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Gwynedd LL59 5EY, Wales, UK. 

The responsc of A. " odOSllnI 10 a sudden incrcasc in r.Jdioaclivity analogous 10 a 
nuden r incident is examincd in Ihe fi eld. 137Cs. N 1Am and :?W + 240pu showcd 
nCI accumu1:uion wilh exposure lime. unlikc na!ural 2211Th .. which was used as li 
control. Caesium had the hi ghesl accumulation rate fo llowcd by americium and 
final1y plutonium. You nger plant .~cc lions were found 10 accumulate a il the 
radionuclide s sign ifi caml y faster than o lder plant section s. Americ ium and 
plutonium were accumulated signifieantly fa ster in fro nd tissue than in vesicle 
tissuc. No signifieant d iffere nce could bc identified for caesium. These re~u l t s 

and their implications for future mon itoring surveys and modes of uptake are 
di scusscd. 

OCMnologira 1\/,/(1. 199 1. Procccd ings of the International Colloqu ium on the 
environ ment of epicontinenlal seas. Lille. 20-22 March. 1990. \'QI. sp. nOIl . 313-320. 

Ascophyllum lIodoSIln/ (L. ) Le Jo li s en tan t qu ' indicateur de la 
rad ioacti vité en Mer d ' Irl ande 

La réacti on de A. lIodoSlI1II a une augmen tation soud"ine de la radioacti vité 
analogue à une exp lo~ion nucléaire est étud iée sur le terrain, 137Cs. NtA m ct 
239 -+ 240pu montre nt une nette accumu lation à mesure que le temps d 'cxposition 
augmente, à l'opposé du 2211Th naturel. qui a été utilbé cumme référence. Le 
cacsi um a le taux d'''CC Ull1ul a tion le plu s é levé . s ui vi dan s l'ordre par 
l'américium et par le plutonium. On a trouvé que des sections de plantes plus 
jeunes accull1ule ru plus r .. pidemcnt dans les tissus de frondai son que dans le 
tissu vésicu laire. On n 'a pu identifier "UCUIIC différence sig nificati ve pour le 
(·aesium. Ces résultats ct leurs conséquences pou r des enquê te~ ct con trôles 11 
veni r. et des mode .~ d 'ex ploitation ont été d iscut6. 

On'lll/%g;m AI"/(I. 1991. Actes du Colloquc Irucrn;lI iona J sur J'environnemcnt des 
mers ép icontil1cnt<l lc~. Lille. 20-22 mars 1990. \'01. sp. nOII . 313-320. 

Th e safe e nv;ronlllc ntai di stharge of co ntamin :tn ts 
requi res 11 compl e te undc rstanding o f the ir ph )'sico­
ehem;cal and bio logical fa tes. Protection of biologie:!1 
resources is essenti al because of po tcntial fcedback 10 
111;111 through the f,xxI chain . Sil1ce the cornmissioni l1g of 
the Scll:tficld nuclear fuel reprocc~sillg fad lllY (Cumhri :l. 

Eng land) in thc 1950s. biological samples from Ihc Irish 
Sea ha ve bcen analysed for thcir mdionuclide conlent 
(t'.X. Dun stc r. 1956: 1958: Mauchline. 19(3). Annuill 
survc)'s of the radioat liv;t)' in surface :IIId coastal wmcrs 
of the Briti sh Is les . whic h re ly heav il )' on hi o lng ic:ll 
s'Impl es, a re conductcd b)' MAFF: Th e Min is tr )' of 
Agriculture. Fishcries and Food (Mitchc ll. 1969- 1977: 
Hunt . 1979- 1989). 
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Ccnain biologieal materials are powerful monitoring aids 
and arc terrned bioindicators. Moniloring progra mme.\o 
based on bioi ndicator:. have three main adyamage.\o oycr 
Ihose based on large seawaler samplc~ (Portmann. 1976: 
Phillips. 1978): 1) the)' givc an indication of the 
biologicall ) available contaminant lcycb.: 2) they orten 
possess high concentration factor.\o. permitting quicker. 
simpler ancl du:apcr analytical techniques: 3) Ihe)' provide 
a time integrated average of short -tcrm nuclUations in 
contaminam Icvels. IheTeby t·ompensa ting fo r irregular 
di sc harg e pallerns or variations in Ihe ph ys ica l and 
chcmical propenie~ of scawater. Monitoring programmes 
may thercfoTc be e stablis hed which comprchcn~ivcly 

monitor pollution and the biosphere. whibt still assessing 
public radiat ion expo.\ourc. 

Macroalgae are .\>cssil e and respond to contami nant levels 
in the waler colunm (Phillips. 197X). They are Ihus weil 
sui ted tO map the transport of aqueous discharge", (t'.g . 

