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concentrations in subtropical estuarine sediments as a result of urbanization. Journal of Coastal Research, SI 39 

(Proceedings of the 8th International Coastal Symposium), 1078 -1083. Itajai, SC, Brazil, ISSN 0749-0208. 

The concentrations of Cu, Pb, Zn and Cd were analyzed in surface sediments along six estuaries in the Santa Catarina 

Island Bay, on the southern coast of Brazil. Estuaries located within protected areas were considered control areas of 

urban pollution. Estuaries in urbanized environments were considered as possibly presenting higher levels of metals 

within the surface sediments. Systemic changes within the environment were assessed by comparisons in spatial 
variations within the same estuary, within a group of estuaries andbetween groups of urban and non-urban estuaries. 

The results reveal different behaviors among metals and among the areas studied. The concentrations of Pb, Zn and 

Cuinthe surface sediments (< 0.063 mm) were higher and had greater variations in urban estuaries than in non-urban 
ones. Cadmium was always below detection limits, irrespective of the area analyzed. Minimum and maximum 

concentrations in the non-urban estuaries ranged from 11.47-26.85 mg/kg for Cu, 17.76-28.48 mg/kg for Pb and 

73.37-104.80 mg/kg for Zn; and in the urban estuaries, they ranged from 13.51-37.76 mg/kg for Cu, 27.86-47.81 

mg/kg for Pb and 83.84-144.27 mg/kg for Zn. The distributions of the Zn and Cu concentrations differed between 

points within the same estuary, indicating possible pollution sources. The Pb values in the sediments were constant 

throughout the urban estuaries, indicating general dispersion in these areas. The low contamination level in the local 

sediments was checked by comparing the heavy metals concentrations in urban estuaries of other regions in Brazil. 

Likewise, the reported concentrations in the non-urban estuaries were similar and often lower than those in areas 

considered "reference locations" for biogeochemical and ecotoxicological studies. Even with the low level of 

reported contamination, the systemic changes in the trace metal concentrations between urban and non-urban 

estuaries prove the importance of protected areas as protectors of the integrity of coastal ecosystems. 

ADDITIONAL INDEX WORDS: Lead, zinc, copper. 

INTRODUCTION 

The industrial expansion launched in Brazil in the mid-1950s 

promoted rapid urban growth, principally in coastal areas. The 

population in the cities increased 7.5 times during the 1970s. 

Today, it is estimated that 85 million people, around half of its 
population, live within 200 km from the sea. The growing 
urbanization has caused changes in the physical, chemical and 

biological characteristics of the estuarine systems (RlDGWAY 
and Shimmield, 2002). The most visible and recorded impacts 
are restricted above all to the large industrial centers of the 

country, such as the Sao Paulo and Rio de Janeiro states, on the 

southeastern coast, the Bahia State, on the northeastern coast, 
and the Rio Grande do Sul State, on the southern coast 

(Tommasi, 1987; Seeliger et aL, 1988; Diegues, 1999). In 
areas where the industrialization is less intense or more 

controlled, there are practically no published records. In these 

areas, the direct and combined effects of urbanization are more 

difficult to quantify. The sources of pollution are varied and 

spread throughout the environment, complicating cause-and 

effect relations. 

Because they are transition areas between distinct 

environments, estuaries are great swallowers of aquatic, 
terrestrial and atmospheric pollution. Among the various 

commonly dispersed contaminants in estuaries, heavy metals 
are important because of their role in biogeochemical cycles 

(Neubecker and Allen, 1983), sediment-persistence 

(Forstner, 1987), and ecological effects (Matthiessen and 

Law, 2002). In the estuaries, metals originate from geological 

intemperance, industrial processing, the direct use of metals or 

metal components and seepage of human and animal deposits 
and excreta (FoRSTNER, andWlTTMANN, 1981). The manner in 

which these affect the aquatic environment depend more in the 

chemical behavior in specific circumstances than in the levels 

of overall concentration. Chemical speciation and the 

distribution of contaminants in the estuaries are mainly 
influenced by the level of salinity, suspended solids, pH, redox 
potential, sediment grain size and the degree of water mixture. 

Free dissolved ions are considered to be the most bioavailable 

and responsible for bioaccumulation, biotransfer and 

biomagnification in the trophic chain (FISHER et aL, 1996; 
BARWlCKandMAHER, 2003). 
The detection of metals in water samples offer only a 

momentary record of environmental quality, which is not 

always synchronized with the events that caused them. 

