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ABSTRACT

The study presents an evaluation of potentially toxic elements deposition in Bertioga Channel
(Southeastern Brazilian coast) along the last 150 years, the main anthropogenic activity period in the
area. Five sediment cores by means of ICP-OES to determine the levels of metals (Cd, Cr, Cu, Ni, Pb
and Zn) and As. The pollution load index (PLI) and enrichment factor (EF) were calculated to
identify the relative elements toxicity of the sediments and the anthropogenic contribution of the
investigated elements. The indexes indicated the absence of contamination but a higher input of As in
cores B2 and B5, which have been sampled in an area that presents higher sedimentation rates.
Through an statistical analysis of time series decomposition, it was verified that the metals flux to the
area follow the cycles of rainy (austral summer and autumn) and dry seasons (austral winter and
spring). In conclusion, the enrichment corresponds to the end of the 19th Century, when Santos
Harbor was inaugurated, and to the 1970s, when Santos Harbor activities expanded. In addition, the
analysis of the indexes and the temporal decomposition indicate that these elements' input to Bertioga
Channel is due to natural processes of weathering and sedimentation.

Resumo

Este estudo apresenta uma avaliagdo da deposigdo de elementos potencialmente téxicos no Canal de
Bertioga (costa sudeste brasileira) ao longo de 150 anos, periodo principal de atividade antropogénica
na éarea. O trabalho analisou cinco testemunhos sedimentares por meio de ICP-OES para determinar
0s niveis de metais (Cd, Cr, Cu, Ni, Pb e Zn) e As. O indice de carga de poluicdo (PLI) e o fator de
enriquecimento (EF) foram calculados para identificar a toxicidade relativa dos elementos dos
sedimentos e a contribuicdo antropogénica dos elementos investigados. Os indices indicaram a
auséncia de contaminagdo por metais pesados, mas houve uma entrada mais elevada de As nos
testemunhos B2 e B5, amostrados em area com maiores taxas de sedimentagdo. Através de andlise
estatistica de decomposicédo de séries temporais, verificou-se que o fluxo de metais para a &rea segue
0s ciclos de estagdes chuvosa (verdo austral) e seca (inverno austral). Como conclusdo pode ser
verificado que o enriquecimento observado corresponde ao final do século XIX, quando o Porto de
Santos foi inaugurado, e & década de 1970, quando as atividades do porto foram expandidas. Ainda, a
andlise dos indices e da decomposi¢do temporal indica que a entrada de As no Canal de Bertioga da-
Se por processos naturais de intemperismo e sedimentacéo.

Descriptors: Potentially toxic elements, Enrichment factor, Sedimentation rates, Bertioga Channel.
Descritores: Elementos potencialmente tdxicos, Fator de enriquecimento, Taxa de sedimentag&o,
Canal de Bertioga.

INTRODUCTION

The Baixada Santista, located on the
southeastern Brazilian coast, covers an area of
approximately 2,423 km? (corresponding to around
1% of Sdo Paulo state). The Baixada Santista is the
third most heavily populated region in the state, with a
population of 1.6 million distributed in nine cities

(SEADE, 2010) (Fig. 1). Santos city hosts the largest
Brazilian harbor, with traffic that exceeds one million
containers per year (40% of the national volume) and
97.2 million t in 2011 (CODESP, 2011), ranking as
the 39™ busiest harbor in the world. Another city,
Cubatdo, holds one of most important industrial parks
in Sdo Paulo state, with approximately 1,100
petrochemical, steel and civil construction factories
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(CBH-BS, 2011). Tourist and artisanal fishery
activities are also undertaken in the Baixada Santista.
Studies in this region have identified the degradation
of the environment due to both domestic and industrial
pollution, responsible for microbiological and
chemical contamination; physical alterations of
habitats due to erosion processes, silting up, channels
and mangrove embankments; and interventions in the
drainage system (CETESB, 2001).