Mitl·hel!. 1967- 1977: Hunt. 1979- 19X9). HcterOirophic 
organisms tend tO be mobile and aceumu lale elemcnh 
predominantly !"rom their food ( Pcntrcath. 1976). 
Concentratioll s in helerotrophie organ i ~l11 s in bioindiCnlor 
studies should therefurc only oc examined with dietaTY and 
mobil ity considerations. 

Brown macroalgae ( Ph aco ph yecae) are powerful 
b i oindica t or.~ bccause they oflen s how conccn tration 
fat·tors of seve ral thousands relativc tO the surrounding 
seawater and bccau~e Ihe)' c;wn o t regula tc their 
accumulation processes for many Ir,tCC clements ( fouge and 
James. 1974). Radionuclide levels in brown algae should 
therefore be dependent on the levels in seawalcr. Brown 
algae have proved very useful biuindicalOrs of marine 
environmental radioaetivit y (Nilsson et al.. 1981). In 
particular Fm·lu· spp. and Ascophyllu/II /lodl/sum (L) Le 
Joli.\o have bee n u~ed a~ ~uch on man y occasions (t'.g. 

Cross and Day. 19X1: Thomp.\oon el al .. 1982: Co~son I!I 

al .. 1984: Germain and Miramand . 19X4: Nilssoll el af .. 
1984: Mitchell. 1967- 1977; Hunt. 1979·1989). 

A. 1I00JOSliIII produces one set of vesicles cach "pring al Ihe 
apieal tilb (Baardseth. 1970). The age ofa plant section is 
.\ohown by the numbcr of \'e~iclcs bct"'een it and the apieal 
tip (Fig. 1). Haug l'I al. (1974) found higher copper and 
i:inc levels in older piani ~cctiom. due 10 a con~lan l 

accumulation raIe. Boume and AS.\oi nder (in prep.) round 
higher plutonium and arnericiurn acti vi ties in older plant 
sec tions. but higher cac~îum levels in youngcr ti s.\oue,. 
possi bl y due 10 caes ium's chemiea l sî milarit )' tO 
potassium which is close ly linJ...cd 10 metabolism. The}' 
:llso Învestigated aeli"il}' variations in A. l/odoSUIIl with 
tissue IYI>C. Si!"ason and distance from Scll:.lield. 

Th is information on radionuc lide distributions in algile 
under pre~ent conditions is important. hO\~ e\cr knowledge 
of their response to ~uddcn increases in environmcntal 
radioacti"it)' i, an essent ia l requiremcnt for monitoring 
programmes. Single radionuclide effects ca n bc 
successfulty ~lUdicd in aquaTÏ:I (e.g. Bonollo f'I (If .. 1989 ). 
however nu c lea r inciden ts cou Id relea se many 
radionu c lide, (l' .g. Chcrnoby l) . poss ibly Icading 10 

competition between nuclides for macroalgal uptake sites 

314 

I O,.owCh 

1 
t v • • ,. 

e.rnpl. 

a.oClon 

r----r 
1 A 

y 1 

1--- - --1-
1 Av 

1-----1- - ----1-
1 1 

1 B 1 

Y-1 
~ _____ L. _____ _ 

1 Bv 1 _____ ~ ____ _ L _____ _ 

1 
r 

y-a 

Y-3 

hgurt" 1 

C 

1 
~ __ 1... _ _ _ 

Cv 
1 1 

-r-----r------

D 

Samp/" .'<'l'IUlII.< amI ammal Kru"l" of A.\ol'ophytlum oodosum If.! I~ 
JQlis 1"'''1'/,,11 i" 'PIII" Y 

É<;h3nlittOll) el croj ";1ncc annuel te ,le 1·II<lOl'lIylllllll II/N/o.llml (L .) Le 
Joli., pm ~n t ·UHn':c Y. 

(Phillips. 1978). ln this stud)'. Ihe response or A. IImlo.mm 
to a sudd e n increa sc in cnvironmental radioactivity. 
analogou, \0 a l1uclcar incident. W:lS examined in the tïc1d. 

'\lATERI ALS A ~l) ~lETHODS 

ln I\-I .. y 1989. whole. live sample§ of A. /l lxlo.(///II. auaehcd 
to substrale . were transported !"rom Menai Bridge (North 
Waks) to Ihe mure radioactively com:l1T1i nalcd Ravengl a~~ 

es tuaries (Cumbri a. Eng land ). 10 km south of Briti sh 
Nuclear Fue ls' rcprrn:.·c:'.\oing plant at Sellafield ( Fi g. 2). 
Samplc~ were fi xed in wire-mesh cage.\o at Ihe nalUr.lI tidal 
height :lS shown by the indigenou.\o population (Fig . 3). 
single whole p];mb ,~ere sampled after 0.6. 18. JO. ~2. 53. 
92. 132 :lnd 182 days. 

