
Appendix A

Glossary

The basic quantity which characterizes the amount of energy imparted to matter, often
expressed in units of rad (ergs per gram; erg/gm) or gray (joule per kilogram; J/kg).

Absorbed Dose

A machine capable of accelerating charged particles (e.g., electrons, protons,
deuterons, etc.) to produce particulate or other radiation at various energies.

Accelerator

To bombard a stable element by neutrons or other high energy radiation (e.g., protons,
gamma rays, etc.) and make the element radioactive.

Activate

A measure of the number of nuclear disintegrations per unit time, usually denoted as
disintegrations per second (dps) or minute (dpm), occurring in a sample.  Activity is
quantified in units of becquerel (Bq) or curie (Ci).

Activity, A

An NRC mandated program to insure that personnel and environmental radiation
exposures are maintained "As Low As Reasonably Achievable;"  ALARA must be
considered in the design of all procedures where radiation or radioactive material is
used.

ALARA

An electrically charged particle consisting of 2 neutrons and 2 protons (i.e., helium
nucleus) which is commonly emitted from the nucleus in the radioactive disintegration
of the heaviest nuclides in the periodic table.

Alpha Particle, α

A radioisotope which emits an alpha particle in radioactive decay process.Alpha Emitter

A written request to change condition(s) (e.g., nuclides, activity limits, labs, etc.) to an
authorized user's radionuclide authorization.

Amendment

The (derived) limit for the amount of radioactive material which can be taken into a
radiation worker's body by inhalation or ingestion in a year which would result in a
committed effective dose equivalent of 5 rem or a committed dose equivalent of 50 rem
to any individual organ or tissue (e.g., for 3H, the ALI is 80 mCi).

Annual Limit of Intake
(ALI)

The smallest part of an element, made up of a nucleus containing protons and neutrons
and surrounded by a cloud of electrons.

Atom

An electron originating in the cloud of electrons surrounding a nucleus that has
acquired sufficient energy to break away from the nucleus.  An Auger electron is
produced when an inner shell electron is removed by mechanisms such as electron
capture and an outer shell electron loses energy to fill the vacancy.  The excess energy
is frequently transferred to another outer electron of the atom which then breaks away
and becomes an Auger electron with a kinetic energy equal to the excess energy minus
the electron's binding energy.

Auger Electron

An individual member of the teaching or research faculty or staff who, because of
extensive training and experience with radiation, has been approved by the University
Radiation Safety Committee to use or supervise the use of radioactive material under
conditions specified in an application for authorization.  All work involving radioactive
materials must be conducted under the authorization of an authorized user.

Authorized User

Radiation in the environment resulting from natural causes (i.e., cosmic rays, naturally
occurring radioactivity in the earth's crust, global fallout, etc.).

Background
Radiation



The special name for the unit of activity in the International System (SI) of units, which
is equal to 1 nuclear disintegration per sec (e.g., 1 Bq = 1 dps).

Becquerel, Bq

An electrically charged particle emitted from a nucleus which has the same mass and
charge as an electron.  Positively charged beta particles are called positrons and emit
two 0.511 MeV photons when they combine with an electron and annihilate each other.

Beta Particle, ß

A radioisotope which emits a beta particle in the process of radioactive decay.Beta Emitter

In vivo monitoring or biological sampling to determine the kind, quantity, or
concentration of radioactive material in a specific organ or in the entire body.

Bioassay

The time required for the body to naturally reduce the amount of a chemical or
elemental substance in the body to one-half of its original amount.

Biological
Half-life, T½b

Electromagnetic radiation (i.e., X-rays) produced by the sudden deceleration (braking)
of beta particles and electrons as they pass through the strong electric fields found near
an atom's nucleus.

Bremsstrahlung

The uncontrolled, over-proliferation of cells in an organ (i.e., tumor).Cancer

Safety has 4-, 5-, or 6-gallon plastic containers used for collecting 3H, 14C, and 35S
liquid waste.  Carboys and small volume containers (e.g., 1, 2, and 4 liters) are avail-
able through the Safety Department.

Carboy

Light emitted when charged particles pass through a transparent material at a velocity
greater than that of light in that material.  It can be seen, for example, as a blue glow in
the water around the fuel elements of pool reactors.