Since sediments act as a major repository of
inorganic elements in the aquatic system, the pollution
in the aquatic environment of the Baixada Santista has
become a concern. Benthic biota is exposed to metallic
pollutants accumulated within the sediments, which
may transfer potentially toxic concentrations through
the food web to organisms on higher trophic levels.
The scientific community has shown increasing
interest in the area and studies on contamination in
sediments have been undertaken and contaminant
variability along sedimentary cores has been widely
evaluated to assess the history of toxic element
pollution in aquatic environments (BORDON et al.,
2011; FUKUMOTO (2007):
http://www.teses.usp.br/teses/disponiveis/21/21133/tde-
06112007-110644/publico/Tese_MarinaFukumoto.pdf
HARIKUMAR et al., 2009; HORTELLANI et al.,
2008; IRABIEN et al., 2008; LUIZ-SILVA et al.,

2008; SILVA et al, 2011, TORRES,
2007 http://www.bdtd.ufscar.br/htdocs/tedeSimplifica
do//tde_busca/arquivo.php?codArquivo=2663).
Moreover, the levels of toxic elements are subject
to variations on a seasonal time scale due to changes
in the physical and chemical conditions of the
environment (LUIZ-SILVA et al., 2006).

The Bertioga Channel is one of the several
channels that constitute the Santos Estuarine Complex
(Fig. 1) which is considered a pristine environment.
This channel is 24 km long and up to 1 km wide.
Whereas the most degraded mangrove forests are
located in the Santos region, due to the influence of
industrial pollution, one of the least degraded is in
the Bertioga Channel (RODRIGUES et al., 1999),
which gives the area great potential for the retention of
anthropogenic substances.

Within this context, the main goal of
thisstudy was to undertake research into the
potentially toxic elements in cores from the Bertioga
Channel. PLI (pollution load index) and EF

(enrichment factor) were determined and compared
with the age model obtained for the cores to evaluate
the trends of the impact of anthropic activities in this
region.
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Fig. 1. Location of the study area and coring sites (black circles) along Bertioga Channel (a), Sdo Paulo coast (b), Brazil (c).
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MaATERIAL AND METHODS

Sampling

Five sediment cores were collected along the
Bertioga Channel (Fig. 1) in February 2010 using a
Rossfelder VT-1 vibracorer. The core lengths ranged
from 150 to 220 cm. To obtain undisturbed samples,
the cores were sliced every 2 cm using a stainless steel
spatula, and the sediment samples were freeze-dried
before further handling at LaQIMar (Laboratory of
Marine Inorganic Chemistry), located at the Instituto
Oceanografico of the Universidade de S&o Paulo (10-
USP, S&o Paulo, Brazil). Half of the sliced cores was
used for ICP-OES analyses, and the others were used
for radiometric dating.

Inductively Coupled Plasma-optical Emission Spectrometry
(ICP-OES)

The SW 846 US EPA 6010C method
(UNITED STATES, 2007) allowed the determination
of the following elements by ICP-OES using a Varian
MPX 710ES model: As, Cd, Cr, Cu, Ni, Pb and Zn. Sc
was also determined to calculate the EF values as a
normalizer.

The precision and accuracy were proved by
the analysis of replicates of the certified reference
materials SS1 and SS2 from EnvironMAT™ CRM
SPC Science. The precision was assessed by the
relative standard deviation, below 16% in all of the
elements, and the accuracy was achieved by relative
error, which was below 16%.

In addition, the quantification limits (QLs)
were calculated according to the definition of IUPAC
(IUPAC, 1997): QL = (10.sp)/s, in which s, is the
standard deviation of 10 background readings and s is
the sensibility of the methodology, corresponding to
the inclination parameter of the calibration curve made
with multiple readings of standard solutions with
known concentrations. Table 1 presents these results
and the practical quantification limits obtained for the
methodology used.

For this analysis, acidified aqueous sample
solutions were obtained by leaching 2 g of freeze-
dried sediment with HNO3, H202 and HCI according
to the SW 846 US EPA 3050B method (UNITED
STATES, 1996). It is important to mention that this
method involves a very strong acid digestion that
dissolves the “environmentally available” elements,
not including only those bound in the silicate
structures, which are not usually mobile in the
environment.

Table 1. Concentrations of potentially toxic elements (in mg kg™) in standard reference materials. Quality control and

quantification limits of the methodology.

