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Abstract
The Baixada Santista coastal region is well known in the context of the high
atmospheric, soil and aquatic pollution levels derived from port, industrial,
domestic and urban activities existent there, mainly in function of the Cubatão industrial pole and port of Santos. The contamination by trace metals
in this region is rarely measured in water column when compared with metal
determinations in sediment studies. This study aims to evidence the levels of
dissolved copper and total cadmium concentrations in estuarine and seawater
waters using electrochemical analysis as a chronopotentiometric stripping
polarography, which could improve the environmental monitoring program.
The study was performed in the Bay of Santos reaching two estuarine channels (Santos and São Vicente Channels) in two tide periods in summer 2001.
This region is influenced by terrestrial and anthropogenic inputs of trace
metals to seawater. The results showed that dissolved copper and total cadmium in water presented the maxima concentrations of 45.4 nM and 2.6 nM
respectively. They not reached the limits proposed by Brazilian Environmental Law (CONAMA), that indicate, as reference, a maximum of 123 nM and
350 nM for dissolved copper and total cadmium, respectively and, considering seawater coastal system (salinity > 30, class 2) and also brackish water
(class 2). Although the values were under the maximum recommended for
each metal, the concentrations were not negligible in relation to the other
polluted areas in the world. The values distribution along the system showed
a progressive increase in direction to the inner part of the system that natu-
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rally compromises the local biota whose is more exposed to the bioaccumulation processes, and this data corresponds to an important reference preterit
value to the monitoring program. The trace metal bioaccumulation by mangrove vegetation and by the biota in the internal part of the estuarine channels
increase the risk of the poorly population that living in the internal part of the
estuary, used to the seafood consumption. The contribution of this study is
important to guide the protective policies destined to recuperate the natural
conditions of this system, mainly considering that in the decade 1980, there was
a case of toxic contamination, causing hydrocephaly in newborns. It proves the
existence of risks to the human health and to the balance of the ecosystem, even
with the decrease of pollution after that, the environmental evaluation needs to
know the background values to guide environmental protection.

Keywords
Dissolved Toxic Metals, Tide Variation,
Chronopotentiometric Analytical Method,
Metal Biogeochemical Cycles, Bay of Santos

