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ABSTRACT
The present and past degrees of contamination by mercury were evaluated in the Guanabara Bay by
the study of five sediment cores. The cores were sampled from the deltaic mouth of the São João de
Merití River (cores SJ1, SJ2, SJ3, and SJ4), adjacent to a large mangrove stand and in a mangrove stand
in Guapimirim (opposite side of the bay). The study area receives most of the domestic and industrial
wastes from the metropolitan region of Rio de Janeiro city and, in consequence it becomes increasingly
degraded. Among the sources of pollutants, mercury-spilling industries are inventoried in the São João de
Merití River basin. Total mercury concentrations were measured in the sediments by cold vapour atomic
absorption spectrometry. The fraction smaller than 63 µm, organic carbon and total sulphur
concentrations were also measured. The results show that concentrations of mercury can reach high
values (up to 37 µg g-1 at a depth of 34 cm in the core SJ4). The base of core SJ1 shows mercury
concentrations that probably represent background values, as established elsewhere for the Guanabara
Bay (51 ng g-1 at the depth of 32 cm). Among the studied cores, only core SJ1 seems to reach background
levels.
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INTRODUCTION
Sediments from embayments, estuaries and other protected areas of the coastal environment have
shown to be crucial compartments for mercury storage [1-4], and transformation [5-8]. In these areas, the
lack of hydrodynamic movements favours the development of sediment deposits that are characterised by
fine grain size, negative redox potential and high organic matter contents, parameters that highly affect
mercury chemistry [1, 9, 10].
A number of coastal and marine environments have been subject to studies on mercury
concentrations in sediment profiles [e.g.: 11-14]. Some of these works have shown that sediment profiles
can be a reliable record of the history of natural [12] and anthropogenic [13] inputs of this pollutant. The
lack of strong hydrodynamics and the proximity of a significant anthropogenic sources are crucial factors
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that provide focusing of the contaminant and thereby, good historical cores. Furthermore, the more
significant are the anthropogenic inputs, the more marked is going to be the differences between the
background levels (found in the basis of the profile) and the present contamination [15]. In the tropics, the
protected coastal environments are the most favourable sites for the development of mangrove vegetation,
where depositional conditions prevails over erosional [16]. Under such conditions, mangrove sediments
are going to be a major compartment for metals accumulation [17], where the study of sediment profiles
can provide meaningful hints for the understanding of the processes of contamination and cycling of
mercury.
In the Brazilian mangroves and coastal environments, studies on mercury contamination are
restricted to the metal distribution in sediments and some monitoring programmes [18-24]. Some recent
studies have attempted different approaches, assessing the geochemical partitioning and speciation of
mercury in mangrove areas [4, 10, 14, 25], underlining the particular behaviour of this metal.
In the present work, the behaviour of mercury in sediment profiles was studied as a function of
sedimentary conditions that are outlined by granulometry, carbon and sulphur contents. A comparison
between a very degraded site and a mildly degraded one was also performed in order to distinguish levels
and behaviour of mercury under both conditions.
STUDY AREA
Guanabara Bay (Figure 1) is a tropical ecosystem adjacent to Rio de Janeiro city. It is one of the
largest bay in Brazil, covering an area of 381 km 2. Its watershed area is more than 4,000 km2, where 7
million people live. Its mean depth is 7.7 m, with a maximum depth of 50 m at the entrance of the bay.
Some 80% of its area have a depth below 10 m. The residence time estimated for Guanabara Bay waters
is 20 days [26, 27].
A number of rivers and channels flow into the bay, forming many sub-basins. The water quality
data of the majority of these rivers show a critical situation, especially those located on the northwest
coast [28]. Although the continental water volume is small when compared to the inputs of marine waters
(mean salinity is between 21 and 30), the mean load of material transported by the rivers is 2 ×
105 ton year-1 and of variable nature [22, 26].
About 7,000 industries are installed in Guanabara Bay watershed. They are responsible for 25% of
the organic pollution and almost all of the toxic substances and heavy metals released. It is estimated that
22 kg of cyanides, 4,200 kg of phenols, 1,800 kg of sulphides and 4,800 kg of heavy metals are dumped
every day by industrial effluents [22, 28].
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Figure 1 : Guanabara Bay map and core sampling site location.
São João de Merití River is one of the most polluted, and the main source of mercury for the bay.
The highest concentrations of mercury in Guanabara Bay watershed were observed in this river estuary
[4, 18, 26, 29, 30]. These high concentrations are originated in a chlor-alkali plant installed in its subbasin. According to estimates from [28], this plant had released 1.46 ton of mercury during the year of
1975. Later, in 1979, the installation of an effluent treatment system reduced the annual mercury loads to
20 kg [28]. Nevertheless, in a more recent survey, [30] estimated that São João de Merití River still
furnishes 160 kg Hg year-1 for Guanabara Bay.
Yet the Guanabara bay can be considered a mercury polluted environment, no studies concerning
the effects of this metal on human populations has ever been carried out. This gap can be attributed to the
fact that although millions of people live in the surroundings of the bay, probably there are no
communities living exclusively from the natural resources of the bay. On the other hand studies with
