
Marine Pollution Bulletin xxx (2016) xxx–xxx

MPB-07760; No of Pages 5

Contents lists available at ScienceDirect

Marine Pollution Bulletin

j ourna l homepage: www.e lsev ie r .com/ locate /marpo lbu l
Baseline

Considerations on the effects of tidal regimes in the movement of floating litter in an
estuarine environment: Case study of the estuarine system of Santos-São
Vicente, Brazil

Gerson Fernandino a,⁎, Carla Isobel Elliff a, Gabriela Amado Frutuoso b,
Eric Vinícius Nascimento Malaquias da Silva b, Guilherme Santiago Gama b,
João Henrique de Oliveira Sousa b, Iracema Reimão Silva a

a Postgraduate Program in Geology, Núcleo de Estudos Hidrogeológicos e do Meio Ambiente – NEHMA, Instituto de Geociências, Universidade Federal da Bahia, Salvador, Brazil
b Geography Undergraduate, Instituto de Geociências, Universidade Federal da Bahia, Salvador, Brazil
⁎ Corresponding author.
E-mail address: gerson.fernandino@yahoo.com.br (G.

http://dx.doi.org/10.1016/j.marpolbul.2016.05.080
0025-326X/© 2016 Elsevier Ltd. All rights reserved.

Please cite this article as: Fernandino, G., et
environment: Case study of the e..., Marine P
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 12 April 2016
Received in revised form 23 May 2016
Accepted 30 May 2016
Available online xxxx
Floating litter in the estuarine system of Santos-São Vicente is common and is part of day-to-day activities of var-
ious users of the area. The objective of the present study was to carry out a quali-quantitative evaluation of the
occurrence of floating litter, to infer their sources, and to identify environmental factors that are likely to control
occurrence and distribution, with particular emphasis on the effects of tidal regimes. Six sampling stations were
selected along the aforementioned estuary and visitedmonthly between July 2010 and January 2012. Floating lit-
ter was counted from a fixed sampling station. Plastics prevailed (89.64%) and their main source was domestic
activities (55.41%).More litterwas found during ebb spring tides, with higher concentrations obeying confluence
patterns of the estuary's channels. Results indicated that occurrence can be attributed to the deficiency in basic
sewage system in the area and the deliberate disposal into the estuary by the local population.

© 2016 Elsevier Ltd. All rights reserved.
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Marine litter is currently considered one of themajor environmental
problems related to the marine environment. According to Cheshire et
al. (2009), over 80% of all litter found in the marine environment con-
sists of plastics and approximately 85% is from land-based sources.

Although present in virtually all beaches and marine environments
in the world, litter is observed in higher concentrations in coastal envi-
ronments adjacent to urban centers (Moore and Allen, 2000), either
stranded on beaches, deposited on the seafloor or suspended in the
water column. When found either floating on the water surface or
suspended in the water column, litter is designated as “floating litter”
(USEPA, 2002).

Floating litter poses clear threats to pelagic habitats. Among these
are: i) increased mortality of organisms by ingesting plastic and/or re-
duced mobility of species through entanglement or ghost-fishing; ii)
transportation of organisms that use floating material as a means for
dispersion, including alien species; iii) reduced quality in available
food due to the presence of toxins ingested along with plastic particles;
and iv) alteration of the behavior of species that use litter as fish aggre-
gation devices (e.g. Barnes, 2002, Hallier and Gaertner, 2008, Van
Franeker, et al. 2011 and Majer et al., 2012). This can bring important
consequences for local populationswhohave fisheries as amajor source
Fernandino).
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of income. In addition, floating litter can bring economic losses to small
vessels and compromise local tourism activities due to the loss of aes-
thetic potential of the environment (Spengler and Costa, 2008).

Various environmental factors control the distribution of marine lit-
ter. Hydrodynamic circulation is particularly relevant to marine litter
distribution (e.g. Galgani et al., 1995 and Corcoran et al., 2009). Winds,
and tidal regimes, combinedwith rivers and channels that flow intoma-
rine environments, as well as salinity gradient and local circulation pat-
terns can play an important role in the control of litter dispersion and
distribution (Parreira, 2012).

The general objective of the present study was to assess, for the first
time in Brazil, the occurrence and sources of floating litter in the estua-
rine system of Santos-São Vicente, in the coast of the state of São Paulo.
Source identification is paramount for mitigating the problem.

