Solid Wastes Contamination on Tropical Beaches:

The case of Pernambuco State, Northeast Brazil.
Monica F. Costa 1
Jacqueline S. Silva

Maria Christina B. Araújo

Monica Marcia V. Leal

Scheyla C.T. Barbosa

Stella T. Souza

Suzana Z. Guedes
Laboratory of Ecology and Management of Estuarine and Coastal Ecosystems (LEGECE)

Departamento de Oceanografia da Universidade Federal de Pernambuco (UFPE)

Av. Arquitetura s/n, Cidade Universitária, Recife, Pernambuco, Brazil. 

CEP: 50740-550.

Phone: 55 81 2126 7218 or 7223; fax: 55 81 2126 8225; mobile: 55 81 5581 0453

Except for the first author, the others appear in alphabetical order.

1 – corresponding author’s E-mail: mfc@ufpe.br.
Abstract

Pernambuco State has a very short coastline, but it has been granted with exceptional environmental diversity and aesthetic beauty. All main tropical coastal ecosystems are represented: Atlantic Rain Forest, dunes, estuaries, mangroves, beaches, seagrass meadows, coral reefs, algalic reefs, beachrocks. These are still sub-divided into many different habitats, which confer a large variety of ecological situations and gradients. The main threats to the coast are urbanisation and habitat destruction. The 21 municipalities on the coastal area have been divided according to its natural and socio-economic characteristics into three sectors: North, Metropolitan and South. The North and South sectors are relatively better preserved from the physical impacts of occupation. The contamination of beaches by solid wastes is, however, ubiquitous. It probably spreads to the adjacent ecosystems and habitats. There is a clear prevalence of plastics debris in all cases. All beaches, urban and rural, suffer from severe contamination from two main sources of debris: rivers and beach users. Twelve estuaries which hydrographical basins have poor or no sanitation arrive at the coast. These are small coastal basins with less than 300km extension each. But almost half of the 8 million inhabitants of the state are concentrated on the coast, and a significant part of them live in conditions of serious social and environmental risk. The scarcity of superficial water resources is greatly aggravated by their decreasing water quality standards. Nevertheless, the state economy relies upon tourism as one of its main activities. The beaches are the most valued resource of this sector of the economy, used all year long due to the tropical climate. The urban beach of Boa Viagem is the gateway to the state; and the beaches on the southern coast are the State’s post-cards. The heavy contamination of the sand and water by solid wastes is a serious conflict in the use of these environments by an activity that rely upon the beauty and environmental quality of the landscape. Public perception often points this sort of contamination as the most unpleasant aspect of a visit to the beach, frequently conditioning the choice of where to go. We propose the use of solid wastes items, especially the plastic fraction, as an indicator of the state of the health of the beaches and as a parameter for beach certification standards. The assessment follows a quail-quantitative approach and considers variations along time and space. The aim is to link the plastic items to their most probable source. This would allow the identification of the most significant and prevalent sources, direct control actions and reduction in the levels of beach contamination. Establishment of monitoring programs to assess the effectiveness of existing managerial actions are also important, since it would allow the optimisation of the use of public resources. Monitoring and a scientifically sound knowledge of the patterns of solid wastes distributions form the basis for successful managerial actions. Sampling strategies and sample design must be correlated to ecological variables to result in a predictive model of solid wastes contamination behaviour. To predict the levels and quality of the contamination based on other variables can work as a strong argument to convince stakeholders of their role in abating the problem, as well as preventing risk for humans and natural populations.
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Introduction

Pernambuco State in the Brazilian Northeast has a very short coastline of 187km facing the Western Tropical Atlantic Ocean (Figure 1). It has been granted with exceptional environmental diversity and aesthetic beauty. All main tropical coastal ecosystems of the Western Atlantic are represented here: the Atlantic Rain Forest, dunes, estuaries, mangroves, sandy beaches, seagrass meadows, coral reefs, algalic reefs and beachrocks (Marques et al., 2004; Eskinazi-Leça et al., 2004). These, can still be sub-divided into many different habitats (main river channel, flooded forest, tidal pools, etc.), which confer a large variety of ecological situations and River to Sea gradients. 

The main threats to the coastal environments in Brazil and particularly in Pernambuco are unplanned urbanisation and habitat destruction (Marques et al., 2004; Araújo et al., in press). The 21 municipalities which form the coastal area have been divided according to its natural and socio-economic characteristics into three sectors: North, Metropolitan and South (GERCO; CPRH). The North and South sectors are relatively better preserved from the physical impacts of occupation (Araújo et al., in press) as deforestation, land reclamation and sea erosion.

Twelve estuaries which hydrographical basins have poor or no sanitation arrive at the coast. These are the seaward limits of small coastal basins, with less than 300km extension each. The semi-arid climate of the Brazilian Northeast results from special oceanographic conditions of the Western Tropical Atlantic. The coastal stretch is humid, with a marked and sometimes severe rain period ranging form September to April. Thus, the river basins are short and water flow shows a marked seasonality, as well as the riverine contribution to coastal areas. 

Half of the 8 million inhabitants of the State are concentrated on the coast, around Recife Metropolitan Area (RMA), and a significant part of them live in conditions of serious social and environmental risk. Pernambuco coastal area has over 905 inhab./km2, the highest population density among the 17 coastal states of Brazil (MMA, 1995; Costa and Souza, 2002; IBGE). The scarcity of superficial water resources during the drought period (October to March) is greatly aggravated by the decreasing water quality standards. Nevertheless, the state economy relies greatly upon coastal tourism as one of its main activities. The beaches are the most valued natural resource of this sector of the economy. Differently from beaches of other Brazilian regions like the South and Southeast (Wetzel et al., 2004), Northeastern beaches are used all year long due to the warm tropical climate (Silva et al, in press a). The urban beach of Boa Viagem is the gateway to the state and to the region; the beaches on the southern coast are the State’s most valued post-cards (Araújo and Costa, 2004a, b, Araújo and Costa, in press c; Costa and Kanh, 2003). On arriving and/or on leaving Pernambuco or the Brazilian Northeast, foreign and domestic tourists spend at least one night at Boa Viagem.