1. Introduction
Trace metals are present naturally in the terrestrial crust and weathering process
was the main way to transform the particulate into dissolved forms contributing
to the enrichment of salt in the aquatic system as a part of its biogeochemical
cycles. Beside natural trace metal input, nowadays the coastal seawater presents
an important anthropogenic contribution as a result of industrial, urban and
domestic activities. Fostner & Wittman (1983) showed that metal contamination
in coastal regions and marginal seas can be attributed to some factors as effluents discharge from urban and industrial activities, wastes from vessels, fluvial
suspended and dissolved matter, atmospheric precipitation, and natural marine
sources. Trace metal contamination follows rivers and estuaries pathways before
reaching the coastal areas. In estuaries, the salinity gradient influences the partition between particulate and dissolved form and the trace metal concentration
levels in water column (Windom et al., 1991; Turner et al., 2002; Waeles et al.,
2004, 2005a, 2005b). Trace metal distribution is also modified by seasonal and
local hydrodynamic conditions mainly in coastal areas. Since trace metal affinity
to dissolved organic matter and particulate matter vary according to each metal
species (Yeats & Loring, 1991; Millward & Glegg, 1997; Zwolsman & van Eck,
1999; Fang & Lin, 2002; Fang et al., 2006). In a particulate or dissolved forms,
trace metal may be entrapped in estuary compartments or release from coastal
into oceanic waters (Boutier et al., 1993). Estuarine system is a natural and
probably a permanent way of anthropogenic effluent disposal into coastal regions (Braga, 2002). Gao et al. (2014) recommend the use of ecological modeling
to investigate the trace metal in the Bohai Sea to contribute to providing fundaDOI: 10.4236/gep.2021.91011
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mental for the protection of the environment, however, the data of trace metals
in water are rare to feed modelling techniques in estuaries.
The Brazilian coastline has been characterized in four regions with specific
characteristics, which distinctly affect fate of trace metals (Pfeiffer et al., 1988).
The Baixada Santista area, located in the coastal southeast region, is distinguished by intensive industrial and urban activities, and trace metal contamination has been widely observed (Braga et al., 2000; CETESB, 2001; Hypolito et al.,
2016). In this area, the metal concentration in water assessment is very important because the hydrological system is exposed to waste discharges from dredge
activities and inputs from industrial, port, domestic and urban effluents. Beside
it, the aquatic environment is used by a large population number of residents
and tourists for recreational, navigation and fishing purposes. According to
Tommasi (1987), the main sources of pollution for the Baixada Santista area are
contributions from: 1) the Billings water reservoir which receives wastes from
the São Paulo city; 2) the Santos harbor, which is related to operational conditions and precarious sanitary installations; 3) the industrial site in Cubatão city,
responsible for large amounts of effluents disposal; 4) the domestic waste discharge from Sao Vicente and Santos cities; and 5) garbage dump from local population. Braga et al. (2000) found that the Baixada Santista area still undergos
degradation processes with impacts for the local aquatic biota development and
with irreversible negative effect for human health. Boldrini & Pereira (1987)
showed very high levels of total metal concentration in water column with concentration factors above one thousand for local fishes. CETESB (2001) presented
data for cadmium in water column with concentration values between 2 to 7
μg∙L−1 (17 - 62 nM). Also, levels for copper presented values in a range of 3 - 30
μg∙L−1 (47.2 - 472 nM). The Brazilian environmental law limits concentration levels up to 0.040 mg/L (350 nM) and 7.80 μg/L (123 nM), respectively, for total
cadmium and dissolved copper (CONAMA, 2005).
In the Baixada Santista region it is well known some of contamination sources
for trace metals. Copper pollution is mainly related to urban waste disposal from
the Cubatão city and the Pilões area, and from aquatic contaminated sediment.
Cadmium contamination comes mostly from garbage leaching of the Pilões area,
industrial waste related to petroleum refinery, paper factories (cellulose plants)
and from aquatic contaminated sediment (CETESB, 2001). High level of cadmium in the aquatic system was possibly related to polluted sediment dredged
from the estuary and irregular nearby disposal. Analyses of trace metals in estuarine local sediments also show high levels of contamination (Siqueira et al.,
2005; Salaroli et al., 2018; Kim et al., 2016, 2017). Close to a steel factory, trace
metal concentrations in sediments varying from 0.50 μg/g and up to 6.0 μg/g and
from 0.41 μg/g up to 100 μg/g for cadmium and copper, respectively were observed (CETESB, 2001). The Environmental law for dredged material indicates
the following ranges: 1.2 - 9.6 mg/kg for Cd and 34 - 240 mg/kg for Cu
(CONAMA 344/04).
Dissolved metal analyses in seawater remains a challenging task and consiDOI: 10.4236/gep.2021.91011
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dering few techniques available one finds the electrochemical stripping techniques, and especially chronopotentiometry, suited for trace metal studies due to
its excellent detection and sensitivity (Pinheiro & van Leeuwen, 2004). The
stripping chronopotentiometry method involves a deposition step during which
the target metal species is accumulated at the electrode surface. It is followed by
reoxidation through application of a constant oxidizing current (stripping current), until full depletion and the analytical signal is the electrolysis time. The
chronopotentiometric method is particularly suited to analyze estuarine and
coastal waters from polluted areas as it is not directly affected by presence of organic matter (Waeles et al., 2004; Waeles et al., 2008).
Copper is biologically removed from seawater and used as micronutrient in
some biochemical processes. In excess, it causes disruption of cells and negative
effects in the biochemical reactions (Boyle et al., 1977; Bruland, 1980). In the
Amazon zone, Boyle et al. (1982), showed field data along a line defined by the
river water copper concentration of 24 nmol∙Kg−1 and the coastal ocean water
concentration of 2 nmol∙Kg−1 with an essentially conservative behavior.
So far, there is not enough available information in literature about copper
and cadmium concentrations in water column of the Santos and Sao Vicente
channels and the Santos Bay obtained by direct method of determination without pre-concentration. Metal species in water constitute an important form in
the metal biogeochemical cycle and represent one of its most bioavailable form
to the biota assimilation and to bioaccumulation in the local trophic chain causing anomalies (Azevedo et al., 2013). This work intends to provide data of copper and cadmium in surface and bottom waters of the estuarine Channels and
Santos Bay considering its distributions on the spring and dead tides observing
the behavior in relation anthropogenic level of influence in the different sectors
of the estuarine system and Bay of Santos. This information represents a record
of one important preterit data to form the history of these dissolved metal dynamics in one of the most important industrialized areas of the Brazilian coast.