Sal1lple~ were sec tiol1ed ilccording to age (damaged 
tnatcrial le:tding to discontinuou~ growth i:. obviou.\o and 
di sca rded ). s ub-~ec t ioned into frond and vesicl e ti ssue 
( Fig . 1) and oyen-drÎed at 70°C. Dry weights wen.­
recorded after homogcni ~i ng the sample .\o. t37Cs and 
2-11 Am activitie:. ,'Cf(' detenllÎned by gamma spcCl romctry 
using. a JIPOe detector on ~amplc~ ranging fro lll 0.29 10 
12.98 g wilh an avcrage of 3.00 g. 

Samplcs were ;I§hed o\'ernight :l\ ~5()°C. Yicld monitor.\>. 
2:!S Th and ~1t· pu . \\crc addcd before mixed nitric -
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hydrochloric acid leaching and iron(lII) hydroxide 
coprec ip it ation. Thorium and plutonium were 
se parated by an ion exchan ge c hro matography 
(based on Wong . 197 1) and clcctroplated onto 
stainlcss steel discs from a mixcd oxalatc-chloride 
medium . Alpha spectromctry was perfonncd using 
sil i!;on surface barrier deteclOrs. 

RESU LTS AND DISCUSS ION 

Tables 1·4 show 137Cs. 228Th . 24 1Am and 2)<J + 

240pu aCli vity variai ions in plant sec li ons with 
exposurc time. For case of compilrison . whole plant 
speci fi e aClivi li es were ca lculat cd for cach 
radionuclide. For the Menai Bridge (t = 0) and 
Ravenglass estuaries samples (1 = 0). these values wert in 
accordance with previous dala (Hunt. 1979- 1989: Boume 
and Assinder. in prep.). Figures 4-7 show graphs of whole 
plant specific aCli vi tÎes against exposure lime. Regression 
anal yses of aClivity agai nsl lime. bOl h before and afler 
logarithmi e tran sformation. were pe rformed. SlImples 
containi ng radionuclide act iviti es not s ignifi cantl y 
differenl from zero were tre,lIed as ze ro aClivi lY. The 
incre'lsc in biologically available mdioacti vity WllS de lïned 
as the ac ti vit y diffe rence belwee n Ihe Menai Bridge 
samplc and the Ravcnglass ~amplc (both samplcd at 1 = 
0). Times lak en for plant s to accumulale half o f thi s 
acti vi ty increasc (Ta ) wc rc calculalcd for c ach 
radionuclide from the regression equalion. 

Caes i um. amerie iu m and pluto ni um showed ne t 
,lccurnulUlion wi lh inereasing exposure lime. Caesium WOlS 
a!;CUlnulatcd the fastest and logarithmieally (p < 0.001). 
Ta = 15 days. The highesi recorded caesium acti vity was 
153.12 Bqlkg in Ihe apicaltip (seclion A) of Ihe slIInple 
exposed for 182 days. compared wilh the whole pian i 
specifie activity of 103.31 Bqlkg (an apical tip: whole 
piani ,Ictivi ty ralio of 1.48). 

Ameri c ium was accumu lated lincllrly wi th tim e (p < 
0 .001) and s lower Ihan caesiu m. Ta = 65 day s. Th e 
highesl recorded activÎ1y W,IS R9.54 I3qlkg. again found in 
th e apical l ip s of Ihe pi ani ex pose d fo r 182 day s. 
comp,lred wi th the whole pl:lI1 t specilïc activi ty of 57.38 
Bqlkg (a ratio of 1.56). 
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RADIOACTIVITY IN A. NODOSUM 

Thf Irish Sta shm";"R /hf ff/(II;,·t posl/imu of Sfl/a[iflll (S). Mf'W; 
Ilridgf (Mil } (mil N(lI'f"glass F.sflu.rifS (NI Il cm = 25 mi/n}. 

La Mer d ' trlande mOnlranl le5 posilions relaü ves de Scllafield (5). 
Menai Bridge (MB)el1es eSluaire~ Ravenllta,s (R) Il çm "" 25 millesl. 

Figure 3 

A. nodosum still al/ar"ed If> S/lh.f/r(j/t fas /f"fd if> .. ·jft·mnl, NlgfJ .. ·I,h 
frollds !1oaf;"g fnf of ("Ogf (II Il,II,,ral lilial htlglll as sho .. ·" hy Il,,. 
imii/lfrtOUS fIOP"I/lli,,,, . 

A . n()(/ns"m COCOTe. collanl ~ des sUMmus auaclM!s dans ces cageot5 en 
mailles mtlalliqucs avec fruooai son, fluUarnl J'nlérieur des ca.L;eoIs au 
ni"eau nmurel de la marée comme indiquë par lu fIOpululion indigène. 

