given in Table 27. These
mainly reflect discharges from Sellaficld; dhe effect of
discharges from Heysham was not detectable above this
background. The radiation éxposure in 1989 of
members of the critical group of fish-and stellfish
consumers in the Morecambe Bay arca was about 0.15
mSv, as given in sub-section 4,1.1. External expostite
of members of the public was less than 0,1 mSv. The
gtoaps of people to which thiese exposures apply are
indcpendent, thus summation is not necessary; both
exposures are within the ICRP-recormended principal
dose limit of 1 mSv year . Concentrations of tadioac-
tivity in samphire were of negligible radiological
significance. '

6.6

nkley Point, Somerset

At this establishment there are two essentially separate
‘A’ and ‘B’ nuclear 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
enivironmentil monitoring they are considered together.
Those members of the public subject to the greatest

(but still small) radiation exposures as a result of these

discharges are those who eat large amounts of locally-
caught fish and shrimps and spend time on silty interti-
dal areas (Doddington et al., 1988). Our monitoring
programme inicludes analyses of locally-caught fish and
shellfish, and external exposure is monitored by means

- of gamma’:ddse rate measurements; supported by

analyses of sediment. In addition, Fucus seaweed is
mionitored as an indicator material.

The results for 1989, presented in Table 28, indicate
concentrations of radicnuclides representing the
combined effect of releases from the stations, from
otlier establishments which discharge to the Bristol
Channel, from Sellaficld, and from fallout. Appor-
tionment is difficult at the low levels detected. The
concentrations in shitimps of wansuranic noclides from
thie station and from Sellafield were of negligible ra-
diological significanice. Gamma radiation dose rates
over intertidal sediment, measured using portable
ingtrutents, were indistinguishable 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 high-rate
fish and shellfish consumers. Their total exposure due
to liguid waste discharges was low, at less than 0.01
mSv or 1% of the ICRP-recommended principal dose
limit of 1 mSv year .

Table 28. Radivactivity in environmental materials and gamma dose rates near Hinkley

Point nuclear power stations, 1989,

No. of

M‘&;n radio‘a'clivity' concentration (Wet)“, Bqkg!

Material
sampling . .
observa- Total “C  Man 9Co
tions# beta
_ Flounders 2 120 86 ND ND
Shrinips -2' 9% NA " -
Fucus vesiculosus 2 276 " 2.2 1.0
Sediment 2 360 " ND 0.5

dags Iy Bpy

5y u‘."'.Ag Bpy4 MAm
0py

NA ND 0.1 1.5 NA NA ND

013 " 0.1 0.7 0.00018 0.00088 0.00074

NA 0.1 0.9 5.0 NA NA ND

* ND 4.1 25 " " "

Mean gamma dose rate in dir at 1m over iﬁten'idal sediment (8 saﬁipling observations): 0.083 uGy h!

NA = not analysed.

ND = not detected.

* Except for sedimnent where diy contentrations apply.
# See sub-section 3.3 for definition.
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on, Ayrshire

This establishment coriirisss ‘A’ and *B’ stations; the
‘A'mmmwmmm ﬁae
ch Slﬂt'mﬂ] by AGE ] ;_- " :
charges wenrad&miﬁe?ﬁﬁofﬂﬁem&rmﬂmw
tion of the Scottish Devélopment Departmet
are two pathways which contribute to e £ .
exposure of the critical gronp: fishammeﬁfish o
consumpﬁﬁnleadnfgtﬁ'ﬁtﬂnﬁl adiat '
ofmtefﬁdaiﬁﬁas!md:ﬁgtommalexpm

sure. Weregularlymtm on behalf of departments -

L

- radioactivity concentration. The small amounts of

activation products observed in molluscs, seaweed and
sand were niainly due to discharges from the ‘B’
station. However, they gave rise to but a smiall fraction
of the above exposure and their radiclogical signifi-
caiice was negligible. Gamma radiation dose rates
dnec&y measm-aﬂ over intertidal sediments were

bl ‘the nataral background, but a
cmmro thie exposare of the criticat group

o igrvenmveWasmclu’deﬂbasedon a cdlcilation (Hunt,
"":IW)wngmwsmmwwmnsofmdmmchdes

in sand.

of the Scottish Office, samples of fishand shelffish and

carry out gamina dose rate mas:msmmlsanﬂie

the gamima dose rate messurements and Fucus scaweed
is analysed as an indicator material. The resulis of
monitoring in 1989 are shown in Table 29.

The concentrauons of artificial radioactivity in this
ntly due to Seltafreld discharges, the
general values bﬁmg consistenit with those to be

expected at this distance from Sellafield. Concentra-

tions of radiocaesiom generally declived it 1989 fol-
lewing the overall reductions ili: Sellﬂfeiﬂ(ﬁwm%
over thic past few years, In 1989, the exposire
membersoftheermcalgroup@fﬁshmﬁ?“‘“ f
consumefsmerﬁmﬁm waslﬁm -

mSv or 2% of the principal A

limit of 1 mSv year ', Radiocaesinm co
detecwﬂmﬁshﬁﬁmfmmswluchare

stat:onco@hngwmwercgenemﬂymmaﬁm&ﬁ-
caught in the open sea; this is because the farrred fish.

are fed on mandfactered food whichi lidis a Tower

Table 29,

nuelear.power statwm, 1989.

foreshore, Samples of sand are analysed in suppaﬁ of 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 nirdér ¢onstruction. Radioactive liquid
effluent from the *A’ station is discharged under
authorisation to. thie North Sea. Our monitoring
reflects the two potentidlly critical radiation exposure
pathways of fish and shellfish consumption leading to
internal ifradiation, and occupancy of intertidal areas
giving rise o external exposure (Léonard and Smith,
1982). The results of this momtonng[m 1989 are

7 shownin Table 30,

‘The radicactivity concentrations représent the com-
‘bined effect of discharges from the ‘A’ station and

 from Seflaficld, as well as.of fallout. Apportionment

is difficult at the Tow levels detected. Trace levels. of
cobalt60, zin¢=65 and rithenium-106in some shellfish

ental materials and gamma dose rates neay Hunterston

Matenal No. of

Medn radmacmnry concmmmdn (wet)* Bq kg -

sampling
observa-
vatioiis#

Total  #Mn 6573

140

5 | 5.

|

Cod 1 ND
Grey

mullet 1
Saithe .4
Tarbot

(Fish farm) 120
Lobster ‘ 1o

4
1

Nephrops ? 85
4

160

& % 1 4 a
1
W
L

39 T :
Winkies- o - 4 15 %
Facus o _
spiralis
Sand

15
1.9 ND: -

oy

Py
1

m"."Ag

I

13403 Wity  Depy Dy Wam #0m ¥ Cm+

1.7

?|
5 |

- 04 NA NA
09 10 -
05 13

0 48

.o 4.6
0.9

‘24 -

£ 1 3 I I E‘l

02 0033 " 0.13 0:.056 0.0021 0.0034

0.47
NA

82 010
37 NA

0.066 0.0025 0.0025
ND NA NA

et e
[
i i

NA =not aivalysed.