Cerenkov Radiation

The Central Ordering, Receiving, and Distribution Office is the University's major
source of radionuclides;  CORD personnel perform all ordering, receiving, and
distribution of radionuclides on campus.

CORD

The basic building block of organisms consisting of a nucleus surrounded by liquid
cytoplasm and contained by a cell wall or membrane.

Cell

Tiny, threadlike structures located in a cell's nucleus which carry the genes and are
instrumental in passing along genetic information.

Chromosomes

The dose equivalent (HT,50) to organs or tissues that will be received from an intake of
radioactive material by an individual during the 50-year period following the intake.

Committed Dose
Equivalent

The sum of the products of the weighing factors applicable to each of the body organs
or tissues that are irradiated and the committed dose equivalent to these organs or
tissues (i.e., HE,50 = S wT HT,50).

Committed Effective
Dose Equivalent

Elastic scattering of photons (x-/γ-rays) by electrons.  In each such process the electron
gains energy and recoils and the photon loses energy.  This is one of the three ways
photons lose energy upon interacting with matter, and is the usual method with photons
of intermediate energy and materials of low atomic number.

Compton Effect

Unwanted deposition of radioactive materials on a work surface or suspended in the
air.  A work-surface is contaminated when removable radioactivity exceeding levels
listed in Table 5-5 or Table 7-3 is measured.

Contamination

An area, outside of a restricted area, access to which can be limited by the licensee for
any reason.

Controlled Area
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The historic unit of radioactivity, originally the activity of 1 gram of radium, later
standardized as 3.7 x 1010 nuclear disintegrations per second (dps) or 2.22 x 1012

disintegrations per minute (dpm), along with various sub multiples:
1 millicurie (mCi) =  3.7 x 107 dps
1 microcurie (µCi) =  3.7 x 104 dps

Curie, Ci

A nuclide, stable or radioactive, formed by radioactive decay of a parent.Daughter

The length of time immediately following the sensing of a single pulse that the
instrument remains insensitive and unable to process another pulse.

Dead Time

See Radioactive Decay.Decay

The energetic radiations (i.e., alpha / beta particles and gamma rays) that are emitted
from the nucleus of an unstable atom as a result of nuclear disintegration.

Decay Products

A worker who has voluntarily informed her employer, in writing, of her pregnancy and
the estimated date of conception.

Declared Pregnant
Worker

The concentration of a specific airborne radionuclide which, if breathed for a working
year of 2000 hours under conditions of light work, results in an intake of one ALI for
that radioisotope (1 ALI = 2000 DAC-hrs).

Derived Air
Concentration (DAC)

Abbreviation for deoxyribonucleic acid.  DNA, along with protein molecules, are the
fundamental components of genes.  DNA is the carrier of the genetic information
which determines the characteristics of the daughter cell.

DNA

See Absorbed Dose.Dose

In biological systems, the same degree of damage is not necessarily produced by the
same absorbed dose of different types of radiation.  Dose equivalent is the product of
the absorbed dose in tissue (rad), quality factor, and all other modifying factors at the
location of interest.  Units are rem and sievert (Sv).

Dose Equivalent

A passive device which records the amount of absorbed dose, used to monitor external
radiation exposure in radiation workers.

Dosimeter

A measure of the external and/or internal radiation dose equivalent to individuals,
stated in rem, sievert, or their sub multiples.

Dosimetry

The sum of the products of the dose equivalent to an organ or tissue and the weighing
factors applicable to each of the body organs or tissues that are irradiated (i.e., HE = S
wT HT).

Effective Dose
Equivalent

A general term to describe an interacting electric and magnetic wave that propagates
through vacuum at the speed of light.  It includes radio waves, infrared light, visible
light, ultraviolet light, x- and γ-rays.

Electromagnetic
Radiation

One of the three fundamental particles, it has a negative electrical charge of the same
magnitude as the proton's positive charge but has a mass approximately 1840 times
smaller than the proton or neutron.

Electron, e-

A mode of radioactive decay in which an orbital electron is captured by and merges
with the nucleus, thus forming a new nuclide with the mass number unchanged, but the
atomic number decreased by 1.  See K-capture.

Electron Capture (EC)

The modification of an authorized user's radiation use permit which relaxes specific
University Radiation Safety Committee regulations for a certain application.  Exception
requests which violate NRC regulations or URSC policy cannot be approved.

