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Glossary

Cyanosis—a blue color of the skin caused by the lack of
oxygen.

Demineralization—the removal of all minerals from
water.

Hemoglobin—the chemical in the blood that carries oxy-
gen from the lungs to the different parts of the body.

Inorganic nitrogen—nitrogen in the form of ammonia
and nitrate; available commercially as ammonia gas, urea
and ammonium-nitrate fertilizer.

Leaching—the movement of materials (such as nitrate)
down through the soil with water.

Methemoglobin—formed by nitrate combined with
hemoglobin in the blood; does not carry oxygen to body
cells.

Methemoglobinemia—the presence of methemoglobin in
the blood; can be caused by nitrate poisoning; commonly
called blue-baby disease.

Monogastrics—animals with only one stomach, such as
pigs, horses and chickens.

Nitrification—the conversion of ammonia to nitrate by
bacteria in the soil.

Organic nitrogen—the nitrogen obtained from plant and
animal material, such as manure or crop residue.

Resin—a man-made, plastic material used in ion-exchange
systems like water softeners and nitrate filters.

Ruminants—animals that have a rumen in their digestive
system,; the bacteria in a rumen convert nitrate to nitrite.

Water quality standard— the level of pollutants consid-
ered by law to be safe.
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Nitrate in Drinking Water

Nitrate (NO;) is the primary source of nitrogen (N) for
plants; it is a nutrient they cannot live without. Extensive
farming can rob the soil of its natural nitrogen sources, so
farmers often add nitrate fertilizers. Properly managed, ni-
trogen does not endanger health and can increase crop
production. However, when more nitrogen is added to the
soil than the plants can use, excess nitrate can leach into
groundwater supplies and contaminate wells. Because ni-
trate is converted to a very toxic substance (nitrite) in the
digestive systems of human infants and some livestock,
nitrate-contaminated water is a serious problem.

How does nitrate affect families?

Human babies are extremely susceptible to acute nitrate
poisoning because of certain bacteria that may live in their
digestive system during the first few months of life. These
bacteria change nitrate into toxic nitrite (NO,). The nitrite
reacts with hemoglobin (which carries oxygen to all parts of
the body) to form methemoglobin, which does not carry
oxygen. The level of oxygen being carried throughout the
body decreases in proportion to the amount of hemoglobin
converted to methemoglobin. As the oxygen level decreases,
the baby is suffocated. This condition is called
methemoglobinenia.

The most obvious symptom of nitrate poisoning is a
bluish color of the skin, particularly around the eyes and
mouth. This is called cyanosis. A baby with these symp-
toms should be taken to an emergency medical facility
immediately. The doctor will take a blood sample to be
sure the baby is suffering from nitrate poisoning. The
blood sample of an affected baby is a chocolate brown
instead of a healthy red. Nitrate poisoning can be treated,
and in most cases the baby makes a full recovery. It is
crucial, however, to deal with the problem immediately,
because without treatment a baby can die.

Around the age of three months, an increase in the
amount of hydrochloric acid in a baby’s stomach kills most
of the bacteria that convert nitrate to nitrite. By the time a
baby is six months old, its digestive system is fully devel-
oped, and none of the nitrate-converting bacteria remain.
In older children and adults, nitrate is absorbed and ex-
creted, and methemoglobinemia is no longer a concern.

How does nitrate affect livestock?

Ruminant animals (such as cows and sheep) and infant
monogastrics (such as baby pigs and chickens) also have
nitrate-converting bacteria in their digestive systems. For
this reason, nitrate poisoning affects them the same way it
affects human babies. Because adult monogastrics generally
do not have nitrate-converting bacteria, they are not af-
fected by methemoglobinemia. Horses, however, are an
exception. They are monogastric, but they also have a
cecum, which is similar to a rumen. The nitrate-converting
bacteria living in the cecum increase the risk of nitrate
poisoning.

Livestock are exposed to nitrate in feed as well as in
water. Crops harvested after weather stress (such as
drought) are especially likely to have high nitrate contents.
To protect livestock, fodder can be tested for nitrate before
being fed.

The symptoms of nitrate poisoning in animals include a
bluish or brownish discoloring of nonpigmented areas
(around the mouth and eyes) or mucous membranes, a
sluggish, staggering gait, rapid heartbeat, frequent urina-
tion, and labored breathing followed by collapse. In severe
cases, convulsion and coma may occur, followed by death
one to three hours after the first signs appear.
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A veterinarian should be contacted as soon as any of
these symproms are noticed. Blood for diagnosis must be
drawn while the animal is alive or within two hours after
death. Blood from affected animals will have a chocolate
brown color. If the problem is diagnosed in time, animals
can be treated and often fully recover. Pregnant animals
that recover may abort within a few days.

How much nitrate is dangerous?

Drinking water quality standards have been set by the
Federal government to offer the greatest protection to in-
fants. The standard of ten milligrams per liter (mg/1)
nitrate-nitrogen has a small margin of safety built into it.
Because of this safety factor, some individuals can drink
water exceeding the standard and show no adverse affects.
However, levels above this standard are considered to be
potentially hazardous.

Currently, there is no regulatory drinking water quality
standard for livestock. Researchers suggest a level of 100
milligrams per liter of nitrate-nitrogen. Strong animals may
tolerate higher levels, but this level is designed to protect
animals that are unhealthy, very young, pregnant or on a
low-energy diet. Nitrate levels in feed and forage must also
be considered in rations for ruminant animals.
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Decay by bacteria

How does nitrate get into the water?
Nitrate contamination occurs when there is more nitrate in
the soil than plants can use and when water can move
easily through the soil and underlying rock. The excess
nitrate is carried through the soil into groundwater supplies
by irrigation, rainwater and snowmelt. This occurs particu-
larly where the soil is sandy, gravelly or shallow over porous
limestone bedrock. Excess nitrate can accumulate in the soil
in several ways.

First, applying more nitrate fertilizer to the soil than a
crop can use will build up high levels of nitrate.

Second, manure and sewage contain both ammonia and
organic forms of nitrogen. Organic nitrogen may be con-
verted to ammonia in the soil. This ammonia, along with
any ammonia fertilizer that is applied, is converted to ni-
trate by soil bacteria in a process called nitrification. Nitrifi-
cation is important because plants can only use nitrogen in
the nitrate form. However, when more ammonia is nitri-
fied than plants can use, the unused nitrate will accumulate
in the soil.

Finally, some plants, soybeans and alfalfa in particular,
can take nitrogen out of the air and put it into the ground
through their root nodules. This process is called nizrogen
Sixation. Small amounts of nitrate also enter the soil with
rain during electrical storms. Neither process produces con-
taminating amounts of nitrate on its own, but both should
be taken into consideration when determining how much
fertilizer is needed.
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