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Groundwater is the source
of drinking water for
nearly half the population of the
United States. The purity of this
water has become a health con-
cern because a number of poten-
tially toxic substances have been
discovered in groundwater serv-
ing communities throughout the
nation. Many of these com-
pounds are naturally occurring
substances that have always been
present in the environment. One
of the most common examples is
nitrate.

Although nitrate occurs natu-
rally in drinking water, elevated
levels in groundwater usually
result from human activities
such as overuse of chemical fer-
tilizers and improper disposal of
human and animal wastes. These
fertilizers and wastes are sources
of nitrogen-containing com-
pounds which are converted to
nitrates in the soil. Nitrates are
extremely soluble in water and
can move easily through soil
into the drinking water supply.
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High levels can build up over
time as nitrate accumulates in
the water, but even at elevated
levels, they are not likely to be a
health hazard for most adults.
However, the ingestion of exces-
sive amounts of nitrate can
cause adverse health effects in
very young infants and suscep-
tible adults. Consequently, the
federal government has estab-
lished a maximum acceptable
level, known as the Maximum
Contaminant Level (MCL), for
nitrate in public drinking water
supplies. This level is 10 milli-
grams per liter (mg/l)—often
expressed as 10 parts per million
(ppm)—measured on the basis
of the nitrogen content of
nitrate. It is often written as
“nitrate-nitrogen”’ or “NQOs-N.”
(This MCL is the equivalent of
45 mg/1 when expressed as
nitrate, rather than
nitrate-nitrogen.)

Nitrate in the
Environment

The most common sources of
nitrate are municipal and indus-
trial wastewaters, refuse dumps,
animal feed lots, and septic sys-
tems. Other sources are runoff

or leachate from manured or fer- |

tilized agricultural lands and
urban drainage. In addition, ni-
trogen compounds are emitted
into the air by power plants and
automobiles and are carried
from the atmosphere to the
earth with rainfall.

Once nitrate is formed, its
movement in soil and potential
for contamination of ground-
water depend on several factors
including the soil characteristics,
location and characteristics of
the underground water forma-
tions (aquifers), and climatic
conditions. Potential for nitrate
contamination of drinking water
also depends on the depth and
construction of wells.

Identifying the source of
nitrates for an individual well is
often very difficult. Because
nitrates move with the flow of
groundwater, the source may be
located a considerable distance
from the well. In many cases,
the time needed for nitrate to
pass through the soil into
groundwater is difficult to pre-
dict due to many variables
including application rate, the
soil type, and the depth to the
water table.

Human Exposure

Human exposure to nitrates
occurs primarily through the
diet because nitrate is a natural
substance found in both water
and plants. In the United States,
the average dietary intake of
nitrate is about 75 to 100 mg
per day. About 80 to 90 percent
of this amount comes from vege-
tables. Some common vegetables
with high nitrate content are
beets, celery, lettuce, and spin-
ach. People following a vegetar-
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ian diet may have nitrate intakes
of up to 250 mg per day.

Drinking water generally
accounts for 5 to 10 percent of
nitrates consumed. However,
where drinking water is contam-
inated to a level of 50 mg/1 (5
times the MCL), it may supply
as much as half of the total daily
intake.

When nitrate is ingested, bac-
teria in the mouth convert the
nitrate in saliva into nitrate,
producing an average of about
10 mg/day. Nitrite, itself, can be
ingested by consuming cured
meats such as bacon and lunch-
eon meats. However, since
ingested nitrate is the major
source of nitrite in the body,
high levels of nitrate in drinking
water are generally responsible
for high levels of nitrite in the

body.

Nitrate intake depends on a
variety of factors, including diet,
and amount and quality of water
consumed. Genetic factors also
lead to different rates of conver-
sion of nitrate to nitrite. As a
result, people show great varia-
bility in nitrate and nitrite levels
in their bodies. These variations
make prediction of adverse
health effects from nitrate or
nitrite a difficult task for public
health professionals.

Health Effects

The most significant health
effect associated with nitrate
ingestion is methemoglobinemia
in infants under six months of
age. This condition results from

the presence of high nitrite
levels in the blood. Methemo-
globinemia occurs when hemo-
globin, the oxygen-carrying
component of blood, is con-
verted by nitrite to methemo-
globin, which does not carry
oxygen through the body as effi-
ciently. As a result, vital tissues,
including the brain, receive less
oxygen than they need. Un-
treated, severe methemo-
globinemia can result in brain
damage and even death.