ND = not detected. :

* Except for sand where. dfy concentrations a‘pply
# See sub-section. 3.3 for definition,
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Table 30. Radwuctw;ty in environmental materials and gamma dose rates near Sizewell

nuclear power stntwu, 1989,

Material No of Mean radwacuvuy concentration (wel)* Bq kg"

sampling .

observa. Toul ®Co ©Za  ™Ra Mape 4oy D 15gy Bipy Bpys Mam

vationsf  beta Hopy

Cod 1 140 ND ND ND ND ND 25 ND NA NA ND
Plaice 1 110 - " " " oo 0.9 " " " "
Lobster 1 59 0.7 " " .3 " 0.4 " " " "
_Shrimp 1 110 ND " " ND - 6.2 1.4 " 0.00003 0.00023 0.00013
Crab 1 68 02 " " 1.3 ND 0.4 " NA NA ND
Oysters 2 68 ND 08 " 1.7 o 02 " o e v
Whelk 1 8% " ND " 1.3 " ND ¢ . . -

Mud 2 800 3.3 b 6.8 ND 1.5 28 1.5 " " "

Mezn gamma dose rate i aif at Im over intenidal sandfshingle (10 sampling observations): 0.056 pGy K-l

Mean gamma ‘dose rate i 4if at 1 over itertidal mud in Southwold Harbour (v samplmg observanons) 0.070 pGy h!

NA =not malysed.

ND = not detected.

* Except for mud where dry concentrations apply
# See sub-section 3.3 for defnition.

Table 31. Radwactwtty in environmental materials and gantina dose raites near Torness

nuelear power station, 1989.
Material : No of M@m radmacnwty conmnmﬁn (wet)* Bq kg‘l
observa- Totsl 1%Ru Meas Gy Iy B Pu  Pus  MAm 3Cmr

Cod 2 140 KD ND ND 1.6 ND NA NA- ND NA
Crabs 2 93 " 1.5 " 0.5 " " " " "
Lobster 1 69 " 1.2 " 0.5 " " " " "
Nephrops - 4 98 " 0.2 " .2 " 0.00089 0.0051 0.0041 0,00001
Winkles 3 9 . " 1.9 " 0.5 - NA NA ND NA
Fucus spiralis . 1 306 " ND " 1.6 " " " { " "
Fucus vesiculosus 2 290 " " " 1.7 " " " L "
Mud

Dunbar Inner Haibour 2 710 6.2 " 5.0 66 " " " é " "

Eyemouth Harbour 1 880 - ND " 8.3 80 " " " " "

Aberlady Bay 1 480 " L o2 v - " " -
Sand

Thormon Lach Beach 2 166 " " ND 3.2 0.4 " " " "

Mean gamma dose rate in asir at 1Im over 1nt€rtltlal sediierit (10 samphng observanons) 0.064 pGy h*!

NA =not analysed

ND = not detected.

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

and mud are likely to have béen dug to discharges:

the station, but their radiological significance was
negligible. The total radiation exposare of local fish
and shellfish consumers was low, at less than 0.003
mSv or 0.3% of the ICRP-recommended principal dose
Timit of 1 mSv year *'. Directly-measured ganma dose
rates, as in previous years, were indistinguishable from
the natural background; however, thie above exposure-
of the critical group includes a smat contribution for
their external exposure based-on a calculation (Hunt,
1984) using radionuclide concentrations in sediment.

6.9 Torness, East Lothiar

This station, which is powered by two AGRs, came
" into operation &t the énd of 1987, Dischaiges of

radioactive wastes to the North Sea are authorised by
the Scottish Development Department. Our investiga-
tions, on behalf of departments of the Scottish Office,
_have shown that potentially critical pathways for
radiation exposure of the public are intemal irradiation
from consumption of Yocal fish and shelifish and
extertial exposute from occupancy of intertidal areas.
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These pathways form the basis of our regular monitor-

ing pragiramm'e '(lconard'- onard and Hal, 1989). Sampljes of
samplesof seawwdaremmnmwdasmﬁicamrma“ﬁm

s. Measurements are also made of ganima dose fates
overmtcmdalareas sippotted by analyses of sedi-
ment.

Results of this monitoring in 1989 are shown in Table
31. Concentrations of artificial radionuclides were
mainly due to the distant effects of Sellafield dis-
charges and to fallout, including a contribution from
the Chernobyl accident. Radiation exposure of the
critical group of fish and shellfish consumers was low,
at less-than 0.003 mSv, or 0.3% of the ICRP-recom~ :
mended principal dose fimit of 1 mSv year . This -
exposure includes a small-contribution: die tO-externl
radiation, calculated on the basis of radionucTide con-
centrations in sedient (Hunt, 1984); as: dimctly
measured, garmima dose rates remained indistinguish-
abile from tlie natural background.

6.10 Trawydd, Gwymdd -

Discharges t‘mrn this station: aremade o the: ﬁeshwﬁtﬁrf

Lake'l‘rawsfynyddmfder avthiorisation of the Welsh
Office. Becamedfthelﬂnmﬂﬁmmmnfwaﬁr .

available for dispersion theyareofgrwmrmdnmgmal' -_

sxgmzﬁcancemmthasefmmmmimcbarp@w
st‘anﬂus wtnch' ischa g mﬁlwﬁﬁrs

consumpuon of fish caught in the lake; the important

" rafionuclides are those of caesium and,; 1o a lesser ex-

tent, sidntiom-90. . Species of fish regulatly consumed
are brown trout and rainbow tout; negligible amounts
of perch were eaten by high-rate trout consumers in
1989 Perch and most brown trout are indigenouns to
the lake but raifibow trout, and sométimes brown trout,
are introduced from a hatchery. Because of the limited
period which they spend in the lake, introduced fish
generally exhibit lower radiocagsium concentrations
than-those of indigenous fish.

Our mokitoring programiie reflécts 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: prograivine, miud and peat from the lake bed are
also dnalysed; these materials contribute radioactivity
to the fishes’ diet. Additional information is gained
from analyses of the moss Fontinalis which isa

- sensitive indicator for a nuimber of radionuclides, and
. from -analyses of lake water.. Our enlianced monitoring
programuie, which was increased in 1986 following the

Chernobyl accident, continued. The results of our

‘additional monitoring are reported insection 10. Our
. regular prograrime of monitoring of fish at

" Trawsfynydd continued during 1989, and is reported
* here to present a balanced pictire of public radiation
: empm%ﬁsrﬂaewhn%yeax Thi results of our

g ateshuwn in Tabie 32.

