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A number of nuclear power installations located in the north-western Mediterra
nean (NWM) area are known to enhance 137Cs levels in various marine compart
ments. The nuclear fuel reprocessing plant at Marcoule (France) bas been repor
ted to originate a significant increase of 137Cs in Rhône river waters and 
sediments because of the discharge of low-level liquid radioactive waste. This 
radionuclide may be used as a tracer of oceanographie processes in the NWM; in 
fact, mes of Rhône river origin bas been detected in the Gulf of Lions by severa! 
authors. The results reported in this work correspond to various transect experi
ments in waters of the Catalan Sea and show that: (i) surface salinity measu
rements confrrmed the presence of the Catalan current in the Cap de Creus area; 
(ii) the 1991 Cap de Creus transect showed clearly the presence of 137Cs above a 
baseline leve! of 4.3 ± 0.2 Bq·m-3; (iii) the 1991 Cap de Salou transect showed 
elevated levels towards the coast; (iv) the 1992 Cap de Creus transect showed no 
structure at ail. Therefore, it was concluded that traces of 137Cs from the Marcou
le nuclear fuel reprocessing plant were transported by the Catalan current and 
were detectable in the Catalan Sea with a complex spatio-temporal structure. 

Le l37 Cs comme traceur du courant Catalan. 

Dans le nord-ouest de la Méditerranée, plusieurs centrales nucléaires contribuent 
à élever les concentrations en mes dans divers compartiments de la vie marine. 
L'usine de retraitement des combustibles nucléaires de Marcoule (France) est à 
l'origine d'une élévation des concentrations en mes dans les eaux et les sédi
ments du Rhône à cause des rejets de déchets liquides peu radioactifs. Ce radio
nucléide, détecté dans le golf du Lion, peut y être utilisé comme traceur pour 
interpréter certains phénomènes océanographiques. 

Les résultats réunis dans le présent travail, correspondant à trois radiales dans la 
mer Catalane sont les suivants : 1) le courant Catalan est présent au Cap de 
Creus, comme l'indiquent les mesures de salinité; 2) les concentrations en mes 
dépassent 4,3 ± 0,2 Bq·m-3 sur toute la radiale du Cap de Creus en 1991; 3) les 
concentrations en 137Cs sont élevées près de la côte sur la radiale du Cap de 
Salouen 1991; 4) aucune structure n'est à signaler sur la radiale du Cap de Creus 
en 1992. 
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En conclusion, les traces de 137Cs de l'usine de Marcoule ont été transportées par 
le courant Catalan et détectées dans la Mer Catalane avec une structure spatio
temporelle complexe. 

Oceanologica Acta, 1995, 18, 2, 221-226. 

INTRODUCTION 

Most of the radionuclides present in the marine environ
ment are of natural origin. For example, 4°K, thorium and 
uranium isotopes were formed during nucleosynthesis pro
cesses in stars and 3H, 7Be and 14C are continuously formed 
in the atmosphere by interaction with cosmic radiation. 
However, due to the atmospheric detonation of nuclear 
weapons during the 1950s and the early 1960s, almost all 
the marine compartments show traces of sorne artificial 
radionuclides such as 90Sr, 137Cs and plutonium isotopes. 
Furthermore, these and other artificial radionuclides may 
also be found near radioactive installations, especially 
those related to the nuclear fuel cycle (nuclear power and 
nuclear fuel reprocessing plants) because of the discharge 
oflow-levelliquid radioactive waste. 

Caesium is a highly soluble element in sea water and, 
therefore, is considered to be conservative to the water 
column. For that reason, mes has been used by a number 
of authors as a tracer of water transport in those places 
where levels are enhanced due to the presence of nuclear 
fuel reprocessing plants such as Sellafield (Cumbria, UK) 
in the Irish Sea (Wilson, 1974; Prandle, 1984; McKay and 
Baxter, 1986; Jefferies and Steele, 1989; and many others) 
or La Hague (Bretagne, France) in La Manche (Guegueniat 
et al., 1988; Kautsky, 1988; Nies, 1990; and others). 

