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ABSTRACT

This study reports on the use of lava stones and oyster shells as biofilter substrates for the oxidation of
ammonia in a recirculatory aquaculture system. A sump was provided using empty bottle crates on which the
oyster shells were laid. The lava stones were also laid on the oyster shell layer. Four bubble stones were
provided in the biofilter; two in the sump and two placed inbetween the oyster shell and lava stone layers to
provide oxygen required for biochemical oxygen demand (BOD) by the nitrifying bacteria.  The effluent was
treated using the biofilter and chemical analyses were carried out once a week for four consecutive weeks. The
results at the end of the fourth week indicated that the ammonia and nitrite concentrations were 0.0374 mg/l
and 0.292 mg/l respectively, which were below the permissible limits of 0.05 mg/l and 0.3 mg/l for ammonia
and nitrite, respectively.
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Introduction

Ammonia is one of the common factors that cause huge losses in the quantity of fishes produced. Others
are dissolved oxygen concentration, temperature variation etc (Buttner et al., 1993). Ammonia is the major
output from the culture tanks and it exists in two forms namely; highly toxic (un-ionised) ammonia (NH3 –N)
and the less toxic ionized ammonium (NH+

4.-N). The amount of un-ionised ammonia present increases as the
temperature and pH of the water increases (Trussell, 1972; Losordo et al., 1999, Durborow et al., 1997).  Fish
produce relatively large quantities of ammonia due to the high protein content of the feed given to them. The
un-ionised form of ammonia is very harmful for the growth and survival of the fish. Therefore it is very
important to note that the concentration of ammonia must be kept within or below the permissible limit (0.05
mg/l) (Tetzlaff and Heidinger, 1990).

There are various methods of removing ammonia-nitrogen from water. These include: Air stripping, ion
exchange, and biological filtration. According to Durborow et al., (1997) biological filtration is the most widely
used method for ammonia and nitrite removal. In biological filtration (or biofiltration), there are substrates with
a high specific surface area on which nitrifying bacteria can attach and grow. The biological filter (biofilter)
is the water treatment component within the recirculatory aquaculture system that is used for the biofiltration
process. Biofilters break down highly toxic (un-ionized) ammonia- based waste products from fish and fish
feed. A biofilter can be constructed of any material (substrate) that has a large surface area that can support
bacterial growth,  is non-toxic to filter bacteria and fish, permits free flow of water through the biofilter.
Tetzlaff and Heidinger (1990) reported that  biofilters are designed in various configurations using different
biofilter substrates such as  gravel, sand, plastic beads, plastic rings, plastic plates, polyester fiber, bio-ball,
polypropylene plastic chips, polyethylene blocks and lava stones. Lava stones are inexpensive, natural, light
weight and locally available biofilter substrates. Calcareous materials such as oyster shells can also be used
because they provide  space on which the nitrifying bacteria can thrive and also help to regulate the water pH.

Ammonia and nitrite-nitrogen in the recycled water are oxidized (converted) to nitrite and nitrate by
Nitrosomonas and Nitrobacter bacteria, respectively. Nitrosomonas bacteria use ammonia-nitrogen (in both the
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ionized and un-ionized form) as an energy source and produce nitrite nitrogen as a by-product. Nitrobacter
bacteria use nitrite-nitrogen as an energy source and produce nitrate-nitrogen as a by-product (Tetzlaff and
Heidinger, 1990):

Ammonia to Nitrite    ----   2NO2 + 3O2       2NO2 +2H2O + 4H +   (1)

Nitrite to Nitrate        ----    2NO2 + O2       2NO3   (2)

Since the nitrifying bacteria are aerobic, adequate oxygen must be added (5-8 mg/l is optimal in most
systems) to the biofilter. According to equation 1 and 2 above, Tetzlaff and Heidinger (1990) recommended
that a ratio of 6:1 of oxygen to ammonia produced in the culture tank must be provided in the biofilter for
effective removal of the ammonia by the biofilter bacteria.  It takes about 4 to 6 weeks for these bacteria to
become well established in the biofilter (Tetzlaff and Heidinger, 1990). At this time bacterial populations
stabilize at levels that consume and convert most ammonia and nitrite into harmless nitrate. 