Table 32. adicactivily wrvnential moterials ard gamnia dose rates near Trawsfynydd
' uueﬂewpuwerdm 1989 ' :
Materisl No.of Mean rxdmawvuy concentiation (wet)“ qug &
observa-  Total = BF  FMn 0o %054 106 2584 134py £
Brown trout . 13 380 . 34 ND - 01 9.2 ND ND 45 230
Rainbow trout 15 T 140 . 38. " ND 3.9 " " 3.8 20
Raitbow tromt (hatcheiy) 1 97 NA " . “T.6 " " Nb 1.2
Perch 3 160 e - " 4 51 . " 110 600
- Radd ‘3 460 NA " NA " "o 72 380
Fontinalis : ' _ . |
Afon Pryser 3 230 A T " - 4.4 23
Gwylan Stream 2 . 950 83 110 o . 60 150 .. 26 240
Mud o S : B : . i
Nearcobling water o‘iltfaﬂ 2 2100 - " . KD~ 60, v 57 - 250 160 1300
Hot lagoon ‘2 900 7 " 120 " 57 - 480 190 6900
South end of lake: . - 1900 - ™ ” 96 e ‘WD. - 35 39 1100
Cae Adda boat tioofitg 1" - 430 | 7 - L4 . " _ND 10 .. 83
Bailey bridge DR | 1160 " "o 52 " i 9.5 20 300
Guwylan Streain - 2 - 4200 " 5 41 " 28 73 100 2500
Peat
Nwmhngmcﬁffall 1 gy v v 22 R 50 - 250 31 200
Hot tagoon 2 3300, @ " T 96 " 25 .- . 250 70 2100
Swiith end of like H 500 - T - Nb: S . .ND 6.5 1.8 220
Cac Adda boatiooting” 1 750 -~ # B - 7.3 40 220
r 18800 " " 42 . - 49 99 59 530
Water
Bailey bridge 12 RAL " NA NA 022 NA NA 0055  0.19
Cold lagoon - - 1z L . 020 " " 0046 0.17


P&G



Table 32. Continued.

Material ‘No.of = Mein m!mammy cmcemrMm (weij*. Bq lcg -1
cbserva-: '““Ce _ -"-“.Bu 15’Eu Bepy - Dopyy M Am i 30+
tions# : APy M40

Brown trout 13 NB ND NGO 000021 0:00082 0.0013 0.00008  0.00002
Rainbow.trout 15 " o * . U000013 0.00047  0.0007 0.00006  0.00001
Rainbow trout (hatchery) 1 " " " ‘0:00010 0.00057 0:00077 ND ND
Perch ' " " " 0.00017 0.00061  0.0012 0.00012  0.00003
Rudd 3 " " " NA NA ND NA NA
Fontinalis S

Afon Prysor 3 " " 1.8 " " "

Gwylan Streariy 2 19 0.9 4.2 " " 0.62
Mud

Nearcoocling water outfall 2 12 7.4 74 " " 15 " "

Hot lagoon 2. 33 50 34 34 140 210 2.2 5.2

South end of lake i ND ND ND NA NA ND NA NA

Cae Adda boat mooting 1 " " " " " " " "

Bailey bridge 1 - " " " " "

Gwylan Streami 2 6.9 " " " " 1.5
Peat

Near cooling water outfall 1 25 L " " 4.3 "

Hot Tagoon -2 20 25 ‘14 17 69 97 1.2 1.9

South-end of lake— -~ -1 - NBb--:ND - ND- NA NA ND NA NA

Cae Adda boat movormg 1 " " " " " " "

Bailey bridge 1 " “ - - "
Water

Bailey biidge . . 12 Na NA " NA " v NA

Cold lagoon 12 " " " " "

Mean gariima dose rate in-air al Im over ‘areas near Iake shorelme (7 sampﬁng obscrvauons} 0:078 pGy H!

NA not malysed.

ND = rict deiected.

* Except for mud and peat where: dry conventiations apply.
# See sub-section 3.3 for definition

1989 decreasedmbevelsmoretypwaioﬂ%ﬁm
1987 as compared with somewhat greater discharges in
1988 (Table 1). All discharges hiave remained within
authorised lLimits. There were consequest decreases as
compared with 1988 in concentrations of radiccaesium
in the water.of the hot lagoon, and the lake water
reflected the ratio-of cacsinm-137 to cassium-134 in
the discharges. Despite the changes in disclarge

lake water, however, coticentzations of radiocacsium in
trout, averaged over the whole year, were ligher than
those in 1988. (Hum, 1989).. This is thaught 1o be duc
to the time required for fish to respond to the higher
concentritions in Jake water in 1988 as compared with
1987 (Hunt, 1988). In 1989, asin’ pramnus years,
transuranic nuclides from station di: ges and fatlout
wete also-obderved i fish: thesé coficénteations
continued to-be of negligible radiological significince.

It is estimated that in 1989 mcnibers of the ¢ritical
group of fish consamers mvaﬂabﬁutom msv,
which is within the ICRP-recomi o

limit of 1 mSv year . Thisir as

compared with (.07 mSv in 1988 (Hunt, 1989), was
mzinly duc to the greawer concentrations of radiocae-
siom introut. Gamma dose rates, measured using port-
able instrurheéiits, were not significantly different from
values 1o be expécied from the natural background.
However, the exposure of the critical group given
above icludes a small contribution due to lakeside
external exposure based on a calculation (Hunt, 1984)
wsing radionuclide concentrations in sediment.

- 6.11 Wylfa

Liquid radioactive wasies from this station are dis-
chiarged-to the Irish Sea under authorisation of the
Welshi-Office. The two potentially critical pathways
are due to- consurniption of local fish and shellfish and

“to oecupancy of intertidal areas. Monitoring is carried

out in respect-of these pathiways. Samples of sediment
are analysed in support afthegannha ma dose rate meas-

ursments, and the indicator seaweesd Fucus vesiculosus
is also sampled. The results.of miolnitoring in 1989 are

‘presented in Table 33.
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Table 33. Radioactivily in envirorimeital mateiials and gamma dose rates near Wylfa

nueclear power station, 1989.
Material Noof : Munmd:mcuﬂtywmm(wa)*,qug‘ -
observa- ~ Total s “Ru ““"‘Ag ey m& Ry Bepy Bpur  MAm WCme
tions# beta ' 20py 0m
Plaice 2 130 ND ND. ND 01 28 ND - NA NA ND NA
Spurdog 3 99 " " " 0.4 9.6 " 0.00005 0.00018 0.00033 ND
Crabs 2 86 0.2 " 1.0 ND 1.6 " NA NA NI NA
Winkles 2 87 0.4 = 08 " 2.5 " 0.075 0.36 0.43 0.0017
Mussels 2 49 ND " ND " 1.5 " 0.059 0.29 0.49 0.0011
Fucus
vesiculosus 2 290 " " 009 5.1 " NA NA 0.32 NA
Sediment:
Cemilyn Bay 2 1200 1.8 4.4 " 8.3 350 1.3 7.5 39 52 0.14

Mean gamma dosé rate in air at Im over imertidal sediment (12 sampling observations): 0:087 pGy ki

=not analysed,
ND not detected,

* Except for sedimient where diy concenuauens apply.
# See sub-section 3.3 for definition.