Exception
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A quantity of radioactive material with activity less than or equal to the quantity listed
in the University Radiation Safety Regulations, Appendix V.  Exempt quantities are
exempt from specific requirements of the NRC.

Exempt Quantity

A quantity expressing the amount of ionization caused by X- or gamma radiation in air.
The unit of exposure is the roentgen, R.

Exposure

A summary report of a radiation worker's radiation exposure (in rem or sievert) for the
term of employment.

Exposure History

That portion of the dose equivalent received from radiation sources outside the body
(cf., Internal Dose).

External Dose

Hand, elbow, arm below the elbow, foot, knee, and leg below the knee.Extremities

A Federal agency established to enforce the Food, Drug, and Cosmetic Act and to
ensure industry's compliance with Federal laws regulating products in commerce.  This
agency also regulates electronic sources of radiation (TV, X-ray units, etc.).

Food & Drug
Administration (FDA)

Electromagnetic radiation emitted by radioactive nuclei (cf., X-ray) as packets of
energy, called photons, which often accompany the emission of alpha and/or beta
particles from the same nucleus.  Gamma rays are similar to light but with more energy
and hence are highly penetrating.

Gamma Ray, γ

A radioisotope which emits a gamma ray in the process of radioactive decay.Gamma Emitter

A gas-filled radiation detection system which is sensitive enough to detect a single
ionizing event.  Appropriately configured, such systems can be used to survey for and
measure either particular (alpha/beta) or electromagnetic (X-/gamma) radiation.

Geiger-Müeller (GM)
Counter

Consisting of DNA and protein molecules, the combination of many genes form the
chromosomes.

Gene

Hereditary effects which arise only in the offspring of the irradiated person as a result
of radiation damage to germ cells in the reproductive organs, the gonads (cf. somatic
effect).  The primary concern is a potential increase in the population's mutation rate.

Genetic Effects

The special name for the unit of absorbed dose in the International System (SI) of units,
which is equal to 1 joule per kilogram (1 J/kg).  In terms of the older units, 1 Gy = 100
rad.

Gray, Gy

The time required for a radioactive substance to decay to one-half of its original
activity.  The activity, A,
 remaining of a radionuclide with a physical half-life (T½)
 at any time (t) when the initial activity (A0) is known is:

A = A0 e−
ln 2
T1 / 2

Half-life, T½

An area, accessible to individuals, in which radiation levels could result in an
individual receiving a dose equivalent in excess of 0.1 rem (1 mSv) in 1 hour at 30 cm
from a radiation source or from any surface that radiation penetrates.

High Radiation Area

That portion of the dose equivalent received from radioactive material taken into the
body (cf., External Dose).

Internal Dose

An authorized user's detailed record of radionuclide receipt, use, and disposal.Inventory

A particle with either a positive or negative electrical charge.Ion

The removal of an orbital electron from an atom producing an ion pair (i.e., a positive
ion - the atom or molecule, and a negative ion - the electron).

Ionization

318     Radiation Safety for Radiation Workers



Energetic (i.e., > 4 eV) radiation capable of removing electrons from atoms or
molecules, thereby producing ion pairs.

Ionizing Radiation

A gas-filled radiation detection system in which a sufficient voltage is applied to
collect all of the ion pairs formed without those ions producing further ionization in the
chamber.  Ion chambers are usually used to measure electromagnetic (X-/gamma)
radiation.

Ionization Chamber

Atoms which have the same atomic number (i.e., same number of protons) but with
different atomic weights (i.e., different number of neutrons).  Because isotopes of an
element have the same number of electrons, they have the same chemical properties.

Isotopes

The capture by an atomic nucleus of an orbital electron from the first (innermost) orbit
or K-shell, surrounding the nucleus (see Electron Capture)

K-capture

A chemical compound containing one or more radioactive isotopes.Labeled Compound

A cancer of the blood system characterized by an excess production of white blood
cells.

Leukemia

A quantity of radioactive material with activity less than or equal to those listed in 49
CFR 173.423 and is therefore exempt from all Department of Transportation
specification packaging, marking, and labeling requirements.