2. Material and Methods
2.1. Study Area
The Baixada Santista area, located at 23˚50'S and 46˚30'W, comprises an important aquatic system and sites the biggest port of South America, a larger industrial pole, and urban centers with thrilling tourist activities. The study was carried out in the following parts of the aquatic system: the Santos (B) and Sao Vicente channels (A) and the Santos Bay (Figure 1). The port installations with a
broad range of activities and sources of metal contamination are located at the
Santos Channel. The main cities in the area are Santos, Cubatão and São Vicente, located at São Vicente Island and in the continent, with a total population
around one million of residents (IBGE, 2020), but which increases by one third
during summer. The aquatic estuarine system is a daily receptacle for urban,
domestic and industrial effluents and essentially the urban domestic discharge is
made by the submarine emissary of sewage of Santos with exit located near the
DOI: 10.4236/gep.2021.91011
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Figure 1. Study area. Sampling stations (1 - 5) in Santos Channel (A), stations 6 - 9 in São
Vicente Channel (B) and stations in Santos Bay (station 10 near the submarine emissary
of urban sewage) and 11. Pluvial drainage channels of Santos city (C1-C6). Estuarine system of Santos—São Vicente and Santos Bay, São Paulo, Brazil.

station 10. This submarine emissary of sewage is from 1978, and the tabulation is
located at around 12 m depth. The collected domestic sewage is disposed in the
sea by a submarine emissary. There is also a system of rainwater capture and
drainage by mean of artificial channels along the Santos City that reach the Santos Bay showing in Figures 1(C1-C6).

2.2. Sampling and Analyses
The sampling activities were performed in the summer (February, 2001) and
during respective periods of spring and neap tides. Eleven points in different
sectors of the aquatic system were sampled. The stations 1 to 5 were located in
the Santos channel, the stations 6 to 9 in the Sao Vicente channel, the station 10
was around an outfall of a submarine emissary, and the station 11 was taken as a
referential location not polluted (Figure 1). Surface and bottom water column
samples were collected using Niskin Hydrobios polycarbonate bottles hoisted
in a steel crane with a nylon cable. The samples were filtered through 0.45 μm
membrane, GF/F Whatmann, were acidified with 30% HCl (suprapur Merck)
to reach pH ~2 and stored in plastic bottles. Temperature was measured “in situ”
DOI: 10.4236/gep.2021.91011
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using digital thermometers with precision of ±0.02˚C and salinity was determined using Beckman Industrial Salinometer, model RS-10C with precision
of ±0.001. Dissolved oxygen was measured by titration using Winkler method as
described in Grasshoff et al. (1983), using a Metrhohm burette, with a precision
of 0.02 mL∙L−1. The pH measurements were performed using a radiometer
pHmeter with precision of ±0.01. Prior to use all the items employed for sampling, filtration and sample storage were washed with diluted hydrochloric acid
(pH 2, HCl suprapur, Merck), and then rinsed with Milli-Q water. Samples filtrations were carried out on board of the research vessel “Veliger II” of Oceanographic Institute—São Paulo University.
Despite high percentage of organic matter presence in water, the determinations of copper by CCSA was less affected than measurements by PSA using a
mercury electrode (Riso et al., 1997a), the samples were submitted to UV
pre-treatment to eliminate the excess of organic matter. Copper determination
was performed by chronopotentiometric stripping method (constant current
stripping analysis—CCSA) using a rotating gold disk electrode (Riso et al.,
1997a), and with analytical precision of 2% and detection limit of 0.2 nM. Cadmium determination was carried out by another chronopotentiometric stripping
method (potentiometric stripping analysis—PSA), using a rotating mercury disk
film electrode (Riso et al., 1997b), and with analytical precision of 2% and detection limit of 0.01 nM. Table 1 summarizes the laboratory electrochemical conditions of the method applied for metal analysis (Waeles et al., 2004).
Table 1. Eletrochemical conditions of PSA and CCSA methods.
Method

PSA (Cd)

CCSA (Cu)

Working electrode

Mercury film

Gold disk electrode

Deposition potential

−1200

−350

Versus Ag/AgCl 3M (mV)
Angular velocity (rpm)

4130

4130

Deposition time (min.)

15

5

Stripping

Chemical oxidation

Applied current of 2 μA

Reproducibility (n = 9)

4% (at 0.1 nM level)

2% (at 3.1 nM level)

Precision (n = 6)
Detection limit

7%
0.01

4%
0.017

Weales et al. (2004).