The estuarine systemof Santos-São Vicente, central coast of the state
of São Paulo, is located between the Atlantic Ocean (southwards) and
the scarps of the Serra do Mar. (northwards). The area presents both
high ecological and economic relevance due to the presence of wide
mangrove forests, notable variety of animal species, and the presence
of the Port of Santos, respectively (Fig. 1). The municipality of Santos
is part of the Baixada SantistaMetropolitan Area (BSMA), the third larg-
estmetropolitan area of the state of São Paulo, and presents over 400,00
inhabitants (IBGE, Instituto Brasileiro de Geografia e Estatística, 2010).
Moreover, Santos presents humid tropical climate, with mean
cts of tidal regimes in the movement of floating litter in an estuarine
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Fig. 1. Study area location: estuarine systemof Santos-SãoVicente. In red are the locations and distribution of irregular dwellings and stilt houses; In green, the location of berths of the Port
of Santos; numbers 1–6 represent the location of the sampling stations. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this
article.)
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temperatures of 20 °C and mean rainfall between 2000 and 2500 mm/
year (Parreira, 2012). Summers are warm and humid, andwinters pres-
ent cooler temperatures and lower rainfall, but without the presence of
a dry season, with mean rainfall higher than 60 mm during the driest
months (SSE, Secretaria de Saneamento e Energia do Estado de São
Paulo, 2010).

Themunicipality of Santos is considered one of the greatest develop-
ment poles in Brazil, presenting various large-scale economic activities
such as industries, fishery, people and goods maritime transportation,
and tourism/recreational activities (Harari and Camargo, 1998).

The hydrodynamic circulation of the estuarine system of Santos-São
Vicente is essentially governed by semidiurnal tides (microtidal re-
gime), with occurrence of mixed tides, with daily inequalities and the
periodic approach of cold fronts that contribute to the momentary var-
iation of local mean sea level (Harari and Camargo, 1995). Tidal wave
propagation is conditioned to the existence of different axes of flood
and ebb tides, to the presence of wide areas coveredwithmangrove for-
ests (which are areas with particular circulation patterns), and to the
encounter between the Estuary of São Vicente (westwards) and the Es-
tuary of Santos (eastwards), in the vicinities of the Casqueiro River
(Parreira, 2012). Wind shearing on the water surface also plays an im-
portant role in circulation, especially combined with surface circulation
which is controlled by the fresh water that flows into the area (usually
towards the ocean) and by the bottom currents generated by the incur-
sion of saline waters (Harari et al., 2007).

Punctual and dispersed pollution sources are industrial and urban
effluents (Harari and Camargo, 1998), including solid waste - approxi-
mately 3000 tons of litter per year (SSE, Secretaria de Saneamento e
Energia do Estado de São Paulo, 2010) -, fisheries, and tourism and rec-
reational activities. In the estuarine system of Santos-São Vicente there
are also garbage dumps and landfills (both active and inactive) that can
contribute as pollution sources for the local environment. In addition, ir-
regular dwellings/stilt houses are found in various areas along the chan-
nels of Santos and São Vicente, more specifically in their innermost
areas, including the industrial complex of Cubatão (see Fig. 1).
Please cite this article as: Fernandino, G., et al., Considerations on the effe
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Floating litter data sampling was performed through visual cen-
suses. A total of six sampling stations were chosen for the monitoring
(see Fig. 1). Stationswere visitedmonthly, in a total of 17 sampling cam-
paigns (between July 2010 and January 2012). In each campaign, data
was gathered in two periods (morning and afternoon) in each station,
representing different tide conditions (ebb and flood) in the majority
of cases.

Observations were performed from a fixed sampling station (an-
chored vessel), for 30min,with two observers registering all floating lit-
ter visible to the naked eye within a radius of approximately 50 m.
Information on tide regime andweather conditionswere concomitantly
collected.

All floating litter items observedwere classified according tomateri-
al: plastic, metal, cloth, rubber, glass/ceramic, paper/cardboard, and
others (Cheshire et al., 2009; Zhou et al., 2011; Fernandino et al.,
2015). Their most probable origins (sources) were inferred according
to surrounding characteristics and distributed into the following source
categories: domestic, tourism/recreation, fisheries, hospital, and inde-
terminate (Fernandino et al., in press).

