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Introduction
and
Definitions

Although our society has been concerned for some time with the potential radioactive contamination of the environment resulting from the technological exploitation of nuclear energy, the fact is that the universe is and always has been permeated with radiation, and at the present time there are about a billion rays traveling through space for every elementary particle of matter.  This remarkable set of circumstances has been evolving for 10 billion years.  The depth and scope of radiation safety is conservative; i.e., they over estimate the risk of harmful effects.

The development of radiation technology left its casualties -- physicists, radiologists, radiation chemists -- researchers who have investigated the properties and uses of radiation without appreciating their capacity for destructive effects in living matter.

It was very soon after the discovery of X-rays that it became apparent that these new rays had both beneficial and harmful effects.  It wasn’t until 1920 and the plight of radium dial painters that the US Government and scientists began to seriously contemplate setting up standards for protection against radiation injury.

During World War I, it was found that radium paint, a mixture of radium and phosphor, could be used to illuminate airplane instruments.  Thus an industry grew up in the eastern US (mainly in New Jersey.)  After the war the radium industry switched from military to civilian applications, painting watch and clock dials and faces.  Young girls were employed in this industry.  It was custom for them to form a fine point on their brush by shaping it between their lips, before dabbing the radium paint on the watch.  Subsequently, from this procedure, they ingested small amounts of radium.  During this period it was estimated that over four million watches had radium painted dials.  Between 1921 and 1924 nine radium workers died of severe, unexplained cancer causes, accompanied by destructive lesions of the mouth and jawbones.  The medical cause of death was eventually associated to the radium.

All the effects known to be caused by radiation exposures are duplicated by exposure to some other type of toxic agent and none that are uniquely tied to radiation have yet been discovered.

An estimate of the hazard associated with exposure to low levels of radiation likely to be encountered with routine use of radioisotope sources is complicated by the elusive nature of the possible effects.  For the levels of exposure set by regulatory agencies no prompt or delayed consequences of any kind can be measured.  Possible effects are sufficiently subtle so that they are lost in the normal variations which are inevitable when comparing one group of workers or subset of the population with another.  Estimates of the hazard must then be made on limited data from exposures to much higher levels.

Ultimately, all of the standards for radiation are tied back to radiobiology data.  In the earliest standards, this data was chiefly from animal experiments.  As experience has grown, more and more human data has been obtained through the use of radiation in a variety of medical treatments, through data from occupational workers, from radiation accidents and from survivors of the Japanese atomic bombings.  Unfortunately though, much of the data has been obtained at doses and dose rates well in excess of those encountered in the workplace so that some assumption must be made in extrapolating these observable effects to the lower dose.

Some recent studies suggest that radiation appears to be beneficial to health at low levels.  This is a very controversial area of study.  More to the point is that the actual degree of harm of low levels of exposure to radiation is unknown.  Therefore the NRC and health physicists take a conservative approach of minimizing any exposure to any radiation.  Although the word “safe” is commonly used in referring to radiation exposure, it should be clearly understood that NO amount of radiation, regardless of the amount, can be considered 100% safe.  “Biologically acceptable” is a more descriptive term in that no individual receiving up to that amount would be expected to develop manifestations of radiation injury.
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It must be pointed out that exposure to radiation is nothing new.  From the time we first appeared on this earth we have been receiving about 320 mrems per year from natural sources such as rocks, cosmic rays, air, food, and water.  The amount of background radiation is not constant around the Earth, some areas are a lot higher than others.


[image: image2.wmf]1/30/97

Background

Radiation

Background

Background

Radiation

Radiation

15 mrem/yr.

0.01 mrem/yr.

0.1 mrem/yr.

0.7 mrem/yr.

4 mrem/flight

700 mrem/film

27 mrem/film

0.5 mrem/yr.

RAD_INTRO_05

200 mrem/yr

Radon


As time advanced more radiation sources have become a part of daily life.  But remember, the difference here is that these are doses due to things that we accept in the normal course of life.  Exposure to radiation from Army equipment is mostly avoidable and as such must be minimized.

Radiation:  The emission or propagation of energy or matter in the form of energy waves or particles.
Radioactivity:  The spontaneous decay of a material resulting in the release of ionizing radiation.  For a substance to be considered Radioactive Material it must emit ionizing radiation as a result of nuclear disintegration.  
The Department of Transportation considers a material Radioactive if the rate of nuclear disintegration exceeds 0.002 microcuries ((Ci) per gram.  The NRC looks at the activity of the radionuclide and determines whether it is licensable or not.  These activities can be found in Title 10 of the Code of Federal Regulations, in parts 30, through 40.  The Environmental Protection Agency demands clean up of contamination to levels as low as 0.000001 µCi/gm.  The Army has contamination limits that depend on the radiation emitted by the isotope.  These limits can be found in the Appendix.
Ionization:  The process by which electrons are added to or removed from an atom.