3. Results and Discussion
3.1. Physical and Chemical Characteristics of Study Area
The hydrodynamic of the system is dominated by semi-diurnal tides, was influenced during neap tide by fluvial inputs of fresh water which flowing through
the Santos and the Sao Vicente channels towards the Santos Bay. During spring
tide more saline water was driven through the Bay to upstream the channels.
The water movement in central part of the Santos Bay depends on prevailing
DOI: 10.4236/gep.2021.91011
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currents. Usually, it displays a counter clockwise circulation during ebb tide and
a predominant movement from the coastal region, in the flood tide (Harari &
Camargo, 1995).
The average values of water temperature during spring and neap tides were
26.98˚C ± 0.97˚C to 28.74˚C ± 0.56˚C, respectively, these values which is characteristic of the aquatic system during summer season. The temperature in
spring tide varied from 26.00˚C to 28.90˚C and in neap tide from 27.50˚C to
29.50˚C, slightly highest than the values observed by Moser et al. (2005), in observation in the Santos-São Vicente estuary spring and neap tides with a range of
25.5˚C to 28.1˚C and 27.1˚C to 28.3˚C respectively, in summer 2000. The salinity values were higher in spring tide, with variation from 26.40 - 34.71, while in
neap tide, the limits were lower (23.55 - 33.84) (Figure 2(a) and Figure 2(b)),
and higher than the range of 26.6 - 33.5 and 29.6 and 32.6 - 32.6, in the spring
and neap tides respectively, observed by Moser et al. (2005). Exception was observed in the inferior limit obtained in the neap tide, maybe in function of the
rainy day in the sampling. The highest values of the maximum in this study is
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Figure 2. Distribution of salinity in spring tide (a) in dead tide (b) and dissolved oxygen
in spring tide (c), in dead tide (d) in Santos-São Vicente estuary and Santos Bay, 2001.

associated to the sampling in the Bay of Santos, differently of the cited authors,
which the study was limited to the estuarine channels.
The lowest pH values were detected in the Santos and São Vicente channels
compared to the Santos Bay, and the values ranged from 7.74 to 8.32 and from
7.44 up to 8.43 during spring (average 8.11 ± 0.17) and neap (average 7.82 ±
0.27) tides, respectively. The salinity and pH values increased toward the Bay, reflecting the mixing of fluvial and marine water (South Atlantic oceanic water) in
the aquatic system changing the buffer characteristic of the seawater (pH ~8) to
lowest values proper of the estuarine waters that offer more risk to the balance of
the system. The Pearson correlation (p < 0.05) were significant among salinity
and pH in the neap tide (r = 0.87). The stations located in the channels, close to
an industrial site and shantytowns presented low values of dissolved oxygen in
both periods, spring tide (2.10 to 2.76 mL∙L−1) and neap tide (2.07 to 3.62
mL∙L−1). The general, the ranges were 2.10 to 5.46 mL∙L−1 in spring tide and 1.41
DOI: 10.4236/gep.2021.91011
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to 5.56 mL∙L−1 in neap tide. The hypoxic conditions were observed in the station
1, near the Cubatão industrial pole, followed by the points at São Vicente Channel, characterized as a shallow area, with reduced hydrodynamic influence. More
oxygenated conditions in water column were observed in the Santos Bay (Figure
2(c) and Figure 2(d)). The associated data of pH and dissolved oxygen values
showed significant correlation (r = 0.90, p < 0.05) where the pH < 8 and DO < 3.0
mL∙L−1 indicating hypoxy more sharp in water during neap tide, in this study.
In this context, the most stable condition is observed close to the Santos Bay
with respect to environmental parameters considering that this area is under
greater marine dominance and intense water movement that ensures conditions
of oxygenation, high salinity and pH that showed higher and more stable values
(8.20 - 8.43), except at the place of freshwater input by sewage by the submarine
outfall (st. 10) that showed, in surface water in the central part of the Bay, values
from 8.04 to 8.14 associated to low relative values of salinity (32.17 to 33.54).
The station 10 (near the mouth of submarine emissary of urban sewage) showed
the influence of the fresh water input associate to the sewage system of the Santos city.
The two estuarine Channels, Santos and São Vicente show greater variation in
salinity and, consequently, in pH values, reflecting a risk of environmental imbalance and resilience answer in the face of major environmental changes. The
dissolved oxygen values evidenced the points with the highest organic load,
which is closely to the dumping of manure, low circulation and consequent difficulty in renewing water (st.1), which in the conditions of neap and spring tides
demonstrate that the system has different responses to dilution and renewal of
water properties. Knowing this environmental situation, now it is possible to
observe the distribution of trace metals in view of the environmental rhythm in
this frontier with ocean, submitted to strong anthropogenic influence.

