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Product not useful for ammonia removal

Zeolite is a naturally occurring mineral that also can be produced synthetically. It is used in industry for
water softening and as media for molecular sieves. In recent years, there has been interest in possible
agricultural and aquaculture applications.

In aquaculture, zeolite can be used in filters for removing ammonia from water in tanks that hold and
haul fish. Zeolite is also commonly applied to shrimp culture ponds in southeast Asia and some other
regions. The material is broadcast over pond surfaces at weekly to monthly intervals. In spite of its
popularity as a pond treatment, however, there has been little research on the effectiveness of zeolite in
shrimp culture.
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Fig. 1: Structure of typical silicon oxide tetrahedrons that make up the basic framework of zeolite
molecules.

Zeolites in nature

Zeolites are mined from natural deposits in many nations. There are more than 50 types of natural
zeolite and a variety of artificial zeolite compounds.

Natural zeolites are aluminosilicate clay minerals with rigid three-dimensional frameworks of silicon
and aluminum oxide tetrahedrons honeycombed by corridors large enough for water or gas to enter
(Fig. 1). Their unique tetrahedron structure leaves unsatisfied negative ionic charges within and on the
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surfaces of zeolite crystals.

In nature, these charges are satisfied mostly by sodium. Because the sodium ions can be exchanged for
other cations such as potassium, calcium, magnesium, and ammonium in solution, zeolites are used
widely as cation-exchange media in applications like water softening. In water softening, sodium ions
of zeolite exchange for calcium and magnesium ions in water.

Selective adsorption

The large internal cavities in zeolite easily fill with water, air, or other molecules. They have strong
capacities to adsorb and desorb molecules that are small enough to pass through the entry channels.
Their adsorptive surface area is up to 300 m2 per grams zeolite, and some zeolites can adsorb up to 30
percent of their weight in gases and other molecules. Because of their ability to selectively adsorb
molecules of specific sizes, zeolites are used in molecular sieves.

Artificial zeolites have properties similar to natural ones, but no advantages over natural zeolites for use
in aquaculture.

Benefits incorrectly alleged

Shrimp farmers expect zeolite to remove ammonia from pond water. Some also think it will remove
hydrogen sulfide and carbon dioxide, and serve as a source of silica for diatoms.

Ammonia removal

In shrimp pond water, ammonium concentrations usually range 1 to 5 milligrams per liter.
Concentrations of sodium, potassium, calcium, and magnesium ions (Table 1) are much greater than
the ammonium concentration. These cations compete with ammonium for exchange sites on zeolite,
and the ability of zeolite to remove ammonium from water is much lower than the total capacity of the
mineral to absorb cations.

Boyd, Table 1
Salinity Ammonia Removal (g/kg zeolite)
0.1 ppt (tap water) 9.0
4 ppt 0.12
8 ppt 0.10
16 ppt 0.08
32 ppt 0.04

For example, the author once conducted a simple laboratory trial to determine the influence of salinity
on ammonia removal by zeolite from water. The results follow.

The ability of zeolite to remove ammonia declined rapidly with increasing salinity. At a salinity of 4 ppt,
the removal of ammonia by zeolite was only 1.3 percent of the removal achieved in tap water.
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Intensive shrimp ponds in Asia often are about 1.5 meters in depth and 1 ha in area, and contain about
15,000 cubic meters of water. Suppose a pond manager applied 50 kilograms per hectare zeolite to
decrease the ammonia concentration in a pond with 4 ppt salinity. The amount of ammonia nitrogen
removed by the zeolite can be estimated as follows:

50 kg zeolite/lha x 0.12 g ammonialkg zeolite
15,000 m3

= 0.0004 mg/l

The amount of ammonia removed would be insignificant. In fact, removal of 1 milligrams per liter
ammonia from the hypothetical pond would require a zeolite application of 125,000 kg. Even in
freshwater, about 1,667 kg of zeolite would be necessary to remove 1 milligrams per liter ammonia
from a 15,000-cubic-meter pond.

Zeolite is therefore not a useful treatment to remove ammonia from ponds. The costs of product and
labor to apply it at the high rates needed for effective action are prohibitive.

Of course, zeolite can be used to remove ammonia from smaller-scale holding or hauling tanks. The
tank water can be passed through a large filter for ammonia removal and sent back to the tank. When
the filter is saturated with ammonium, it can be recharged by flushing with a brine solution to exchange
ammonium for sodium.

Gas removal

When zeolite is placed in water, its internal cavities fill with water and cannot effectively absorb gases.
The capacity of zeolite to remove gas from water is limited to the gas dissolved in the water that enters
the voids in the mineral structure.

The void volume or “open space” in zeolite ranges 30 to 50 percent. The bulk density of typical zeolite
is around 2 grams per cubic centimeter, so each gram of zeolite would have about 0.15 to 0.25 ml of
voids. A kilogram of zeolite could absorb about 150 to 250 ml of water. If the water contains 1
milligrams per liter hydrogen sulfide, a kilogram of zeolite could remove 0.15 to 0.25 mg hydrogen
sulfide.

A treatment of 50 kg could remove 0.0075 to 0.0125 grams of hydrogen sulfide and reduce the
hydrogen sulfite concentration in a 15,000-cubic-meter pond by 0.0000005 to 0.0000008 milligrams per
liter. This tiny reduction in hydrogen sulfide concentration would not be noticeable. Similar minimal
effects would apply to the removal of other gases.

Silica source

Since the silicon in zeolite is not water-soluble, it is unavailable to diatoms. Besides, pond bottoms
usually are constructed of aluminosilicate clay, and adding a bit more aluminosilicate in zeolite would
not increase silicon availability.

Conclusion

The properties and reactions of zeolite indicate the substance has little value as a pond treatment. It
will not harm water and soil quality or leave undesirable residues in fish and shrimp, but its use is only
an unnecessary expense.
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(Editor’s Note: This article was originally published in the December 2003 print edition of the Global
Aquaculture Advocate.)
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