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ABSTRACT

The distribution of Hg accumulated in sediments of Sepetiba Bay (Rio de Janeiro, Brazil)
and its possible associations with sediment geochemical properties (iron, organic carbon, nitrogen,
sulphur concentrations and organic matter content) were investigated. The spatial distribution
of the variables considered in this study is predominantly determined by the pattern of water
circulation, sediment transport along the eastern shore as well as natural and anthropogenic
sources. The most important mercury source for the bay is the input from the main rivers, and
their mouths are the most favourable sites for mercury accumulation. Sediment composition
in this bay is strongly influenced by fluvial inputs of mercury, organic matter and fine-grained
sediments, suggesting the partitioning of the bay into two regions; one receiving a strong influence
from the rivers and the other mainly influenced by the sea.

RESUMO

E apresentada a distribui¢do de Hg em sedimentos de fundo da Baia de Sepetiba (Rio de
Janeiro, Brasil) e discutida suas associagdes com parametros geoquimicos (concentracao de ferro,
carbono organico, nitrogénio, enxofre e contetido de matéria organica). A distribuigdo especial
das variaveis consideradas ¢ predominantemente determinada pelo padrio de circulagdo de
aguas na Baia, pelo transporte de sedimentos ao longo do litoral este e pelas entradas naturais
e antropicas de Hg. A principal fonte de Hg para a baia ¢ a entrada fluvial e a foz dos principais
rios a area de deposicao preferencial do metal. A composi¢ao dos sedimentos na Baia também
¢ fortemente influenciada pelas entradas fluviais de Hg, material organica e sedimentos finos,
sugerindo duas regides distintas na Baia, uma influenciada fortemente pelas entradas fluviais e
uma segunda sob influéncia marinha.

INTRODUCTION to the increasing vulnerability of these
environments. The development of industrial

The strategic importance of the and urban activities, both with massive
coastal regions has been a relevant factor utilization of natural resources have caused
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alterations in the balance of these ecosystems
and in the natural cycling of its components.
In some cases, sediments accumulation in
areas that receives domestic and industrial
wastes were identified as a point source of
trace metals to surrounding aquatic systems
(Andersson et al., 1990; Burton Jr & Scott,
1992).

The Sepetiba Bay, located in the
metropolitan region Rio de Janeiro (Brazil),
is a typical example of this. It is connected
with the Atlantic Ocean through two channels
and the largest channel provides ship access
to Sepetiba harbour, which is an important
export pathway for industrial production in
this region. An industrial park comprising
about 400 industries (mostly pyrometalurgic)
is responsible for trace metals input, which
reach the bay via the main rivers and
atmospheric deposition (Marins et al., 1996;
Molisani et al., 2004; Pedlowski et al., 1991).
As a result of the high number of industries
in the region, the population has increased
quickly and disorderly, and consequently
Sepetiba Bay has been a site of industrial and
domestic waste discharge, which constituents
are accumulated within the bay due to the
reduced current dynamics.

Previous studies on the contamination
of Sepetiba Bay with heavy metals have
highlighted cadmium (Cd) and zinc (Zn) as
the main contaminants, with mercury (Hg)
and other metals also showing significant
concentrations (Barcellos and Lacerda,
1994; Magalhaes, 1996; Wasserman et
al., 2001). Studies were also published on
the geochemistry, mobility and sources of
mercury in Sepetiba Bay. These studies
have dealt mainly with water column
chemistry (Paraquetti et al., 2004), mercury
biogeochemistry in mangroves (Marins et al.,
1998; Quevauviller et al., 1992; Silva et al.,
2003) and atmospheric deposition (Marins et
al., 1996), but further approaches are needed
in order to establish the spatial distribution
of mercury and of the factors controlling
its distribution in bottom sediments. The
aim of this paper is to determine mercury
distribution in sediments from Sepetiba Bay
and to identify possible geochemical carriers
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in bottom sediments.

MATERIALS AND METHODS

Sepetiba Bay (Figure 1) is a partially
mixed estuarine system located at latitude
23° S and longitude 44° W. It has a total area
of 447 Km? (high tide) and a volume of 3.06
x 10° m®. The annual freshwater input of 7.6
x 10° m3 reaches the bay through the main
rivers in the north-eastern shore, causing a
gradient of density which, together with both
tide and wind has a strong influence on the
pattern of water circulation. Dominant winds
are SW, adding seawater from the Atlantic
Ocean through the main channel. This water
heats up in the inner part of the Bay close to
river mouths, creating a clockwise current
pattern, which drives fresh water and fluvial
sediments southwards (Molisani et al.,
2004; Signorini, 1980a; Signorini, 1980b).
The present sedimentation is essentially
clastic, and silt is the most representative
granulometric fraction followed by sand and
clay (Suguio et al., 1979).