However, the study of spatial variations in the chemical 

composition and concentration of surface sediments is useful as 
a guide to indicate possible pollution sources. The hierarchical 

approach in environmental studies, comparing different levels 

of magnitude of impacts, allows the detection of isolated and 

systemic alterations in the concentration of pollutants. 
The aim of this study is to detect the effects of urbanization on 

the concentration of heavy metals in the estuaries flowing into 

the Santa Catarina Island Bay. The concentrations of Cu, Pb, Zn 

and Cd were studied in the sediments of three urban and three 

non-urban estuaries. The non-urban areas, located within 

protected areas, were considered non-polluted areas and control 

of urban ones, which were similar to those but are surrounded 

by urban centers. Systemic changes were evaluated by 

comparing the spatial variations within the same estuary, within 
a group of estuaries and between groups of urban and non-urban 

estuaries. 

METHODS 

Local rivers originate in the Pre-Cambrian granite-gneiss 
structures that form the Serra do Mar mountain range. They 
flow along a short plain of quaternary fluvial-marine sediments 

and out into small estuaries. The rocky formation of Santa 

Catarina Island is an extension of the nearby continent, 
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Figure 1. The Santa Catarina Island Bay, southern Brazil, 

showing the sampled estuaries. Mangrove areas are shadowed. 

possessing the same characteristics. Six estuaries that drain off 

from the continent and the island to the Santa Catarina Island 

Bay were selected as study areas (Fig. 1). The Ratones (RA) and 

Verissimo (VE) estuaries and a considerable portion of their 

basins are in the Carijos Ecological Station. Meanwhile, the 

Tavares Estuary (TA) encompasses the mangrove swamp and 

salt marsh of the Pirajubae Extractive Marine Reserve. These 

areas were considered as potentially non-polluted and served as 

control of the urbanized ones. 

The population living in the Santa Catarina Island Bay 
watershed, which grew around 60 % in the last two decades, 
includes nine municipal conurbations. Along with this growth, 
the number of industries grew by 300 % in the last decade alone. 

Up until now, no study has dimensioned the changes caused by 
these impacts, except for the ones suffered by deforestation 

(CARUSO, 1990). The subaquatic estuary environment has 

been intensely altered by the removal of vegetation, and the 

beach-line has been replaced by solid-impermeable surfaces, 

altering the natural water-flow. In aqueous environments, in 

addition to fishing and maricultural activities, dredging and 

landfilling activities might be altering local sediment dynamics. 
The Itacorubi (IT), Aririu (AR) e Maruim (MA) estuaries are 
located in urban regions and were chosen as potentially polluted 
sites for the heavy metal concentration analysis in the sediments 

(Fig.l). 
To assess the systemic changes in the concentrations of Cu, 

Pb, Zn and Cd in the sediments, a hierarchical analysis was 

used, which compared spatial variation in sites (within the same 

estuary), locals (within the same group of estuaries), and areas 

(between urban and non-urban groups of estuaries). Three 

points were established in each estuary: close to the mouth, at 

the limit of the tidal influence and an intermediate region 
between these two. Through free dives, and using a core of 11 

cm in diameter and 2 cm deep, three sediment samples were 

taken to analyze the metal content and another three to analyze 
the sediment properties. The level of organic matter in the 

sediments and the granulometric analysis were carried out 

according to Carver (1970). In addition, the salinity 
concentration and concentration of dissolved oxygen in the 

bottom water were measured (Strickland and Parson, 

1972). 
The sediments were sieved through a mesh of0.063 mm, and 

the concentrations of Cu, Pb, Zn and Cd were analyzed with 

flame atomic absorption spectrometry. Using 0.50 g of 

sediment conditioned in a Teflon pump, metals were extracted 

with nitric, hydrofluoric and hydrochloric acids in standard 

analytical concentration. To check the analytical accuracy, a 

certified reference material PACS-2 (National Research 

Council of Canada) was used. 

The concentration of each metal along the saline gradient was 

analyzed in urban and non-urban estuaries separately. To check 

the standard distribution of the data, a multidimensional scaling 
ordination (n-MDS) analysis was performed, using indexes of 

Euclidean distance as describers. The significant differences 

between urban and non-urban areas were assessed through a 

similarity analysis (ANOSIM), a permutation test (clarke and 
Warwick, 1994). The nested analysis of variance was used to 

test for differences in the concentrations of each metal between 

areas, locals (nested within the respective area) and sites (nested 
within the respective local and area). When significant, the 

differences were assessed through multiple comparisons test. 