Isotope:  Different forms of the same element having identical chemical properties but differing in atomic mass (have different numbers of neutrons).
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Background Radiation:  is radiation from cosmic sources, naturally occurring radioactive materials, and global fallout as it exists in the environment from the testing of nuclear explosive devices. "Background radiation" does not include radiation from source, byproduct, or special nuclear materials regulated by the NRC.  Background radiation is not constant.  It varies depending on many factors to include geographical location, altitude, mineral content of the soil, material content of surrounding structures, and industrial activity in the area. NRC says it varies from 100 to 300 mrem/year.
NRC Licensed Material:  Source material, special nuclear material, or byproduct material received, possessed, used, transferred or disposed of under a general or specific license issued by the NRC.

Lost / Missing Licensed Material:  Licensed material whose location is unknown.  It includes material that has been shipped but has not reached its destination and whose location cannot be readily traced in the transportation system.  When licensed material is lost or stolen the loss or theft must be reported within 4 hours after discovery of the event.

Alpha Particles:  Particles emitted from the nucleus of a radioactive atom.  These particles travel at speeds from 9,000 to 20,000 miles per second and have 2 protons and 2 neutrons but no electrons.  These particles have an extremely high ionizing ability because of their positive electrical charge that attracts electrons from other atoms.  Because of their size though, they have very little penetrating ability and are easily shielded.  They travel only a short distance in air, typically 2 - 8 cm, and can not penetrate the outer layer of dead skin.  A single sheet of tissue paper can totally stop alpha particle radiation.  Alpha particles are chiefly an internal radiation hazard.

Beta Particles:  Come from inside the nucleus of a radioactive atom.  These particles can be either negatively or positively charged and have a rest mass equal to an electron.  The amount of energy carried by a beta particle can vary a great deal depending on the radionuclide from which it is emitted.  In air, beta particles can travel from a few millimeters to several feet depending on their energy.  The ionization ability of a beta particle is less than that of an alpha particle, so it is much more penetrating.  These factors normally make beta emitters a less serious internal hazard than alpha emitters.  However, since high energy beta particles can penetrate the skin and damage living cells, some beta emitters are an external radiation hazard.

Gamma Rays:  This type of radiation is not particulate.  They are short wave length photons with no mass or charge that are emitted from the nucleus of a radioactive atom.  Except for their origin they are very much like x-rays and are the most penetrating form of radiation.  Compared to alpha and beta radiation, gamma rays travel great distances in air, typically about 25 feet, and require heavy shielding material such as lead or depleted uranium.  Gamma radiation is primarily considered to be external radiation hazard.

Half-Life:  The amount of time it takes for half of the mass of a material to disintegrate through radioactive decay.  For example, the radiological half-life of tritium is 12.3 years.  If you started with a 10 Ci source, after 12.3 years it would be a 5 Ci source.  After another 12.3 years it would be only 2.5 Ci and so on.  
Activity:  The rate of disintegration (transformation) or decay of radioactive material.  The units of activity are the curie (Ci) and the becquerel (Bq).
Absorbed Dose:  The energy imparted by ionizing radiation per unit mass of irradiated material.  The units of absorbed dose are the rad and the gray (Gy).

Dose Equivalent:  The product of the absorbed dose in tissue, quality factor, and all other necessary modifying factors at the location of interest. The units of dose equivalent are the rem and sievert (Sv).
Quality Factor:  The modifying factor that is used to derive dose equivalent (rem) from absorbed dose (rad).

Units of Measure

Curie

The activity level of a radioactive material expressed in terms of the number of atoms that will disintegrate (decay) per second.  One curie (Ci) is the amount of activity in which 37 billion (3.7 X 1010) atoms disintegrate per second. Curie is being replaced by the Becquerel; a Systeme Internationale (SI) unit equal to 1 disintegration per second

RAD

(Roentgen Absorbed Dose)

A unit of measure used to define the absorbed dose of ionizing radiation.  One RAD equals the amount of energy of 100 ergs (a measure of energy) per gram of irradiated material. The SI unit replacing the RAD is the Gray equal to 100 RADs.

