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GEOMORPHIC AND SEDIMENTARY IMPACTS ON THE CONTINENTAL SHELF
AFTER ACCUMULATED DREDGE DISPOSAL FROM RIO DE JANEIRO HARBOR, BRAZIL
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ABSTRACT. Marine dredging is a subaquatic excavation activity executed around the globe for various purposes by many industries. The negative impacts of
dredged material discharge on benthic ecosystems are diverse. Researches on the results of dredging on estuarine geomorphology and its sedimentary regime are
usual. Still, the results of dumping dredged material off the coast, in the Brazilian continental shelf, are not easily found in the literature. The present research evaluated
the geomorphic disturbance resulted from discharging dredged material from Rio de Janeiro Harbor in the inner Rio de Janeiro continental shelf. Grain size analysis
of the dredged and dumped sediments was compared to the inner shelf original seabed sediments. The geomorphological impact was evaluated through bathymetric
and high resolution seismic and side scan sonar imagery methods. Obtained data revealed significant geomorphologic changes on the offshore bottom caused by the
accumulation of compacted mud from the dredge site underlying the recent soft mud bottom of the harbor area. Besides the morphological sea bottom disturbance,
sediment accumulation, and local grain size characteristics exhibited significant change, potentially impacting the surrounding benthic environment.

Keywords: seafloor geomorphology, marine sediments, marine pollution, Guanabara Bay.

RESUMO. A dragagem marinha é uma atividade de escavagio subaquética executada em todo o mundo por muitas inddstrias para diferentes fins. Os impactos
negativos do descarte de material dragado nos ecossistemas bentdnicos sdo diversos. Pesquisas sobre os resultados da dragagem na geomorfologia estuarina e o seu
regime sedimentar sdo frequentes. Ainda assim, os resultados do despejo de material dragado ao longo da costa, na plataforma continental brasileira, ndo sdo facilmente
encontrados na literatura. A presente pesquisa avaliou o distirbio geomérfico resultante do descarte de material dragado do Porto do Rio de Janeiro na plataforma
continental interna do Rio de Janeiro. A granulometria dos sedimentos dragados e descartados foi comparada com os sedimentos originais do fundo marinho na
plataforma interna. O impacto geomorfoldgico foi avaliado através de métodos batimétricos, sismica de alta resolugdo e imageamento por sonar de varredura lateral.
0Os dados obtidos revelaram mudangas geomorfolégicas significativas no fundo causadas pelo acimulo de lama compactada do local dragado, subjacente ao fundo
de lama mole recente da drea do porto. Além do distdrbio morfolégico do fundo marinho, o acimulo de sedimentos e as caracteristicas locais de tamanho de grdo
apresentaram mudanca significativa, potencialmente impactando o ambiente bent6nico circundante.
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INTRODUCTION

Shallow coastal zones represent some of the most productive
environments of the ocean. However, these areas are under
increasing pressure from human activities worldwide (Halpern
gt al., 2008). The economy of many coastal areas is directly
connected to the capacity of their waterways and harbors.
Unfortunately, not all locations are naturally or permanently deep
enough as required for harbor activity. Most areas adjacent to
harbors or waterways are characteristically shallow and continued
dredging of these areas is usually needed to maintain minimal
operational standards. This produces large amounts of sediments
that must be reallocated (Harvey et al., 1998; Brown & Collier,
2008; Van Maren et al., 2014; Manap & Voulvoulis, 2016).
Nowadays, one of the major environmental issues is precisely
the disposal of this material in the environment, which is
usually done in the continental shelf in Brazil, generating great
impact in these areas. The environmental impact due to the
dredging and dumping processers are of great concern in the
scientific community. For instance, previous studies of dredge
spoil dumping have demonstrated a range of large to long-term
impacts on benthic communities (Harvey et al., 1998; Cruz-Motta
& Collins, 2004; Bolam et al., 2006; Bolam, 2012; Bolam et
al., 2016; Cunning et al., 2019). Due to the relative mobile
incapacity of most benthic species, excavated material disposal
in open-sea sites may be more harmful to benthic fauna than
to any other part of the marine ecology (Clarke & Warwick,
1994; Powilleit et al., 2006; Bolam, 2012). Scientific literature
suggested significant differences in disposal effects on the
macrofauna, ranging from smaller scale (Smith & Rule, 2001)
to significant community-structure impacts (Harvey et al., 1998;
Roberts et al., 1998; Bolam et al., 2006), concluding that the
potential ecological results of each project must be studied
separately (Harvey et al., 1998; Cruz-Motta & Collins, 2004;
Bolam, 2011; Manap & Voulvoulis, 2016).

