CHAPTER 32 IONIZING RADIATION AND NUCLEAR ENERGY
Ionizing Radiation
Ionizing radiation is defined as photons or moving particles that have enough energy to remove an electron from an atom or molecule to form an ion. Ultraviolet, x-rays, gamma rays, alpha particles, beta particles, and neutrons are the types we will consider.

The amount of energy needed to ionize an atom or molecule varies from 1 to 35 eV so a single bit of ionizing radiation which normally has several MeV can create many ions.

This can be harmful to living organisms since the creation of these ions can result in the death of cells and even the death of the entire organism.

Exposure is defined as the amount of ionization produced in air by radiation. It is determined by passing a beam of this radiation through a standard mass m of dry air at 0˚ C and 1 atmosphere of pressure. The amount of charge produced in Coulombs divided by the mass of air in kilograms is called exposure. The unit is C/kg.

An older unit called the Roentgen is still in use. One R = 2.58 x 10-4 C/kg.

Since the effect of radiation on air is not the same as the effect of radiation on living tissue, a different quantity called absorbed dose is a better indicator of changes caused by radiation in living tissue.
Absorbed dose is equal to the energy absorbed in joules divided by the mass of the absorbing tissue in kilograms. The basic unit of absorbed dose is the Gray(Gy) which is 1 j/kg. A smaller unit called the rad(radiation absorbed dose) has been used and is equal to .01 Gy.

Some types of radiation interact with tissue more efficiently than others. This difference is expressed as a relative biological effectiveness (RBE)or quality factor. X-rays and Gamma rays are considered to have an RBE of 1 as are Beta particles. Protons, Alpha particles and neutrons with similar energies cause more damage and can have RBE factors ranging from 2 to 20.
If the RBE factor is multiplied by the  absorbed dose in rads, the Biologically equivalent dose is calculated in rems(radiological equivalent man).

A newer unit called the Sievert(Sv) has replaced the rem as the metric unit of biologically equivalent dose. 1 Sv = 100 rems.

Example 

A 75 kg person is exposed to 45 mrem of x-ray radiation. How much energy has the person absorbed in joules? 

Background radiation from natural sources such as cosmic rays, radioactive nuclei within our own bodies and our environment, such as C-14 and Radon, is present 24 hours a day.
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Biologically
Equivalent
Dose
Source of Radiation (mrem/yr)®
Natural background
radiation
Cosmic rays 2
Radioactive earth
and air 2
Internal radio-
active nuclei 39
Inhaled radon =200
Man-made radiation
Consumer products 10
Medical/dental
diagnostics. 39
Nuclear medicine _14

Rounded total: 360

*National Council on Radiation Protection
and Measurements, Report No. 93, “lonizing
Radiation Exposure of the Population of the
United States.” 1987.

*Lmrem = 1077 rem




Radiation sickness is the term applied to the acute effects of radiation usually due to a single dose. Nausea, vomiting, fever, diarrhea, and alopecia are common symptoms. A whole body dose between 50 and 300 rems will cause symptoms in most people. A dose between 400 rems  and 500 rems is called LD50 since it causes death in about 50% of the people exposed at this level. A whole body dose in excess of 600 rems causes death in nearly 100% of the people exposed.
Members of the general population should not be exposed to more than 500 mrems per year. People working in fields utilizing forms of nuclear radiation (such as a radiation therapist) should not receive more than 5 rems per year.l