Infants in the first six months
of life are particularly suscepti-
ble to nitrite-induced methemo-
globinemia for several reasons.
First, since the stomach acid of
an infant is not as strong as in
older children and adults, bacte-
ria which readily convert nitrate
to nitrite are more numerous.
This results in higher nitrite
levels in blood. Second, hemo-
globin in infants is more readily
converted to methemoglobin
than is an adult’s hemoglobin.
Third, methemoglobin in infant
blood cannot be changed back
to hemoglobin as normally
occurs in adults. Finally, infants
have a higher intake of water for
their weight than adults, so con-
sequently, they ingest a relatively
higher amount of nitrate.

In addition to small infants,
some adults may be susceptible
to the development of nitrite-
induced methemoglobinemia.
These include pregnant women
with a particular enzyme defi-
ciency [G6PD] deficiency),
adults with reduced stomach
acidity, and those with a defi-
ciency in the enzyme needed to

change methemoglobin back to
normal hemoglobin, a condition
which can be hereditary. Fortu-
nately, methemoglobinemia is
easily recognized by the medical
and public health communities
and can be readily diagnosed and
treated.

Ingestion of drinking water
containing extremely high levels
of nitrate, greater than 1000
mg/1, can lead to acute nitrate
poisoning, resulting in severe
gastroenteritis with stomach
pain, blood in the urine and
stool, weakness, and even col-
lapse. This is extremely rare
because nitrate concentrations
in water are seldom of that
magnitude.

Another concern about
nitrate ingestion is the possibil-
ity that nitrites in the stomach
and intestines may contribute to
the development of some can-
cers. In laboratory studies,
nitrites have been shown to inter-
act with many compounds in the
diet to form N-nitrosamines.
Many of these N-nitrosamine
compounds are carcinogenic in
test animals. However, sub-
stances present in the normal
diet, such as vitamin C, can inter-
fere with the formation of
N-nitrosamines. Presently,
studies of humans exposed to
high levels of nitrate or nitrite
do not provide convincing evi-
dence of an increased risk of
cancer.
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Nitrates as Indicators

Nitrate in groundwater is of
concern not only because of its
toxic potential, but also because
it may indicate contamination of
the groundwater. If the source of
contamination is animal waste or
effluent from septic tanks, bac-
teria, viruses, and protozoa may
also be present. Contamination
of groundwater by fertilizers may
also indicate the presence of
other agricultural chemicals such
as pesticides. The source of the
nitrate may be a clue as to which
other contaminants may be
present.

Remedies

Drinking water containing
more nitrates than the Maxi-
mum Contaminant Level of 10
mg/1 should not be consumed
by infants or other susceptible

individuals. Water that is
bottled or taken from another
safe source should be used.
Simple in-line filters do not
remove nitrates; but deioniza-
tion, reverse osmosis, or distilla-
tion can be effective in the re-
moval of nitrate. However, these
treatments are expensive and
require careful maintenance. In
some cases drilling a deeper well
extending into a noncontami-
nated water source may be the
best, and in the long run, the
least expensive remedy.

Summary

Nitrate contaminated drinking
water poses a health threat to
infants under six months of age
and other vulnerable individ-
uals. The Maximum Contami-
nant Level of 10 mg/1 was estab-
lished to protect those at risk
from developing methemo-
globinemia. Major sources of
nitrate contamination include
natural sources, organic wastes

from human beings or animals,
and nitrogenous fertilizers. The
presence of nitrates in drinking
water may also indicate that the
groundwater contains other
compounds which may be health
hazards. Drilling a deeper well to
access water with low nitrate
levels may be the best remedy
for private well owners. If
nitrate contamination is wide-
spread in a community, a public
water system may be the best
solution since this system is
required to meet the 10 mg/1
Maximum Contaminant Level
standard.




For further information write
or call the Center for Environ-
mental Toxicology, C-231
Holden Hall, Michigan State
University, East Lansing, MI
48824; (517) 353-6469. Or, call

your county Extension office.

Many other Extension publi-
cations are available on water
and water quality. Call, write or
visit the Cooperative Extension
Service Office in your county

for more information. Following
is a list of related publications
available there or by writing to
the MSU Bulletin Office, P.O.
Box 6640, East Lansing, MI
48826-6640.

WQ 02, Guidelines for Testing
of Private Wells, 2 pp. (free)

WQ 14, What to Do if Your
Septic Tank Fails, 2 pp. (free)

WQ 15, Find Out About Water
and Septic Systems When

This publication was devel-
oped by the Community
Assistance Program in Envi-
ronmental Toxicology
(CAPET). CAPET is a pro-
gram within the Center for
Environmental Toxicology
and the Department of
Resource Development sup-
ported in part with a grant
from the Charles Stewart
Mott Foundation.

Buying or Selling a Home,
2 pp. (free)

WQ 17, Protecting our
Groundwater: A Grower’s
Guide, 10 pp. ($.50, for sale
only)

E-1521, Maintaining Your Septic
System, 4 pp. folder (free)
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