Plutonium was accumulaled linearly wilh time (p < 0.(01 ) 
and ~Inwer Ihan caesium and americium. Ta = 90 days. nie 
highest reeorded acti vity W<lS 80.5 1 I3qlkg. comparcd wit h a 
who1c plant specifie aetivi,y of 52.49 Rqlkg (a ralio of 1.53). 

Thorium shnwed no significoUlI aCcu mulai ion with time. 
Caesiu m. 11lnerici um and plut onium arc prese nt in the 
Ravenglass eSluaries al elevaled levels re lative 10 Menai 
Bridge because of their prescnce in Scllafield diseharges. 
22I1Th is a nalUral radionuclide not signilïcantly enriched 
in Sellaficld dischargc~ and therdorc should not be present 
at clevated levels in the Ravenglass eSluaries. lllc major 
probl em wi th us in g alga e a .~ bi o ind icato rs is thal 
compe t ition for bindin g s it es oce urs ,II hi gh 
co nce ntration s leadin g to und ere s limati on o f 
conlmninmion (Phillips. 1978). Ir coml>c,itiol1 for binding 
sites h:ld nccurred. a dcerease in 22I1Th specilïc activi ty 
wi th increasing exposure time wou Id have been cxpecled. 
th is did not occur. 

The similarity in the apieal -tip whole-planr ratios for each 
radionuclide in the s<'1mple exposcd for 182 days mOly bc 
fortuilOus bccause this degn.'C of similarity dces not extend 
10 most sa11lples. In general. howe ver. these r:llios arc 
grcllter than unity. probabl y due 10 the fomlation of new 
bi nd ing s ites at the upi cal ti ps and Iherefore greatc r 
acc umulai ion potcnt ial relative 10 older tissues. 

Variations in accumulation ralcs bclween plant scctions were 
analysed by regrcssion analyses. Logllrithrnic regrcssions or 
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Table 1 

Iimu/lun, ln 1PC, .KIn·" .' rBq '.~I /II i\ . '~llIn ut/lmlS " '1I1! "" ""fI".~ np"J"'t' fI",r ,.,r//lifill~ U(IIIII\· II/ "" ""lIxr/lims R/I 'I.'".~luu J/1ml'lt' rRI und 
.. t'llIh/rd ~JI;!( ifi. " 1 /ln/lU (M I. 

\'analll)n~ de 1",""'U' 110.' de (ne, tBqr'kg) de_ ,"",~'uum de 1\ IIV/It'SIIIII :"ec de, lernp, d·e.\posi llun prQgr .. , ,,'erneni phi) lung_. II1clualll r:.cIl'· I1~ d'un 
.. ch;lIl11l1on ,ndl~~n .. Rn,cng:la~, (R) CI de _ nel!> lIé~ 'v«,fiquc, Jl'IlIltl<.'ré .. , (.\1 1. 

D:I~') 1'1:1111 M'l'Iiu li A\"t~ rage 

l·.\ IWst'd ,\ A' 1\ Ih' e t: \' - -D- M 

0 l'ID )2.67 36.00 ~S.IU! 211.7.1 21USII 33.88 )2.21 
6 19.5.1 43.119 ·n.t'lO nJ7 'iD 'iD 5-U1 J5.)1 

18 67.76 5H6 J~.90 ,...'" 32.)7 61.26 J3.89 ...... " 
.\() 511.30 63.59 51.29 55.03 58.73 53.99 71.1'1 ~6.\,II) 

" 113.119 126.47 711.1)2 715fl 66.12 70.1.1 67.68 82.66 
53 75.22 82.13 5·UJ 66.29 63.70 7.1.53 120.79 70.97 
91 IOCl.7S 1I0.J3 9.1.41 77.61 9.1..11 86.28 57 .. 'ill '.lO.II.'i 

U2 IIJ ./W 711.77 R1.fl\) \(1-I .fl7 1>6.27 1H).J6 'JO.13 87.63 
182 153.12 iJ.'i .92 110.66 %.75 10·1.28 71 .23 89.71 103.31 

, N/S 'lJ.2U W.70 120.42 1i4.95 lIUO 6.1.01 *1 .36 

ND. IWI,/r/,·'·ll.'tI: N S: 1/0 su""llr : /III tom""'!! ("rrors < 10 ft . 

