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ABSTRACT 
 
As pan of the EROS-2000 project (European River Ocean Systems),
sediment samples were collected in the North Western basin of the
Mediterranean Sea in May 1990. In these samples trace and/or major
elements were determined to advance the knowledge about the
concentration, sources and cycles of natural and anthropogenic
constituents in coastal areas. 
Three fractions were determined: the porewater fraction which
contains all dissolved elements the leachable fraction which contains
all easily available elements and the residual fraction which contains
the strongly bound elements in the sediments. The results show that
the investigated area can be separated into five "sub-areas" which are
different in element concentration, leachable fraction and
sedimentary composition. Highest concentrations of trace elements
are found in sediments closest to the Rh6ne delta. In this area several
diagenetic processes are observable. 
In summary the Rhone is probably the major source for several
(trace-) elements to the Gulf of Lions which is located close to the
river mouth of the Rhone. The influence of the Ebro on (trace-)
element concentrations in the sediments close to the river mouth is
probably minimal. 

INTRODUCTION 

The fate of materials discharged from the continents into the sea depends
to a large extent on biogeochemical processes. These processes occur in
estuaries and in shelf seas. It is necessary to increase our knowledge about
these processes because it can help with the interpretation of the effects of
anthropogenic discharges. Furthermore. an evaluation of the capacity of
estuaries and shelf seas to accept wastes without detrimental effects is
sometimes possible (Anonymous, 1986). The basic processes which are
important to the abundance and manifestation of pollutants are common in
all coastal areas. Differences can occur through the differences in material
input, 
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through the differences in times-scales of mixing and transport and through
the differences in biological productivity (Anonymous, 1986). 

The capacity of coastal areas to receive pollutants without undue
detrimental effects is of main economic importance. Therefore, and as well
as for defending a coastal area against remaining detriment, a better
understanding of the source and sink functions of these areas is needed. 

The research presented in this paper is mainly concentrated on the
"Gulf of Lions" which is influenced by the main rivers Rhone and Ebro and
by atmospheric inputs (Nolting and Helder 1991). The water and sediment
input by the Rhone into the area are 53.5 km3.year-l (Martin et al, 1989) and
3.45 - 108 kg. Year-l (Zuo et al, 1989) respectively. Sediment deposition
rates in the N.W.basin of the Mediterranean Sea are highest near the river
mouth of the Rhone (0.63 cm. year -l) and decrease with increasing water
depth and distance from the river mouth down to 0.02 cm. year -l (Zuo et al,
1989). The total organic carbon content in the surface sediment is 2.17 %
near the river and decreases down to 0.35 % far away from the river mouth
(Lipiatou and Saliot, 1991). The influence of the Ebro on deposition rates
and total organic carbon content is still unknown. 

The atmosphere is also a route for materials entering the Mediterranean
Sea. The Western Mediterranean is bordered on the Northern shoreline by
industrialized nations (France, Italy and Spain). Aerosols transported from
this region originate mainly in the "European pollution belt". The southern
region is bordered by the "North African desert belt", one of the most
important reservoirs of natural aerosols in the world (Anonymous, 1986). 

In this paper the data obtained from trace and major element analysis in
sediments and in porewaters of the North Western basin of the
Mediterranean Sea collected during the EROS-2000 cruise in the year 1990
are discussed. 

METHODS 

In may 1990, 13 
boxcores were collected in 
the North Western basin of 
the Mediterranean Sea. (Fig. 
I). The used boxcorer (ø = 
30 cm, L = 50 cm) was 
specially designed to collect 
undisturbed sediment cores. 
This means that during the 
upcast no exchange of 
overlying water and 
porewater tooks place. On 
board, the overlying water 
was carefully syphoned off. 
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After removing almost all the overlying water, three subsamples were

taken by inserting plastic pipes (Ǿ = 6 em, L = 30 cm) into the sediment
core. Then the plastic pipes were carefully removed from the box core and
closed with rubber stoppers. In a cooled laboratory container the first 14 cm
of the subsamples were divided into ten slices, with a thickness of 0.5 cm at
the top of the core up to 4.0 cm at me end. Slices of the same depth were
combined in clean teflon squeezers which were described by Reeburgh
(1967). 

Porewaters were corrected in acid cleaned polyethylene bottles by
squeezing the sediment-slices over a 0.2 µm cellulose-acetate filter under
nitrogen pressure of 1.5-2.0 bar and acidified to pH = 2 with concentrated
hydrochloric acid (supra pur). Until analysis the sediments were stored in a
freezer in clean plastic bags and the porewaters were stored in a
refrigerator. All results and methods are given in Hoogstraten and Nolting,
(1991). 