The impact intensity caused by disposal of dredged material
depends on many variables, such as the volume of removed
material, the disposal technique, the physical characteristics
of the discarded sediment and hydrodynamic patterns at the
discharge location (Cole et al., 1999).

The environmental impact of geomorphic modifications
related to dredging activities have been described on the literature
(Monge-Ganuzas et al., 2013; Van Maren et al., 2014), however
few authors evaluated the impact of dumping dredged sediments
in the open marine environment. Moreover, only few studies
considered the short- and long-term effects (> 1 year) of

contaminated dredged material disposal (Du Four & Van Lancker,
2008).

The periodic sub-bottom dredging and dumping activities
can incur great costs, and can also result in significant
disturbances in sediment distribution and seabed morphology
(Wienberg & Bartholoma, 2005). Therefore, economically and
environmentally sound dredging and dumping operations require
not only an evaluation of the mobility and dispersion pattern
but the potential negative ecological effects caused by the
dumping and dispersion of the dredged material. Qbviously
multidisciplinary studies that integrate various techniques are
central to achieve such objectives.

Based on the above-mentioned information, the present
study aimed to verify the impacts of geomorphologic
modifications and changes in sediment texture associated with
the dredged material discharge on the continental shelf adjacent
to Guanabara Bay.

STUDY AREA

Rio de Janeiro Harbor, located in Guanabara Bay, represents one
of the most relevant harbors in Brazilian coast. Its access is
ensured by regular maintenance and permanent dredging of the
outer navigation channel. Guanabara Bay is one of the largest
bays on the Brazilian coastline (Fig. 1). This area represents
the second largest industrialized center in the country, with
over 12,000 industries, including two oil refineries (Baptista
Neto et al., 2006; Fonseca et al., 2009). Approximately more
than 2,000 commercial vessels dock in Rio de Janeiro Harbor
annually, making it the second largest harbor in Brazil (Kjerfve
gt al., 1997; Soares-Gomes et al., 2016). In the last 100 years,
the catchment area around Guanabara Bay has been strongly
modified by human activities. It is surrounded by the second
most important metropolitan area of the country (Amador, 2012),
accounting for 25% of the organic pollution released to the bay
waters. Qver recent decades, land disturbance and urbanization in
the surrounding area has significantly increased sediment input
and all kind of pollution to the bay and had a negative effect on its
overall environment (Baptista Neto et al., 2013). Previous studies
have pointed out Guanabara Bay as one of the most polluted
gcosystems in Brazil (Rebello et al., 1986; Kjerfve et al., 1997,
Carreira et al., 2002; Baptista Neto et al., 2006; Covelli et al.,
2012; Vilela et al., 2014; Soares-Gomes et al., 2016; Nascimento
gt al., 2018; Aguiar et al., 2018), with indications that the bay
may export pollutants, including heavy metals, to the coastal area
(Melo et al., 2014).

Brazilian Journal of Geophysics, 37(4), 2019
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Figure 1 — Study area locating the Rio de Janeiro Harbor inside Guanabara Bay and the disposal site (F) on the inner continental shelf.

