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SUMMARY. Radiogenic isotopes commonly used in solid Earth Sciences (Sr, Pb etc.) have
proved very efficient in deciphering the information contained in the dissolved and particulate
loads transported by oceans and rivers. In particular, they allow quantifying mixing processes,
calculating erosion rates of basins, evaluating pollution phenomena etc. While these studies have
up to now rather dealt with large scale basins with long time of transfer (month-week), we show
that they may also bring very important constraints on the short time scale (day-hour) phenomena
affecting small scale watersheds, such as : origins and paths of waters (with Sr isotopes; Ben
Othman et al. (1)); origins, mobilization and fate of metals (with Pb isotopes).

1. INTRODUCTION

Some chemical elements have isotopes which
are the products of very long-lived (x~Ga)
naturally radioactive isotopes. Two such
mother/daughter systems are : 87Rb.>87gr On
one hand; and 238U->206Pb, 235U->207Pb,
232Th->208Pb on the other. These systems
have been used for decades in Earth Sciences
for dating and tracing purposes : the use of
the natural isotopic variations of the
daughters measured today in various rocks
has enabled Earth scientists to reconstruct
Earth history, crustal evolution, ocean floor
and sediment recycling into the mantle, etc.

More recently, and thanks to its unique
ability to constrain the origins ("sources")
of these elements, isotopic geochemistry
applied to rivers has allowed to calculate
mixing proportions of waters, establish
erosion rates etc. Up to now, mainly large
scale basins have been examined, because the
effects are smoothed out by the large sizes
and the long times of transfer, and therefore
easier to model. In environmental problems
at the regional or local scale, some effects are
transient, and deciphering the various
sources of elements is more difficult.
However the coupling of major, trace
element and radiogenic isotope data may
bring important constraints on the processes

mobilizing the waters and their loads
(dissolved and particulate).
We have tried to address this problem by
decomposing the geochemical and isotopic
data gathered at the outflow of a river (the
Vene, South France) draining a small
anthropic catchment. This study is twofold
and includes both a year-long monitoring
and a flood, thereby allowing long and
short-time processes to be looked at.

2.SAMPLING AND ANALYTICAL
PROCEDURE

The 70 km2 watershed is located along the
Mediterranean coast, is composed of Jurassic
karstified carbonates overlain in the central
part by Miocene marls, and is drained by the
river Vene. It is covered with vineyards, cut
by an important road network (highway) and
is the location of several villages with water
treatment plants which directly feed the river.
A 2-year monitoring has been conducted
with bi-weekly sampling. Water samples were
also collected over a 4-day flood in
September 1994. Many of the chemicals
accumulated on the watershed during the dry
summer (fertilizers, chemicals, lead from
gasoline etc.) were therefore still available
for mobilization.



While Sr and other alkali-earths and alkalis
are partitionned between dissolved and
participate loads of a river, several metals
(like Pb) are mostly associated to transported
particles. These different behaviours require
filtration and analysis of the two phases.
Samples were filtered on 0.4|i.m
(monitoring) or 0.2nm (flood) teflon filters
just after collection in a clean lab under
laminar flow (class 100 US). All subsequent
chemistry (Sr and Pb separation according to
Birck (2) and Manhes et al. (3) respectively)
was done in the clean lab with our own
teflon-distilled acids.

3. CHARACTERIZATION
ENDMEMBERS/SOURCES

OF

In order to constrain the origin(s) of the
elements in a particular context, a thorough
coverage of the geochemical and isotopic
characteristics of their possible sources is
necessary. This has to be done both for the
natural and anthropic sources.

Whole rocks of the different lithologies were
analyzed in their major, trace elements and
Sr and Pb isotopes to constrain the
endmembers for the paniculate load, while
rock leaches were used as proxies for the
dissolved phase natural endmembers. As to
regard the anthropic sources, the following
were analyzed : highway runoff, vineyard
fertilizers and chemicals, water treatment
plant outflows, nearby industrial dust
emissions etc.

4. TRACE ELEMENT DATA
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Figure 1. Dissolved trace elements in the
Vene and other rivers.

Selected dissolved trace element
concentrations are presented in Figure 1 and

compared to major and french rivers (Zhang
et al. (4, Edmond et al. (5, Elbaz-Poulichet et
al. (6, Guieu et al. (7, Shiller et al. (8)).
They show that the river is moderately
polluted with respect to world average,
except for Cu and Zn. Pb in particular
shows levels lower than the Seine by almost 2
orders of magnitude, despite the very high
road traffic : this is probably due to the
immobilization of the element in the soils as
suggested by Erel et al. (9).