Any effects of discharges from this stition aré masked
by Sellafield-derived radicactivity. Concentrations of
artificial radionuclides in environmental materials were
consistent with those expected at this distance from
Sellafield, and generally decreased in 1989, following
the overall reductions in Sellafield discharges in recent
years. Data for 1989 confirmed that the critical group
consisted of high-rate fish and shellfish consumers, and
that their radiation exposure was about 0.01 mSv,
which is within the ICRP-recomimended principal dose
limit of 1 mSv year *'. The magnitade of discharges
from the station indicate that the local contribation
would have been a small fraction of this exposure,
Gamma dose rates, measured using portable instru-
ments, continued to be indistinguishable from the
natural background, but a small contribution duae to
external exposure-of the critical group has been _
included in the above total; this contribution was based
on a calculation using concentrationis- of radionuclides
in sediments (Hunt, 1984). '

7 DEFENCE
ES’I‘ABLISI—IMENTS

We have continrued our regular momtormg of the
effects of liquid radioactive waste discharges to sea

our small programnte of monitoring 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
séction,

7.1 Atomic Weapons
Establishment, Aldermaston,
Berkshire

Liquid radioactive waste discharges are small (Table 1)
and are made undet agreement with Authorising
Departimeis to the River Thames at Pangboume, As
explained above, the critical exposure pathway is likely
to be from drinking water, but in 1989 we continued a
small programme of fisheries-related monitoring. This
iticluded monitoring at locations in the Thames catch-
ment remote from nuclear establishments. Analyses
wete catried out of available fish species, with Nuphar
lutea (yellow water lily) and sediments as indicator

“The resuits of this monitoring ate shown in Table 34.
. ‘The concentrations of artificial radioactivity detected

wete very low. Concentrations of plufoniuh were not

significantly different from the level expected due to

from maval establishments, and the resalts are reported -

in this section. ‘Liquid radioactive wastes are also
discharged from the Atomic Weapons Establishment,
Alderinaston; to the River Thames; The critical public
radiation-exposarc pathway is likely tobe from
drinking water, and monitoring is carried out by the
DOE (DOE, 1990). In 1989, however, we continued

fallout. The overall effect was of very low radiologi-
cal significance: if any fish were eaten, even at rates
typical of enthusiastic trout consumers, the radiation

- dose, sogether with that due to occupancy of the river

barnk near the ontfall for times typical of enthusiastic
anglers, wonld have been Iess than (0.002 mSv or less
thati 0:2% of the I’CRP recommended principal dose
limitof 1 mSv year !
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_ Tab‘le 34, Radwarfhmty m enmnmmeniul nmtenak ﬁ'miz the River Thames catch-

ﬁom meAtom Wenpam

nee of the eﬂ'ects_othuid_rudwucﬂve waste discharges

__ Samplm:gpow l%w

Sl:gines ‘ 1
a  Pangbourne 1
Staines : 1
Pangboume . 1.
Hardwick Ietaid .~ 1
Mapile Dutham ~ . 1

7 Mm ﬂd;omvrty wuwnmﬁon (wet)"‘ Bq l:g"

Tdtal.
T beéta

95
110 .

34
39

310

470

1o

ND

03
0.1

1.3

4.5

1.5

131(:!

o8

0.4

03

7.2
64
21

"

1.9.
ND

B ‘”Eu

2f"Pm

0.00047

ND

NA =iiot analysed.

ND =notdetected. - -

* Except for sediment where dry Concentrutions spply
# See sﬁb“-wmon 3 3 for defmm. .

Liquid wastes coniaining small quantities of radicactiv-
ity are discharged from the establishiments at Davon-

port, Faslane and Rosyth under authorisationfagreement .

with the relevant Authorising Departments (Table 1):
The US naval base at Holy Loch discharges small
quantities of radioactive waste (seb-section 2.1). We
carry out monitoring programmes nicar all of these
establishments, in the cas¢ of Faslane and Rosyth on

:

* behalf of departitienis of the Scottish Office. Monitor-

irg near Chatham also continues in sutveillance of the

effects of past discharges.

Public radiation exposures due to the effects of dis-
charges from thiese establishments are primarily due to
external radiation from sediments, the nuclide of main
importance being cobalt-60. Our regular assessments
of doses to eritical groups take account of the effects of

discharges from other 'l'mcle_hr establishments

'

als and gamtma ymma dose rates near naval

anmammy mmn-man (Wet)". Bq ks" |

Mean gamma dose
rite in air at Im

'l‘ols&l “’C@s
,be(a

Chatham Sediment’ 1 NA 3.6

MI_'IS sels 2. 0.1
Fucus
vesiculosus

‘Sediment

Devonport 60

NA 0S5

2
6

Faslane Sediment 2 a6

Crab 2

Fucus .

Rosyth

75

: ot
. G1G '.-0;6-__

R T

1104, Ag

‘”Sb "-’“Ci _‘3’(21 ) o -
No.of pGy bt

sampling

observa-

tions#

20 ND 4 0.078

NP

. 0.2 L] L L]
5.7 " 12 0.083
100 v

22 0.069

0.5 "

].2 ] [} 3
35 1.0 . 0.070
ND

25 0.069

NA:ﬂotm]iﬁed . '
‘NP= nmapplmme
Exsctptformﬁuﬁtwhcmdfymmﬁﬁmapﬁy
L #Seesﬁbewcnm 3.3 for def'mnicn. )
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(c.g. Sellafield) as well as-exposuie pathways addi-
tiondl to exiemal radiafion, such as any coistinption of
fish and shellfish. We mguhrlycarryoutmwsure
ments Of gammadommces tﬁem'a!l estab ax!mw [
foodswtfs and seaweed are also analysed where

appropnabe

Results of moritoring in 1989 are presented in Table
35. The small concentritions of cobalt-60 mainly
reflect discharges from the establishments; levels of
railiccaesium are mainly due to discharges ffom
 Sellafield. Gamma dose rates over intertidsl sedi- -
ments, directly measured uging portable instruments,
remained indistinguishable from the nateral back-
ground, such that public radiation exposure has been
estimated by calculation based on concentrations of
radionuclides in sedimenits (Hont, 1984) as well:as on
occupancy times from habits sarveys. In 1989, the
exposure of critical groups, taking account of con-
sumption of matine foods aiid occupancy times, .
continued to remain very low near-all of these naval -
establishmerits, at less dian 0.01 mSv year . This rep-
resentslessmanl%ofmemmmmded :
principal dose litnit of 1 mSv year :

8. AMERSHAM
INTERNATIONAL PLC

This company is engaged in the mianufacture of
radioactive materials for use in medicine, research and
industry. The company’s parent establishiment is
located in Amersham, Buckinghiamshire, from which
radioactive discharges are made isito the catchment of
the River Thames. As explained in section 5, environ-

meenital monitofing in respect of these discharges is
carried oui by the DOE (DOE, 1990). However, in
1989 we continued our small programme of fisheries-
related monitoring in connection with discharges of
liquid radivactive wastes to the Thames and its catch-
ment. Results relevant to the Amersham Laboratory
are-presented in this section. Gur monitoring pro-
gramme in sarvéillance of discharges from the Cardiff

ratory has-continued, and the resulis of this
programme are also-presented.

8.1 Amersham Laboratory,
Buckinghamshire

Discharges of liquid radioactive wastes are made under
anthorisation to the Maple Cross sewage works;
releases enter the Grand Union Canal and the River
Colne. In 1989, we continued our small programme of
monitoring of fish and other aquatic materials in sur-
veillance of the effects of these discharges, including
mionitoring at locations remote from fjuclear establish-
ments; Analyses were carried out of Available fish
species with Nuphar ltea (yellow water lily) and
sediments as:indicator materials.

Thie results of this montitoring are presented in Table
36. The concentrations of radioactivity detected were
very low., Concentrations of some radionuclides were
slightly enhanced close to the outfall, but the overall
effect was of very low radiological significance. If any
fish were eaten, evern at rates typical of enthusiastic
trout consumers, the radiation dose, inciuding that due
to.occupancy of river or canal banks near the outfall
for times typical of enthusiastic anglers, would have
been less than 0,01 mSv or less than 1% of the ICRP-
recommended principal dose limit of 1 mSv year .