A number of nuclear power plants now exist in the north
western Mediterranean (NWM) area which are known to 
enhance mes levels in their vicinity. However, due to the 
rapid mixing processes and high dilution factors of most 
marine environments, the presence of mes is only detec
table at the local scale (Sanchez-Cabeza et al., 1990a). On 
the other band, the comparatively small nuclear fuel repro
cessing plant at Marcoule (France) has been reported to 
give rise to a significant increase of mes in Rhône River 
waters (Martin and Thomas, 1990) and, to a lesser degree, 
in the Gulf of Lions (Calmet et al., 1988; Calmet and Fer
nandez, 1990). 

Surface water circulation in the NWM is dominated by the 
presence of a current associated to the continental slope, 
called the Liguro-Provençal current. V arious studies show 
that this current is still active after passing the Gulf of 
Lions area and enters the Catalan Sea by the Cap de Creus 
(Fig. 1) with a variable and complex structure due to 
mesoscale phenomena, although it is usually easily reco
gnizable (Millot, 1987, 1991; Font et al., 1988; La Violette 
et al., 1990). This current, known as the Liguro-Provenço
Catalan (LPC) current (Castell6n et al., 1990), is characte
rized by a large salinity gradient and, in northern Catalan 
Sea waters, usually shows lower salinity due to the intru
sion of Rhône river waters. 

During the last few years, we have carried out a number of 
studies concerning the presence of radiocaesium, among 
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other radionuclides, along the Spanish Mediterranean 
coast, which indicate the presence of enhanced levels of 
radiocaesium in the Catalan Sea (Vidal-Quadras et al., 
1989; Sanchez-Cabeza et al., 1990b; Molero, 1992) attri
buted to the presence of the nuclear industry in the NWM. 
The ai rn of this work is to study the presence of 137Cs asso
ciated to the LPC current and to demonstrate the possibility 
of detecting the intrusion in the Catalan Sea of mes traces 
released to Rhône river waters by the Marcoule nuclear 
fuel reprocessing plant as low-level liquid radioactive 
wastes. 

MATERIALS AND METHODS 

In order to determine the 137Cs concentration in surface sea 
water, large volume (ca. lOO-litre) samples were collected 
from the selected locations and analysed using a method 
largely based on that described by Dutton (1970) and 
published elsewhere (Molero et al., 1993). Briefly, unfilte
red sea water was immediately acidified to pH = 1.5 using 
nitric acid. Caesium carrier was then added. After homoge
nization, a known amount of ammonium molybdo-phos
phate (AMP) was added and the mixture was stirred for a 
period no shorter than 5 minutes. The colloid was allowed 
to precipitate by spontaneous coagulation and, after sett
ling, it was recovered by decantation. The concentrate was 
dried, placed in a standard geometry and counted for 
2-3 days in a high-resolution low-background gamma 
spectrometry system (GMX, EG&G Ortec). In most cases, 
stable caesium recoveries were checked by flame spectro
metry and, taking into account the mass recovery of AMP, 
were found to be quantitative. 

The Cap de Creus (Fig. 1) was considered to be a good 
area in which to detect the presence of mes of Marcoule 
origin because it marks the southern limit of the Gulf of 
Lions, into which the waters of the Rhône river flow, and 
the slope is very pronounced. In order to observe the pos
sible penetration of radiocaesium traces into inner Catalan 
sea waters, the Cap de Salou area (Fig. 1) was also chosen 
since, although it is much further south, it is free of conta
mination from the Vande116s and Asc6 nuclear power 
plants (Sanchez-Cabeza et al, 1990b). 

1991 Cap de Creus transect 

In April 1991, lOO-litre surface sea water samples were 
collected on board a Ministerio de Obras Publicas boat 
along a transect originating at Cap de Creus and perpendi
cular to the continental shelf break. Samples were collected 
from 9 points separated by 3 nautical miles (n.m.) each and 
processed on board. Small aliquots were also taken for 
salinity determination using a laboratory salinometer 
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(Mini-Sal 2100, AGE Instruments Inc.) calibrated using 
Standard Sea Water P-88 (IAPSO, Institute for Oceanogra
phie Sciences, England). 

