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In recirculating 
aquaculture systems 

(RAS), a necessary 
component is the 

biological filter. These 
devices provide for 

the conversion of 
soluble wastes to 

solids through bacterial 
growth. Most notably 

being the nitrogenous 
wastes associated with 

ammonia and urea. These 
materials are toxic to 
aquatic animals until 
oxidised to nitrate by 

the various species 
of chemoautotrophic 

bacteria known 
collectively as nitrifiers.

by Gary E. 
Miller, PhD, 
President, 

Advanced 
Aquacultural 

Technologies, 
Inc., USA

Flexibility is key:  
Biological filtration in aquaculture
There are a large variety of biological filters used in aquaculture. All designs strive to provide a large 
surface area for the bacteria to colonise. 

Typically these filters have a stationary (fixed) bed or a moving bed of material. 
The kinds of materials used (wood, stone, sand, plastic shapes) all reflect the designers intent to confine 

the materials (and the water being treated) in a space that will not demand a large footprint in the production 
facility, will be to a large degree self cleaning, will not cause the loss of large volumes of water in the 
cleaning process and will not consume large amounts of energy or labour to operate.

Trickling filter
One of the oldest designs is a trickling filter. The earliest designs consisted simply of a hole in the ground 

filled with rocks. It was cheap and relatively easy to build, but subject to accumulating biological solids and 
very difficult to clean. 

Over time, other materials such as wood or plastic slats or structured shapes replaced rocks and the 
structure was built above ground to facilitate plumbing and provide for protection from the environments. 

The advantage offered by the trickling filter is in the simplicity of design. 
The materials were mounted on a structure to allow water to move toward a discharge manifold and an 

enclosure is provided to keep the water confined. 
In time, it became apparent that sufficient space (void fraction) was required within the design layout of 

the filter medium to allow flushing (self cleaning) of the bacterial solids that accumulated from the growth 
of bacteria as they consumed the nutrients in the inflow of water.

For the wastewater treatment industry, these devices were built outdoors without regard to most weather 
conditions; other than freezing. 

For RAS facilities, this becomes problematic because environmental conditions are important. The 
purpose for developing a RAS facility is to provide control of the production conditions to allow year 
around production, sanitation control and protection from parasites and disease.

As production facilities become larger, the size of trickling filters becomes an issue. As the number of fish 
(and the amount of food provided) increases, a larger footprint can be required by the filter. 

However, the degree to which the water is treated does not increase. The only way to improve the 
performance of a trickling filter is to make it taller; requiring taller (more expensive) buildings and greater 
pumping expense to lift the water to the top of the filter. As the filter becomes taller, it allows the bacteria to 
specialize; each group feeding on the wastes of the bacteria above them.

All biological filter designs used in aquaculture are based in principle on designs originating in the 
wastewater industry. 

In wastewater, large equipment can be designed to ensure that solid wastes are captured and properly 
processed before removal from the discharge water. The process is energy consumptive and the expense is 
covered by the municipality. These expenses must be limited in aquaculture since the cost of production 

must be passed on to the consumer.
Further, there are frequently areas within the process where the water 

is allowed (deliberately or otherwise) to become anoxic or anaerobic. 
These are unacceptable conditions in RAS facilities because the bacteria 
inhabiting these conditions generate materials that cause unacceptable 
flavors in the fish.

Filter types that deliberately agitate small material to provide a large 
surface area in a small space and generate a self cleaning process can 
also be energy consumptive and require specialized mechanical filtration 
afterwards to collect the very fine material generated by this agitation 
which destroys the matrix of material keeping the bacteria collected in 
a floc. 
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These devices often use large amounts of water to flush 
away these solids.

Stationary fixed medium can be suspended in the water 
column with the water passing upward or downward over 
the medium. This allows the bacteria laden matrix to collect 
on the medium. This is then removed while more intact, but 
again requires the wasting of water to flush away the solids. 
This process is often labour intensive as well.

Rotating biological contactor
The rotating biological contactor (RBC) was developed 

in the wastewater industry to address the issues cited 
above with the trickling filter. 

In the early 1970s, RBC’s were being introduced to 
wastewater facilities having medium diameters of 3.6m 
(12ft) and unsupported shaft lengths of 7.6m (25ft). 

In many cases these units proved to be unable to 
withstand the conditions to which they were installed and 
failed. Although many of the weak design and application 
features were later improved, the RBC lost favour.

However, the improvements in performance over the 
trickling filter that the RBC was intended to replace 
remain desirable. 

Consider a tall trickling filter placed on its side in a 
trough. Now consider the medium on a central shaft and 
turned at a slow revolution per minute (rpm). The contact 
time that the water has with the medium in a trickling filter 
is short (measured in seconds). The same flow rate through 
the length of the trough takes much longer if the amount of 
medium on the shaft is equivalent to the amount of medium 
in the trickling filter (measured in minutes). 

Because the shaft is rotated, all of the surface area is 
constantly wetted. As the shaft rotates, the water rushes 
into and out of the medium, providing constant flushing of 
excess bacterial growth, aeration and CO2 striping. 