Table 36. Radioactivity in environmental materials from the River Thames catchment in
surveillance of the effects of liquid radioactive waste discliarges from Amersham

International plc, Ammham, 1989,

Material.

Mean radioacnvuy concentration (wet)‘ Bqkg*

Samplmg point No. of
samiplifig =
obiserva- Total MG ”S 5)BCo ‘"Co S7n W G
tions# beta
Rainbow trout Huntsmoor 1 110 KA NA ND ND ND ND 03
Chub ‘Grand Union Cémal 1 140 160 18 " " " " 0.5
Sizines . koo 110 NA ND " T " ND
Nuphar luiea Grand Union Caiial 1 57 " NA T " " " "
Staiires 1 3 - h '_ - 0.1 " " 0.3
Mud Grand Union Canal 4H - " 9.7 ND 11 2.6 20
NA =not anzlysed.
ND = not detected.

* Except for sedinient where dry concentrations apply.
# See sub-section 3.3 for definition. -
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. than0.1 mSv, which is within the ICRP-recommended
3pnnc1paldﬂse limit of 1 mSv year . This exposure
includes a smalt contribiision due to extetnal irradiation
ﬁfﬁmcﬁmaig:rmp,calcu]a&dmthebms of concen-
drations of radioniclides in sediment (Hunt, 1984).
Gaitriia dose tates over sediment, as measured using
portable instruments, were indistingaishable from those
- expected from the natural background,

”‘W"Mesﬁﬁgofdmcmmhes. A;n' thorisation

Our moniioring progiainie, cartied out o behal of 9 NNEL ISLANDS

the Welsh Office; reflects the two potentially critical MONITORIN G

pathiways: dwe 0. consumption of marise foods aiid 1o

external exposure-over muddy me.fuﬂai afeas MGaS- ‘We have contitmied to analyse marine environmental
urements of exterrial exposute are supported by samples provided by the Channel Islands States, mainly
malyses“fﬂlm@l Sex nent, and F f us seaweed is - "mmemaﬂcedéheeﬁmMMthmd

R K . discharges frori the French reprocessing plant at Cap

€ : - deYa Hague. Fishandshel]ﬁsharemomtoredmrela-
small and ma’mly dtrewcafbm’i 14 mﬁoﬁal - tion fo-the migrnal irradiation pathway; sediment is
artificial radicuuclides Wﬂ arcﬁue lﬁ f&ﬁﬂﬁt, ottier analysed with relévanice to-external exposures. Séa-
establishments which dischar g ' wegds aré sampled a3 indicator materials and because
radioactive wiastes to-the Sever anid th " of their use as fertilisers.
Chiannel, andposm&lymdascmfgesm Sell: ' o ' )

_ The results Tor 1989 are given in Table 38. Concentra-
The results of monitoring in 1989 are presented i tions of cagsiim-137 in fish dnd shellfish were low and
Table 37. O the separate radionuclides lisied, Gnly generally similar 1o those in previous years. Appor-
carbon-14 and sulphir35 were discharged by this tionment to different sources, including fallout, is
establishiment in 1989; the presence of the'otherradi-  difficult in view of the low levels detected. The
onuclides was therefore due 1o the combied back- - presence of transuranics and ruthenium-106 in environ-
ground effects noted above. Smeall amounts of iodine- mental materials ‘may be ambuwdi to discharges from
131 detected in seaweed are likely o have been e 10 thie plant at Cap de Ja Hague. Fowever, the concentra-
dischiarges from a local hospital. The exposurcof the yioms of artificial radiomuclides in each of these materi-
critical group of fish and sheflfis consutners was fess  als were of negligible radiological significance.

Table 37. Radivactivity in environmentol materials-ead gamma dose
Fates near the outfall of the sewer serving Amersham
International plc, Caf’dlﬁ 1989.

Manmal ) : Nwa af oo Meanfaadxmvnycoﬂcmum(wa)* qug'
© obiservac. . Total - C 353 Cmyp B 1y By

Flounder .
Fuus spiralis
Mo S
Muddy sand

290 940 .
RS T

3 NA
T 12
4500

08 ND
0.5 0.03
- 0:6 ND
35 1.3
2 24

zug |

'ND
Lo
#

58555 |

Mear: gartng: dose rabe in‘siran Im over interidal sodiment (4 sampling. observations): 0.077 pGy 1!

NA = not analysed.

ND =notdetécied. :

* Except;fcr sahmeﬁ:t where dry caﬁt‘éﬁtranm arpply

#See sub-section 3.3 fmd@ﬁm&m L

§ hicludes contéibution fomt carbor-14-at. Io‘w countmg efﬁcmmy dae to the Tow
eiigrpy of beta particles éfitted by this fadionucide,
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Table 38. Radioactivity in environmental

riaterials and gamma dose rates from the Channel

52

- Islands, 1989, ’
© Material Sampling area/  No.of _ Mean radicactivity concentration (wet)*; Bq kg™
landing poitit sunpling e ~ s
: ' observa- Totil MC  ®Mn %®Co ®Co SZn %5 %Ry M=y, 125
Rays Guemsey? 1 120 19 NI ND ND ND NA ND ND ND
Crabs "Guemnsey?. 1 69 NA " " 04 " " " 0.5 "
" Jersey?- 1 120 " " " 1.7 " " 3.7 1.4 "
* . Alderiiey? 1 110... 20 " N 1.2 0.9 " 1.5 0.3 0.4
Oysters Jersey? 1 72 NA " * 1.1 1.6 . 49 2.5 NP
Limpeis Jerse;f;'l _ : .
La Rozel 1. 81 b " " 0.9 ND - 2.5 0.6 0.5
Verclot T 1100 " " " 2.4 " " 39 0.5 ND
Gi Fhee 14
Bordeanx . : _
Harbour 1 9 " LR B S " 48 ND "
Aldeneyt : _ Lo
Querrard Point 1 00 "t Lt 19 04 " 19 09 . 04
| Winkles. Jersey* . : S _ -
La Roctue i “o 19 ¢ “ . 3§ ND " 28 ND 1.4
Aldeney! . _ | |
Quenard Point - 1 1500 30 " " 71 - " " 45 19 ND
Scallops Guicmses? 1. 8% ‘NA 03 * 3. " " 10 08 .
Porphyra Jersey! . _
CrevedeLecq ~ 4 150 ND: " 0.6 005 " 12 ND "
Guemsey! ) '
Fermain Bay 4 170 " . 05 ND " 63 " "
Aldemey’ :
Quenard Point 4 140 " - " 14 " " 2% " 0.03
Fucus Jersey! . _ .
serratus La Rozel 4 330 # 0.04 005 6.0 " 036 5.5 | 0.2 0.3
Verclut 1 490 " 0.1 ND 5.3 0.2 NA 43 [0l 0.2
Guernsey! : i
Fenmain Bay . 4 2%0 " 007 004 32 ND 020 30 ND 0.04
Aldemney' - _
Queniard Point -~ 4 [ I 0.2 ND 7.8 - 0.1 041 7.8 0.2 0.3
Laminaria Jersey! _ _
digitata ~ Vercln 4 40 " ND ot 06 ND NA 42 008 0.1
Sediment Jersey! .
St Helier Hatbour 2 690 ~ 200 25 °* " 51 ND 5.6
Guernsey! - _
Bordesai " -
Haiboiit 1 510 ¢ . ND " 1.6 " " 4.7 " 1.1
Penibiroke Bay - <1 420 " . " ND 7 - ND " ND
St Sampsons . '
" Harbour 1 4350 " 0.8 - " 16 " " 19 v 2.1
Aldemey!
Douglas .
Harbour I 320 ¢ ND " 0.7 " " 5.0 " NI



Table 38. C«mtmued.

