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ABSTRACT 

 
The presence of agricultural input, domestic and industrial discharges, can result in a contaminant impact in 

aquatic ecosystems and in elevated concentrations of trace metals that may exert direct toxic effects and may be 

accumulated in organisms consumed by man. The objective of the present study was to investigate some metal 

concentrations in Mytilidae falcate collected from Channel of Santa Cruz, Brazil. There are some industries 

located along the Channel of Santa Cruz that manufacture aluminum, paper and cellulose, pesticides, and caustic 

soda. Mussels collected at this area were carefully opened, dried and 0.5g of samples were heating with a 

mixture of acids; the final solution was filtered and made up to 50 mL. Metals concentrations were measured at 

a ICP-MS (FINNIGAN) and AAS (VARIAN). The results demonstrated that there is more Fe and Mn in the 

mussels than any other studied metals (Fe >Mn >Cd >Pb >Cu >Th >U).The results for Fe and Mn 
concentrations are similar to those reported in the literature for invertebrates and fishes collected in regions 

contaminated by domestic and industrial sewage. Lead and Cd values, on the other hand, are beyond the limiting 

values for human consumption. Only the levels of copper are within to the Brazilian legislation. Uranium 

concentration was lower than results showed in literature.  

 

 

1. INTRODUCTION 

 

Estuaries are places where rivers meet the sea. They are important for commercial and 

artisanal fishing, because they serve as an important habitat for birds, fishes, mussels and 

crustaceans. Moreover, water draining from the uplands carries sediments, nutrients and 

others pollutants. As the water flows through fresh and salt marshes, much of the sediments 

and pollutants are filtered out. This filtration process cleans water, which benefits both people 

and marine life. The presence of diffuse agricultural input, domestic and industrial discharges 

can result in a contaminant impact in aquatic ecosystems and in elevated concentrations of 

potentially toxic trace metals. These elements may exert direct toxic effects on aquatic biota 
and may bioaccumulate in organisms consumed by man [1, 2]. 

Mussels are able to accumulate substantial amounts of trace metals from the environment and 

have been employed worldwide to monitor contamination in coastal waters. Bivalves guts are 
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acidic and this may strongly affect the desorption, digestion, and assimilation of trace metals 

associated with ingested food particles [3-5]. Thus, bivalves are filter-feeders and obtain trace 

elements not only from food and from solution, but also from ingestion of inorganic 
particulate material [6]. 

The Channel of Santa Cruz, an estuarine complex with an area of 36 km2, is supplied by five 

rivers: Carrapicho, Catuama, Igarassu, Congo and Botafogo. The latter is the principal 

tributary with domestic and industrial inputs [7].  

There is a chloro-alkali plant on the Botafogo River, beside a pesticide industry and others 

industrial plants in the channel area, a cement factory and an aluminium processing plant [8]. 

The aim of this work is to study the concentrations of trace metals (Fe, Mn, Cd, Pb, Cu, Th 

and U) in the benthonic specimen of bivalve mollusk (Mitella falcata) abundant in Channel 
of Santa Cruz and much consumed by the local population.  

 

 

2. METHODS 

 

Sampling stations were selected based on hydrographic situation and the availability of 

mussels at the beginning, at the middle and the end of the channel, Table 1. 20 – 50 mussels 

were collected by hand at each sampling site. Each specimen was carefully opened, the whole 

soft part was taken out with a plastic spoon and the samples were dried at 50C (30% of 

humidity) and crushed. 0,5 g of each sample was heated in a volumetric flask with a misture 

of 10 mL of water, 5 mL of H2SO4, 1 mL of HClO4 and 1 mL of HNO3, at 90C for 30 

minutes on a hot plate. After cooling, the final solution was filtered and the contents of the 

vessels were transferred to a polypropylene tube made up to 50 mL with 2% (v/v) nitric acid. 

The system used to measure the metals (Fe and Mn) was a fast sequential atomic 

spectrometer (Spectr AA-220 FS VARIAN). And after diluted the samples (an aliquot with 1 

mL) with 2% (v/v) nitric acid again; the metals (Pb, Cu, Cd, U and Th) were analyzed in an 

HR-ICP-MS (Finningan-MAT) with indium and bismuth as internal standards. The 

concentration of In and Bi in the final diluted solution was 5 ng/mL of each. Four levels of 

the standard solutions (prepared from the elemental standards – SPEX Industries) were used 

to obtain the calibration curves. The data were generated, in the equipment, in a sequential 

mode, in such a way that the results obtained for each isotope represents the average of 10 

measures, each one repeated 3 times, a grand total of 30 measures for each investigated 

element. 

