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	Development of a novel NF-fungi-MBR for Recalcitrant Industrial Wastewater

Treatment and Reclamation
a. Previous research related to proposed research
    The proposed research aims at development of a novel Nanofiltration Membrane Bioreactor (NF-MBR) implementing white-rot fungi for treatment and reclamation of recalcitrant industrial wastewater. My previous research dealt with optimization of a Microfiltration MBR (MF-MBR) implementing white-rot fungi for textile dye wastewater treatment. In this context, I am already familiar with the techniques required to carry out the proposed research. 

    However, I would like to emphasize on the point that, although the proposed research is based on my previous research, it is not a mere continuation. The concept of an NF-MBR is considerably different from that of an MF-MBR in terms of the characteristics and function of the two types of membranes as well as the long-term behavior of the microbes within the bioreactor. Moreover, besides dye, white-rot fungi is capable of degrading a wide variety of other hazardous pollutants like pesticide, polyaromatic hydrocarbons, PCBs and other halogenated aromatics (including dioxins), nitro-explosives, pentachlorophenol and so on. Instead of targeting a single pollutant, the proposed research intends to assess the remediation potential of several hazardous pollutants, which are of great concern. The uniqueness of the proposed research will be further elucidated in the following paragraphs.
b. Purpose of proposed research

    Now-a-days wastewater treatment systems are not only intended to reduce pollution load on the environment. Such facilities may also minimize consumption of fresh resources, if different forms of recovery-attempts (water/energy/chemicals) are incorporated within an integrated scheme. The aim of my research is to propose such an integrated process for industrial effluent treatment and reclamation.

    Membrane bioreactor (MBR) technology is a remarkable advancement over the conventional activated sludge system. However, for wider application it still requires improvements in terms of issues like high cost and biofouling tendency of membrane modules, selective maintenance of appropriate microbial consortia for degradation of a wide variety of recalcitrant industrial pollutants and so on. My previous study demonstrated the technical feasibility of a novel submerged membrane fungi reactor for treatment of recalcitrant textile wastewater. A fouling resistant Microfiltration hollow-fiber membrane module was developed to ameliorate the membrane-fouling problem. On the other hand, utilization of a mixed microbial consortia dominated by white-rot fungi, instead of conventional bacterial consortia, led to excellent degradation of dye in the MBR. 

    The proposed research aims to develop a Nanofiltration MBR (NF-MBR) implementing white-rot fungi for effective degradation of a wide range of pollutants in industrial wastewater and realize reuse of treated water within the industry. The superiority of a low-pressure NF-MBR over conventional Microfiltration MBR (MF-MBR) to remove hardly-degradable dissolved organic pollutants from treated effluent has been recently demonstrated. However, the practical applicability of NF-MBR is still controversial due to the inefficiency of the commercially available membrane modules and also the uncertain microbial behavior under long-term operation. On the other hand, although our previously developed MF-MBR containing fungi showed promising results, the MF membrane utilized in that study was insufficient to retain the fungal enzymes (responsible for pollutant degradation) within the reactor.

    The proposed research will hence be devoted to two main accomplishments: i) Development of a fouling resistant compact nanofiltration membrane module for utilization in a bioreactor and, ii) Enhancement of biodegradation of recalcitrant pollutants within NF-MBR by optimizing process parameters.
c. Proposed plan

    In line with the above-mentioned purpose, the proposed research will be carried out according to the following scheme;

    A preliminary assessment of the performance of the nanofiltration-fungi MBR to treat a model industrial wastewater will be made by utilizing commercial membrane modules. From preliminary study, the limitations of the available membrane modules or the required modifications in the process parameters (Hydraulic retention time, Sludge retention time, Feeding-mode and withdrawal rate etc.) will be pointed out. Subsequent parallel investigations will be carried out i) to develop a compact fouling-resistant nanofiltration module for long-term sustainable utilization in bioreactor and also to ii) optimize the biodegradation performance within MBR. In addition to development of an appropriate membrane module, a cost-effective membrane-cleaning scheme will be formulated. 



	11. Research Plan in Japan (Continued)

	    On the other hand, optimization of biological performance will include, optimization of enzymatic activity of fungi and maintenance of subtle balance between fungi (agent which initiates degradation) and bacterial community (agent which completes degradation) for effective degradation of recalcitrant pollutants within MBR.

d. Expected results and impacts

    The straightforward accomplishment that may follow the successful completion of the proposed research is introduction of a novel membrane based biological option for treatment and reclamation of hazardous industrial wastewater. This study intends to adopt a holistic approach focusing on the optimization of performance of both the membrane and biological agent—the two integral components of an MBR. Accordingly, the developed system may be expected to be sustainable under long-term application and widely accepted by the industries. Realization of effective treatment of industrial wastewater and its reuse will not only contribute to minimization of pollution load to the environment but also to conservation of fresh water.

    However, in addition to the above-mentioned outcome, this research is likely to comprise an array of other contributions. For instance, the fouling-resistant NF membrane module developed from this study can be utilized in case of other types of wastewater. This will pave the way for widespread application of NF-MBR technology for reclamation and reuse of wastewater. Similarly, the know-how of optimization of the activity of a mixed microbial consortia dominated by a certain microbial group (fungi) will be a significant contribution to the knowledge base related to ‘bio-augmentation’ concept. The related methods and ideas developed within the scheme of the proposed research may be applicable to other studies dealing with bioremediation of hazardous pollutants.

    Hence, the proposed study, in addition to the straightforward contribution to sustainable industrial wastewater management, presents the potential of contributing to the bioremediation approach in general and to the widespread application of MBR technology in particular. Being a JSPS supported researcher would enable me to embark upon the above-mentioned research project, which is of great relevance to the context of developing as well as developed countries.

Summary of present status of technology:

· NF-MBR: A few reports demonstrating the potential are available; however lack of appropriate membrane module impedes application

· Fungal wastewater treatment: A novel MF-fungi-MBR developed by this researcher gave the breakthrough; however, an NF-MBR is proposed for retention of fungal enzyme and more effective degradation of wide varieties of hazardous pollutants.
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