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Resume 

A la suite de 1 'accident nucleaire du reacteur n • 4 de Tchernobyl le 
26 avril 1986 un programme d' etudes du devenir des radioelements 
associees aux retombees atmospheriques de 1 'accident a ete mis en 
place sur 1 •ensemble du domaine marin franc;:ais. Ainsi des echantillons 
d'eaux de mer, de matieres en suspension, de sediments et de 
bioindicateurs marins ( algues, phanerogames, mollusques, poissons ) 
ant fait 1 'objet de collecte sur plus de 30 sites du littoral 
continental et insulaire mediterraneen du bassin nord-occidental 
franc;:ais afin de mesurer les differents emetteurs gamma anthropogemes. 
ces mesures ( 3000 ) sent venues completer une base de donnees, 
denommee RADMED pour RADioactivite de la mer MEDiterranee, creee en 
1981 et renfermant des resultats acquis depuis 1975. L'exploitation de 
cette base de donnees permet auj curd' hui d' evaluer 1 ' impact des 
retombees atmospheriques suite a 1 'accident de Tchernobyl en 
comparaison avec les niveaux radiologiques assocJ.es aux rejets 
liquides faiblement radioactifs industriels chroniques et aux 
retombees atmospheriques dues aux essais d 'armes nucleaires d' armes 
dans 1' atmosphere de 1 'hemisphere nord dent le dernier date de 1979. 

L'analyse de !'ensemble des donnees au cours du temps montre que la 
totalite des indicateurs preleves: eaux de mer, sediments et 
bioindicateurs ant reagit tres rapidement a 1' introduction des 
radioelements is sus de 1 'accident de Tchernobyl par 1 • apparition 
brutale principalement de 144Ce, 141Ce, 137Cs 1 134Cs 1 125Sb, 110mAg, 
106Rul 103Ru. Cependant au cours des 30 premiers jours les niveaux de 
ces radioelements ant decrut de pres de 60 a 90%. Dans le cas des 
elements a vie courte comme le 1311, ces derniers ant disparus 
totalement en quelques semaines. En 1987, 18 mois apres !'accident, 
seuls 137Cs, 110mAg et 106Ru sent encore detectes regulierement dans 
les differentes composantes de 1 'environnement marin mediterraneen. 
Dans l'espace, la region franc;:aise la plus touchee se limitait a la 
portion est du littoral mediterraneen de Toulon a Monaco y compris le 
littoral corse. 

Dans les zones exemptes de tous rejets industriels faiblement 
radioactifs la modelisation des phases d' elimination des radioelements 
des organismes marins comme ~ .!U4 dans le cadre d' un Mussel 
Watch permet de quantifier les differentes periodes d I elimination 
biologiques et de les comparer avec celles obtenues dans le cadre 
d' experiences en situation de contamination chronique. Ainsi la 
modelisation de 1 'elimination des isotopes 103 et 106 du ruthenium 
conduit a des periodes biologiques inferieures de moitie en ce qui 
concernent la periode d'elimination la plus lente. Cette constatation 
laisse supposer que dans le cas de situations accidentelles 
ponctuelles la contamination des organismes est plus labiles qu' elle 
ne 1 'est dans le cas de situation de contaminations chroniques. 

L' echantillonnage des sediments non soumis a des apports telluriques 
importants montre une incorporation differentes des radioelements au 
sein de la colonne sedimentaire. Ainsi, au.cours du deuxieme semestre 
1986 et en 1987 le 106Ru, 125Sb, 144Ce sont detectes uniquement dans 
les 2 premiers em de surface des depots sedimentaires tandis que le 
137Cs et 134Cs penetrent jusque 10 em de profondeur. Au nivea:u des 
embouchures des ri vieres 1 comme celles du Var et de 1 1 Argens, les 
sediments .sent marques plus profondemment en fonction de 1' importc:mce 
des apports fluviatiles 1 mais en 1987 les teneurs en 137Cs de 
!'horizon centimetrique de surface diminuent par rapport a 1 'horizon 
sous-jacent 1 ce qui traduit des apports recents mains marques. 

