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The present study aims to evaluate the Santos harbor environmental health, the most important port of 
the South American, where anthropic activities are associated to metallic contamination (Al, Cr, Fe, Co, 
Ni, Cu, Zn, Cd and Pb). Enrichment factor, geo-accumulation index and geochemistry mobility were 
applied. The results showed increases in the levels of the metals with indicative of moderately to 
extremely pollution between the estuary and industrial park. The environment risk can become 
potentially high due to the transfer of metals to species of the trophic net.  
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INTRODUCTION 
 
The revitalization program of the Brazilian ports includes 
the expansion of the Port of Santos, the main hub for 
moving agricultural and industrial products in Brazil, 
located in the most industrialized and populous South 
American Port of Santos is inserted into a of the last 
areas of the country's coastal rainforest, surrounded by 
mangrove vegetation, which suffers strong pressure for 
the expansion of cities and industries around. The result 
is a continuous and intense forest clearing, with irregular 
occupation of areas of permanent protection, and 
production of waste and waste from urban and industrial, 
which contaminate soils, sediments and waters of the 
estuarine system. 

Several domestic and industrial activities in the Santos 
Estuarine System (SES), such as shipping activities, 
refinery and fossil-fuel combustion effluents, discharge of 
untreated sewage by non-point sources, the input of 
urban drainage waters, irregular domestic and industrial 
landfills, among others (Medeiros and Bícego, 2004; 
Abessa  et   al.,   2005;   Luiz-Silva  et  al.,   2006,   2008;  
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Umbuzeiro et al., 2006; Bícego et al., 2006; Hortellani et 
al., 2008), have raised the risk of environmental degra-
dation, especially due to the accumulation of hydro-
carbons, organic matter and metals in the sediments. The 
present study aims to evaluate the Santos harbor 
environmental health due to diverse anthropic activities 
associated to discharge of metals (Al, Cr, Fe, Co, Ni, Cu, 
Zn, Cd and Pb) in the local. 
 
 
Description of the study area 
 

Santos harbor (Figure 1), located in the SES in 
southeastern São Paulo State - Brazil, is economically 
the most important harbor of South America with one vital 
Cubatão Industrial Park – CIP located in the Cubatão 
River, which consists of approximately 1100 industries 
(Martins et al., 2007), including steel mill, fertilizer, 
chemical, petrochemical and metallurgical industrial 
areas and also cereals storage. The region still includes 
the cities of Santos, São Vicente and Cubatão, with 
approximately 874,000 inhabitants (CETESB, 2008), 
where the main economic activities are tourism, 
navigation and fishing. In the last forty years the port of 
Santos was one of the major  examples  of  pollution  and  
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Figure 1. Santos Harbor in Santos Estuarine System with the sampling sites (Source: Google Earth 2010). Arrows: 
L=low and H=high tidal. 

 
 

 

degradation of the environment, in special for the 
mangrove and estuary. Studies developed by Abessa et 
al. (2005)  and  Luiz-Silva  et al. (2008)  showed  that  the 

extensive and uncontrolled urbanization around the 
harbor area affects the environment quality, because 
several pollutants are emptied daily in the  water  system.  
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Table 1. Environmental risk factors to the heavy metals in sediments of Santos harbor. 
 

 EF Igeo %BA GM*  EF Igeo %BA GM* 

Sc <1 0 <6 L Ni <1-5 3-6 30-90 H 

Al <1–2 0–1 15-20 L Cu <1–2 1 30–60 M 

Cr 1–10 1–4 10–50 L-M Zn 3–10 2-3 35–55 M–H 

Fe 1–9 0–5 25-50 L-M Cd <1-3 6-7 40-70 M-H 

Co 1-5 1-3 20-40 L Pb 1-20 2–3 10–70 H 
 

EF= Enrich factor; Igeo= geo-accumulation index; BA= bioavailable fraction of the metals; GM= geochemistry mobility. 

*L=low; M=medium; H=high. 

 
 
 
The domestic sewage that outfalls from the cities, around 
Santos Harbor, represent a substantial contribution of 
organic matter to the water column and sediments, while 
the industrial effluents and emissions come mainly from 
the CIP and represent primary source of metals. 
 