.... 'IV : non délCClé: N/S : 3ueun éch;u1l1lk,., : IUllle.~ erreur.. tk \·OffiJl'lag .. < 10 If. 

li/l"ituÎolIS ÎII NIAIII 1II"/;,·iI.I" (RI//~}lj il/ A . nod'hum ucr;(I/1S ".i,ll ÎII"'fIIJÎII~ HI",slIrr 111111' illrlllllill}ll/l'li"i/y (If /Ifl i/ldigr"""s R",wl.~I/lst SUIIIJl'" (R! Ul/tI 
,, ·,·ill/II1''/ lJll.'âfil" ,,,./11';';" $ l M j 

VanalluIIS Ile: r a\1i\"i!é de ~~I t\m (UqII.);1 (Je' ,"",cliom (Je It . lIotlmll/lI an:'c de .. I .. ml'" (J· ... \PQ'>iliull pfll);re, .. hemenl plu, lung~. iocluam I"acli\'i lé (I"un 
éch~nllllon ind'Eênc Ib\"cng:la~~ 110 Cl de< :SC1I\'n6 ~pécifique, Jl'I,"détt.~s (M). 

lJa}'~ 1'1anl seclion ;\\'crage 
esposed A 1\\' B B,· C C' Il M 

0 NID NID ~ID NID NID NID NID NIl) 
6 9.7.1 IJ .~ 8.30 8.~0 7.79 NID 'ID ~./>1 

" 27.IL\ Ikm lJ.J/> o.no 12511 1/>.113 2'J.'lO Ij.J3 
)() JO .• t 2 ,m 23.59 Il..1.1 2X.24 17.21 26.13 17.02 

" NID 20 ... 5 18.08 NID 22.00 NID 26.58 ]J.07 

." W.IIS 2.1.5.1 2.1.1>') 29./>2 JI.% 17.1 ~J JtI .()X 27.71} 

" 3~.Lt, ;(I..IH JU.X~ 211 .. !l.I J7.(>-l 2J.UI .11 . .\8 36.JU 
IJ~ 61.01 .\5.58 58.72 JO.2.I 21.36 3j.2.\ 80.0] .1 3.61 
IR2 89.5.1 70.99 72.78 J7.27 67.2.1 J2.27 59.311 5UlI 

, ~IS .\2.92 J.\ .9S 60.61 60..19 55.56 .19.45 51 JI 

N /J lW/ tlrtrtll'd; N S: IW flll>l/l/t. (/IIIfJIII1[III .~ t'frou < I() Ct . 

NID: lion dtlcrlé: ""'IS: ,lI1CUn tch~nullon; 1(>IIIC~ t'm'II .... de comp!~~c < lU". 

eac,iUlll aelivi ti e!'> in 1\10 pl:ml ...cl: l i(Jn~ lC and Cv) Il CI\.' nOI 
~ jg nifica nl ly differenl from ze ro. Thi s was due 10 Ihe 
labclling of undclectablc radionuclide acllvilie, a!'> Icm. an 
aelÎli l) Ic\'cl \Ihich i!> Icr} improbable. In Ihe follo\\i ng 
di ~c u ~~ ion. Iherefore. regre~, ion an:lly~e~ on c.]e~ ium 

aœurnul:.lIioll in ~t:clit)n' C and C\ arc ba!>cd on onl y ciglll 
ob!>l'n'ations. Ihe zeros in each having bcen ignored. The 
rcg rc"ion gradic nh (i . t'. :H:l: urnulalion ra lc!'» Il c rt: 
compared u~ing a simple I-Ieq (Lee :1I1d Lee. 1982). T- I e~ 1 

,ignificancc rc.,ult, arc gil'cn in Tahle-. 5-7. 

Cac,iulll \\a, ael'ulllul:ucd in ,he ordcr A > AI' > B > B\ 
> C > Cv > D. You ngcr ,eCli om accumulated cae,i urn 
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!'>ig nifi l'anlly fa~lcr than o lder ,celions (Tab. :'i). No 
!\ignifiçarll diffcrcnl'C in an:umulalion ralC!'> wa.' idcnlificd 
bel\\een Ihe frond ;md vesicle tissue. Americium Ila~ 
alM) ael:umulatcd f:I!'>lc,t hy youngcr li!>sucs. in Ihe order 
A > B > C > D > A\ > BI' > Cv. Acc umul ;n ion of 
arnericiurn \1 a~ ~ ignificantl~ (aster in frond comp:lrcd It) 

l'c,iclc I I~~UC (Tab. 6 ). PIUlonium \l'as also aCCUlTIUlaled 
,ig nilkantly fasler in youngcT l i ,~ucl>. in Ihc unlcr Il > A 
> I \ \' > D > C > BI > CI'. Plutonium . li[...c artlcril"iulIl \Ia~ 
aenullul:ued signific;II1\ly fa sler in frond compared 10 
\c,icle li ~suc (l'ab. 7). No cumparable dala ha l'e occn 
identi fi ed in Ihe liler:llure. 