A total of 2339 items of floating litter was registered. The campaigns
with higher occurrence of litter were C4 and C8, with 299 items ob-
served in each, representing together 24.90% of all observed material
during the sampling period. On the other hand, the campaign with the
lowest occurrence of litter was C3, with 31 items (1.29%). The stations
that concentrated the highest counting, considering the entire sampling
period, were station 1, with 690 items of floating litter, and station 2,
with 615. The lowest concentration was observed in station 5, with
137 items (Fig. 2).

Two major specific sources were identified: “domestic” (55.41%)
and “indeterminate” (42.71%) (Fig. 2). The latter category (“indetermi-
nate”) refers to items that did not allow for the identification of sources,
for instance plastic fragments, or items that could present multiple
sources according to local characteristics. The remaining sources identi-
fiedwere “tourism/recreation” (1.36%), “fishery” (0.43%) and “hospital”
(0.09%). As expected, all floating litter found in the estuarine system of
cts of tidal regimes in the movement of floating litter in an estuarine
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Fig. 2. Floating litter occurrence, materials and sources. The Y-axis represents the absolute quantity of litter per station in each campaign, the X-axis represents each sampling campaign
(n = 17), P1 through P6 represent each sampling station indicated in Fig. 1. Left pie-chart illustrates representativeness of the inferred sources of the floating litter. Right pie-chart
illustrates representativeness of types of material.
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Santos-São Vicente originated from land-based and urban activities.
This predominance was also observed by other authors in other
Fig. 3. Surface currents in the estuarine system of Santos-São Vicente. Red lines represent the ap
Green lines mark the location of berths of the Port of Santos; numbers 1–6 represent the loca
currents. (For interpretation of the references to color in this figure legend, the reader is referr
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estuaries and beaches in Brazil (Araújo and Costa, 2007; Ivar Do Sul
and Costa, 2013).
proximate location of irregular dwellings/stilt houses in themargins of themain channels;
tion of the sampling stations; Blue arrows indicate the direction and intensity of surface
ed to the web version of this article.)
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Table 1
Occurrence of floating litter according to different tide regimes.

Ebb (items/campaign) Flood (items/campaign)

Neap 120.33 62.5
Spring 78.11 59.89
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The fact that the category “domestic” presented the highest repre-
sentativeness can be related to the strong presence of irregular dwell-
ings/stilt houses in a large portion of the estuarine system where litter
and domestic effluents are dumped directly into the water (Figs. 1 and
3).

The hydrodynamic circulation in the area strongly influences the
dispersion of chemical pollutants in the estuarine system of Santos-
São Vicente (Parreira, 2012). Moreover, this author also observed that
the energy of this circulation is higher in the Port of Santos Channel, fa-
cilitating dispersion. Such a pattern could also occur with floating litter.
The study conducted by Harari and Camargo (1998) showed that under
ebb spring tide conditions, velocity vectors indicated water flow from
the São Vicente Channel towards the Port of Santos Channel, moving to-
wards the Bay of Santos. This information corroborates the hypothesis
of contribution of the stilt houses to local litter. In addition, for these
same conditions, water movementwas also observed from the Bertioga
Channel towards the Port of Santos Channel, thus indicating a possible
contribution of the Bertioga Channel in the input of litter to the area, es-
pecially considering the existence of riverine communities along its
margins. These data were integrated in Fig. 3 to illustrate the distribu-
tion of floating litter in the estuarine complex of Santos-São Vicente.

Higher concentrations of litter were found in stations 1 and 2, which
could be the result of the confluence of the flow from both channels.
Floating items from the innermost areas of the estuarine system can
join those from the Bertioga Channel in the vicinities of station 2.

As expected, a high predominance of plastics was observed (89.64%)
(Fig. 2). Thisfinding corroborateswith the study conducted by Sadri and
Thompson (2014). Cloth (0.17%), glass (0.30%), metal (0.64%), paper
(0.47%), rubber (2.13%), wood (4.22%) and others (2.43%) occurred in
lower amounts probably as a result of the higher densities that are typ-
ical of these materials, which allow them to sink to the bottom more
easily than plastic items.