Sediments were collected in 28 stations
using a Van Veen grab (Figure 1). Samples
from the central part of the grab were taken
avoiding the sediment in contact with the
grab walls. Interstitial water redox potential
was measured in situ using a combined
glass electrode, just after sample collection.
Samples were stored in plastic bags and
immediately frozen. In the laboratory, a sub-
sample was taken to determine grain-size and
the remaining was lyophilised and grounded
for analysis of mercury (Hg), carbon (C),
nitrogen (N), sulphur (S), iron (Fe) and
organic matter (OM).

Total Hg concentrations were
determined after acid digestion of the freeze-
dried sediment samples (Lacerda et al., 2004;
Malm et al., 1989; Marins et al., 1998). Acid
digestion was performed by using a cold
finger condensation system, adding 10 ml of
HC1 + HNO, (3:1) and 10 ml of bi-distilled
water to 2 g of sediment. After digestion,
mercury in the extract was reduced to Hg’
by using SnCl,. Hg" was determined by Cold
Vapor Atomic Absorption Spectrophotometry
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Figure 1 - Location of Sepetiba Bay, SE Brazil and of sediment sampling stations.

(CV-AADS). The detection limit of the method
was 0.045 ng.g™! and quality assurance of the
method was determined with CRMs, United
States Department of Commerce - Bureau
of Standards (certified value of 60 ng.g!;
measured value of 58 + 3 ng.g"!, n=5).

Total C and N were determined by high
temperature combustion (1020 °C), using an
CHN analyser (Verardo et al., 1990), and
total S using a LECO CS244 analyser, by
combustion at 1,370°C converting sulphur to
sulphate which is measured with an infra-red
detector. To determine total Fe, lyophilised
samples were placed in Teflon containers
with concentrated HNO, for wet oxidation
(Loring and Rantala, 1977) and then analysed
by Atomic Absorption Spectrophotometry
(AAS) using an air-acetylene flame. Organic

matter (OM) content was determined by
loss on ignition in dried sediment samples
after combustion at 450 °C for 16 hours.
Granulometric analyses were performed by
wet sieving.

RESULTS AND DISCUSSION

Total Hg concentrations in Sepetiba
Bay sediments ranged from 18 t0109 ng.g"
' (Table 1) with the higher values found
in the region close to rivers mouths which
drain the industrial area of the basin. This
suggests a strong influence of these rivers
on Hg concentrations in sediments. Higher
concentrations occurred in the NE portion of
the bay, making a gradient of concentration to
the West, which follows the general pattern
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Table 1: Geochemical parameters (average, standard deviation and range, n=28) of sediments from
Sepetiba Bay sediments.

Hg Eh OM Fe C N S Silt/Clay
(ng.g”) (mV) (%)
Average 57 262 158 6.34 181 035 094 657
St. Dev. 26 193 73 296 076 017 071 127
Max 108 160 246 1150 3.16 076 215 814
Min 18 -510 1.0 0.04 022 006 004 326

of water circulation (Figure 2) (Signorini,
1980a). This distribution suggests that Hg is
associated with particulate matter from the
rivers. When mixed with the bay water, these
river waters follow the circulation pattern
and particles are partially and selectively
deposited in sediments. This is in accordance
with flux data from Paraquetti et al. (2004)
showing the dominance of particulate-Hg
input to the total Hg reaching Sepetiba bay
from rivers. Fine grain sediments were also
found in higher concentrations in the NE
portion of the bay.

As known, Hg tends to bound to fine
grain sediments (Moore and Ramamoorthy,
1984). Therefore, a normalisation procedure
was applied, in order to compensate
granulometric variations across the studied
area, by assuming that all Hg was bound
to the fine grain fraction of sediments.
Besides of a new concentration value being
calculated, no significant effect on the total
Hg spatial distribution was found, and higher

concentrations were still observed in the NE
portion of the bay.

Significant positive correlations were
found between Hg concentrations and
organic matter content (r = 0.81, P < 0.01),
N concentrations (r = 0.72, p< 0.01), S
concentrations (r = 0.67, p <0.01), total C (r
= 0.54, p <0.01) and the fine grain fraction
of sediments (r = 0.52, p <0.01). Significant
negative correlation was obtained between
total Hg and Eh (r =-0.79, p <0.01).