AADIOACTIVITY IN A NODOSUM 

Table: 3 

\ '" rl"'/OM 1n])9 • !~Op" an;,.il)' (Bq!!g/'" A. nOlkb1l1n Uf"tiu/IS ,";Ih /nf"/7a5/tlll ~''110511/7 lim .. illl'I",lin,~ UClll"lly of ail ind;g~IIOI15 RU",,"glus.f (H) .w mp/f" 
allll"'f";ghl~d .Ipt"dfic IICli"/lin (Ml. 

Variarions de 1" 3Crivilé <le: 239 • l40pu (041\11) ,j~ ~ M:~·tions de A. ,,(HIMlm, nct' de~ Icmps ,j ' ~~pu!oilion pmg'1:~~i\'cmenf plu) lungs induam l'activité d ' un 
échanlillon indigène Ra"englass (K ) el des aetivité~ spé(: iliqucs pondérées ( ~I). 

Oays Plant section An'r:lj.tt!" 
esposcd A A,· Il 8,· C C" Il M 

0 4.86 2.27 4.(1M 4.88 6.29 4.41 ' .->0 4.82 

• Il.43 1.00 10.44 5.87 6.11 4.().I 9.39 8.39 
18 13.-12 14.11-1 12.16 1.21 lO./lO 10.00 11.7K 10.11 
JO 11.29 11.75 14.62 7,58 13.31 12.28 2Q.49 I l.93 
42 Ul..~O 12. 13 15,14 9.4,~ 14.44 8.-11 15.23 13,35 

" 19.00 14.39 ]4.76 Il .72 17.80 J(1.o.~ 18. 11 14.32 

" 31.63 31.88 311.03 ]6.42 28. 18 11 .35 19.85 2101 .50 
132 34.80 33.13 55.21 29.46 45.76 43.00 43.:n 40.68 
182 80.51 M ,11 78. 12 35.66 51.27 29.30 47.13 52.49 

, N/S 38.]6 42.117 58,84 75,().I 111.14 54.().I (,(].311 

NID: /lOI tI"'N." .. tI: ,v,S: IlU sUlllp/~; u/l W llI/tÎll1l ~rmrs < 10 'H. 

NID : non dêta:té : NIS : aucun échantillon : IOUles cmutS de cornplallc < 10 .... 

Table 4 

1't,r;lI/iims III 2ZIITI, u("Ii"i l" / /Jqlk)!./ III il. /IIx/n.mm urtinlls ... i,lr in("rell)·;".~ " .'I,m ure IJmr illdlll/;nll an;"ity of III/ i/llligrtWII~ H/lI"rI/Klllss .fllm,,/ .. (N /III/ri 

lI"("ÎghteJ s/x'cif/(' ilc/idl;es /M ). 

V:" iation, de rocti"il~ de 22~Th (Rq/k,.) des sections Ile A. 1I001tmm, u,·ct.· tk .. temps d 'e ~posilion progl"C""i\"~mcnt plu .. long~ incluam I"aclivité ,j'un 
éi:hanlillon indigènc Ra\<cnglass (R) et des lICtivités '~l'ifiqucs pontlérée~ (M ). 

Days l'iant seclion A,<erage 
o:puscd A A' B (h' e C,· J) 1\'1 

0 3.15 Il.5K 1.29 1.1 2 U.91 0 ,89 1.21 1.08 

" 1.87 1.", U.98 0.91 LW 1.76 1.63 1.19 

" 0.311 U.51 0.50 O.KIl 0.66 l.OI 1 .. ~5 0.66 
91 11.07 0.74 0.70 [J.II.~ 1.21 1.2) 1.09 0.86 

132 3,31 1.56 I.7K 1.29 2,02 J.J4 2.-16 UI5 
1112 3.01 2.80 2.72 1.57 2.77 1.119 2.47 2.36 

, N/S 1.73 1.1 2 2,44 2.00 J .52 1.><0 1.87 

,vIV : "Of tlrft"("/t'(/ . ,vIS: 110 wIII/,I .. ; ClII m/tl"IIIJI t"rmr.f < 10 'k. 

NID : IM)II dl'teçté : NIS : aucun ~hanlillun : loutC', erreur; de COlllpl3gC < 10 ~"" 

No sign ifica lll diffcrenccs wen: identified between Ihe 
caesium aCÇumulation ra tes of frond and vcsid c lissues. 
Amer ici um and plutoni um . however, are accumu lalcd 
sign ificantly fasler by frond li:.suc. Caesi um is chemica ll y 
sim ilar 10 po tass ium which is link ed 10 mctaboli s m. 
Ves icle s providc buoyancy e nabl ing the p ian I 10 

pholosynlhes ise optim ally when submergcd (Alccm. 
1969). They were originally suggcsled 10 have a special 
llIe labol ic mie (Zcller and Nei kirk . 1915) although this 
has been di sputed (S ifton. 1945: Dromgoole, 1981 ). If 
vesicles l'laya role in Illc t:tbol islll then thc ir re lative 
enri chmenl of caesium co mpared to am ericiulll ;1Ile! 
plutoni um m:Jy bc explained. Il is I)()ssiblc. howcver. th"t 
Ihe d iffc rcn l :tcc umul ation palle rns observed belwec n 
l'rond and vesicle tissue arc due 10 chemical or physica l 
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ùiffcrcnccs bctween the r:tdiol1udidcs .~ tudicd :tnd not to 
physiological v:trimions, 