3.2. Dissolved Copper and Total Cadmium in Water
The dissolved copper and total cadmium in water, in general presented concentrations from 6.4 to 45.4 nM and from 0.35 to 2.64 nM, respectively. The details
for the sector are presented in Table 2.
Average values of copper (25.5 ± 10.7 nM) in the Santos Channel (stations 1 5) was higher than in the other sectors. It represented almost twice the average
Table 2. Dissolved copper and cadmium concentrations obtained at Santos Bay, São Vicente and Santos Channels in summer 2001—São Paulo, Brazil.
Metal
(nM)
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Santos Channel

São Vicente
Channel

Emissary

Santos Bay

Cu
Range
n

25.5 ± 10.7
(14.1 - 45.4)

14.1 ± 5.8
(6.4 - 26.4)

15.9 ± 3.9
(11.4 - 21.5)

12.4 ± 2.3
(8.6 - 14.5)

Cd
Range
n

1.35 ± 0.70
(0.41 - 2.64)

0.90 ± 0.65
(0.35 - 2.55)

0.67 ± 0.15
(0.52 - 0.89)

0.77 ± 0.16
(0.51 - 0.92)
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value for in the São Vicente Channel (stations 6 - 9) which was similar to the
level observed in the Santos Bay. The lowest value of copper was obtained in the
referential station 11 (12.4 ± 3.9 nM), located at the Santos Bay, but the limit of
variation observed considering all stations area was higher than that observed by
Monbet (2001) (0.1 - 17.3 nM) in the French coast, while Hatje et al. (2003) that
found in Port Jackson (Australia), an average around 26.5 nM.
Similarly to copper, higher average level of cadmium was observed in the
Santos channel (1.35 ± 0.7 nM), stations 1 - 5, when compared to values found
in the Sao Vicente Channel (stations 6 - 9) and at the Santos Bay (stations 10 and
11). The reference station 11 displayed cadmium levels (0.77 ± 0.16 nM) higher
than the maximum concentration observed in other coastal zones by Monbet
(2001) (0.01 - 0.61 nM), even considering the effect of the hydrodynamic and
dilution in the Bay. On the other hand, Hatje et al. (2003) observed an average
higher than the obtained here, with a value corresponding to 3.55 nM, above the
limit observed in this study (2.64 nM).
In this work, it was possible to observe higher values of copper and cadmium
than the concentrations found at Lena estuary (Martin et al., 1993), and Amazon
estuary (Boyle et al., 1982), both characterized as non-industrialized estuaries.
The values were also higher than in the Gironda (Kraepiel et al., 1997) and the
Seine estuaries (Chiffoleau et al., 1994), which receives industrial effluents. The
water column of the Morlaix river (Monbet et al., 2001), influenced by agricultural activities, displayed smaller values for copper and cadmium than in the
aquatic system of the Baixada Santista. Only copper concentrations from the
Blanca Bay (Pucci, 1988; Severini et al., 2009) were higher than values found in
this work. The obtained concentrations of dissolved copper and cadmium characterized the Baixada Santista aquatic system as one of most polluted in the
world. Input of industrial, urban, domestic and port effluents represent the main
contamination sources for copper and cadmium in the water column of the
Santos and Sao Vicente channels and the Santos Bay (Table 3).
Table 3. Dissolved copper and cadmium concentrations obtained in coastal and estuarine
waters.
Estuary
Lena river

1

Amazon river

3

Loire estuary (inner)
4

Gironde river
Seine river

6

Blanca Bay

This work

7

Cd (nM)

System characteristics

1.6 - 11.8

0.02 - 0.20

Non industrialized

2 - 24

0.04 - 0.10

Non industrialized

1.7 - 8.0

0.11 - 0.26

Non industrialized

8.0 - 21.2

0.08 - 0.29

Agricultural activity

0.6 - 19.0

0.04 - 0.48

Agricultural activity

6.2 - 21.2

0.20 - 1.20

Lightly industrialized

7.8 - 39.5

0.31 - 1.96

Highly industrialized and urban center

26.7 - 50.3

5.34 - 9.78

Highly industrialized and urban center

6.4 - 45.4

0.35 - 2.64

Highly industrialized and urban center

2

North Biscay Bay

Morlaix river

Cu (nM)