According to environmental regulations, the local
authorities don't permit dredged sediment discharges inside the
estuary. Presently the sediment disposal site is located on the
continental shelf in a previously licensed spot, shown in Figure 1.
The disposal site lies in water depths of nearly 50 m, inamoderate
energy continental shelf, affected by the passage of winter frontal
systems. According to Lazzari et al. (2019), the modern surface
sediment inthe southeast shelf is covered by very fine siliciclastic
sands and silts with variations in the clay and calcium carbonate
contents; however, coarser sand and gravels are generally derived
from relict sediments, deposited under low sea level intervals
(Milliman & Summerhayes, 1975; Kowsmann, 1979; Mahiques
et al., 2002). The dumping site is located in relative proximity
(nearly 13 km) to the Natural Monument of Cagarras Islands,
officially recognized by the Brazilian Environmental Agency as
a conservancy and integral environmental protected area. The
dumping area is also in the vicinity of active artisanal fishing
communities located in the cities of Rio de Janeiro, S3o Gongalo
and Niter6i (Fig. 1) and there is insufficient knowledge about the
potential impact of the dumping on these activities.

MATERIALS AND METHODS

Atotal of 20 surface sediment samples were taken on the dredging
site before the dredging activity began in 2014, in order to
evaluate the nature of the sediment that would be excavated and
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dumped. The subsamples were disaggregated and dry sieved
on a column with mesh sizes every % phi, ranging between
2000 and 710 pm. After carbonate elimination, the sand fraction
was sieved similarly in a range between 710 and 75 um.
Finally, the mud fraction (when present) was analyzed using a
Micromeritics SediGraph 5100. Grain size distribution curves and
sedimentological parameters of each sample (mean grain size,
sorting and skewness) were calculated.

In order to compare the sediment textural changes, we used
a set of 17 samples collected in one control area adjacent to
the dumping site, considered to represent the original seabed
sediments, in similar water depths (Fig. 2). After the dredging
disposal started, we collected superficial samples with a Van Veen
grab sampler in 13 stations in the dumping site. These stations
were re-occupied in December 2015, May 2016 and August 2016
(Fig. 2). All samples were subjected to the same treatment and
analysis above-mentioned.

Geophysical surveys were conducted using Chirp
sub-bottom profiler in November 2015, and side scan sonar
and single-beam bathymetry in April 2016 and in May 2017 (Fig.
2), to analyze sea bottom geomorphology impacts.

Side scan sonar imagery (EdgeTech 4100, 100-500 kHz)
were acquired, covering an area of 4 km? along 18 survey
lines. Sonograms were processed with CODA software and
converted into georeferenced images. Single-beam bathymetry
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Figure 2 — The map on the left shows the location of the dumping site (red rectangle) and the control area selected to represent the original seabed sediments (white
circle). On the right the location of samples and geophysical survey lines inside the dumping site (red box).

was carried out with an OHMEX SonarMite connected to a
DGPS. A Chirp sub-bottom profiler survey (Edge Tech SB-216S
sub-bottom profiler/ acquisition frequency from 2 kHz to 10 kHz)
was conducted to define the thickness of the dredged sediment
deposit. The software Discover-Edge Tech and Seismic Unix were
used for seismic processing to increase the quality of seismic
images.

RESULTS

The original seabed sediment on the continental shelf in the
dumping site was dominated by medium to very fine quartzose
sands (Fig. 3). The dredged material from Rio de Janeiro Harbor
has on average 51% silt, 21% clay, and 18% sand. Figure
3 represents the original sediments of the continental shelf
compared with those from the harbor area and the changes
in sediment texture after disposal. It is possible to observe
the enrichment in fine particles, as well as in coarse sand
and pebbles, confirming the strong textural difference after the
dumping started to occur (Fig. 3). Table 1 presents the complete
results of grain size analysis of sediment samples collected at
the dumping site on different dates. Table 2 shows the complete
results of grain size analysis of sediment samples collected at
the control area (baseline), representing the original superficial
sediments of the continental shelf. Table 3 shows the results of
the grain size analysis from sediment samples collected on Rio

de Janeiro Harbor before dredging activities started in 2014. The
dredged material dumped on the continental shelf also contains
a large amount of stiff mud as confirmed by underwater images
taken by a drop-camera (Fig. 4).