The homogeneity of the variances was pre-checked by the 

Cochran test and when necessary, a logarithmic transformation 
was used. 

RESULTS 

The salinity concentration was typical of estuaries, with 

lower values in the innermost points and highest at the mouths. 

The salinity of the bottom water varied from 0.1 to 35.6, with 

lower amplitudes registered in the Maruim and Ratones rivers 

and higher ones in the Aririu and Itacorubi estuaries (Tab. 1). 
The lowest salinity values and amplitudes, as well as the highest 
dissolved oxygen content found in the Maruim and Ratones 

estuaries, reflect the great importance of freshwater input and a 

faster water flow in these systems. 
As with the salinity, a tendency of decreasing sediment grain 

size was observed from the innermost areas to the mouth of the 

estuaries. The sediment mean grain size varied from fine sand 

with low quantities of clay-silt (< 0.063 mm) in the Verissimo 

Table 1. Salinity (S) and dissolved oxygen (DO) of bottom 

water, and organic matter (OM), fine (< 0.063 mm), mean grain 
size and metal concentration (Cu, Pb, and Zn) in estuarine 

sediments of Santa Catarina Island Bay, southern Brazil. 

Water Sediment 

Estuary 
DO OM Fine Size Cu Pb Zn 
ml/L % % phy mg/kg mg/kg mg/kg 

Aririu (n 
= 

9) 
Average 15.3 1.60 16.3 67.9 4.65 18.76 33.52 122.05 

Std 11.3 0.95 5.2 24.2 1.25 1.38 4.48 12.35 
Min 2.4 0.29 6.7 13.5 2.25 16.93 28.78 101.20 

Max 29.5 3.00 25.4 92.3 5.99 20.56 43.86 144.27 

Itacorubi (n 
= 

9) 
Average 24.8 0.82 10.9 64.5 4.22 26.96 32.02 96.64 

Std 12.3 0.89 6.3 42.3 2.78 5.33 3.94 12.22 
Min 4.9 0.00 2.2 7.4 0.15 21.49 27.86 83.84 

Max 35.6 2.22 16.1 98.6 6.23 37.76 39.37 122.75 

Maruim (n 
= 

9) 

Average 1.2 4.42 12.0 60.3 4.23 17.24 37.68 124.56 

Std 1.1 0.52 7.6 39.7 2.28 1.67 5.61 12.30 
Min 0.1 3.89 2.0 7.5 1.09 13.51 29.59 108.20 

Max 2.7 5.21 21.1 98.4 6.42 19.47 47.81 144.27 

Ratones (n 
= 

9) 
Average 1.3 3.12 9.1 29.3 3.14 14.26 25.99 92.89 

Std 0.4 0.11 6.1 14.5 1.17 2.14 1.90 9.14 
Min 1.0 2.85 4.1 7.5 0.47 11.47 22.84 73.84 
Max 2.0 3.20 22.0 56.8 4.38 18.59 28.48 104.8 

Tavares (n 
= 

9) 
Average 9.9 1.58 16.8 96.0 6.16 19.30 23.57 80.79 

Std 7.2 0.42 1.9 3.2 0.12 4.10 3.40 7.37 
Min 2.3 1.02 14.4 88.8 5.94 12.93 17.76 73.37 
Max 20.6 2.13 20.7 99.0 6.30 26.85 28.05 97.30 

Verissimo (? 
= 

9) 
Average 7.9 1.90 2.9 14.4 2.69 14.74 21.51 86.45 

Std 5.3 0.61 2.1 12.1 0.70 1.07 2.06 3.01 
Min 3.0 1.36 0.7 4.5 1.93 13.44 18.79 82.11 

Max 16.7 2.84 6.1 34.2 3.84 16.39 23.87 91.59 
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Estuary (14.4 % ? 12.1), to fine silt with a high quantity of clay 
silt in the Tavares Estuary (96.0 % ? 3.2). However, there were 

sediments with coarse and medium sand sizes in the innermost 

points in the Itacorubi and Maruim estuaries. The organic 
matter content in the sediments varied from 0.74 % in the 

Verissimo Estuary, to 25.37 % m the Aririu Estuary. 
Cu concentrations in the sediments varied from 11.47 mg/kg 

in the Ratones Estuary, to 37.76 mg/kg in the Itacorubi Estuary, 
with the lower amplitudes in the Verissimo Estuary and the 

higher ones in the Itacorubi Estuary. Pb concentrations were 

lowest in the Tavares Estuary, (17.76 mg/kg), and highest in the 
Maruim Estuary (47.81 mg/kg). Zn concentrations varied 

between 73.37 mg/kg, in the Tavares Estuary, and 144.27 

mg/kg, in the Aririu and Maruim estuaries (Tab. 1). Cd 

concentrations in the sediments were always below the 

detection limit, irrespective of the site analyzed. 
The n-MDS analysis showed the differences in the metal 

concentrations between the urban and non-urban estuaries (Fig. 