The highest daily tide amplitudes during the sampling campaigns
were 1.5 m (C8 and C11), and the lowest was 0.4 m (C1). In absolute
numbers, a higher quantity of litter was found during spring tides
(1227 items) when compared to neap tides (1097). A similar pattern
was found by Sadri and Thompson (2014), in a macrotidal estuary in
the UK, who found a higher abundance of litter during spring tides.

The small discrepancy found in the present study between the
values found during spring and neap tides may be attributed to the
fact that the studied estuary presents a microtidal regime, varying be-
tween semidiurnal and mixed tides, often presenting variations lower
than 0.5 m during neap tides. Thus, during small neap tide amplitudes,
the ebb tidal current may not be competent enough to transport part
of the litter towards the Bay of Santos, adjacent to the estuary. There-
fore, part of the litter would be contained within the estuary “awaiting”
higher tidal amplitude that would be capable to transport it outside the
estuarine system.

Spring tides occurred in nine campaigns (C5, C8, C9, C11, C12, C13,
C14, C15 and C16), while neap tide were identified for six campaigns
(C1, C2, C3, C4, C6 and C10). Campaigns with “variable” tides (one day
considered as spring tide and another, neap tide) occurred in two occa-
sions (C7 and C17). Due to the difference between the number of cam-
paigns sampled in each tidal regime, highermean valueswere found for
neap tides (n = 6 campaigns; 173.33 items/campaigns), and lower
mean values for spring tides (n = 9 campaigns; 121.56 items/cam-
paign), excluding the data from the campaigns with “variable” tide.

In general, more items of floating litter were found during ebb tides
(1425 items) when compared to the number found during flood tides
(914 items). The higher quantity found during ebb tides can be attribut-
ed to the behavior of the tide itself that, when ebbing, carries the mate-
rial that is in the inner areas of the estuary and transport it towards the
Bay of Santos. Table 1 describes the occurrence of litter according to tide
regimes.

The climatic/rainfall regime of the area may have influenced the
higher quantity of litter found during summer (746 items) and spring
Please cite this article as: Fernandino, G., et al., Considerations on the effe
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(735 items). Higher rainfall during these seasons may allow higher
flow of litter from the streets directly into the estuary through surface
drainage system, increasing the frequency of items found. Although
winter in the area is considered of lower rainfall, the high incidence of
cold fronts in the area could have influenced the high value of floating
litter observed during this period (538 items).

Morritt et al. (2014) showed that considerable quantities of litter are
transported close to the riverbed. This can be due to natural mixing and
stratification processes that are characteristic of estuaries. Thus, it is rea-
sonable to infer that this phenomenon can occur in the studied estuary.
In addition, the low hydrodynamic characteristic of the estuarine com-
plex of Santos-São Vicente (Parreira, 2012) allows litter items to have
enough time to deposit on the floor. Therefore, analyzing only the float-
ing material is an underestimation of the real state of pollution by solid
waste in this environment.

Themain source of floating litter in the area was domestic activities,
likely from irregular dwellings/stilt houses located in areas near the
port. The litter found was mainly comprised of plastics. The confluence
of waters from the innermost areas of the estuarine system of Santos-
São Vicente and the Bertioga Channel in the vicinities of station 2
helps to explain the higher concentrations of litter found in this portion
of the studied estuary. In addition, more items were found during ebb
tides, reflecting the role of tides in the transportation of litter in the in-
nermost areas of the estuary towards the Bay of Santos through the
Porto de Santos Channel.

Some strategic actions should make a great difference in reducing
the inadequate disposal of litter by irregular dwellings/stilt houses,
such as projects for improving and implementing new sanitary sewage
systems in these areas.

The concentration of floating litter in the area poses serious threats
to the local fauna, considering that various marine animals can ingest
or become entangled in floating litter, such as fish and turtles, common-
ly found in the area. Scenic beauty can also be compromised by the
quantity of litter found floating at the surface. Although the studied
area is not necessarily sought by tourists throughout the year who in-
tensively use beaches close to the sampling stations. The litter found
in the estuary can be carried by tides and eventually be deposited on
these beaches, reducing scenic attractiveness and posing risks to users
who can eventually get hurt by the stranded material.

In addition to the problem involving basic sewage system, public
awareness is necessary because even after solving the sewage problem,
the direct disposal of litter would still occur in the estuarine area. There-
fore, campaigns aiming the promotion of environmental education of
populations of the area should be conducted in order to reduce the
input of litter in this estuarine system.
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