The acquired sub-bottom high resolution seismic data in
the dumping site show the original seabed surface delineated
by the strong bottom reflector adjacent to the dumping loads
(blue dashed line in Fig. 5). The sub-bottom reflector (red in
Fig. 5) represents the original stratigraphy. Successive dredge
spoils are observed on the sedimentary mound (green and yellow
dashed lines in Fig. 5). In Figure 6, we show five CHIRP profiles
illustrating the accumulated spoil over the original seabed,
showing as much as 8 meters of thickness over the original
seabed in the central portion of the dumping site (Profile 08 in
Fig. 6), evidencing the prior accumulation of dredged sediments,
before the bathymetric and sonographic surveys were conducted
in the area.

The first bathymetric survey in 2016 was done after the
dredging material was already displaced on the dumping site.
Two mounds were observed in the north and central areas (Fig.
7), locally accumulating nearly 8 m of dredged material over
the original water depths of circa 54 m. Unfortunately, the
original project did not cover the entire area to the north of the
dumping mound. As seen in Figure 7, the northern mound clearly
extends to the north, beyond the surveyed area. Nevertheless, this

Brazilian Journal of Geophysics, 37(4), 2019
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Figure 3 — Ternary plot showing the particle size distribution of the samples from the dredged area
(Rio de Janeiro Harbor), samples representing the original continental shelf and samples collected
after dumping started to occur (December 2015, May 2016 and August 2016).

Figure 4 — Drop-camera images from the dumping site showing blocks of stiff mud laying on the seabed. Source: Photos provided by Otto Sobral.
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Figure 5 — Chirp sub-bottom seismic profile showing accumulation located over the original parallel flat bottom (blue dashed line).
Red line represents a natural, ancient sea bottom surface. Green and yellow are successive surfaces of dredge spoil deposits. Above:
non-interpreted seismic section; below: interpreted seismic section.
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Table 1 — Grain size analysis of samples collected at the dumping site.

Station | Pebble | Verycoarse | Coarse Medium Fine Very fine | Silt | Clay | Sampling date
(%) sand (%) | sand (%) | sand (%) | sand (%) | sand (%) | (%) | (%)
Central | 13.1 15.6 25.8 27.9 6.4 1.3 6.6 | 3.2 | December2015
1N 38 6.0 9.8 171 15.6 47 379 | 50
2N 6.8 8.2 116 16.7 19.0 54 197 | 12.8
3N 19.2 19.8 133 9.6 6.3 38 240 | 41
1S 14.4 9.8 94 19.4 15.5 2.4 192 | 98
2S 3.0 5.1 135 440 146 8.2 70 | 46
3S 1.6 53 278 246 13.7 13.9 9.1 40
1L 1.2 3.7 5.3 10.0 379 8.5 273 | 6.0
2L 44 49 10.4 22.8 258 16.3 122 | 32
3L 1.0 2.7 5.0 10.7 30.3 274 140 | 89
10 5.6 7.1 85 119 8.0 45 504 | 4.0
20 0.8 3.1 20.1 432 1.0 5.1 120 | 48
30 14 26.3 373 21.6 1.6 2.1 70 | 26
Central 0.8 3.7 12.2 36.3 309 32 119 | 09 May 2016
N 0.0 1.9 25 2.8 36 2.4 51.1 | 359
2N 9.1 18.0 133 47 24 1.6 21.8 | 29.0
3N 10.0 1.9 10.6 10.9 74 32 389 | 7.1
1S 24 42 10.2 242 314 33 196 | 48
2S 0.2 36 39 9.3 13.1 1.6 26.0 | 42.2
3S 42 15.9 17.0 26.1 220 2.0 125 | 02
1L 2.1 32 44 19.2 444 5.8 208 | 0.1
2L 0.2 1.2 6.8 17.7 205 10.2 206 | 22.8
3L 0.2 14 48 11.0 8.7 135 229 | 37.6
10 5.0 9.6 6.1 143 26.4 6.0 290 | 3.6
20 0.4 2.1 13.7 28.4 14.7 53 329 | 24
30 0.9 29 203 443 40 1.2 112 | 153
Central | 10.3 248 16.1 13.0 3.7 0.2 28.0 | 39 August 2016
N 28.0 20.6 14.7 104 3.7 0.2 210 | 1.3
2N 9.2 19.1 217 27.6 41 0.2 106 | 15
3N 19.5 27.0 18.7 13.0 2.3 0.2 181 | 12
1S 19.9 8.1 9.6 211 72 0.3 292 | 45
2S 20.7 25.0 16.8 119 2.1 0.2 218 | 14
3S 5.8 6.4 9.3 29.4 9.9 14 372 | 07
1L 5.0 15.5 17.6 18.3 45 0.4 36.2 | 2.6
2L 2.0 8.1 141 10.2 38 0.8 602 | 08
3L 1.1 72 135 139 72 36 503 | 33
10 25 251 284 15.1 0.4 0.3 279 | 03
20 5.8 17.3 28.3 245 35 0.2 154 | 49
30 1.6 44 26.8 342 1.9 0.1 229 | 82