Element Reference Certified concentration Measured Precision Accuracy Quantification limit
material (mg kg™) concentration (RSD) (RE) (mg kg™)
(mg kg*)* (%) (%)
As SS1 18.00 19.94+1.53 8% 11% 1.50
(n=8)
SS2 75.00 84.15+4.27 5% 12%
(n=8)
Cd SS1 34.00 29.78+1.16 4% 12% 0.25
(n=8)
Ss2 b b b b
Cr SS1 64.00 60.07+16.60 11% 6% 0.50
(n=8)
SS2 34.00 34.6245.57 16% 2%
(n=8)
Cu SS1 690.00 691.64+17.56 3% 0% 1.00
(n=8)
SS2 191.00 188.70+3.14 2% 1%
(n=8)
Ni SS1 231.00 212.74+9.16 4% 8% 1.00
(n=8)
SS2 53.00 50.30+2.68 5% 5%
(n=8)
Pb SS1 233.00 195.16+5.47 3% 16% 1.00
(n=8)
SS2 126.00 105.58+3.89 4% 16%
(n=8)
Zn SS1 ¢ ¢ ¢ ¢ 2.00
SS2 467.00 447.30+14.01 3% 4%
(n=8)

# Concentration values represented in the form (mean + standard deviation).

® Not a reference material for this element.

¢ Reference material not measured for this element.
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Sedimentation Rates and Sediment Dating

The cores were analyzed for 2°Pb, ??°Ra and
187Cs by direct gamma assay using an EG&G ORTEC
model 25190P hyperpure Ge detector with mean
resolution of 1.90 keV for the 1332.40 keV photopeak
of ®°Co. *%b, **Ra and Cs activities were
measured at 46.52 keV, 609.31 keV and 661.67 keV,
respectively, according to the methodology of analysis
and data acquisition described in Figueira et al.
(2007).

In this study, the sedimentation rate was
calculated with the unsupported 2°Pb (**%Ph,) via CIC
(constant initial concentration) model. This model has
been set out by Appleby and Oldfield (1978) and Joshi
and Shukla (1991), and it is adequately described in
the scientific literature. The sedimentation rates
obtained by #°Pb, are presented in Table 2 and the
results were confirmed by *¥'Cs measurement. From
these data, it was possible to establish the dating for
samples to understand the behavior of metals and As
along each core.

Table 2. Sedimentation rate (in cm y?)
with #%b,, and *¥'Cs for the five cores

from Bertioga Channel, Southeastern
Brazilian coast.

Core Sedimentation rate (cm y™)

20ph s

B1 0.84 +0.06 0.72+0.07

B2 1.12 +0.09 1.02 +0.09

B3 1.26 +£0.12 1.22+0.12

B4 0.97 +0.07 0.95+0.10

B5 0.93+0.15 0.95+0.09

Sediment Quality Guidelines (SQGSs)

The results obtained in thisstudy were
compared with the sediment quality guidelines (SQGs)
established by Long et al. (1995). These authors
empirically defined no-effect concentrations after
extensive literature  reviews that identified
concentrations rarely associated with toxic marine and
estuarine sediments. They ranked the values in terms
of chemical concentrations at which adverse biological
effects were observed: the 10th percentile of the
effects data for each contaminant was used to identify
a threshold (Effects Range-Low or ERL) below which
the effects rarely occurred, and the 50th percentile
(median) of the data denoted the concentration

(Effects Range-Median or ERM) above which adverse
effects occurred frequently.

The ERL and ERM guidelines have been
used widely (BINELLI et al., 2008; BIRCH,;
TAYLOR, 2002; FORRESTER et al., 2003;
HEMMING et al., 2005; HORTELLANI et al., 2008;
IRABIEN et al., 2008; LUO et al., 2010; PEKEY et
al., 2004; ROACH, 2005; WADE et al., 2008). In the
Brazilian environmental regulations, for example,
these guidelines correspond to levels 1 and 2 for
metals and As, respectively, defined by the CONAMA
344 Resolution (BRASIL, 2004), which establishes
the general guidelines and minimal procedures for the
evaluation of material to be dredged in the Brazilian
waters and other actions. According to O’Connor
(2004), however, ERL/ERM should not be interpreted
in a regulatory context or as criteria for coastal
management decisions, but rather to infer associations
between chemical contaminants and adverse biological
effects and as a framework for follow-up research and
monitoring.

It is important to emphasize that the
derivation of SQG is hampered by the uncertainties
surrounding estimations of the biological availability
of sediment-associated contaminants. The actual
availability and consequent ecotoxicological effects
are strongly influenced by factors such as the grain-
size distribution, the composition of organic matter,
the occurrence of sulfides and the time interval in
which the contaminants are present in the sediment.
Therefore, it cannot be concluded that marine
sediments with concentrations above these no-effect
levels are toxic; however, those with chemical
concentrations at or below these no-effect levels may
be assumed to be non-toxic without further
investigation (UNEP-1OC-IMO, 2011). For this study,
in order to identify eventual adverse effects of heavy
metals and As in the sediments, SQGs are merely
being used here as a first screening tool.