Mean gamma dose rate in air at 1m over intenidal sediments:
Jersey (7 sampling observations): 0.090 " pGy b
Guemsey (1 sampling observation): -~ 0.068° pGyh!
Aldemey (4 sampling sbservaiions): 0.072 . pGy k!

Material Sumpling area/  ‘No. of -Mem radmacumy concentration (we)*, Bq kg‘
observa- PG5 s ls‘ﬁu. S mpm BAm  #Cm Mo
Rays Guemnsey? 1 ND 07 ND ND° 000017 000024 0.00036 ND ND
Crabs Guernscy? 1 “ ND " " 00016 00033 0.0047 000007 0.0017
Jersey? 1 - 02 . " " 0.0016 0.0031  0.0065 0.00007 0.0023
Aldétney? 1 " 02 " " NA NA ND NA NA
Oysters ~ * Teieey? 1 " ND " v 00093 0014 0014 000023 0.0049
Limpets Tersey! _ : . :
LaRozel 1 . " . 0.0077 0012  0:017  0.00056 0.0052
Verclut 1 " T " "
Guesey! 1 * 04 " * 0010 0016 0026 0.0014 0.007
Alderney’ 1 " WD * " 0023 0020 0068  0.0010 0.032
Winkles - Jersey! 1 » " =« NA NA ND NA NA
T Aldemey! O Y T R 0.097 013 . 021 00021 0.084
Scallops Gaei-ﬁ\seyf 1 R 7 I - NA 'NA NI NA NA
Porphyra . Jessey! R R A . e . "
“GUSHSes 1 4 006 [ " oW " " - " L]
. Aldertiey! 3 001 @3 v o oo " " "
Futits . Jersey' o _. . o o :
serratus La Rozel g 03 " 005 0064 0.096  0.037 000046 0:013
Verclut 1 .03 0 ND NA  NA ND NA  Na
FeminBay 4 - * 02 " “ 0023 0040 - 0:023  0.0013° -0.0097
Al'deme'yi'--. . - . )
QuenardPoint 4 " 02 009 0.04 0057 0060  0.047 00024 0.025
Laminaria . Jesey! _
digitata * Verchit IR 03 ND NB NA NA ND NA NA
Sediment Jersey! '
St Helier - _ :
Hatbour 2 03 10 31 32 14 33 45 0.058 13
Gaerhey!
Boideaux : :
Hatbour 1 ND 24 KD ND 010 037 030 . ND 0.050
PembrokeBay 1 . " 08 " - NA  NA ND NA NA
St Smmpsons . B
-~ Harbour 1 " 62 " 1.0 * " " oo "
Aldemey! : _ : .
Douglas . : . f
. Harbour 1 .. 38 R A N " 070 " "

1 = Sampling stes

2 =Landing poiiit

NA =not analysed.

ND = not detecied. -

* Except for sediment where dry concemrmuns spply
# See sub-section 3.3 for definition.
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ENVIRONMENT FOR
RADIOACTIVITY FROM
REACTOR ACCIDENT

An extended monitoring programme continned during
1989 in surveillance of the effects of fallout from this
accident. Because of more limited dispersion rates than
in marine situations, parts of the freshwater environ-
ment continued to show the effect of fallout from
Cherirgbyl during 1989. The results of our additional
monitoring for 1989 are presented in this section. The
sampling locations are shown in Figure 5. They are -
mostly in areas of relatively high deposition of fallout
from Chernobyl, namely Cumbria, North Wales and
parts of Scotland, but samples from Northern Treland,
the Isle of Man and areas of low deposition were also
obtained for completeniess anid coniparison.

Tables 39-44 present concentrations of caesium-134
and -137 in fish, giving the averaged results of all
analyses carfied out at esch Totation 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 t¢n, depending
on availability and radiological importance. The
maximum concentrations in sampies from a given
location varied up to a factor of two or thrée times the
average value. Antificial radionuctides other than those
of radiocaesium, in 1989, were no longer detectable
from the Chernobyl accident.

Concentrations of radiocaesium in freshwster fish
varied widely between locations, reflecting the areas of
deposition of radioactivity from Chertiobyl. ‘Most
samples anatysed were of brown trout (Table 39), in -

Table 39. Caesivim radioac

ti .El i}i ii PR
trout, 1989, - :
Location No of Mean radivactivity -
samiples . coficeistriation {wet)
' - Bakg! _
England .
Cogra Mosg R I “ND ‘ 110 .
Devoke Water 41 35 190
- Enrierdale Water 36 24 130
Loweswater 25 6.3 : 4]
RiverCalder 2 ND 38
Wales :
Bala Lake 6 ND A8
Llyn Conwy 1% 15 - 8T
Llyn Elsi 14 27 - 140
Llyn Goddidnduon 15 42 130
Llyn Mymbyr 5 34 180
Llyn Ogwen : i2 59 280

Liyn Tawsfynydd 105 - 51 260

Table 39. Conhnued.

Locmon No. of Mean radioactivity
samples concentration (wet)
Bq kg!
1340 370y
Scotland
Loch of Harray 2 2.5 21
Lochan Fada 2 10 84
Loch Awe 2 ND 17
Lioch Cilder 2 2.9 22
Loch Dee 15 69 380
Loch Doon 2 20 120
Loch Garry,

Tayside Region 2 27 130
River Leader 2 KD ND
River Tommel 2 23 120
Ruisdale Wster 2 40 230
Loch Beinn Chamain 2 43 250
Waiter of Ae 1 ND ND
Loch of Girdsta 3 45 240
Loch Ness 2 35 190
‘Northern . Ireland
Almahinch Diam 1 14 . 130
Movanagher 1 ND ND
Tsle of Man _

- Cornaa River 1 4.4 26
River Diuidale 1 32 150
Injebreck River/Reservoir 1 8.4 53
River Neb - 1 ND 21
ND:not detected

Table 40. Caesium radioaetivity in rainbow

trout, 1989.
L'ocafion : No. of Mean radioactivity
: samplés " concentration (wet)
Bq kg™
10y 1370

Cogra Mass 1 ND 5.4

Sacrewdl 1 ND ND

Branthwaite 1 ND ND

Thrushbank 3 ND 4.7

Wales

Liyn Elsi _ 1 12 53

Liyn Trawsfynydd 14 2.7 13

-Bodelwyddan 1 ND 2.4

Bala Lake 2 ND 6.7

Scotland

River Almond 1 ND ND

Water of Ae 1 ND ND
" Loch of the Blairs 1 ND 4.9

Northern Irelaid

Movanagher 1 ND ND

Isle of Man ,

Comaa River 1 ND; ND

River Neb 1 ND 31

ND =not detected
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Mean radicactivity

Locaftion No. of

samples .- concentration (wel),

Bkg!

