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			Abstract

			The concern with the action of chemical dyes in human health is not only in Brazil, but throughout the world. One reason for the alert is due to recent results in European research related to the actions of dyes in baby foods, for example. However, the question of the risk of dyes has never been studied properly because of the assumption that these were harmless components. Several industries as pharmaceutical, cosmetic, printing and textile have widely used azo dyes. The textile industry is a substantial consumer of water and produces enormous volumes of contaminated water; the most important contaminants are azo dyes. The discharge of highly colored effluents affects water transparency, gas solubility in water bodies and may induce several human pathologies (carcinogenicity and toxicity). Therefore, new technologies using fungi to removal of such dyes before discharging them into environment is essential, mainly when related to human health. 
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			Introduction

			The textile industries are consuming large quantities of water that are returned to the environment, such as waste water. According to an estimate, around 40-65L of waste water is discharged per kg of fabric during the coloring process. This water contains a large amount of synthetic dyes with various residual concentrations in the effluent depending on the type of the dye molecules [1]. 

			The azo dyes represent a major class of synthetic commercial dyes, showing a broad variety of structures and colors that represent up to 70% of the total textile dyes used [2]. Such dyes belong to the class of aromatic and/or heterocyclic compounds which are characterized by the presence of one or more azo (-N=N-), and your degradation products are generally toxic and even carcinogenic to the aquatic organisms. Therefore, the effective removal of azo dyes from effluent prior to discharge into the environment is of extreme importance [3].

			Many industries have been using conventional physicochemical methods for the treatment of waste water from the textile industry. These methods are not destructive, but they only transfer the contaminants from one form to another, thus generating a new different type of pollution problem [4]. In addition to being costly method and producing large amounts of Iodine after treatment [5].

			Actually, the biological methods are seen as specific, of low energetic intensity, energy-efficient and environmentally safe 

as they result in partial or complete bioconversion of organic pollutants to stable and non-toxic final products. Many species of bacteria, fungi and algae have the ability to absorb and/or degrade azo dyes [6].

			The application of filamentous fungi in the decolouration process is an attractive alternative due to its low cost and the possibility of total mineralization of the dye. Since such fungi are present in all environments, and the fast adaptation of their metabolism with various sources of carbon and nitrogen is important for their survival [7]. However, there are few studies on the decolorizing potential of filamentous fungi in regions of extreme conditions, such as the Caatinga biome, with the hypothesis that these microorganisms also develop adaptation mechanisms to survive adverse conditions, as well as the plants of that region. Thus, the objective of this work was to elaborate a literature review on an efficient decolouration of dyes from the textile industry by fungi isolated from the rhizosphere of the Caatinga biome as a proposal for a better application in public health.

			The textile industry

			In the industrial area, the textile sector stands out as one of the oldest in the world. The textile industry has grown considerably in recent decades and the sector is considered one of the industrial segments that occupies a prominent position in the economy of the most developed countries and is the flagship of development of many of the called emerging countries [8].

			Currently, the Asia accounts for 73% of the total volumes produced in the world, most notably in order to: China, India, Pakistan, South Korea, Taiwan, Indonesia, Malaysia Thailand and Bangladesh, according to the Brazilian Industry Association Textiles. In Brazil, the textile market is not less important, having played a major role in the country’s development process. Currently the Brazilian textile industry represents an extraordinary economic-social value and the country occupies the fourth position among the world’s largest producers of clothing and fifth among the largest producers of textile manufactures. In the national territory, there are about 5,000 textile industries, being 11% large, 21% small and 68% micro enterprises [9], distributed in the south region (Santa Catarina), southeast region (São Paulo and Minas Gerais) and northeast region (Pernambuco, Bahia and Ceará).

			Textile azo-dye

			Organic dyes and pigments can be defined as intensely colored substances which, when applied to a material, gives it color. Specifically, textile dyes are organic compounds whose purpose is to give a certain fiber (substrate) a certain color, under pre-established process conditions. They are also significant sources of aesthetic pollution and directly affect aquatic life [10].

			It is estimated that more than 80,000 tons/year of dyes consumed in textile dyeing processes, which requires 70-150dm3 of water and 40g of reactive dyes, per kg of cotton. The amount of water consumed and released varies depending on the types of fabrics used. Therefore, the compositions of the colored waste water vary with the type of fabric produced. The entry of these pollutants into water courses represents a serious ecotoxicological hazard and introduces the potential danger of bioaccumulation that may affect humans through the food chain [11].

			Among all types of commercial synthetic dyes, azo dyes make up the largest class that exhibits a wide variety of colors and structures and accounts for up to 70% of the total textile dyes used [12]. They are a widely used in the textile industry, because of their stability, color variety and ease of application [13]. Azo dyes are aromatic compounds which containing azo groups (-N=N-) and substituents (auxochromes) [14]. Azo dyes may be reduced to potentially carcinogenic aromatic amines in oxygen deficient conditions. This poses a threat to agriculture and to the health of people living in the surrounding areas [15].