Pollution Load index (PLI) and Enrichment Factors (EFs)

To understand the behavior of heavy metals
and As along the cores, Tomlinson’s Pollution Load
Index (PLI) was applied. The PLI index
(TOMLINSON et al.,, 1980) is obtained as the
concentration factor of each heavy metal with respect
to the background value in the sediment and has been
used to assess the relative heavy metal toxicity of
estuarine sediments (CAIERO et al., 2005;
HARIKUMAR et al., 2009). The equations applied are
as follows:

PLI = (CF4.CF,.CF...CF,)*" (1)

In which: CF is the concentration factor for
each element analyzed, obtained with Equation 2:
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CFmetal = (Cmetallcbackground) (2)

In  which: Cuew is the element
concentration at a particular depth of the core, and
Chackground 1S the element concentration at the bottom of
the core.

The PLI index represents the number of
times that the heavy metal concentration in the
sediment exceeds the background concentration, and it
provides a summative indication of the overall level of
heavy metal toxicity in a particular sample. The PLI
varies from 0 to 10, where 0 means no pollution and
10 indicates extreme pollution (PRAVEENA et al.,
2007).

Because PLI is based on the CF
(concentration factor), which is not normalized,
fluctuations due to grain size can contribute to the
misinterpretation of the values obtained. Therefore,
the enrichment factor, as described by SZEFER et al.
(1998), was also applied in this study. The EF
calculation is used to reduce the metal variability
associated with variations in grain size, and it is a
convenient tool for plotting geochemical trends across
large geographical areas which may have substantial
variations in grain size. The EF is defined as the ratio
between the trace element concentration of the sample
and that same element’s baseline concentration
(Equation 3). In this study, Sc was used as the
conservative element:

EF = [(Ci/Cn)sampIe/(ci/Cn)baseIine] 3)

In which: C; is the element concentration at a
particular depth in the core, C, is the normalizing
element concentration at a particular depth of the core,
C; baseline is the element concentration in the bottom
sediment core, and C, baseline is the scandium
concentration in the bottom sediment core.

Five categories were established to assess
the degree of enrichment and contamination
(ANDREWS; Sutherland, 2004; MAHIQUES et al.,
2009): EF < 2 defines a situation of no contamination;
EF between 2 and 5 represents moderate
contamination; EF between 5 and 20 represents
significant contamination; EF between 20 and 40
represents very high contamination; and EF > 40
represents extreme contamination.

The element mostly used for marine
sediment normalization is aluminum (Al) since it
represents aluminosilicates, the main group of
minerals generally found in the fine sediment
fractions. Aluminum is supposed to be derived with
the detrital minerals from the continent to the sea, and
it has negligible anthropogenic input and behaves
conservatively in  normal marine environments
(HERUT; SANDLER, 2006). However, because the
preparation method applied in this study partially

dissolves the elements present in the samples, the
aluminum concentrations would be subjected to
analytical oscillations, leading to misinterpretation
when applying Al as a normalizing element. Scandium
was used in previous surveys as a normalizing element
(ACKERMAN, 1980; GROUSSET et al., 1995) and
was applied in this project.

Time Series Decomposition

Time series decomposition was used in order
to further study the temporal evolution of potentially
toxic element concentrations, as it will allow the
evaluation of seasonal variation in these elements’
input in Bertioga Channel. The model chosen was the
multiplicative one, in which the seasonal pattern
variation is proportional to the levels of elements. In
other words, the changing seasons magnify or
diminish the concentration of the elements. Equation 4
represents the multiplicative model.

C=LS+R )

In which: C is the concentration of the
element studied, L is the linear evolution in time of the
concentration of the element studied, S is the seasonal
index for the time period, and R is the statistical
residue.

For the application of Equation 4, the chosen
number of seasonal indexes is four, each
corresponding to one of the seasons of the year:
summer, autumn, winter and spring. Software package
Minitab® 16 from Minitab Inc. was used to make the
time series decomposition as explained above.