Brazilian Journal of Geophysics, 37(4), 2019
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Figure 6 — CHIRP profiles showing the accumulated disposals on the north and central portions of the dumping site.
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Figure 7 — Bathymetric map after 2016 survey. Depth in meters. Dotted polygon represents the area considered to

calculate the volume of disposed sediments between 2016-2017.
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Table 2 — Grain size analysis of samples collected at the control area (original superficial sediments of continental shelf).

Station | Pebble | Verycoarse | Coarse Medium Fine Very fine | Silt | Clay
(%) sand (%) | sand (%) | sand (%) | sand (%) | sand (%) | (%) | (%)

1 3.7 6.4 8.5 18.3 22.1 27.8 6.7 | 64
2 09 2.0 29 3.6 15.9 51.2 126 | 109
3 0.4 3.4 73 8.7 17.0 45.0 83 | 99
4 1.3 3.3 5.0 10.7 27.2 41.0 78 | 37
5 4.2 7.8 13.9 19.9 19.0 26.1 79 | 11
6 3.2 5.6 8.6 14.7 15.4 374 102 | 49
7 47 12.8 27.6 19.3 104 171 54 | 27
8 4.2 6.3 79 13.4 22.1 36.7 72 | 23
9 29 6.0 114 15.0 17.7 37.3 69 | 28
10 3.3 1.7 124 14.5 23.9 28.6 84 | 13
11 3.7 6.9 15.2 18.4 9.4 21.8 118 | 12.8
12 2.8 8.6 22.9 12.3 14.8 15.4 26 | 205
13 0.7 2.9 49 149 26.0 40.3 56 | 47
14 2.3 9.3 20.9 24.9 15.0 20.5 57 1 13
15 39 8.4 13.0 13.8 14.1 33.9 103 | 25
16 4.7 9.1 18.0 21.9 8.8 28.3 66 | 2.6
17 3.7 9.0 12.9 12.2 12.7 30.8 16.0 | 3.0

does not affect our main results once we compared successive
bathymetric surveys in the same areas performed in 2016 and
2017.

The disposal accumulation is clearly observed after the
second bathymetric survey executed in 2017 (Fig. 8). The
comparison of bathymetric maps elaborated after successive
surveys in 2016 and 2017 revealed that the study area has
undergone major morphological changes (Figs. 7 and 8).
Sediments clearly accumulated on the central/north part of the old
dumping site, extending the sediment pile on the edge towards
the north, presenting an approximate relief of nearly 8 m above
the regional original bathymetry before sediment disposal. The

data herein suggested that the total area covered by the dumped
sediment covered 50% of the total disposal area. Only at the
deeper locations (>54 m) the bottom depth remained the same.
The polygon common to the two elaborated bathymetric maps
from years 2016 and 2017 (Figs. 7 and 8) has an area of
2,300,000 m? and the accumulated volume of dumped sediments
in one year is nearly 1,150,000 m3.