The high significant correlation between
total Hg, organic matter and nitrogen suggest
that Hg is mainly bound with organic fraction
of the sediments. mercury usually forms
stables complexes with a variety of organic
compounds (Moore and Ramamoorthy, 1984),
which can explain these high correlations.
The observed correlation between Hg and
total sulphur suggests not only the formation
of organic complexes containing sulphur,
but also the probable formation of mercury
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Figure 2 - Mercury distribution in superficial bottom sediments of Sepetiba Bay, SE Brazil.
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sulphides, also enriched in organic richer
sediments. However, a recent work on Hg
speciation in Sepetiba Bay showed that
most of the mercury was present under quite
available forms (Wasserman et al., 2002). The
authors suggest that although it is a reducing
environment with a large provision of total
sulphur, little Hg sulphide is being formed.
Rather, Mounier et al, 2001) suggested that
organo-sulphur compounds play a major role
in Hg cycling in Sepetiba Bay sediments. This
point is further confirmed by a work carried
out in the neighbouring Guanabara Bay, a
very reducing environment, where results
from sequential extractions showed that Hg
was not associated preferably to sulphides in
surface sediments (Barrocas and Wasserman,
1998).

No significant correlation was found
between iron and sulphur, but iron shows
a significant correlation with total Hg (r
= 0.60, p < 0.01), suggesting a possible
association between total Hg and iron oxides
and hydroxides. Iron oxides and hydroxides
in bottom sediments of aquatic systems
could adsorb Hg, decreasing its mobility
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(Rasmussen et al., 1998). The existence of
Hg associations with sulphur and oxidised
species (like iron oxides and hydroxides)
seems unusual, but it is possible in an
oxidising anaerobic zone, where oxygen
and sulphides are not present at equilibrium
(Wollast, 1986), as has been demonstrated by
the distribution of Hg in mud flats pore waters
of Sepetiba Bay (marins et al., 1995; Mounier
et al., 2001). Redox potential measurements
have shown negative values confirming that
Sepetiba Bay is a reducing environment,
but the inner part of the bay has an intense
flushing with oceanic water, which can cause
an oxidising anaerobic condition in the
superficial sediments, similar to the effects
of tides on mud flats sediments (Lacerda
et al., 1999; Mounier et al 2001). Once this
condition has been established, mercury
sulphides are not stable and organically
complexed oxidised species of mercury can
be present (Mounier et al., 2001). However,
as this discussion has been based on redox
potential values, it is very important that
we consider the operational difficulties
associated with these measurements in natural
environments.
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Figure 3 - Cluster distribution of Hg concentrations in superficial bottom sediments of Sepetiba Bay, SE
Brazil showing the two major group of samples: A — Oceanic influence and B — Fluvial influence.
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Figure 3 shows the result of a
hierarchical cluster analysis. As it can be
seen two large groups (A and B) are evident.
Group A, consisting of station 1 to station 8
plus stations 10 and 11 and group B, which is
composed of station 12 to 28 plus station 9.
The stations included in Group A are located
in the westernmost part of the bay, closest to
the ocean. The stations in Group B are located
in the most landward inner region.

Therefore, differences between groups
A and B are possibly related to the relative
importance of marine or fluvial influences
as well as to the main sources of Hg and
organic matter located in the Northeast side.
Moreover, it is probable that only a small
fraction of the Hg transported by the rivers is
exported to the ocean due to the high retention
of Hg in the most landward region. Other
studies have highlighted similar behaviour of
Hg in estuaries (Benoit et al., 1998; Muhaya
et al., 1997).

In addition, similar distributions of
Mn, Cu, Cr, Cd, Zn and Pb also takes place
in Sepetiba Bay sediments (Lacerda et al.,
1987). It suggests that these metals, as well
as Hg, are entering the bay mainly through
rivers, and are associated with suspended
particles (Paraquetti et al., 2004). This
behaviour should seem obvious but as Hg is
a volatile element, atmospheric inputs could
also be important. In this study, atmospheric
inputs do not obviously appear to be a source
of mercury to Sepetiba Bay sediments.

CONCLUSIONS

Results of this study show that the major
source of mercury to Sepetiba Bay is the fluvial
input from the rivers. Mercury is accumulated
in the north-eastern margin of the bay, where
there high sediment resuspension occurs as
well as high organic matter production and
accumulation, which improves adsorption
process. Sediment transport intensity along
the east margin of the bay is associated with
the clockwise pattern of water circulation
and contributes to the Hg concentration
gradient in the sediments, as seem from the
intermediate Hg concentrations distributed
along the Marambaia sand spit.

The Hg distribution in sediments of
the bay is highly influenced by Hg fluvial
input and is slightly influenced by sediment
grain size. This suggests the formation of two
different regions regarding to Hg distribution
in the bay; one receiving a strong influence
from the rivers and another principally
influenced by the water exchange with the
Atlantic Ocean.
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