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Descrição do Produto


HYPERSPECTRAL REMOTE SENSING DATA TO MAP HAZARDOUS MATERIALS IN A RURAL AND INDUSTRIAL DISTRICT: THE PODGORICA DWELLINGS CASE STUDIES Rosa Maria Cavalli'", Simone Pascucc/2) and Stefano Pignatt/2) (1) Italian National Research Council, Institute of Atmospheric Pollution (CNR IIA-LARA), Via Fosso del Cavaliere 100, 00133, Roma, Italy. E-mail: [email protected] (2) Italian National Research Council, Institute of Methodologies for Environmental Analysis, Via Fosso del Cavaliere 100, 00133, Roma , Italy. E-mail: [email protected]@imaa.cnr.it ABSTRACT In this paper , we present the results of a hyperspectral airborne and in situ campaign in Montenegro aimed at individuating and monitoring two hazardous materials. They are the residues of the bauxite processing, i.e. red mud, and the asbestos fibers applied in the building materials. We perform laboratory analyses of asbestoscement, red mud and soil samples collected in the study area for (a) recognizing the dominant minerals using X. Ray Diffraction and X-Ray Fluorescence; (b) identifying the optical characteristics of the samples using a portable field spectrometer; and (c) characterizing their spectral features and remote sensing detection requirements. A least-squares fitting procedure, on the basis of the significant red mud and asbestos-cement reflectance spectral features, was applied to airborne hyperspectral remote sensing data collected over the study area. Results show that hyperspectral remote sensing data can provide an efficient, fast and repeatable tool for mapping and monitoring the diffusion of pollutants providing the location of the hazardous areas to be checked.



Index Terms- Hyperspectral data, red mud, asbestos, spectral feature analysis, XRD, XRF 1. INTRODUCTION The paper deals with the detection and identification of two hazardous materials widespread in the rural and industrial area close to the city of Podgorica. The materials are the Red Mud (RM) dust and the Asbestos Cement (AC) building materials. The principal source of aluminium is bauxite that contains high concentrations of the oxide alumina (AI2 0 3 ) . The nature of the bauxite residue and the deposition and drying process (smelting and refining facilities), i.e. red mud, results in a range of different materials and surface textures that have the potential to generate polIutant dust under windy conditions [1]. The RM waste risk involves the accumulative contamination of land and the surrounding
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dwellings with fine particulate that is highly alkaline and hence needs special precaution while disposing to avoid contamination of surface as well ground water resources, and the consequential exposure and health risk to residents and the surrounding ecosystem. Deposition of heavy metals and other pollutants can also potentially affect crop and livestock production and the quality of agricultural products from nearby land [I]. As regards the asbestos fibers surfacing from deteriorated AC roofs, there is a potential hazard to human health. Correspondingly, it is important that locations of deteriorated AC roofing are identified and mapped so that local authorities can take appropriate advisory or regulatory actions to protect the public from potential exposure to the asbestos fibers. The risks of cancer, respiratory irritation, and damage to the nervous system resulting from exposure to both RM residues (e.g., organic compounds including dioxins and furans, hydrogen chloride and chlorine gases, and different metals, alI potentialIy generated during process operations) and asbestos fibers prompted the EPA (U.S. Environmental Protection Agency) to examine new ways to reduce these polIutants (available at : http ://www.epa .gov/ ). A common way for surveying the spatial distribution of polIutants involves the systematic sampling and laboratory analysis of colIected samples folIowed by interpolation of the point results in compiling distribution maps; however, such an approach is time-consuming and costly. Within this context, several studies have highlighted the application of field and imaging spectroscopy for identifying minerals and soils containing polIutants (e.g., heavy metals) as an indicator of contamination in mining areas [2]. Kemper and Sommer [3] in their study have been assessed metal concentrations using reflectance spectroscopy and statistical prediction models recommending the opportunity of applying their technique to remote sensing. Bassani et al. [4] described a procedure for evaluating the deterioration status of AC roofing sheets related to the asbestos fiber air dispersion using hyperspectral data. However, the discrimination and mapping of polIutants such as RM dust and AC roofing has to consider the fulI complex spectral characteristics of



urban materials and land cover types and their spatial heterogeneity. In this study, since the main objective is to individuate and monitor the red dust and deteriorated AC roofs extend, we first use hyperspectral data to distinguish them from other soils and materials; then, we assess the red dust and AC mineralogical samples composition and their optical properties by laboratory analyses. To this aim, we use MIYIS airborne [4] imagery covering the aluminium processing plant (KAP) and other industrial surrounding areas characterized by a mixture of urban land cover types, including many AC roofs more or less deteriorated, close to Podgorica city (Montenegro). The diagnostic RM and AC spectral features were retrieved using field and laboratory measurements. The results show that red dust and deteriorated AC roofs both have distinctive spectral signatures with diagnostic features from the VNIR to the SWIR spectral regions. Last, a method for automated image analysis (i.e. a least-squares fitting procedure), on the basis of the significant RM and asbestos reflectance spectral features , was used, thus allowing verification of the field and laboratory results on MIYIS airborne hyperspectral data.



Fig. 1. - (a) Location map of study area; (b) MIVIS images acquired on June 2008 over the study area. Spectral Resolution
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Table 1. MIVIS sensors characteristics.



2. STUDY SITE AND SAMPLES COLLECTION AND ANALYSIS
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The study area is located in the Podgorica city (Montenegro; 42 °23'N - 19°13 'E) that is one of the most densely populated areas in Montenegro (Fig. 1). The main environmental problems for the chosen study area are due to the Podgorica Aluminium complex (KAP) , located only few kilometers from the city and to the deteriorated AC roofing diffuse in the surrounding areas of the city. The study area corresponds to three MIYIS (Table I) stripes of 2939 columns x 3419 lines (Figure Ib) acquired on June 24,2008 at II :26 (GMT), using scan rates of25 scans/s, at an altitude of 1700m corresponding to a ~3 . 5 m groundpixel resolution at the instrument's IFOY. The spectral analyses in the field were conducted (i) to distinguish the RM dust and AC spectra shapes from other soils, materials and backgrounds and (ii) to construct a spectral library of soils, urban materials useful for calibrating and validating the remote sensing data for the study area and (iii) to provide samples for laboratory analyses. Field reflectances were acquired using the Analytical Spectral Devices (ASD) Full-Range (FR) spectrometer (350-2500 nm) within 2 h of solar noon in sets of 4-5 for each target from a height of 1 m using a field of view of 25°. The reflectance spectra, collected in the field, of the main characteristic surfaces, representing 30
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