2. Sediment analysis 
After thawing, about three gramme of each sediment was transferred

into petri-dishes and dried at 60° C for at least 24 hours and grind in an acid
cleaned teflon monaro To determine me leachable fraction, which contains
the easily leachable metals (Duinker and Nolting, 1976), about 0.1 grammes
of the dry ground sediment was quantitatively transferred into acid cleaned
50 ml polypropylene volumetric flasks. This was treated with 0.1 N
hydrochloric acid (supra pur) for 18 hours and than fIltered over a pre acid
cleaned 0.45 _ cellulose nitrate Sartorius ® fIlter. 

The residual fraction was determined by the use of teflon bombs
(Rantala and Loring, 1977a). Destruction of the residual material was done
by placing the bombs (with filters, hydrofluoric acid and aqua regia) into a
furnace for two hours at 110°C (Rantala and Loring, I 97Th). After cooling,
the solution was quantitatively transferred into acid cleaned 50 millilitre
volumetric flasks which contained 30 millilitre saturated boric acid (supra
pur). 

Major elements (Ca, Mg, Fe, AI, Si, Zn) were determined by using
Flame Atomic Absorption Spectrophotometry (FAAS). Trace elements
(Cd, Cu, Pb, Ni) by using the Stabilized Temperature Platform Furnace
technique (STPF) by graphite furnace. Chromium was determined by
FlaDle AAS and Flameless AAS for the leachable fraction and the residual
fraction respectively. The leachable concentration plus the residual
concentration yield the total content expressed in _g-g-l dry sediment (ppm)
for Cd, Cu, Pb, Ni. Cr, Zn and Mn and in % of dry sediment (cg.g-l) for Fe,
Mg, Ca, Al and Si. 

3. Porewater analysis 
In the porewaters Fe. Mn and Zn were determined directly by FAAS. A 

more extended description of the analytical procedure can be found in, 
Hoogstraten and Nolting (1991). 

4. Reference sample 
 To test the quality of the obtained data, two contrasting reference 
samples (Community Bureau of Reference- BCR, Brussels) were analysed 

-439- 



 

three times. BCR No 142 which was a light sandy soil and BCR No.143 a
sewage sludge amended soil. Results are shown in table I.

 BCR 142 BCR 143 
element determined certified determined certified 

Cd 0.27 ± 0.09 0.25 ± 0.09  31.1 ±t1.2 

Cn 25.4 ±  0.8 27.6 ±  0.6 216 236.5  ± 8.2 
Ni 27.4: ± 1.0 29.2 ± 2.5 101.3 99.5 ± 5.5 
Ph 35.6 ± 1.2 37.8 ± 1.9  1333 ± 39 
Zn 110.1 ± 8.8 92.4 ± 4.4  1272 ± 30 
Cr 52.4 ±  1.5 (74.9) 221 (228) 
Mn 529 ± 17 (569) 830 (999) 

MgO 1.11 ±  0.05 (1.09) 5.18 (4.90) 
Fe203 2.60 ± 0.20 (2.80) 3.54 ± 0.26 (3.75) 
AI2O3 8.02 ±  0.55 (9.48) 9.00±0.62 (10.13) 
010 4.72 ± 0.17 (4.94) 9.10± 0.30 (9.35) 
Si02 70.8 ± 9 (68.22) 57.9 ±7.4 (42.72) 

Table 1: Results of the BCR samples. Values between parenthesis are not
certified values (concentrations for Cd. Cu, Ni, Pb, Cr, Zn and
Mn in µg.g-l and for Fe2O3, MgO, A12O3, Cao and SiO2 in %).

RESULTS AND DISCUSSIONS

 

 

 

Cadmium concentrations are high in sediments closest to the Rhone
~2µg.g-l and low near the Ebro ~0.40 µ.g.g-l. Concentrations decrease with
increasing distance from the rivers. Lowest ~0.15 µg.g-l concentrations are
found far from the two rivers at stations 10 and 16 (Fig. 2). This decrease by a
factor of 10 (Rhone/Mediterranean Sea) is comparable with results from Fernex
et al. (1986). 

Copper show concentrations which are highest in the deeper parts of the
bay ~85 µg.g-l and close to the Rhone ~66 µg.g-l. Near the Ebro and in the
middle of the area (stations 4, 6, 7, 8, 10, 11, 13. 16 and 19) lower
concentrations ~30 µg.g-l are found. This pattern was- reported before
(Nolting.1989) and. can be a. result of mobilisation processes, whereby copper 

1. Geographical distribution
The geographical distribution of trace and major elements expressed

on a calcium carbonate free basis is presented (Fig. 2). All values are an
average of the concentrations found in the upper layer of the sediments (0-2
cm). 
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is mobilized from freshly deposited sediments and funher seaward again readsorps to older sediments. (In 
accordance to Femex et al. 1986 ). or to the geological background 

Nickel concentrations are ratherunifonn in the area (~50µg.g-l) while. close to the Ebro lower 
concentrations are found ~35 µg.g-l. 