2). The metal data from the Ratones, Tavares and Verissimo 

estuaries presented a patchy distribution within the same 

estuary and between them. This result revealed a minor 

variation in the metal concentrations in the non-urban estuaries. 

The data from the Aririu, Itacorubi and Maruim estuaries was 

dispersed, reflecting a greater variation in the urban estuaries 

(Fig. 2). The analysis of similarities detected significant 
differences between urban and non-urban areas (ANOSIM, R = 

0.643, P = 
0.001). The hierarchical analysis of variance 

detected different behavior patterns for each metal throughout 
both types of areas, locals and sample sites (Tab. 2). Pb 

concentrations were significantly greater in urban areas than in 

non-urban ones and did not vary within the same estuary. Zn 

concentration differed significantly between areas, estuaries 

and sample sites. The greatest concentrations were found in the 

innermost points of the Aririu and Maruim estuaries (Multiple 

Comparisons, P < 0.05, AR IT MA > RA TA VE). Cu 
concentrations did not show a significant difference between 

urban and non-urban areas. However, the greatest 
concentrations of it were found in the innermost site of the 

Itacorubi Estuary (Multiple Comparisons, P < 0.05, IT > TA> 

AR MA> RAVE). 
The Pearson correlation analyses carried out between the 

physicochemical and sedimentological variables revealed 

different trends for each of the analyzed metals and between 

urban and non-urban areas for the same metal (Tab. 3). 

Although the samples were carried out along the saline gradient, 

only the Pb concentrations in the urban areas and of Zn in the 

-Stress 0.06 

o 

o 

A Aririu Estuary A Ratones Estuary 
0 Itacorubi Estuary O Tavares Estuary 
H Maruim Estuary D Verissimo Estuary 

Figure 2. n-MDS of metal concentration Cu, Pb, and Zn in 

sediments of non-urban (empty symbols) and urban (filled 

symbols) estuaries of Santa Catarina Island Bay, southern 

Table 2. Summary of nested analysis of variance of metal 
concentrations in estuarine sediments of Santa Catarina Island Bay, 
southern Brazil, d.f. 

= 
degree of freedom, MS = mean squares, F = F 

ratio test, n = 
3, ns denotes no significant differences. 

* denotes 

significance atP<0.05 and **atP<0.005. 

Source of Cu 
variation d.f. MS F 

Area 1 0.169 2.55ns 

Local 4 0.066 6.39" 

Site 12 0.010 6.30" 
Error 36 0.002 

Pb Zn 
MS F MS F 

1550.219 25.28* 0.186 8.74* 
61.319 3.70* 0.021 6.86" 

16.555 1.2 0.003 2.54* 
13.696 0.001 

non-urban areas were inversely correlated with the salinity 
values (Tab. 3). The analyzed metals showed a correlation to the 

level of dissolved oxygen of the bottom water. However, while 

the Pb and Zn concentrations were positively correlated, the Cu 

content was inversely correlated to it. Pb concentrations were 

not correlated to any sedimentological variable, neither in the 

urban nor in the non-urban areas. Whereas the Zn 

concentrations in the non-urban areas showed an inverse 

correlation to organic matter content and a positive correlation 

to the sediment mean grain size, did not showed any correlation 

to any of these variables in the urban areas. Cu concentrations, 
on the other hand, exhibited significant opposite correlations to 

the same parameters between urban and non-urban areas. That 

is, while in non-urban areas, it was positively correlated to the 

sediment grain size (Phy) and organic matter and fine particle 
contents, in urban areas it was negatively correlated to the same 

variables. 

DISCUSSIONS 

When heavily polluted areas were contrasted with non 

polluted areas, great differences were expected to be found. 