1991 Cap de Salau transect 

During May-June 1991, lOO-litre surface sea water 
samples were collected from the Cap de Salou area (Tarra
gona, Spain) on board the B.O. Garcia del Cid (CSIC, 
Spain). As the sampling locations were chosen from a pre
viously established network, the radiocaesium stations had 
variable distances along the transect, with higher density 
towards the Catalan coast. Salinity was determined with a 
CTD probe (Neil Brown Mark III). 

1992 Cap de Creus transect 

Finally, and in order to complete the observations from the 
1991 studies, a similar transect experiment was carried out 
in the Cap de Creus area during 1992 on board the N.O. 
Urania (Sopromar, ltaly). In this case, lOO-litre surface sea 
water samples were collected from points 3 n.m. apart 
along a transect of 40° 20' N latitude. At each point, sali
nity and other parameters were determined to a depth of 
10 metres below the surface with a portable multiparameter 
probe (Ocean Seven, Model 401, Idronaut). For this work, 
only the salinity at a depth of 5 metres was considered. 

For each transect, the uncertainty weighted mean (X) was 
calculated; both the internai and extemal weighted uncer
tainties were calculated (Bambynek, 1988) and quadrati
cally summed ( o). Values outside the 1% confidence inter
val (x ± 2.58-o) were considered to be outliers and 
discarded from the final mean calculation (Sachs, 1978). 
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RESULTS AND DISCUSSION 

Both the 1991 and 1992 Cap de Creus transects showed the 
presence of variable concentrations of salinity (Fig. 2), 
confirming the presence of the LPC current. During the 
1992 campaign, the surface current showed a broad region 
(10 n.m.) of minimum salinity (37.5). In the case of the 
1991 campaign, although the range of salinity fluctuations 
was similar, the structure was not so evident, as the current 
appeared to be divided in two main branches, or else a fila
ment of less saline water was observed at 20 n.m. from the 
coast. In the Cap de Salou area, the presence of less saline 
waters was restricted to the coastal zone and the signature 
of Rhône river waters appeared to be lost due to dilution 
and mixing of waters transported by the LPC current. 

The 137Cs concentrations observed during the transect 
experiments are shown in Figures 3, 4 and 5. In the 1991 
Cap de Creus study (Fig. 3), variable concentrations of 
mes were observed, which ranged from 3.6-5.7 Bq·m-3. 
Excluding outliers (p < 0.01), a baseline value of 4.3 ± 
0.2 Bq·m-3 was obtained. This is identical to the mean 
mes concentration in surface waters of the Algerian basin, 
namely 4.3 ± 1.0 Bq-m-3 (Cigna, 1994), which indicates 
that samples with higher concentrations are due to the pre
sence of enhanced levels of mes in the area. 

During the same year, levels in the Cap de SaJou transect 
were almost constant (Fig. 4), showing a mean concentration 
of 4.2 ± 0.2 Bq·m-3, almost identical to the concentration 
baseline observed in the 1991 Cap de Creus study, which 
further confmns the presence of enhanced levels of 137Cs in 
the 1991 transect. On the other band, concentrations decrea
sed to 3.4 ± 0.2 Bq·m-3 at about 20 n.m. from the coast, indi
cating the confinement of more contaminated waters to the 
coastal area. A similar effect was observed for 125Sb in the 
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Figure 3 

137 Cs concentration in surface sea water samples collected along 
a transect in the Cap de Creus area during 1991. 

6 

5 

cf' 
li= 4 
'CT I s I ,.._ 

M .... 3 
' !/) 

(.) 

2 

Distance from the coast (n.m.) 

Figure4 

137Cs concentration in surface sea water samples collected along 
a transect in the Cap de Salau area during 1991. 