 
-441-



 

Chromium concentrations are generally uniform ~100 µg.g-l but a small decrease is found in the
sediments close to the Ebro ~70 _µg.g-l. Just like nickel. the influence of the RhOne and the Ebro on
chromium concentrations in sediments from the N.W. Mediterranean is probably minimal. 

Zinc concentrations in the area decrease with increasing distance from the Rhone. The highest
concentration is found near the Rhone ~300 _µg.g-l. Far away from the river concentrations are lowered
by a factor of 2 (~150 _µg.g-l (Fig. 2), indicating that the influence of the RhOne on the zinc
concentrations is remarkable 

The geographical distribution of manganese is difficult to describe (Figure 2). Through early
diagenesis, the reduction of Mn-oxides can take place which makes it difficult to deduce the influence of
the Rhone and the Ebro on manganese concentrations. Manganese concentrations near the Rhone are
~1000 _µg.g-l and near the Ebro  ~700 _µg.g-l . Notable is the concentration at the stations 4, 8 and 10
(~1700 _µg.g-l). 

Fe, Mg, Ca, Al and Si are expressed as Fe203, MgO, CaCO3, Al203 and SiO2 respectively (Fig. 3).
The distribution of oxides and carbona_es shows the following profiles: The aluminium oxide, iron
oxide and magnesium oxide contents in the sediments are generally uniform even with increasing
distance from the river (10%, 5% and 3% respectively). Silicon-oxide decreases and calciumcarbonate
increases with increasing distance from the river (Fig. 3). The increase of calcium carbonate is probably
due to tile production of biogenic calcium carbonate in the deeper parts of the Mediterranean Sea (the
abundance of biological material e,q, coccolites, was observed by the use of a Scanning Electron
Microscope). The distribution of the oxides and the carbonates in the vicinity of the Ebro shows almost
the same profiles as described above (Fig. 3). Noticeable is, however, the increase of aluminium oxide
which interferes with a decrease in calcium carbonate halfway down the area (stations 8 and 10) 

2. The leachable fraction 
The (0.1 N HC!) leachable contents depend mostly on the presence of "weakly bounded"

constituents, which are available as manganese-oxides, iron-oxides, calcium carbonate and
organic matter. Residual contents are mostly correlated to inorganic particles (e.g. clay
minerals, silicates). Figure 4 shows the mean leachable contents and the mean residual contents
in areas near the Rhone and the Ebro. The leachable and residual contents in these figures are
averages of the contents of each boxcore station (0-15 cm). 

High residual Cd-contents are found in sediments close to the Rhone (> 80 %). High
leachable Cd-contents are found in the other stations. In relation to high total cadmium
concentrations which are described in the previous paragraph, it is likely that residual Cd which
is transported by the Rhone is deposited in the areas near the river mouth. The leachable Cu-
content varies from 60 % in the vicinity of the Rhone down to 25 % half-way
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Figure 3: The mean contents of elementoxides and element carbonates in the upperlayer (0-2 cm) of sediments
in the vicinity of the Rhone (upper) and in the vicinity of the Ebro (lower) 

the area, and again up to 55 % in the deeper pan of the Mediterranean Sea. 
This low leachable copper content explains maybe the low total copper content as a result of mobilisation
processes, whereby leachable. copper is removed from the sediment and so decre_sthetotal content. The data
show that the investigated area can be separated into three different parts. In relation to the leachable Ni-
contents, the investigated area can be separated into two different pans. One part with small leachabl_ Ni-
contents and ano_r part with higher leachable Ni-contents (10% and 50% respectively). Because of the uniform
concentrations of nickel in the area it is not likely that nickel from the Rhone is deposited in any of these areas.
Thus the observed increase in the leachable fraction is probably not correlated to any .influence of the Rhone
but more through differences in sediment composition. Chromium and. aluminium
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show very low leachable_ contents < 10%). Because the most important clay
minerals in the N.W. Mediterranean Sea are (Rateyev et al, 1981), Hydromicas 
(KAI4Si7AIO20(OH)4) and Kaolinite (AI2Si2O5(OH)4) the observed high residual 
AI-content could be expected. The influence of the Rhône on the chromium and 
aluminium concentrations is not clear. Iron shows the same profile as nickel,
two areas which different concentrations. The leachable Mn-content increases 
with increasing distance from the river. Such an increase can occur as a result of
the formation of exchangeable Mn-oxides in the deepe oxic sediments of the 
Mediterranean sea. 