In the present study the original background sediments
was dominated by quartzose medium to very fine sand, with
carbonate shell fragments. Figure 9 shows the sonographic
survey executed in 2016, when the sediment disposal was already
occurring in the area for at least two years. The original seabed

Brazilian Journal of Geophysics, 37(4), 2019
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Figure 9 — Sonographic mosaic from 2016 survey. Bathymetric contours are in meters. Red squares are the
superficial sample stations. Dashed line polygon indicates the area mostly affected by dredge disposal (after
2017, see Fig. 10). The insert shows the original seabed with mega-ripples.
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Table 3 — Grain size analysis of samples collected at Rio de Janeiro Harbor before dredging started in 2014.

Station | Pebble | Verycoarse | Coarse Medium Fine Very fine | Silt | Clay
(%) sand (%) | sand (%) | sand (%) | sand (%) | sand (%) | (%) | (%)

1 1.0 0.8 09 0.7 2.4 2.7 432 | 481
2 0.0 9.5 10.9 20.4 15.1 3.1 09 | 338
3 13.7 5.2 3.6 5.7 41 2.0 276 | 38.2
4 7.5 20.6 24.5 22.0 44 14 1.7 ] 80
5 75 45 2.0 15 9.7 7.9 33.0 | 337
6 5.3 42 1.3 1.8 24.8 1.7 36.6 | 14.2
7 6.1 11.3 18.7 22.0 15.7 14 16.7 | 82
8 1.5 2.2 1.5 9.5 16.4 75 299 | 314
9 5.3 3.1 1.7 3.2 3.5 42 359 | 432
10 08 0.9 06 2.7 5.7 3.8 99.7 | 25.6
1 49 3.3 8.3 22.9 15.0 5.7 281 | 118
12 58 16 1.2 1.0 8.7 8.3 448 | 28.7
13 3.3 15 1.3 2.2 18.5 8.8 36.3 | 28.0
14 3.2 2.5 2.1 43 21.3 11.0 553 | 03
15 18.9 8.4 12.6 19.1 19.2 16 189 | 11
16 5.5 2.1 36 19.9 33.3 78 191 | 87
17 3.2 2.6 1.6 3.4 404 10.6 325 | 58
18 6.7 5.1 45 9.5 30.2 7.6 278 | 8.6
19 6.2 5.2 6.4 217 351 8.8 151 | 15
20 6.7 2.6 2.2 5.3 15.7 8.4 21.0 | 38.0

is characterized by the dark gray backscatter with mega-ripples, ~ DISCUSSIONS

observed on the northwest and northeast corners of the mosaic,
having nearly 20 m of wavelength (Fig. 9). Local circular dark
features represent compact mud dumped in the area as was
confirmed by drop-camera images (Fig. 4). These features are
coincident with two bathymetric highs, having areas of circa
100,000 m? and 30,000 m? (central and north bathymetric highs,
respectively) (Fig. 8). Figure 10 shows the mosaic after the 2017
sonographic survey illustrating the advance of dredged sediment
disposal, now encompassing an area of nearly 2,300,000 m?.
This area is represented by the polygon traced in Figure 10 which
was placed over Figure 9 for comparison.

The impacts of dredging and disposal of sediment on the
marine habitat are not unique to the Brazilian continental shelf.
These problems have attracted attention worldwide (Gibbs &
Angelidis, 1989; Cruz-Motta & Collins, 2004; Bolam et al., 2006;
Ware et al., 2010; Crowe et al., 2010; Bolam, 2012; Chung
gt al., 2017). The disposal of excavated material can have a
negative impact on the marine environment and, depending
on the local hydrodynamics, such impacts may not only be
restricted to the immediate area of dumping. Several authors
(Cruz-Motta & Collins, 2004; Bolam et al., 2006; Bolam, 2012;
Bolam et al., 2016; Cunning et al., 2019) using previous

Brazilian Journal of Geophysics, 37(4), 2019
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Figure 10 — Sonographic mosaic from 2017 survey. The advance of dump accumulation is clearly seen as circular, highly reflective
features above the intermediate to low reflective original sea bottom. Bathymetric contours in meters. Red squares are the superficial
sample stations. Dashed line polygon indicates the area mostly affected by dredge disposal.

monitoring programs and field and laboratory-based experiments
clearly demonstrate that the level and scale of impact is
related to a number of important attributes of the dredge spoil,
such as sedimentological change, heavy metal contamination,
polycyclic aromatic hydrocarbons, microplastics, etc. (Tauber,
2009; Rumney et al., 2015; Chung et al. 2017; Baptista Neto
et al., 2019). Fine sediments can potentially increase pollution,
including heavy metals derived from urban runoff. As pointed out
by Melo et al. (2014), the Guanabara Bay can export pollutants,
including heavy metals to the coastal area.

