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1. J.N%'RODUCI"MN 1989. The bcahons of these establishments are shown 
in F i i  I. Table 1 also lists the dischawe Limits 

monitoring programme carried out dming 1989 by 
staff of che Ministry of Agriculture, Fisheries and 
F d s  (MWFs) Dim6orate of Fiihetie.~ Rese;Pch 
(DFR), Lowestoft. The monitoring progrimme com- 
plements the Minisay's Temstrial Radioactivity 
Monitoring hogramme (MAW, 1990) in 
suppohg the MiniBtry's functions nnde~ the Radiaac- 
tive Substances Act, 1960 (Great Briotin - Patliament, 
1960). The DFR programme is set up to verify the 
satisfactory control of liqnid radioactive waste &S- 
charges to the aquatic environment, and m ensme that 
the d t i n g  public radiation expQsme is wizhin 

w h & m ~ m , , m t h e ~ o f C r o w n o p e r a -  
t m , e W v e l y  aged. In some cases, the 
a t&a&&m specifg limits in greatet &tail than can 
be SIlmmarised in a single table: in paxticular, where 
paiods shomx than one year are speciEied the annual 
+valI?nt has been nsed. Tbe limits are nsually very 
much lower than the activilies which could be released 
withont exceedkg the dose limits which are recom- 
mended by the International Commission on Radiologi- 
cal Profectim @W), and embcdied in national policy 
(Great Britain - Parlment, 1986). The percentages of 
the authorised (or agreed) limits taken up in 1989 are 
also Sated in Table l. 

naticwdy-accepted lirnils Themunimhg is inde- 
pendent of &M onr by mlm For compbtmess it shmd be noted thxt radiological 

as a  con^^ of to safely for US Navy qremiorn in the Holy Loch is the 

dISactive we. m report a in:.- respa&% of the US Navy in &ation with the 
dts of m w i w  ofzlepirtt- MifriSq of Defence who p u W  ibformation annually 

Foller am3 Casey, la9y)). m m  of the Scotrish 88i, the Welsh Office, the 
Dep;utment of the Ewimmetrt f a  N a h m  Irelzi~d I 
and the Channel ~~s States. Where appmpiat~, the 
information presented is snpplemented by resnlts from 2.2 Fddioactive waste 
our extensive programme of tesearch into the behav- 
iour of radioactivity in the aquatic enviroament In addition to receiving most of the above liquid 
During 1989, the special programme of monitoring of discharges, the marine environment has also received 
the hshwater environment was continued in connec- low ~ p ~ d k  activity packaged solid waste, disposed of 
tion with the accident at Ckrnobyl, USSR on 26 April mainly in an area of the deep Atlantic Ocean. The 
1986, and the results are presented in this report most recent such disposal was in 1982: none was 

carried out in 1989, and it was announced by the 
To set the monitoring resnlts fmm our tegolat pro- Secretary of State for Energy (Clreat Britain - Parlia- 
gramme in context, liquid r a d i d v e  disc- from mem, 19S) hat sea dumping of drummed radioactive 
UK nuclear d l i d m e m  to the q w i c  m a m m  Wasres would not be resumed. Instead, such wastes 
i n 1 9 8 9 a r e k i m s u ~ .  B e f a r e t h e d t s m  will ile pmpzd for eventual disposal in the National 
p r e a n i z d , a n e q h a m y ~ g i o % r M ~  Ratikceiee Waste Centre to be developed by WK 
r n e t b d s u f a d a l y s i s a n d ~ ~  a r ~ t t e x p ~  Nitex La F# b t h  low- and inEm?&%-level radio- 
~ ~ m ~ ~ h l f g l f ~ ~ & ~ ~  acfivgwaSE%. ~ ~ ~ t h a s n Q t d e d o u t s e a  
-. ~fmlargeireftrsscrchasboikf~fromdecom- 

lnissioned Szti~%E, bm will keep under review 
whetkm tfris diqmsal opfion neetls to be maintained. 

2. DISCBARGES OF 
RADIOACTNE w m  Routine efnk~runental monitoring does not provide an 

effective m-s of messing mlidon exposure from 

Data on radioactive waste dis%hargrs are published an- 
nually by the Environmerrt Departments (Depammt 
of the Environment, 1990; Scoetish Development 
Department, 1988). the latest available data being fur 
the year 1988. Data for 1989 are being prepared f a  
publication bnt, to enable the fesults of environmental 
monitoring p s n t e d  in rhls teport to be considered 
m d i l y  in the amtext ofrelwanttfrscharges, a sum- 
mary is hWed h a a  

Table 1 lists the. principal discharges of K i d  radioac- 
tive waste from UK nuclear es(aMishmena during 

sea dmnping, as mdbimclides from this pracrice are 
largely undetect~b1c in deepsea samples ( O D  
(NEA), 1985). International surveillance of the effects 
of thexe disposals is coordinated by the Nuclear Energy 
Agency of the Organisation for Economic Cooperation 
and Development by means of a Coodinated Research 
and Enviromental Surveillance P r o m m e  (CRESP) 
(UECD (NEA), 1981).  his progs&me is continuing. 
In the absenceof ready detecfabil@ of radioactivity 
from &e damping practise, mdiation exposure is 

ma themr id  maklhg. 
wirhiB CRSP has Lwn 

. . .. . 
fm mcdeUing assessments. These assessments indicate 
mat b e  environmental impact of these dispoals is 
negligible (OECD (NEA), 1985). 
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Figure I .  UK n m l m  establishments giving rise to principal discharges of liquid radioactive waste. 



T a w  ll. l 'hc ipd dbchcffgen of liquid rodiooctive m t e  @m UK nlrcIeer estab. 
kz&mm%, 1 m .  

E a g l r W  Ra+&dy Discharge limit Dischrgw during 1989 

fzr&,cgu- T B ~  5% of limit 
- - 

BrillSh N- plc 

Q=@- Tea  XI* 0.1 
Tea  bet.= 
Trimns 

25 

capnhunt 
5.5 

NIL 

"B" Sterim T& dvitg'.' 4 
So$hnr-35 
Tribum 

25 
650 



TaMe l. C o n M  
Esutrlishmsnr Rsaioauivity Discharges during 1989 

T ~ B  S of limit 
Heyrham 
Sarion 1 Topl raivicyld 4 0.058 1.4 $$p&-35 7.5 0.48 6.3 

lS50 195 l 1  

Station 2 T r i h  l200 106 8.8 1 

Slll r 35 
CO&-& 

7 0 086 l .2 
0.036 0:00oool <l 

OUra r a d i d i h  0.45 0.0038 1.3 

w e  Pbiut8 
~"&tion ~ Total a~ivityl.~ 7.4 0.90 12 

Sulphur-35 3.7 0.16 4.3 
T n i m  74 1.1 1.5 

"B" Station 

Old* Toul acfivity' 3.7 0.4 L 
Tridum 

11 
74 0.72 c l  

S i  Total a W i l  7.4 0.36 4.9 
Tritimn 111 2.1 2.9 

Trawsfynydd Ldimivial 1.48 0.28 19 
0.259 0.036 

Tritim 
14 

74 0.49 <l 

W Y ~  T o d  &ql 2.045 0.063 2.6 
TridOtb 148 3.0 2.0 

m- NnelPaT Ltd 

H"1111€mm 
A" Staticm Toal W t y l  7.5 0.62 8.3 

Tritimn 48 0.76 1.6 

"B* StaIim Tord raivltpJ.' 3 7 0.039 1.1 R*" 23.9 1.2 4.3 
1480 333 21 

Tames's Trithua 1250 92.3 7.7 

EiZz&= 10 0.168 1.7 
0.05 O.DODW3 c1 

Bza d*UJ 
T'd 

0,45 BD156 3.5 

tahWy0f Ekblw 
0.006 O.BWO1S c1 

(Pm-em E%ee&~b) 

Total acrioiryl* 0.W2 O.(X10115 5.7 
0.016 0.0039 

Tritim 
24 

0.12 0.064 53 

Faalane Toul &itgt 0.037 0.000032 <l 

BetpactiPitg* 0.01 0.000248 2.4 
Cotrsh-60 
Tritiun 

0.055 O.WO788 1.4 
0.01 0.0060 

Toul alpha 
60 

1 X 106 0.75 X 106 75 

Amershnnt WranilonPI plc 

hersbum Total anivil.' 2.7 0.79 
Tritim 14.8 0.055 

1 29 
<l 

Cardiff Bnalgmma ao*vityn 0.096 0.021 ' 22 
Cubon-14 2 1.53 
Tritim 1400 601 

1 77 
43 

' Excluding nitimn. ' A o t h o d u n  was varid vpith dfedtfrom 1 May 1989. Diechaps are givm for the perid fmm 1 May to 
31 Dec 1989, "% o f w r  refen m hi8 period on a rara bass. 

~o~rmisszioawzs with dwfmm 1 y i  1%. mt tlcw discharge are given 
in t l r e ~  -6 W for tffe e 1989 "%$&it* refers oe to ia3Zstf 1 Apnl 1 D-bn I uh a  pm his of  the ?W @m, fdlowi&i&rvdu~.u~ of the new mthonsation 

'A~1thoriwtrm of  w m t  .* awnbol f d a  m *Inch the b d  ve a ~ l ~ l t y  rs enlculafcd m allow 
forthe lelrtia ndmmue&ed o f s l E k m  mdih. Tke sums of Be nsud dixhxges were Iowa thdn 
thcv.lasinllcrrut 

'Awh&sntion wu revigca h 1 Jime 1989. Tire new diachqe limita are gisen togemer with 
diadrarges in Uuc aSeg&m f a  tile W b k  of  1989. "% of  limit" refers m rlidmges f a the  *hole of  1989 
a s a ~ g e o f ~ b e n e o p G n d n .  ' E x d W m g  mm-242. 

Excluding sulphur-35.. 
A single srtc aUm- applies at Iliidkley Feint >table f6rmru repngults the way in which it has hem , aprecd.mat the autbxiaadon shonld be q p t h e d  m prsdla. 
Excludrng eokdt-60. ,, The opermr of shia siYe fs Dboaapmt Mamganent Lpd. 
llrc opaato~.of shis rite is hlm& Tkom Lld 
Exolodiag tntim, csukm-14 d rrdioiscaps of cakium Md m m i m .  



3. lkUZmODS OF ANALYSIS give an early waming of any c h g e  in radioactivity 

N'dD OF E?E#Et3CN'hWION conmmations which might require forther investiga- 

AND OM OF f i o ~  they also provide reammnce that no beta- 

RJ3smTS emiaing radiooaclides of significance have been 
neglected 

2-1 S1 d t s  Gmmaem&ing nnclides are analysed by gamina 
spec-. This is canied out nsing bath NaIm 

In this m dam are presented using the SySteme and Ge deZectors, calibrated using snitabie reference 
Internationale (SI) radk~logical nfits remmmeaderi for -a n, spectra are r e d u d  by computer-aided 
use in the UK by the Btirish Cmmireee on Radiation techniques to give radiQactivity mcentratioIIS of 
Units and Measurements (ECRU, 1978). Table 2 
summarises the &logical writs used in rtris report, detected nuclides. For samples of biota and sediments, 

and m-on fa~pns  to =late searches are routinely made for, amongst others, the 

units to Ihe old radiological Mits. artificial gamma emitters listed in Table 3. In the 
tables of results for these samples, the absence of a col- 
umn for any of these nuclides indicates non-detectabil- 

3.2 S m y ~ f  d8t;d ity in each sample in that table. otherwise, non- 
methods dekcbbiity is indicated by 'NW. Appmximate 

detecrion limits far these nuclides under typical 
Although some of the analytkal rHethods which we condirbtions are listed in Table 3; however, these 
have U& are derailed ekewhere as referenced in this conditim may vary, signifmay. 
sub-section, a very brief summary is given here in 
supportofthB meamreme* h e  W emitters, such as carbon-U, strontium-90, 
presentation. m rabies ofmolrs aMstly indlude 
m ~ n r e m m t s o f o r t a l b e t a ~ ~ a d s ~ &  t x ~ n m - 9 9  andpmmethinm-147, are chemically 

g a m m e r t f n g  e, erah$er% and alptna frtJm -fles before befa m t i w  W e y  

em- (inc1Mi1rg canmmi6s) aa &m er al., 1989). Trammwk nuclides are chemically 

mm-. sqXu%Hl and analysed bp alpha specaomeiry using 
sihu sur&wMer &ectoR (fI;wey and Thurston, 

T d  beta ladiwacd*ty is r*, Laserr et al., 19W) or, in the case of pluto- 
with a p o w u m a  -M @aarrm, 1968). -rhe ef- -%l, by liqoij cowhg. Radio- 
ficiency of the metkid is nearly mrstantm a wide c h w  -u~p.~ = gedy I;rboOt-intensive and 
range emre and a are d e % l  out on samples in which these nuclides are 
t h e t o t i r l d i o a c t i v i t y a f r h e h e t a ~ ~ t ,  
mclurting naW mdimctivl2y. %ver, a g r e m e ~  of particular relevance, often on an annual bulk (sub- 
with the total % - -pic is & section 33). DeTecrian limits are t s d l y  much lower 
a m t e d  & e ~ n .  m aain -of g?eta f o r r a d i o n u c ~  analysed using fhese procedures than 
measurements is that they can ke can id  ootquicMy to for gamma-emitting donuc1ides. 

T&k R B d S t i g f e d  wmh d i n  th& report. 

@&V New Sl rmit IXsinirion Oldathit Conversian dam 
imd JYdlboI imd symbol 

RadiuwMty B a q ~ e d  @Q) D i e a n  M (Q 3.7 X l@ disinregm- 1 Ci = 3.7 1O'"Bq 
pr SW 6 m  pu semnd 1 Bq +. 2.7 l@'' Ci = 27 pCi 

Mt*c 1 ~ l b ~ ~ ~ ) k ~ i a & i b i s r e g o n f ~ n d i a w i v c d i S ~ e s :  lTBq=lO1aBq -27Ci 

2 %&amiVity wummuim are gip- in k c q n t d s  pcr (Bq kg"): 1 Bq kg-' = 1 mBq g"= 27 pCi kg" 

1 pCi g.' = 37 Bq kg-' 

Dose ~iv&Im Sievm (Sv) 1 kg' X R m  (m> 1U21 kg-' X 
I 

( m e -  ( r n d i -  1ran=1u=sv=10msv 
htg -R) ing fmn) l S v = l @ r ~ m  
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Table 3. Artificial gamma-emitting 
radionuclides routinely 
a n a l y i d  m d  appm*Gate 
limits of detect ion. 

Radionuclide Approximate limit 
of detection*, 
Bq kg" 

Manganese44 
Cobalt-58 
Iron-59 
Cobalt40 
Zinc -65 
Zirconium-95 plus Niobium-95 
Ruthenium- 106 
Silver- 1 IOm 
Antimony - 125 
Caesium-134 
Caesium- 137 
Cerium- 144 
Europium- 154 
Europium-i 55 
Americium-24 1 

*Under typical conditions of counting; thew may 
vary in practice. 
#When analysed by alpha spectrometry. much lower 

limits are achieved. 

3.3 Methods of presentation of 
measurements 

The tables of monitoring results generally contain surn- 
rnarised 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 h e  summarised results reflects the 
purpose of this monitoring which is interpretation in 
terms of public radiation exposurcs. The method of 
interpretation is described more fuIIy in sub-section 
3.4. The appropriate integration period for comparison 
with recommended limits is at least one year; standard 
practice is to combine annual rates of consumption or 
occupancy of the more highly exposed members of the 
public (he 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 
concen@ation 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 decaywhich are made to the time of sampIing. 

The frequency of sampling reflects the resolution 
(which affects the accuracy) judged to be necessary in 
the assessment of dose and is largely govcrned by tbc 
radiological importance. The tables indicate the 
number of sampling observations carrjcd out during the 
year. Observations on biota consist of the results of 
analysing suitably large samples of material; for fish 
and shellfish, a sufficient number of individual animals 
is sampIed and analysed for each observation so as to 
allow for statistical variations. The number of indi- 
viduals sampled also reflects the radiological impor- 
tance. Thus, as in previous years, the number of 
individual animals sampled within an observation 
varied - by up to several hundred for fish and molluscs 
from near Sellaficld. For externaI beta and gamma 
dose rates, which are measured using portable instru- 
ments calibrated against reference standards, each 
observation consists of the mean of a number of indi- 
vidual readings at a given lmation. 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 sampIes directly or on bulks 
made up of a numbcr of individual sampIes collected 
over an extended period; in tables combining the 
results of gamma spcctrornehy and radimhemical 
analysis the extendcd period is one year unless other- 
wise stated. 

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

The results for certain measurements, particularly total 
beta radioactivity concentrations and gamma dose rates. 
include a contribution due to natural radioactivity. 
Further analysis of samples (usually 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 polassium- 
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 xepre- 
sentative values to be expected from naturaI sources. It 
should be noted that concentrations of alpha-emitting 
radioactivity can be due to natural radionuclides. For 
example, concentrations of polonium-?l0, a decay 
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Tabk 4. Concentrations of natural 
oetiuity in oorious environmental 
&mi& and &W rdes for natu- 
ral ba&@md around flre British 
Isles. 

MUerial Total beta radioaetiviw Cnnnaaus 

- 
Fish 40 to 1CQ Mostly *OR 

Shellfish 40 to 1W 

Seaweed ZM) to 6W 

Sand ZQO to 400 '% and deesy pmdncts 
ofUmd?h 

Mud 16b to IOW 

Gamma dose m m  in air ova intnddd sedbmts:  pGyIi1 

Sand. shingle 0.03 to 0.05 
Mud 0.05 KO 0.1 

*Except scdimmts for which dry fflncmudnrs apply. 

product of radon, of up to 4 Bq kg' (wet), have been 
observed in fish and up to WO Bq kg' (wet) in shell- 
fish from a variety of locations (Penaeath et al., 1979; 
McDonald et al., 1986; Pentreath and Allington, 
1988; Pentreath et al., 1989(a)). Radiation exposures 
from n a t d  some8 are in most cases greater than 
those from d 1 c i a I  radiaa~tivity. For example, 
natural polonium-210 alone cm d t  in dose rates of 
up to 0 5  mSv year-' to high-rate conmners of fish 
and shewsh (Penmth and Allington, 1988). How- 
ever, the ICRP dose liarits (sub-section 3.4) & not 
apply to n a d  and medical irradiation. 

3.4 Method af interpretation of 
results 

The monitoring results in Ulis report are ime~preted in 
terms of trrdiatian exposures of the public. The 
stmdards against which these exp , sm are judged are 
embodied in national w k y  on rartiwaiw wasre 
(Great Bri&n - ~ar&e$, 1986). Tlke National Ra- 
diological PmWXi04 Board W B j  advises the UK 
Government on appropriate standards, inclndiwgthe 
recommendatians of &re IICRP. Cutant UK pc%& 
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, tlrese recom- 
mendations are nndwreview. The Enrrlrom Diiective 
on basic radiation s;dety mW (Commission of h 
European Communities, 19801, with whkb UK 

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

The effects of accidental releases of radioactivity 
strictly 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 aquatic environment 
near nuclear sires were minor (Camplin et al., 1986). 
and in many cases difficult to separate from the effects 
of site operation, the toral exposures due to artificial 
radionuclides, including those from Chemobyl, have 
conservatively lreen considered when comparing 
exposures with ICRP dose limits. 

The ICRP dose limitation system includes, within 
appropriate dose limits to individnals, 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 procednres. As in previous 
reports in this series, collective doses from liquid 
radioactive waste discharges conhue to be kept under 
review. The ICRP and the NRPB do not recommend a 
dose limit for populations; such a limit might be 
reganled as suggesiig the acceptability of a higher 
pophtion expasure 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 al., 1988). 

