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ABSTRACT Fish excretions and the transformation of nitrogen by bacteria in the nitrifying biofilter are two of the main sources of dissolved inorganic nitrogen (DIN) in fish farms that use recirculating water systems. In this study, the DIN concentration in an experimental Dicentrarchus labrax aquaculture system was calculated using empirical sub-models for fish growth, ingested food and water replacement. The specific growth rate (SGR, %.day-1) and the daily feeding rate (DFR, in %.day-1) both depend on the average weight (W, g) of the fish : Y = a W b . Y may be SGR or DFR. a and b are empirical constants. The DIN discharge rate ( ΓN , % of ingested nitrogen) in the experimental aquaculture system was expressed as a function of increasing replacement water flow rate (θ, day-1) : DIN = c θ d . c and d are empirical constants. Only three variables (the number of fish, the initial fish weight and the replacement water flow rate) are required to run the general model, which was tested over a period of 12 months (June 1997 to June 1998). This model, calibrated and validated on independent sets of data, obtained from the same experimental system, accurately predicted the concentration of DIN in the effluent (r2=0.92).
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INTRODUCTION The use of aquaculture to provide commercial species of fish continues to expand, but the pollution generated by these systems can have a serious impact on the environment and wild fauna (Brown et al., 1987; Rosenthal, 1994; Wu, 1995). Dissolved matter, fecal products and uneaten food are all major sources of nitrogen waste produced by aquaculture (Krom and Neori, 1989; Seymour and Bergheim, 1991). Teleost species such as Dicentrarchus labrax excrete nitrogen mainly in the form of ammonia released via the gills, and urea (Smith, 1929; Wood, 1958; Guérin-Ancey, 1976; Handy and Poxton, 1993). It is therefore important to estimate the concentration of nutrients released into the environment to prevent eutrophication. In open farms, several studies have established a link between dissolved inorganic nitrogen (DIN) concentration and fish metabolism (Guérin-Ancey, 1976; From and Rasmussen, 1984; Lemarié et al., 1998). Total excreted ammonia (TAN) in effluent from open farms can be directly correlated with fish weight. Other studies suggest a relationship between the quantity of excreted dissolved inorganic nitrogen and the amount of nitrogen ingested in food (Savitz et al., 1977; Vitale-Lelong, 1989; Forsberg, 1996). The use of recirculating water systems is one approach that is used to limit the impact of aquaculture on the environment. Although the total quantity of nutrients released is similar in flow through and recirculation systems, the small volumes of concentrated effluent that are produced by recirculation systems are easier to deal with (Lavenant et al., 1995). In these



systems, a nitrifying biofilter transforms the excreted ammonia and urea into nitrate (Hagopian and Riley, 1998). No models have as yet been published that describe effluent nitrogen discharge in farms using recirculating water systems. The aim of this study was to design a model to predict the amount of dissolved inorganic nitrogen discharge from a recirculating water system used for growing Dicentrarchus labrax. It is important to define and quantify the dissolved nutrients released into the environment in the effluent to estimate their potential impact on the environment and, if required, develop appropriate systems to address this problem. The recirculating water system must be considered as an entity that is characterized by the water replacement flow rate and fish metabolism. The main characteristics of recirculating water systems are the constant water temperature and the concentration of nutrients in the effluent. The three sub-models proposed in this study are: (1) fish growth rate, which takes into account the initial fish weight; (2) ingested feed, which takes into account fish weight, and (3) the influence of replacement water, expressed as the rate of nitrogen production within the system. The general model was calibrated and validated on independent sets of data.



MATERIALS AND METHODS Experimental fish farm The indoor aquaculture facilities consisted of two 10 m3 self-cleaning tanks (tank A and B) connected to a recirculating water system (figure 1). The temperature and photoperiod were maintained constant at 22±1 °C and 16 hours of light per day, respectively. The pH was maintained at around 7.7 by the continuous injection of a sodium hydroxide solution. Pure oxygen was supplied to ensure a concentration of between 6 and 7 mg.L-1 within the tanks. These are considered to be the optimal values for this rearing system. In the recirculating system, water was filtered through a 50 µm mechanical mesh filter. Carbon dioxide produced by fish respiration was eliminated in a counter current air/water packed column, after which the water was passed through a pumping tank into which replacement water was added at a controlled flow rate (figure 2). The filtered and aerated water was pumped into a UV light disinfection unit. Finally, it was passed through a nitrifying biofilter filled with a microporous bed media composed of expanded and cocked clay (Biogrog) where the residual organic matter was transformed into mineral compounds (mainly nitrate). In this study, the tanks and the recirculating water circuit are considered to be a single unit. In the rearing system, the input comes from the replacement water and the ingested feed, the output comprises the water used to rinse the mechanical filter and the excess water from the rearing system (figure 3). During the experiment, the fish (Dicentrarchus labrax) grew from 3 to approximately 1000 grams. The average fish weight and the standard deviation were determined on a sample of fifty fish taken from each rearing tank every 20 to 90 days. The fish biomass was carefully monitored to avoid exceeding an average density of 100 kg.m-3 within the tanks; when the biomass reached this value, some fish were removed in order to decrease the biomass to around 80 kg.m-3.



As described in Coves et al. (1998), fish were fed by self-feeders fitted with a trigger. When the fish activate the trigger, a fixed quantity of pellets is supplied. The same composition of feed was used throughout the experiment (table 1). The total quantity of feed consumed by the fish between two biomass sampling periods was measured by weighing daily the feed which was left in the self-feeder. Water sampling and analysis Samples were taken twice a week at 14:00 directly from the recirculating rearing system outlet (tanks A and B) and were filtered on rinsed Wathman GF/C filters. Dissolved organic nitrogen (DON) was oxidized by potassium persulfate, as described by Solorzano and Sharp (1980). Total dissolved nitrogen (TDN), now present as nitrate, and dissolved inorganic nitrogen ( DIN = NH 4+ + NO2− + NO3− ) were measured with a Technicon® Autoanalyser II, as described in Treguer and Le Corre (1974). These samples were compared to samples fed with a continuous flux of the pumping tank outflow and which were representative of the mean effluent of that day. A linear regression analysis showed no significant difference (P 
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