ResuLTs anD Discussion

Table 3 presents the results obtained (based
on “environmentally available” digestion) from the
bottom and top of each of the five cores from Bertioga
Channel. Figures 2 to 6 present the heavy metals and
As levels along the five cores. For comparison with
the data obtained, the ERL/ERM values are included
in Table 1 and in Figures 2 to 6 (ERL values as
continuous lines) for each element.

All heavy metals results were below the
ERL (no-effect level). Therefore, based on these
results, it may be assumed that the sediments collected
along Bertioga Channel are non-toxic and not
potentially harmful to the marine biota. For As, most
of the samples exceeded the ERL of 8.2 mg kg™,
particularly in cores B3, B4 and B5 (Figs 2-6), but all
the results were below the ERM (effect range-
medium, in which the probability of adverse biological
effects is higher).
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Table 3. Comparison between SQGs as defined by Long et al. (1995) and the results obtained for the five cores
(top and bottom) from Bertioga Channel, Southeastern Brazilian coast.

Element

As
Cr

Ni
Pb
Zn

ERL

8.20
81.00
34.00
20.90
46.70
150.00

ERM B1 B2 B3 B4

Top Bottom  Top Bottom  Top Bottom  Top Bottom
70.00 10.56 7.58 9.56 531 1559 13.84 18.58  13.95
370.00 3457 26.43 9.37 9.94 3316  39.90 30.73  43.24
270.00 8.25 6.47 3.66 2.26 7.98 8.52 8.62 9.06
51.60 11.70  10.04 3.80 3.93 11.92  14.05 13.71  16.54
218.00 10.02 10.89 571 4.96 16.49 16.01 1414 16.71

410.00 57.84 43.67 22.79  20.01 53.23 54.63 56.27  56.77
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Fig. 2. Heavy metals and As levels (in mg kg™) in B1 core from Bertioga Channel,
Southeastern Brazilian coast. Dashed lines represent the ERL values.
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Fig. 3. Heavy metals and As levels (in mg kg™) in B2 core from Bertioga Channel,
Southeastern Brazilian coast. Dashed lines represent the ERL values.
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PLI was calculated to assess the relative
heavy metals and As toxicity of the sediments. Figure

7 presents the PLI along the five cores collected from

Bertioga Channel. The PLI values obtained were
between 0.5 and 1.5,
contamination.

indicating no significant
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Fig. 7. Tomlinson Pollution Load Index (PLI) obtained for the five cores from
Bertioga Channel, Southeastern Brazilian coast. Dashed lines represent PLI = 1.

As mentioned earlier, the PLI index is based
on the concentration factor, which is not normalized;
therefore, fluctuations due to grain size can contribute
to misinterpretation of the values obtained. Thus, to
assess the degree of sediment contamination,
enrichment factors (EFs) were calculated using Sc as a
normalizer element. Table 4 presents the EF ranges
obtained for each core. The EF was not calculated for
Cd because all the results were below the sample
quantification limit (< 0.25 mg kg™). Asmay be
observed in Table 4, EFs were, in general, lower than
2 for all cores, indicating a minimal pollution for the
region. However, an EF above 2 was found for As in
Bertioga cores 2 and 5.

Figure 8 presents As EFs in the five cores
collected along Bertioga Channel. Although As was
quantified above the ERL in all five cores, the EFs
were lower than 2, indicating that it is likely that As
background levels in Baixada Santista sediments are
higher than the ERL. However, As enrichment was
observed particularly at 146-148 cm in core B2 and at
0-40 cm in core B5. According to the #°Ph,.-based
age-model, these depths correspond to the end of the

19th century, when Santos Harbor was inaugurated,
and to the 1970s, when Santos Harbor activities
were expanded.

Cores B2 and B5 are located at Largo do
Candinho, the watershed of the Santos and Bertioga
areas, a location that presents the highest
sedimentation rates in the region. This condition
potentially favors metal and other pollutant
accumulations coming from the Santos estuarine
system, which is already contaminated by pollutants
from the Cubatdo industries. The results obtained in
the cores analyzed here show a similar behavior to
those obtained by CETESB (Technology Company of
Environmental ~Sanitation, associated with the
Environment Secretariat of S8o Paulo Government) in
a survey undertaken in 2001, where As concentrations
were as high as 18 mg kg™ in Largo do Candinho.
That study included several cities of the Baixada
Santista and, of the three superficial sediment samples
collected in the Bertioga region, that from Largo do
Candinho also had Zn, Cd, Pb and Cu concentrations
above the ERL.