ICRP Publication 26 recommends that doses should 
m& the ALARA objective, subject to compliance with 
appmprh individual dose limits. Control of individ- 
I& exposures is intended to limit stochastic effects (i.e. 
those whose probabiity depends on the dose) to an 
e t a b l e  level and to prevent non-stachastic (thresh- 
old) effects. For stochastic effects, it is recommended 
that the i s k  shonld be equal whether the whole body is 
imdhred nniformly or non-uniformly; weighting 
factors proponional to the risk are def~ned for different 
organs The weighted sum of organ doses is called the 
e&tive dose equivalent Exposures fmm intakes of 
rad idvi ty  can mrinne for a n u m b  of years, 
depending upon body retention time, The committed 
effective dose epnivalent represents the integrated 
apmure over 50 years following an intake. The ICRP 
(ICRP, 1985) r%cmmends that the principal limit for 
the czrmmitted effective dose equivalent re~eived by a 
member of the public is 1 mSvin a year. However, it 
is permissible to use a subsidiary dose limit of 5 mSv 

P&G




in ay& for son%% yeXs prbvided fhiu the average r e c o m m e n ~ n s  include endemedt of the results of 
annual 0 ~ n ~ t t e . d  &k&ve dose equivalent over a recent work at this labwatory, using adult human 
lifetime does not e m  1 mSv year-'. The I W -  volunteas, which has sug$ested a gut eansfer factor of 
recommended dosehi@ apply to €he ~ r r m  ofthe O.QOOPL in wmmion with the consumption of pluto- 
effective dose eqniv&eiltresllloing fmm e x m d  expo- nium and k c i u m  in winkles from near Sellafield 
sure during 1 year and the commitred effective dose (Hnnt et al., 1%. Hunt et al., 1990 ). Fgr these and 
eouivalent incurred from war's intake of radionu- otha actinides in foad in e e n d .  the NRPB considers 
cihes. For members of the Gblic, che dose limitation a gut transfer fxtor of0.&5 to be a reasonable best 
criteria apply at each site to the appropriate 'critical estimate (NRPB, 1990). In this reporl, when estimat- 
greup', who are that m& group of people who, be- 
cause of their habils and ofhex asmts of behaviour 
which affect the doses received, &e to be the 
most ~~ 
The ICRP is cwently mvising its basic recommenda- 
tions m the light of improved risk es81flares. In the 
meantime, it is recommended @Cm, 1987) that it 
would be mrdent to Follow the nres%t rectrtnmenda- 

ing doses m cans- ofmoUuscs fiom the north-east 
Irish Sea,bolhgnttransferfactorsof0.0002 and 
0.OOM are osed for pbtonium and americium. For 
other fouds. and m o t e  fmm ScdhWd, the factor of 
0.0805 is used fcrr these r a d i o e l ~ .  

In the case of exmm4 expome to penemting radia- 
tion, Bnifmn whole body ex- has been assumed. 
The m e a s d  airant& is abwrbed dose wte in air. 

tions on dbse  ion as w'arere i n t e m  to be when tntqmhg & in terms of dological effect, 
interpreted. This inc1gaeS the use c# the AL;BRB anabmbeddosetateinaitofl pGyh-'hasbeentaken 
principle in lceeping d w  well~beiw the the limifs, as pmking & effective dose eqaivalent rate of0.87 
inadvanceoftheresimky t h e ~ ~ ~ @ , t t ~ e ~ ~ h z s  
given inrerim pidame @WE, 19871, sugg&@ a 
criteriar of05 mS~year-~ftatheeffe&vedose 
equivalent to the &kaI fmm cmant disstEaiges 
of radioactive efnnents fmm a given S&. The WK 
Govemmenr has: already accepfed the 0.5 mSv -' 
level as a target in cornrection with anfbiszd limits 
(Great Britain -Parliament, 1 W), and this level is 
now internrered as mlvine to the mmf&ted effective 

In order m interpret monitoring results in terms of 
commated effective dose equivalents m critical groups, 
the r ewdhg  data required are, as appropriate, ram of 
food c-tion and@ B C C ~  of areas relevant 
to e&md ex-. These are obtained by habits 
surveys p&c S- m,;mul genaally near, exh nuclear 
esrablidrnent of interest. The results are keot under .. . 

dose eq&alent to members of a critical group, due to review and the surveys are repeared at in&als. The 
all current radioactive waste discharges The total ex- main purpose of the surveys is to identify, and to 
p 0 s m  received by cri- gmaps are M y  to be af- quantffg, the relevant habits of the critical group of 
fected by past disclmges. nos, while h e  recornmen- persons most higMy exposed tiuough a particular 
dations ofthe ICRP are under review, the co&ged pathway or pathways. In thii repon, critical p u p  
effective dose equivalents to uiticalgrbaps presmred habits data relevgm to a given establishment are 
in thii report are cnsrpared with the I W -  combitreri wifh tke results of environmental monitoring 
recommended dose limit of l mSv year -l. h regards and doshetric data as above to estimate 
non-stochastic effects due to intake ufnxbmcw the ccmmiued eE&e dose equivalent to the critical 
the ICRP has i n d i d  (I=. 1%) that beam. of sow. wlrich mav then be com~ared with the aomo~ri- - .- .. - 
the limitation on lifetime exposure, described above, ate dose limitation criteria 
these effects in members of the public will be avoided. 
Por ejnemal eqomes, spec& non-&mhsstiC limirs It his ben geaerally awned, in radiological protec- 
are appropriate. For exampte, the the€.!@ Oomirmeg to tion, that c m l d  applied to radhctive waste disposal 
mmnmenrl (ECRP, 11985) the limit €Or dH) mSv toprwide adequate pmmtion for man will result in 
year -l; this limit is applicable m the case oflWd&g sulllciently low concentrations af radionuclides in the 
of fishing gear. e ~ e h t ~ t h ~ f ~ a n d f l b r a a r e ; i l s o l i k e l y t o  

be prowet& p, t977). Thb assumpxion has been 
Values for comm'rtted e f fdve  dose ~~ spx i k&y  ariBlgssed in the case of the aquatic envi- 
fo1hwine intakes bv membm of the mbk uf =me mmmt  of the Bririsk Isles and our mearch om- 
radionucides have been provided by 'the lCRP (ICRP, grammes include a continuing study of poten;ial 
1989). In this report, results are based on dtese values radiological effects on aquatic populations. Studies of 
and, for other nuclides, data derived by the NRPB such effects on fish and shellfish (e.g. Woodhead, 
uslng ICRP prioci~La (NRPB, 1987). Our dose assas- 1984(a)) and on seabirds (Woodhead, 19840) have 
me& incl& c o & i  &cl&Wn, wfrere they are mrtind the of the gewd assumption 
knowdtobememtaxSof&&%€gtoi@S,~anlttred inincses.In~dition,thewiderContextofthe 
a p p r ~ t e g ~ s f e r ~  T9aeIaPEIM worlr of* DFX M, 1989) Mmks research pro- 
r ~ y ~ m ~ S o n g u t ~ f i r c m  ~ ~ h a r e ~ t o ~ ~ c l o s e  
for a t a g e  o fd imucWm,  ITXi). Tkse s L . x s l i p t h e h ~ o f & h a n d ~ ~ t a 6 k s .  



4. BRITISH WC- FmL$ discharges in 1989 totalled 28,6 TBq (1988: 13.3 

PLC (=) TB@, the increase being due to cleaning of old plants 
as well as to greater fuel reproxssing. Discharges of 
alpha-emitting radionuclides in 1989 tomlled 2.7 TEq 

B N n  is concerned mainly with the design and pm3uc- 
(1988: 21 md. tion of fuel for nuclear mm and i?s retmx- 

after irradiation. The ampmy a l ~ o  opeites nwlear 
power plam supplying eleceicity to the national grid. 
We regnlar1y monitor the emirommtal conseqwwes 
of discharges of liquid I % d i d v e  waste from four 
BNFL sites, namely Seweld, Springfields, 
Capenhurst and on behalf of departments of the 
Scottish Office, Chapelm. 

Our regolar manitcning continued bunug 1989. 
I t hpan t  radiation exposure pathways were still from 
cammption of fish and shellfish &d from external 
exposwe to gamma rays fmm occupancy over sedi- 
ment~, with other pathways being kept under review. 
Foilowing &W practice, the largest monitoring 
effort was exmnded on these more i m w m t  uath- 
ways. In 19%- as in previous recent years, th&e was 

4.1 &na;field, chdmia no harvesting of Porphya in the immediate vicinity of 
Sellafield for mamrfacture of laverbread, but monitor- 

Operations and faciliries at this estab6shn1errt klbde mnbued Muse the m a y  & Potentially 
fuel element SiXxee and demimine the W~dslale impomit An extensive mearch pmgramme also " 
nuclear fuel reprocessing plant and ie  Calder Hall c&tinued. The aims of this prog&me are to improve 
mapox-type nuclcar power scation. Liquid radioactive our knowledge of the distribution and behaviour of 
wasre discharges incl& a very ~~~1 ra&mucMes in the marine envhment, especially in 
f m m t h e a d ~ g U K A E A W i ~ ,  r%l%tlontothecritid~pa&ways,andalsoto 
The most s i g n i f i i  discharges are fmm the BM% provide a mews of d g  other pathways of lower 
fuel element stcnage ponds and the -g plant, c m n t  impomnce, thereby d t i n g  in keeping all ex- 

which F all the imdbed foel from mure uathwavs under review. Results from our 
the UK nuclear Power Programme, and some fuel fmm research programme are included where relevant. 
abroad. Most of the radioactive wasre separated from 
the fuel is presently stored on site: relati$ely small 
quantities of doactivity are d k e e d  m the m&- 4j.1 ~ h f i h  and shelgffh consumption 
east lrish Sea thr- pipeImes which temkte  pathway 
2.1 km beyond IOW-W&% mak. In 1989, h e  wastes 
were discharged m& an amhor$ation which took Public m&on apware ftum SellaFreld discharges by 
effect from 1 July 1986, specifying lower limits m consumption of fish is still predominantly due to 
radioactivity in discharges than previously and Wring -im. ComaatiollS of total beta activity and more noclides specifically, ma&ainhg cotmols on 
releases of d v e m  and &mrtic- (Great B r h b  - caesium-l34 and -137 in f i  from the vicinity of the 

Irish Sea & andm f h r  aFeld are given in Table 
Parliament, 19%). A fufrherconclition requires BM% DDsaa are by of sampling or 
to use the 'M p-bk meam' (BPW to como~ 

l;m* pbint, in order of discharges. This condition decfs, inter &is, the 
objdve  of keePmg W o n  expesores 'as low as distance from Sellafield. So as to be repemtative of 
reaqonably achievabw (ALARA), U, -ply wia the -* by public, samples are generally 

IcRp prindp1esS as demibecl in sab-writon 3.4. This 0- from sauces. However, to 
coudikn effect of mying ae p m l e  minimise the riskof undedmating exposures, and as 
of 'best avaitable whlt&. Fmm 1 J- 1990, ce- Spesies of fish or shellfi  may not be available 
the authorisation was varied to specify even lower commercially, we also carry out -c surveys. The 
limits to m v i t y  in the discharges, wktlstnrain- 'SeMii1d CogSOL1 Area' extends 15 km nonh and 
taining the BPM cond+rion. south of Setfafield from St Bees Head to Selker and 

11 icm &S- most of the lxal fish and shellfish 
Dischatnes from the SeWeM oinelhes dmine 1989 conswntd by the c r i u  m is taken from this Area 
are sum-larised in Table 1, and were within th;: limits (Lemard an> Hunt, 1985). & specific survcys are 
set by the Authorising Deparbnents. The site ion- carried out in the smaller 'Sellafield Offshore Area' 
exchange effluent PlaRt (S-) and the a t  al[- W& experience has shown that good catch rates may 
tor operated 1989. There period of be obtained  his consists of a recrangle, one 
plmt shutdown for lefarbishnmit in 1989 and na&d mile wide by two naorical miles long, situated 
fuel was m in i ~ * m t  Y-I thus m'th of the pipeline wtth the king side parallel to the 
t h e a e w e r e s E i g l l t ~ i n Q i s c ~ o f ~  shmek, it a m e s  about 5 lim from the pipeline 
r a d i o m w t o s e a  Di~&esofta*lilretzladtivi€y 
were 101 TBq (1m: 81 TB@. Cksim-l37 
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Tebh Nu). MW' rodfoa&viry Sn p h  fh Zrish 
S k a i e i n Z t y w u i ~ e r q E & 1 9 8 S b  
. 

ssmple No. af Mean radiasctivi'E:.m- 
s m p h g  mnma(wet 

- bru --  
Sdrfisrn m a d  ma' Cad 4 

E. 
m 0  

2 160 
0.9 41 
0.8 23 

1 160 1.1 50 

1 160 1.1 34 
210 0.5 29 

FavmglasZ Cat 160 0.7 33 
Plaice 

16 
10 

W h i M t  
120 

1 
0.3 14 

S a  tmru 
150 

1 
0.9 24 

Sdmon 
140 

1 120 
0.6 b.53 
ND 

whikhavcif' Cad 4 150 0.5 19 1 
4 m* 
2 

110 
-33 100 8:; K . 

CSWhismriverS. Brown m 
S a  mrnt 4 150 4.8 34 

130 OS 17 

Flarnaaf W 150 0.3 17 
Plaice 

4 
4 

E& m@ 4 
0.2 13 

Fish 0s 4 
0.2 11 
ND ND 

Isle of M& Cod 4 140 0.2 8.7 
F?& 4 PZO 

0.1 5.0 
B- 0.4 9.1 

h e r  Solar.yl Sahm 1 130 ND 1.0 
Sea v0ut 150 
R~nnder i 170 

1 1  
1.1 69 

Kirkcadbdgln' 4 120 0.4 13 

North Aoglescy' 
g%og 3 2 99 130 

0.1 2.8 
0.4 9.6 

Nonhcrn Ireland' Cad 8 130 0.2 10 

P-% S 18 0.2 10 
Spurdog 5 99 

ND 7.8 
0.3 9.1 

 AY^ cod 4 
4 100 

0.3 8.9 
13' 0.2 6.9 

Lah LePeh' %mm 1 160 ND 2.0 

Mill& Cad 3 
4 

130 
110 

0.1 4.0 

R%o& 4 lao 0.06 2.0 
0.1 2.9 

5 130 
100 

0.1 5.2 
R05 1.3 

Mid-North Ser' E&% 7 
8 ?!o 0.05 1.5 

w o c k  3 
0.08 2.4 

whiting $'A 
ND 1.4 

Wring 3 110 
2.2 
1.3 

Southern No* S*' Plaice 3 
Cad 3 P20 

1.1 

1 HA 
0.04 1.5 

Et% 2 110 1.9 
Mackerel 1 NA 

86 1.0 
0.5 

ND = not d u c a d  NA = m analysed 'Smplii 'Landing oiat 'Sce sub-rcaia. 
3 for dcfinruoo;"Sampk? colkcted irom a n&% rivers by k o n i  West Wan;  L A  &er to wrglu of sample ss ' w e d .  



The results Mecl the progmive dilution of d i m e -  
sium with incteasing &tance from Selkf~eld, hut the 
rate of dedine of mdkwimn c ~ e o n s  with 
disranceiswtasmarksdasinpteviousy~hmu-se 
ofthesi@ficantre&tcrimsindis~. Thewtios 
of caesium-137 to d u m - l 3 4  @&-lives 30 years and 
2 years respectively) Men the age of the &&v- 
ity: upto1985,m-eseratiositlQgaradwith~ce 
from SeMeM, bat in 19% they were psmkd by the 
addition of mdkawim from ~ j l  which W& 