Plu lonium and :tmeric ium aCli vi lics havc bcen show n 10 
increase wilh incrcasing age of the pl all\ materi:tl duc 10 

lite cons t:lIlt acc umu lai ion of the clemen ts with time 
(Boume and Assinder. in prep,). AI the conclusion of thi ~ 

cxperilllcnt. howevcr. the trend WOlS rcvCf"S(.-d. New binding 
s it es are con tinuall y produced as plant s grow. T hesc 
should aœumulatc radionuclides m the s:une roue :tS ncw 
mat e rial in th e illdigennu ~ Ra vc ngla ss popul a tion , 
AClivilics found in growi ng plant sections should thercfore 
lend 10 the :tclivi lY found in the Sltme sec IÎon of planls 
cO lllpri s ing th e indi ge llou s population. T:. ble s 1-4. 
howeve r. show that ynu ngcr. growing li ss ues af\Cr six 
mOl1lhs exposure contain more caesium ;md about IWlcC as 
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Figun" 5 

IV/lOI" plmu ~~IA1I! Ii/, ... nfi ... m'Iwit\' /HI/ (1/1 11"111, IIIIr"U~llt,~ "'Il'mlt/'" 
l,me . 

A~' I,,' it t . péc if;! IUC ( H,!/ t ,;) Ile, plant_ HIAm c'lIIer.' a'Cl' 1~lI1p' 
d'e\pl",uun Ilr~rc'""elll{"ni plu .. ltm,;. 

much plu tonium and :nne riç iurn as ex pected from the 
refe renee Rave l1g1ass estuaries sample. 

As Ihe R:. \'Cng las~ sam pIe was laken in May. a sea~onal 
effeci Is expeeled. Algae ~how max imal whole pIani 
eoncentration~ in spring and minimal concentrations in 
aUlUmn (Phillips , 1978). Ihercfon." exaggeraling Ih is 
phenornenon. PIN.ibk reasons for lhis arc: 

1) There is a dirrcrcncc in accumu lation polemial hetwecn 
Ihe populations of Menai Bridge and R<l l'cnglass Esltwries. 

2) The ;,amplc l"ken at Ravengla .. , in May might not have 
been represe nlali"e of the populalion. Pre viou!<> "orl. 
howc ver. ha~ indiçaled good agreernem in aCli vities of 
repl i" ue 1\ . I1ndnslIlII ,ample:. \\he n analysed by Ihe 
melhod emplo}cd Itere (Boume and As .. inder. in prep. ). 

3) The aelil'ilics of ail radionuclide, pre .. ent in Scllafield 
eflluell1 inerea,ed during tlw course of thi s experimcnt. 
Thi s is Ih e mO~1 likcly ex pl analion <1" Ihe Sellafield 
di ~charge pallern is kno"n 1() he v:lriable. If Ihi s i ~ Ihe 
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AC1Î,i lê 'péel.lque ( !J'I/l g) de, plunl~ 228Th enlier, 3'~" lt'mp, 
tl'npINuO/ll'f01!re"j"enK"n1 plu~ long_ 

case Ihen A , 1J()(IOSIlIII ha:. re .. pontled 10 the inerease in 
aClivily of the sUTTounding seawater. proving ils v111 uc as a 
bioindi çal or of marine env ironrncntal radio;l<.· ti vity. Ta 
values qU01ed e:.r1icr for radionucl ides wouJd Iherefore he 
minimum cSlim:lles. howe ve r no eh:mge in the nrder of 
eaeh Ta would he ex pccled. 

II il. nOI po),sibJe 10 age olher algal 'peeie), by Ihe Illc lhod 
ernployed here, lt j" c~~enlial. however. 10 Ile as specific 
and consh[(.' n1 a:. possible when defini ng sampk:~ ana ly~cd 

as pan of n moniloring programme. Nil~~oll l'/al, ( 198 1) 

idcmifi ed Ihe age of "'"C"~ samples by usi ng Ihe r:tlio 
~18Th/11I1 R a. It may Ih ercfo re be po,), iblc 10 age aIl 
samples in Ihe fuluTl' or al lea!>1 10 produce an lverage age 
oflhe ,ample. 