Limited Quantity

The permissible upper bounds of radiation doses.Limits (Dose Limits)

A stationary (i.e., not portable) radiation counting system designed to measure the
quantity of radioactivity in laboratory samples or wipes.

Liquid Scintillation
Counter (LSC)

The measurement of radiation levels (i.e., Personnel Monitoring), concentrations, or
the amounts of radiation or radioactive contamination present in certain locations (i.e.,
Survey).

Monitoring

Damage to cells capable of reproduction that takes the form of alterations of genetic
information.

Mutation

One of the three fundamental particles, it has no electrical charge and a mass
approximately equal to the proton.

Neutron

The Federal agency established to regulate the use of radioactive material through its
Licensing, Inspection and Enforcement, and Standards Development activities.

Nuclear Regulatory
Commission (NRC)

The dense, central core of an atom composed of protons and neutrons (Atomic
Nucleus).  In a cell, the component which contains all the information which the cell
needs to carry out its function and reproduce itself (Biological Nucleus).

Nucleus

A general term applicable to all isotopes of all elements.  It includes both stable and
radioactive forms.

Nuclide

The dose received by an individual in the course of employment in which the
individual's assigned duties involve exposure to radiation / radioactive material from
sources of radiation.  Occupational dose excludes background radiation and radiation
from medical procedures.

Occupational Dose

Radiation which consists of quanta or packets of energy transmitted in the form of
electromagnetic waves, as a class, it includes radio waves, visible light, X- and gamma
rays.

Photon
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Radioactive material permanently deposited on a surface such that there is no window
or other covering between the radioactive material and the open air (cf., Sealed
Source), thus, plated sources may contaminate other surfaces upon contact.

Plated Source

See Half-life.Physical Half-life

One of the three fundamental particles, it has a positive electrical charge equal in
magnitude to the charge of the electron but its mass is approximately 1840 times that of
the electron.

Proton

The dose received by a member of the public from exposure to radiation / radioactive
material released by a licensee.

Public Dose

Assigned factor which expresses the effectiveness of an absorbed dose of a certain type
of radiation (e.g., alpha, beta, gamma, neutron, etc.) to cause biological damage in man.
Absorbed dose in rad / gray is multiplied by the quality factor to obtain the dose
equivalent in rem / sievert.

Quality Factor, Q

The traditional unit of absorbed dose in any matter, it is equal to 100 ergs per gram.  It
has been replaced by the gray such that 1 Gy = 100 rad.

rad

Any area, accessible to individuals, in which radiation levels could result in an
individual receiving a dose equivalent in excess of 0.005 rem (5 mrem) in one hour at
30 cm from the radiation source.

Radiation Area

Any condition under which persons might receive a radiation dose in excess of the
maximum permissible dose equivalent.

Radiation Hazard

Any unstable nuclide which spontaneously emits ionizing radiation.Radioactive

The spontaneous disintegration or transformation of an unstable nuclide into a
(generally) more stable nuclide, usually accompanied by the emission of charged
particles and/or gamma rays.  The decay process results in a decrease in the original
number of radioactive atoms in the sample.

Radioactive Decay

A joint committee of the Veterans Administration (VA) and the University of Wisconsin
Hospitals.  The RDRC reviews research protocols involving administration of certain
radioactive drugs specified by the FDA to humans.

Radioactive Drug
Research Committee
(RDRC)

Spontaneous disintegration of unstable atomic nuclei resulting in the emission of decay
products.

Radioactivity

An isotope whose nucleus is unstable and undergoes radioactive decay.Radioisotope

See Radioisotope.Radionuclide

The radiation protection unit for measuring the dose equivalent to body tissue from any
ionizing radiation in terms of its estimated biological effect, i.e., Dose Equivalent (rem)
= Dose (rad) x Quality Factor.  In SI, the rem has been replaced by the sievert such
that, 1 Sv = 100 rem.

rem

A request to renew an authorized user's license, normally performed every third year in
advance of the expiration date of the user's current license.

Renewal

A committee that regulates all aspects of animal care, monitors animal use, and
approves protocols for research and experiments done on vertebrate animals.  Animal
use protocols must first be approved by the RARC and a protocol number assigned
before Radiation Safety will approve the use of radioisotopes in the protocol.

