Uranium: Its Uses and Hazards

First discovered in the 18th century, uranium is an element found everywhere on Earth, but
mainly in trace quantities. In 1938, German physicists Otto Hahn and Fritz Strassmann showed
that uranium could be split into parts to yield energy. Uranium is the principal fuel for nuclear
reactors and the main raw material for nuclear weapons.

Natural uranium consists of three isotopes: uranium-238, uranium-235, and uranium-234.
Uranium isotopes are radioactive. The nuclei of radioactive elements are unstable, meaning they
are transformed into other elements, typically by emitting particles (and sometimes by absorbing
particles). This process, known as radioactive decay, generally results in the emission of alpha or
beta particles from the nucleus. It is often also accompanied by emission of gamma radiation,
which is electromagnetic radiation, like X-rays. These three kinds of radiation have very
different properties in some respects but are all ionizing radiation--each is energetic enough to
break chemical bonds, thereby possessing the ability to damage or destroy living cells.

Summary of Uranium Isotopes

Percent in natural | No. of No. of Half-Life (in
Isotope . ‘
uranium Protons Neutrons years)
Uranium-238 99.284 92 146 4.46 billion
Uranium-235 0.711 92 143 704 million
Uranium-234 0.0055 92 142 245,000

Uranium-238, the most prevalent isotope in uranium ore, has a half-life of
about 4.5 billion years; that is, half the atoms in any sample will decay in that
amount of time. Uranium-238 decays by alpha emission into thorium-234,
which itself decays by beta emission to protactinium-234, which decays by
beta emission to uranium-234, and so on. The various decay products,
(sometimes referred to as "progeny" or "daughters") form a series starting at
uranium-238. After several more alpha and beta decays, the series ends with
the stable isotope lead-206.
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Uranium-238 emits alpha particles which are less penetrating than other forms of radiation, and
weak gamma rays As long as it remains outside the body, uranium poses little health hazard
(mainly from the gamma-rays). If inhaled or ingested, however, its radioactivity poses increased
risks of lung cancer and bone cancer. Uranium is also chemically toxic at high concentrations
and can cause damage to internal organs, notably the kidneys. Animal studies suggest that
uranium may affect reproduction, the developing fetus,(1) and increase the risk of leukemia and
soft tissue cancers.(2)

The property of uranium important for nuclear weapons and nuclear power is its ability to
fission, or split into two lighter fragments when bombarded with neutrons releasing energy in the
process. Of the naturally-occurring uranium isotopes, only uranium-235 can sustain a chain
reaction-- a reaction in which each fission produces enough neutrons to trigger another, so that
the fission process is maintained without any external source of neutrons.(3) In contrast,
uranium-238 cannot sustain a chain reaction, but it can be converted to plutonium-239, which
can.(4) Plutonium-239, virtually non-existent in nature, was used in the first atomic bomb tested
July 16, 1945 and the one dropped on Nagasaki on August 9, 1945.

The Mining and Milling Process

Traditionally, uranium has been extracted from open-pits and underground mines. In the past
decade, alternative techniques such in-situ leach mining, in which solutions are injected into
underground deposits to dissolve uranium, have become more widely used. Most mines in the
U.S. have shut down and imports account for about three-fourths of the roughly 16 metric tons of
refined uranium used domestically each year -- Canada being the largest single supplier.(5)

The milling (refining) process extracts uranium oxide (U3Os) from ore to form yellowcake, a
yellow or brown powder that contains about 90 percent uranium oxide.(6) Conventional mining
techniques generate a substantial quantity of mill tailings waste during the milling phase, because
the usable portion is generally less than one percent of the ore. (In-situ leach mining leaves the
unusable portion in the ground, it does not generate this form of waste). The total volume of mill
tailings generated in the U.S. is over 95 percent of the volume of all radioactive waste from all
stages of the nuclear weapons and power production.(7) While the hazard per gram of mill



tailings is low relative to most other radioactive wastes, the large volume and lack of regulations
until 1980 have resulted in widespread environmental contamination.

Moreover, the half-lives of the principal radioactive components of mill tailings, thorium-230
and radium-226 are long, being about 75,000 years and 1,600 years respectively.

The most serious health hazard associated with uranium mining is lung cancer due to inhaling
uranium decay products. Uranium mill tailings contain radioactive materials, notably radium-
226, and heavy metals (e.g., manganese and molybdenum) which can leach into groundwater.
Near tailings piles, water samples have shown levels of some contaminants at hundreds of times
the government's acceptable level for drinking water.(8)

Mining and milling operations in the U.S. have disproportionately affected indigenous
populations around the globe. For example, nearly one third of all mill tailings from abandoned
mill operations are on lands of the Navajo nation alone.(9) Many Native Americans have died of
lung cancers linked to their work in uranium mines. Others continue to suffer the effects of land
and water contamination due to seepage and spills from tailings piles.(10)

Conversion and Enrichment

Uranium is generally used in reactors in the form of uranium dioxide (UO;) or uranium metal;
nuclear weapons use the metallic form. Production of uranium dioxide or metal requires
chemical processing of yellowcake. Further, most civilian and many military reactors require
uranium that has a higher proportion of uranium-235 than present in natural uranium. The
process used to increase the amount of uranium-235 relative to uranium-238 is known as
uranium enrichment.

U.S. civilian power plants typically use 3 to 5 percent uranium-235. Weapons use "highly
enriched uranium" (HEU) with over 90 percent uranium-235. Some research reactors and all
U.S. naval reactors also use HEU.

To enrich uranium, it must first be put in the chemical form uranium hexafluoride (UFs). After
enrichment, UF6 is chemically converted to uranium dioxide or metal. A major hazard in both
the uranium conversion and uranium enrichment processes comes from the handling of uranium
hexafluoride, which is chemically toxic as well as radioactive. Moreover, it reacts readily with
moisture, releasing highly toxic hydrofluoric acid. Conversion and enrichment facilities have had
a number of accidents involving uranium hexafluoride.(11)

The bulk of waste from the enrichment process is depleted uranium--so-called because most of
the uranium-235 has been extracted from it. Depleted uranium has been used by the U.S. military
to fabricate armor-piercing conventional weapons and tank armor plating. It was incorporated
into these conventional weapons without informing armed forces personnel that depleted
uranium is a radioactive material and without procedures for measuring doses to operating
personnel.

The enrichment process can also be reversed. Highly enriched uranium can be diluted, or
"blended down" with depleted, natural, or very low-enriched uranium to produce 3 to 5 percent



low-enriched reactor fuel. Uranium metal at various enrichments must be chemically processed
so that it can be blended into a homogeneous material at one enrichment level. As a result, the
health and environmental risks of blending are similar to those for uranium conversion and
enrichment.

Regulations in the U.S.

In 1983 the federal government set standards for controlling pollution from active and
abandoned mill tailings piles resulting from yellowcake production. The principal goals of
federal regulations are to limit the seepage of radionuclides and heavy metals into groundwater
and reduce emissions of radon-222 to the air. Mandatory standards for decommissioning nuclear
facilities including conversion and enrichment facilities are only now being developed by the
U.S. Environmental Protection Agency and the U.S. Nuclear Regulatory Commission (NRC). So
far, the NRC has been using guidelines developed by its staff in 1981 to oversee
decommissioning efforts.(12)

The Future

Uranium and associated decay products thorium-230 and radium-226 will remain hazardous for
thousands of years. Current U.S. regulations, however, cover a period of 1,000 years for mill
tailings and at most 500 years for "low-level" radioactive waste. This means that future
generations--far beyond those promised protection by these regulations--will likely face
significant risks from uranium mining, milling, and processing activities.
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