Loweswater 3 .23 Ty
Scotlind
Loch Faskally 3 51 250
Wales
Bala Lake 6 20 o
ND = not detected

Table 4£2. Caesmm radww*hmiy in perch; 1989.

Location No of Me‘an mdnaarmvny
satriples - - coneentration (wet),
B kg!
134& ’ .ISTG';
England : o _ :
Cogra Moss 1 ' 65 - 380
Devoke Water 4 1260 .- T20
Loweswater 23 55 290
Wales . o )
Llyn Hiraethlyn 3 120 - 670
Bala Lake N 2 8 26
Llyn Trawsfynydd 8* 110 600
Scotland
Loch Faskally 2 28 160
Loch Doon . 1 47 270
Northern Irelind o n o
Lough Néagh : 1 ND ' 15
ND:nm-dem@“ e e
* =Bulk sample
Table 43. Caesium radioaetivity in eels, 1989.
Location " No.of Mea‘nmdwaﬁtrmy
sarmples " coficemtration (wet);
Bake!
134
England
Enncrdale Water I NI 5%
Loweswater 5 . 30 140
River Calder 1 ~ ND 22
River Eben 1 NbD- 6.4
Scotland
Loch Faskally 1 26 110
Northern Freland
Lough Neagh - 1 . ND ) 82

ND = niot detected

recognition of the potential radiological significance of
this species; although rainbow trout are more com-
monly eaten, their radiocaesium concentrations were
low (Table 40) compared with wild brown trout
because rainbow trout are mostly hatctmry creared and

- fed on rélatively uncontatninated food prior to release.

Pike{(Table 41) and perch (Table 42) had the highest
concentrations of any of the freshwater species, but as

" they are not eaten in large quantities their radiological

significance is low. Other species (Tables 43 and 44)
had generilly lower radiocaesium concentrations,
soriietimes much lower, than brown trout, pérch or
pike taken from the same river or lake. Where there
are data for the same species and locations to compare
with results for 1988 (Hunt, 1989) there are still likely
to be fluctuations such as those due to| sample size or 10
the contiibution of hatcheéry-rearéd fish, but concentra-
tiotrs of radiocaesium were generally sngmﬁcantly
lower in 1989 than in 1988, commumg the reducing
trend that began in the latier part of 1987 (Hunt,

~1988). The exception to this tread in radiocaesiim

concentrations at Trawsfynydd has been discussed in
sub-section 6.10.

Radiation exposures have been estimated using a
procedure based on cautious assumptions, as previously
(Hunt, 1989). A consumiption rate of brown trout of
100 g d, sustained for one year, was taken o be repre-
sentative of adults subject to the highest exposures.
Actual exposures are likely to be lower, not only
because this consumption rate is cautious (L.eonard ef
al., 1990) but also because in practice hatchery-reared
or farmed fish of much Fower radiocaesiuim concentra-
tionis may coiitribute 1o the diet. Exposures of children
and infants woald be Iikely to be lower than those for
adiilts. Concentrations of radiocaesium in brown trout
representative of the highest in each region were
chosen; -thus, soifie of the locations were different
from thigse used for 1988. A contribution to dose due
to radiostrontium was incladed but this was very small
in comparison to that from radiocaesium. Effective
dose: and organ doses were estimated using committed
dose equivalents: per unit intake provided as described

- in sub-seciion 3.4, Estimates of dose are presented in

Table 45, The major contribution to dose was due to

The ICRP (ICRP, 1984b) provides guidance in the
context of c’mergcnmw which includes suggested levels
of dose below which particular countermeasures would
not be-wariatited. The suggested level of effective
dose equivalent is 5 mSv in the first year. 1989 was
outside this period but, as was the case in 1988, the
estimated doses for all areas of the UK were less than

I mSv year . It can be shown that organ doses (in
this case the lower large intestine is the critical organ)
are not more liniiting. Given that these dose estimates

. -are cautious, it is clear that contamination of freshwater

fish from fallout from Chernobyl wis only of minor



Table 44. Caesium radioactivity in other species of fish,

" Location  Species No. of Mean radiosctivity
: sampleg concetitration {wet)
Bqkg?
134& 1'37&
~ England
Ennerdale Water . Char 15 7 43
River Teme 'Chub 1 012 .0.87
Wales o
~ BalaLake Grayling 2 2.2 6
Bala Lake Gytiiad N ) 1.1 13
BalaLake Roach 6 ND 24
. Llyn Trawsfynydd Rudd 3 72 330
Scotlaid
River Tay . _Sakmon 2 _ND ND
River Tay  Sea trout 2 ND 4.8
River-Antian Salon 1 ND 1
River Anndn " Sea trout 1 ND 11
Loch Doon Chiar 1 34 130
River Tummel Grrayling 2 34 190
. |
Northern Iréland .
Lough Nesgh - Vendace i ND 6.9 ;
H
Isle of Man
River Neb Sea trout 1 ND 12
ND =not detected

Table 45. Estimates of maximum dose* from
Chernobyl to adults due to consump-
tion of freshwater fish from areas
of high deposition of fallout, 1989.

Region Location Committed
effeciive dose
_ eguivalent,
" mSv year!
England Devoke Witer 0:12
Wales Llya Ogwen %18
Scotland Loch Dee 024
Northern Ireiand Altiahinch Dam 0.08
Isle of Man River Druidale 0.10

*See text for a description of the bases of these estimates, and
the levels with which they shiould be compared, which are
different from those used for rouiine discharpes.

radiological importance. The collective dose from
consuinption of fréshwater fish is likely to hiave beéen
very small, as estimates have shown (Camphin e al.,

1986). The more significant contribution to collective

dose, but still of low importance, was from consump-
tion of marine fish, as considered in sub-section 4.1.1.

11. SUMMARY AND
CONCLUSIONS

A summary of estimated public radiation exposures in
1989, relating to liquid radioactive waste discharges
from nuclear establishments, is presented in Table 46.
The eéxposures are expressed in terms of the committed
effective dose equivalents to; or as doses to skin of,
membery of the critical groups., Results for internal
exposufes ificorporate the best-estimaie value of 0.0005
fot the gut transfer factor of plutonium and americium
(NRPB, 1990) except for consumers of winkles from
the norili-east Irish Sea, where a more realistic value of
0.0002 is justified (sub-section 3.4). Committed
-effective dose eéquivalenits were all within the ICRP-
recominended principal dose limit of 1 mSv year - for
members of the public.

The more important contributions to exposures from_
the effects of discharges from Sellafield were due to
radiocaesium and transuranic radionuclides. Details are
given in sub=section 4.1. Exposares of high-rate fish
and shelfish consumers near Seliafield increased
slightly in 1989 as compared with 1988, due to small
differences in the revised valoes for dose per unit
-intake (sub-section 3.4) and to small increases in the
concentrations of transuranic nuclides in shellfish;
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Table 46. Summmarised estimates of public radiation exposure from discharges of liquid
radioactive waste in the UK, 1989.