On the continental shelf and at the bay entrance, quartzose
sand facies predominates, and according to previous studies
(Figueiredo Jr & Tessler, 2004) on the inner continental shelf,
in 50 m water depth, where the disposal site is located, the
sediment is mostly median to very fine quartzose sand as
was also confirmed by our grain size analysis on sediment

Brazilian Journal of Geophysics, 37(4), 2019

samples from the control area. Qur results show a change in the
original sediment texture, confirming an increase in fine particles,
augmenting the potential of environmental pollution impact on
the vicinities of the dumping site. More investigations should be
conducted in order to understand the real negative results in the
adjacent ecological communities.

Open sea dumping of dredged sediment is a common
practice adopted by the major harbors in Brazil. It is common
sense of local Brazilian authorities that the regular distribution
of dredged material through a wider area tends to be less
harmful than the concentration in a more punctual dumping site.
However, in order to control environmental impacts, evaluating
the trajectory to avoid the flux of the sediment to ecological
sensible spots is fundamental. If the dumping location for
dredged material is not chosen properly for the sediment
characteristics, substantial volumes of disposed material could
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invade surrounding ecologically important sites for aquatic life.
Therefore, it is necessary to study the excavated sediment
characteristics and evaluate its disposition in seabed.

The physical recovery of dumping sites after disposal
cessation so far has only been sporadically reported in the
literature. Wienberg & Hebbeln (2005) observed the regeneration
of “dunes” after the end of the dumping activities in the Wesser
Estuary, while Stronkhorst et al. (2003) observed a recovery of
sediment texture at a dumping site in the North Sea, near the
harbor of Rotterdam. This was not the case observed in the
disposal site from Guanabara Bay, at least during the 3-year
monitoring period interval.

Tauber (2009) investigated repeated side scan sonar
mosaics in dumping sites at the Baltic Sea, showing that after
three years, the mounds created by dumping material were eroded
and the coarser material remained at the surface, while the
fine material filled in the gaps between the highs. After three
years, the dumping mounds on the area under investigation in
the Rio de Janeiro continental shelf are still remaining, which
is most probably due to the presence of compact mud from
the Rio de Janeiro Harbor dredging material which were not
dispersed by the hydrodynamics on the continental shelf in the
investigated area. Besides the direct impact on the benthic fauna,
this morphologic change of the original seabed may constitute
another environmental impact factor.

CONCLUSIONS

The relationship among seafloor bathymetry, seabed morphology,
side scan sonar images, high resolution seismic data and
sediment grain size distribution provided new insights to evaluate
the environmental disturbance resulting from dumping dredged
material in the continental shelf off Guanabara Bay.

The disposal site on the Rio de Janeiro inner continental
shelf was chosen by local authorities considering its
hydrodynamic capacity and related potential for proper dispersion
of the dredging material. However, the obtained results revealed
changes in seabed morphology after dumping of dredged stiff
cohesive mud, which were not dispersed by bottom currents.
Dumping has caused an observable depth reduction in most of
the disposal site, suggesting that future dredging and dredge
spoil dumping operations from the Rio de Janeiro Harbor should
take into consideration the sediment characteristics, not only
grain size, to evaluate the risks of morphological changes on
dumping site and its influence on local ecology. Sediment grain
size changes were also indicated three years after the dredged
material dumping started, increasing the percentage of fine and

coarse fractions on the original predominantly medium to very
fine sandy seabed. The enrichment in fine sediments increases the
potential of accumulation of pollutants, especially heavy metals,
exported from the Guanabara Bay contributing to the current
debate: "what is less harmful, the discharge of sediments in
a punctual spot or the dispersion through a pre-defined wider
area?".
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