Some desirable features of lava stones and oyster shells as biofilter substrates include the following
(Source:www.alibaba.com/product.gas/300785505/volcanic_rock_lava_stone.html):
For lava stones:

1. Costs less (cheap)
2. Locally available
3. Non-toxic (harmless) to the fish and bacteria
4. The water flow resistance is very small
5. The specific surface area is large
6. The opening holes are many and inertia, so it is suitable for microorganism to touch and form film.
7. Corrosion resisted
8. The attachment of biological film quantity is large and very fast.

For Oyster Shell:
1. When the pH level decreases as the oxidation treatment progresses, the oyster shells naturally dissolve to

adjust the pH level.
2. It has high settlement rate for microorganisms due to their large surface area
3. It costs less and is locally available

Materials and Methods

The submerged biofilter was designed on a downward flow process as shown in figure1. The materials
used for the construction include: circular tank, lava stones, oyster shells, empty bottle crates, aerator and
bubble stones. A sump was provided at the bottom of the tank using the empty plastic bottle crates and two
bubble stones were provided in the sump to aerate the water after it has passed through the biofilter substrate.
The oyster shells were carefully laid on top of the sump, then the lava stones were then laid on the oyster
shells, bubble stones were also provided between these layers to supply adequate oxygen required for the
nitrification process. Water containing ammonia from the culture tank was allowed to pour on the lava stone
layer through a perforated pipe, then the water flows from the lava stones to the oyster shells and then to the
sump where it was aerated and sent back to the culture tank.

Results and Discussion

The chemical analysis of the effluent from the culture tank was carried out before and after treatment by
the submerged biofilter. In the first week of the study the difference in the concentration of the ammonia
before and after treatment was 0.01 mg/l as shown in Table 1. In the second week a difference of 0.0156 mg/l
was observed while 0.036 mg/l difference was observed in the third. In the fourth week a 0.046 mg/l was
obtained. This result shows improvement in water quality as the weeks progressed.  Similar results were
obtained for nitrite. The results in Table 1 were then compared with the permissible limits in Table 2. At the
first, second and third weeks the ammonia and nitrite concentrations after treatment were still greater than the
permissible limits. At the fourth week, the ammonia and nitrite concentration were 0.037 mg/l and 0.292 mg/l
respectively, which were below the permissible values 0.05 mg/l and 0.3 mg/l, respectively.
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Table 1: Result of the laboratory analysis of the effluent before and after treatment using the biofilter.
Parameters 1st week (28/04/10) 2nd week(04/05/10) 3rd week(11/05/10) 4th week(18/05/10)

---------------------------- ------------------------------ ---------------------------- --------------------------------
Before After Before After Before After Before After

Ammonia 0.13 0.12 0.128 0.1024 0.094 0.058 0.083 0.037
(mg/litre)
Nitrite 1.18 1.173 1.9 1.52 2.1. 0.872 2.380 0.292
(mg/litre)
Nitrate 9.2 13.80 14.21 18.66 20.18 27.92 29.96 35.49
(mg/litre)
pH 6.5 6.8 6.7 6.8 6.9 7.0 6.6 6.8

Table 2: Some water quality parameters and their symptoms 
Parameters Permissible limit Symptoms of exceeding the limit
Ammonia (NH3) 0.05mg/litre Gasping for air. Few mortalities occurring daily. Poor acceptance of feed
Nitrite (NO2) 0.3mg/litre Brown patches on the gills known as brown blood disease
pH 6.8 – 8.2
Dissolved Oxygen 5 – 8 mg/litre Crowding near water inflow source, increased vulnerability to disease etc.
Source: Tucker ( 1991)

Fig.1: Section of the biofilter

Conclusion:

The ammonia and nitrite concentrations (0.0374 mg/l and 0.292 mg/l) of the effluent from the culture tank
were reduced below permissible limit with the biofilter using lava stones and oyster shells as the biofilter
substrates. Lava stone and oyster shells are inexpensive and locally available biofilter substrates. Construction
of a biofilter using these substrates will reduce the initial cost of setting up of a recirculatory aquaculture
system, which will make it affordable to all interested users of this technology, thereby increasing fish
production in the country for local and foreign markets.
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