Table 4. EF ranges for the five cores from Bertioga Channel, Southeastern Brazilian coast.

Core As Cr Cu Ni

Bl 0.80-1.55 0.90-1.13  0.95-1.29  0.88-1.20
B2 0.68-2.36  0.88-1.13  0.80-1.74  0.94-1.19
B3 0.76-1.61  0.96-1.12 0.92-1.28  0.98-1.20
B4 0.75-1.93  0.95-1.90 0.99-1.62 0.97-1.28
B5 0.97-345 0.97-1.18 0.95-1.93  0.95-1.30

Pb Zn EF
0.77-1.07  0.97-1.29  no contamination
0.62-1.42  0.86-1.28  moderate contamination (As)
0.85-1.34  0.97-1.36  no contamination
0.85-1.40  0.96-1.44  no contamination
0.81-1.32  0.94-1.54  moderate contamination (As)
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Table 5 presents a summary of the surveys
performed in the area investigated. Silva et al. (2011)
determined the metals and As in the sediment cores at
35-100 cm from Baixada Santista, including three
points in the Bertioga region. These authors quantified
As, Cr and Zn levels above the ERL in the muddy
fraction (<0.075 mm) of the core collected from Largo
do Candinho, where the B2 and B5 cores were
sampled.

Quindaglia (2006) http://www.teses.usp.br/teses/
disponiveis/46/46133/tde-09022007-133741/publico/
TeseGilsonQuinaglia.pdf established background levels
for 23 elements in the Baixada Santista after analyses
of extracts obtained by environmentally available
digestion in the <2 mm fraction of superficial
sediment samples collected at eight points along the
Bertioga Channel. All results were below the ERL,
except that for As. The author suggested that As
concentrations are most likely associated with the
composition of the samples, being naturally present in
the sediments of this region. Luiz-Silva et al. (2008)
determined concentrations of 38 elements in a 260-
cm-long sediment core collected from the Morrdo
River estuary in the Baixada Santista. These
researchers found approximately 15 mg kg of As in
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the 220-260 cm depth interval, corresponding to the
concentration before the industrialization of the
watershed.

The results obtained for As in this study are
similar to those of other studies, and they confirm that
the concentration of this element is relatively high in
this region. As occurs as a major constituent in more
than 200 minerals and may occur naturally in aquatic
environments from the weathering of primary and
secondary minerals (DATTA et al., 2007).

As is ahighly toxic elementfor marine
organisms, since its inorganic compounds (e.g.
tetramethylarsonium, trimethylarsinic oxide) and
organic ones (e.g. arsenosugars, arsenobetaine) are
toxic and are present in marine organisms (LAM et al.,
2004; SAEKI et al., 2000). In benthic invertebrates,
such as mollusks, crustaceans and echinoderms, which
are in direct contact with the sediment, As may attack
and break proteins, remove phosphate from
their compounds, such as DNA, and elicit redox
reactions that lead to the formation of reactive oxygen
forms like O,, H,0,, OH in the organism
(JAKIMSKA et al., 2011).

Table 5. Potentially toxic element levels (in mg kg™) in sediments from different surveys undertaken in Baixada Santista,

Southeastern Brazilian coast.

Reference Fraction Depth (cm) As Cr Cu Ni Pb Zn
This study <2 mm 0-205 4.31-23.59 5.66-55.89 1.40-13.09 2.41-21.06 2.69-16.71 13.13-74.32
Silva et al. <0.075 mm 35-100 1-20 7-162 - - 29-343
(2011)
CETESB <2mm superficial 0.1-3.0 6.2-34.0 5.6-100.0 3.0-17.0 6.7-66.0 15.5-214.0
(2001)
Quinaglia <2mm superficial 9.84 £1.99 278+ 11.00 £ 3.34 11.1+£1.98 <0.26 63.8+11.6
(2006) 3.04
Luiz-Silva et al. <2 mm 220-260 146+0.8 75+2 18.78 £0.23 27106 29.52 + 3.66 92+5
(2008)
EF As (B1) EF As (B2) EF As (B3) EF As (B4) EF As (B5)
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Fig. 8. As enrichment factor (EF) obtained for the five cores from Bertioga
Channel, Southeastern Brazilian coast. Dashed lines represent EF = 2.
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Santos Harbor was inaugurated in 1892, and
since then the enrichment of As has tended to increase
(Fig. 8). The harbor's construction and growth,
involving activities such as ground excavations,
dredging and residue discharges may have caused
modifications in the sedimentological patterns in the
region that lead to As enrichment as it is naturally
enriched in the region. In the specific case of the B5
profile, located near Largo do Candinho with higher
sedimentation rates, the hydrodynamic favorable to
deposition and, perhaps, the presence of fine
sediments and high organic carbon content due to
surrounding mangrove forests may have favored this
observed enrichment of As.

