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Abstract

Mugil sp. was used to indicate the levels of mercury contamination of Santa Cruz Channel Estuarine complex. Sixty individuals were analysed. The total Mercury concentration ranged from 4.6-167.0 (g.g-1 (26.9(26.1 (g.g-1), and methylmercury concentrations ranged from 1.8-91.6 (g.g-1 (19.6(16.0 (g.g-1) w.w.. Methylmercury percentuals were in the range of 5.7-100% (80(23.8%). This species is widely sold in the region and consumed by the local population. The total mercury and methylmercury concentrations found are bellow the permitted levels for human consumption according to the Brazilian legislation. The results are comparable to other regions in Brazil where the same gender was also used.
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Introduction

Mercury contamination of coastal environments and fisheries products is a global concern. It must receive special attention near historically contaminated sites, as the vicinities of chlor-alkali plants. Even after the switch of the production process (from Hg electrodes to membranes) or the start of more efficient effluent treatments, the sites tend to remain contaminated for a long time. Therefore, monitoring is necessary to guarantee that the mercury remaining in the system is immobilized in the sediments, or, to evaluate at which rate it is being methylated or exported to the adjacent coastal waters.

At Santa Cruz Channel, a tropical estuary in Pernambuco State, Northeast Brazil, a chlor-alkali plant has operated without adequate effluent treatment for over 35 years. It is estimated that the plant released 22 to 35 tons of inorganic mercury in the estuarine system until 1987. Some of the mercury (estimative goes up to 2.5 tons) is still buried in the sediments (Meyer, 1996).

Biological monitors have been used to assess the environmental contamination and the transformations the mercury remaining in the system may be undergoing, (Meyer, 1996; Meyer et al., 1998; Nilson et al., 2001; Sant’Anna, 2001). These studies also help to assess the possibility of transfer of the mercurial forms present in the natural environment to the human populations which live around the channel and consume fish and shellfish from the area (Nilson et al., 2001).

Species from the family Mugilidae, especially Mugil, have been favoured as biomonitors of metals (inclusive mercury) contamination at coastal areas due to their feeding habit (they feed on the organic matter and diatoms overlaying the bottom sediments), relation to the estuarine environment, high fat content in the muscles and market value (e.g. Yilmaz, 2003; Filazi et al., 2003; Canli and Atli, 2003; Kehrig et al., 2001; Alonso et al., 2000).

Also, these species occur along the whole Brazilian coast, allowing for comparisons of the contamination levels of different coastal ecosystems of the country.

Material and Methods

Sixty individuals, of a non identified species of Mugil, probably M. liza or M. curema, were sampled at the fishermen colony at Santa Cruz Channel in the spring of 1999 (August and September). This is the end of the dry season in the region. The fish were caught inside the channel by local fishermen.

The muscle tissue was removed according to standard procedures for metal analysis (FAO/SIDA, 1983). The samples were frozen (-18oC) until analysis. The total and methylmercury analysis were made at the National Institute for Minamata Disease (NIMD), in Minamata, Japan.

Results and Discussion

The standard length (SL) of the sample varied from 27.2 to 36.6 cm (30.6(1.9 cm; n=60). Mercury concentrations in the muscle tissue of the individuals analysed varied from 4.6 to 167.0 ug.kg-1w.w. for total mercury and 1.8 to 91.6 ug.kg-1w.w. for methylmercury. The mean values of the mercury contents in fish muscles were 26.9(26.1 ug.kg-1w.w. of total mercury and 19.6(16.0 ug.kg-1w.w. of methylmercury. The percentage of methylmercury in the samples was between 5.7 and 100%, with mean values of 80(23.8%. 

There was no correlation between size (SL in cm) and weight (g) of the fish analysed and their mercury contents. This might be due to the relatively small size interval sampled. The fish sampled came form a single catch.

The total mercury concentrations found in fish from Santa Cruz Channel are within acceptable levels for human consumption according to the Brazilian sanitary legislation (Brasil, 1975 and 1998) and the World Health Organization (WHO, 1989 and 1990). The maximum permitted mercury concentration for human consumption is 0.50 µg.g-1 w.w. for fish and shellfish. Predatory fish may have up to 1 µgHg.g-1 w.w. (Brasil, 1998). 

The mercury chemical species initially introduced to the system was inorganic, elemental, mercury Hg(0). The analysis showed that most of the mercury in the fish muscle is in the organic form (mono methylmercury – CH3Hg+). The presence of the methylated form indicates that the metal is being transformed in the estuary and transferred to the rest of the estuarine trophic web already in its most toxic form. The methylation process is probably taking place in the sediments, driven by bacterial activity.

If this species can rapidly respond to environmental changes (mercury contents in superficial sediments), then the present results would be reflecting a period of low continental runoff and decreased river flow. Therefore, at the time of sampling there was less particulate matter discharge and probably the chance of mercury contamination of the fishes which feeding habits are related to the bottom sediments. It is not know how fish from this group reacts to seasonal variations in the mercury contents of the sediments and in their diet. The concentrations reported here could be on the lower end of the range at the end of the dry season in the region.

Mercury availability in the water column could also be explained by the eutrophic conditions of the environment which leads to intense precipitation of the mercury to the sediments, after adsorption onto the particulate matter.

Any process which favours the re-suspension of the contaminated sediments (as dredging for instance) can remobilise mercury to the water column and further expose the biota.

Other authors have also used species of Mugil spp. for the same purposes (Figure 1). The total and methylmercury levels found in the muscles of fish from Santa Cruz Channel are comparable to the levels measured in other regions in the country. 

A work done on the coast of São Paulo State, near areas under the influence of severe industrial pollution investigated the mercury concentrations of Mugil curema, M. liza and M. brasiliensis. The mean mercury value found in the stomach contents was 0.98 ug.kg-1 w.w (Boldrini, 1990). Also in São Paulo State Mugil curema and Mugil liza showed less than 0.5 ug.kg-1w.w. of total mercury in their muscles (Eysink, 1990).

Although the mercury and methylmercury levels found in fish from Santa Cruz Channel are relatively low, periodic sampling and analysis is highly recommended. A monitoring program would help to observe whether the channel is being cleared from the mercury contamination. We suggest to decision makers the establishment of a regular monitoring program which should include:

· Sampling of abiotic environmental compartments and bioindicators of different trophic levels every 3 to 5 years;
· Sampling of fish of as different size classes and feeding habits as possible;
· Sampling at different fishermen colonies along the channel (there are three main landings);
· Sampling of water, particulate matter and surface sediments from fish regular feeding grounds for mercury analysis;
· Sampling of the abiotic environmental compartments along the contamination gradient starting from the releasing point of the effluent;
· Monitoring of dredging activities (before, during and after) for the risk of mercury re-suspension from the sediments, at least at the most contaminated portion of the channel.
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Figure 1: Comparison of works which used species of Mugil spp. as bioindicator of mercury pollution along the Brazilian coast. (1) present work at Canal de Santa Cruz, fish sampled in 2000 (n=60) Mugil sp.; (2) Ustra, 2001 at Lagoa dos Patos, fish sampled in 2000 (n=10) Mugil platanus; (3) Kehrig et al. (2002) at Guanabara Bay, fish sampled in 1998 (n=20) Mugil liza; (4) Kehrig et al. (1988) at Guanabara Bay, fish sampled in 1988, Mugil sp..
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