relatively rich in d m -  W. This pmmktion 
~~~~infk9hftarnSsaaishwatersaadtheNorth 
sea until 1988 @m%, 1989) but wasdiffisnlt to detect 
in 1989 doe to d e w a h g  c m -  ofcaesiwn- 
134. Concent*rtlons @fradi&m in fish from 
Icelandic waters remained typical of firm 
weapons-test fallmt, at a valwe of alwm 0.1-0.4 Bq 
kg -l for caesinm-137 in fh. Ih the Irish Sea, the 
ratios ofcaesium-l37 to d m - 1 %  were generally 
higher than in recent discharges fmm SellafieId, even 
allowing for residence he. in the water aM1 u p k e  
into fish, this suggests that a conaiburir,n from aged 
radiacminm is present, due to remobilisation from the 
sediment ofthe Irish Sea (Hont and Kershaw, 1990). 

Variarions between fish species for a given area, while 
not large, are mainly to be explained in tews of 
residence time in the a m  as well as f&g habits. To 
obtain representative results for dase estimation, 
samples include large n u m b  of individual fish (sub- 
section 3.3). 

Concentrations of radiocafsiM1 in fish in 1989 were 
generally less than in 1988 m all sea areas, continuing 
the trend due to the significant ovem redmiuns in 
radiocaesium discharges from Sellaf~eld beginning in 
the l a ~  1970s and sustained following the operation of 
S- fmm May 1985. In Scotrish waters and the 

North Sea, this trend was also due to continued disper- 
sion from these areas of radioactivity originating from 
the chenmbyl accident 

W a r  S e ~ ~  fhe effecrs of €he overall reductions in 
dbwsim discharges continued, despite the small 
ame%ses in discharges that ~ c u n e d  in 1988 and 1989. 
HOW~Y~I,  it ap- that the rate. of decrease in concen- 
mtions ofradkmaium in &h tkom the Irish Sea is 
now d i a r i n i i .  

Sgecific radionnclides, other than caesium-134 and 
-137, which were detected in fish m 1989 me listed in 
Table yb). Analyses of samples of fish for carbon-14, 
stmithm-W, ~hnetium-99 and pmmethium-U7 
d u e d  to be iucluded in oor monitoring programme 
to enable €he effects of discharges of these nuclides 
from %Wild to be d. and for results based on 
m-ments to be included later in consideration of 
critical group and collective dose. Analyses for these 
faQ6nnclides are l%bour-intensive; thus a selection of 
samples was made based on potential radiological sig- 
u*ance. The data for 1989 mnfm that the radio- 
logical significance of these radionuclides remained 
low. 

I 
For shellfish, a wide range of radionuclides contributes 
to raitiation expore of consumerf owing to generally 
greater uptake in these organisms than in f&. Table 6 
lists concentdons of total bet? activity and beta/ 
gammaemiaing nuclides in shellfish from the Irish 
Sea and further afield. Results for carbon-14, stron- 
tium-90, techrretinm-99 and pmmethimn-147 are 
included. Winkles are of p d ~ u k  radiological 
importance to the critical group near to Sellafeld, as 
described later in this section. In addition to our own 
samples, supplies of winkles, mussels and limpets were 
obtained from cimsnmers who collected them in the 
SeJMetd Coastal Area exploited by this critical group. 

Sampling arcal S@ No. of Mean mdkaivhp concmuacion (wer). Bq kg-' 
lmIdingpoim aampiing 

o b m -  'C % % S% l% "'Pm 
hhs3 

- - p - - -  

%41afield offsh~rc aru' hioe 1 150 0.09 0.13 1.7 ND 0.066 
Cod 1 86 ND 0.087 0.27 " 0.020 

Wkirebaven' Plaice 1 V ND 0.056 " ND " 
Cod 1 0.046 " 

rnw00,f Fish mear 1 0.52 " 

SheIhdt Fish meal' 1 0.050 " 

NA =not analysed; ND = nM dmacd,'Sampli are+ bnding  point 'Sec sut-smion 3.3 for ddinition; 
'Comeotratiooa d c r  to .weight o f m p l c  as supplied 



Table 6. Betargamma radioactivity in shellfish from the Irish Sea vieinity and further 
w14-1989. 

Sampling aresl Sample No. of Mean radioauivity earcmuation (wet)*, Bq kg1 
landing point sampling $X- Total I% T o  ?Zn gOSr zr+ VC 1%" k m  Nb - - - - - - 
Sellafield Crab l 150 120 M) 6.7 ND 1.5 ND 8.4 ND 
mastalmal L o h  2 480 NA 2.7 1 NA " 

Winkles" 12 
M A "  I 

350 66 7.1 6.8 3.8 64 0.2 
Winkles? 4 420 p 1 8.5 " FA 8.1 
Wlnkk.6 4 350 4.5 " 
M a d  4 

5.9 
200 " 4.1 0.1 " 0.8 " 0.3 

" K  
L ' i  4 410 " 6.2 ND " 2.4 " ND 

N&wnl Winkles 

Driggl W d e s  

T m  Bag' WIdWn 

Morecambe Bay' SIvimpr 
cockle# 

Fleetwoo& Squid 
Whelks 

Isle of ManZ ~ o p o  
Qu-S 

Imer Salway1 Shrimp 

Kirkcudbrighi' ScaBops 

No& f olway 
Queens 

mss t  Winkles 

Wimll Shrimp 
c b d k  

Nonh Anglesey1 C& 
WiaLlu 

Northern Ireland2 Nqhops 
Winkle# 

Minchl N ~ P ~ P  

Southern Nonh Cockles 
Sea1 GxMu' 

M"pals 



T-6. fh&naed 

SmrplhrSs*al Sample No. of Mean rsdwactiviry commuatim (wet):, Bq kg-' 
landlag poim sansplihg 

o h -  
tim2 -- '% 'leAg urSb l% l3'Cs 'UCe l*% %U '%U - - - - 

Sel"dd Clab 1 37 8.3 ND ND 7.6 ND 4.1 ND ND 
d a a '  Lobgn 2 6.6 10 14 " NA 1 WmEld 12 91 7.5 1.8 0.1 20 1.9 17 ,0.5 

W W d  4 170 14 3.3 0-2 19 3.7 ?A 1.0 0.2 
W h 6  4 83 7.5 1.7 ND 22 4.3 ND 0.4 
hrluli&Is' 4 64 ND 0.7 0.1 8.4 1.9 1 0.4 1.0 
~ i p m '  4 59 4.8 2.8 ND 23 2.3 ND 1.0 

T m  BayL Wds 4 110 7.2 2.5 0.3 26 4.4 " 0.8 0.6 

Whir&& ~epp~aops 4 ND NB ND 0.2 15 ND " ND ND 
W k h  4 4.8 2.1 " 0.05 3.9 " 

Ppncn' WWes 11 48 3.4 20 0.3 30 1.3 " 0.2 0.1 

Ri3mb&k1 Oyims 4 4.5 2.6 ND ND 5.7 ND " ND ND 

MonoambeBag' skitup 4 m m  - 0.2 20 " 
ax&les 4 4.4 " 0,4 0.2 15 " 

HeyshPII' Masek 4 24 " ND 0.2 6.8 " 
codE*r 4 4.1 " 0.2 0.1 9.7 " 

nc€m~(~d= %l%: m - p 4.6 
3,O 0.5 2.9 " 

c d  t+faSS& 2 1.5 " 

Nonh .4n&w1 C&+ 2 1.0 : 1,6 1 Wdes 2 0.8 25 

Nonbemlrrlana'R&pWop 8 " N D "  3.4 " " 1  " 
W$nklea 5 1.9 0,) 0.03 1.6 " H .  " 

Minch' &phtops 4 " 0.07 ND 0.04 3.8 " " i  " 
Northern Noah 
Sea' Meplvops 4 0.4 " ND 0.7 " 

Mid-Nonh %aea' %ss ; P : 0.4 " 
ND " " 

F&dsl 2 0.2 " 

Southem~onh -er 2 1.1 0.4 : 0.1 " " 0.06 
sea' cUrkk2 2 P P .  03 " 

Mrrsscls 3 0.4 " P 

NA = not analyaed: ND =net detrPsd: 'Sampling azx  %adins pda; 5- &secrim 3.3 for ddinrion; 'Samples collected 
116; 5S'dm@=s mdhcd bg Gm- 460, %amplea wlleaed by Conamer 3 l l: 'Landed in DcnarL: 

m H o U d .  



Concentralions of artificial radiinuclides in shellfish, whose consumption raks we have studied and kept 
as with fish, diminish with incmsimg dislance from under review. As regards the other main variable, con- 
Sellatield; tbe rare ofredta.tioa is M for nwnuclides 
which iue reWely m e  h sea water, snch as 
isotopes of cmium. TtneE; are substmtial v&&ms 
between species: in general molluscs tend to concen- 
trate the h mobile nu&des to a greater extent than do 
c r u s ~ s ,  which in tcrm tend to coneenmre them 
morethanfish; f h e ~ b e h a v i m i s ~ y  
observed for mobile mlides. Concentrations of W 
gamma-emitting r a d i d d e s  in shellfish in 1989 
were generally similar m those in 1988, and reflect the 
recent behaviom of &S !%&field discharges. 

Analyses for lmmum&s are laboor-intensive; as in 
previous yeais, a selection of samples of fish and 
shellfish chosen mainly on tbe basis ofpotenPial 
radiological sigdicanm was analysed for tmmumk 
nuclii .  Analyses were often camM out on bulked 
~amples ( ~ U b - w g ~  3.3). The data for 19W 
presented in Tabk 7. Transmanics are less mubile fhm 
r a d i d u m  in sea water. this is rereflected in hi& 

somption rares, surveys have shown that, in addition to 
the local cammunily, the l;srger population in 
Cumbria and ncath Lancashire, including those associ- 
ated wrth commercial fisheries Based primarily at 
WhMma,FleawoodandintheMombeB~y 
area: wnmh consumers of large quantities of fish and 
s h e W .  These additional populations are kept under 
review, even though, in general, the relevant fishing 
grounds are further afield than the Cumbrian Coastal 
A m  and mmcen&s of radioactivity in fish landed 
are lower. 

The commption rates of the l d  fshing community 
desaibed above were kept under review in 1989. 
Techniques used in the colktion of data have contin- 
ued to include the use of consumption logging sheets, 
pa~ticularly by members of critical group (Lmuard et 
d., 1982; Leonard, 1984). Consumption rate data 
have bee0 inrerprered using techaiqwes based upon 
ICRP mommendatim (Rant et al.. 1982) to select 

concentrations of transu&ics in shellfish as c o m m  appropriate critical groups of high&rate &nsumers. 
with fish, and a rapid reduction with distance from We have included consideration of children's consump 
Sellafield in concentrations of mmwanics, pmicdar1y @on rates in this selection pmcess (Leonard and Hunt, 
in shellfish. 1985). 

Over the past decade discharges of tt;lnslaanc nuclides Radioactivify concentrations in fish and shellfish vary 
from Sellafield have mhwd significady, muking in wirh the involved, so in estimation of doses to 
overall decreares in conceafrafions of these nuclides in c o n s u m  it is not sufficient to determine only the 
fish and sheElfish. However, the non-mobik. lraarre of tor& emsmqim ram of fish and shelIfish together. 
these nuclides c a m  a delayed &t in the h g n =  Our experience (111uSmred by Tables 5-7) has shown, 
ment (Hunt, 1985) such that a conWibu&n to present bwever, that fiaragiven area withim each of the 
concenfrations is pmvkkd by ~~ in earlier ckmes fish, cmsta&ms and molloscs, the concenua- 
years. A @oal slowing dam in Ure rate of demme tions ofgiven nnclides in qmsmtative samples are 
in these c o n m e w  is txmsistent W& mmodel relatively wnmm. Fat each of $he exposed popula- 
pdictions (Hum, 1986: aenneadner al. 1989@)). It this, sxbgroups of pmotls were identified 
is to be mred that emiiQnmenM ~ ~ O I S  are likely m who were likely to have d v e d  the geamt exposures 
cause flue- in faeamd con- h from eating each c h  of fmdmlT, and mean con- 
1989. m d  with 1988. concmfratim af mm- sumticin rates for the sub-amum were determined. 

W .  

ranic.nuclibes in f i h  and & ~ s h  sbwed smail For the local f i i n g  community, these sub-groups' 
increases in many areas, including areas outside the cons~mption ratcs of fish and shellfish in 1989 were 
Irish Sa. T h  incream weR miilgt in rerrrts of fheb dolsigd'bmly digeredt from tlm% in 1g88 (Hunt, 
effect on dbm to tiie pobtfc 1989), md &e tame ram of 365 kg year -' fish, 6,O kg 

year -' crwtamm M 8 3  kg  yea^ -' molluscs have 
T h e ~ c l ~ ~ ~ ~ o f f ~ h ~ ~ l l f i s h  beenrtri%dinthe~mofdommtheeritical  
d e p e n d s n p M l t h e p m t Y l r c t a f t k r n a s s ~ f ~  @bap of f ih  agd shellfish consm~ers. 
comumd and its r a d i i  w n d b n .  Fkmwe 
of variations h these two qmuities bemem indlwidnal The ham sum,y data show that abuveaverage 
c o n s u m e r s , a w i d e ~ o f r u m u a l ~ i s m b e  c~nsmrers in each of the component s u ~ u p s  are not 
e@ The critid-gkmp -h whkh h w4l  gemally members of another mpam-sub-group. 
esablsshed in the UK and m m e a d e 8  bv Ure ICRP However, memba of mare than one sub-grow do - - 
for control purposes, is M on i d b g  goups of exist, so m avoid unddmai ing  the exposure of the 
indiridds in exposed popuyariw w h ~  are subjwt to overall cridd group, this exposore is derived by 
the highest diarion exposmes. Of the two main d d h g  toge&er the expoallres of each sub-group. 
variabh, E&kmtivity c0ncenUa.i~~ in fish and Comparison M a n  individual CM p u p  mem- 
shellFrshazebi&stinttreC&hreaardefrned b a s ' ~ s h ~ s t h a t t h i s  
above. Hence, eaters of fish and she- within the d v e l y  cunmvacive 
local community repmeat one ex- poppliftm 

I 
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Toble 7. Trun-sim~ic rediwfiv2ty  in and sheZZfish *m the Irish Seo: vscinify 
and firther +M, 1989. 

Sampling d Sampb No. of Mzan ndlosflivlty ~ n t r a r i o n  (M). &I kg-' 
landing piot =WR 

observa- n7Np % = % I +  mPu =lAm 
tnns3 ?"opu - - - 

Selhfieid~t.l Woe 1 NA 0.0092 0.038 NA 0.036 
area1 Cad 1 0.0061 0.033 " 0.041 

C& 1 0.11 0.39 1.6 34 3.5 
Loba1CT 1 NA 0.14 0.64 NA 5.4 
Wirddn' 4 0.21 4.1 18 330 31 
W&& 2 NA 4.3 20 380 36 
Wirddts6 4 4.2 18 350 26 
MW&' 1 3.7 16 NA 24 

L i '  1 5.1 22 " 37 

SeRafieMoffsh Plaice 1 0.0017 0.020 0.087 1.7 0.12 
a m 1  Cod 1 0,0003 0.0017 0.0074 NA 0.016 

Whelk3 1 NA 1.9 7.9 " 27 

Tun Bay1 Wiliklea 1 5.1 23 410 36 

R t ~ a W d  cod 1 0 . m 3  0.0016 " 0.0023 
naie 1 0.~3071 0.0031 - 0.0055 
Fish meal9 1 0.018 0.086 " 0.13 
wMk8 1 l 0.51 8.5 0.64 



Sampling mrd Smple No. of Meam mdidvity cmmmmim (W=), Bq kg-' 
I.adixlg point =@% 

0-- =%p Psp. =%W %il %*Am =Q,+ 
tioas3 ='% 

Isle of Mm' Cal 1 NA 0 . ~ 1 3  0 . ~ ~ 3  NA 0 . ~ 1 2  ND ND 
PIda I OXXXKO 0,QmZ " 0.0031 O.Uo1 O.aMO1 
Haring 1 O.CW30 0.0014 " 0.014 ND ND 
MW 1 0.043 021 " 0.065 " 

loner Solway' Samt 1 " 0.00M3 0.01114 " 0 . W  " 

A 9 Cud 1 " O,OW116 0.WW " 0.0mO ND ND 
P I i a  l 0 . W 3  0.W16 * QWT7 " " 

Wirral' 6ocl;lzs 1 0.32 1.6 3.4 0.0089 0.0089 

Cm+ ~ s l s  1 0.059 0.29 " 

North Aaglcsey' Spardog l R 0.OOOQ5 0.60018 " 
Wialrlea 1 0.075 0.36 " 

M"&' Cod 1 
Hadgo& 1 
M a c L B e l 1  
Nrpkops 1 

Nathun NoiWI Sea' Cod 1 0.BuOog 0.1XIU35 " 0.000;?9 " . 
Ha* 1 " O.LEW4 0.00033 " 0.00026 " 
Ne+ps 1 0,0007tl OMm6 " 0.0046 " 

ND=dotdelccad, 
RA = not analysed. 
lSmpliag &re% %*g poiut3Ss sn'&pesliae 33fm defrnkicm 'Samples c&md bp Cwwnn 116: 
%pled collsred by 6mmnu 4W; %@es arlleatd by G%Ynrmer 31 1; "Sa@ies pviW by Fisheman A; 
"SltnplupatryFIsheraunS;-nfermarei$rta ' ~ i n I P c a r r m L :  
"L.m*rl is HoIlsad. 

'Za 



Tab& 8. IndMduaI radiafion expawre8 due to eomi&mption of Irish Sea fiah and shellfih 
1989. 

Commirted cffenive dose 
equivalent, mSv year-'. 
on h i s  of following gut 
trmrafn faaors for Pu, 
Am in molluscs (see text) 

0.0005 

Coasumem in I d  
fishing community 

Fish (plaice md cod): 
(m* sud Iobrers): 32:i] 

mollurcs (aintlu): 8.3 

pish [plaice md wd): 
-S vwlp~ops): 
molhrsa (wkehb 

C o n s u m W d m d  
with mmmacial 
firhuiu: Whiteham 

Consmnen in M u m b e  
Bay aru 

Fish (Ilwbden and plaice): 
Emrweums (&'imps): " ) 
mdluscs ( d c s  and mussels): 22 

Fish [plaice ancl cd): 
-(-l: 
molluscs ( d e s  and wheJks): 23 

Coamers arBociami 
with ~ 0 m e r d . l  
fiahnies: r n e c ~ ~ o d  

Typical member of the 
fish-eating public can- 
smmg fish hed at 
Whitehavm/meetd 

Rsh @I& and wd): 15 

Plaice and cod are owe'helmingly the most popular 
f& eaten by the trigh-mte m m m ,  and the assess- 
ment of exposuse OF &e critical group of local consum- 
ers was based u p n  an eqnal mix of these species taken 
from €be Sellafield Offshore A m  and from landings at 
Ravenglass, typical somm of most of €be local 
commercial supplies. The expcrsare due toconsump- 
tion of crustaceans, fdlowing the 1989 review of 
consumption rats, Wis calcoirxed on the basis of a mix 
of two-thirds crabs and one-third lobsters from the 
Coastal Area and landings at Ravenglass, combined 
equally. The exposure from consmnption d molluscs 
was calculated on the basis of averaged ra&ionnclide 
concentrations in whldes from the Coastal Area, 
including data &om bath our own sampling at specific 
locations within this Area and from samples cokted  
by local consumers. 

hence it is not to be expected that the sums of the listed 
conhriutions will necessarily eqnal the totals presented. 
The gut -er factor for plutonium and americium in 
fish and crustaceans was taken to be 0.0005; for 
molluscs the effect of applying gut transfer factors of 
0.0002 and 0.0005 is shown in the last two columns. 
Recent work at this laboratary (Hunt et al., 1990) has 
suggested that a gut transfer factor of 0.0002 may be 
used for these elements in &tic assessments of dose 
from eating winkles from near Sellatield, and this 
procedure h a  now been endorsed by the NRPB 
(NRPB, 1990). On this basii, the committed effective 
dose equivalent to the local critical group in 1989 was 
0.19 mSv. This represents a 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 snb-section 3.4) and to the small increases 
noted above in the concentrations of transuranics in 
shellfish. These committed effective dose equivalents 
are within the ICRP-mmmemkd principal dose limit 
for members of the public of 1 mSv year -l. 

Table 8 summarises exposures in 1989. For each 
exposed group c d e r e d ,  fhe committed effective 
dose equivalent (sob-section 3.4) is given together with 
the contri- of individnal radionuclides. For sim- 
plicity, only the more important of these are listed; 



The exposure of the critical gmnp has also been 
considered in comparison with the ICRP recommenda- 
tion on lifetime exposure (sub-section 3.4). In 1989, 
and in previous recent years, realistically-assessed 
exposures were within the principal dose limit of 1 
mSv year 'l. For a few years prim to this, exposures 
were in excess of 1 mSv year -l but withim the ICRP- 
recommended subsidiary dose limit of 5 mSv year -'. 
There has been an overall decline in concentrations of 
radiologically significant nuclides in environmental 
materials as a result of reduced discharges; arnsump- 
tion rates of sheIlfish wonld need to increase substan- 
tially for exposures ro exceed the principal dose limit 
These exposures are now considered likely m remain 
below the 1 mSv year " level, and dose rates above 
this level have not ocnmed for long enough for 
lifetime expasures to have exceeded, on average, 
1 mSv year -l. This statement takes account ofpre- 
dicted exposures from fu tm  discharges (Hunt, 19%). 

Consumption rates in the wider fishing communities of 
Cumbria and north Lancashiie have been kept under 
review. Consumptian rates of groups associated with 
commercial fisheries in Whitehaven, Fleetwood and the 
Morecambe Bay area are given in Tabk 8, together 
with the species whose radiaactivity concentrations, 
following the information from habits sweys, formed 
the basis of the assessments. Bwause high-rate con- 
sumers in all areas may eat both fish aud sheKtsh, the 
critical groups have been defined by the maximising 
procedure of summing eqmures due to the component 
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 concentra- 
tions in molluscs. In cornoarison with the results for . ~~ 

~ ~ ~ 

1988 on the basis of the more conservative gut transfer 
factor of 0.0005 for plutonium and americium in non- 
winkle species, the committed collective dose equiva- 
lents to the groups at Whitehaven and Heetwood were 
slightly lower in 191(9 (1988: 0.05 mSv year -' and 
0.12 mSv year respectively) and in the hrlorecambe 
Bay area was slightly higher in 1989 (1988: 0.11 mSv 
year-'). The changes fRtm 1988 are small in relation 
to the associated variabilifies, including environmental 
fluctuations. Doses were well within the ICRP- 