The unit is self cleaning. 
This can be remedied in the trickling filter by providing 

forced ventilation in a counter flow direction (additional 
energy cost). 

However, even trickling filters can become locally 
blocked by an accumulation of biogrowth.

If this condition is not severe, the filter will remain self 
cleaning because those bacteria attached to the medium 
will become starved of nutrients as the film becomes 
thicker. They eventually die and the overlying material 
sloughs away.

Testing side-by-side
At Advanced Aquacultural Technologies Inc we have 

appreciated the simplicity of the trickling filter, but also 
recognised the important improvements offered by the RBC. 
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The Wynveen double shaft paddle mixers, 

realizes high mixing capacity with a relative 

small mixer content. The mixer has a mixing 

time, depending on the product type and 

quantity, from 30 to 60 seconds. 

Features

• Capacities available from 500 to 20.000 liters

• Mixing accuracy of 1:100.000/C.V. < 5%

• Short mixing time of approximately  

30-60 seconds

• Minimum filling degree will be 25%  

of the nominal content

• Extra wide bomb doors.
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So, why build the facility with trickling filters? 
We needed to get the facility up and running and already 

knew how to build a good trickling filter. Developing a 
modular RBC was going to take time that we didn’t have. 

Trickling filters are very effective and very reliable if 
correctly sized and properly installed. Once in operation, a 
trickling filter should never need tending. We have trickling 
filters that have been in continuous operation for over 20 
years without being serviced or cleaned.

We chose to develop an RBC specifically for the 
intermediate RAS sized facility; bridging the gap between the 
startup farm and a full blown commercial operation. 

Making the RBC modular allowed the filter to be designed 
(or redesigned) to fit the application rather than to rely on a 
product off the shelf. We selected a medium diameter of 1.8m 
(6ft) and a trough diameter of 2.1m (7ft). Since we have been 
a hybrid striped bass RAS facility since 1990 and utilised 
trickling filters, we chose to develop the prototype RBC to 
replace one of the grow-out trickling filters and test it against 
an operating twin with medium stacked 1.8m x 3.7m x 4.9m 
(6ft x12ft x 16ft ).

Both systems were operated at a flow rate of 1.7m3/min 
(450 g/min). 

Medium from the removed trickling filter was shaped 
and used in the RBC to speed up the conditioning process. 
Additional medium was added to match the volume of the 
trickling filter. Contact time as the water passed through the 
trickling filter was approximately 30 seconds (a path of 1.8m).

Contact time in the RBC was approximately 30 minutes (a 
path of 22m; 72ft). 

There were 12 stages consisting of a 1.8m (6ft) shaft with 
1.2 linear meters (4ft) of medium per stage. The staging of 
the water flow provided an opportunity for the bacteria to 
specialise in processing the waste load as presented in each 
stage. 

Each stage bulkhead provided a block bearing where 
the individual shafts were linearly interconnected and 
provided support and stress relief for the shaft assembly. 
The medium was mounted centrally in the trough with a free 
board between the medium and the trough of 15.2cm (6in) 
and a submerged depth of approximately 35 percent of the 
diameter. Rotational speed was 1.2rpm.

The water quality in the RBC exceeded that of the trickling 

filter before reaching a distance of 11m (3 ft). Why? Because 
of the extended contact time compared to the trickling filter. 

Also, the entire medium surface was wetted and not plugged 
by excess material as can happen, if only temporarily, in a 
trickling filter.

Initially the RBC was built with a paddle wheel in each 
stage and driven by the water being pumped through the 
system and by blown air at each stage. 

Due to the resistance caused by the medium density, 
rotational speed would not exceed 1.2rpm. Momentary 
hesitation as the paddles broke from the water also created 
friction burn in the bearings. 

The paddle wheels were replaced with an additional 
segment of medium and the blowers were replaced with a 
0.75Kw variable speed, 3rpm gear motor for each three-stage 
assembly (5.5m; 18ft). 

This eliminated problems associated with the paddle 
wheels, doubled the life of the wear points in the bearings 
and increased the medium available by 20 percent We now 
operated the unit at only 1.5rpm.

The RBC has a larger footprint than a trickling filter. We did 
effectively lay the trickling filter on it’s side. 

However, with two three-stage assemblies we can maintain 
total ammonia nitrogen (TAN) at 1.5mg/l in systems using 
60kg of high protein diet daily to support 120kg/m3 (1.0lb/
gal). 

If the production building is designed beforehand for the 
use of RBCs, the water head of the RBC can be set a few 
centimeters above that of the production tanks for a gravity 
flow return. With this small difference in head, the water can 
be airlifted at a high flow rate back to the RBC. This could 
reduce the energy budget for recirculating the water by 50 
percent.

Why did we want to convert to the modular RBC?
1) To save energy use over the trickling filter with a labor 

efficient process
2) Ease of assembly since all parts can pass through a man 

door and assembled with hand tools
3) The filter is customised to fit the application
4) Contact time allows for superior treatment and better 

overall performance
5) The staged segmentation of the filter allows for enhanced 

bacterial performance
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