REM

(Roentgen Equivalent Man)

A unit of measure adopted in 1968 used to express the dose equivalent and takes into account the damage done by various types of radiation on living tissue.  It is defined as the amount of energy absorbed in the body and indicates the biological damage to human tissue.  One rem equals the dose in rads times a quality factor. The SI unit is the Sievert which is equal to 100 rem,
To many people not accustomed to working around radioactive materials these terms can be confusing.  To help sort these units of measure out it might be helpful to show an analogy with something a bit more familiar.  As we all know, a common light bulb is generally designed to be used at a specific voltage level.  Lets call this the CURIE rating of the light bulb.  How much light a bulb is going to emit is commonly expressed as the wattage of the bulb (100 watt bulbs are much brighter than 50 watt bulbs).  Since a watt is a measure of energy, it would be similar to the RAD unit of measure for radioactivity.  Now, to continue this analogy, I must invent a new unit of measure.  It is common knowledge that after a light bulb has been on for a while it can get quite hot; hot enough to damage human tissue.  Lets call this the owie rating of the bulb.  A 100 watt incandescent bulb might be rated at 100 owies whereas a 100 watt fluorescent bulb might only be 10 owies.  Our new owie unit of measure is analogous to the REM.

The international units used to express these values are the becquerel, gray, and sievert respectively.  As to which units you are more likely to see in the field, 10CFR20.2101(a) states:

“Each licensee shall use the units: curie, rad, rem, including multiples and subdivisions, and shall clearly indicate the units of all quantities on records required by this part.”

This would seem to be a quite strong argument that the curie, rad, and rem are here to stay; but alas, that is not the case.  In true bureaucratic fashion, the NRC’s stance on this can best be seen in a response to a comment in the preamble to the new 10CFR20:

Response:  Although both the “special units” and the SI units appear in the text of part 20 (to increase the familiarity of licensees with the SI units), the Commission has decided that adoption of the SI units at this time is not necessary.  The Commission recognizes that the new terms and methodological approaches in the amendments to part 20 are complex and that imposition of the SI system of units on top of this complexity would further increase the potential for confusion.  Consequently, at the present time, the record keeping, reporting, and notification requirements require the use of the “special units,” the rad, the rem, and the curie.  However, as the national move to metrication continues, as anticipated in section 5164 of the Omnibus Trade and Competitiveness Act of 1988 (Pub. L. 100-418), at some later time there may be amendments to part 20 that would require the use of SI units only (becquerels, grays, and sieverts).

With this in mind, the following definitions of the international units are:

Becquerels

The activity level of a radioactive material expressed in terms of the number of atoms that will disintegrate (decay) per second.  One becquerel is equal to one disintegration per second.


Gray
A unit of measure used to define the absorbed dose of ionizing radiation.  One gray is equal to an absorbed dose of 1 Joule per kilogram.


Sievert
A unit of measure used to express the dose equivalent and takes into account the damage done by various types of radiation on living tissue.  It is defined as the amount of energy absorbed in the body and indication the biological damage to human tissue.  One sievert equals the absorbed dose in grays times a quality factor.

Basically, these definitions are quite similar to the curie, rad, and rem as far as what they are measuring.  This makes conversions between the different units of measure fairly straight forward.

1 curie (Ci) = 3.7 X 1010 becquerels (Bq)

1 rad = 0.01 gray (Gy)

1 rem = 0.01 sievert (Sv)


1 Bq = 1 Ci / 3.7 X 1010
1 Gy = 100 rad

1 Sv = 100 rem

External Dose:  That portion of a radiation dose received from radiation sources outside the body.

Internal Dose:  A radiation dose received from radioactive material taken into the body.

Somatic Effects:  Health effects that occur in the individual after an exposure.  These are effects to that individuals own body and can include reddening of the skin (beta burn), cancers, cataracts, etc.

Stochastic Effects:  Health effects that occur randomly and for which the probability of the effect occurring, rather than its severity, is assumed to be a linear function of dose without threshold.  Hereditary effects and cancer incidence are examples of stochastic effects.

Nonstochastic Effects:  Health effects, the severity of which varies with the dose and for which a threshold is believed to exist.  Radiation induced cataract formation is an example of nonstochastic effect (also called a deterministic effect).

Embryological Effects:  These effects are caused by cell damage to a living fetus or embryo and can result in abnormalities such as stunted size, mental retardation, or other birth defects.

Genetic Damage:  This type of effect may cause genetic mutations to appear in future generations.  Typically these will not appear until the second or third generation.

Occupational Dose:  The dose received by an individual in a restricted area or in the course of employment in which the individual's assigned duties involve exposure to radiation and to radioactive material from licensed and unlicensed sources of radiation, whether in the possession of the licensee or other person.  Occupational dose does not include dose received from background radiation, as a patient from medical practices, from voluntary participation in medical research programs, or as a member of the general public.  The occupational dose limit established by the NRC is a maximum of 5 rems per year for whole body exposure.




