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DEFINITION OF TERMS 

Several terms and concepts are essential to understanding radiological assessments. Therefore, the key terms are introduced below: 

RADIATION/RADIOACTIVITY MEASURES 

Radiation and radioactivity are distinct concepts. Both are directly measurable, but not simply related to dose. Radiation is the transport of energy by photons, charged particles (alpha, beta, protons.), or neutrons. Its measure quantifies the amount of energy available for ionization or absorbed in a mass of material. Exposure is the most common type of field radiation measurement. Its unit of measure is the Roentgen (R). Radioactivity describes the amount of material producing radiation. Its measure quantifies the rate of nuclei undergoing decay by emitting radiation. The number of decays per second is defined as Curies (Ci) or Becquerels (Bq). The concentration of radioactivity is reported per unit area or mass.

Exposure Roentgen (R) 

The Roentgen is a unit used to measure a quantity called exposure. This can only be used to describe an amount of gamma and x-rays, and only in air. One Roentgen is equal depositing to 2.58 × 10-4 coulombs per kg of dry air. It is a measure of the ionizations of the molecules in a mass of air. The main advantage of this unit is that it is easy to measure directly, but it is limited because it is only for deposition in air, and only for gamma and x-rays. Absorbed Dose (RAD) The RAD is a unit used to measure a quantity called absorbed dose. This relates to the amount of energy that is actually absorbed in some material; it is used for any source of radiation and any material. One RAD is defined as the absorption of 100 ergs per gram of material. The unit RAD can be used for any of radiation, but it does not describe the biological effects of the different radiations. 

In SI units 100 RAD = 1 Gray 

Dose Equivalent (REM) 

The rem is a unit used to derive a quantity called equivalent dose. This relates the absorbed dose in human tissue to the effective biological damage of the radiation. Not all radiation has the same biological effect, even for the same amount of absorbed dose. Equivalent dose is often expressed in terms of thousandths of a rem, or mrem. To determine equivalent dose (rem), the absorbed dose (RAD) is multiplied by a quality factor (Q) that is unique to the incident radiation. In SI Units 100 REM = 1 Sievert Curie (Ci) The curie is a unit used to measure a radioactivity. One curie is the amount of radioactivity in one gram of Radium, the element that was discovered by Madame Curie. It is also the quantity of a radioactive material that will have 37,000,000,000 transformations in one second. Often radioactivity is expressed in smaller units like: thousandths (mCi), one millionths (uCi), or even billionths (nCi) of a curie. The relationship between Becquerel and curie is 3.7 × 1010 Bq in one curie. 

In SI units 1Bequerel (Bq) = 1 disintegration per second (dps) 

COMMITTED EFFECTIVE DOSE EQUIVALENT 

Committed effective dose equivalent (CEDE) means the sum of the committed dose equivalents to various tissues in the body, each multiplied by the appropriate weighting factor.

Committed Dose Equivalent 

Committed dose equivalent (CDE) means the dose equivalent calculated to be received by a tissue or organ over a 50-year period after the intake of a radionuclide into the body. It does not include contributions from radiation sources external to the body. 

Effective Dose Equivalent 

Effective Dose Equivalent (EDE) is the sum of the products of the dose equivalent to the body organ or tissue and the weighting factors applicable to each of the body organs or tissues that are irradiated. 

Total Effective Dose Equivalent 

Total Effective Dose Equivalent (TEDE) is the sum of the Committed Effective Dose Equivalent, CEDE, (for internal exposures) and the Effective Dose Equivalent, EDE, (for external exposures). 

Protective Action Guide 

The PAG is the projected dose to reference man, or other defined individual, from an accidental release of radioactive material at which a specific protective action to reduce or avoid that dose is warranted. The PAGs are then expressed in terms of measurable quantities called derived response levels (DRLs) or derived intervention levels (DILs), which may be exposure rate or the concentration of radioactivity (EPA92). 

There are several distinct PAGs. 

Evacuation and Sheltering 

Evacuation is the urgent removal of people from an area to avoid or reduce high-level, short-term exposure, usually from the plume or from deposited radioactive materials. Evacuation may be a preemptive action taken in response to a facility condition rather than an actual release. Sheltering is the use of a structure for radiation protection from an airborne plume and/or deposited radioactive materials. Effectiveness diminishes with time due to infiltration. Evacuation and sheltering should be initiated at a projected TEDE of 1,000 mrem and 5,000 mrem for relatively immobile special groups. Other dose limits (CDE) apply to particular organs. 

Early Phase 

The Early Phase is the period at the beginning of a nuclear incident when immediate decisions for effective use of protective actions are required. These decisions must be based primarily on predictions of radiological conditions in the environment. This phase may last from hours to days. For the purpose of dose projection, it is assumed to last for four days. Evacuation should be initiated to avoid a TEDE of 1,000 mrem in the next 4 days. 

Relocation 

The removal or continued exclusion of people (households) from contaminated areas to avoid chronic radiation exposure. Relocation should be initiated to avoid a TEDE of 2,000 mrem in the first year. 

Long-Term Objectives

The objectives are to conduct recovery actions designed to reduce radiation levels in the environment to permanently acceptable levels. This period may extend from months to years following the event. Relocation and mitigation measures should be considered to avoid a TEDE of 500 mrem during the second year or 5,000 mrem over 50 years (including the first and second years).
Excerpted from the FRMAC Assessment Manual, Vol 1.  For full text, see http://www.nv.doe.gov/programs/frmac/manuals.htm 


