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IntroductIon

Many people are unaware that naturally occurring ra-
dioactive elements are commonly found in geological ma-
terials, soils, and groundwater in Illinois. Natural occur-
rences of radon in homes and radium in some groundwater 
supplies in Illinois have been discussed in the press, in part 
because exposure to radioactivity is feared and poorly un-
derstood. The debate over siting of facilities to store ra-
dioactive wastes still has not been resolved. This chapter 
reviews basic information about radiation to clarify issues 
associated with radioactive elements and human exposure 
to them.

Radiation is a broad term that includes sunlight, heat, 
radio waves, and microwaves. It is also used to refer to the 
ionizing radiation given off by elements that contain un-
stable or radioactive atoms that change, or decay. With each 
decay of a radioactive element, energy is released, and, in 
most cases, a particle is ejected. Radioactive decay contin-
ues until the element has been transformed into a stable 
or nonradioactive element. Three types of energy released 
during radioactive decay are mentioned here: alpha, beta, 
and gamma. Each type has different intensities, strengths, 
and potential health effects. Slow-moving alpha particles 
are produced when a decaying element releases two protons 
and two neutrons. Alpha emitters are dangerous when they 
are ingested or inhaled. Beta particles are produced when 
electrons are released during radioactive decay. They move 
near the speed of light, have an electrical charge, and can be 
harmful when emitted inside the body. Gamma radiation 
is produced during radioactive decay as a way of releasing 
energy. Gamma radiation has no electrical charge but has 
great penetrating power that can damage tissue. The types 
of radioactive decay influence how these radioactive ele-
ments occur in the environment and their impact on public 
health.

radIoactIve decay
Each radioactive element decays at a different rate, and 

the time it takes for an element to be reduced by one-half of 
its initial amount is called its half-life. An element’s half-life 
can range from a fraction of a second to more than a billion 
years. For example, the half-life of cesium-137 (137Cs), one 
of the elements produced in nuclear explosions, is 37 years. 

Along with other radioactive fallout, 137Cs was deposited 
over Illinois as a result of atmospheric testing of nuclear 
weapons between 1954 and 1969. The 137Cs that was pro-
duced in 1967 is now half gone; by 2337, that 137Cs will have 
gone through ten half-lives and could then be considered 
no longer present. 

The concept of half-life is very important in predicting 
the effects that a particular radioactive material will have 
on the environment and on human health. In general, the 
shorter the half-life of an element is, the greater the risk, 
because there will be more decay events per unit of time. 
However, a highly radioactive element with a short half-
life that occurs at very low concentrations does not pose as 
great a threat to health as a less radioactive, but more abun-
dant element. Elements that have long half-lives, however, 
can pose a hazard for hundreds of years.

Radioactivity is measured in units of activity or num-
ber of decay events per unit of time. Radiation levels are 
commonly reported in Curies (Ci), where 1 Ci is defined as 
37 billion disintegrations per second. Commonly encoun-
tered levels are in the range of picocuries (pCi); 1 pCi equals 
0.037 disintegrations per second, or 2.22 disintegrations per 
minute. A newer unit now being used is the becquerel (Bq), 
and 1 Bq is equal to one disintegration per second; 1 Bq is 
equal to 27 pCi. Concentrations are then expressed as the 
activity per volume (picocuries per liter) or mass (picocu-
ries per gram). The relative damage that radiation exposure 
causes to cells is measured in rem units. Regulations that 
are designed to limit the exposures of radiation commonly 
measure millirems (mrems) per year. The average annual 
exposure of an Illinois citizen from all sources is about 360 
mrems. Of this total, natural radon and its decay products 
contribute 55% (Table 26-1).

Human exposure to radIatIon
The major (82%) source of exposure to humans is 

radiation from natural environmental sources (National 
Council on Radiation Protection and Measurements 1975). 
Exposure from terrestrial radiation arises from radioactive 
elements called radionuclides that are distributed in earth 
materials or have been transferred from the Earth to the 
atmosphere or hydrosphere. Water (as groundwater or soil 
moisture) plays an important role in the movement of ra-
dionuclides in geological materials. The significant natural 