recommended principal dose limit for members of the 
public of 1 mSv year-'. 

The effective dose a p p m p h  to a consumption rate of 
15 kg year 'l of fish from landings 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 concenmtions of radiocae- 
sium in Irish Sea fish. 

Comparison of the exposures reported in Table 8 with 
those due to ingestion of n a t d  polonium-210 in fish 
and shellfish is of interest although this source of 
exposure is not subject to the IW-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 et al., 1989(a)).' The 
exbsures reported here may also be compared with the 
average dose of approximately 2.2 mSv year -' to 
members of the UR public from all n a t d  sources of 
radiation (Hughes et al., 1988). 

Collective doses received during 1989, from consump- 
tion OF f& and sheufih have Ve estimated for the 
UK and other Enropean countries. IP general, the 
method used has been to combine data on actual fish 
and sheIlf~sh landings from relevant areas with 
average radioactivity concentrarions h fish and shell- 
fish caught in these arean. This method differs from 
that b a d  on modellimg of water movements and a 
usually fued catch rate for different sea areas: this 
modelling method generally derives the collective dose 
to be received over a number of years as a result of 
discharges during the year under review, and the results 
are not readily comparable with those based on the 
present method. Sea areas c o n s i d d  in this assess- 
ment included the Irish Sea, Scottish waters, the North 
Sea, Baltic Sea, Norwegian Sea, SpiabergenlBear 
Island area and Bmnts Sea. Corrections have been 
made for the Eraction of fish or shellfish consumed. 
The contribution of weapons-test fallout to the radioac- 
tivity concermations has been subtracted. Considera- 
tion has b m  given to the pathway due to fish offal and 
industrial fisheries, the product of both of which is fish 
meal which is fed to pigs, poultry and farm-reared fish. 
Consumption of food products from these animals 
gives rise to a small conhibution to the collective dose, 
and this has been im1nded The resalts are presented in 
Tabk 9. The results for 1989 are preliminary, being 

Tabk 9. Colkctiw doses from fish and shell- 
fish 1988 and 198P. 

Popvlation Size of Gdlcdive committed 
population effeuivc dose 

equivalent, manSv 

Other European 
munuiu 6.5 X 108 50 30 



based on Wndings smistics provided by the Inm- but in even smaller proportions, are strontium-90, 
tional Council for the. Exploration of the Sea (ICES); through both f& and shellfish, and the tranrmranics, 
when data are not yet avaihbk. the previous year's maidlg tbmugh shellfish. It s h d d  be noted that for 
data have been used Dafa fa 1988 hive been revised translrranics the doses oer unit imake allow for the lone 

revised dam on dos& per unit in&, mainly IeAng to mat& for the aansuranics m committed in the future 
reductions in calculated exposllres due to pluionium rathw Usan already received (sub-section 3.4). The 
and americium (sob-section 3.4). The preliminary c o & h t i o n  of pathways other than Gsh and shellfish 
result of 40 man-Sv for the UK m 1988 eiven in the ccrammnticin. e.e. external exoosnre. to the coUective - .  
previous report (Hunt, 1989) has been r&ced to U) dose from Sellafteld liquid &barg& is relatively 
man-Sv on this basis: has been no cbawe m the small (Runt and Jefferies. 1981). 
p r e l i m i i  result of SO man-Sv for other E&&~UI 
countries because Only a small W~POnent of this hpreliminary results for 1989 of 20 mandv for the 
dose is due to plutonium and americium. UR and 30 mandv for other E u r o m  countries are 

less than the respective results now re- for 1988. 
Liquid r a d i d v e  waste discharges from SeUaFikl op This was mainly due to reductions m concentrations in 
to the end of 1989 arc h e  main source ofmkt ive  fish Bf radiocaeslmn both £mm Sellafield discharges 
dose rep& in Tabk 9; by capatison, cke effect of and fro& ChemobyL It has not been possible W derive 
Liquid discharges fmm other MabMmem is very a direct esthnate of the Chernobyl cuuhibntion for 
small. The cormibution dnc to fanout from the 1989 because most concentraticm of caesium-134 in 
Chernobyl reactorawident in the Irish Sea, Soottish Gsh from the North Sea and further afild are below 
waters and the Nonh Sea has been inclnded Most of detection limits. However, based on the contribution 
the dlective dose is due m m i k x s i u m  in edible esiimaml in the past, in 1989 his would have 
fish: the canhibution due to SW& is generally amounted to no more than about 10% of the totals for 
minor. Also relatively small is the coohibution, again the UK population and for other countries, excluding 
mainly fmm radiocaesium, due to f& offal and the effect of fish from the Baltic Sea. The contribution 
~ndusaial fisheries (Hunt and Jefferies, 1981). Other W the collective dose to the UK population fmm Baluc 
radionuclides which contribute to the collective dose, Sea fish would have been minimal. On the basis of 



Figtlic 3. ConmntMtW (Bq R') @cwsium-137 in faered waler from the west of - S c o w  Mu& 1989. 

concentrations of r a d k d ~ t y  m fish from the Baltic 
Sea (Saxen et al., 1989$ it is ~& that the collec- 
tive dose to other EWoptm corntries dW to the effects 
of the Chemobyl &&%L on Bdtic Sea fish coold have 
been as much as 30 m - S v  in both 1% and 1989. 

The collestive dose for* UK, given in Table 9, may 
becomparedonaper~badswiwirhtkeannualdose 
equivalent averaeed 6W the h e ~ M o n  of 2 2  mSv 
d"e to natural ba;kground radia;ion (sec sub-section 
3.4). In 1989. the preliminary IJK collective dose 
through the fish and ~~ pathway as a result of 
liquid radioactive w e  qsp&il operations amonn'led 
to less than 0.02% of this level. 

It is clear from the state- above, which compare 
the 1988 and 1989 results for both d c a l  group and 
collective dose mm, that an important faclor deterrnin- 
ing exposures is the dishiiatianof mdiuactivity in the 
marhe environment. We maintain a conrhning pro- 
gramme ofreseamh on marine behaviaor and distribu- 
tion (including budget asses-) of significant 
radionuclidw. Data on the disaiInujon of caesiom-137 

in sea wilter are &gnhly collected by research vessel 
cmises; the distniution observed in the Irish Sea in 
Maxh 1989 is shown in Figure 2. Comparison with 
the data for March 1988 (Hunt, 1989) shows that 
concenaations of caesium-137 in sea water of the 
eastern lrish Sea were generally &milar, and those in 
the westan Irish Sea decreases cantinuing in that area 
to reflect the reductions in discharges from Sellafield 
since 1985, following operation of SIXEP. Our cruise 
programme in March 1989 included collection of data 
on the dis~'~iutiod of caesium-137 in sea water west of 
Sc- the data are shown in Figure 3. Comparison 
wim the data for Maxh 1988 (Hdnt, 1989) shows con- 
tinuing reductions in concentrations of caesium-137 in 
Scottish waters. Data for the North Sea dnring August 
and Sepwnber 1989 are shown in Figure 4. Compari- 
son with the dkribution obsewed in August and 
September 1988 (Ha 1989) shows a conrinuing 
reduction in c o n c e ~ a n s  of caesim-137 in most 
areas of tlre North Sea, particularly off the east coast of 
Scotland. Some of thecaesium-137 in the North Sea, 
particularly in the north and east, is due to the effect of 
faUout from Chemobyl @litdteU and Steele, 1988); 



Figun 4. ComentralloM (89 kg') ofcoesium-l37 in f h d  watcrfrom the North 
Sea, AugustSepIC~rr 1989. 

the distribution for 1989 continues to s h w  &e mm- 
duction of water from the Baltic Sea which $ slightly 
richer in caesium-137 from Chemobyl than water of 
the North Sea. 

4.12 External exposure 

A further important pathway leading to radiarion 
exposure as a resolt of Sellafield dkharges derives 
from uptake of garmna-emitting radionoclides by 
intertidal sediments in areas freqnemed by tbe public. 
In general, it is tbe fine-grained mods and silts preva- 
lent in estuaries and harbours, rather than the coarser- 
grained sands to be found on open beaches, which 
adsorb the radiwactivity more readily. Gamma dase 
rates cmrently obsrved are mainly due to padiacae- 
sium. 

We regularly monitor a range of coastal locations, both 
in the Sellafield vicinity and funher afield, using 
portable gamma-radiation dosemeten. Locations are 
chosen on account of both dose rates themselves and 
levels of occupancy by members of the public. Table 
10 lists the l w a r i o ~  monitored together with the dose 
rates in air at 1 m above ground level. Monitoring in 
Scotlmnl is cawkd out on behalf of the departments of 
the Scottish Office. Dose rates on Irish Sea shorelines, 
near oiher nuclear establishments which reflect 
Setlaiieid discharges, ate given later in this report (see 
sub-sections 42,4.3,4.4,6.5,6.11). Variations in 
sediment type account for the quite marked fluctuations 
in dose rate, superimposed on a general decrease with 
hmmimg distaoce born Sellafield. Dose rates over 
intwtidal areas in 1989 showed genaal reductions as 
compared with 1988 (Hunt, 1989). 

P&G




T&& 10. Gngna rouliathn d@ae rates owr i n W d ( 3  cueus of the 
Camhim coast and +her &eIrl, 19S9* 

- 

lacation Grmmd No. of M m  garmns 

rgBe sampling dose rare 
o b s e ~ a -  in air at 
tionslf 1m.pGy h" 

- 

Cumlnia 

M~ 
Sandy med 
Mud 
Ssad 

hitod 

Becmwsll Mud 4 0.15 
A i n d e  a n ~ L I  

V."". 

~ n v  ~riigtrm i 0 . ~ 2  
Mmay Qlodi k r r ~ )  Pslod 4 0.14 
Llmdndno r d  4 0.083 1 

Galienaon S-srult rrma 
bmwwen ' ana 

-?way 
-m M y  mud 
-ItlcRe SBanaraB 

P a l d e  W b r n  Mud 
Crwahom M y  mud 





Table 11. C h f h e d  

Sampling point aod No. of M e n  ndioactivity mnceetrrtion (dry). Bq kg-' 
scdimmtype smyrliag 

'Bsuva- '%z IBEn %U % %'P, *'Am % %+ 
tied gOpo auCm - - - 

cmnbrhl 

Maryponshon (sand) 
Marpan Chriarchimna) 
Hsrringmn 
Wbitehavm 

C " )  

%Bees 
(") 

Sehfinld 
Searole 

( "  ) 

Rsvmglass- 
( "  

Ramvilla (sandy mud) 
Newbiggm (mud) 
Millom ( M W  madt 
Walney Wand (mod) 
Flookborgh (maday swd) 

IsmmhiEPndMmsdgF 

Heysham ( m o d )  4 4.6 7.6 6.3 38 
Sundaknd Pt ( "1  4 1.7 3.2 4.4 NA 
SkippOl€!R& (") 4 W 11 7.5 " 
Fleetwood (SW 4 N D N D "  
BlaeLpool ( "  ) 4 * 
New Brightcm ( "  ) 4 M 

Rack Fwrg (mad) 4 4.1 5.3 5.3 " 

Swth-W& Seotlprm 

Golieaon @-a 4 1.7 6.5 5.9 36 
IimemeH (") 2 8.4 9-4 7.7 NA 
Kippford slipway ( " ) 4 8.7 10 7.2 45 
Kippfordnrem ( w h )  4 ND 19 15 110 
Palnadie (mad) 4 8.6 15 9.7 68 
CaIsaham ( " )  2 ND 7.4 5.7 NA 

N ~ I ~ d  

Stmgford h h *  (mud) 2 m ND ND 1.4 7.2 " 5.6 ND ND 
Stmgford lough** ( " ) 2 0.18 1.1 " 0.57 " 0.0015 
' J m p O n  (smd) 2 NA M " 0.55 NA NA 
Cnrlingfmplkaugh (mini) 2 1.8 2.5 15 " 7.2 ND ND 
Dmdruul Bay ( m d Y 4 )  2 * N5 NA HA " ND NA NA " 
bmgh (4 2 2 0  " 14 " 

NA=notwalywb 
m=wtde&d. 
* N i w ~  Peim 
**IllradWII 
Psee&rratw33fQT- 

west Cumbria of liquid waste dischages Erwn themselves, this occupancy was equivalem to that fmm 
SeUafield is adequately represented by this &id spend@ 3OW h year -' over onshielded mod. Making 
group. In the widw a d ,  inc1nding Cumbria, an allowance for mnnal background, && extemal 
L a n d i r e  and the mftb Solway coast, on the h i s  of exposure in 1989 was 0.17 mSv. Th& was less than in 
doselates and occ~pancy'limes, it is coosideml that 1988 (0.27 mSv), due to reduced eq&valent occupancy 
persons who live on boaid boats in the Ribble estuaty times and to &red dose rates foIloGing declining 
are representative ofthose who r&ek the higkest concw$ations of radiocaesium in sediments. The 
external exposnres from the effects of dischatges ex- was within the ICRP-recormnended principal 
Sellafield (see sub-secdon 42). Their occupncy cif ldase h i t  of 1 mSv year -' for m e m b  of tlre public. 
boats in 19g9 was n d y  f&r&se but, raking acmmnt Additiod e x p o s e  of these people, due to consump- 
ofthet inre~theboarsare~~frmrr~aruBby & a f t i s h a a d ~ h a n d h ~ o f f i s h i n g g e a r ,  
tidal effects and the  byt the^ was 

28 



The converse SiWon, of the crhical gronp of fish and 
sheufrsh conwmm also receiving exposure fmm 
external pathways, also needs fo b2 ansidered. Habits 
survey data in- however, tlBt except in the case 
u f t b e b a i t d i ~ ~ M a b o v e , u l e e x ~ c ~ m p o -  
nentistoosm;tl lfomrrkeasi~differencemthe 
d t  for their expmnre. akatly given in suBspniou 
4.1.1; additions of this smaU &r are comibtd to 
be adequately taken inr0 asosrmt by the maximising 
process of shming exposcnes from the consumption 
of fish, smsarceaus arvd mollnscs. 

It is m be noted that the lwels of r%dionuclide wncen- 
tratiow in &ents (shown in Table 11) Bjve rise to 
only very miwr w d i a ~  exposmes m the pb&c 
following inhamcm of resnspenm ptticulaks' 
including those from ttre surf zone (Pazrerrcten et dl., 
1981). 

4.1.5 ~ ~ g z f r t r  

D&g hm&w m sea wmr, &sing gear may 
enaain panicles uf sedinrart on w W  radkcdvity is 
a d Y 0 1 M F i S h e r m e n ~ g d i i s g e s r ~ k e x -  
posed m extemal rarfatm, maid9 fo skia k m  beta 
particles. We regularly monitor gear using 
portable beta dosem-. Resnk for 1989 are F 
sented in Table 12. Qur habier SW- Imp &er 
review the amounts of t h e  spent by fishermen han- 
dling their gear: for those most exposeQ 500 h year -' 
is appropriate. The maximan expo- from handling 

TdZe 12 &efo d i & n  dose rates on contact 
with w i n g  gear on vessel. operat- 
ing of lSdIi i~ld,  1989. 

V 4  Type of No. of sampling M m  bus dose 
g m  obgmt iond  mm in tissue. 

pGy h'' - -  
A Nas 4 0.05 

W 4 0.03 

Nar 
Raps 

Gill nar 
Pou 

Nas 
Gill RUI 

Nas 
Raps 

M 
Gill new 
PO= 

Netd 

Gi "W 
Paw 

Nets 

W See sobseniw 3.3 for dcfinitioa I 

Table 13, RoZlZwctiUir9 in Porphyro from DEshorelines of the Irish Sea, 1989. 

Sampling point No. of M u n  ndhctivity concmmtiw (W-)), Bq kg-' 
SamPI'mg 
obaewa- Totni dPCo 6jZn 5% %+ q c  1% l% ''*Ag '=Sb 
tiorox &ta %Nb - - 

Bmysmnea South 4 380 1.2 NB NA 3.4 NA 1.4 190 0.1 3.0 
S d  52' NA 1.9 0.05 " 4.4 " 1.8 180 0.04 5.7 
St Bcs 4 300 0.8 ND 0.97 5.7 2.3 1.2 130 0.1 4.5 
Knock Bay 4 140 ND " NA ND M ND 1.1 ND ND 

S5i1~liieg pint No. Bf Mem ndiaaivity coRcamnion (wa) .  &a Lg" 
sampl3n9 
obseNa- '% '*Lee '%a P ( ~  =%I+ )*lh %'Am %h )*3Ch+ 
lions# =v=" Wan 
- - L  - -  

~raysmncs Sumh 4 0.QS 6.6 1.6 ND 1.6 7.4 130 12 0.026 0.039 
Sea& 52* 0.02 13 1.8 0.1 NA NA NA 20 NA NA 
St Bcs 4 OM 9.3 2.2 0.1 2.2 9.8 180 17 0.074 0.033 
Kmck Bay 4 ND 0.9 ND ND NA NA NA 0.58 NA N A 

NA =not d y s d  
ND =not defeaeb 
Y Su. sub-S& 3.3 forddinition. 
* %ss samples ue c~mfc d  wet m pm& a q i r l  mil t .  
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of fishing gear in 1989 would have hem less than 0.1 
mSv, which is well within 1% of the ICRP-recom- 
mended dose limit approprfate for exposures to skin of 
members of the public, based on non-stcchastic effects 
(sub-section 3.4). Handling of fiiing gear therefore 
continues to be a minor radiation expure pathway. 

No harvesting of Porphyra in the SeMeld vicinity, 
for consumption after being made into laverbread, was 
reported in 1989; this pathway has therefore remained 
essentially dormant However, monitoring has contin- 
ued in view of its potential importance and the value of 
Porphyra as an indicator mmial. SampIes of 
Porphya are regularly collected from selected loca- 
tions along UR shorelines of the Irish Sea Results of 
analyses for 1989 are presented in Table 13. Samples 
of laverbred from the major manufacmem are regu- 
larly collected from markets in South Wales and 
analysed. Resalts for 1989 are presented in Table 14. 
The exposme of critical lavwbmd con- was less 
than 0.01 mSv, confummg the wmal akyanc~ of this 
exposure pathway. 

Table 14 R d M u i t y  in Lwerlmmd /mm 
Soarh W& 1989. 

M m -  No. of Mean radioauiviity 
faaurer sampling mncmmtion (wet), Bq kg-' 

ob~erra- 
tiond Totll % 

beta 

ND = not dereaed. 
X See sub-section 3.3 for definition. 

Table 15. Summnv of contact  bet^ and 
gomma dose rate monitoring of 
intertidal areas of Cumbria, 1989. 

Month No. of items & t d  Locations and dose rates 
(> 0.01 mGy h.') but (mGy h.') of itans 
below 0.1 mGy h.' 0.1 mGy h.' and above 

- - 
January 0 
February 2 Drigg : 2 0  
March 0 
April 1 Sellmiield : 0.14 
May o 
June 1 
Jub 0 
August 0 
septembcr 3 
October 2 
Novmrber 1 
Deeembcr 1 

4.1.5 Contact dose-rate monitoring 
of intertidal areas 

We regularly monitor contact beta and gamma dose 
rates in inmliidal 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 public 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 to skin of members of the public 
(sub-section 3.4). It is not considered likely that 
anyone has mxived a dose to skin in excess of this 
limit. 

4.1.6 Other surveys 

In addition to the monitoring described above, which is 
r e W  to the more (or potentially more) significant m- 
dk&m exposure pathways as a consequence of Sel- 
MeId discharees. we undertake a number of further v .  

investigations. Some of these are of a research nature; 
however, they also enable pathways of lower c a n t  
imponmm to be kept under review. 

Seaweeds are useful indicator materials they may con- 
cenmte terrain radionuclides so they greatly facilitate 
measurement and assist in the aacing of these radionu- 
clides in the environment. Table 16 presents the results 
of measuremwts in 1989 on marine plants from 
shoretines of the Irish Sea and further afield. Although 
small quantities of samphire and Rhodymenia may be 
eaten, concentrations of radioactivity are of negligible 
radiological significance. Fucus seaweeds are useful 
indicators, particula~ly of fission product radionuclides 
other than ruthenium-106. samples ok ~ u c u s  
vesiculosus are collected both in the Sellafield vicinitv 
and further atield, and the results are !presented here. 
Monitoring in Scotland is carried out on behalf of 
departments of the Scottish Ofice. Analyses of 
samples collected in Northern Ireland are canied out 
on behalf of the DOEO. 

4.2 Spridgfields, Lancashire 

This establishment is mainly concerned with the 
manufacture of fuel elements for nuclear reactors and 
the production of uranium hexaftuoride. Radioactive 
waste arisiugs are of low radiological significance, con- 
sisring mainly of thorium and uranium and their decay 
pmdum; liquid discharges are made by pipeline to the 
RiW estuary. Public radiation exposure in this 
