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Americium

What Is 1t? Americium is a malleable, silvery white metal that tarnishes slowly in dry air at room
temperature. Americium does not occur naturally but is produced artificially
by successive neutron capture reactions by plutonium isotopes. There are
sixteen known isotopes of americium and all of them are radioactive.
(Isotopes are different forms of an element that have the same number of
protons in the nucleus but a different number of neutrons.) Americium-241
was first produced in 1944 in a nuclear reactor at the University of Chicago.
Dr. Glenn Seaborg gave the new element its name in 1946 in honor of the
continent on which it was discovered.

Symbol: Am

Atomic Number: 95
(protons in nucleus)

Atomic Weight: -
(not naturally occurring)

Of the sixteen radioactive isotopes, only three have half-lives long enough to warrant concern at Department
of Energy (DOE) environmental management sites: americium-241, americium-242m, and americium-243.
The half-lives of these three
isotopes range from 150 to 7,400
years, while those of the other

Radioactive Properties of Key Americium Isotopes
and Associated Radionuclides
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represent less than a few percent
of the total americium inventory
at a site. Americium-242m (the
“m” means metastable) has a
half-life of 150 years, and it
decays by isomeric transition.
Americium-243 is generally not
a major concern at DOE sites
given its low abundance relative
to americium-241 and low specific activity.

IT = isomeric transition, EC = electron capture, Ci = curie, g = gram, and
MeV = million electron volts; a dash means that the entry is not applicable.
(See the companion fact sheet on Radioactive Properties, Internal
Distribution, and Risk Coefficients for an explanation of terms and
interpretation of radiation energies.) Americium-242 decays by two means:
by emitting a beta particle (83%) and by electron capture (17%). Certain
properties of americium-242 and neptunium-239 are included here because
these radionuclides accompany the americium decays. Values are given to
two significant figures.

Where Does It Come From? Americium is a byproduct of plutonium production activities and results
from the successive capture of neutrons by plutonium. The most common isotope is americium-241, a decay
product of plutonium-241. When plutonium-239 absorbs two neutrons it produces plutonium-241, which
decays by emitting a beta particle with a fairly short half-life of 14 years to generate americium-241.
Americium-243 is produced in a similar manner from the decay of plutonium-243, which decays by emitting
a beta particle with a half-life of 5 hours. Successive neutron absorptions of the isotope americium-241can
produce both americium-242m and americium-243.

How Is It Used? The most common use of americium is in smoke detectors. These detectors rely on the
alpha particle associated with the decay of americium-241 to ionize the air in a gap between two electrodes,
causing a very small electrical current to flow between them. When smoke enters the space between the
electrodes, the alpha radiation is absorbed by the soot particles, the current is interrupted, and the alarm is
sounded. Alpha particles from smoke detectors do not themselves pose a health hazard, as they are absorbed
in a few centimeters of air or by the structure of the detector. Americium is also used as a portable source for
gamma radiography, for crystal research, and as target material in nuclear reactors or particle accelerators to
produce even heavier elements. A common neutron source is composed of americium-241 and beryllium.
The alpha particle given off during the radioactive decay of americium-241 is absorbed by beryllium-9,
producing carbon-12 and a neutron. Such devices can be used for the nondestructive testing of machinery
and equipment and for other industrial applications.



What’s in the Environment? Atmospheric testing of nuclear weapons, which ceased worldwide by 1980,
generated most environmental americium. Accidents and other releases from weapons

production facilities have caused localized contamination. Americium oxide is the most

common form in the environment. Average americium-241 levels in surface soil are about

0.01 picocuries (pCi)/g. Americium is typically quite insoluble, although a small fraction can

become soluble through chemical and biological processes. It adheres very strongly to soil,

with americium concentrations associated with sandy soil particles estimated to be 1,900 times higher than in
interstitial water (the water in the pore spaces between the soil particles); it binds more tightly to loam and
clay soils so those concentration ratios are even higher. At DOE sites such as Hanford, americium can be
present in areas that contain waste from the processing of irradiated fuel.

What Happens to It in the Body? Americium can be taken into the body by eating food, drinking water,
or breathing air. Gastrointestinal absorption from food or water is a likely source of internally deposited
americium in the general population. After ingestion or inhalation, most americium is excreted from the
body within a few days and never enters the bloodstream; only about 0.05% of the amount taken into the
body by ingestion is absorbed into the blood. After leaving the intestine or lung, about 10% clears the body.
The rest of what enters the bloodstream deposits about equally in the liver and skeleton where it remains for
long periods of time, with biological retention half-lives of about 20 and 50 years, respectively (per
simplified models that do not reflect intermediate redistribution). The amount deposited in the liver and
skeleton depends on the age of the individual, with fractional uptake in the liver increasing with age.
Americium in the skeleton is deposited uniformly on cortical and trabecular surfaces of bones and slowly
redistributes throughout the volume of mineral bone over time.

