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Nitri�cation consumes oxygen, is a source of acidity
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Nitri�cation is a natural water puri�cation process by which certain bacteria oxidize and transform potentially toxic
ammonia to nontoxic nitrate. This process is especially important in aquaculture ponds and water reuse systems,
where ammonia can reach concentrations harmful to �sh and shrimp. 

Nitri�cation process
Nitri�cation is a two-step process by which bacteria of the genus Nitrosomonas oxidize ammonia or ammonium to
nitrite, and bacteria of the genus Nitrobacter oxidize nitrite to nitrate. Because Nitrosomonas and Nitrobacter occur
together, nitrite is normally oxidized as soon as it appears. However, for reasons not well understood, nitrite
sometimes accumulates in aquaculture systems. 

When nitrite is absorbed by �sh and other aquatic organisms, it can combine with hemoglobin to cause
methemoglobina or nitrite toxicity – often known as Brown Blood Disease. It also is noteworthy that nitri�cation
consumes oxygen and is a source of acidity because it releases hydrogen ions.

Nitri�ers use a small portion of the energy released when ammonia is oxidized to nitrate to reduce inorganic carbon
in carbon dioxide to organic carbon. Nitri�ers are among a group of organisms known as chemoautotrophic bacteria
that can synthesize organic matter by a nonphotosynthetic process. 

Ammonia sources

In nitri�cation, Nitrosomonas bacteria oxidize ammonia  to nitrite.
Then Nitrobacter bacteria oxidize nitrite to nitrate. Because these
species occur together, nitrite is generally  oxidized as soon as it
appears, but it sometimes accumulates in aquaculture systems.



8/21/2019 Nitrification an important process in aquaculture « Global Aquaculture Advocate

https://www.aquaculturealliance.org/advocate/nitrification-an-important-process-in-aquaculture/?headlessPrint=AAAAAPIA9c8r7gs82oWZBA

Fertilizers and aquafeeds are sources of ammonia in aquaculture systems. Typical percentages of nitrogen in
ammonium fertilizers are given in Table 1. Some may not recognize urea as an ammonium fertilizer, but when it is
placed in water, urea quickly hydrolyzes to ammonia and carbon dioxide. 

Fertilizers are applied to ponds in relatively small amounts and normally do not raise ammonia concentrations to
toxic levels. Ammonium from fertilizers is absorbed by phytoplankton and converted to organic nitrogen in protein.
When phytoplankton die, they decompose and release ammonia. 

A small proportion of fertilizer nitrogen also can become organic nitrogen in �sh or shrimp biomass via the food web.
Nevertheless, much of the ammonia added to ponds in fertilizers is nitri�ed. Nitri�cation does not detract from the
bene�t of fertilization, for nitrate is a nitrogen source for phytoplankton and other plants. 

Feed, nitrogen waste
Fish and shrimp usually eat most of the feed offered to them. A large proportion of the consumed feed is absorbed
across the animals’ intestines and incorporated into animal biomass, and the rest is expelled as feces. Uneaten feed
and feces decompose and release carbon dioxide, ammonia, and other inorganic nutrients. All nitrogen applied in
feed and not harvested in biomass can potentially reach the water as ammonia. 

Aquafeeds range in crude protein concentration from less than 25 percent to more than 40 percent, and �sh and
shrimp typically contain 14-18 percent crude protein. Nitrogen and crude protein in feed and �sh can be related by the
following equation.

% Crude Protein = % Nitrogen x 6.25
Consider the production of 1,000 kg �sh with 15 percent crude protein (2.40 percent nitrogen) in a 2,000-cubic-
meter pond using 2,000 kg feed with 32.00 percent crude protein (5.12 percent nitrogen). The nitrogen input would be
102.4 kg (2,000 kg feed x 0.0512), and 24.0 kg nitrogen would be removed in �sh (1,000 kg �sh x 0.024). Thus, up to
78.4 kg nitrogen (102.4 kg nitrogen in feed – 24.0 kg nitrogen in �sh) could enter the water in ammonia. This example
showing 23.40 percent of feed nitrogen recovered in biomass is fairly typical, but up to 40.00 percent recovery can be
achieved.