vicinity, as a result of these discharges, is very low; 
there is, however, a greater contribution due to Sel- 
]afield discharges. The critical pathway is external 
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Results for 1989 are shown in Table 17(a) and @). 
Radiormcldw detected which were due to Sprhgiie1d.s 
discharges wae Isotopes of thdmn and protactinium 
and their decay pmlucts The- of these 
radionuclides in envimmnental m a e r h k ~  of low 
radiological s i ~ ~ ;  aU1er radionoclides present 
were mainly from Seaafield. Expome of the criW 
group of houseboat d w e h  in 1989, including the 
Sellafield componenf was about 0.17 mSv, less than 
for 1988 (0.27 mSv), due to reduced equivalent 
occupancy times which allow for shielding by the boats 
themselves and to deching dose mtes following 
reduced discharges ftMn Selhfild. The contribution 
to exposures due to Sprtngfidds dischges would have 
been a small fraction of the total. Ekpmues were 
within the ICRP-recommended priacipal dose Wit  of 
1 mSv year -l for members of the public. Camntra- 
tions of thorium isotopes in fish from the Ribble 
estuary were not s i g n i i d y  ~ ~ f n w  thase 

have been a small fraction of the total, most of which 
is due to SeUaheId discharges, as considered in sub- 
section 4.1.1. The concentrations of thorium isotopes 
in silt in ams outside the Ribble estuary were consis- 
teut with llalmal s o m ,  as were concentrations of 
thorium isotopes in sand from Lytham. 

4.3 Capenhurst, Cheshire 

The main function of the Capenhorst Works is enrich- 
ment ofuranium. Rsdioactive wasre arisings, mainly 
of umim and its daughter products and technetium- 
99 from recycled fuel, are minor; the Works has au- 
t h o M i o n s  to dkpse of small amounts of mdioactiv- 
ity in liquid wastes to the Rivacre Brook and to the 
North Wind sewage outfall at Mmls. In May 1989, 
the Riacre Brwk authorisation W varied (see Table 
1) to conml mm radionuclides ~ ~ e c ~ c a l l y ,  prior to 

expected ed natural Sm'ces. Any exposures due to & d o n  of a new decontaminati6n  plan^ This plant 
Springfieldsderived radionuclides in shellfish would active man in ~~~~~t 1989, leading 

TQlrlle 18. Radtooc6ni@ 2i( enotronmprrtal materids in the cddni#9 ofthe Warrcal, 1989. 

htnid poim NO. of MW ndioaerivity mnMRation (wet)*. Bq kg-' 
hamprig 
obsmra- Total 60Co -c 13'0 IsEu PIPa 
t i d  beta -- P P - - - - p  

Shrimps Hoglake 2 59 ND 0.53 ND ND 6.2 ND NA 

Water weed 
Clodophwn rupcstrir Rivacre B m k  2 150 0.4 27 " ND 0.5 0.4 " 

Mud Hoylake 1 1300 2.6 NA 25 5.0 450 ND " 
Rivam Bmak 2 1200 2.7 360 ND 12 52 4.7 30 

Maerial s 4 i n Z  * No. of Wean r.dio.ctivlty canemvation (-p. Bq kg-' 
sampling 
obsava- TotalU ='Np P8Pll 2*1Am 

=an !!%L - - - 

W* weed 
Cbmh,phom Rivme B m k  2 

Mod Hoylake 1 90 " 
R i m  Bmwk 2 5800 710 2 8  " ND " 

ND=notdncaaL 
NA=wt&pad. 
* Except for scdimmt tvhm dry cmcemmbns apply. 
#Sec wbseuion 3.3 for clduitiw. 
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to small increases in dischwges in technerium-99 to the 4.4 Chapelcross, DumQ+esshire 
Rivacre Brook. No discharges from Capenhm took 
place via Meols in 19X9 (Taw 1). We have estab- At this & b e n t  BNFL o p t e s  a magnox-type 
lished an envh'onmeX@d m m ~  -e related nuclmpower station. Liquid waste is discharged to 
to the pathways wkch be of&- G@- the Solway Pi under authorisation ofthe Scottish 

due to both disposal m m -  Plants are Develonmem De~arunent There are two oathways 
also sampled as indicator materials. It is to be noted leading(o public;adiation exposures which are of po- 
that the pmnramme is much more extensive than is tential immrtance. Thcse are internal irradiation from 

~uaitied by the potential mdiological hazard 
from Capeuhurst discharges. 

Results for 1989 are presented in Table 18. The con- 
centralions of -cial radioactivity in marine salnples 
are mainly due to SeWield discharges and are consis- 
tent with values expected at this djstance from Sel- 
lafield. Technetimn-99 concemtions were low, 
reflecting in seaweeds the much reduced discharges of 
technetium-99 from SellrdieId because dmy-soaed 
liquors were not beirYg released Eiqmure of poten- 
tially critical shellfish commmers in ttre vicinity of the 
Wirral in 1989 a m d  to less than 0.1 mSv, which 
is within tht: ICRP-recommended principal dose limit 
of 1 mSv year " for m e m b  of W. pubk This 
exposure was mainly dwe to t r a n d c  mdkb 6-m 
SeWield: 'anly a tiny f r a c h  was 6ae to U z M m n -  
99, which was almost entirely frm SeWbld dis- 
charges. The small immses in discharges of tedme- 
tium-99 to the Rivacre Brook were reflatrd in the 
concentrations of this nucW in W- weed and mud, 
but these conmmations W& of @@le radiological 
signiticance. 

- r- - 
conamprim of locally-caught fish and shellfish and 
extanal exposure from use of intertidal areas by 
fishermen and turf cutters. Our monitoring, which is 
carried out on behalf of departments of the Scottish 
OffiQ, continued to reflect these pathways. Samples 
of FEUS seaweeds, as useful indimtors, are also 
analyyed. The d t s  of monitoring in 1989 are 
presented in Table 19(a) and @). 

Gmcenaations of artificial radiormclides in the Chaml- 
cross vicinity are mostly due to Sellafield discharges, 
and the general lcvcls of nuclides given in Table 19(a) 
are consisrent with vahm expected at this distance 

Mlafiekl. Concentrations of radiocaesium in 
1989 were generally less than t h e  in 1988, reflecting 
o v a  reductiom in SeW~eld discharges ova the last 
few years A reassessment of exposures was carried 
m for 1989, and this showed that fishermen continue 
to Consrtnte the critical group in view of their regolar 
cmqmcy of intertidal areas and msumption of local 
se'aXood. In 1989 their exposure was less than 0.1 
m'SV, which is withim the ICRP-recommended principal 

Tabk 19fa). Radioactivity in envimnm@ntul materials in the v5cinity of 
Ch- 1989. 

Wete"a1 Sampling No. of Mean radiaaaivitg mcenmion (wet)*. Bq kg-' 
p i n t  sampling 

obsewb  TO^ 6~ 9 5 ~ ~ +  I ~ R O  tZsb ~YCI t17a 
SNb rionaff ae!! - - - 

Flounder Seafwld 4 170 ND ND ND ND ND 1.1 69 
Salmon 1 130 " N D  1.0 

1 150 " Sea mow 11 
-9 4 100 " 0.2 27 
F ~ v L S L ~ m u r  " 4 400 0.3 0.8 " 0.8 0.2 0.6 53 
Mud 4 1300 ND 3.4 52 2.1 6.0 610 
Sand 4 690 " 0.4 0.7 5.5 ND 1.6 170 

- 
Malerid Sampling No. of Mean radioaaivtty -emuation (vet)., Bq kg.' 

-PS 
" 

Pucusvw*dwrr " 
Mod 

ND ND NA NA ND 

" 0.08033 0.W14 0.CXnZ 
" N A N A N D  
0.2 0.69 3.3 3.2 

4.4 4.2 21 97 140 
ND 0.7 1.8 9.3 13 

ND=n~&uaed:tiA=notmdysed. 
* Except for dimes1 when idry concmnations apply. 
#See sub-~crion 3.3 for ddmitim 
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TbIle 19yb). Gwnlf14 dose rub in crir at 1m pathway is likely to be from drinking water, and moni- 
over M r J  (peas in the toring is canied out by the DOE W E ,  1990), we 
vi&$5ty of Chupelem 1989. have wntinued our small programme of monitoring of 

and other aqaatic materials, and the results are 
~da, Ground NO. of " presented in this section. 

type apoplmg 
obsenr- 

- 
Seafield Mudlsand 4 0.10 
S&d Sahmarsh 4 0.11 
Bale  Hill Mud/wd 4 0.11 
Browbunsea Mudlsand 4 0.11 
Domoch Brow Sandlmnd 2 0.094 
Domoch Brow Saltmprsh 4 0.12 

#See s&s& 3.3 for dcfmltion 

dose limit of 1 mSv year -' for members of the public. 
The magnitude of the Chape1uoss dkcharges iirdicate 
that the local contribution would have been a tiny 
fraction of this exposure, most of it being due to 
SeMe1d discharges. 

5. UNITED JCCNGDOM 
A!RJlKIC ENERGY 

We have continued our regular monitoring of the 
environmental impact of liquid radioactive discharges 
from the Winfrith Techm1ugy Centre and from AEA 
Technology. Dounreay. Liquid radioactive wastes also 
arise at the UKAEA lbwel i  Laboratom. In common 
with such wastes fiom other nuclear e s & b ~ m e n f s  in 
the Thames Valley area, these are discharged into the 
River Thames catchment; whilst the Critical expo~~re 

5.1 h e l l  Laboratory, 
Oxfordshire 

At this establishment the U K A E A & ~ ~ S  research 
facilities, including in 1989 low-power nuclear reac- 
m. Liquid radioactive waste aridings are small and 
discharges are made mder authorisation to the River 
Thames at Sutton Courtenay. The Critical exposure 
pathway is likely to be from drinking water, as stated 
above. Doring 1989, we continued our small pro- 
gramme of monitoring of fish and other aquatic 
materials from the Thames catchment in surveillance of 
fi&eriwreW exposure pathways. This included 
monirtoring at locations remute. from nnclear establish- 
ments. Analyses were carried out of available fish 
species, with NPrphm Iurea bellow water lily) and 

The results of this monitoring are shown in Table 20. 
The concentrations of atii%ial radioactivity detected 
were very low. Concentrations of some nuclides, most 
wtably caesium-137 in sediment, were enhanced close 
to the outfall, but the levels were very small in terms 
of any radiological effect E any f1.4 were eaten, even 
at rates tpical of enthusiastic noot consumers, the 
radiation dose in 1989, including that due to occupancy 
of the river bank near clre outfall 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. RBdicna,Yivi@ in e%~ronmentul materials from the Rfver 
Thames catchment h s d I -  ofthe effecfs o f  ZkpSd 
radioactive waste discharges fromHwweZl, 1989. 

Msrairl -ling pint No. of Mean radioactivity eoaccllvation 
samp1'm~ (wet)*. Bq lrg" 
obsava- 
t i m #  Total =S @'G7 61211 '"0 

beu 

-W M U 1  EPtHendnd 1 140 NA ND ND 0.4 
(Ginge Brook) 

Mod Sumon Colmerray 1 580 " 10 " 150 

NA =not analysed 
ND=mdeatcd. 
* Except for sediment where dry concmtrntionr apply. 
#See & d o n  3.3 for dcrmitiwn. 
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5.2 ~~~~ Technology Centre, the critical expasme pathway; this is reflected in our 
Dorset monitoring programme. External gamma radiation 

dose nrtes rue monimed at Kimmeridge and in Poole 

T h e p ~ i p a l s o ~ o f l i q a i d ~ v e ~ a t t h i s  
esrabIishmnt is fhe Seam Gewxthg Heavy Wzter 
Reactor. Most of the activity in these wastes (Table l) 
is due to tritiwn from the. moderator and coolant, but 
small amounts ofactivatim prod-, induding 
manganese-54, cobalt-60 and zinc-65, are removed 
during decontamination of the reactor's preme 
c*L Th- w;lstes disp0d of under ~ t h O r k t 3 -  
tion to deep water in Weymouth Bay. In April 1989, 
the authorisation was re+ed, s d n g  mure saingent 
limits and conaolling more mdbnnclides @ficaDy, 
as well as reqniring limitation of discharges by the best 
practicable means. 

In 1989, the wastes continued to be subjected to 
treatment and storage, mainly to allow the shm-lived 
zinc65 to decay before r e b .  The radiological 
significance of the discharges from Winfrith is small 
and mainly due to the activation pralwts rather than to 
hitium. Reconcentrahn of activation @urn by 
shellfish, followed by local consumpticin, mmi'mtes 

Hartmu what the in- sediment has the potential 
to adsarb d i d v i t y .  In addition, monitoring of en- 
vironmental mamials and gamma dose ms at a 
nmnber OF lmtions along the south coast provides 
additional information on the distribution of radioac- 
tivity from all m-. Data are pre-senred in Table 21. 

The impact of Winfrith discharges, as in previous 
years, wan mainly observed in the concentrations of 
activation product mdionuclides. The concentrations 
of the dnmer-lived of these radionuclii, particularly 
zinc-65, continued to decline in 1989 as compared with 
previous y m  this was likely to have been due to the 
trearment pcadures noted above. The radiation dose 
to the critical group of tish and shellfish consumers 
(Smith and Hunt, 1989) was about 0.03 mSv, or 3% of 
the IW-recommended principal dose limit of 1 mSv 
year-'. External gamma radiation- rates, measured 
using portable instruments, continued m be indistin- 
guishable from levels typical of the natural back- 
-6. i 

Tcdle 21. RadiooctiDity in enlrirOltmer&d rn.crteiS& and g ~ m a  dose rates @urn the vicinity 
of W~njWh, 1989. 

Sampling pint 

me. 

Pout whiting 

Squid 

aabs 

Mud 

Muddy Sand 

Wepnwth Bap 

wepnomh Bay 

weymolh Bay 

weymomh Bay 
OM Hany 

Weymauth Bay 

Poole 

Poele 

W e  Bay 

WCyrn~h Bay 
Pwle Bay 

k ish  W11 
W e r i d g e  
Swanage 
Hmgistburj Head 
Bognor Rock 
Sandgam 
Wegmowh 
a&l 
Lyme Reds 

Kinmeridge 
Poolc IIIrbolu 
Harduray 
Rye H a r h  

K i d g e  

No. of Mean ndionaivity cunaamsirn (wetr. Bq kg.' 
rmrplhrg 
&cm- Toul %o "Co %U VC '%U 'IDlAg 
tions# beta - - - - - - - - - 
2 95 ND 0.6 ND ND 0.3 NA ND ND 
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T&k 2L cu7dirmGd 

M&teisl Sampling paint No. of lrIan radioactivity mfmnarion (W@*. Bq kg1 
Jwpling 
obscna- lpSb '%l '%U issP, %'Am % Wan* 
&all& -- % "'cm - 

Asia W c p m h B a g  2 ND 0.4 ND NA NA ND N A NA 

Pout whiting Wrpwuth Bay 1 0.3 " 

Sqmd Weymouth Bay 2 N D "  

aabs Weymouth Bay 8 0.03 " 0.00040 0.0013 0.0021 0.00W4 0.00021 
Old Hamy 1 ND " 0.00016 0.00082 0.0015 ND ND 

Lobsten WgmrOmh Bay 3 0.2 " 0.00045 0.0016 0.010 " 0.00053 

~mgiskuy Head 
Bognor R& 

w~ptourn 
ch&l 
LP 

Mud Kimmemlge 
Poole Harboor 
Hardway 
Rye Harbwr 

Muddy Sand Kimmnidge 

+--- 

M- gamma dose rate in Pir at lm o m  inteiriasl saiimmts: 

Kimmcridgc (2 sampling obseruations): 0.085 pGy h.' 
Poole Harbour (2 smapliag obmmtim):  0.068 pGy h" 
Hardway (2 aunpling obanvationr): 0.073 pGy h" 
Rye Harbour (2 sampliig observations): 0.078 pGy h" 

NA =not snalysed. 
ND = not dcteaed 
* Ex-I for sediment w h  dry collrmflations apply. 
I See s u b d o n  3.3 fordefimitim 

5.3 AEA Technology, Doanreay, 
C&-& 

Liquid radiisactive waste dischwgcs from this esklblish- 
ment are made to the Pentland firth unda anthorh- 
tion of fire Scoftish Dewlopmart Depmea Dis- 
charges include a minor comibution from the adjoin- 
ing W r  site (Vulm Nasal Reactor Test Fstablish- 
ment) which is a p e d  by the Minimy of Defence 
(Pmcmment Executive). In June 1989, the authorisa- 
tion was revised, setting more saingent limits and 

conadling m e  radionuclides specifdy, as well as 
requiring d u d o n  of discharges by the best practi- 
cabk means. Discharges from Dounreay in 1989 were 
less than in 19X8 reflecting the campaigns of qmcess- 
ing af reactor fuel. M discharges remained well 
within the new anthofkd hits. Onr m e y s  near 
Donmeay are &ed out on behalf of departments of 
the Scuttish Office. Monitoring in 1989 continued to 
inclnde sampling of fish and s h W h  from the area of 
the Dounreay mtfall and other materials fuaher afield, 
with  gamma dose rate measmeuts. The 
results are presented in TaMe 22. 
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Table Z2. B a d i d u S t y  in eztiSmliatenP41 materiuls and gomms &ae rates from the 
viGi1ztty BfDounw,  1m. 

Sampling point No. of Wdm n&emivuy mcmVBLicnr (wet)', Eq kg1 
and mrvaial =* 

. obaapa- Tool MC0 ?Zr+ l% lZmA g BSb '% 
zionS# bep %L3 - 

A m  of outfall 
Cod 4 1 4 o N D N D N D N D N D N D  ND 0.2 
Crab 4 79 " 4.9 ND 
WMten 4 85 " 3.2 18 

- 

Sampling point NO. of  ~ c r n  ndimsive m e  (wet)*. ~q kg-' 
and dmm*l - 

&m- l% I%% mEn '%E a"ao aRR, * l h  aDtLn 1oan+ 
tionaW MP. ?Uom - -  A-- - -- - 

Aria of 0WPII 
Cod 4 26 ND ND ND 0.0WUS 0.W035 O.WM48 ND ND 
Crabs 4 0.3 " OaOZO O.lYU79 0.013 O.C€llS 0.00044 
Lobsters 4 0.3 " " O.OM9 0,011 0.057 O.OM8 0.0016 

Oigins Gre 
Sludge 

Brims Ness 
Winkles 4 0.4 ND ND ND 0.092 0.23 0.33 0.030 0.011 
P u n u v r s i c v l ~  4 1.6 " NA NA ND N A ,  NA 

---- - +-.+.--- ---- 
Mean gsmm. dose m m ~ r a t  lm ova  indW pedhnmt : ISighs Gre (4 sampling obsemariars)r 0.15 pGy 'Gy' 

8 

&m gsnms dose rate h airat lm over imeniqPl a&imnI : SBnlnide (3 smqliwg &ervation): 0.MIOpGy Gy' 

ND = notderecrd 
NA = not d y d .  
* Erapt for sediinm aQge clq ammm&xK apply. 
I Sce sutcsmim 3.3 fm&miGon. 

Recent Itabis m e y s  have andim& the free bf Sandside Bay, close to m y .  Qnr regular 
three potemidly rritical expasare pathways, cwo of merasmements in presiow ge;trs have shown that, at 
which involve external kdation. The fm of k e  is m of discharge, the average dose rates on 
due to ladjdvity rtdsottRd mainly on fiae paridate m would be low. Mo&xing by the UK&A in 
maner Wming  entrain& on fishing gear which is 1989 h msfmnerl that the exposo= of these fisher- 
regularly hamdld. This resal= in sfcin - m a y  mm - low, at fa lhda 0.1 mSv, or less than 
kom beta particles, to the hands a& fmams of fish- 1% of &FW-recommended dose. Emit of 50 mSv 
m e n .  The most e m  group is qmsented by a f a  (see s u b - d ~ l n  3.4). 
smallnumLmofpeoplewhooperatea~fishery 

38 



The second potentially critical @way arises also from 6. WCLEAR POWER 
the uptake ofradioactivity by particdate mamhl 
which a c c n m a  in mcky ams of thp. foreshore and 

SWIONS OPERATED 

presenU a potential s~nrce of expown, d y  m BY THE ELECTRICITY 
gamma radiation, of those who visit these amass In CQPANIES 
1989, we carried o u t ' m o ~ n g  of sludge at Oigin's 
W, wncenmtions of radio%tivit)r were less than in 
1988 and consistent with the range of l eek  expected 
due to normal Dounreay operafions. We also canied 
out measurements of gamma dose wtes above areas of 
the fareshore. Public radiation exposure via this 
pathway remained low, at less thw 0.01 mSv or less 
than 1% of the ICKP-retommended principal d ~ s e  
limit of 1 mSv year-'. 

The. third potentially critical pathway invohres internal 
exposure of consumers of l o c a l l y c o ~  fish and 
shellfish; we sample M, crabs and lebstets fMm the 
outfall area and winldes fmm Sandshie Bay and Brims 
Ness to enable this pathivay to be kept on& review. 
Additionally, as in pre-S yeas, seawed was 
sampled as an indicator materS. R a h c l i d e  

All but two of these power stations are in England or 
Wales and are operated by Nuclear Electtic plc. The 
power stations at Huntemton and Tomess are operated 
by Swnish Nuclear Ltd. 

6.1 Berkeley, Gloucestershire and 
Oldbury, Avon 

Berkeley Power Starion ceased electricity generation in 
March 1989, buimdbctive wastes still need to be 
disposed of as part of decommissioning operations; in 
addition there is a componeut to these wastes from the 
adjoining Berkeley Nuclear Laboratories. Liquid m- 
dimtive ardstes from both m l e y  and Oldbury are 
 to &e ~ a m e  s m h  of the Sevem estuary. 

m t i m  are t h e m  cmsided together for the 
punme of m environmental monitoring. The two 

