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PHOSPHORUS REMOVAL PROCESSES IN WASTEWATER TREATMENT 
Abstract: 

Both continuous flow activated sludge systems (CFSs) and sequencing batch reactor (SBR) systems are designed for the same purpose, biological wastewater treatment. Advanced CFS configurations can achieve simultaneous removal of organic matter, nitrogen, and phosphorus, by a single sludge. This is done by volume fractionation of the biological reactor into separate reaction zones. Internal mixed liquor recycling between reaction zones can be used to minimize the need for an external carbon source. In the SBR system carbonaceous organics, nitrogen, and phosphorus can be removed in the same reactor volume, by adjusting process operation cycle times to support desired reactions. There are three main processes related to phosphorus transformations in Activated Sludge systems. One is fermentation of fermentable organics into short chain fatty acids. This is done by the heterotrophic bacteria under anaerobic conditions. The polyphosphate accumulating organisms uptake acetate and store it as polyhydroxyalkanoates under anaerobic conditions. They obtain the required energy for this step by hydrolysis of stored polyphosphate, which results in the release of orthophosphate to the liquid phase. The polyphosphate accumulating organisms grow under aerobic or anoxic conditions, by oxidizing the stored polyhydroxyalkanoates. This step releases energy that enables to uptake orthophosphate from the liquid phase to be stored as polyphosphate reservoir. The storage/accumulation phenomenon has been validated for polyphosphate accumulating bacteria and for other bacterial groups such as the glycogen accumulating bacteria. Fermentable substrates and fermentation products may be consumed also as carbon sources during denitrification. This requires identification of organic substrate composition and changes during the anoxic period to optimize phosphorus removal. Thus, population dynamics in regard to nitrogen and phosphorus removal is very sensitive and requires careful design. In order to ensure efficient biological removal of P, the last treatment stage in Activated Sludge systems should be aerobic. Furthermore, the organic load should be sufficient to support excess biomass growth and sludge wastage which removes phosphorus from the system. In cases where a very low phosphorus levels are required a chemical precipitation is needed using chemical aids such as aluminum sulfate. This is most commonly applied together with tertiary filtration. 