 

2.1 Study area 

 

The Channel of Santa Cruz, located in Pernambuco, Recife, Brazil, with its tributaries 

is an estuarine mangrove area, it is 20 km long and extends over an area of about 36 km
2
 [7]. 

There are five small rivers with supply the channel: Rio Catuma, Rio Carrapicho, Rio 

Botafogo, Rio Congo and Rio Igarassu [8]. There are two typical seasons in the region 

determined by the amount of rainfall. The dry season extends from September to January 

with minimum rainfall from October to December (<60 mm per month); the rainy season last 

from February to August. At its peak, in June and July rainfall can reach 400 mm per month 

(data provided by Centro Regional de Metrologia e Climatologia de Recife-PE, 1992). In the 

Igarassu area, there is an aluminium processing plant. Another industrial plant is the cement 

factory located in the northern path of the channel. There is a chemical plant which produces 
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pesticides along the Rio Botafogo. A caustic soda plant is located further upstream, about 16 

km from the mouth of the river. Data of geographical coordinates of sampling sites are 

showed in Table 1 and salinity and temperature from the water for the sampling site could be 

seen in Table 2.  

 

 
Figure 1. Channel of Santa Cruz. 

 

 

Table 1. Geographical Coordinates of sampling sites in UTM 

 
 Lat. (N) Long. (E) 

Ilha do Rato 
(Rio Botafogo, Y) 

9.147.816 294.850 

Itapissuma (P) 9.141.350 291.410 

Rio Igarassu (X) 9.135.181 293.833 

 

 

Table 2. Salinity and Temperature from the sample site 
 

 Rio Botafogo (Ilha do 

Rato) 

Rio Igarassu  

September October September October 

Salinity ( ‰ ) 18.0 22.0 20.0 21.0 

Temperature (C) 29.0 30.1 30.8 29.5 

 P 

P 

X 

Y 
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The results obtained by AAS and HR-ICP-MS, could be seen on Tables 3-5, 

considering three significant digits. An Certificated Material (IAEA-140/TM, seaweed, Fucus 

sp.) which range of results from Fe and Mn were 1221 – 1291 mg/kg and 53.7 – 58.5 mg/kg, 

respectively, was analyzed with the samples and obtained 1234.68 mg/kg (with the variation 

of  5.42%) for Fe and 56.47 mg/kg (with the variation of  2.8%) for Mn. Another 

certificated material analyzed in our laboratory was SRM 2976 which results for Cu was 4,04 

 0,10 mg/kg and the certificated value was 4,02  0,33 mg/kg. The tables 3, 4 e 5 showed 

the results for metals: as major, trace and radioactive, respectively. For 
238

U and 
235

U and 
232

Th we only did “Tune solution, SPEX Industries, USA” (a standard solution contained a 

known concentration of some elements that could be reproduced). 
 

 

Table 3. Results for Major elements in Mitella falcata collected in Channel of Santa 

Cruz, Pernambuco, Brazil. 
 

Sampling Site Fe (mg/kg) Mn (mg/kg) 

Ilha do rato**  
(September) 

2377.88  0.78%* 442.83  1.21%* 

Ilha do rato**  

(October) 
2587.43  4.63%* 320.62  4.89%* 

Igarassu River**  

(September) 
2069.12  0.83%* 295.81  3.34%* 

Igarassu River**  

(October) 
2619.27  8.13%* 587.30  2.45%* 

Mussel consumed (Itapissuma) 

(August) 
2608.71  4.82%* 306.54  3.84%* 

Mussel consumed (Itapissuma) 

(September) 
3367.89  1.29%* 538.11  5.24%* 

Mussel consumed (Itapissuma) 

(October) 
2243.15  2.35%* 432.47  1.43%* 

Mussel consumed (Itapissuma) 

(January) 
1805.77  2.14%* 321.31  0.12%* 

*the percentage shown is the percentage error; **collected directly from the river 
 

Table 4. Results for trace elements in Mitella falcata collected in Channel of Santa Cruz, 

Pernambuco, Brazil. 
 