wuwumtiuns in 1989 were less dim in 1988, dm1- &&dally d s a l  pathways for public radiation 
ing the lower d 5 c m  fMm and, for radio- expome are internal imdhtion following consump 
&urn. the of discharm &m Senatklri over tim af W y - ~ a n g h t  fish and she= and external 

" 
the past few years. ExprJsores fmm frsh & she.wfh from m - y  of lauMY 

consumption continued to be 1 m  for high-sate 
We therefore analyse samples of fish and shellfish and 
mollitor gamma dose rates over sediment. In addition, 

consmrs the mdkaion dose wasless than 0.01 mSv or meaSwmenbs of expoSBfe are supported by 
the rCRP-mmeUded m of amlm of hmtidal mud, and Fucus vesidosus is 

1 mSv year -l. c&td as an indicator material 

Ta& 23. Rodioaefivity in emihmme.sal materids and gamma dose rates nertr Berkelq and 
OIdbwy twcelparpiwrer &t&tianLz, 1989. 

M8tUi.l No. of M m  ndimuivity cmcenuation (ant)*. Bq kg1 
-v@ 
&sewn- Toral l'C 90 '%l % ~%EU 2)8PII 2YpRH u'Am %h YDan+ 
tim& ben '*opu U'cm - - - - - - 

H o e  2 97 73 ND ND ND 0.8 ND NA NA ND NA NA 
Cny mulla 1 120 NA " 1.2 " 
Salmon 1 110 " ND " 
Shrd 1 150 " 
Sok 1 150 " 0.6 " 
Ecl 1 91 " ND " 
shrimp 2 110 " " 0.06 0.7 " 
Fucusrwicdmar 2 m 170 " " 0.1 1.1 " " l ' "  
Mod: 

Area of omfdlr 4 900 " 0.3 0.4 2.1 51 1.2 " 
LY&~Y 2 S40 " ND 0.8 1.8 45 1.0 0.16 0.80 P.66 0.011 0.016 

- - ---- 
M m  gamma dose rate st lm ovcr i n i d n l  d ( 1 3  sampling obaerpdaous): 0.076 llOy h" 

NA =not mlyzed. 
ND =not deteaed. 
* Excep1 for sediment W&€ dry ~ V a t i u n s  w l y .  
I See snb-&33 iordcfmitian 
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Data for 1989 are presented in Table B. The only public has shown that the critical pathway is external 
&iial radioactivity detected in fish and shellfish was exmure o f m ~ l e  who live in houseboats moored in 
due to carbon-14 anti rsdiacaesm. C o n c e n ~ n s  of m;ddy &of he estuary, because of the amounts of 
these radionucliides repsmt the combined effect of time spent on board. Consnmption of lodly-caught 
discharges from the stations, othernnclear establish- frsh and shellfish is of lesser importance. Our environ- 
ments discharging into the Bristol Channel, fallout, and mental monitoring, however, reflects both these 
possibly include a snall'S&&eld-derived compnent pathways. Gamma dose rate measuremenu are sup- 
Apportionment is d i f h l t  at the low levek detected. ported by analyses of intertidal sediment, and Fucus 
Very small concentrations of other Wi radionu- vesiculosus is analysed as an indicator material. 
clides. in addition to radiocaesium. were detected in 
mud and seaweed but taken together were of low radio- Measurements for 1989 are summarised in Table 24. 
logical significance. Diitly-measured gamma dose h fish and shcllf i ,  artificial radioactivity was 
rates over intertidal mud continued to be indistingnish- detected due to the combined effects of discharges 
able from the natural backgromd, thus a calculation 
based on concentrations of radionuclides in sediments 
has been used (Hunt, 1984) to estimate exposure of the 
critical group of fish and shellfish consumers. Their 
total expasure due to liquid waste discharges was low, 
at less than 0.01 mSv or 1% of the ICW-recom- 
mended principal dose h i t  of 1 mSv year -l. 

Radioactive liquid effluent £mm this power station is 
discharged to the estuary of the River Blackwater. A 
reassessment of pathways for radiarion exposme of the 

from the station, Sellafield discharges, and fallout 
Apportionment of the effects of these sources is 
difficult becrurse of the low levels detected. Concentra- 
tions of attificial radionuclides in sediment and sea- 
weed were also low. Gamma dose rates, as directly 
measnred, were indistinguishable from the natural 
background, thus a calculation based on concentrations 
of radionuclides in sediments has been used (Hunt, 
1984) m estimate the external exposure of the critical 
group of houseboat dwellers. This exposure was small, 
amonnihg to 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. 

TaMe %& R d k t i v i t y  in enrdromnental materials and gamma dose 
rates near Brodurdl zumlewpmuer station, 1989. 

Matnial No. of hikm radioactivity  mati ion (wet)', Bq k~-' 

obsema- TOM *bin 6 0 ~ ~  dJZn '%U 'lWAg '%b 
timsx &U - -  ---- 

Mixed fish 2 91 ND ND ND ND ND ND 
CV- 2 82  12 " 1.4 " 
Whelks 2 72 ND " 2.5 " 
FvcvsrosLnllosln 2 190 1.0 0.2 " ND 0.2 
S d i e n t  6 830 0.2 5.3 ND 5.3 " 1.4 

*lid No. of b a n  fadioaaivity mncmtmim (wet)'. Bq kg-' 
ssmpling 
obsena- 'YCs 'G 'ssEn % % %'Am %')Cm+ 
tionex % ="cm - - - 

Mixed fish 2 WD 0.9 ND NA NA ND NA 
m 2 0.3 " 0.000470.0019 0.0068 0.00029 
Whelks 2 " NA NA ND MA 
F ~ ~ ~ V C S ~ C ~ ~ B S Y I  2 1.5 " 
Sediment , B 1.1 21 1.6 " 

-.----- * --- - ---- 
M- gmrma dose me h sir at lm mm W d a l  smihsnt  (7 snmpli obsewstians): 0.77 pay Gg' 

* Exupt for scdimmr where dry concmUations a&. 
Y Sec sub-seaion 3.3 for dervlition. 
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6.3 Dmgeness, Kent A review of exposure pathivays has shown that the 
critical group comprises local bait diggers who also eat 
fish and shellfish. Gamma dose rates over intertidal 

There are m, separate, 'A' and 'B' nuclear m e n h ,  -g -le ins-eu@, 
power stations on this site; the 'A' Satbn is Powered indlstieguislmble from the natural Mgmund,  thus the 

a by magnox-type m c t m  and the 'B' statim by ad- external expome of the critical group has been based 
van& gasc.ooId ipactars (PiGRsJ. Dixhafges are on a calculatbn using concentrations of radionuclides 
m a d e v i a ~ , b u t r t d ~ n t , o u t f a l l s a n d h x t h e  in sdimenf (Hunt, 1984). The tMal exposure of the 
purposes of envwd monit-g are d d -  critical g m 9  due to liquid discharges from Dungeness 
ered together. T h e  rtre two potentially critical was W, at about 0.01 mSv a 1% of the ICRP- 

radiation expo$ure pathways as a result of liquid mmmmdcd principal dose limit of 1 mSv year -l. 

radioactive waste discharges internal imdisthn doe 
to consumption of locally-caught fi and shelllish, and 6.4 mepool, cleveland external expome. from o c c u ~ c y  of the foreshore. 
our moniroring programme &&inc~es analyses 
of fish and shdl'tish and gamma dose rate sarveys of 
the intertidal arerts. Samples of sediment are alsb 
collected and analysed. Seawevd is analysed as an 
indicator material. The resulB far 1989 are given in 
Table 25. 

Concenlmims of mdiocaesium are amiIrarable to 
discharges from the stations and from S"2.&&eld, with a 
small conmit im due to weapm-m fallout and 
perhaps from fhe Chemhy1 a c c i h  Appmtionment 
is diffzult at these law levels. Trace lhvek af  manga- 
-54, cobalt-60 and zinc45 in some materials are 
likely to be due mainly to disc- b m  Wmfrith 
rather than to Dungmess, as dmo- by the 
indicator sampling pmgmmme &esmibed in sob-section 
52. Trace amounts of rutheniinn-106 were alsD 
detected in whelks, sediment and seaweed. Our 
monitoring pmgramme in the Channel Islands (secdon 
9) shows that the French re- plant at Cap de 
la Hague may be the source of this radionudide. The 
small conmnmifians of msuranics in silt were similar 
to levels observed at other sites remote from S M ~ e l d .  

This station is powered by twin AGRs. Diiharges of 
liquid tadioactive wastes are made under authorisation 
to lhc North Sea. Potentially critical pathways for 
radiation exposure of the public near the station are 
internal irradiation following consumption of local f i h  
and shellfih and cxtemal exposure from occupancy in 
intertidal areas. Collectors of snail coal, which is 
washed ashore along this stretch of coast, account for 
the highest k x h  &upancies. 

Results of m monitoring pgramme carried out in 
l989 are shwwn m Table 26. Co~centracions of 
radiocaesium and aansuranics were. mainly due to 
discharges from Sellaficld and to fallout including, for 
radiocaesium, a conhibution due to the Chemobyl 
accident. The mdbion exposure of the critical group 
of local fish and she- c o n s ~ l e ~  was low, at less 
than 0.01 mSv or 1% of the ICRP-recommended prin- 
cipal dose limit of 1 mSv year -l. Gamma radiation 
dose rates over intertidal sedimenh, as directly meas- 
ured. continued to be in&stinguishable from the natural 
background; a calculation based on measured concen- 
trations of radionuclides in coaVSanp (Hunt, 1984) 
confimed that the external exposure of coal collectors 
in 1989 would have been less than those of high-rate 
f i  and she&h consumers, at less than 0.001 mSv. 

Table 25. Radhaetidity in e a ~ m n e n r O Z  mat.&& and gamma dose rates near Dungeness 
nuclearpiwners- m9. 

Material No.of 
sampling 
observa- 
tions# -- 

cod l 
Dab 2 
Plaik 2 
S* 1 
whL.Iys 2 
Fucarsenrum 1 

Mean mdim&i cone~~mrioa (wet)', Bq kg1 

Total "M" 69Co %n l06Ru lBSb Btg lnG l%n 
beta - - - - - 

---------A-- -------.-A--- ---.-----------------.-.-..------ 
%at~ ganutla d6ae mm sir at lm over imenklPl s d ( I  sampting 0bewaioaB): 0.066 pOy Gpl 

Meau?&mma dose R e i n  air a lm me? h~miidd sill m Rye H&mn (2 W I i a g  obmvatiens): 0.078 pOy h-' 

NA =W dd. 
m=mtdeoeHEd. 
'Except for sediment whwe dry cuncm11atiuns spply. 
#See mbaaion 3.3 for d d i  
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T d k  26. RedioocSivitg in envbmnent.ial mderials m d  g m m a  duae rates netw~arflepool 
nuclear power stafion, 1?12)?). 

Plaice 
Cod 
aabs 
Shrimp 
Winkles 
Fwuc vcsicvlosuc 
Sand 
W s a n d  
Mud 

No. of 
sew 
otnerva- 
tionsR 

2 
2 
2 
1 
2 
2 
1 
1 
2 

Mcaa ndiacbvity urncmration (wet)'. Bq kg1 

Total '"Ag l* '='c3 15En PlpB 
h 

- - p  

1M) ND ND 0.9 ND NA 
140 " 0.2 3.1 " 
63 0.3 ND 0.4 " O.MJ040 
100 ND " 1.1 " NA 
120 " 0.05 1.0 " 0.010 
240 " ND 0.9 " NA 
450 " 1.4 85 " 
190 " ND 2.8 " 
870 " 1.8 44 1.9 " 

Mean g-a dose ntc in air at lm oar imnid.1 pditmu (6 sampling ob.enstio11s): 0.072 pGy h-' 

NA = not analysed. 
ND = not dcrcaed. 
*Except for srdimmt w h a t  d q  cmcemxtiom apply. 
X Sec sut-do11 3.3 for d&&icm 

T&& 27. R d e x i e W g  in enmbnmental m&&ls  rnul gamma dose rates 
near **-&v 8t&-ma, 1989. 

Matuial No. of Mean radi~~anivity eonemvatiw (wetaef)*, Bq kg-' 

otisavx- Total "Mn %U %+ %b 137Cs 
t i d  bcw %b - 

cod 
Plaice 
Bass 
F l o d e r  
Whitebait 1 130 " 
cockles 4 75 
Mussels 4 65 " 
Punu vcsicvlosur 4 460 " 
Samphire 1 73 " 
Sediment 
SanderlmdPoint 4 l200 0.5 
Half Moon Bay 4 l200 ND 

Material 

Cod 
Plaice 
Bass 
Founder 
whiwhit 
cockles 

No. of 
mpling 
observa- 
tions# - 
l 
3 
1 

M a o  ritdidvity mncetrVBtlon (wet)*, Bq kg-' 
- 

''%l '"EU '%U =h %'U+ =lAm %h 
uap, ulan - - - - 

ND ND ND NA NA ND NA NA 

0.047 0.23 0.31 ND 0.00084 
0.71 3.4 7.2 " 0.021 

~ & m  
~rmdukndpohn 4 1.7 3.2 4.4 D 110 " 
WMaonBag  4 4.6 7.6 6.3 38 180 210 0.77 0.65 

Mesngsmm~daenreinlirrtlmoveriaatidalsdii 
Heyshun vicinity @4 2 4 q p l i n g  obmvariomb 0.897 pGg h-' 
SUnderlaNd Point (4 Wmplmg obsmari-h 0.11 pGy h-l 

N A = n O r m + d .  
ND=notdelmed, 
* Except for d i m m t  .when dry eoncenmtions apply. 
X See subseaion 3.3 for defiiitron. 



6.6 Hinkley Poht, Somerset 

This mablkhment cmprkm two, essentially separate, 
nuclern power sations lroth powered by AGRs. Dis- 
charges of liquid radioactive waste h bath stations 
are made under autlroiisation to Morecambe Bay via 
adjacent outfaIls, and for the purpeses of our envhn- 
mental monitoring are considered together. The 
potenrially critical radiation exposure pathways are due 
to internal irradiation following consumption of 
locally-caught fish and shellfish and external exposure 
from occupancy of intmidal areas. Our monitoring 
programme includes analyses of fish and shellfish and 
measmments of gamma dose rates over intertidal 
areas. Samples of sediment are also analysed, and 
Fucus vesiculosus is monitored as an indicator material. 
Samphiie is also collected and analysed bemm of its 
use as a foodstuff. 

The results for 1989 are given in Table 27. T h e  
mainly reflect discharges from Sehfbla: f$e effect of 
discharges from Heysham was ndt detecmble above this 
background The radiation expome in 1989 of 
members of the d c a l  group of fish and sheUfish 
consumers in the Morecambe Bay area was about 0.15 
mSv, as given in sub-section 4.1.1. External exposure 
of members of the public was less than 0.1 mSv. The 
groups of people to which these e x p o m  apply are 
independent, thus summation is not nezesw, both 
exposures are within the ICW-recommended principal 
dose limit of 1 mSv year". Concentrations ofradioac- 
tivity in samphire were of n e w b l e  radiological 
significance. 

At this estlblislnnent the= 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. LEqnid radioactive waste discharges are 
made via the same outfall and for the purposes of our 
environmental monitoring they are considered together. 
Those members of the public subject to the greatest 
@ut 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 (Daddington et al., 1988). Our monitoring 
programme includes analyses of lo~ally-caught fish and 
shellfish, and external exposure is monitored by means 
of gammadose rate measurements! supported by 
analyses of sediment. In addition,%'ucus seaweed is 
monitored as an indicator material. 

The results for 1989, presented in Table 28, indicate 
concentrations of radionuclides representing the 
comb~ed effect of releases from the stations, from 
other establishments which discharge to the Bristol 
Channel, from Sellafild, and from fallout Appor- 
tionment is difficult at the low levels defected. The 
concentrations in shrimps of transuranic nuclides from 
the station and from Sellafield were of negligible ra- 
dio1ogical signiiicance. Gamma radialion dose. rates 
over intddal sediment, measured using portable 
instruments, were indistinguishable from the natural 
background, thus a calculation based on concentrations 
of radionuclides in sediments has been wed (Hunt, 
1984) to estimate the external exposure of the high-rate 
fish and shellfish consumers. Their total exposure due 
to liquid waste discharges was low, at less than 0.01 
mSv or 1% of the IW-recommended principal dose 
limit of 1 mSv year -l. 

Table 28. RadtooetivZty in envirummntal materials and gamma dose rates near Hinkley 
Point nuclewgofwr stations, 1989. 

Material No. of 
samding 
obswva- 

tiomx 

Flouudus 2 
Shrimps 2' 
FvnuvesLulosu~ 2 
Sediment 2 

Mean rsdiosetivily mafmratioa (wet)., Bq kg-' 

Total "C %Mu 90 lI0.Ag lYtS 13'G % n%+ "lAm 
beta UOp, 
- - - -  - - -  - - p  

Mean gamma dose nue in air at lm over intertidal & a t  (8 sampling obswatim): 0.083 uGy h'' 

NA =not Pnalpsrd. 
ND =nat&tected. 

* Except for sediment where dry concenwtEons apply. 
Y See subseaion 3.3 for dehition. 
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6.7 H z w 1 t d q - b  wdiaviirg mcenMlti0a. The mall amounts of 
activation products obsetved in molluscs, seaweed and 
ssndweiemainlyduemdischargesfmmthe'B' 
s & t h  However, they they rise to bwt a mall fraction 

'B' slatiim by R@& Gpkl of& sbwe exposu~ and theirndiologkal signifi- 
charges are made m & & i ~ f t 1 +  amier -S- w e .  c b m a  radiation rates 
t i o n o f ~ S c o t t i S h ~ ~ ~  T h e  over intenidal sedhmts were 
are two pihways w W - i f o  ~~ froln lbe mural background, but a 
e x p a ~ o f t b e ~ @ 6 u p  f&amlsheZYTi dc~am~mthe~~ueofthecriticalgroop 
c o n s ~ l m p ~  leading m-imemd i~iamth, 2uM given aQave was i n c M  trased on a &ularion (Hunt, 
~ c u p a n c y e f ~ g t i % ~ l & & ~ t o ~ ; d ~  1 9 8 ; 4 ) ~ ~ ~ o f ~ u n c l i d e s  
sure. We r e ~ 1 y ~ , o n  keW of dqmmems in 
oftheScotrishm~~lesaf~arrii~sk2uM 
carry out gamma dose rate-measuremenu on the 
foreshore. Samoles of sand are analysed in s u ~ m  of 6.8 Sizewell, Sdf0Lk 
the gamma &rate measurements &l ~ueu~-&veed 
i s a ~ l y ~ a s a n ~ m ; l t e r i a l .  Theresdtsof At this es-t there is an 'A' Station powered by 
monitoring in 1989 are shown in TaMe 29. magmx-type reactors a 'B' station, to be powered by 

a PWR, is under consaoction. Radioactive liquid 
The concenmtions of 9mficial mdioztivity in this effluent fIMn the 'A' station is discharged under 
area are predominantfy dhe to SeMieM disx9mtg.s. the aatharisation to the Nonh Sea. OUT monitoring 
general values beiig coosislent with those to be reflects the two potentially critical radiation exposure 
expected at this distance from Sellafield Concenm- pathways of fish and shellfish consumption leading to 
t i w  of radiocxtsium gmmBp decW in 1989 fol- internal &Moe, and occupancy of intatidal areas 
lowirg the overall m l u a h s  in %-&W- giving rise to exlemal exposd (Leonard and Smith, 
overthegastfewwats. I n l ~ , t h e ~ o f  l=). Them* of this m o ~ t o r i n ~  in 1989 are 

v .  

consumers m Huntemon was low, at less than 0.02 
mSv or 2% of the principal I C R F ' - r e c o ~  dose The radioactivity concenmtions r e p e t  the com- 
limit of 1 mSv year ". R a d i d l n n  coo&ntracions b i rd  &CCI of discharges from the 'A' Station and 
de~infiihfmmfromwliicharesupgliprdby from Sellatiek& as wei as of Mlout. Apportionment 
s r a t i a n ~ ~ ~ w ~ ~ e r r e r r r l ~ ~ ~ i n F r s h  isdiffIcsltirtthebwlevebdetecterLT~levebof 
mght in the open SW thisis &S%?&. the W c&&&, zinc-65 a d  mdmium-106 in some shellfish 
are fed on manufactured f d  which h a lawer 

Toble 29. R d k a d M @  in  Materids a d  gamma dese Fetes n e w  Huntemton 
nucleol.pmm St.&bm, BM. 

Material No. of MW rdoralvify mae~~18lnn (wet)*, Bq kg' 
sampling 
obrova- Total %Wn %!a SCoo Dean llO"Ag '"CS % W+ %'h %m Y)Cm+ 
valio'luy beta ='%l ="cm - L - - - - - 

Cod 1 l40 ND ND ND ND ND 0.4 7.7 NA NA ND NA NA 
Grey 

mollu 1 160 " 0.4 " . 0.9 10 * 
Saith 4 140 " ND " 0.5 13 " 
Turbot 
(fish farm) 4 120 " 0.6 4.8 " 

LQbtEr l 110 " " N5 2.3 " 
Ncplvops 2 85 , " " * 4.6 " " 

1 39 3.1 1.9 " 0.9 " " 
Winldea 4 I02 4.7 0.6 7.5 3.2 4 ~ 4  0.2 2.4 0.033 0.13 0.056 O.IR111 0.W34 
P m  

spimlu 4 Z70 9.1 R5 1.9 3.9 1.3 1.1 8.2 0.10 0.47 0.066 O.CQ25 0 . a  
Sand 4 260 28 ND 1.9 ND ND 1.4 37 NA NA ND NA NA 

----* 

Mm~darr~IhWulmo*zridmtirlrldimmt(8sanrpling~o11l>0;085pOy8' 
- 

NA =notmulyacb 
ND = nut deteead 
'Except for rmd nhkn drg cmcuitrationr apply. 
# %c s n b m i e a  3.3 for deSIiea. 
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Table 30. Rodioactioiiy in environmental materials andgamma dose rates near SizeweZl 
nuclear power stuiion, 1989. 

M u e d  No. of Mean r&ctivitg mcmuatioo (wet)'. Bq kg1 
sampling 
obsava- ToPl 60Co dSZn l%n IteAg lvCI l '  usE. % =%I+ =lAm 
