
Additionally, we investigated the possibility of measuring both 224Ra and 223Ra activities - that are 
used to trace submarine groundwater discharge - by gamma spectrometry. Radium isotopes were 
thus i) separated from water samples collected in the Vaccarès pond using either MnO2 fiber or 
BaSO4 co-precipitation and ii) measured using either RaDeCC (alpha spectrometry) or gamma 
spectrometry at the underground laboratory of Modane. 
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We measured 226Ra and 228Ra activities in seawater, suspended and sinking 
particles collected at the DYFAMED station in the Western Mediterranean Sea 
(BARMED program). Measurements were made by gamma counting at the 
underground laboratory of Modane in the French Alps. 228Ra/226Ra ratios were 
used to track the origin and fate of barite (BaSO4) crystals in the water 
column. We also show that the 228Ra/226Ra ratios in particles can provide 
information on aggregation/ disaggregation processes. 



Sample Collection
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Seawater samples were collected using Niskin bottles
(20-50 l) for the analysis of Ra isotopes in seawater. Ra 
isotopes were then isolated by coprecipitation with a Ba
carrier in large baskets.
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In the framework of the BARMED program (PROOF/ 
INSU), the DYFAMED station (2,350 m) was visited 5 
times at different seasons of year 2003 (from January 
to June) to track the build-up and fate of barite 
(BaSO4) crystals with time (Fig. 1). 

Suspended particles were collected using in-
situ pumps that allow us to filter large volumes 
of seawater. Up to 2400 l could thus be filtered
for a single sample (Fig. 2). 

Fig. 1

Fig. 2Finally, sinking particles were
collected in the framework of the 
DYFAMED sediment trap time-
series using sediment traps moored 
at two depths : 200 and 1000 m 
(Fig.3). 

Fig. 3



Radium isotopes
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Ra isotopes are produced in the sediments
(Fig.4). They are soluble elements. Once 
produced, they diffuse in the water column. A 
water mass that is in contact with shallow
sediments is enriched in Ra. Therefore, Ra 
isotopes have been widely used to trace water
mass pathways .

223Ra and 224Ra are used to trace submarine
groundwater discharge . 

Chemical analogues of Ba, Ra isotopes are also
incorporated in barite cristals (BaSO4) that form
in the upper water column and that settle to the
deep-sea floor (Fig. 5). The analysis of Ra 
isotopes in particles (or in barite) can thus give
information on particle dynamics (aggregation/ 
disaggregation processes, lateral transport, origin
of barite crystals in the water column etc…).

Fig. 4

Fig. 5



Analytical Methods
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LSM

226Ra and 228Ra activities in seawater and
particles were measured at the
underground laboratory of Modane (LSM; 
French Alps), using well-type germanium 
detectors (Fig.6).

Dissolved Ba concentrations were measured
by isotope dilution using the ICP/MS facility
at OMP, Toulouse.  

Ba, Sr, 232Th concentrations in both
suspended and sinking particles were also
measured by ICP/MS.

Particulate Ra and Ba associated with barite
crystals were obtained as follows :
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Results (I)

High Sr

Suspended particles in the upper 500 m display a 226Raex/Baex ratio higher than
the seawater ratio (Fig. 7).

High 226Raex/Baex ratios were attributed to acantharian skeletons (Fig. 8). 
Acantharians may thus be responsible for the decrease in the 226Ra activities
and 226Ra/Ba ratios observed in seawater from February to June (Fig.9). 

Acantharians skeletons enriched
in Ra may thus 1) impact Ra 
cycling and 2) contribute to 
barite precipitation in shallow 
waters. 
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Results (II)

Most of the particulate Ba is associated with barite, BaSO4 (Fig. 10)

228Raex/226Raex ratios suggest that barite precipitate in the upper 500 m but also
deeper (that is, throughout the mesopelagic layer) (Fig. 11).

228Raex/226Raex ratios of sinking particles intercepted at 1000 m depth suggest
little disaggregation of particles originating from the upper 300 m in March. 

Winter : deep barite precipitation; little disaggregation at intermediate depths
Spring bloom : shallow barite precipitation; significant disaggregation

BaSO4 crystals
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224Ra, 223Ra (Vaccarès pond, Camargue)
Results (III)

This work was made in collaboration with O. Radakovitch, 
B. Hamelin, A. Mayer and C. Claude at Cerege
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224Ra and 223Ra have been widely used i) to trace 
and estimate fluxes of submarine groundwater
discharge and ii) to study horizontal mixing in 
coastal areas.

In this work, we measured 224Ra and 223Ra 
activities using a Radium Delayed Coincidence
Counter (RaDeCC) or gamma counting at the
underground laboratory of Modane. 
We tested 2 methods to remove Ra from
seawater : filtration on MnO2 fiber and BaSO4 co-
precipitation. 

Samples collected in
september 2006
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