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Introduction

The presence of nitrogen and phosphorous compounds in a wastewater is one of the primary causes of eutrophication in lakes and rivers. In order to control the eutrophication problem, many countries established the legislation of stringent effluent water quality criteria including nitrogen and phosphorus, thus requiring their removal from effluents by chemical and/or biological means. Biological methods receive more attention because it is more stable in operation and cheaper. Also it has an advantage of simultaneous removal of nitrogen and phosphorus.

Biological nutrient removal is known to be very much influenced by readily biodegradable chemical oxygen demand (RBCOD) and concentrations of VFA such as acetate (1). When RBCOD is not enough in the wastewater, external carbon sources such as methanol and acetate are added to facilitate the denitrification and phosphorus removal. This results in the increase of overall treatment costs. The uses of primary sludge (2), OFMSW (organic fraction of municipal solid waste)(3), and nightsoil (4) were considered as a source of VFA for such a purpose. The requirement is that the content of N- and P- in the organic substrates should be low enough so as not to influence the final treatment and thus the ratios C/N and C/P are important parameters in selecting such a carbon source (5).

In this study, Korean food wastes which contain a higher percentage of fermentable components with less N- and P- than any other wastes were anaerobically fermented, and the VFA obtained in the fermentation was added in the biological nutrient removal of municipal wastewater using SBR process in order to promote the denitrification and P removal processes.

Materials and methods
Acidogenesis.  Anaerobic digester sludge from Taejon municipal wastewater treatment plant in Taejon, Korea was used as the inoculum. A two-liter fermenter with a mixer was used. The pH was maintained at 5.5 to suppress the growth of methane-forming bacteria and the temperature was maintained at 35oC. The food waste was used after intensive grinding. The composition of Korean food wastes is available in elsewhere(6).  

Biological Nutrient Removal system.  For biological nutrient removal, a 30 L SBR containing acclimated sludge was used and the temperature was maintained at 25oC and the pH was controlled in the range of 6.5-7.5. A single cycle consisted of 9 hours: filling (15 min), anaerobic (3 hours), aerobic (3 hours), anoxic (2 hours), settling (30 min) and discharge (15 min). The MLSS (mixed liquor suspended solids) were maintained at 4000-4500mg/L. The influent stream of Taejon municipal wastewater treatment plant was used as the raw wastewater in the SBR process.

Analytical methods.  All the samples were analyzed after filtration with glass fiber filter. VFAs were measured with HPLC (Hitachi; L-3300 RI monitor, L-6000 pump, D-2500 chromato-integrator, Tokyo, Japan) equipped with ion-exchange column (Aminex HPX-87H, 300(7.8 mm; Bio-Rad, Hercules, CA). All the other analyses were based on Standard Methods (7).

Results and discussions 

Anaerobic acidogenesis of food wastes.  The effect of HRT on acidogenesis of food wastes was investigated by operating the reactor at HRTs of 4, 8, and 12 days. Two-liter reactor, operated in a daily draw-and-fill mode (semi-CSRT), was used. For start-up, the reactor was fed with glucose (OLR = 0.5 g/L-d) during five days. Then, food waste was added to the reactor with 5 g TS/L-d OLR.