Canal de la Manche (Guegueniat et al., 1988) due to the 
contamination of sea water with low-levelliquid radioactive 
wastes from the nuclear fuel reprocessing plant at La Hague, 
which was also confirrned by numerical models (Salomon 
et al., 1991). The lower 137Cs concentrations observed in the 
< 20 n.m. area are possibly related to the the presence of less 
saline and non-contaminated waters from nearby ri vers. 

In the 1992 Cap de Creus study, although salinity showed 
the intrusion of less saline waters in the Catalan Sea 
(Fig. 2), a structure in 137Cs levels was not detected at ali 
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Figure 5 

137 Cs concentration in surface sea water samples collected along 
a transect in the Cap de Creus area during 1992. 

(Fig. 5). In fact, the mean mes concentration was 4.2 ± 
0.2 Bq·m-3, almost identical to the concentration baseline 
observed in the 1991 study. 

From these three studies it can be concluded that the Cata
lan Sea shows a baseline 137Cs concentration of 4.2 ± 
0.1 Bq·m-3 in open sea waters. As in 1991 the impact of 
Chernobyl 137Cs in surface sea waters could be ignored 
(Calmet et al., 1990), the enhanced levels observed in the 
1991 Cap de Creus transect, associated with Jess saline 
waters transported by the LPC current, could only be attri
buted to the contamination of Rhône river waters with low
level liquid radioactive waste from the Marcoule plant. 
Furthermore, the observed mes distribution shows two 
maxima associated with the minimum salinity regions 
(excluding the coastal stations) of 37.7, which further 
confirms the complex structure of the LPC current during 
the sampling period, presumably due to mesoscale pheno
mena. As the correlation is not complete, it is suggested 
that enhanced 137Cs concentrations are, in fact, associated 
to mesoscale structures within the current. 

Surprisingly, although salinity measurements from the 
1992 Cap de Creus transect showed a well defined structu
re of the Catalan current, the presence of enhanced levels 
of mes was not clearly detected. This can be explained on 
the basis of (i) temporal variability of mes discharged 
from Marcoule to Rhône river waters; (ii) rapid mixing of 
Rhône river with Gulf of Lions waters; and/or (iii) enhan
ced caesium scavenging in the estuarine area. However, 
the fact that 137Cs baseline levels are so consistent indicates 
that the distribution observed during the 1991 Cap de 
Creus transect study is not due to local variability. 

Although it is not possible directly to correlate salinity and 
mes concentrations in the 1991 Cap de Creus study, the 
concentration in the river waters can be estimated by assu-



ming soluble caesium to be perfectly conservative both in 
river and sea water bodies. As the concentration baseline 
appears to correspond to waters uncontaminated by the 
Rhône river influence, it can be used as a baseline nuclear 
fallout concentration corresponding to more saline waters 
transported by the LPC current entering the Gulf of Lions. 
On the other band, the maximum 137Cs concentration can 
be considered as representative of waters under the 
influence of Rhône river waters. Finally, assuming that 
river waters in the Marcoule area have a salinity near to 
zero, and taking into account that the maximum salinity 
observed in the 1991 Cap de Creus study corresponded to 
current waters unaffected by Rhône river waters, one can 
roughly deduce a dilution factor of 1/93. Therefore, the 
original 137Cs concentration in Rhône river waters was 
about 135 Bq·m-3. Although higher, this is of the order of 
magnitude of the maximum leve! observed by Martin and 
Thomas in 1984 (Martin and Thomas, 1990) in Rhône 
river waters, namely 101 Bq·m-3 in the estuarine zone. 

CONCLUSIONS 

The salinity gradient observed in the Cap de Creus area 
during the 1991 and 1992 transect studies showed the pre
sence of the Catalan current. Soluble contaminants present 
in Rhône river waters, such as 137Cs, should also be trans
ported by the current, as was confirmed in the 1991 study. 
This transect also showed the presence of mesoscale phe
nomena associated to the current. However, this effect was 
not observed during the 1992 study, most probably due to 
the variability of low-levelliquid radioactive releases from 
the Marcoule nuclear fuel reprocessing plant. 

This work showed both the possibility of using 137Cs as a 
tracer of the LPC current and, at the same ti me, the limita-
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