vationap befa 
- - - - - uop, - 

Cod 1 140 ND ND ND ND ND 2.5 ND NA NA ND 
Plaice 1 110 " 0.9 " 
Iabrru 1 59 0.7 " 1.3 0.4 * 
Smhnp 1 110 ND " ND 0.2 1.4 " O.WM)3 0,00023 0.00013 
Crab 1 68 0.2 " 1.3 ND 0.4 " NA NA ND 
W- 2 68 ND 0.8 " 1.7 0.2 " 
Whelk 1 80 " N D "  1.3 ND " 
Mud 2 800 3.3 " 6.8 ND 1.5 28 1.5 " 

------------------p-----. .--- 

M m  gamma d o s ~  rate in air at Irn overinaru'dal d s h i n g l e  (10 sunplhrg obxemnions): 0.056 pGy h-' 

Mesn gamma dose rate in air at lm over hnmidal mod in Somhwold Harbour (2 anmpling obsemations): 0.070 pGy h-' 

NA=rnuulysca  
ND = not deteaed 
*Except for mod whue d n  cmcmu~tions apply. 
X See sob-seni~n 3.3 for ddimition. 

ToeZe 31. Rdi(10ctiaify in en05ranmental ma&riab and gamma dose mtes near Torness 
nudewpower B 9 .  

Material No. of $Imn ndiwctiviq cmmmnriaa (wet)*. &1 kg1 

obswa- T d  '%h "*Ag 'W % %+ =IAm YDCm+ 
wdous# beta uop, Wan 
- - - - -  

Cod 2 140 ND 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 1.2 " 0.00US9 0.0051 0.0041 O.wOo1 
Wi&Ies 3 96 " 1.9 0.5 " NA NA ND NA 
P w  spimlir 1 360 " ND 1.6 " 
Pucvr vcSicvlary1 2 290 " 1.7 " " I "  
Mud 

Donbar IancrHarhur 2 710 6.2 " 5.0 66 " , " 
Eyemouth Hp~bonr 1 880 ND " 8.3 SO " " i "  
Aberlndy Bay 1 480 " 1.1 22 " 
Sand 

Thornton Lach B& 2 160 " ND 3.2 0.4 

M- gamma &S rate in air at lm over intmidal d m m t  (10 sampting obatnstiolls): 0.064 pGy Gyl 

NA = not analysed. 
ND = not deteaed. 
* Except for sediment where dry concatrations @I¶. 
#See subscaion 3.3 for defmition. 

and mod aie likely to have been due to d i s c h p  fmm 
the d o n ,  h t  jotr&eir i i d i ~ r a l ~ ~  was 
negligible. The total nrdiaton exposore of local fish 
wd shellfish consmm was law, at I m  than 0.003 
mSv or 03% of the ~ - ~ d e d  p M i  dose 
limit of l mSv year-'. Directly-measured gamma dose 
rates, as in previous years, were indk&@sbble from 
the natural backgmund; however, the above exprmre 
of the critical groop includes a small conmition f a  
their external exposme based on a calcnlation (Hunt, 
1984) using lifdionnclide ancenmahs in sediment 

6-9 Tomess, East Lothian 

Thlr station, which is powered by two AGRs, came 
inm opation at the end of 1987. Discharges 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 
mdhtiw e x p m  of the public are internal irradiation 
from comumprion of local fsh and shellfiih and 
exteraal exposwe from occupancy of intertidal areas. 
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These pathways form che basis of our regular monitor- consumption of fish caught in the lake; the important 
ing wogramme (Lmnard and Hall, 1989). Samples of radionuclides arc those of caesium and, to a lesser ex- 
fishldsheIEsh are c o k a d  and analyserl, and tent, stm'tiUm90. Species of fish regulatly consumed 
sam~les of seaweed are rnomhrzd as in&cmr m&%- are bruwn mm and rainbow trout neelieible amomts . - -  
als.hleanaementsarealsomadeofgammah~s ofperchmreeatenbyhigh-rateaoutconsumersin 
over intextidal areas, suppcmed by analyses of w-3- 19W. Perch and most bmwn trout are indigenous to 

M t s  of this monitoring in 1989 are shown in Tdbk 
31. Concentrztiom of radionuclides were 
mainly due to the distant effects of SeW1e1d dis- 
charges and to fallout, including a wntibmbn f m  
the Chemobyl ;rccident. Radiarion exposlne afthe 
critical group of fish and sheWih co~smagls was h, 
at less than 0.003 mSv, ar 0.3% of the ICRP-mm- 
mended principal dose limit of 1 mSv year". This 

the lake bm rainbow trout, and sometimes bmwn trout, 
are irutrodpced fmm a hatchety. Because of the limited 
pafod which they spend in the lake, introduced fnh 
g d y  exhibit lower ~ocaesium cmcentrations 
than flwse of idgemus fish. 

OIU moaitaring programme reflects the exposare 
pathways. ~ a m p l a  of brown trout, rainbow trout, 
perch atid other fish are regularly analysed. Gamma 
dose nrtes over lake shoreline areas are also r e m 1 y  

exposure includes a small amhiition due to external mon&ed, and these measurements are supported by 
radiation, calculated on the basis of r a d i o n ~ c ~  Cw- anallyses of shodhe d h e n t s .  As prm of our re- 
centrations in s&nmt (Hnnt, 1984x as directly sear& programme. mud and peal b m  the lake hed are 
measured, gamma h nrtes amained hdhhguish- also analytse$ these dla'teikds mnmiute radioactivity 
able from the mmd backgrwd to the tishes' diet .4dditional infonnatiun is gained 

from analvses of the mass Fontidis which is a 
sensitive ~dicator for a number of radionuclides, and 

6.10 Trawsfynydd, Gwynedd from analyses of lake water. Our enhanced monitoring 
programme, which was increased in 1986 following the 

~ h a r g e s f w r a ~ s & o n ~ m & t o ~ ~ ~  kh&byl~ident ,am~Theresnl tsofour  
Lake Trawsfynydd m&% m u f w w e ~  ~ o n a l m o n i ~ r r g a t e ~ m ~ o n 1 0 . O a r  
office. B e c a ~ e o f I h e M d t ~ ~ ~ o f ~  ~ p m ~ u f m . a a i t o r i r r g o f f r s h a t  
a ~ k f o r r i i s o e r s i a n t h e v a r e a f ~  Tmwsfynydd c5&md during 1989, and is reported . - r - -  
m a ~ t h a n - & & & & &  heretapreseata~cedpicmreofpdblicradiation 
~ & n s w h ~ ~ ~ ~ o r ~ ~ a  tqmmesfurthew~year,Tht:~tsofour 
The rriricalmdiation e x ~ p t l ~  iSrtae @ n&armenimrmgaashawninTa&32 

Material No. of M m  ndiwcbvily mmnrration (wet)*.Bqlrgl 

obsena- Tool '% %MIX %o gOSr '@%I 
riondt beta - - - -  - - 

Brown mut 13 380 34 ND 0.1 9.2 ND 
Raintmw tmnt 15 140 3.8 " ND 3.9 
Rainlmwrmut (hmlmy) 1 97 NA " 7.6 
Perch 8 760 100 " 0.4 5.1 
RUM 3 460 tdA " ND NA 
Fnr.rirntiv 

 MU^ i 
Neu cualing W- omfall 2 2100 " ND 60 57 250 " 
Hot I.Sm 2 7900 " 120 57 4 80 " 
Ssmb md sf Me. 1 lW0 " 9.6 ND 35 
CaeAddahmWiUg '1 480 * 1.4 lilD 
Bawblidgc 1 1b00 " 5.2 9.5 
GWYhSperm 2 *200 " 1 3  41 28 73 
Pot 
N~rrtcooliegouhdd 1 1400 " * 22 50 250 " 
Hot lagm 2 3300 " " 96 25 250 " 
Snub end of Wn 1 500 " ND 6.5 . ND " 
CaeAdaabw6tmmkg 1 750 * " " " 7.3 

1 lgDO " 42 19 99 * 
W8Ie.I 
Bailey bridge 12 NA NA h% 0.22 h% NA 
CoM lagooa 12 0.20 
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lhbh? 32. & M i d  

-- .- - 

Maerhl No. of Mrmnuliaaaiw * Y m  (my. Bq kg1 

222 1 %  %U =R- Pgp0+ i l A m  -+ 
r i d  * 2Uan - -  - - -  - --- 

Bmwn trout 13 Nb ND ND O.WOZ1 0,00082 0.0013 0.0008 0.00002 
Rsinbow mut 15 " " 0.00013 0.80W7 0.0007 &B0006 0.MMOl 
Rambowmnt~ag)  1 0.OIXIIO 0.00057 0.W077 ND ND 
Pneh 8 " 0,00017 0.00061 0.0012 0.00012 0.00003 
Rudd 3 N A NA ND N A N A 
Fonlinol* 

Moll P~ysor 3 1.8 " 
Gwylan Sueam 2 19 0.9 4.2 " 0.62 

Mud 
NW cowling water ou~fdl 2 12 7.4 7.4 " 15 
Hot lagoon 2 33 50 34 34 140 210 2.2 5.2 
South a d  of lake 1 ND ND ND NA NA ND NA N A 
Cre Adda boat mooring 1 " 
Bailey bridge 1 
G w y h  Sneam 2 6.9 1.5 

PeDl 
Ncar cwliig water amfalll 1 25 4.3 
Hot lagow 2 20 25 14 17 69 97 1.2 1.9 
Soathmdofhke 1 ND ND ND NA NA ND NA N A 
Cae Addaboatmowring 1 
Bailev bride 1 . " 

waa 
Me$ bridge 12 NA NA NA " NA 
Cold lagoon 12 " 

+ --------- 
Mean gamma dose raain air 5 1m opcr uras neu l'& shoreline (7 snmpliug oban.tions): 0.078 pCg h-' 

NA =not d y a c d  
ND =m detecfed 
*Ex* for mud d pwt *hem dty mxcmcmimvapply. 
#See sub-don 3.3 for defmltioa 

Discharges ofdiocdum fmm the station in ccartp;ued with 0.07 mSv in 1988 (Hunt, 1989). was 
1989decreasedtokvelsmoretypicalof19%and m a y  due to the greater cmcennations of radiocae- 
1987 as campar& with smmiW gems 6ushges in s i m  in tront. Gamma dose rates, m u r e d  using port- 
1988 (Table 1). All disdmrga ~~ within atrle insmenu. were not signifisantlv different from - 
auirised limirs. There were cmSeWst k r a ~ s  as valm m be k m  the m& background. 
compared W* 1% in c m c e n e n s  o f ~ ~ ~ m n  Howevm, the exposwe of the critical group given 
in the water of the hot lagoon, and the lake warer above includes a small contribution due to lakeside 
reflected the ratio ofcaesium-137 to caesium-l34 in m exposwe on a dcdation (H~,,~, 1984) 
the asharge~. wfe changes in and rtslng raaonwIi& carcenmatiom in sediment, 
lake water, however, conce&atbm of radkxaesiurn in 
trout, averaped over the whole war. wexe than - - - 
those in 1988 (Hunt, 1989). This is thought to be due 6-11 Wylfa 
to the time required for fnh to respond to the higher 
w n c e n ~ m s  in lake water in 1988 as cnmpalrd with ~ipuid &&ve w a r n  fram this starion ate dis- 
1987 @U&, 1988). IR 1989, as in previous years, charged to the Irish Sea under auf4-tion of the 
manmanic nuclides station discharges and fallout Welsh Wm.  The two potentially critical pathways 
w e r e a l s o ~ i n ~  t h e ~ ~ ~ n s  are due to cun~l~lpri08 of local fish and sheW~sh and 
cadrWd of-@& to u,occ-y of intertidal areas. FPlon-g is carried 

out in resgect afehese pathways Samples of sediment 
I t i s ~ ~ U r a t i i i 1 9 8 9 ~ o f d Z e S r i t i e a l  
group of fish cmmmers d ~ a b a u s 0 . B  d v ,  

are aualysad in support of the g;lmbra dose rate meas- 
tlfements, and th% initicam seaweed Fucus vesiculosus 

which is 
is also smfld h mda of m d i m h g  in 1989 are 

limit of 1 mSv  yea^ -l. T k  ' 
-as prsentedinTable33. 
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Table 33. Kndioactivity in env*onmen&d muterids and gwnma dose r& new WyZfa 
nucbeorpolwr sfdon, 19x9. 

Ms&d No. of mdimaivby ~~ (MY, Bq kg1 

s p m p k  
o h - ,  T d  60Co 1% I I G . A g  1% '%S #E" =%l =%l+ X 1 h  %Cm+ 
dims# ban % - w m  - -  

Plaice 2 130 ND ND r(D 0.1 2.8 ND NA NA ND NA 
Spurdog 3 99 " 0.4 9.6 " 0.00W5 0.W018 0.W033 ND 
Cnbs 2 86 0.2 " 1.0 ND 1.6 " NA NA ND NA 
Winkles 2 87 0.4 " 0.8 " 2 5  " 0.075 0.36 0.43 0.0017 

Mossels 2 49 M) " ND " 1.5 " 0.059 0.29 0.49 0.0011 

Fvcm 
vcsiculos~u 2 290 " 0.09 5.1 " NA NA 0.32 N A 

Sediment: 

Cemlp Bay 2 l200 1.8 4.4 " 8.3 350 1.8 7.5 39 52 0.14 

Mean gamma h e  rate in a* at lrn over intenidal sediment (12 sampling obsnvationa): 0.087 pGy Gyl 

NA =not slulyd. 
ND = rot &v%&. 
*Except for sediment where dry concenudions apply. 
O See sub-scnion 3.3 for defiiitian 

Any effects of discharges from this station are masked our small programme of monitoring of fish and other 
by Sellafield-derived radioactivity. Canmuations of aquatic mamials in surveillance of discharges to the 
aaiF~ciaI radionucl i  in environmental marer& were Thames catchment from Aldermaston and other nuclear 
consistent with thuse expected at this distance fmm establishments. The relevant results are reported in this 
Sellafield, and generally decreared in 1989, following section. 
the overall redunions in Sellafield discharges in recent 
years. Data for 1989 confmed that the critical group 
consisted of high-rate fish and she1Ifish consumas, and 7.1 Atomic Wea~ons 
that their radiation exposure was about 0.01 mSv, 
which is within the ICRP-recommended priacipal dose 

~stablishmint, Aldermaston, 
limit of 1 mSv year -l. The &mde of discharges Berkshire 
from the station indicate that the local contributi& 
wonld have been a small fraction of this exposure. Liquid radioactive waste discharges are small (Table 1) 

Gamma dose rates, measured using portable inslru- and are made under agreement with Authorising 

ments, continued to be indistinguishable fmm the DqrTments to the River Thames at Pangbourne. As 

natural background, but a small contribuh due to explained above, the critical exposure pathway is likely 

external exposure of the crit id gronp hm been to be from -g water, but in 1989 we continued a 
small pmgramne of fisheries-related monitoring. This i~chded  in rhe above this cm* was Ls 
in:1uded m Dnitori ng at lmnltions in the catch- on a calculation using concenlralions of m&wm&des 

in s&enn (Hunt, 1984). ment remote fmm nuclear esrablishmeuts. Analyses 
were carried out of available fish species, with Nuphar 

7. DlmmCE 
ESIIABUSWNTS 

We have continued our regular monitoring of the 
effects of lipuid r a d i d v e  waste cliduqa to sea 
from naval eSt&blishment$ and the results are qmtd 
in this section, L i t i d  radioactive w e  are also 
dischzrged from the Ammic Weapans Establishmew 
Aldenbaston, ?o the River Thames; The aiiid pnblic 
radiation expusme pathway is &ely to be friam 
drinking water, and moniroring is &ed out by the 
DOE @OE, 1990). In 1989, however, we continued 

l m  (yellow water lily) and sediments as indicator 
materials. 

The results of this monitoring are shown in Table 34. 
The concentrations of anifiiial radioactivity detected 
were very low. Concentrations of plutonium were not 
signifmtly different from the level expected due to 
fallout Ttre overall effect was of very low radiologi- 
cal signif~cance: if any fish were eaten, even at rates 
typical of enthusiastic trout consmners, the radiation 
dose, together with that due m occupancy of the river 
bank near the outfall for times typical of enthusiastic 
anglers, would have been less than 0.002 mSv or less 
than 02% of the-recommended prtncipal dose 
Wiif uf 1 mSv year -l. 
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34" Radiatu9hit~ in enoirwnwntd md&& fmm fheBiwr TJlstlces catch- 
ment in swm-CConee ofthe efiecfs 4 E q i z M  rdimz&w waste diecharges 
plPnn * & t o - W ~ E - - l m .  

--- 
MateM *U& Ro- cR Man ~~V~ mmfnn (W)'. I?q kg' 

=QwJz 
obanr- T a  %o '% *'€S '%U %'Am 

- - t i m d  bet.. 

QIub Fkgboome 1 95 ND ND 0.8 ND 0.00017 0.00047 
Sfaines 1 llP " N D "  NA ND 

NA =an mlyacd. 
ND = m &&. 
*Except for ssdimmt w h e  drg concamrinu apply. 
W Src sobseubn 3.3 &Tr dcf&h. 

7.2 Naval estabhbe11:ts trehalfof dqmments of the Scaftish Office. Monitor- 
ing near Chatham also continues in surveillance of the 

Liquid wastes mtaining small @ties oftactoactiv- efk& af p3t discharges. 
ity are discharged from the egablisheuts at Devon- 
port, Faslane and Rosyfh under rwthplisa~a-ent Public ediatiun exposures due to the effects of dis- 
with the relevaar Aurhising Dejmmem (Table 1). charges from these establishments are primarily due to 
The US navaI base at Holy Loch dkharges smaU exremal radiation from sediments, the nuclide of main 
q d t i e s  of radioactive waste (sub-sctioa 2.1). We imporrance being cobalt-60. Our regular assessments 
cany out nmimring pmgmmmes n*cr all of these of doses to critical gmqs take account of the effects of 
establishments, in the case of- & i  on discharges from other nucl& establishments 

. . I 
%Me h &-cl our;terhIs Qnd-zkrse r a t i o  now naval 

e&lMsshlmv&, Bm. 
- - 

EsWF- Maimid M.of bkan&wti~ &mmau&m (wfp. Bq kg-' Man pn"ns dose 
-h - rate inairatlm 
8-r- T& 60Ca "%g '1ZZ U7B %U 
tie& W No. of pGy h-' 

sampling 
obsema- 

- - - - -  - L  A 
timsx 

Chatfrw Saf-t 1 NA 3.6 ND ND 1.2 20 ND 4 0.078 

Dcvonpmt Mussels 2 60 0.1 " N D N D '  NF' NF' 
Pvcvr 
vlricul~sm 2 NA 0.5 " " 0.2 " 

Sedilaent 6 1.3 , " " 5.7 " 12 0.083 

Rosy& Crnb 2 75 ND 0.2 ND ND 0.5 " NF' NF' 

R d y L a h  ch 2 '370 3.6 " 1.2 25 ND 19 0.069 
- - 

NA=aOrnnlJrea 
ND=wrdueTw 
NF'=wtsppnhbk 
* E x c e p t f a r ~ t w k n d q ~ m ~ h i ( i n a y .  

i #See ~ i i b = ~ w  33 for defmitiolb 
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(e.g. S M i l d )  as well ar e q a s m  pathways a&%- mental monkrting in respat of f h e  discharges is 
t i d  to externaS &W, such as any mmiinption of Garried oat by &DOE @OE, 1990). ~ o w e k ,  in 
fish and shellfish. We regukllp ont measme- 1989 we con&ued our small worrramme of fisheries- 

re- moniming in connection With -es of 
liquid m d h d v e  wastes to the Thames and its catch- 
mew. Results relevant to the Amersham Labomory 
aZe presented in this section. Our monitoring pro- 
gramme in sm&w af discharges from the Cardiff 
LaboratoryhascontinueQandtheresalisofthis 
programme are also presented 

these are i u p p n ~ d  by ana~yses h t s .  ~ a r i n e  
foodstuffs and seaweed are also analysed whrre 

Results of monitoring in 1989 are prereuted in Table 
35. The small nmcenmrions of coMt-60 mainly 
reflect discharges from the establishments; lwek of 
radiocaesium are mainly due to discharges from 
Sellafield. Gamma dose rates over inrenidalsdi- 8.1 Amersham Laboratorv. 
ments, directly measmed using pmble  insmments, 
remained indistinguishable from the naaual k k -  

v r 

Buckinghamshire 
ground, such thatPablis radiation exposwe has been 
estimated by calculation based on concentrations of 
radionuclides in sedhem (Hunt, 1984) as well as on 
occupancy times from habits smeys. In 1989, the 
exposm of critical groups, faking accoont of con- 
sumption of marine foods and occupancy times, 
continued to remain very low near all of these naval 
establishments, at less than 0.01 mSv year -l. This rep- 
resentslasthan l%OftheICRP-mmesded 
principal dose limit of 1 mSv year -l. 

Discharges of liquid radioactive wastes are made under 
authorisation to the h4aple Cross sewage works, 
releases enter the Grand Union Canal and the River 
Colne. In 1989, we continued our mall programme of 
monitoring of fish and other aquatic rpaterials in sur- 
veillance of the effects of these discharges, including 
monitoring at locations remote from quclear establish- 
ment& Analyses were carried out of available fish 
specks with W u p k  lwea (yellow water lily) and 
sediments as indicatnr materials. 

The results of this monitoring are presented in Table 
36. The concennations of radioactivity detected were 
very low. Concenhiitioris of some radionuclides were 
slightly enhanced close to the outfall, but the overall 
effect was of very low radiological significe. If any 
fish were exten, even at rates typical of enthusiastic 
aout consumers, the radiation dose, including that due 
to occupancy of river or canal banks near the outfall 
for times typical of enthusiastic anglers, would have 
been less than 0.01 mSv or less than 1% of the ICRP- 
recmtmenderl principal dose limit of 1 mSv year -l. 

8. AMERSHAM 
I N T E R W ~ O N &  PLC 

This company is engaged in the manufactm of 
radioactive materials for ase in medicine, research and 
industry. The company's parent ~ l i s ~ t  is 
l o w  in Amersham, Btrckinghamhii, k m  which 
radioactive discharges are made into the mrcliment of 
the River Thames. As explained in smtion 5, environ- 

Table 36. RadioactioSty in mu-& moteriois from the River Thames catchment in 
surwiZZmlle of We +S of- rodioactiw waste discharges from Amersham 

Material Sampling point No. of 
srmplidg 
aka- 
tiond 

Man dlauaivity mncenvarion (wet)'. Bq kg1 

Nqhur lvlen G m d  Wiiim Canal 
Sraioes 

Mud Gmd Union Canal 

NA =not d y s e d .  
ND = not detead. 
* Excepr for sediment when &q ~dcmvations apply. 
#See sob-seaion 3.3 for defimitioa 