various organisms (crab, mussels and fishes; [31] show that yet environmental concentrations can reach
high values, only fish species highly placed in the trophic chain, are able to accumulate mercury [31].
Mercury present in the sediments and waters of Guanabara Bay is probably tightly bound to organic
matter, and therefore, not available to the organisms.
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MATERIAL AND METHODS
Sampling and Storage
Four sediment cores were sampled from the estuary of the São João de Merití River (Figure 1). SJ1
was collected in the tidal flat some 10 m from a large mangrove fringe. SJ2, SJ3 and SJ4 were collected
farther from the mangrove but still in the tidal flat. SJ1 and SJ2 are located on the Northern side of the
estuary, where mangrove stands still subsist while SJ3 and SJ4 are located in the Southern side of the
estuary. Due to the massive inputs of organic matter (mainly domestic sewage) from the São João de
Merití River, and the lack of strong tidal currents, the sediments in this region are muddy, completely
black along the profile (the profiles never become grey with the depth) and release a strong sulphide
odour. Another core (G1) was sampled in the Guapimirim mangrove within the mangrove trees. The
Guapimirim mangrove, although located in the Guanabara Bay, is a less degraded environment with
considerably smaller inputs of sewage and other contaminants. This core presented a very fine grained
granulometry, and was black in the surface, becoming grey with the depth, a strong sulphide odour could
be smelled during sampling, indicating a reducing environment.
Core samples were immediately sliced every 1 cm until 10 cm with a PVC spatula. Bellow this
layer, the sediment cores were then sliced every 2 cm or 5 cm depending on the core. Splitted cores were
stored in ice boxes (~ 4°C) and immediately transported to the laboratory where they were frozen
(-20°C). Within 2 days, a portion of each sample was placed in a ventilated oven at very mild temperature
(max. 40°C, the same temperature that sediments are frequently exposed in Rio de Janeiro) for three days.
Dried samples were then finely ground and stored in hermetic plastic bags until analyses. The remaining
frozen portion of the sample was stored for granulometric measurements.
Analytical
Total mercury: This method, formerly applied by [32] is an adaptation that was applied by [33].
1 g of dried sediment sample was extracted with 5 mL of HCl + HNO3 (3:1) and 5 mL of bidistilled water for 5 minutes in a water bath at 60°C. The reaction flask was cooled down and 15 mL of
K2MnO4 (5%) were added to the extract and again heated in a water bath for 30 minutes. This procedure
is supposed to oxidises all the mercury present in the sample to Hg+2. The extracted samples were in line
reduced with stannous chloride to its volatile form Hg0 and quantitatively measurements by cold vapour
atomic absorption spectrometry. The detection limit was 5.5 ng Hg in the reaction flask (the sample
volume used was generally 10 mL), corresponding to a concentration of approximately 40 ng Hg g-1 dried
sample.
Accuracy and precision of the analysis were verified by an intercalibration exercise with another
laboratory (IPEN-SP) that uses neutron activation analysis [34], showing errors never greater than 7%.
Accessory measurements: Silt-clay fraction (<63µm) was measured by wet sieving.
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Total sulphur was analysed in an elemental analyser LECO CS244, where the sample is combusted
at 1370°C converting sulphur to sulphate that is measured with an infra-red detector [35].
Total carbon as CO2 was analysed in an elemental analyser Carlo Erba NA-1500, after combustion
at 1020°C. Inorganic carbon was measure by conductimetry in a Westhoff Carmhograph and organic
carbon was calculated deducting inorganic carbon from total carbon [36]. Inorganic carbon analyses gave
systematically bellow detection level concentrations, so, in the discussion total carbon corresponds to
organic carbon.
RESULTS
Comparison with Literature Data
The previous works in the Guanabara Bay of [10, 18, 26, 30, 37, 38], reviewed by [39] show
mercury concentrations in sediments ranging between 50 ng g-1 and a maximum of 19,500 ng g-1. Table 1
is a summary comparison between ranges of concentrations reported in the literature and in the present
work. When comparing with other works done in Guanabara Bay, it can be observed that the results
obtained in this work presented the broadest range of mercury concentrations. This is due, on the one
hand to the very low concentrations obtained in the lower layers of the core SJ1, confirming the
background values of the bay to be around 50 ng g-1 [37], and on the other hand to the very high values
measured in the core SJ4 (up to 37,200 ng g-1) at depths between 20 and 50 cm, that represent the highest
concentrations ever measured in Guanabara Bay.
The comparison of the concentrations in the surface layers shown in Figures 2-6 confirms the
previously reported range between 1,000 and 3,000 ng g-1 [4], except for core SJ4, where the
concentrations in the surface layer reach 11,100 ng n-1 and the whole core do not present concentrations
lower than 1,500 ng g-1.
Yet the core G1 is located in Guanabara Bay system, its concentrations are considerably lower, and
although the background levels as established above could not be reached (179 ng g-1 in the deeper layer),
the range is narrow and varies between 125-219 ng g-1. The comparison between one side and the other of
the bay, confirms the more contaminated character of the western part of the bay as stated in the study
area section above.
[10] justifies such a significant mercury accumulation in the São João de Merití River as a result of
the presence of a chlor-alkali plant and a leather tanning industry upstream in this river, but also as a
result of hydrographic conditions that considerably reduces the dispersion of the mercury bearing
suspended particles.
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Table 1: Comparison of literature concentrations of mercury in Guanabara Bay and other environments.
Site