Dans les zones soumises a des rejets industrials, comme l'estuaire du 
Rhone, 1' impact de Tchernobyl au sein des organismes marins n' a ete 
visible que pendant une courte periode de l'ordre de 90 jours pour les 
radioelements comme le 137Cs, 134Cs et le 106Ru eux-memes rejetes dans 
les effluents liquides faiblement radioactifs des installations 
nucleaires. Au sein des masses d • eau de 1' a ire de dilution rhodanienne 
1 'etude du 13 7Cs permet le trac;:age des eaux du Rhone dans 1' ensemble 
du Golfe du Lion qu' ell.e traversent suivant un axe nord-est sud-est 
jusqu'au Cap Bear. Au niveau de la colonne sedimentaire les mesures 
realisees sur des horizons centimetriques sur plus de 30 em permet· de 
visualiser les apports dus aux retombees de Tchernobyl des apports 
industriels. En particulier a partir du rapport 137Cs/134Cs, proche de 
2. 0 dans le cas des apports caracteristiques de Tchernobyl, 1' on peut 
etablir des taux de sedimentation dans la zone du talus prodeltaique 
de 1' ordre de 36 em; an qui correspondent a ce qui calcules par 
ail leurs. 

L'exploitation de la base de donnees RADMED permet done de ressituer 
1 'incidence des retombees atmospheriques de 1 'accident de Tchernobyl 
dans le contexte radiologique du bassin nord-occidental mediterraneen 
en situation normale. L'extension et;ou la comparaison avec d'autres 
bases de donnees devraient permettre de generaliser ou non certaines 
de nos observations. Ainsi la recherche de bioindicateurs utilisables 
sur 1 'ensemble de la mer Mediterranee, comme peut 1 •etre la 
phanerogame marine Posidonia ~ 1 pourrait aboutir a des 
standards permettant la comparaison des niveaux de contamination. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

310 

X-III8 

Flux of artificial radlonuclldes 
In the Northwestern Mediterranean 

S.W. FOWLER*, S. BALLESTRA*, J. LA ROSA* and P. BUAT-MENARD .. 

• International Atomic Energy Agency, International Laboratory of Marine Radioactivity, 
2 Avenue Prince Hereditaire Albert, 98000 Monaco (Principaute de Monaco) 

ABSTRACT 

•• Centre des Faibles Radioactivites, Laboratoire Mlxte CNRS-CEA, B.P. 1, 
91190 Gif-sur-Yvette (France) 

Sediment trap experiments have been used to .easure the vertical flux of 
artificial radionuclides at several locations in the northwestern Mediterranean. 
Radionuclides originating from the Chernobyl accident vere also aeasured and the 
mechanism for t.heir rapid vertical t.ransport. identified. Based on similar flux 
studies in the North Pacific, there is evidence that the behaviour of particulate
associated 241Am relat.ive t.o 239+240pu may be different: in Mediterranean wat.ers. 

INTRODUCTION 
Recent: biogeochemical flux studies have been instrumental in furnishing dat.a 

on t.he vert.ical flux of nat.ural and artificial radionuclides through t.he water column 
in the North Pacific and North Atlantic, however, to date similar information for the 
Mediterranean has been lacking. Data for several artificial radionuclides are now 
accruing from sediment trap studies carried out at selected sites in the northwestern 
basin and t.he Ligurian Sea. The overall goal is to establish rates at. which surface
introduced artificial radionuclides are transported through the water column to the 
bottom sediments. Preliminary results from these studies are reviewed here and com
pared with similar measurements from other oceanic areas .. 

RESULTS AND DISCUSSION . . 239+240 241g ve!!t!!:s~~=dF~:n~:.;i~~:mp~:~~:=' t~:;s t::~n:~:a~~~ a:~c~~~e: in a 65~u m and 

water column in the Lacaze-Dut:hiers Canyon, Golfe du Lion {Fowler et al., 1987a). 
Plut:oniua concentrations ranging from 0.6-1.4 Bq kg-1 dry were somewhat lower than 
those which have. been measured in samples from the open North Pacific; however, the 
average 239+240p., flux in t.he upper 315m, 7.4 mBq m-2 d-1, was one to t.wo orders of 
magnitude higher t.han has been found in t.he Nort.h Pacific due t.o t.he much greater 
mass flW<es {e.g. up to 13 g m-2 d-1) in the high energy environment of t.he Lacaze-

~::!e:~n~:nr~~B, ~o~~!~~ri:~e~~=~e~hh~!~~~Y d::o:~:i:~m~?~=~~l :a! ;o:;q h:,:Ja~:: 
be comput.ed for the 25-year period. This is in good agreement. wit.h t.he value of 78 
MBq Pu ~aa-2 calculated for fallout: during the same period at 43"N by t.he US Health 
and Safety Laboratory. However, from cores taken in the Golfe du Lion, the Pu inven
tory in the sediments is only about. 30 MBq Jaa-2. This suggest.s that. a subst:ant.ial 
fraction of the particulate-associated Pu is not retained in the sediments .. 