If all of the potential nitrogenous wastes resulting from 2,000 kg feed accumulated in a 2,000-cubic-meter pond, the
total ammonia nitrogen concentration would reach 39.2 mg per liter. Depending upon species and water pH and
temperature, total ammonia nitrogen concentrations of 2.0 to 10.0 mg per liter can be toxic. Fortunately, nitri�cation
and other natural processes such as ammonia volatilization, uptake by microorganisms, and loss in out�ow usually
prevent ammonia concentration from accumulating to its maximum potential.

Nitri�cation and acidity
Nitrate is not toxic, but nitri�cation consumes dissolved oxygen and can be a major source of acidity to neutralize
alkalinity. Nitri�cation can contribute 30-40 percent of the oxygen demand. 

Fertilizer manufacturers report the acidity of ammonium fertilizers as calcium carbonate necessary for its
neutralization (Table 1). A typical application rate for urea in ponds is 50-100 kg/ha/crop. These rates could produce
acidity equal to 80.5-160.0 kg calcium carbonate/ha/crop. This amount of acidity can be a serious problem in water
with total alkalinity concentrations below 20 mg per liter. Periodic liming is necessary to avoid low alkalinity in some
fertilized ponds.

Boyd, Nitrogen concentration, Table 1

Urea 45 161

Fertilizer Nitrogen (%)
Potential Acidity 

(kg calcium carbonate/ 
100 kg fertilizer)
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Calcium carbonate treatment
Nitrogen inputs to ponds in feeds usually are much higher than fertilizer nitrogen applications. The amount of calcium
carbonate required to neutralize the potential acidity of feed can be calculated using the following equation.

Calcium Carbonate Equivalence of Feed (kg) = Feed Input (kg) x %
Crude Protein in Feed x 0.01285
In a pond producing 5,000 kg shrimp/ha/crop using feed with 35 percent crude protein and achieving a feed-
conversion ratio of 2.0, the calcium carbonate equivalence of the feed would be 4,498 kg/ha. In a water-reuse system
receiving 1,000 kg/day of feed containing 30 percent crude protein, the calcium carbonate equivalence would be 385
kg/ha/day. In intensive systems, especially water-reuse systems, nitri�cation can cause alkalinity and pH to decline
rapidly. Frequent use of liming materials may be necessary.

Nitri�cation is a natural process and nitrifying bacteria are ubiquitous. It is not necessary to add nitri�ers to
aquaculture systems, but initiation of nitri�cation in closed systems, especially marine ones, can be accelerated by
seeding with nitri�ers. Several companies sell cultures of nitrifying bacteria for such applications.

Nitri�cation can occur at low pH, but it proceeds best at a pH near 8. Thus, regular application of liming materials
often is necessary to maintain effective nitri�cation. Low dissolved-oxygen concentration also is associated with low
rates of nitri�cation. Ponds with chronically low dissolved oxygen during nighttime often have higher ammonia
concentrations than ponds with higher nighttime dissolved-oxygen concentrations. Adequate mechanical aeration is
needed to nsure effective nitri�cation.

Nitrite toxicity
In freshwater systems, nitrite toxicity can be counteracted by applying sodium chloride to elevate the chloride
concentration. Chloride blocks the uptake of nitrite across the gills of �sh and other aquatic animals. A 20:1 ratio of
chloride to nitrite usually prevents nitrite toxicity. Nitrite is less problematic in brackish water and marine systems.

Intensive, heterotrophic aquaculture systems contain dense bacterial �ocs instead of heavy phytoplankton blooms.
These systems do not have extremely high ammonia concentrations. Ammonia is removed from the water and
incorporated into microbial biomass, but high nitri�cation rates also occur.

(Editor’s Note: This article was originally published in the May/June 2007 print edition of the Global Aquaculture
Advocate.)

Ammonium nitrate 34 118

Ammonium sulfate 20 151

Diammonium phosphate 18 97

Ammonium polyphosphate 13 72

Monoammonium phosphate 11 79

Table 1. Nitrogen concentration and potential acidity of common fertilizers.
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