Range
(ng g-1)

Author

Aveiro lagoon (Portugal)

320 – 343,000

[13]

Santa Gilla lagoon (Italy)

60 – 828,000

[40]

210 – 19,450

[18]

Numerous rivers and sediments of the Guanabara Bay

50 – 12,070

[29]

Guanabara Bay sediments and two polluted rivers

80 –

9,780

[26]

4,000 –

4,600

[30]

320 –

3,380

[4]

400

[41]

Rivers and estuaries in Guanabara Bay

Two polluted rivers from Guanabara Bay
São João de Merití River and estuary
Average shale
Sediment cores from São João de Merití River
Sediment core from Guapimirim

51 – 37,200
125 –

This study

219

This study

The mercury concentrations in the sediment profiles SJ3 (max. 11,050 ng g-1) and SJ4 (max.
37,200 ng g-1) are significantly higher than in SJ1 and SJ2. This point has to be discussed on the light of
the hydrodynamic processes occurring in the São João de Merití estuary [42]. This author established that
two directions of currents occur in the mouth of the river as a function of tides (Figure 2). During flood
tide, when input of suspended matter originated from the river is reduced, the current runs to the north
(direction of the cores SJ1 and SJ2), therefore increasing mixture with marine born less contaminated
particles. During ebb tide, when the loads of riverine, and more contaminated suspended matter are
considerably increased, the direction of the current is southward (direction of the cores SJ3 and SJ4),
therefore explaining why these last two cores present higher concentrations. The control of metal
concentrations in sediments by hydrodynamic processes is also observed in the neighbouring bay of
Sepetiba, Brazil [43, 44].
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Figure 2: Hydrodynamic movements in the São João de Merití estuary.
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Sediment Profiles
Figures 3 to 7 show the concentrations of mercury and the other measured parameters. Although
five core samples were studied, only core SJ1 seems depositional, showing a slight increase from the
surface to the to the depth of 3 cm where the maximum concentration is reach. Beneath the third
centimetre, concentrations start to fall until the tenth centimetre where natural concentrations are reach.
On the other hand