5

3

(1) Martin et al. (1993); (2) Boyle et al. (1982); (3) Waeles et al. (2004); (4) Monbet (2001); (5) Kraepiel et
al., 1997; (6) Chiffoleau et al. (1994); (7) Pucci (1988).
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3.3. Variation on Metal Distribution and Concentration According
to Tide Regime
The spatial distribution of dissolved copper and total cadmium in spring and
neap tide in different sectors of the aquatic system are shown in Figures
3(a)-(d). Cooper and cadmium distribution in the aquatic system should be affected by hydrodynamic of the system during different tide regime as shown in
Figure 3(a), Figure 3(b) for spring tide and Figure 3(c), Figure 3(d) for neap
tide. In spring tide (Figure 3(a) and Figure 3(b)), it was observed for surface
water that the highest concentration was observed in the station 3, of 32 and 2.52
nM, respectively for cooper and cadmium in the Santos Channel followed by
station 6, in the São Vicente Channel, in the inner part of the estuary and in station 10, in Santos Bay, above the sewage outfall. For bottom water, the highest
values of dissolved metals, respectively 41.0 and 39.2 nM for copper in stations 1
and 2 followed by 36.0nM in station 4 and of 1.53 and 1.48 nM for cadmium in
stations 1 and 2 followed by the highest value in station 4 (2.64 nM) were observed, highlighting the latter value.
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Figure 3. Spatial distribution of copper and cadmium in water considering the spring and
neap tides influence in the estuarine system of Santos-São Vicente and Santos Bay in
2001, as a background for the most recent studies. Spring tide: copper (a), cadmium (b);
Neap tide: copper (c), cadmium (d).

In the neap tide (Figure 3(c) and Figure 3(d)), in the surface water, the Santos Channels presented the highest concentrations within the stations 2 and 3,
presenting 36 and 43 nM for cooper and 2.28 and 2.37 nM for cadmium, respectively. The bottom water presented the same profile, i.e. the highest concentration in the Santos Channel, but the station 5 exhibited the highest value for copper and cadmium, 45.0 and 2.05 nM respectively.
The submarine outfall displayed higher copper values during spring tide
(maximum of 22 µM) related to dead tide in surface (Figure 3(a), Figure 3(c))
and, in relation to the station 11, showing a connection to the disposal of urban
effluents. The referential station in the Santos Bay exhibited higher metal levels
in bottom water in spring tide than in neap tide. The station 11 supposedly intended for reference showed increasing of Cu and Cd (Figure 3), in the bottom
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water in spring tide, maybe influenced by the sediment pollution under the vessel traffic and dredging of the port channel, also showing increase in cadmium in
dead tide. São Vicente Bay (st. 9) showed slightly cadmium concentration in
surface in spring tide and copper in dead tide, demonstrating the anthropogenic
signals in this populated area. The station 6 is located in inner part of the system,
under influence of the precarious housing and close to industrial pole, showing
in surface waters in spring tide, elevation of copper and the highest cadmium
concentration in surface water.
The copper is present in the domestic garbage, wastes in general, fungicides
and algaecides used in swimming pools and in metal tubes and wires. The domestic use of copper is evident and the cadmium is used basically in the industrial activities. The copper is an important tracer of the urban occupation and
domestic waste while the cadmium is an important tracer of the industrial activities.
In general, highest concentrations of copper and cadmium were observed in
the Santos Channel, a region with intense port and industrial activity. Observing
the general behavior of these trace metals (Figure 4) in relation to the spring and
dead tide regime, it is possible to verify a higher median for copper in dead tide
with more scattering in relation to spring tide, maintaining relation with the

(a)