The steady state in each HRT was reached after 4-5 times the retention time. Short-chain volatile fatty acids (C2 to C5) were the main soluble compounds generated during the acidogenic digestion of food waste. The high VFA concentrations achieved in this system clearly indicate that favorable conditions for the growth and maintenance of a healthy population of acid-producing microorganisms had been established during the course of the experiments. The soluble organic carbon produced during the acidogenesis was primarily due to VFAs. These VFAs accounted for more than 83% of the SCOD in all experimental units. TVFA concentration increased with increasing HRT. The TVFA concentrations obtained at HRT of 8 days are comparable to those reported by Antonopoulos and Wene (8) who, working at same HRT obtained 10-15 g/L of TVFA. D’Addario et al. (9), digesting organic fraction of municipal solid waste, reached a maximum TVFA concentration in the effluent of 18.5 g/L, with a HRT of 12 days and OLR of 12.5 g TS/L-d. Working at the same HRT, TVFA concentration was slightly superior in this study (20.5-22.0 g/L at 12 days HRT) although the OLR employed was less than (5 g TS/L-d). Another way to represent the reactor performance is to consider the yields and productivity. The yields and the volumetric productivity, expressed as the grams of TVFA produced per gram of volatile solid and the net amount of TVFA produced per day per unit volume of the reactor, respectively, increased with HRT. But no significant differences between those at HRTs of 8 and 12 days were observed (from 0.34-0.37 and 1.63-1.75 g VFA/l-d at 8 days HRT to 0.36-0.39 and 1.71-1.83 g VFA/l-d at 12 days HRT). Based on the above results, it is evident that a HRT of 8 days was enough for an appropriate level of substrate degradation, at least in the OLR investigated. The yields of total organic acids at HRTs of 8 and 12 days were significantly higher than 0.2-0.25 of the organic fraction of municipal solid waste (OFMSW) by Pavan et al. (10) and D’Addario et al. (9).

Identification of the individual acids formed during the acidogenesis of organic wastes is important, since it may furnish valuable information on the dynamics of the process. Furthermore, individual VFAs show different efficiencies on denitrification and EBPR. The VFAs identified include acetate, propionate, butyrate, and valerate. The above VFAs are normally generated not only during the acidogenic digestion of municipal wastewaters (11), but also during that of the municipal organic wastes (12). The VFA speciation results indicate that acetate and propionate were the most prevalent VFA generated throughout the experiment. In the case of butyrate, a maximum was reached at 8 days. Valerate remained in the minority. The overall picture suggests that different pathways for VFA production may predominate at various HRTs. 

Ammonia was not detected. It is partly explained by the fact that food waste used in this study has carbon to nitrogen ratio of 12-18, and generally the carbon to nitrogen ratio of microorganism is 4, so all the ammonia liberated from protein might have been assimilated into biomass. Total phosphorus concentration was always within the ranges from 10 to 20 mg/L. 

It was expected that VFA obtained from the acidogenic digestion of Korean food wastes could be used for the BNR process because of its high yield and low nitrogen and phosphorus concentrations.
Improvement of Biological Nutrient Removal using VFA.  To remove nitrogen and phosphorous simultaneously from the influent wastewater of wastewater treatment plant, fermentation broth prepared in anaerobic acidogenesis of food wastes was added in two steps. In a SBR with anaerobic-aerobic-anoxic (3hr-3hr-2hr) cycles, the fermentation broth of organic wastes was first added under anaerobic condition and another fermentation broth under anoxic condition, respectively.  

In the absence of fermentation broth, organic materials in the influent wastewater were all used up under anaerobic condition so that there was no reduction of oxidized nitrogen into nitrogen gas. In the presence of fermentation broth, most of oxidized nitrogen was reduced to nitrogen gas. In the anoxic period, denitrification was active and the N-concentration of NO2- and NO3- was lower than 1.5 mg/L and the overall efficiency of nitrogen removal increased from 44% to 92%. 

On the other hand, phosphorous is efficiently removed even when the wastewater SCOD is low. When fermentation broth is added to the wastewater with low SCOD, a typical release and over-uptake of phosphorous by the microbes occurs and phosphorous is removed very efficiently. The phosphorous concentration in the effluent wastewater was kept consistently below 1ppm regardless of the concentration of organic materials in the influent wastewater. 

It was possible to keep phosphorous level below 1ppm in the effluent wastewater and to remove more than 92% nitrogen from the influent wastewater. The VFA from the food waste did not pose any problem in SCOD removal. The additional loading of N and P from the food waste were negligible in amount when compared to the initial concentrations of the same in the wastewater. 
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