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Abstract

The nuclear fuel reprocessing plant at La Hague is the main source of
releases of weakly radioactive waste into the English Channel; there are
also some contributions from nuclear power stations along the coast.
Indicator species, seawater samples and sediments are used to study the
distribution and transfer mechanisms of radionuclides in Channel waters.
The observed pattern of radiolabelled zones is in good agreement with a
hydrodynamic model for the Channel. The variations of activity with time
are discussed in relation to releases from La Hague.

Introduction

Artificial radionuclides entering the English Channel and southern North
Sea (near the Straits of Dover) are mainly derived from releases associated
with the french electronuclear industry (power stations at Flamanville,
Paluel, Penly and Gravelines), the nuclear fuel reprocessing plant at La
Hague as well as various installations in rhe United Kingdom (Fig. 1).
Releases from the Sellafield plant do not appear to have a detectable
effect on Channel waters'1), while the spike from the Chernobyl accident is
only of weak intensity^1'^). The monitored release of weakly radioactive
wastes from nuclear installations is strictly supervised in France by the
SCPRI as well as the respective specialized departments of COGEMA, EDF and
the French Navy. These bodies have the task of monitoring levels of
radioactivity in the vicinity of each point of release. The Laboratoire
d'Etudes Radioécologiques de la Façade Atlantique (LERFA - La Hague) has
the objective of ascertaining the fate of released radionuclides whatever
their level of activity. This means that the work of LERFA extends over a
wide geographical area (i.e. the entire Channel and North Sea). LERFA is
also involved in defining the various radiolabelled zones within these sea-
areas and accounting for the spatio-temporal distribution of radiotracers
in the different physical and/or biological compartments.

The reprocessing plant at La Hague constitutes the major source of
artificial radionuclides (e.g. 125Sb, 106Ru-Rh, the transuranics, 99Tc,
...) which can be monitored along the coasts of the Channel. At some
localities, the activity of certain radionuclides (as ^Co) is seen to
increase, and other elements appear (e.g. 1 1 O mAg < 50, 54Mn < 5, 58Co < 10
Bg kg"1 dry weight); these observations refer to bioindicator species
collected near coastal nuclear installations'3).

The present investigation describes the impact cf industrial releases on
the levels of radioactivity measured in Channel waters; this work is based
en numerous studies carried out by LERFA. Several illustrative examples are
giver: here, but a report will shortly appear giving a more complete set of
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Spatial distribution of radionuclidas

Particular attention haa been paid to the measurement of radioactive
tracers showing a conservative behaviour in seawater; this is because such
tracers (125Sb, 1 3 7Cs, 99Tc, etc.) make it possible to study the
displacement of water masses. The most complete mapping of 125Sb
distribution yet obtained in the Channel is based on observations carried
out during June 1986(1) (Fig. 1). From this survey, it can be seen that
radionuclides released from the La Hague plant are mainly carried off
towards the east. A pattern of parallel bands is apparent, with a strong
activity decreasing gradient observed between the English and French
territorial waters. These observations are supported by measurements of
gamma-emitters and 99Tc in bioindicator species^2'3'4)• The spatial
distribution of activities is the result of transport characteristics and
dilution phenomena, as indicated by the 106Ru-Rh distribution in fucus
compared with the pattern of residual lagrangian circulation and the long-
term flow trajectories derived from mathematical modelling (Fig. 2)(5).
About 95% of the releases from La Hague are dispersed towards the east,
whereas 5% are transported westwards ( 1 M 6 ) .

As regards the distribution of gamma-emitters in the bioindicators, some
particular features are observed which reveal the existence of zones where
activity does not fall off as a function of distance from the point source
(e.g. western coast of the Cotentin, western baie de Seine and coast off
the Pays de Caux)(3). However, it would appear that these "radiolabelled
zones" are not always so clearly defined for soluble radionuclides such as
9 9Tc and 90Sr(3J, particularly along the western coast of the Cotentin. On
the basis of sediment analyses, Guegueniat et al. (7) have shown that the
radionuclides have different distributions according to their physico-
chemical behaviours; most of the soluble elements move eastward from La
Hague, whereas the particulate elements are mainly deposited in the west.
In addition to the parameters described above, the spatial distribution in
bioindicator is dependant on factors which are inherent to the species
themselves (i.e. ecology, ethology,transfer kinetics, etc.). In limpet
{Patella sp.) flesh samples from Dielette (15 km from La Hague), the 106Ru-
Rh activity fell from 51 to 14 Bq kg"1 dry weight (mean value X = 26)
during the period from January to December 1991. Similarly, samples from
Wimereux (280 km from La Hague) show a decrease in activity from 53 to 12
(X = 27) Bq kg"1 dry weight over the same period; for 2 3 9 + 240Pu, the
annual mean activity in 1991 was 0.14 Bq kg"1 at Dielette and 0.20 Bq kg"1