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8.2 Cafdiff ~aboratory 0.1 mSv, which is within the ICRP-recommended 
wincioal dose limit of 1 mSv year 'l. This exposure 
'd a cmtd'buutioa duem exremal &adkition 
dfElre~~p,salrolagedmthebasisofmnm- 

Ganarst dose m% over sediment, as me;Lrmred using 
pomBle $usamem, were indistingnishable from those 

disch;ngingiolQhSevm~. 

ow monitoring programme, carrid mt on &W d ISLANDS 
the Welsh Omce, refleets thetwo potenrjally niW M o m R I N G  
patl~~ays due to  COB&^ of marine fsods and to 
external &Y &etMd Was. M&++ Webve cmtirmed to m&ys &e mironmewtal 
u r e m e n t s c r f ~ ~ a r e s s p p c n t e c l b y  samples plhlided by tise Clnume1 Islads State., mainly 
a n a l y s e s o f m ~ a l ~ a n d F r p n r r ~ i s  i n ~ o f & & ~ c r f ~ ~ f i q u i d  
c o u d  as an in- m a a .  a M*& &W f w t ~  repmssing plant at Cap 
m n ~ e q ~ o f d i s c ~ ~ ~ ~ ~ l r t e  d e i g ~ . F i h a r r d ~ ~ e m o ~ i n r e l a -  
smaU and mainly d ~ ~ ~ ~ 1 4 .  Ad&t&al tiun m & inmrdimdkaion p-, sediment is 
&dial ~%diohiW%b dSEW a r e b "  hll0f.I~ oftrer Wifi &m to exteraal exposms. Sea- 
eswkshmedts which dsclmntsof weeds are mapled as indicator ma!mhb and bemuse 
m d i ~ v e w ~ t o t h e ~ ~ a a d t b e B P i s m l  & t h e i r o s e ~ f d s e r s .  
Channe1,andpossibly @~~~~ 

The res& fot 1989 are given in Table 38. Concenm- 
The resnlts of mdmiwg in 19%9 are m tions of~szsium-137 in fish and shelltish wete low and 
Table 37. m the sepsna're ra&imcm M, &Y g ~ y  to those in previom years. w r -  
carbon-14 and sdpk-35 were di&aq&Erg this tbmm to differeat sos0nrces, including fallout, is 
d l i shment  ia 19m; Ure P- of* *M- diEficnlt in view of the Inw levels metected. The ~~ -. .- ~ 

onuclides was therefore dGto the combined back- presence of iransuranics and ruthenium-106 in envimn- 
ground effects noted above. Small amounts of iodine- mend merials he attlibu& u, discharges fmm . - . ...- 

'---I - t - -  - 
131 dewtat in seaweed are 1- h to the ptant at Cap de fa Hagne. However, the concentra- 
d i s c b  frovn a h@&. The Thesme crf tfk tion~ of artfii mdiormclides in each of &ese materi- 
critical PJQP of and ~~ Rfnamem km ats were of negligible radiological significance. 

T d e  37. I2-m~ &I ew~mmmnfal mat+&& and gamma dose 
rwsr o&blI offhe  em^ s d n g  Amernham 

I-&&*, CaPBfi 1989. 

hvlamid NO. af Mean fiBi&vity cmrcemmim (W*, Bq kg' 

tim& 
A 

-9 - - -  - - - -  
Flvondn 3 290 940 ND ND ND 0.8 ND 
Fncm +ualir 4 190 18 22 1.0 0.m 0.5 0.03 
P ~ V L S ~ ~ ~ O J U (  2 270 h% NA NB 0.6 ha 
Mad 3 m 12 " " 2 2  35 1.7 
MaWy sand 1 450 24 " e ND 12 2.4 

--------. - ---L -- 
Man gamma gasc zata in sir a1 lm opn intRddP1 sd imm (4 sarapliug &ematban%): 0.077 pGy W' 

NA =wtroalysnl. 
NB =Nm-demId 
* axfgrr W sdimerrt Pbre drg c~nc~%mriOna apply. 
I S a ~ 3 3 f o r ~  
5 lacldca mrbbui~ fmm &.l4 st IOW counting (LBC fO the IOW 

m r ~ g y a f b e r a ~ d n ~ b y ~ f a d i ~  

n 
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Table 38. Rad imdv i t y  in environmentid mderials and gamma dose rates from the Channel 
I d 4  1989. 

No. of Mesn radioraiviq cw~1vatlw (wet)', Bq kg-' 
-Pk 
&mm.- Taal '*C =Mn -0 60Co 612n )OSr 
ti0.d beu 
- - A - - -  L -  

1 120 19 ND ND ND ND NA Rays 

Crab 

G m 1  
Botclam 
Hnbur 1 96 " 1.1 " " 4.8 ND 

Ammny l 
Qoend Point 1 lg0 " 1.9 0.4 " 19 0.9 

Guernsey' 
Fermain Bay 4 1'70 " 0.5 ND " 6.3 " 
Alderney' 

Quenard Point 4 140 " 1.4 " " 26 " 

A1drm.y' 
Quensd Point 4 270 " 0.2 ND 7.8 0.1 0.41 7.8 0.2 

Jersey1 
St Helier Hatborn 2 690 " 2.0 " 25 * 51 ND 

Sediment 

Gorrnseyl ' 
Bordeau 

Hnfrour 1 510 " ND " 1.6 " " 4.7 " 
PembmktBay 1 420 " ND " N D "  
St Sampsoas 
H a h  1 450 " 0.8 " 7.6 " 19 " 



Limpets Jnaeyl 
La R o d  
Vaclut 

Sediment 

Mean gatmnr do= rate in air at lm ove~ mtenidal dhmm 

Jew (l sampling observpfions): 0.090 pGy h-' 
Gurmscy (1 srmplhrg obmtion):  O.Wi8 pGg h-' 
Aldrmey (4 sampliig observarions): 0.072 pGy Itv1 

1 = SampImg m 
2 =Landing piat 
NA = not aodyzed. 
ND=not&teaed. 
* Exapt far sediment wbcre dry wmamiuns rpplg. 
I Sec mb-S& 3.3 for defmition. 
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TRE CHERNOBYL 
REACTOR ACCIDENT 

An extended monitoring programme continued during 
1989 in surveillance of the effects of fallout from this 
accident m u s e  of m m  limited dispersion rates than 
in marine situations, parts of the freshwater environ- 
ment continned to show the effect of fallout from 
Chemobyl during 1989. The results of our additional 
monitoring for 1989 are p r e t e d  in this section. The 
sampling locations are shown in Fig= 5. They are 
mostly in areas of relatively high deposition of fallout 
from Chernobyl, namely Cmnbtia, North W* and 
parts of Scotland, bnt samples from Wanhem Ireland, 
the Isle of- and areas of low deposition were also 
obtained for comp1eteness and comparison. 

Tables 39-44 pasent concenlmiuns of cae&m-134 
and -137 in fish, giving the averagedresuits of all 
analyses carried out at each locatfon on samples taken 
dining the year. The number of samples analysed is 
specified. The sample size in Ems of tht nomber of 
individd fsh varied f r m  o m  to about ten, Uependfng 
on availabitity and radiological impormce. The 
maximm conm- in samples from a given 
location varied up to a factor of two or three tiares the 
avenge value. Aaifiial tadionucIides other than those 
of radiocaedm, in 1989, were no longer dewtable 
from the Chemobyl accident 

Concentrations of radiocaesium in freshwater W1 
varied widely between locations, iefeeting tlte areas of 
depmition of radioactivity from Chemobyl. Most 
samples analysed were of brown fmm (Table 39). in 

Table 39. Cuestum m&mcti&y ia bmm 
tm&, 19x9. 

Englpnd 
Cogn Moss 
rkvoke Warer 
Ennmlalt Wiar 
L O W C S ~  
Riva U d c r  

wales 
Bala Lake 
Llyn Cmwy 
Llyn Blri 
Up Goddiondnon 
Llyn Mymbpr 
Llyn Ogwm 
Llyn Transrytlydd 

No. of 
gsmpk 

Mean nrdioraivity 
mncmwriar (wet) 
B¶ W' - 

ma 

Table 39. CbContinwd 

Lwstbn No. of 
-9- 

Mean radiosaivity 
wnccnultion (wet) 
Bq kg-l 

swunlld 
Loch Of Ha2r.y 2 
L o c h  Rd. 2 
Loch Awe 2 
Loch C1Idu 2 
LochDee l5  
Le& Dwon 2 
Loch Gury. 

Tayside Region 2 
Rivu L& 2 
River Tmrrmel 2 
Rnisdde Water 2 
Locb &m Chmain 2 
Water of Ae 1 
Loeh of Gi1isra 3 
Locb Ness 2 

Isle of Man 
C o r n  Rivu 1 
Riva huidrlt 1 
Injebnclr Riw/Rcliervoir 1 
River Ncb 1 

Toble 40. C d u m  rodio~ctivifg in rainbow 
trout. 1989. 

Loution No. of 
w l e s  

EaglP11d 
Cogra Moss 1 
Sannwdl 1 
Bran- 1 
?brushbanlr 3 

W* 
Llyn mai 1 
Llyn TmwafynyrJPld 14 
Bodelwgdllan 1 
Bala L&e 2 

Seotfnnd 
River ALmond 1 
Water of Ae 1 
M of the Blab 1 

Isle o fMm 
Co- River 1 
River Ncb 1 

ND=n~dctccled 

Mean radioactivity 
wnceuwdon (wet) 
Bq Lg' 

l* lnC, - - 

P&G
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Figme 5. SM@tg l a r a k h g  fm m- of& f ~ e i ~ e n v i r o c a R z r r t  f ~ r  i&aPity from ChernobyL 
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Figure 5. Inset A. Sampling locations in Ulc Shrthnd Figute 5. Inset B. Sampling loc&ns in the Orkney 
Isks. Isks. 

F i g m  5. Inset C. Sanrp3n~ ltrcmbrn in d Figure 5% Inset D. Snarpiing locotimrs in south-west 
cenmdSc& Srcmomi. 



Figure 5. Inset E. Sampling bcrtliods in flrr Isle @Man. Figure S .  Inset F. Sampling bcofibns in Cumbria. 

Figure S. Inset G. Sampling bcafibn in non% Waks. Figure 5. Inset H.  Sampling lacations in Northem 
I r e h d  



TQbk 41. Caedrm rsdfo&ti&y in @&$1&%9. mmgnMon of the porential radiological significance of 
this spies; although rainbow trout are more com- 

I‘awtim No. of ManridiuxaMi 
snnpb -m WJ. moniy eaten, th& radi&um c o n ~ t i o n s  were 

Bq Lgl luw Wle 80) compared with wi3d brown trout 
became rainbow !mat are mostly hatchery-reared and 

'YQ - - fed on relatively uncontaminated food prior to release. 
Wd Pike (Table 41) and perch (Table 42) had the highest 
L O W ~ W B ~ O  3 23 79 concenmtions of any of the freshwater species, but as 

they W?. not eaten in large quantities their radiological 
Scotland 
Loch Pashlly 3 51 

sigeifmntx? is low. Other species (Tables 43 and 44) 
had generally lower radiocaesium concentmtions, 

wales sometimes much lower, than bmwn trout, perch or 
Bda Lake 6 20 100 L& raken from the same river or lake. Where there 

ND = not detected 
am da€a for the same species and locations to compare 
with remit8 for 1988 (Hunt, 1989) there are srill likely 
to be fluctuations such as those due td sample size or to 
tke contrlbub of hatchery-reared W, but concenm- 
t i m  ofradhmium were generally significantly 

Table 42. Caesium radi~a&ivi@ in -.h, 1989. 

Location No. of M m  lndioamivity 
=W= U)llcQlunlim (v@. 

Ba Le-I 

B & ~ M  . 2 8 26 
Llyn Tmwdynydd S* l l0 600 

Scotlmld 
Loch Faskally 2 28 160 
Loch Dom 1 47 270 

Northern lr&md 
h g h  Nesgh 1 Ntf 15 

ND = not detecred 
* =Bulk sample 

- r -  
Iowa in 1989 89 in 1988'cominuine the redking 
trend that began in the law; of 1987 (Hunt, 
1988). The exception to this wend in radiocaesium 
concentrations at Trawsfynydd has been discussed in 
sub-semicin 6.10. 

Radialion exposm have been estimared using a 
pacedore based on cautious assumptions, as previously 
(Hunt, 1989). A consumptiou rate of bmwn trout of 
100 g &l, sosraiaed fix one yeat, was taken to be repre- 
semarive of adoln sub* to the highest exposures. 
Acbual expasures are likely to be lower, not only 
became this cansumption rate is cautious (Lmnard et 
al., 1990) but also because in practice hatchery-reared 
or farmed fish of much lower radiocaesium concenm- 
tiom may contribute to the die+ Expmum of children 
and infants worrld be likely to be lower than those for 
adults. Concentrations of radiocaesium in bmwn trout 
rep-tative of the highest in each region were 
chosen; thus, some of the locations were different 
€mm t h e  osed for 1988. A contriiution to dose due 
to radimt iuni  was included but this was very small 
in carsparison to that fRRn r a d h z d i .  Effective 
dose andorgan dases were eshami using commiaed 
doge @V&~IS per unit intake provided as described 

Table 43. CesiUa -* * - in ~ab-section 3.4. ~~timates of dose are presented in 
 ation ion No. of   an ~ d l e ~ d t y  Table 45. The major canxibution to h e  was due to 

m l p b  " cnlrmlmbw (We), GEbYGam~ra. 
Rk-' 

The ICRP @XF, 1984b) provides guidance in the 
conrext ofeinemencies which includes sunnested levels 

E@Phd 
Ennerdde W a r  
Loweswater 
River Caldef 
River EBm 

Scotland 
Loch Fwhlly 

Northern Ireland 
Lough Neagh 

ND=mtdaeeQd 

-- 
of dase below which particularmmmmemure~ would 

1' W) 5 s  not be wananted. The suggested level of effective 
5 30 
1 ND 

140 dose equivalent is 5 mSv in the first year. 1989 was 22 
1 ND 6.4 outside this period but, as was the case in 1988, the 

esthatd doses for all areas of the UK were less than 
1 mSv year -l. It can be shown that organ doses (in 

1 26 l'' this case the lower large intestine is the critical organ) 
are not more limiting. Given that these dose estimates 

I ND 8.2 are ca&, it is clear that cantamination of freshwater 
fiskfm failout €mm Chernobyl was only of minor 
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Table 46. Summnorised estimates ofpublic radiation exposure from discharges of liquid 
radioactiw waste in the U& 1989. 

Establishment Radhtion exposure pathway C"tid group 

British Nucle~r h& plc 

Sellafield Fish and ~hcllfish consumption Local fishing community 0.19 

Enernal 
Handling of fishing ear 
~ O I p ~ r d l s v o b r d - u m p t i m  

Hou~boar dwellers (Klver Kibblc) 0.17 
Local fishing communi < 0.1' 
Consumers m South wax3 < 0.01 

H~oseboat dwelkrs (River Ribble) 0.17. 

Local fishing communig < 0.1. 

External 

Shellfish consumplion 

Fish and shellfish mgumption 
Exle"w.1 1 

United Klapdom Ammk 
Energy AnthoriW 

Harwell Fish conmniptiod 
Exlend 1 Anglers* 

< 0.01 

Local fishing c o m m i g  0.03 Wmftith 

Dounreay 

Fish and shellfish consmnption 

Handlin of fishing gear 
EX-? 
Fish and shellfish consvmprjon 

local fishermen 
Local mmmudrty 
Local fishing community 

Nuclear Power StptIons 
Operated by the 
necMdQ Companies 

Bukcley and Oldbury 

Bradwell 

hugeness 

laoal fishing community Fish and shdlfi3h ~auumpt im 
Extrmnl 

Extemal 

Extemal 
Fish and shellfish congumption 1 
Rsh and shellfish consmnpuon 
Exteml 

Fish and shellfish conwmpoon 
Extcmal 

Fish and shellfish cangumption 

1 
External 1 

Houseboat dwellers 

Bait diggers 

Hartlepool Local fishing community 
Coal eollenors 

L-l fishing community 

Local fishing community 

Local fishing community 

Local fishing cmmunlty 

Local fishing community 

Local fishing community 

Local fishing community 

Heysham 

Hinkley Point 

Fish and shellfish consumption 
Extemal 

Fish and shellfish consumption 
Extemnl 

Fish and shellfish consumption 

1 
Euernal 

Fish cmumption 
External 

Fish and rhllyish consumption 

1 
External 1 
Fish consumption 
External 1 Anglers* 

External 

Extemal 

Houseboat dwellers 

Bait diggers 

Anglers Fish urd shellfish mnsumpion 
External 

Extuaal 

External 

Rosylh 

Holy Loch 

Amersham Intematlonal plc 

Amersham 

Dredgumen 

Local community 

Fish msumption 
External 1 Anglers* < 0.01 

Cardiff Fish and shellfih cangumption 
Eumral 1 L m l  fishing <0.1 

community 

'Mainiy due to dischuges fmm Sellafield 
~ar t l~ .doe to di&& fmm Sellafield. 
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these small increases were due to envhnmenral most significant comoonent. Details are aivcn in sub 
~ ~~~~~ - 

factors. A gradual slowing down in the rate of de- section 4.1.1. The conhibution to collective dosc due 
crease of concentrations of these nuclides following the to fallout froin Chcmobyl has been considered; Sis 
earlier reductions in disshsrm is consistem with model 
predictions (Hunt, 1986; Penaeath et d., 1989(b)). 
There was no sigdWnt change in fish md shellfish 
consumption rates d y  the group of high-rate fish and 
shellfish consumers near Sellafield in 1989. Consump- 
tionratescauldiimeaseagaiointheEu~e,butitis 
considered nnlikely that exposures, calculated using re- 
alistic parameters, win rrgain exceed the 1 mSv year" 
level. Fnrther rednctwns h disharges of radiologi- 
caUy significant nu&Wzs are plmW when the en- 

contribution is small except for fish from the Baltic 
Sea which are not widely eaten in the UK. The 
m i n a r y  collective committed effective dose 
equivalent to the UK popnlation in 1989 was 20 man- 
Sv, less than in 1988 (30 man-Sv). For the population 
of othe~ hmpean countries, excluding the effects of 
the Chernobyl accident on Baltic Sea fish, the prelimi- 
m y  mUective committed effective dose eqnivalent 
was 30 mm-Sv in 1989, also h than in 1988 (50 
-anSv). These decreases reflect the reductions in 

h a n d  acthide remwd ptant m) mm d k h g e s  h Selhtield over the past decade and the 
ocedon, 9 c W e d  far Or L892 ram which were fkxasd Cronmhtion fmm Uxmobyl. It is estimated 
above the 1 mSv year-' level in the past did mt  occm: 'drat tlre &em of rhe Chemobyl accident on Baltic Sea 
for long eaoagh fbt liferime srpcrsmes to b e  ex- f i ~ h  m1d have added a further 30 man-Sv to the 
ceeded 1 mSv y e a r * l m m a g e , W ~ t h e & ~  wllective dose to other European countries in both 
limitation objectives uf the wil l  will met. 1% 88 19x9. 

l3ipmm of the ~y~ gmupa€ &use= A deching conrriidGion to collective dose due to m- 
boatdwellersinthe~oftheRi%estnaryde- Climc- (mainly radiocaesium) from Chmobyl is 
creased from 0.27 L7Sv in 19&8 ro 0.17 mSv in 198P. likely to ire present for the next few years. Concentra- 
This was due to a decline in oc~upancy t k s  commed tions of ladi-ium from Chmobyl in the North Sea 
for shielding by tke bum ffiwaselves, and todeclinmg could ile supplemented by o d o w  from the Baltic Sea. 
dose rates over sedhens fobwing the earlia de- The contribution to coUective dose due to Sellafield is 
creases in discharges affadicmsium from SeMeld. eapemal to contime to decline, reflechg the reduced 

discharges m r  &e past decade, pattiabrly following 
Near Trawsfynydd, exposlrnss were slightlg gmter opatiian of the sire ionexchange p h t  (S-) from 
than in 1988, following aretmn to more tBpfwl levels May 1985. 
of concentrations of ra&a&m in h the lake. 
This mowed m increase in cmimmatiDas isradio- 
& u m i n l a k e m t e r , ~ m ~ i n o o t r e p a t  U, m N m  
for 1988 (Runt, 1989). These mncam&ns have 
remained at similar levels in 1989, and Lhe lag effect B ~ S H  CO- ON RADlAnON UMTS 
may lead to marginally higher concentrations in f& AND MEASUREMENTS. 1978. Recommenda- 
andthusdosengesin 18PD,bnsthese&xtelaresare tions on the inaodiaction of the new S1 Units for 
likely to be well within itmmmwW disc limits use with radioactivity and ionif& rdations. Na- 

tional Physical Laboratory, T d i n ,  12pp. 
Radioactivity &m SeiEeld c ~ ~ u i i t e g  tb expmm 
near many other mrdear esmblishr~ats. Sinre apw-  l 
tionment of expmue to radioactivity of 1wal origin is cAMIPLIN, W.C, ~ . ~ . m ~ ~ ~ ,  

da=u1b the e-ms from a mmes D,Ep., A m  J m m ,  DP., 1986. Radioac- 
(including the small contnition doe to weapons-test tivity in smface and coastal waters of the British 
fallout) are quoted in Table 46, with zrppqriate Isles. Monitoring of fallout from the Chemobyl 
footnotes. The effects of falloa fmm Bre Chemobyl reactor accident. Aquat. Environ. Monit. Rep., 
accident are also incloded but these were small in MAFF Direct. Fish. Res., Lowestoft, (IS):  1-49. 
1989. The continuing effect of fallout h Chernobyl 
on the Freshwater envPmment is described in sation C ~ m I S ~ I ~ N  OF T H ~  E ~ o ~ ~  COMMUNE 
10; concentrations of radi&um h e  generally TIES, 1980. Council directive of 15 July 1980 
diminishPd in 1989 and consemalive estimm of mending the directives laying down the revised 
e x p m m  were, as before, within 1 mSv year-'. basic safety standards for the h d t h  protection of 

the general public and workers against the dangers 
As in prevbm years, conative doses have alsa been of ionising radiation. Off. J. Eur. Commun., 23 
ddeied.  The mst significant rxkar tk  wasu: (L245): 1-2. 
discharm eiving &e to collettive dose. cgnrarned , . 
with whichh& --&S: may be DEPARTMENT OF THE ENVIRONMENT, 1990. 
were those &urn SeMield, ragirpc;iesima W g  the Radiamivity. DOE, London, Sfatrst. Bull., (90- 
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