(b)
Figure 4. Box plot representations of the spring and dead tide concentration of cooper
and cadmium in Santos-São Vicente estuary and Santos Bay, 2001.
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others environmental parameter, but showing, essentially relation with the main
anthropogenic sources. On the other hand, cadmium showed similar median in
both situation, showing more scattering under spring tide. The submarine outfall for domestic sewage evidenced the copper input while the industrial and port
influence shows both metals input. Contaminated sediment probably influenced
the cadmium concentration in the bottom water in the station 11, in the Santos
Bay.
The results of this study show important varying concentration levels of copper and cadmium in the three sectors of the aquatic system. The stations in the
Santos channel exhibited more dissolved metal contamination than the stations
of the São Vicente channel and the Santos Bay. It indicates metal contribution
from discharges related to port activities and industrial. The São Vicente Channel is contaminated by trace metals which come mostly from domestic effluents
but also associated with industrial wastes. Nearby the submarine outfall copper
and cadmium levels reflected simultaneous contribution from domestic and urban sewage discharge. It is inferred that cadmium was mainly affected by discharges from industrial effluents and copper by urban and domestic wastes.
At stations with high concentration of dissolved copper and cadmium the
metal content in bottom sediments also presented elevated levels as previously
observed by Siqueira (2003), Siqueira et al. (2005). As dredging is a regular activity in the Santos channel the resuspension of sediment associated trace metals
also influences metal levels in water column.
In parallel to sources inputs magnitude, hydrodynamic conditions promoted
important influence on variation of metal concentration in surface water that
was more prominent for the Santos channel stations during neap tide. In those
locations tides act with different intensities due to fresh water input, low depth
of water column and the proximity of the sediments facilitating its re-suspension,
and proximity with industrial effluent discharges.
In the Santos Bay the values also show difference in concentrations influenced
by the tide regime which was more relevant in bottom water column during
spring tide. The cadmium values found in the station 11 may be related to clandestine discharge of dredge material, because other recent sediment study
showed information that contributed to this fact.
In relation to the methodology, the importance to obtain precise concentrations of heavy metals in the dissolved phase at this area is remarkable overall using electrochemical methods that are precise and dispense the pre-concentration
treatments. It is possible because they are relatively simple in function of the recent development of electrodes. Considering the national data assembly, this
study presents a first approach to showing precise information about the dissolved copper and cadmium associated to the oceanographic parameters in this
region where mainly the total dissolved trace metal is analyzed with an other
level of detection. Certainly, this it is not enough to comply with satisfy the
recommendation of the environmental laws. The environmental studies in this
region need to increment the understanding of the trace metal biogeochemical
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cycles to avoid risks to health due to bioacucumulation and biomagnification
associated to the partition, chemical speciation and the biogeochemical ways
followed by them, and surely, the dissolved forms play an important role in the
environmental evaluation and protection.
To monitoring this area in relation to the trace metal contamination it is
recommended to take in account besides biogeochemical aspects, the different
sources presents in this complex area that presents intense hydrodynamic that
could interfer the observed data, being expressed differently in relation to the
seasonal period and also in spring and dead tide.

4. Conclusion
The evaluated levels of dissolved copper and total cadmium presented nonconservative behavior with salinity and independently of the spring and neap
tide in water mainly evidencing the inputs from anthropogenic sources into the
Baixada Santista aquatic system. The copper and cadmium concentration limits
recommended by the Brazilian environmental law are related to the total cadmium and dissolved copper concentration in water representing a difference in
the environmental role in bioavailable forms. In the Santos channel, effluent
discharges are mainly related to industrial and port activities whereas in the Sao
Vicente channel there is simultaneous contribution from industrial and domestic sewage. The high copper levels were observed as an indicator often associated
with domestic and industrial effluents while the high cadmium levels were
mainly related to industrial effluent discharges and sediment interaction with
water column. Hydrodynamic mixing by tides regime promoted mechanism for
metal concentration dilution. In the Santos Bay, the dilution of trace metals
concentrations by mixing of saline and fresh water was an effective process with
more evident the efficiency during spring tide due to the lower metal levels observed nearby the submarine outfall. On the other hand, it was also observed
higher metal levels during period of neap tide in the channels. In addition, hydrodynamic conditions contributed for varying concentration levels between
sampling stations. In the Santos Channel copper and cadmium levels were often
related to higher values in surface water during neap tide and to higher values in
bottom water column during spring tide. The contribution of trace metals in the
coastal waters to the data bank is important, because the available knowledge
about it is rare, the availability is mainly in relation to trace metals in sediment,
having an imbalance of information, and these preterit data could contribute as
a reference to current studies. However, the most important thing for nature is
to maintain these elements in trace concentrations in all ecosystems and in this
case to invest efforts to diminish the pollution in this region because these values
classify this area as the most polluted in the world
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