Public Dose:  The dose received by a member of the public from exposure to radiation and to radioactive material released by a licensee, or to another source of radiation either within a licensee's controlled area or in unrestricted areas. It does not include occupational dose or doses received from background radiation, as a patient from medical practices, or from voluntary participation in medical research programs.

[1]  The total effective dose equivalent to individual members of the public from any licensed operation cannot exceed 100 mrem per year.

[2]  The dose in any unrestricted area to individual members of the public from external sources cannot exceed 2 mrem per hour.



One of the most important changes to regulations issued by the NRC is the requirement to keep all exposures to radiation as low as reasonably achievable, (ALARA).  10CFR20.1101(b) states:

“The licensee shall use, to the extent practicable, procedures and engineering controls based upon sound radiation protection principles to achieve occupational doses and doses to members of the public that are as low as is reasonably achievable (ALARA).”

In 10CFR20.1003 the NRC further defines ALARA as:

“...making every reasonable effort to maintain exposures to radiation as far below the dose limits in this part as is practical consistent with the purpose for which the licensed activity is undertaken, taking into account the state of technology, the economics of improvements in relation to state of technology, the economics of improvements in relation to benefits to the public health and safety, and other societal and socioeconomic considerations, and in relation to utilization of nuclear energy and licensed materials in the public interest.”

The foundational basis of all radiation protection standards is that all exposures will be as low as reasonably achievable, with economic and social factors being taken into account.  The permissible levels of exposure represent upper limits; not levels below which exposures are OK.  Standards are all expressed in concrete numbers limiting radiation doses.  Through constant usage, numbers of this type can be taken for granted.  It is very easy to assume that there will be no problems or injuries in the limits are not exceeded.  This may be true, but, NO ONE can be absolutely sure of this in light of present knowledge.  Since the relationship between low level radiation exposure and biological damage is still uncertain and hotly debated, standards have been established on a very conservative basis.  The International Commission on Radiological Protection (ICRP) and the NRC have nevertheless taken the reasonable stand that all unnecessary exposure should be avoided, even if it is within established limits.

Controlling Exposure

The primary means for controlling exposure to external sources of radiation are:

DISTANCE
Radiation intensity from a point source rapidly decreases with distance from the source.  Doubling the distance decreases the amount of radiation by a factor of four.


TIME
The actual radiation dose received is time dependent.  Minimizing the time spent around radioactive material minimizes the potential dose.


SHIELDING
Low levels of Beta Radiation can be stopped completely by 0.5 inches of water, even less thickness of plastic, or less than 0.25 inches of glass.  Leather gloves can decrease the radiation dose to the hands by 50%.

Administrative, engineering controls, and personal attention to the principles of radiological protection are essential requirements that minimize individual exposure to ionizing radiation.  The judicious use of time, the imposition of shielding, and the maximizing of distance between an individual and a source of ionizing radiation will minimize the dose equivalent to the individual.

Prompt completion of assigned duties in a radiation area minimizes exposure.

Never improvise when working around radioactive materials.  Follow the procedures in the TM and never perform any maintenance that is beyond your level.

Isolation of radioactive materials shields the material and also maximizes the distance between an individual and the radioactive material.

Maintaining arms length between the radioactive source and the body can significantly reduce the exposure dose.

SAFETY RULES

The following rules are listed for all personnel who work with or use equipment containing radioactive material:

Smoking, eating, drinking, applying cosmetics, or chewing gum or tobacco within the area must be prohibited.  This is to help minimize the potential ingestion of radioactive materials.

Always wash your hands after handling radioactive materials or sources with non-abrasive soap.

In the event of an accident or injury, injured personnel should be removed under the supervision of medical personnel.  If injury occurs inside a building or room with possible radioactive contamination, the injured person should be moved to limit exposure.

Local medical, police, and fire facilities should be informed of radiological handling operations.

Bioassay:  The determination of kinds, quantities or concentrations, and, in some cases, the locations, of radioactive material in the human body, whether by direct measurement (in vivo counting) or by analysis and evaluation of materials excreted or removed from the human body.

Airborne Radioactive Material:  Radioactive material dispersed in the air in the form of dust, fumes, particulates, mists, vapors, or gases.

Airborne Radioactivity Area:  A room, enclosure, or area in which airborne radioactive materials, composed wholly or partly of licensed material, exist in concentrations:

[1] In excess of the derived air concentrations (DACs) specified in appendix B to 10CFR20.1001 thru 2401

or

[2] To such a degree that an individual present in the area without respiratory equipment could exceed, during the hours an individual is present in a week, an intake of 0.6% of the annual limit on intake (ALI).
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