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Highly buoyant polystyrene beads a simple solution

Maintaining fish in water reuse systems is dependent upon efficient biological filters (nitrifying bacteria) that oxidize
the toxic ammonia produced by the fish into nitrate that is generally nontoxic. A large variety of biological filters are in
use, including rotating biological contactors, trickling filters, and fluidized-bed granular filters.

Commercial-scale production of fish on an economically competitive basis practically forces the use of some type of
inexpensive granular filters, due to their inherent high surface area per volume of media. Microbead filters combine
the positive characteristics of trickling and granular-type biological filters into a single design for economically
efficient filtration in fish culture.
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Microbead filters typically use media of 1.5- to 2.0-mm diameter.

Microbead filters

Microbead filters are distinctly different from the more commonly used floating-bead filters. Floating-bead filters work
in pressured vessels and use a media that is only slightly buoyant. The required mass of beads, about 700 kilograms
per cubic meter of volume, makes the media a relatively expensive component of floating-bead filters, in contrast to
sand or micro-bead media, which is much less expensive on a per-volume basis.

Microbead filters are considered a low-cost design alternative because of their ability to be scaled to large production
systems. A key advantage of microbead filters is that their cost of operation is approximately 50 percent that of
conventional fluidized-sand beds because they can use low-head, high-volume pumps for operation.

For design purposes, microbead filters can be assumed to nitrify approximately 1.2 kg total ammonia nitrogen (TAN)
per cubic meter daily for warm-water systems with influent ammonia-nitrogen levels of 2 to 3 milligrams per cubic
meter. For cool-water applications, rates should be 50 percent of warm-water values. These rates are similar to those
used for fluidized-sand beds.

Combination of trickling, granular filters

Microbead filters represent a combination of trickling and granular-type biological filters. A typical small-scale
microbead filter configuration is shown in Fig. 1. Microbead filters are operated in a downflow configuration where
influent water is distributed over the top of the media bed, trickles down through the media, and flows by gravity out
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of the reactor vessel.

The media consists of highly buoyant polystyrene beads with a
bulk density of 16 kilograms per cubic meter and specific surface
area of 3,936 square meters per cubic meter for 1-mm beads. The
porosity of the media ranges 36 to 40 percent, with newer beads
closer to 40 percent and acclimated beads at the lower value.

Beads are identified as type A, B, C, or T, with average diameters of
3,2,1.5and 1 mm, respectively. Originally, microbead filters used
type T beads, while more recent users prefer type B or C. Type A
should be avoided.

The beads are created by a steam heat treatment of the same raw

crystal polymer used for disposable drinking cups. The beads cost
around U.S. $4 per kilograms.

Warm-water application

Microbead filter at Cornell University.

Large-scale applications of microbead filters using single reactor vessels have been implemented on tilapia farms
with annual production over 400 metric tons (MT). Single microbead filter systems have been successfully operated
for years to assimilate the nitrogenous loads from daily feeding of approximately 270 kg of 42 percent protein feed

distributed over a 24-hour period.

For these applications, which used type B beads of 1.85-mm diameter, the microbead filters had a bead depth of 21
cm and bead volume of 6 cubic meters. The hydraulic loading rate was 1,108 cubic meter per square meter per day.
Measured performance characteristics were 1.1 kg TAN per cubic meter per day, average influent TAN 1.9 milligrams
per liter, average system nitrite-N 0.6 milligrams per liter, water temperature 26 degrees-C.

Cool-water application

https://www.aquaculturealliance.org/advocate/microbead-filters-cost-effective-scalable-filtration/?headlessPrint=AAAAAPIA9c8r7gs820WZBA



12/6/2019 Microbead filters: cost-effective, scalable filtration « Global Aquaculture Advocate

SPRAY
RED. DIFFUSER
BUSH'G
ORIFICE
| PLATE
POLY TANK 0%6%5%42525% MIST
BOWER ELIMINATOR
CHECK
VALYE I I
+
Y UNION — . MICRO
- o oEAD
L SR MEDIA
BUSHG S
WATER =
LEVEL

= RED.
I BUSH'G
‘ . SPRAYBAR
P SRR S cH
X STAND
SIDE BOX
SUBMERSIBLE
PUMP

Fig. 1: The main design features of microbead filters are water
distribution over the top of a floating bed of beads and adequate
water depth below the beads in the retention vessel.

Microbead filters were applied at an Atlantic salmon smolt operation during the fall of 2004 using an average
hydraulic loading rate of 984 cubic meter per square meter per day. Over a 30-day period, the average feeding rate
was 56 kg of 45 percent protein feed for two biofilters with a media volume per biofilter of 0.93 cubic meters. Sodium
bicarbonate was added daily at a rate of 135 kg, and make-up water averaged 567 Ipm.

The average daily removal rate was 1.25 kg TAN per cubic meter with a removal efficiency per pass of 29 percent
across the filter. The water quality parameters in the fish tanks were TAN 1.2 milligrams per liter, nitrite 1.4 milligrams
per liter, water temperature 13.6 degrees-C, hardness 72 milligrams per liter, pH 7.3, turbidity 11.7 milligrams per liter,
carbon dioxide 10 milligrams per liter, and chloride concentration 400 milligrams per liter.

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