Similar measurements were made during the DYFAHED I experiment. {April-May 
1986) at a st.at.ion in t.he Ligurian Sea {Fowler et. al., 1987b). An automated time
series sediment. trap was moored 15 nautical mil;; Off Calvi, Corsica at. a dept.h of 
200 m in a 2200 m wat.er column. The six consecutive samples, each one set. to collect 
over a 6.25 day interval, cont.ained 239+240pu concent.rat.ions ranging from 1.6-9.6 Bq 
kg-1 dry. All samples were very rich in undegraded organic material with an average 
C/R rat.io of approximately 8. Corresponding plut.onium fluxes 0.17-1.1 mBq m-2 d-1 

were lower than those observed in the Golfe du Lion because of the much lower par-
ticle mass Jflwr in the Ligurian Sea. . 241 

Studies from t.he VERTEX Programme in t.he North Pacific have shown that Am, 
because of its greater reactivity with particles, is scavenged preferentially from 
the water column compared to 239+240pu {Fowler et. al., 1983; 1985). Activit.y ra
t.ios of 241AIIlf239+240pu as high as 3.0 have bee:;-me;;:sured in large particles from 
sedt.ent: traps at. depth. In contrast:, while 241Am also appears to be removed rapid
ly from the water column in the Mediterranean,. its relative reactivity compared to 
plutonium may be different. as ev;l.l!enced by much lower act.ivit.y rati.os of approxi
mately 0.1 to 0.4 in .t:rapped and suspended {Ballestra et al., 1981) particulates. 

During the DYFAHED I experiment., the Chernobyl ;;;;-cident. occurred on 26 April 
1986 which result.ed in t.he introduction of substantial amounts of artificial radio
nuclides into the Mediterranean region over the following few days. Sediment trap 
analyses for bot.h alpha and gamma emitters showed maximum downward fluxes through 
200 • approximately seven days after t.he peak radioactivity was delivered t.o the 
surface on 3 May. Fluxes in Bq ,.-2 d-1 t.hrough 200 111 during the period 8-15 tray 
averaged 1.3 for 95zr, 1.3 for 103Ru, 0.1 for 134cs, 0.2 for 137cs, 0.7 for·14tce, 
0.7 for 144ce and 0.003 for 239+240p.,. Microscopic examination indicated that most 
of t.he sinking particles were zooplankton fecal pellet.s. Concentrations of the same 
radionuclides in fecal pellets produced by copepods in the surface layers were simi
lar to levels found in the t.rapped particles confirming pellets as the prime con
veyors of radionuclide flux out: of the euphot.ic zone. 

Dry and wet fallout. ~~~easurement:s made at: Monaco during May 1986 were used to 
establish deposition inventories for several of the radionuclides {Holm et. al., in 
press). Coupling these ...,asurement.s with total int:egrat.ed flux of the Cheroobyl
derived radionuclides suggests that: up t.o 76'%. of 239+240pu and 50'%. of t.he Ce nuclides 
deposited in t.his region of t.he Ligurian Sea had passed through 200 m dept.h by 21 
May. For the less part.icle-react:ive 137cs, only 0.21. of t.he t:ot.al amount: deposit.ed 
had reached 200 111 by t.he same time indicating that. aost. of t.he 137cs inventory re
mained in the upper water column after the DYFAHED e:xperiment.. Similar studies 
carried out. in collaboration with the It.alian ENEA during the following July indica
ted t.hat: less part.icle reactive element.s such as the Ru and Cs nuclides were still . 
being t:ransport.ed by sinking part.icles at. all dept.bs down t:o 250 ,. off the coast. of 
La Spezia {Fowler!:.!.!!.!·, in prep.). However, no fallout. signal was det.ect.ed in bot
tom sediments at 500 m at the same site. This preliminary observation suggests the 
presence of a mechanism that considerably slowed the downward descent of these con
taminated particles in deeper waters and their eventual incorporation in bottom 
sediments. More cores from deeper waters are needed to discern the exact time frame 
for the vertical t.ransport: of Chernobyl-derived radionuclides in the Nort.hwest.ern 
Mediterranean. 
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