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Responsibility

Total alkalinity and total hardness

1 March 2007
By Claude E. Boyd, Ph.D.

Alkalinity should not greatly exceed hardness to avoid high
pH in response to photosynthesis

Proper management of phytoplankton in aquaculture ponds is
important to maintain adequate water pH levels.

(https://debug.globalseafood.org)
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Total alkalinity and total hardness are basic water quality variables in aquaculture. For simplicity, they
can be referred to as simply alkalinity and hardness. Alkalinity is an index of the capacity of water to
neutralize acidity that is usually expressed in milligrams per liter of equivalent calcium carbonate.
Hardness, the sum of the calcium and magnesium concentrations, also is usually expressed the same
way. 

The calculation of alkalinity and hardness in terms of equivalent calcium carbonate is illustrated by the
examples in Fig. 1. In the second example, hardness is estimated from calcium and magnesium
concentrations, although it is more common to measure hardness by titration with
ethyelenediaminetetraacetic acid.

Neutralizing capacity
The capacity of natural water to neutralize acidity or its alkalinity resides primarily in the amounts of
bicarbonate and carbonate dissolved in it. Water with pH below 4.5 does not contain bicarbonate and
has a source of acidity stronger than carbon dioxide. This is the reason the color change of methyl
orange indicator from yellow to orange at pH 4.5 can be used to signal the end point of alkalinity
titration. 

Such a low pH in water usually is from sulfuric acid that originates from the oxidation of naturally
occurring iron sul�te in geological material or from acidic rain. Water with pH of 4.5-8.3 contains both
bicarbonate (alkalinity) and carbon dioxide (acidity). Water with a pH above 8.3 contains carbonate and
bicarbonate, but no measurable carbon dioxide. The relationships of carbon dioxide, bicarbonate, and
carbonate to pH are illustrated in Fig. 2.

Fig. 1: Sample calculations of alkalinity and hardness in terms of
equivalent calcium carbonate (CaCO3). meq = milliequivalents.
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The main source of bicarbonate in natural water is the dissolution of the common minerals limestone,
calcium silicate, and feldspars in soil, sediment, and other geological materials. Dissolved carbon
dioxide facilitates the dissolution. When limestone dissolves, both alkalinity and hardness increase in
chemically equivalent quantities. The dissolution of calcium silicate also provides both alkalinity and
hardness, but no hardness results when feldspars dissolve. 

E�ect of photosynthesis
Photosynthesis by aquatic plants removes carbon dioxide from water and causes pH to rise. Free
carbon dioxide is depleted at pH 8.3, and plants begin to remove carbon for photosynthesis from
bicarbonate. This process causes carbonate to increase in the water, and because carbonate is a strong
base, the pH continues to increase. 

In water with appreciable calcium, precipitation of carbonate as calcium carbonate tends to limit the pH
rise. In normal waters, where hardness is nearly equal to or greater than alkalinity, pH seldom rises
above 9.5. However, if photosynthesis is especially intense or waters contain appreciably more
alkalinity than hardness, pH can rise to 12.

Concentration variations
The concentrations of alkalinity and hardness vary greatly in different freshwater sources. Surface
waters in humid regions with thin or highly leached soils usually have less than 15-20 mg/l of alkalinity
and hardness. Surface waters in humid regions where soils are more fertile but do not contain
carbonate usually have alkalinity and hardness concentrations of 20-50 mg/l. In humid regions where
soils contain carbonate, alkalinity and hardness often exceed 100 mg/l in surface water.

Evaporation exceeds precipitation in arid regions, and concentrations of major ions increase in surface
waters. Alkalinity often reaches 200-300 mg/l, and hardness can be much higher.

Seawater has less-variable concentrations of alkalinity and hardness than freshwater. In seawater,
normal values of alkalinity are about 140 mg/l, while hardness is about 6,000 mg/l.

Fig. 2: Relationships of carbon dioxide, bicarbonate, and carbonate to
pH.
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Ground water from wells and springs also can vary greatly in alkalinity and hardness. Water from
aquifers in geological material containing limestone can have concentrations of 500 mg/l or more for
both variables. When such waters are placed in ponds or other open vessels, calcium carbonate often
precipitates as alkalinity and hardness concentrations equilibrate with existing conditions. Some
ground water has high concentrations of alkalinity, but low concentrations of hardness and especially
calcium. Such waters develop a very high pH in response to photosynthesis.

Management in aquaculture systems
In aquaculture ponds, it is usually desirable to have alkalinity and hardness concentrations above 50
mg/l for �sh and 80 mg/l for crustaceans. Waters should not have appreciably more alkalinity than
hardness to avoid high pH in response to photosynthesis. Higher hardness is not especially
troublesome. However, water with alkalinity and hardness above 200 mg/l may not respond well to
fertilization. The high pH and calcium concentration in such waters favor rapid precipitation of calcium
phosphate.

In hatcheries, precipitation of calcium carbonate from ground water sources high in alkalinity and
hardness can be harmful to eggs and larvae of aquaculture species. Low calcium concentrations in
water for hatcheries often lead to poor egg hatchability.

Pond water with low alkalinity and hardness can be treated with agricultural limestone or lime to raise
the concentrations of these variables and increase pH. The treatment rate in ponds usually is based on
pond bottom soil pH (Table 1). In hatcheries, liming materials usually are dispersed into the incoming
water continuously by mechanical dispensers.

Boyd, Adjusting agricultural limestone, Table 1

Waters with excessive alkalinity and hardness for use in hatcheries can be aerated with mechanical
aerators or allowed to fall through a gas-stripping tower to remove carbon dioxide, and held in a basin
until the calcium carbonate precipitate falls out.

Excessively hard water can be treated by ion exchange to remove calcium and magnesium. This
technique usually is too expensive for treating waters used in aquaculture, however.

The hardness in water with low calcium and high alkalinity should be increased to approximately the
same concentration as the alkalinity by application of calcium sulfate, also known as gypsum. Roughly
2 mg/l of calcium sulfate are needed to increase the hardness by 1 mg/l. Calcium chloride also can be
used to increase calcium concentration, but it usually is more expensive than gypsum.

Soil pH Limestone Application 
(kg/ha)

7.1 or above 0

7.0-6.6 500

6.5-6.1 1,000

6.0-5.5 2,000

5.4 or less 3,000

Table 1. Adjusting agricultural limestone application to soil pH.
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(Editor’s Note: This article was originally published in the March/April 2007 print edition of the Global
Aquaculture Advocate.)
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