What Are the Primary Health Effects? Americium is generally a health hazard only if it is taken into
the body, although there is a small risk associated with the gamma rays emitted by neptunium-239, a
radioactive decay product of americium-243. The main means of exposure are ingestion of food and water
containing americium isotopes and inhalation of americium-contaminated dust. Ingestion is generally the
exposure of concern unless there is a nearby source of contaminated airborne dust. Because americium is
taken up in the body much more readily if inhaled rather than ingested, both exposure routes can be
important. The major health concern is tumors resulting from the ionizing radiation emitted by americium
isotopes deposited on bone surfaces and in the liver.

What Is the Risk? Lifetime cancer mortality risk
coefficients have been calculated for nearly all
radionuclides, including americium (see box at
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with the gamma ray emitted by its short-lived decay product neptunium-239. The external risk for the other
two americium isotopes is less than 10% of that for americium-243.
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What isamericium-241?

Americium is aman-made radioactive metal that exists
asasolid under normal conditions. Americiumis
produced when plutonium absorbs neutrons in nuclear
reactors and nuclear weapons tests.

Americium occursin several forms called isotopes.
The most common isotope is americium-241.

What arethe uses of americium-2417?

Americium when blended with beryllium is used as a
neutron source in the testing of machinery and in
thickness gauges in the glass industry. Americium alsois
used as a radiation source in medical diagnostic devices
and in research. Itiscommonly used in minute amounts
in smoke detectors as an ionization source.

How does americium-241 changein the
environment?

Americium-241 isformed in the environment by the decay
of plutonium contamination from nuclear weapons
production and testing. Americium-241 is an unstable
isotope. Asamericium decays, it releases radiation and
forms “daughter” elements. The first decay product of
americium-241 is neptunium-237, which al so decays and
forms other daughter elements. The decay process
continues until stable bismuth is formed.

The radiation from the decay of americium-241 and its
daughtersisin the form of alpha particles, beta particles,
and gammarays. Alphaparticles can travel only short
distances and generally will not penetrate the outer layer

of human skin. Gammarays can penetrate the body. Beta

particles are generally absorbed in the skin and do not
pass through the entire body. The time in which half the
atoms of a radioactive substance disintegrate to another
nuclear form is known as the half-life. The half-life of
americium-241 is about 432 years.

How ar e people exposed to americium-2417?

Americium has been released to the environment primarily
by atmospheric testing of nuclear weapons.
Concentrations of americium introduced into the
environment through nuclear weapons production
operations have been negligible compared with those
released during atmospheric testing of nuclear explosives.

Weapon sites and industries that manufacture smoke
detectors are potential sources of exposure from
americium-241. Potential pathways of exposure include
ingestion, inhalation, and the external pathway from
gammaradiation.

How does americium-241 get into the body?

Americium can enter the body when it isinhaled or
swallowed. When inhaled, the amount of americium that
remains in the lungs depends upon the particle size and
the chemical form of the americium compound. The
chemical forms that dissolve easily may be absorbed
through the lung and pass into the blood stream. The
forms that dissolve less easily are typically swallowed
where some may pass into the blood stream and the
remainder will pass through the feces. However, some
undissolved material may also remain in the lung.

Isthereamedical test to determine exposure
to americium-241?

Tests are available that can reliably measure the amount
of americium in aurine sample, even at very low levels.
These measurements can be used to estimate the total
amount of americium present in the body. There are also
tests to measure americium in soft tissues (such as body
organs), feces, bones, and breast milk. Whole body
testing and nasal smears may also be used to measure
americium in the body. These tests are not routinely
available in adoctor’s office because special laboratory
equipment is required.




How can americium-241 affect people's
health?

Because americium emits al pha particles, americium poses
asignificant risk if enough is swallowed or inhaled. Once
in the body, americium tends to concentrate primarily in
the skeleton, liver, and muscle. It generally staysin the
body for decades and continues to expose the
surrounding tissues to radiation. This may eventually
increase a person’s chance of developing cancer, but
such cancer effects may not become apparent for several
years. Americium, however, also can pose arisk from
direct external exposure.

What recommendations has the Environmental
Protection Agency made to protect human
health?

Please note that the information in this section is limited
to recommendations EPA has made to protect human
health from exposure to americium-241. General
recommendations EPA has made to protect human health,
which cover all radionuclides including americium-241, are
summarized in the Introduction section of this booklet.

EPA has established a Maximum Contaminant Level
(MCL) of 15 picocuries per liter (pCi/l) for total alpha
particle activity, excluding radon and uranium, in drinking
water. Americium-241 would be covered under thisMCL.


http://www.epa.gov/superfund/resources/radiation/pdf/introglos.pdf
http://www.epa.gov/superfund/resources/radiation/