 
MATERIALS AND METHODS  

 
Eight sampling sites of sediment were selected along the port 
system (Figure 1) seasonality in the last ten years in order to 
determine metallic concentrations (Al

13
, Cr

24
, Fe

26
, Co

27
, Ni

28
, Cu

29
, 

Zn
30

, Cd
48

 and Pb
82

). The sediment fractions were homogenized 

and passed through 0.063 mm sieve, and then the samples were 
digested with (HNO3 + HCl)-HClO4-HF (Merck 2.5:1:10) in an 
airtight Teflon system, heated up by six hours for 100ºC, and diluted 
to 100 ml (APHA, 2005). A weak acid digestion was also 
accomplished being used of tubes of polyethylene of 50 ml with HCl 
0.1 mol.L

-1
 for 24 h with continuous agitation. The product of that 

weathering was left in rest by 24 hours for sedimentation, later 
centrifuged and filtrate in Whatman 44 filter paper. The extracts 
obtained were transferred for 25 ml volumetric balloons with HCl 
(1%) + Milli-Q water solution. The metallic concentrations were 
determined by flame atomic absorption spectrometry using Perkin-
Elmer AAS 3300 with air-acetylene flame. Quantification of heavy 
metal concentrations was based upon calibration curves involving 
standard solutions prepared from a commercial stock solution (trace 
metals 1 ICM-411H in 5% HNO3, Radian International LLC) and use 
of standard seawater reference materials (CASS 1-4) from the 
National Research Council of Canada, and Estuarine Sediment 
(nº1646a) from NIST Standard Reference Materials. The detection 

limits were 1.00 Al; 0.01 Cr, Fe, Ni and Pb; 0.002 Co; 0.001 Cu; 
0.03 Zn and 0.005 Cd mg mL

-1
. 

Normalization is a procedure very common to detect and to 
quantify irregular concentrations of metals in sediment samples. 
The extent of sediment contamination was assessed using the EF 
and geo-accumulation index (Igeo). According to EF technique metal 
concentrations were normalized to the textural characteristic of 
sediments. The widely used element to normalize the metals in 

sediments is the Al (Woitke et al., 2003; Selvaraj et al., 2004). Other 
option usually adopted is the Fe as the element to normalize (Aprile 
and Bouvy, 2008). Unfortunately, both elements have problem of 
variation in its levels in Santos Estuary to be used as element to 
normalize the metals concentrations. Abessa et al. (2005) showed 
there to be variability in the Al concentrations to the Santos coast, 
while Martins et al. (2007) and Luiz-Silva et al. (2008) showed that 
Fe concentrations in the Santos Estuary are historically influenced 
by anthropogenic inputs from metallurgical industries and fossil fuel 

combustion. Therefore, in this work we chose the aluminasilicates-
silicate (Sc) because we believe this is more suitable to normalize 
the metals concentrations in the SES, besides the silicates  are  the 

predominant contents of costal-marine sediments, and the main 
constituent of the thin mud where sediments are associated to trace 
metals. The EF expression is defined according to Woitke et al. 
(2003) as:  
 

crust
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                                                                 (1) 

 
where: X/Sc is the ratio of the metals (X) to the aluminasilicates-
silicate (Sc). The Igeo values for the metals studied were calculated 
using the Muller’s (1979) expression:  
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where: Cn is the measured content of element ‘n’, and Bn is the 
geochemistry background.  

The bio-available fraction of the metals is the main environmental 
risk for aquatic ecosystems. Metals determined   are   considered   
potentiality   bio-available,   and   an increase of the oxygen levels 

in the water column allows a remobilization of the metallic elements 
to the trophic net (Förstner and Wittmann, 1983). The percentage of 
bio-available metals in the sediments describe by Siqueira (2003) 
was determined by the expression:  

 

100%
TC

MC
BA                                                                       (3) 

 
here: MC is the concentration of the mobile phase and TC the total 
concentration of the metal in the samples.  

 
 
RESULTS AND DISCUSSION  
 
The EF, Igeo, percentage bio-available (%BA) and 
geochemistry mobility (GM) of the metals are 
summarized in Table 1. The aluminasilicates (Sc) 
showed low mobility with BA below 6% indicating a 
conservative behavior for the system, unlike the elements 
Al and Fe that were not conservatives. Considering the 
EF, all the analyzed metallic elements presented addi-
tional source of metallic contribution for the compartment 
sediment, besides the natural source originating from of 
the rocks. The elements Al, Cu and Cd had modest 
contribution local. However, the elements Co and Ni,  and  
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Figure 2. Environmental risk analysis in the Santos harbor based in the percentage of bio-available of heavy 

metals in sediments.  
 
 
 

more intensely Cr, Fe, Zn and Pb presented strong 
evidences of metallic contamination of the sediments for 
external discharges, typically originating of anthropogenic 
inputs from local industries. The BA fraction of heavy 
metals in sediments is showed in Figure 2. Cr and Fe 
presented from low to medium geochemistry mobility with 
medium BA fraction of until 50%. On the other hand, Pb, 
Cd and Ni presented elevate mobility with medium to high 
BA fraction of until 70% for Pb and Cd and 90% for Ni, 
mainly close of the container’s area of  the  port  zone,  in 

Santos channel. That means to say that the three metallic 
elements are very mobile in the aquatic environment, and 
they are, generally, enriched in sediments leached of the 
subtropical areas. The estuarine system also has some 
contribution in the mobility and transport of those metallic 
elements, especially due to marine dynamic and the 
action of the high tides in the Santos bay (Figure 1).  