Pernambuco Beaches and Their Contamination by Solid Wastes

The contamination of beaches by solid wastes is, however, ubiquitous in the Brazilian Northeast and Pernambuco is not an exception (Vicente, 2002; Araújo and Costa, 2003, 2004a,b; Santos et al., 2005). The heavy contamination of the sand and water by solid wastes is a serious conflict in the use of these environments by an activity that rely upon the beauty and environmental quality of the landscape. It is also a threat to marine life and nature conservation as a whole.

Solid wastes contamination of the beaches does probably spread from/to the adjacent ecosystems and habitats (Araújo and Costa, in press a). There is a clear prevalence of plastics debris in all cases (Araújo and Costa, 2004a, b). All beaches, urban and rural, suffer from severe contamination from two main sources of debris: rivers and beach users (Vicente, 2002; Araújo and Costa, in press c; Silva et al., unpublished data). Both these sources are land-based and together account for the almost totality of the items found on either urbanized or remote beaches (Araújo, 2003; Araújo and Costa, 2003, 2004a, b, in press a, b, c; Silva et al., unpublished data).

Public Perception of solid wastes contamination of beaches

Public perception often points the contamination of the sand and bathing waters by solid wastes as one of the most unpleasant aspect of a visit to the beach, frequently conditioning the choice of where to go (Vicente, 2002; Santos et al 2003; Santos et al., in press).

However, it is not an as strong a determinant as other attributes of the beach as proximity to their residence, group of friends, presence of food and beverage vendors, etc. (Leal et al., unpublished data), and people end up getting used to it. As the number of other facilities increase, the priority of sand and bathing waters cleanliness drops down people’s scale of environmental values. Probably it happens because people believe that the rubbish they generate during their permanence in the natural environment can be easily removed from the sand after they leave the beach. However, what they do not take into consideration are the financial and environmental costs of this sort of waste.

The public does not easily recognize items originating from riverine contribution that contaminate the beaches as so. In spite of their large, conspicuous, contribution to beach contamination, these items are perceived simply as “more rubbish” of undetermined origin. 

Working with solid wastes on beaches from an ecological perspective

We propose the use of solid waste items, especially the plastic fraction, as an indicator of the state of the health of the beaches and as a parameter for beach quality assessment and certification standards (Souza, 2004; Guedes, 2004a. b; Costa and Barletta, 2004). The assessment follows a quail-quantitative approach and considers variations along time and space. The aim is to link the plastic items to their most probable source. This would allow the identification of the most significant and prevalent sources, direct control actions and, consequently, reduction in the levels of beach contamination. Sampling strategies and sample design must be correlated to ecological variables to result in a predictive model of solid wastes contamination behaviour (Figure 2) (Costa and Barletta, 2004).

Monitoring programs – Using solid wastes as indicators of environmnetal quality

The establishment of monitoring programs to assess the effectiveness of existing managerial actions are also important, since it would allow the optimisation of the use of public resources. Monitoring, and a scientifically sound knowledge of the patterns of solid wastes distributions, form the basis for successful managerial actions. 

The environmental quality of a beach community or resort can be measured based on a series of different parameters (Guedes, 2004a, b). Resorts are ranked on a scale of development according to the presence, spatial distribution of facilities and land occupational patterns (Smith, 1991). The scale varies from 1, a completely undeveloped resort area, to 8, a completely developed beach city. The greater the stage of development of a coastal community or resort, the greater an issue basic sanitation (potable water supply + sewerage + solid wastes collection and adequate destination + urban run-off treatment) will be. Any of these parameters could be used to help diagnose the state of the health of the beach (Figure 3). We propose quali-quantification of solid wastes on beaches and coastal environments, especially plastics, to be used as a measure of the basic sanitation status and also of public environmental education (UNEP. 2005).

A number of techniques can be used to measure the amounts and types of solid wastes items on beaches which will account for their seasonality and origin (Araújo, 2003; Araújo and Costa, in press b; Araújo et al, unpublished data; Silva et al., unpublished data)

At Tamandaré beach, on the Southern coast of Pernambuco state, solid wastes assessment was used to measure the effectiveness of managerial actions as beach cleaning (Figure 4) (Araújo and Costa, in press a). 

Conclusions

To assess and predict the levels and quality of the solid wastes contamination of beaches, based on measurable variables and consistent experimental design, can work as a strong argument to convince stakeholders of their role in abating the problem, as well as preventing risk for humans and natural populations.
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Figure 1: Pernambuco State in the Brazilian Northeast has 187km of coastline facing the Tropical Western Atlantic Ocean. The City of Recife lies at approximately 08o of latitude South and 35o of longitude West.
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Figure 2: Flowchart Scheme of logical components of a research program. H0 is the symbol used to represent the null hypothesis (Costa and Barletta, 2004).
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Figure 3: Factors affecting the health of the beach with highlight to solid wastes. All can also be used as measurable variables to asses the health of the beach. Monitoring these variables can be the basis of diagnosing changes in the environmental quality of the beach and consequently suggesting the best options for its management.
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Figure 4: Total number of plastic items collected in 10,000 m2 of sampling area (four transects) at Tamandaré beach before and after the start of the beach cleaning services in August 2001 for each season (Araújo and Costa, in press a). 
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