at Wimereux. On the other hand, the Fucus serratus samples from Dielette
show systematically higher activities than at Wimereux (annual mean
activity of 106Ru-Rh in Bq kg"1 is 43 at Dielette and 22 at Wimereux (Table
1); the 2 3 9 + 240Pu activity is 0.46 at Dielette and 0.18 at Wimereux, in
1991).

Activity levels in English Channel waters and variations with time

Very recently, the processing of analytical results from seawater samples
taken near the La Hague waste outlet has shown that the influence of
radionuclide releases on the level of activity in these waters takes place
in two stages: a short-term effect is observed about two weeks after
emission into the marine environment, whereas another distinct phase can be
recognized several months after the initial release. These two stages are
controlled by the displacement of regional water masses'8). An offset has
alsc been clearly observed between the quantities released at the source
a.-.d zr.e raiioacrivitv levels measured in bioi.-.dicator sreries'^ ).



Although many ecological and physiological parameters can influence the
level of radioaetivityf3'10'11), fluctuations in releases from nuclear
installations constitute the main factor controlling the variations of
activity with time. The decrease in quantities of radionuclides released
from the La Hague plant is conditioning the current trend towards a
lowering of radionuclide concentrations in various compartments of the
natural environment.
In the light of the above, a clear drop in levels of 125Sb, 106Ru-Rh and
99Tc has been noticed in seawater off the northern Cotentin since 1990
(Table 1). The activity of plutonium isotopes is estimated at a few //Bq I - 1

during 1992. 2 3 7Np levels of the order of 10-30 pBq I"1 (11J and tritium
levels of the order of 3.5 Bq I"1 are recorded in this area. 137Cs
activities are higher than those characteristic of fallout material (> 5.6
mBq I"1 and < 15 mBq I" 1).

Recent results from bioindicators (Table 1) also indicate a clear decrease
in levels of 106Ru-Rh and 99Tc, coupled with a more limited decrease in
60Co and 2 3 9 + 240Pu. During early 1992, radionuclide activities in F.
sarr&tus collected on the northern Cotentin coast were as follows (units
are Bq kg"1 dry weight):
- 106Ru-Rh: < 40; 60Co < 60; 137Cs < 3; 99Tc < 600;
239 + 240Pu < 1 ; 125sb < 5.

Levels of 1 2 9I are lower than 10 Bq kg"1 dry weight (1984)<12), while 90Sr
activities are less than 8 Bq kg"1 dry weight (1988). In all bioindicator
species, levels of 237Np are beneath 200 mBq kg"1 dry weight (1986)^11). As
regards 60Co, different trends can be seen between seawater and indicator
species; this is reflected in the higher seawater activities observed in
January and February, giving values which put a weighting on the annual
average.

The dominant radionuclidr present in the sediments is 106Ru-Rh; 144Ce-Pr
also used to yield some igh activities, but it ceased to be analysed
towards the end of the 1970s. Over the past few years, levels of 106Ru-Rh
have dropped off sharply, with values in the northern Cotentin falling from
1,500-3,000 to a few tens of Bq kg"1 dry weight.

The trend towards lower activity levels can be profitably used to gain an
understanding of the kinetics of radionuclide transport in the Channel as
well as the elimination of these elements in sediments and living
organisms. This will enable the development of models for elemental
transfer in Channel waters. This type of modelling should also involve the
incorporation of hydrodynamic, physiological and ecological effects, as
suggested by the differences existing between the ratio of the activity of
wastes released in 1987 and 1991 compared with those of the levels recorded
in various components of the environment at the same periods (Table 1).



An extensive set of different pathways - including aerosols<13) - were
taken into consideration to describe the transfer of radionuclides towards
humans. The radiological impact is weak(14', being less than 1% of the
admissible dose. Neither the processing of seaweed during the extraction of
gelling compounds nor food preparation techniques are capable of enriching
the activity of radionuclides in consumer products'15).

Footnote

The recent analytical results mentioned in this article were obtained by
staff at LERFA (F. Guegueniat, P. Germain, M. Masson, D. Boust, A.
Fraizier, P. Bailly du Bois, R. Gandon, R. Léon and G. Leclerc).
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