Research Animal
Resources Committee
(RARC)
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Any area, access to which is limited by the licensee for the purpose of protecting
individuals against unnecessary exposure to radiation and radioactive materials.

Restricted Area

A quantity of X- or gamma ray exposure in air, measuring the ionization produced by
their passage and is defined as 2.58 x 10-4 coulombs/kg of air.

Roentgen, R

A system of public sewers for carrying off waste water and refuse.Sanitary Sewage

A process that changes a particle's trajectory.  Scattering is caused by particle collisions
with atoms, nuclei and other particles or by interactions with electric or magnetic
fields.  If there is no change in the total kinetic energy of the system, the scattering is
called elastic.  If the total kinetic energy changes due to a change in internal energy, the
process is called inelastic scattering.

Scattering

The emission of light from an atom or molecule as a mechanism of reducing the energy
resulting from the atom's having absorbed radiation.

Scintillation

A radiation detection system which uses molecules that emit light as a result of
radiation absorption.  Appropriately configured, they can be used to measure particular
(alpha/beta) or electromagnetic (x- / gamma) radiation.

Scintillation Counter

Radioactive material which is permanently enclosed in a capsule designed to prevent
leakage or escape of the radioactive material (cf., Plated Source); there is no contact
between the radioactive material and the open air.

Sealed Source

The special name for the unit of dose equivalent in the International System (SI) of
units, it has the same relationship to the gray as the rem has to the rad in the traditional
system.

Sievert, Sv

Effects of radiation in which the damage appears only in the irradiated person (cf.
Genetic Effect).  Examples include cancer, cataracts, acute radiation injury, etc.

Somatic Effect

Any substance that dissolves other substances.Solvent

An evaluation of the radiological conditions and potential hazards incident to the
production, use, transfer, release, disposal, or presence of radioactive material or other
sources of radiation.  When appropriate, such an evaluation includes a physical survey
of the location of radioactive material and measurements or calculations of levels of
radiation, or concentrations or quantities of radioactive material present.

Survey

A portable radiation detector (GM, scintillation, etc.) used to determine the amount and
location of concentrations of radioactive contamination or radiation exposure levels in
an area.

Survey Meter

A renewal application which has been submitted prior to the expiration date of a user's
current authorization.  During the period between the expiration date and the approval
date of the renewal application, an authorized user may continue to use radioactive ma-
terials (under conditions in the most current authorization).

Timely Renewal

A method of determining absorbed dose by using radiation sensitive "crystals" which,
when heated, emit a quantity of light that is proportional to the amount of radiation the
crystals were exposed to.

Thermoluminescent
Dosimetry (TLD)

The sum of the deep dose equivalent from external sources and the committed effective
dose equivalent from internal sources.

Total Effective Dose
Equivalent (TEDE)

A labeled compound used in chemical or biological experiments or in vitro procedures.Tracer
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A radioactive isotope of hydrogen which contains 1 proton and 2 neutrons in the
nucleus and which decays by beta emission.

Tritium, 3H

A faculty and staff committee appointed annually by the Chancellor to advise the
university administration; set policy for insuring compliance with local, state, and
federal regulations; prescribe enforcement action in radiation safety; evaluate authori-
zations and exceptions from radiation safety regulations.

University Radiation
Safety Committee
(URSC)

An area, access to which is neither limited nor controlled by the licensee (cf.,
Restricted Area, Controlled Area).

Unrestricted Area

Radioactive material in any form other than plated or sealed sources, such that the
material is accessible to manipulation by the user.  Unsealed sources are capable of
contaminating their surroundings.

Unsealed Sources

An area, accessible to individuals, in which radiation levels could result in an
individual receiving an adsorbed dose in excess of 500 rad (5 Gy) in 1 hour at 1 meter
from a radiation source or from any surface that radiation penetrates.

Very High Radiation
Area

A violation of any NRC or URSC regulation or of any condition or limitation of a
user's authorization granted by the URSC.

Violation

A substance, usually a liquid, but sometimes a solid, which is capable of evaporating at
room temperature to a fume, vapor, or gas.

Volatile

For purposes of external exposure, the whole body means the head, trunk (including
male gonads), arms above the elbow, or legs above the knee.

Whole Body

Highly penetrating electromagnetic radiation similar to gamma rays but emanating
from outside the nucleus of an atom.

X-ray
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