			Textile dye toxicity

			The azo dyes present higher toxicity because the reducing medium presents itself as a favorable environment for the reductive cleavage of the aromatic rings and consequent formation of aromatic amines with carcinogenic and mutagenic potential [16]. It is estimated that, during the manufacture and application of these dyes, about 10 to 15% is released into the environment through mainly effluent discharges. Dyes based on benzene and amines may release these substances as metabolites, which are potentially carcinogenic. Studies with microorganisms and mammalian cells have shown that several of these substances have mutagenic and genotoxic activity [17].

			These substances have a high persistence in aquatic environment because they present in their chemical composition a large number of aromatic rings, azo bonds, amines and sulphonyl groups. These characteristics give the dye-containing effluents a slow process of biodegradation, in addition, the residues of these compounds have a high toxic potential for the organisms exposed to them [18].

			In 2005, in Brazil, CONAMA Resolution No. 357 was published, which establishes the conditions and standards for the release of industrial effluents, including the potential to cause toxic effects on the receiving body.  Furthermore, Resolution No. 430 of CONAMA, published in May 2011, changes and complements Resolution No. 357, establishing criteria for the collection of compliance with the parameters of toxicity by the state environmental agencies. As a result, these bodies are already requiring, through Ordinances and Resolutions, that companies comply with the established toxicity limits for effluents.

			Treatment of the textile industrial effluents

			The main cause of pollution involving textile industries is the durability of dye residues in waste water. Therefore, it is necessary to develop effective treatments and technologies for the decolouration of dyes in effluents [19]. There are many reports on the use of physicochemical methods for removing color from dyes. In recent decades, several physicochemical methods have been developed for the removal of dyes from textile effluent, but these methods are not suitable due to the production of large amounts of toxic iodine, aromatic amines, and residual secondary products, besides being costly methods. However, in the current scenario, biological treatment methods have been more appropriate and widely used because of their cost-benefit ratio, less sludge production capacity, and sustainable nature [20].

			Bioremediation, or use of microbial techniques to deal with pollution, is a key of research in the environmental sciences. In this approach, microorganisms acclimate to toxic waste and new resistant strains develop naturally, which then transform various toxic chemicals into less harmful forms. Several biotechnological approaches have attracted interest in combating azo dye pollution in an eco-efficient way. Azo dyes are xenobiotic in nature and recalcitrant for biodegradation, and the microbial use or enzymatic treatment method for complete decolorization and degradation of such textile effluent dyes has the following advantages: (1) being sustainable, (2) having a minor cost, (3) production of less sludge, (4) obtaining final products that are non-toxic or have complete mineralization; and (5) which requires a lower consumption of water compared to physicochemical methods [21].

			There are several reports on the drawbacks of using conventional physicochemical techniques and therefore remediation using microbes may play a central role. Microbial decolouration involving bacteria [22], yeasts and fungi [23]. Emerged as a self-sustaining approach. The effectiveness of microbial decolouration depends on the adaptability and activity of the microorganisms selected. Therefore, a large number of species have been tested for decolouration and mineralization of various dyes in recent years [24]. The isolation of potent species and thus their degradation is one of the interesting biological aspects of effluent treatment.

			Microbiological decolouration can occur through biosorption, enzymatic degradation or a combination of both. The efficacy of bleaching techniques for the removal of azo dyes depends on the class of dye as well as their various substituent groups and the physic-chemical characteristics of the effluent such as pH, temperature, salt content and the presence of organic pollutants [25].

			Decolouration of azo dyes using filamentous fungi

			The microorganisms are sensitive in the presence of chemical substances, such as dyes, high salinity, pH variation and high content of organic compounds [26]. For bioremediation processes, the most used microorganisms are the isolates from environments contaminated by the textile industry, including soil, effluents and sludge from waste water treatment plants because they are adapted to grow under extreme conditions [27].

			The filamentous fungi are present in all environments, as well as rapid adaptation of your metabolism with various sources of carbon and nitrogen is important for your survival. The application of filamentous fungi in the decolouration process is an attractive alternative due to its low cost and the possibility of total mineralization of the dye [28]. The decolouration can be done by absorption or enzymatic degradation.

			The adsorption capacity of the fungal biomass increases with temperature as a result of increased surface activity and kinetic energy of the dye [29]. However, the decolouration is decreased at very high temperatures, which is possibly due to deactivation of the surface of the absorbent or the destruction of some active sites. In addition, the dye’s adsorption depends on the concentration of the dye; in higher concentrations, adsorption is decreased.

			Biotechnological potential of caatinga biome fungi

			The Caatinga is the only essentially Brazilian biome, presenting several endemic species. Currently, due to the high degradation of native areas, the caatinga represents a threatened natural heritage. Only between 2002, and 2008, almost 16,600km2 were deforested, which means a loss of more than 50% of the area, which affects the maintenance of the region’s climate, the occurrence of rainfall, soil quality, desertification, animal and plant survival, and specially the quality of life.

			In the semi-arid regions present in tropical countries, where a large part of the fungal diversity is present, the fungi usually have a high capacity of osmotic resistance and adaptability to specific conditions of pH and salinity, and thus fungi of these regions become promising targets of bioprospecting and besides this, they can develop adaptation mechanisms for possible application in bioremediation of areas contaminated by textile effluents and other recalcitrant substances.
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