The leachable Cd-content near the Ebro is relatively high (~80%). Halfway 
the area, a decrease in the leachable content occurs but at the stations in the
deeper parts of the Gulf this content increase again. This pattern resembles that
of aluminum oxide. which shows also an increase in content in this area. It
means that the sediments in the investigated area have different properties. It 
also shows that sediments supplied by the Ebro behaves different from that of 
the Rhône. All the other elements show the same profiles as that presented for
the Rhône. 

. .

 



 

The first area (stations I and 2) has high deposition rates and a relatively large organic
carbon content. The second part (stations 8 and 10) has probably lower deposition rates
(no data yet available) and lower organic carbon contents. The third pan (stations 14 and
15) has very low deposition rates and also very low organic carbon contents. Results
from the leachable concentrations are used because only these are incorporated in
diagenetic processes. 

At station 2 (close to the Rhone) the leachable manganese concentrations 
increase slightly with depth ~500 µg.g-l to ~600 µg.g-l (Fig 5). Due to the 

anoxic situation manganese reduction starts already at the sediment water phase which is
indicated by a strong increase of dissolved manganese in depth from ~8µM to ~90 µM 
The dotted line shows the proposed boundary between the oxic and anoxic sediments.
Station 8, which is located near the Spanish coast, shows a different picture. The
leachable manganese content decrease slightly from ~900 µg.g-l in the top to ~ 400 µg.g-l

in the deeper part. At the oxic-anoxic boundary an increase of leachable manganese is
seen due to reoxidation of previously reduced manganese which is brought up by
diffusive processes. This is reflected by the dissolved manganese profile which has a 
sharp border at 4 cm depth where the change is between the oxic and the anoxic layers.
Station 15, again is different which leachable concentrations of ~800 µg.g-l. A large 
increase occurs at depth of 9 cm (~2000 µg.g-l). 

Manganese concentrations in the porewaters are very low and stable <5 µM) 
indicating that no manganese reduction takes place. In fact iron shows the same behavior
in all cores as already described for manganese. So it looks that we have a shift from
very anoxic sediments at the coast, to oxic sediments in the deeper part of the bay. 

Changes in the leachable concentration or in the porewater concentration of ,zinc are
probably depending upon changes in the sedimentary composition. It is clear that the
zinc content at station 2 (~90 µg.g-l) is much higher than that at the other stations. This is 
in contrast with the concentrations of zinc in the porewaters which are low (~2 µM) at
station 2 and higher at station 15 

 

4. The sedimentary composition
The usual element/aluminium ratio's can not be used in the North Western

Mediterranean Sea because of the large atmospheric input of aluminium resulting from
Sahara dust (e.g. Davies and Buat-Menard, 1990; Hydes et al, 1988; Chester et al, 1989). 
For this reason silicon, which shows a very conservative behavior, is used as reference 
element. 

The element/silicon ratio's can give information about the sedimentary composition.
When the ratio's change this can be an indication of a different origin of the deposited
materials (e.g. rivers. atmosphere, biogenic). Very pronounced differences are seen for the 
Cd/Si and Cu/Si ratios in the investigated area, for the other element/silicon ratios
differences are not that dear. (Fig. 6) However, they can contribute to the overall picture,
which intent the existence of several different sedimentation areas. These areas can be 
divided in coastal ones (Rhone and Ebro) an intermediate and a in the deeper 
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Figure 6: The relative element/silicon ratios in the upper 2 cm of the studied region.
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part a third one. These areas are shown in figure 7.

CONCLUSIONS 
The sediments in the investigated area show differences in elemental concentrations,

leachable content, diagenetic processes and sedimentary composition. Five sub-areas can be
distinguished. In areas closest to the Rhone and the Ebro the highest (trace-) element
concentrations are found but these concentrations are significantly higher near the Rhone than
thosenear the Ebro. In the area close to the river mouth of the Rhone, high leachable contents
are found for copper and manganese while extreme low leachable contents are found for
cadmium. Aluminium shows a high residual content, due to the fact that atmospheric inputs of
aluminium by Sahara dust is of high importance. Diagenetic processes are strong in areas close
to the two rivers.In these areas high reduction rates of manganese oxide and iron oxide occur,
which resultinstrong gradients of dissolved manganese and/or iron in porewaters. 

The reduction of manganese and iron oxides far away
from the two rivers is negligible. Probably the amount of
oxidizable organic matter in the first 15 cm of these
sediments is too low, to start manganese reduction.

_

The element/silicon ratio's are changing in such a way that differences in
sedimentary composition are remarkable

Figure 7: The investigated area with the 5 proposed sub-areas. 

It is cl ar that the Rhone influences the N.W. Mediterranean Sea more than the Ebro. The area close to
the river mouth of the Rhone in particular shows higher (trace-) element concentrations and more
diagenetic activity, this because of a higher organic caIbon deposition.

e
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