5. ISOTOPIC DATA

Radiogenic isotopes may be used to look at
natural as well as anthropic effects Goldstein
et al. (10), Goldstein et al. (11), Negrel et al.
(12), Negrel et al. (13), Allegre et al. (14),
Asmeron et al. (15). Because of its high
abundance (ppm) in natural rocks, Sr is
usually considered as a good tracer for
understanding weathering processes. On the
other hand, because of the heavy use of
metals in human activities, lead is considered
to be a good tracer for metal emissions and
pollutions. As an example, in Europe, lead
incorporated in gasoline comes from
precambrian mines (Australia...) and has a
distinctly low isotopic composition, easily
recognizable.

Monitoring
The carbonate nature of the rocks dominates
in the watershed and reduces the variability
of the Sr isotopes (A87sr/86sr ~ 0.001),
barely one tenth of what is usually observed
between granites and carbonates (e.g. Negrel
et al. (12)). However, there is a clear
difference in the 87Sr/86Sr of the river when
it flows on the Miocene soils alone and when
it is also fed by karstic springs (Petelet et al.
(16)).

A previous study by Monna et al. (17) on
the total load had shown that the Pb isotopes
and trace element ratios (like [Pb]/[Zn]) were
roughly related to the numbers of days
elapsed after rain, The first days showed the
importance of metals derived from the road
network (gasoline lead), followed by the
appearance of the isotopic signatures of the
rocks, while in dry seasons, the Vene carries
mainly the imprint of the Water Treat. Plants.

These studies provided the basis for studying
in more details at a short time scale the
movements of waters and loads over a flood.

Flood
The usual [Cl]-based corrections for rain
inputs gave rise to negative values for [Na]
and [K], showing the presence of anthropic



sources of chlorine in the catchment. Data
were therefore treated uncorrected for
atmospheric inputs.

Sr Isotopes. Sr isotopes combined with
major element and trace element data
allowed to separate the flood in 3 major steps
(see for more details Ben Othman et al. (1)):
1- the rain influence, scavenging and
dissolution of aerosols, and imprint of the
Water Treatment Plants (2 of those could be
"seen" successively within a few hours); 2-
the imprint of the soil signature, very stable
over the discharge increase; 3- the increasing
but alternating imprints of soil and karstic
waters. The unique use of isotopes allowed to
calculate the mixing proportions of the
various endmembers identified (as shown in
Figure 2).
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Figure 2. 8?Sr/86Sr vs Mg/Na

Pb Isotopes.
Pb isotopes in the first samples, whether
dissolved or particulate, show the strong
influence of lead derived from the road (a
mixture of gasoline Pb and wearing of tires
and asphalt). Combination of trace element
ratios and Pb isotopes also show the
continuous influence of chemicals used on
vineyards and accumulated on the area for
decades.

Pb data define a domain for both kinds of
samples (dissolved or particulate) that
somewhat overlaps the domain defined by
the monitoring. It is located between 2 main
types of mendmembers : natural (rocks) and
anthropic (road) and we can observe the very
good alignment of the points. When
considering each sample, lead in the
dissolved load is usually more affected by
gasoline lead or vineyard chemicals (i.e. it
has lower values) than the particulate.
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Figure 3. 207Pb/206pb v e r s u s 204pb/206pb

Sr-Pb coupling : Sr isotopes in the
dissolved phase show general inverse
variations with respect to Pb isotopes in the
particulate phase (Figure 4). Even more
specifically, the 4 late oscillations are
perfectly negatively correlated. This
coupling represents the on-field coupling
between the two mechanisms responsible for
erosion : the chemical (giving the dissolved
load) and the mechanical ( giving the
particulate load). One endmember
corresponds to the low Sr/high Pb values of
the karst, while the other corresponds to
surface soil contaminated for decades with
various anthropic Pb (as shown by the
extractable fraction identified in recent
sediments of the V6ne estuary by Fillion et
al. (18)).
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Figure 4. 8?Sr/86Sr & 208pb/204Pb VS time

5. CONCLUSION.
The combined use of major, trace elements
and radiogenic isotopes has allowed to
build here a simplified dynamic model for
the movements and mixings of water
masses and their loads over.the flood.



Isotopes clearly showed, among others, the
influence of Water Treatment Plants, that of
metals from the road network, and the
alternating flushes of surface and deep
waters. More generally, the analysis in
water samples of radiogenic isotopes (Sr,
Pb, Nd, Os) which are characteristic of
either the encountered lithologies and/or
human activities allows to calculate the
origin(s) and proportions of these elements
in the river. For environmental purposes,
combining these information with trace
element concentrations will allow to
constrain the fate and bio-availability of
elements, and could potentially suggest
remediation schemes, provided there is a
good geochemical coverage of the potential
sources. Furthermore, from these data it
will become feasible to constrain more
precisely water paths when more is known
about the water/rock geochemical
interactions and the "conservative"
behaviour of elements to be used as
unstable tracers.
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