However, in areas where heavy pollution is not evident, this 

argument is poorly supported because of the potential sources 

of variations in the data set. The use of a hierarchical sampling 

design, contrasting site variations within the same estuary, 
within a group of estuaries and between urbanized and non 

urbanized areas, permitted the identification of the adverse 

effects of urbanization in the metal concentrations of estuarine 

sediments in regions with low contamination levels. The 

concentrations of Pb, Zn and Cu in the analyzed surface 

sediments were higher and had greater variations in urban 

estuaries than in non-urban ones. In addition, the distribution of 

the Zn and Cu content differed between sites within the same 

estuary, indicating possible pollution sources. 

High concentrations of metals in surface sediment are 

commonly reported as having a strong correlation with organic 
matter content and small sediment grain size (GIBBS, 1994; Che 
et aL, 2003). Through the deposition and resuspension 
processes, sediment particles are distributed in the environment 

in relation to their size. As metals are strongly adsorbed into the 

surface of fine clay particles, they generally follow this same 

pattern. Normalization procedures, using reference elements, 
such as Al and Fe, are used to discriminate the sediment size 

effects from that of metal concentrations. However, by mapping 
the sediment grain size in estuaries, the distribution of metal 

concentrations can also be observed and even predicted. In this 

study, conversely, the metal concentrations were either not 

related to the characteristics of the sediments or did not follow 

the expected pattern. This could be due to the fact that samples 
were extracted preferentially from areas of fine sediment 

deposition. The great homogeneity in particle size seems to 

have reduced the sediment importance in the data analysis. 
The only metal which matched the distribution of organic 

matter and fine particles content was Cu in the non-urban areas, 
where the concentrations were the lowest. The high Cu 

concentrations in the urban estuaries, contrary to expectations, 
were related to the lower organic matter content and to the 
coarse sediments. Other studies, which analyzed Cu 

concentrations along non-polluted estuarine systems, have 

revealed the affinity of this element to organic particles 
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Table 3. Correlation matrix (Pearson-product) for salinity (S) 
and dissolved oxygen (DO) in bottom water, and organic matter 

(OM), fines (< 0.063 mm), mean grain size (Phy) and metal 
concentration (Cu, Pb, andZn) in estuarine sediments of Santa 

Catarina Island Bay, southern Brazil. * denotes P<0.05. 

Variable S DO OM Fine Size Pb Cu Zn 

urban estuaries (n 
= 

27) 
S 
DO -0.56* 

OM 0.39* -0.08 
Fine 0.51* -0.12 0.90* 
Size 0.48* -0.09 0.89* 
Pb -0.56* 0.40* -0.18 

Cu 0.24 -0.54* -0.50* 
Zn -0.34 0.44* 0.13 

Non-urban estuaries (n 
= 

27) 
S 
DO -0.13 

OM 0.15 -0.14 
Fine 0.39* -0.37 0.75* 
Size 0.41* -0.36 0.61* 0.96* 
Pb -0.05 0.51* 0.21 0.08 

Cu 0.16 -0.42* 0.63* 0.59* 
Zn -0.40* 0.51* -0.04 -0.45* 

0.98* 
-0.17 -0.17 

-0.39* -0.45* -0.09 
0.08 0.12 0.33 -0.69* - 

0.05 
0.50* -0.14 
-0.51* 0.45* -0.14 - 

(Lacerda et al, 1989; De Paula and Mozeto, 2001). In 
polluted areas, metal concentrations appear not to correspond 

directly or only to the organic matter quantity in the 

environment (Lacerda et al, 1987; Batista Neto et al, 

2000). In general, the more polluted the environment, the more 

diversified the metal forms that are present (Seeliger et al, 

1988). The principal cause responsible for metal deposition 
seems to be the reductive phase. However, studies looking at the 

geochemical speciation of the elements have indicated that in 

polluted areas an increase in the oxidative form of Cu occurs. 

This is due to the synergy occurring between the organic 

pollution and the metals, causing a remobilization from the 

reductive form to the oxidative form (Souza et al, 1986). 

Although Cu concentrations in the Itacorubi Estuary were 

high at all sites, the highest concentration was found in the 

innermost region. The natural course of this estuary was 

completely changed by the construction of various lateral 

channels, large landfills, and highways, as well as being used as 

deposits for domestic waste during the 80s and 90s (~ 250 
tons/day). The fact that Cu concentrations were inversely 
related to those of oxygen and that there is almost no water 

circulation in this estuary (Soriano-sierra et al, 1986), are an 

indication that sediment remobilization caused by the 

straightening and widening of the banks are the main reasons 

for the high metal concentrations in this environment. 