In addition, in order to evaluate whether
there is a temporal pattern in the element input into the
Bertioga Channel, time series decomposition was used
to assess indexes corresponding to the weight of each
season in the heavy metals and As observed signal.
For all cores the comparison between the observed and
modeled data presented high (r > 0.99) and statistically
significant (p < 0.05) correlation. Table 6 presents the
elements’ seasonal indexes for the season for all cores.

To evaluate whether there are differences
between the seasons for the elements of interest and
the interaction between both these factors (season and
elements), two-way analysis of variance (two-way
ANOVA) was applied using the seasonal indexes as
data input. Anderson-Darling and Levene’s tests were
used to check the assumptions of normality and
homocedasticity of data residues, both complied
within a level of significance of 5%. Table 7 presents
the results of this analysis. It can be seen that there is
no difference (p > 0.05) in the seasonal indexes
between the elements, and there is a difference (p <
0.05) in the seasonal indexes between the seasons,
with higher indexes in the summer and spring. Also, in
the evaluation of the cause of this distinction between
the seasons, it is not due to the differences between the
elements of interest, as the interaction between these
factors is statistically not significant (p > 0.05).

According to DAEE (1999) and SAO
PAULO (2001), the rainy season of the Santos
region occurs  between  October and  April,
corresponding to the austral spring and summer, with a
mean daily level of between 30 and 180 mm. This may
be the cause of the difference in the observed seasonal
indexes, as in the rainy season the processes of
weathering and sedimentation are intensified,
increasing the input of heavy metals and As in the
sediments of the Santos region, of which the Bertioga
Channel is a part. This corroborates the absence of any
contamination of heavy metals, in accordance with the
PLI and EF values and the enrichment of As in the
region, as this enrichment is probably due to natural
processes, acting on the naturally As enriched rocks
surrounding this area.

Table 6. Seasonal indexes of potentially toxic elements for
the seasons of the year in the five cores from Bertioga
Channel.

Core  Season As Cr Cu Ni Pb Zn
B1 summer 0.13 0.46 0.07 0.02 0.16 0.17
autumn -0.09 0.25 0.12 0.06  -0.09 0.30
winter -001 -031 -011 -0.05 -0.02 0.24
spring -002 -039 -009 -0.03 -0.06 -0.70
B2 summer 0.09 0.30 0.06 0.11 0.04 -0.01
autumn -0.26 -025 -0.06 -0.12 -0.11 -0.59
winter 013 -017 -004 -0.06 -0.01 0.00
spring 0.04 013 0.04  0.07 0.07 0.60
B3 summer  -0.10 0.27 0.07 011 -0.13 -0.46
autumn 004 -049 -017 -0.23 0.06 -0.13
winter -027 -058 -002 -019 -0.010 -0.73
spring 0.33 0.80 0.12 0.31 0.08 1.32
B4 summer -0.03  -0.05 0.08 0.03 -0.05 0.40
autumn -0.13  -0.26  -0.09  -0.08 0.00 -0.12
winter -0.03 0.09 -0.00 -002 -004 -057
spring 0.19 0.23 0.02 0.07 0.09 0.29
B5 summer 0.26 1.09 0.10 0.56 034 091
autumn 000 -065 -003 -0.26 -0.15 -0.42
winter -029 -061 -012 -0.26 -0.13 -047
spring 0.02 0.17 005 -0.04 -0.05 -0.01

Table 7. Two-way analysis of variance (o =
0.05) of the seasonal indexes for the levels of
potentially toxic elements and the seasons of
the year for the five cores of Bertioga Channel.

Factors F p
Elements 0.00 1.000
Seasons 10.52 0.001

Interaction between factors  1.09  0.372
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