
IAEA-SM-354/137P XA9952020

Pu-239+240 AND Pu-238 DISTRIBUTION AMONG DISSOLVED, COLLOIDAL AND
PARTICULATE PHASES IN THE RHONE RIVER (FRANCE)

EYROLLE, F.,
IPSN/DPRE/SERE, Laboratoire d'Etudes Radioécologiques Continentales et de la
Méditerranée,
Base IFREMER, BP 330, 83507 La Seyne sur mer;
France

F. GOUTELARD and D. CALMET
IPSN/DPRE/SERE, Laboratoire de Mesure de la Radioactivité de l'environnement,
Bois des Rames, 91400 Orsay,
France

The Rhône River is the major source of terrigenous and freshwater inputs to the Norhwestern
Mediterranean Sea. Plutonium nuclides reach the Rhône River system through the weathering and
erosion of surface soils contaminated by the global fallout from atmospheric nuclear tests, and the
liquid effluent discharges from the Marcoule nuclear fuel reprocessing plant (Fig.l). To substantiate
geochemical behavior of transuranium nuclides and to estimate their availability and toxicity towards
organisms needs the study of their chemical and physical forms in natural water systems.

The determination of plutonium distribution among dissolved, colloidal and paniculate
phases was investigated in the Rhône River at Aries, 50 km upstream the river mouth, in May 1997.
The flow rate of the river reached its average annual value (i.e., 1800 m3 s"1). 1100 1 of fresh water
were collected, a part (900 1) was prefiltered on 1200 and 450 nm, then ultrafiltered by sequential
ultrafiltration. For operational details see[l].

Non filtered (total), filtered (<450 nm) and ultrafiltered (<2 nm) samples were analysed for
plutonium content after co-precipitation with Fe(OH)3 and using radiochemical procedures by solvent
extraction and/or cation exchange. Upon radiochemical separation, plutonium alpha sources were
preparated by electrolytic plating onto stainless-steel discs.

Contrarily to Pu nuclide activities in the Rhône sediments, very few data are available
concerning the Rhône River freshwater. Pu-239+240 and Pu-238 activities measured in the non
filtered sample reached 43,8 ± 2.3 uBql"1 and 17,8 ± 1.3 uBql"1 respectively (Table I). These
activities are lower (-35%) than in August 1989 [2] .This can be related both to a higher Rhône River
flow (i.e., radionuclides dilution) and the decrease in Pu discharges since 1991 (1/400) due to new
treatment processes of the Marcoule liquid effluent [3]. The Pu-238 /Pu-239+240 activity ratios (AR)
measured in the various fractions are not significantly different reflecting as expected the same
physico-chemical behavior of the various Pu isotopes within particulate, colloidal and true dissolved
phases. The average AR value is 0.40 -$• 0.08 which is characteristic of the Marcoule plant's liquid
effluent [4]. Our results indicate than in the Rhône River under moderated flow rate, 85% and 9% of
the total plutonium is associated with particles > 450 nm and colloidal substances (2-450 nm)
respectively. Indeed, Thomas [5] observes that in the Rhône river, the transport of plutonium is
largely under the particulate form. Although some observations have been recently made on colloidal
plutonium association in sea waters [6] and in the Shellafield plant effluents [7], data on plutonium
association with colloidal compounds in natural freshwaters are very scattered. Nevertheless, the
observations reported by [8] and [9] showing an important plutonium affinity for colloidal substances
in groudwaters and superficial freshwaters are consistent with our results.

TABLE I. Pu-239+240 AND Pu-238 ACTIVITIES (uBq I"1) AND Pu-238 /Pu-239+240 ACTIVITY RATIOS
(AR) IN THE RHONE RIVER (1800 m3 s'\ AVERAGE ANNUAL FLOW RATE: 1700 m3 s"1).

Pu-239+240 Pu-238 AR

Total 43,8 ±2.3 17,8 ±1.3 0,41 ±0.04
<450nm 6,67 ±0.66 2,72 ±0.42 0,41 ±0.07
<2nm 2,74 ±0.47 1,04 ±0.32 0,38 ±0.13
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FIG. 1. Sampling area.
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