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The aquaculture industry relies almost exclusively on some form of �xed �lm bio�lter for nitri�cation, such as those
found in trickling towers and �uidized-bed, �oating bead, and rotating biological contactors. The advantages of these
bio�lters include their resistance to short-term toxic loads, ability to perform at low in�uent concentrations, and high
volumetric biomass concentrations. In addition, the high cell residence time of �xed �lm bio�lters is needed for the
low growth rates of both Nitrosomonas and Nitrobacter. 

Currently there is no standardized way to determine and report bio-�lter performance to facilitate user selection
among the numerous types of bio�lters. This type of information is critical for end users, but also important for both
design engineers and manufacturers. 

Performance measurement
In the past, the selection of the most applicable bio�lter for any given species, production level, or economic
consideration was made mostly by rules of thumb and operating experience based on existing systems. Today, with
the commercial availability of standardized families of bio�lters, the potential exists to fully characterize their
operating parameters and develop sets of operational curves that re�ect ammonia-nitrogen removal rates as a
function of such operating parameters as ammonia-nitrogen concentrations and �ow rates. 

To address this issue, the authors established a simple bio�lter evaluation process to express nitri�cation removal as
a function of several operating parameters and applied it to a commercial bubble-washed bead �lter.

Bio�lter evaluation process
Two commercially available 56.7-liter bubble-washed bead bio�lters were chosen for study. Following continuous
operation for 24 months as part of a long-term research program, they had well-established bacterial bio�lms. 

At the conclusion of the research project, the �sh were removed from the system, and the research tanks were
cleaned and re�lled with tap water. The two bio�lters were then operated for approximately three weeks with
inorganic ammonium chloride as the sole source of ammonia. Each morning, the addition of approximately 20 to 25
grams of ammonium chloride raised the ammonia-nitrogen concentrations in the tanks to 2.5 to 3.0 mg N per liter. 

In addition, the �lters were backwashed every other day to remove excess bio�oc from the system. Heterotrophic
bacterial growth was assumed to be minimal in the bio�lters due to the removal of the �sh, the backwashing, and the
extended length of time with little available carbon for growth. 

Nitri�cation reaction trials
Each batch nitri�cation reaction rate trial consisted of initially spiking each tank with 20 g of ammonium chloride.
Water quality at the in�uent and e�uent of the individual bead �lters was then monitored every 30 minutes until the
ammonia-nitrogen concentrations were too low to accurately measure or for a maximum of eight hours. 

A range of �ow rates through the bio�lters of 10 to 100 liters per minute was investigated to bracket the design
loading rates for the �lters of 400 to 800 liters per minute per cubic meter of beads. All the experiments were
conducted at room temperature, which varied 20 to 22 degrees-C. 

The kinetic reaction rate or removal rate was calculated based on the change in concentration of ammonia-nitrogen
across the bio�lters, divided by the volume of the beads multiplied by the �ow rate through the bio�lters. Fig. 1 shows
the ammonia-nitrogen concentration for four �ow rates as a function of time.

The authors’ process to evaluate nitri�cation was applied to a
commercial bubble-washed bead �lter.
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This graph suggests that at low ammonia-nitrogen concentrations, it is possible to describe the removal rate as a
�rst-order reaction (straight line), where the removal rate is directly proportional to the in�uent ammonia-nitrogen
concentration. At higher concentrations, the removal rate approaches a constant value or zero-order reaction rate. 

The simpli�ed �rst- and zero-order reaction rate model can be useful in understanding and characterizing bio�lter
performance for very low or very high ammonia-nitrogen concentrations. Its major drawback is characterizing the
bio�lter performance near the break-point between the two models, around 1.0 mg per liter ammonia-nitrogen. To
overcome this di�culty, most models of bio�lter kinetics use some form of a saturation equation such as the Monod
relationship, a computational model inspired by the biology of cells. In the past, the saturation equations were di�cult
to solve, but today, several software programs include solutions to this equation. 

Performance characteristic curves 
Experimentally derived values for the Monod reaction rate coe�cients were used to develop a series of performance
characteristic curves as a function of the �ow rate through the bio�lter and the ammonia-nitrogen concentration (Fig.
2). The chief advantage of these curves is that they are applicable over the entire range of ammonia-nitrogen
concentrations. The �nal curves can be used by engineers to specify bio�lter operating parameters for given
recirculation system designs and production species.

Fig. 1: Ammonia-nitrogen concentration as a function of time for
several �ow rates after adding ammonia chloride to increase
ammonia-nitrogen concentrations to approximately 3 milligrams per
liter.
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In addition, existing systems can be evaluated to determine if they are operating at their maximum removal rate for a
given �ow rate and ammonia-nitrogen concentration. The performance curves can help direct how to improve the
removal rate or �lter e�ciency by modifying �ow rate through the bio�lter or adjusting the ammonia-nitrogen
concentrations in the production system. Both modi�cations have limitations due to the increased cost of pumping
water or species’ inherent tolerance of ammonia-nitrogen. 

Operating ranges for three production classi�cations are also shown in the performance characteristic curves to
assist in specifying the bio�lter operating parameters. As with pump speci�cation, this procedure can help design
engineers and operators match bio�lters and their operating parameters with sets of characteristic curves speci�c to
system and species requirements.

(Editor’s Note: This article was originally published in the June 2005 print edition of the Global Aquaculture
Advocate.)
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