The Igeo index demonstrated that the quality of the 
sediment is variable depending on the type of metallic 
contribution and of the site of discharges.  Al and Cu  had  
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low Igeo indicating environment not polluted, while the Zn 
and Pb had indicative of moderately polluted; Cr strongly 
polluted, and Fe, Ni and Cd extremely polluted in some 
sites between the estuary and the industrial park. That is 
an indicative of metallic contamination by anthropic 
activities in the region, and the spatial variability indicates 
that the contamination is punctual in special in the whole 
port zone in association with the industrial waste from 
Cubatão Industrial Park (located the West of the site 8, 
Figure 1). Metals with magnetic properties, such as Pb 
and Zn, occur as contaminants in the effluents of 
petrochemical plants, as a waste product of oil refining 
into the Santos Harbor. Most part of the chemical wastes 
from anthropogenic activities, which including toxic 
organic and inorganic elements, contribute to the degra-
dation of aquatic environments. This is particularly impor-
tant for the estuarine systems that are constantly affected 
by multiple contamination sources.  

Particularly interesting it is the geochemistry behavior 
of the Pb, with high mobility and EF, Pb is connected to 
the structures of the silicates in the collected samples, 
what represents a serious problem in periods of drainage 
of the main channel of the harbor, when the 
(re)suspension of the sediments elevate the Pb levels 
potentially in the water column. High sediment deposition 
rates content Pb-Fe could reflect anthropogenic activities 
vicinity to the port zone. Pb is toxic for the whole aquatic 
biota and although that element is not considered one of 
the metals of larger geochemistry mobility in the aquatic 
environment, there are still considerable evidences 
showing the bio-available of the Pb associated to 
sediments for species provide by the sediment 
compartment. The metals can be associated to the 
organic matter (complex or colloidal forms) or cations, 
precipitated and/or co-precipitated with oxi-hydrate and 
hydroxides of Fe and Mn, as well as absorbed in the fine 
sediments as silt and clay particles (Förstner and 
Wittmann, 1983). The bioaccumulation of the Zn in 
aquatic organisms depends on the trophic levels, and it is 
largely distributed in the benthonic and pelagic 
organisms, especially in the carnivorous species. 

A decreasing gradient was observed in the Cu levels 
from the channel to the estuary (Figure 2), indicating 
absence of stocks of Cu in the sampling sediments. Cu is 
present in industrial waste effluents, sanitary embank-
ments and sewage discharged into the SES. The main 
hazard of the Cu for the aquatic organisms is in the fact 
that the insoluble form can be easily transformed in 
soluble for the simple alteration of the pH in waters with 
low salinity (Förstner and Witmann, 1983), allowing that 
the metallic element can be incorporated in the tissue of 
the aquatic organisms very fast and in high levels. 

The increase of the salinity in the channel due to 
entrance of water from the sea, in high tides periods, it 
blocked the solubility of most part of the metals studied. 
However, in the low tides as well as in the periods of 
strong precipitation, when waters of low  salinity prevail in  

 
 
 
 
the channel, it is possible to determine the presence of 
metallic   elements  in   its   soluble   forms,   with   largest 
mobility and bioavailable in the aquatic organisms.  

The results showed high environmental risk for the 
elements Zn and Pb, and a situation of alert for the Cu. 
The intense leaching process that occurs in the Santos 
Harbor is due to the transport of sediments from the 
highest areas (Serra do Mar Mountain Range), as well as 
deforesting activities, and erosion of soils from the 
mangroves. Both ocean and inland-related exploitations 
have produced environmental impacts, such as pollution 
and coastal erosion (Harari and Camargo, 2003), and the 
suspended sediments are transported by the channel 
precipitating close of the seaport area. As a conse-
quence, the channel is dredged periodically, revolving the 
sediments of the bottom and liberating metallic elements 
to the water column. Thus, this process is highly harmful 
for the environment because it is possible metals reacting 
with the organisms of the trophic net. Sediments may 
accumulate contaminants in concentrations higher than 
those observed in the water column, producing negative 
effects to the benthic biota and to the organisms that feed 
on the benthos or on the sediment (Cesar et al., 2007).  

Although the local environment quality has improved in 
the last decade in relation to the chemical parameters 
and toxicity due to low enforcement actions, the sediment 
still is contaminated by metals. Non-stop activities of 
sediment dredging from the central channel of the port 
allow the (re)suspension of sediments with metallic 
elements and it is useful to be absorbed by the biota 
(bioaccumulation process). The accumulation of metals in 
benthonic organisms, phytoplankton, zooplankton, and 
fish is dangerous to the traditional communities of 
fishermen that bring fish to consumption into the city of 
Santos, São Vicente and Guarujá. Thus, the environmen-
tal risk can become potentially high due to the transfer of 
metals to humans as well as to top species on the 
highest levels of the trophic net.  
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