210

Pb dating in the São João de Merití River sediments [37], indicate a maximum of

contamination at between 12 and 15 cm, corresponding to the years 1969 and 1973. Although the
observed reduction in surface concentrations should be attributed to a reduction in mercury disposal,
Rego et al. [30] made a mass balance of the mercury loads in the waters of the São João de Merití River
and established that around 160 kg mercury are still dumped every year in this river.
As shown in Figure 3, granulometry seems to have little influence on the mercury concentrations in
the core SJ1 (Spearman correlation coefficient r=0.4124, n=25, p>0.02). This is probably due to the fact
that the samples are all very fine grained (> 80% silt-clay) and little difference is observed between the
layers. On the other hand total carbon and total sulphur present a very good correlation coefficient with
mercury (r=0.9400, n=25, p<0.01, r=0.8731, n=25, p<0.01 respectively) indicating that these three
variables are controlled by the same factor (anthropogenic inputs). In another work with surface
sediments from the São João de Merití River, [4] observed a very poor correlation between mercury and
total sulphur, but good 6relationship between this metal and total carbon. Their results were confirmed by
sequential extractions that showed the importance of organic matter as a mercury carrier in the São João
de Merití River. Our results indicate that this is not the case in the sediment profiles.
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Figure 3 : Mercury concentrations and the other parameters in the core SJ1
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The other profiles in the São João de Merití River (SJ2, SJ3 and SJ4, Figures 4 - 6) did not
presented such a clear depositional feature as SJ1. None of them reach the background levels, due to the
fact that they are subjected to considerably stronger sedimentation rates (at least SJ3 and SJ4, as discussed
in the preceding paragraph). Both cores SJ3 and SJ4 present peak concentrations at the depth of 35 cm
that can be attributed to a period of maximum contamination (may be between 1968 and 1973 as
established by [37]. Core SJ2 is only 16 cm deep and did not reach these peak concentrations, but as in
core SJ3, it presents a more recent peak concentrations at the depth 16 cm. As these three cores are
located within the deltaic fan of the São João de Merití River and farther from the protection of the
mangrove trees, they are not only subject to a stronger sedimentation rate, but also to stronger
sedimentation rate variability. Strong summer rains should provide large amount of particles to the
sediment column.
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Figure 4 : Mercury concentrations and the other parameters in the core SJ2
Although in core SJ4 it was observed a relatively good correlation between mercury concentrations
and fraction < 63 µm (r=0.5519, n=31, p<0.01), SJ2 and SJ3 were found to very poorly correlate these
two variables (r=0.1997, n=12, p>0.1 for SJ2; r=0.1767, n=29, p>0.1 for SJ3). This lack of a
granulometric control is probably due to the little variation of the granulometry within the sediment
profile (always close to 90%). On the other hand total sulphur seem to be an important parameter for
mercury distribution. In cores SJ2 and SJ3 total sulphur is the only parameter that presents a good
correlation with mercury (r=0.8003, n=12, p<0.01 for SJ2; r=0.6692, n=16, p<0.01 for SJ3) and in core
SJ4 it correlates well with mercury and total carbon also correlates with mercury (r=0.6197, n=16, p<0.01
between mercury and total sulphur; r=0.8637, n=16, p<0.01 between mercury and total carbon).
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Figure 5 : Mercury concentrations and the other parameters in the core SJ3
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Figure 6 : Mercury concentrations and the other parameters in the core SJ4
Figure 7 present the sediment core G1, which is located in the opposite side of the bay to the São
João de Merití River estuary (Figure 1). Yet this core was sampled in an area that is subjected to various
forms of pollution (mainly domestic sewage and other non-point-sources) no important source of mercury
is recorded. Like the profile SJ1, G1 is located in the tidal flat, just in front of a large mangrove area. The
9

mercury concentrations are significantly lower than the measured in the other cores of this work, but the
values agree with other measurements made in surface sediments of the area [22].
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Figure 7 : Mercury concentrations and the other parameters in the core G1
It can be observed in Figure 7 that mercury concentrations fall very rapidly in the first 5 cm (from
219 ng g-1 in the surface to 125ng g-1 at 5 cm) but deeper, no general trend is observed and the
concentrations vary within a narrow range. This reduction in concentration is probably associated to the
mobility of mercury resulting of the fact that the core is in a tidal flat (this had already been observed in
core SJ1). In this core, mercury concentrations do not seem to be controlled by none of the accessory
parameters. Except total sulphur, that presents a clear increase in concentrations with depth, the other
parameters do not show any tendency, even though significant variations can be observed (like for the
fraction < 63 µm, between 71 and 99 %).
DISCUSSION
The mangrove vegetation seems to be a sufficiently protected environment to provide good records
of the depositional history of a site. Therefore, in areas where the human activity is intense and where
dredging and landfilling is frequent but unrecorded, the presence of mangrove trees that have more than
30 years is a guarantee of the absence of major anthropogenic modifications. That is the probable reason
for core SJ1 is perfectly depositional while the other SJ cores do not present this same behaviour.
Considering the mercury concentrations in the core SJ1, a rough estimate of depositional rates can be
established to be 0.3 cm per year, assuming that the main sources of mercury contamination were
installed in the early 60s. For the other SJ cores, our results did not permitted reliable calculations.
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Mercury concentrations in cores SJ3 and SJ4 are considerably higher than those measured in cores
SJ1 and SJ2, yet they are located in the same area (about 100 m apart). This difference is attributed to
hydrodynamic factors that influence settling of sediments originated in the São João de Merití River.
Finally, core G1, located in the opposite side of the bay, present significantly lower concentrations (twice
higher than the background of the area) showing that the mercury contamination from São João de Merití
River is not widespread through the bay.
Based on our data it is suggested that the mercury concentrations are not clearly controlled by any
of the measured physico-chemical parameters (% clay-silt fraction, total carbon or total sulphur contents),
notwithstanding the work of [4] that, who worked with surface sediments, establishing a good correlation
between mercury concentrations and organic matter, further confirmed with sequential extractions. Total
carbon or total sulphur contents seem associated to mercury concentrations as a function of the
characteristics of the sediment core, but further studies (for example, sequential extractions) are necessary
to distinguish when one of these two variables are going to be responsible for the behaviour of mercury.
On the other hand, in this work, granulometry did not correlated with mercury concentrations because of
the high homogeneity of the sediments (most of the samples are very fine grained).
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