Sampling Site Pb (mg/kg) Cu (mg/kg) Cd (mg/kg) 

Ilha do rato**  

(September) 
19.0  1.33%* 1.80  2.27%* 32.8  0.77%* 

Ilha do rato**  

(October) 
19.7  1.17%* 1.46  6.71%* 32.3  0.82%* 

Igarassu River**   

(September) 
18.9  3.19%* 1.56  3.30%* 32.1  2.70%* 

Igarassu River**  

(October) 
18.8  4.58%* 1.75  2.74%* 31.2  4.90%* 

Mussel consumed (Itapissuma, 

August) 
18.9  3.30%* 1.03  6.81%* 30.4  1.83%* 

Mussel consumed 

(Itapissuma, September) 
19.7  1.20%* 2.65  4.48%* 32.2  1.35%* 

Mussel consumed 

(Itapissuma, October) 
18.7  4.08%* 1.47  2.50%* 31.5  4.20%* 

Mussel consumed 

(Itapissuma, January) 
18.4  3.00%* 1.12  1.91%* 30.7  3.60%* 

*the percentage shown is the percentage error; **collected directly from the river 



INAC 2013, Recife, PE, Brazil. 

 

Table 5. Results for radioactive elements in Mitella falcata collected in Channel of Santa 

Cruz, Pernambuco, Brazil. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*the percentage shown is the percentage error; **collected directly from the river; ***for 238U were calculated 
the activities of the samples, but for Th and 235U these measurements were showed in mg/kg. 

 

 

 

3. DISCUSSION 

 

In order to assess the health risk of consumption of mussels from the Channel of Santa Cruz a 

monitoring program was carried out in the area. The results demonstrated that there are high 

concentrations of Fe and Mn than other elements (Fe > Mn > Cd > Pb > Cu > Th > U). The 

results for Fe and Mn concentrations are similar to those reported in the literature for 

invertebrates and fishes collected in regions contaminated by domestic and industrial sewage 

[9-11].  

 

Lead and Cd values, on the other hand, are beyond the limiting values for human 

consumption [12]. Only the levels of copper are within the values presented by the Brazilian 

legislation (0.8 mg/kg for Pb, 1.0 mg/kg for Cd and 30 mg/kg for Cu). Mussel samples 

showed levels of 
238

U activities in the range from 5.93  6.99  to 14.7  0.72 Bq/kg dry 

weight, being higher in the Ilha do Rato (Rio Botafogo) near Goiana. These results are lower 

than mussels study by Cuculic et al (2006) [13], that were considered slight higher (12.1  

2.9 Bq/kg dry weight to 19.4  7.2 Bq/kg dry weight) than the values for normally consumed 

mussels. 

 

The results showed that there is no significant difference (t-student test, p< 0.05) in the metal 

content (for all of the elements included in this study) as a function of the sampling season 

(maximum or minimum rainfall) and that the water salinity does not change substantially 

along the year. Trace metals concentration in mussels are not just related to variations in the 

concentration of metals in the environment; others sources of variation can include size, 

growth rate, age, sex, seasonal variation, reproductive condition, position in the intertinal 

zone, salinity, temperature and interaction with other pollutants in the environment [14, 15]. 

 

Sampling Site Th (mg/kg) 235U (mg/kg) 238U (Bq/kg)*** 

Ilha do rato** 

(September) 
0.941  5.26%* 0.484  4.58%* 12.0  4.58%* 

Ilha do rato** 

(October) 
0.995  2.14%* 0.593  0.72%* 14.7  0.72%* 

Igarassu River** 

(September) 
0.801  3.53%* 0.254  10.0%* 6.30  10.0%* 

Igarassu River** 

(October) 
0.803  2.82%* 0.317  4.25%* 7.86  4.25%* 

Mussel consumed 

(Itapissuma, August) 
0.730  1.31%* 0.303  2.00%* 7.51  2.00%* 

Mussel consumed 

(Itapissuma, September) 
0.913  1.87%* 0.434  5.30%* 10.8  5.30%* 

Mussel consumed 
(Itapissuma, October) 

0.678  3.04%* 0.239  6.99%* 5.93  6.99%* 

Mussel consumed 

(Itapissuma,  January) 
0.646  3.30%* 0.306  3.50%* 7.59  3.50%* 
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It is not appropriate to limit mussel consumption because they contain a lot of proteins and 

vitamins necessary for our health. However, people living along the channel and eating 

mussels collected from the region could be exposed to the trace metals and may develop a 

high toxicity after daily consumption of these metals in the mussels considering the 

bioaccumulation process of metals by the mussels.  

 

Therefore, an initiative of environmental polices and alternative control is valid, aiming to 

decrease or even control of trace metals in the channel environment, as well as informative on 

the alimentary diet of the population. Additional sewage treatment in industries should be 

installed to reduce the levels of trace metals. 

 

4. CONCLUSION 

 

It was verified that a control of metals in mussels of the area is needed because the values that 

were found are higher than those reported on literature [16, 17], demonstrating the possibility 

of sanitary problems from the ingestion of these metals for the population that consumes 

mussels in Pernambuco. 
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