Future monitoring progr:unrnes COU Id be based solcly on 
anal} sis of lhe newesi ti .... ue ... Ihe,e ~h()wing Ihe quicl..esl 
re s pon ~e to radionuclide aCli vi ly c han ges in Ihe 
'uTTounding ),e:l\\ .-ner. 



AADIOACTIVITY IN A NODOSUM 

Tabk 5 

COIII/"mJôll /Jf /J7Cs (JC<',m"'/II!ÎIJI! TIlII')' b,""'CI'" ph"" $c/'I1O/I.< h)' T·7i.·,,,, " '" 16;1/ ail H'J'O ('XC('f'T: 1: " '" 15. ]: JI '" 14. 

Comparaison des laux (t"accumul:ninn (k lJ7C~ emre seeliolls de pblll~" par T-leM. n '" 16 dans IOIlS Ic~ ca" sallf: 1: Il = 15. 2: n '" 14. 

Plant Plant Srtt ion 
section M " 8,· C c.- D 

A 2.'14'" 5.99· ... 6.92·" 5.7<)1 ... 7.29'·" 5.94·" 

M 2.17· 2.43· 2.12'n" 2.98 1 .. 2.62· 
R O. IOns (J.III IIS 1.001ns 0.850s 
R. 0.(I.11 n5 J.l4 1ns U.R5ns 
C OJ\j2n~ U.7Ulns 

C' O.77'n. 

liS: 1If) sigllifinlll/(Iiff<,rt' II(·c . •. 0 .05 >p > (J.()/: .. : 0.01 > l' > 0.001: ... : l' < O.()()I . 

ilS : aucune différence s ignific:ui\'~ . • : 0.05 >p > 0.01 .. : (l.UI > fl > 0.00 1 : ... : p < 0.001. 

Tllhlc6 

(''''''flllri..,,,, af 1~' 1\ 11/ (J("J"IIIlIlIlmif)1I rm<,s hr/w..,,11 ,,11/11/ >/,<"';OIlS ',y T· Tc.". Il '" 1 fi ill (III '·/JU.!. 

C01\1pJl1Iison des laux d'a<;culIlul:llion de Hl AllI emn:: ).e<;, iun~ ,k planles par T·leS!. n '" 16 dan, IOUS le. 1."iL'>. 

l' Ianl Pia nI section 
. ~e('"lion A,· • Ih- e e,· Il 

A 4.44"· J.7Jns 7.1:\3·" 1.51 ilS 8.4.1"· IJ\9M 

" .1 .56"· 5.119"· 2.42· 5.90"· I.B ns 

" 10.78·" O.2l!ns 12.01"· 0.84115 
R, 6.21"· (J.71 liS 5.27·" 
C 6.111 ·" 0.4511.< 
C, 5.112"· 

_____ --'''c,.c· 'cm sixuifi,·I1I1"liffel"l'II,. ... • : (J.05 >1' > /Jf}! .. n . 1).01 > l' > 0.001: ... : fI < /JJJi)I . 

n. : :Il/cune di fl"én::ncc si.>nificalÎ'·"'. · : 0.05 >p > 0.01 .. : 0.01 > fl > 0.001 : ... : Il < 0.001. 

Tabk7 

Piani l'Ianl seclion 
sco: t ion A<- " Ih' e ü · Il 

A 2.26· 3.tJ5" 10.11"" -1 .6 1·" 7.XX·" 3.92" 

A' 7. 111"· 10.3.1"· 2.X I" Il.''')·'' 2.0IJl' 
R 22.4" "· 13.20"· 13.25·" (().I2"'· 

Ih- 1.1.54" · 0 .2011> 9.01(,·" 

C 6.0')·" 0.21:\11' 
C. 5.76"·· 

J/l . 1111 <ix"ifimm "if/<"('''' ·j· . • ; 0.05 >1' > (J.Of: •• : (1.01 >" > ().{)()I .. ·": /' < OJ)()I. 

Il.': ao~ull~ <.Iiff~r(·m:c "'i)!niflc:ni,·",. · : 0.05 >p > 0.01 ".: 0.01 > P > 0.1'/1 : ... : Il < 0.001 . 

At.'knowlcdgcmcll is 

Th is wo rk was C:l rri cd OUI undcr NE I( C swd enlship 
GT4/X7/ALS/42 t aw~lrded 10 GSR ). The aulhors wou le! 
:,lso Jikc 10 Ihallk Dr. C.M. Woud .U1d Dr. A. Reichch for 
lheir he lp in dcs ig ning Ihe ex perirnc lll and in va lu.,blc 

di sc uss ions: D r. A. Re ic hcll fur l'roof rcadin g lh e 
manuscripl: Mr. Ne il Marsh:,11 for his he lp in selling up Ihe 
expcri mcnt and Dr. A. Rilchi e for his hclp in In.mslmillg 
French 10 Eng lish: and Eng lish 10 r-rCllch. 
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