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Common mistakes: attempts to remove carbon dioxide,
lower pH, counter off-flavors
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Sodium bicarbonate is often added to hauling tank water to improve
survival of fish during transport.

Sodium bicarbonate — also called bicarbonate of soda and baking soda — is one of the most widely
used industrial chemicals in the world. Second only to sodium chloride (table salt), it may be the most
familiar “pure” chemical compound known to nonscientists.

Common household uses of sodium bicarbonate include leavening in baking, cleaning, deodorizing, as
a toothpaste and as an antacid to relieve heartburn. Some uses, as in toothpastes, depend on the gentle
abrasive qualities of the compound, but the general usefulness of sodium bicarbonate stems from its
unique ability to neutralize either acids or bases.

Aquaculture uses

Sodium bicarbonate also has important uses in aquaculture. The chemical is essential in recirculating
aquaculture systems, where it is periodically added to replenish alkalinity destroyed by acid produced in
nitrification. Without routine bicarbonate addition, system pH eventually drops to lethal levels.
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Sodium bicarbonate is also a key component of some “transport tank aids.” When fish are transported
in tight quarters, adding sodium bicarbonate to the water provides sodium to help animals maintain
internal salt balance and bicarbonate to help buffer the pH of the transport water.

Aside from these legitimate uses, sodium bicarbonate can be misused in aquaculture, perhaps because
the chemical bases for the proposed uses are misunderstood. Three common misuses are attempts to
remove carbon dioxide, reduce high pH and counter off-flavors.

Removing carbon dioxide

Carbon dioxide, the end product of respiration, accumulates naturally in ponds as part of the daily
photosynthesis-respiration cycle. Carbon dioxide usually decreases during the day and increases at
night, with the highest concentrations near dawn, when dissolved oxygen concentrations are lowest.
Very high concentrations can occur after phytoplankton dieoffs because large amounts of carbon
dioxide are produced as dead plant material decomposes.

Carbon dioxide interferes with oxygen use by fish. If carbon dioxide concentrations are high, fish can
suffocate at dissolved oxygen concentrations that are normally tolerated. When dissolved-oxygen
levels are low and carbon dioxide levels are high, fish farmers sometimes try to relieve the stress on fish
by removing some of the carbon dioxide. Sodium bicarbonate is commonly used for this purpose -
often by dispensing large amounts of the chemical into the currents produced by aerators.

The origin of this practice is a mystery because it has no chemical basis. When sodium bicarbonate is
added to water containing carbon dioxide, it causes a slight increase in pH but does not remove any of
the carbon dioxide. Carbon dioxide can be removed from water by adding strong bases such as
carbonates or hydroxides, which react with carbon dioxide to form bicarbonate. The most common
base used to remove carbon dioxide is hydrated lime (calcium hydroxide), although large amounts are
needed when carbon dioxide concentrations are high.

Reducing high pH

Rapid photosynthesis by phytoplankton or underwater plants removes carbon dioxide from water and
causes the pH to rise. On warm, sunny days in ponds with rapidly growing plants or algae, pH can
increase to very high levels, which can be stressful to aquatic animals. There are no precise guidelines
for high pH tolerance, but pH values above 9.5 are considered undesirable.

Problems with high afternoon pH seem to be most common in fry nursery ponds and ponds used to
grow freshwater prawns, because the fertilization practices used to prepare ponds for stocking are
designed to promote fast-growing phytoplankton blooms. Typically, high afternoon pH values abate in
a few weeks after organic matter begins to accumulate in the ponds. Carbon dioxide is produced as
organic matter decomposes, which reduces peak pH values.

When it is inconvenient or impossible to wait for pH values to stabilize naturally in ponds before
stocking, a common recommendation for managing high pH problems is to add sodium bicarbonate.
The effects of bicarbonate on pH are presented in Table 1 for pH 10 waters with different initial total
alkalinities. Sodium bicarbonate treatment reduces high pH values, and the results are almost
immediate. However, results are not spectacular even when large amounts of sodium bicarbonate are
added to waters with an initially low total alkalinity.

Tucker, Final pH values of pond waters, Table 1
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Initial Amount of Sodium Amount of Sodium Amount of Sodium
Alkalinity Bicabonate Added Bicabonate Added Bicabonate Added
(mg/l as (mg/l) (mg/l) (mg/l)
CaCO03) 25 50 100
50 9.9 9.8 96
100 9.9 9.9 9.7
200 9.9 9.9 9.8

Table 1. Final pH values of pond waters with an initial pH of 10.0 treated with different amounts of sodium

bicarbonate.

In addition to the relatively large amount of chemical needed to achieve significant reductions in pH,
using sodium bicarbonate does not prevent subsequent increases in pH. Therefore, in addition to
limited effectiveness as an emergency treatment for high pH, sodium bicarbonate also is not a long-

term solution.

Sodium bicarbonate is often added to hauling tank water to improve
fish survival.

Treating off-flavors
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Chemicals produced by some blue-green algae can give pond-raised fish and shrimp undesirable earthy
flavors. Farmers sometimes attempt to remove the taint by adding sodium bicarbonate to pond water.
This is the most inexplicable use of sodium bicarbonate because there is no chemical or biological
basis for the claim that the chemical removes or prevents preharvest off-flavors in fish or shrimp.

The misconception is perhaps related to the common household practice of placing an open package
of baking soda inside refrigerators to remove food odors. Sodium bicarbonate does, in fact, remove
airborne odors caused by acidic or basic compounds. For example, two common odors in refrigerators
are caused by lactic acid in spoiled milk or acetic acid from, for example, the vinegar in pickles.

When these acidic, airborne molecules contact baking soda inside a refrigerator, they react with
bicarbonate and are neutralized to less odorous compounds. Similarly, odorous basic gases such as
ammonia are neutralized to less odorous compounds when they contact baking soda.

The major off-flavors in pond-raised catfish are caused by geosmin and 2-methylisoborneol. Both
compounds are cyclic alcohols produced by algae. They are neither acidic nor basic, and do not react
with bicarbonate.

(Editor’s Note: This article was originally published in the July/August 2008 print edition of the Global
Aquaculture Advocate.)
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