Zn concentrations in non-urban areas followed a typical 

pattern of distribution in the estuaries, decreasing with 

increasing salinity. This pattern, however, is also related to the 

coarsest sediment grain size. The decreasing Zn concentrations 

found from innermost sites to mouth of the estuaries is probably 
related to desorption and dilution processes with seawater 

(Fo rstner and WlTTMANN, 1981). The greatest granulometric 
variations were found to occur in the non-urban areas of the 

Ratones, Tavares and Verissimo estuaries. The relation between 

Zn concentration and coarse sediment, however, was more 

associated to the differences between the above estuaries than 

between sites within the same estuary. In the urban estuaries, 
this situation was not the case, with Zn concentrations around 

32 % greater than in the non-urban ones. Zn concentrations in 

the Aririu, Itacorubi and Maruim estuaries were neither related 

to any of the sedimentological variables nor to the bottom 

waters. Variations between sites were only found in the 

sediments of the Itacorubi Estuary. 
In the mainland, just opposite to the island, urbanization 

growth in the southern outskirts reaches its natural boundary, 
the left bank of the Aririu Estuary. 

The population living in the area which drains into this 

estuary does not have basic sanitation and its sewerage fall 

directly into the water body from its beginning. Similarly, at 

least up to the point of tidal influence, this is the case for both 
banks of Maruim Estuary. This estuary is also affected by the 

presence of some small local industries. The high Zn 

concentration in the sediments of these two estuaries appears to 

be related to the general organic contamination throughout the 

system. In the Itacorubi Estuary, where garbage collection and 

treatment of solid residues is already in practice, high zinc 

levels were only present at the mouth of the estuary. This seems 

to be directly related to the effects of waste deposited in the last 
two decades still present in the area (even though it is not 

visible). 
The Maruim, Aririu and Itacorubi estuaries exhibited high Pb 

concentrations. Its distribution was not related to either 

sediment properties nor water ones, and the values showed no 

change along the same estuary. This result suggests a general 
contamination of Pb in the sediments of the urban estuaries. Pb 

is typically associated with atmospheric pollution and 

combustion engines (Rebello et aL, 1986; Seeliger et aL, 

1988). Although since 1989 Brazilian legislation has prohibited 
the use of Pb as a gasoline additive, traces of this metal have 

repeatedly been found in the hair of people who work along 

highways, and in soil and plants close to highways (duarte 
andPASQUAL, 2000). 

Table 4 shows the metal concentrations in the sediments of 

several urbanized and non-urbanized estuaries and coastal 

regions of Brazil. The reference values of threshold effect level 

(TEL) and probable effect level (PEL) were used to compare 
(Laws, 1999). When the data obtained in this study is compared 

with data collected in the last decade (Da Silva et aL, 1996), it 
is found that the greatest Cu and Pb concentrations in the 

Itacorubi Estuary (urbanized) and in the Ratones and Tavares 

estuaries (non-urbanized) have practically not changed. The Zn 

concentrations, conversely, have experienced a clear increase 

(3 6 % on average) in these three estuaries. This result indicates a 

possible increase in the Zn concentration throughout the Santa 

Catarina Island Bay. A recent study of the tissue of locally 
farmed bivalve mo Husks (Crassostrea gigas and Perna perna) 
showed that Zn levels are very close to the tolerance-limits 

recommended by international regulatory agencies (Curtius et 

al, 2003). In order to guarantee the quality of cultivated marine 
resources and the local coastal ecosystems, a more detailed and 

preventive study about possible sources of Zn in the estuarine 

system as a whole is necessary. 
In this study, the non-urbanized estuaries presented similar or 

slightly lower values than those reported in other areas of the 

Brazilian coast (Tab. 4). All recorded concentrations were lower 

than the probable effect level. The Cu, Pb andZn concentrations 

in non urbanized areas were lower and in urbanized areas were 

close to the threshold effect level, indicating no biological 
community adverse effect (Laws, 1999). Hence, the metal 

concentrations found can be used to differentiate between 

natural level and anthropogenic pollution. They may serve as 

reference locations for biogeochemical and ecotoxicological 
studies in the Brazilian coast. As in non-urbanized areas, the 

metal concentrations in urbanized ones were lower than those 

recorded in other Brazilian regions. The most important factor 

contributing to the current low contamination levels seems to be 

the absence of a point-source of pollution and/or the low 

industrial activity. 
In spite of this, the systemic changes in the metal 

concentration between urbanized and non-urbanized estuaries 

shows the importance of protected areas for the maintenance 

and integrity of local estuarine ecosystems. 
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