Establishment Radiation exposure pathway Critical group Exsposure*,
mSv
British Nuclear Fuels plc
Sellafield Fish and shellfish consumption Local fishing community 0.19
External Houseboat dwellers (River Ribble) 0.17
Handling of ﬁshii;&dgear Lokcal fishing communit?r <Q.1*
Porphyraflaverbread consumption Consiimers 1n Scuth Wales <0.01
Springficlds External Houseboat dwellers (River Ribble) 017"
Capenhurst Shellfish congumpiion Lotal fishing community 201"
Chapelcross Fish and shellfish consumption Local fishermen a
External <0.1
United Kingdom Altoiie
Energy Authority
Harwell Fish consimpiion nglets*
External } Ang < 0.01
Winfrith Fish and shellfish conisumption Local fishing community 0.03
Dounreay Eand_!_inF of fishing gear Local fishermen < 8(1)‘;‘;
sternal Local communi .
Fish and shellfish consumption Local fishing community <0.01°
Niuclear Power Stations
Operated by the
Electricity Companies
Betkeley and Oldbusy Fish and shellfish consamption 3 Local fishing community <0.01°
Externat
Bradwell External Houseboat dwellers <0.02°
Dungeness Externial ; Bait diggers 0.01
Fish and sheillfish consumption
Haitlepool Fash and shellfish consamption Local fishing community <0.01* 2
Extemal Coal collectors < (.001
Heysham Fish and shellfish consumption ; Local fishing community 0. 1§3
External <01
Hinkley Point Fish and shellfish consumption } Local fishing community | <0.01°
External
Hunterston Fish and shelifish consumption g Lcal fishing community v <0.02°
Extemal
Sizewell Fish and shellfish consumption Lcal fishing community < 0.003°
External
Tomess Fish and shellfish consumption ; Local fishing community < 0.003*
External
Trawsfynydd Fish consumption ; Liocal fishifig commuaity 0.09
External
Wylfa Fish and shellfish censumption ; Lokcal fishing community 0.01*
Extemal
Defence Establishments
Aldermaston Fish consumption ; Anglers* < 0.002
External
Chatham External Houseboat dwellers <0.01
Devonport External Bait diggers <0.01
Faslane Fish and shellfish consumption Anglers a
xternal <0.01
Rosyth External Diedgermen <0.01*
Holy Loch Extemnal Local community <0.01°
Amersham International plc
Amersham Fish consumption } Anglers* < 0.01
Extern
Cardiff Fish and shelifish conisumption ; Local fishing <01
External o ] comrmunity

* Unless otherwise stated represents the comrhitted effectiv

-recommended é);gl
the lifetime average doc

* A notional group with maximising consumption and occiy
Exposure tog:ltt)in? to be compared %vith the CRP—recmnme[:lm

a Mainly due to discharges from Sellafield.
b Pantly due to discharges from Sellafield.

sub-section 3.4).
rates has been assumed (si:e text).
dose limit of 50 mSv year™ (see sub-section 3.4).

s dose equivalent, to be compared with the .
pal dose Hmit of 1 mSy year! or with the subsidisry limit of 5 mSv year provided
s not exceed 1 mSv.year! (we



these small increases were due to environmental
factors. - A gradual slowing down in the rate of de-

crease of concentragions of these nuclides following the

earlier reductions in dischafges is consisténht with model
predictions (Hunt, ¥986; Pentreath et al., 1989(b)).
There was nio srgnrﬁcmxt change in fish and shellfish
consumption rates by the group of high-rate fish and.
shellfish consomers near Sellafield in 1989. Consunip-
tion rates could increase again in the futare, but it is
considered wmlikely that eXposures, calcuiated using re-
alistic parameters, will again exceed ihe 1 mSv year
level. Further reductions in discharges of ‘radiologi-
cally significant nuclides are planhed when the en-
hanced actinide removal plant (EARP) commentes
operation, scheduled for 1992, - Dose rafes which were
above the 1 mSv year! level ifi the pase did not occar
for long encugh for Lifetinic exposares 10 bave ex-
ceeded 1 mSv year *'on average, and thus the dose
limitation objectives of thie ICRP will be met.

Exposures of the externally-exposed groiip of house-
boat dwellers in thie arsa of the Ribble estuary dg-
creased from0.27 mSv in 1988 to 0.17 mSv in 198Y.
This was due to a-declitic in.occupancy tines eorrected
for shielding by the boats themsgélves, and to declining
dose rates over sediments following the earlier de-
creases in discharges of radiocaesiumm from Sellafield.

Near Trawsfynydd, expostures were shightly gredter
than in 1988, foﬂowmgaremrnmmoml?mcallevcls
of concentrations of radio ¢in figh i
Thlsfollowedmmeasem coricentiations-of radio-
A0, : was predicted ifv our- report
for 1988 (Hum, 1989) These concenirations have -
remamedatsumlarlevéism 1989, and thie lag effect -
may lead o marginatly higher concentrations in fish
and thas dose rates in: 1990, butthese&memmm
Iikely to be well within recommentled dose limi

Radioactivity from Selbaficld contributed to-exposites
near many other nuclear establishiments. Since appor-
tionment of exposure to radioactivity of local origin is
often difficult, the exposures from all arfificial sources
(including the small contiibution doe to weapons-test
fallout) are quoted in Table 46, with appropriate
footnotes. The effects of fallout from thie Chermabyl
accident are also included, but thiese weresmall in
1989. The continuing effect-of fallout from Chemobyl
on the freshwater environment is-described i Section
10; concentratiotis of radidcaesiim have generally
diminished in 1989 and conservative estimates of
exposures were, as before, within-1 mSv year -,

As in previous years, collective doses have alsb been
considered, The st significant radipactive wast

discharges giving rise to collective dose, coﬁrpﬁred
with which afl other discharges may be disregarded
were thase from Sellafield, Iﬁdlmm Mg thie

miost sigaificant component. Details arc given in sub-
scction 4.1.1, The contribution to collective dosc due
1o fallout from Chemobyl has been considered; this
contribution is small except for fish from the Baltic
Sea which are not widely eaten in the UK. The
preliminary collective commited effective dose
equivalent to.the UK population in 1989 was 20 man-
Sv, less than in 1988 (30 man-Sv). For the population
of ather Enropean countries, excluding the effects of
the Chernobyl accident on Balfic Sea fish, the prelimi-
nary collective committed effective dose equivalent
was 30 man-Sv in 1989, also less than in 1988 (50
man-Sv), These decreases reflect the teductions in
discharges from SeHaficld over the past decade and the
fdecreased contribution from Chernobyl. 1t is estimated
‘that the effects of the Chernobyl accident on Baltic Sea
fish could have added a farther 30 man-Sv to thie
gollective dose to other European countries in both

1988 and 1989.

A declifing contribution to collective dose due to ra-
ﬂwactwuy {mainly radiccaesium) from Chernobyl is
likely to be present for the next few years. Concentra-
tions of radiocaesium from Chernobyl in the North Sea
could be supplemented by outflow from the Baltic Sea.
The contribution to cellective dose due to Sellafield is
expected to continue to decline, reflecting the reduced
discharges over the past-decade, particularly following
operation of the site ion-exchange plant (SIXEP) from
May-1985.
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