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BRIGHAM YOUNG
UNIVERSITY

Refer to Docket No. 50-262

March 8, 1692

Alexander Adams, Jr.

Project Manager Non-Power Reactors,

Decommissioning and Environmental
Project Directorate

Division of Advanced Reactors

and Special Projects
Office of Nuclear Reacior Regulation

Dear Sir:

In response to the questions received from your office dated January 9, 1991, we have
prepared tha following information:

1. A tabla of contents is enclosed.

2. A copy of Figure 1 is enclosed.

3. Statistical analysis reports will be prepared and maintained for NRC review.

4. Core samples will be obtained by driling a one quarter inch hole in the respective
material and placing # one gram sample of the material reroved by the drill into LSC
counting fiuid for alpha and beta analysis using LSC counting techniques (it is assumed
that gamma contamination will be picked up with standard surface survey instruments).
8. A "Training Program Outling", is enclosed.

8. We will be using RAMP Industries Incorporated with offices in Denver, Colorado as our
radioactive waste broker. The Brigham Young University i3adiation Safety Officer is

charged with assuring compliance with all shipping and waste disposal regulations as weil
as monitoring the activities of our broker.
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7. One milliliter of shielding water and one milliiiter of tap water (the shielding tank was
filed with culinary water in 1967) were placed in liquid scintiliation counting cocktail and
rach sample was counted ten times. Tne resulting means for the counts were
respectively, 169.9 for the tap water and 169.6 for the shielding water.  Caiculated
Standard errors for the means were 2.57 and 4.09. Assuming that the true mean for the
tap water in this area is 169.9 there is a 95 % probability that the true mean for the
shieiding water is less than 8 cpm above the background Since efficiency for '* C is
approximately 90% using this methodology and the more raciotoxic materials in general
have an efficiency approaching 100% there is a 95% probability that the true
contamination of the shielding water is less than 8 dpm per millliter of water. This
translates 10 a possible contamination leve! of 4.09 x 10° microcuries per milliliter. In
addition NRC Region IV pulled a sample of shielding water for analysis and we have
requested the results from tr.c- analysis. Prior to discharging the water we will regeat the
analysis using 2 milliliters o wi*~ und a 20 minute count.

8. The Pu/Be source was leak testud at the time of removal and the tests results were
less than 0.0001 microcuries of removable surface contanuna ~n.  In addition the
exposure rate (gamma) survey taken at the time of removal was 1.2 mrem/hour at one
meter from the surface of the source and the neutron flux was § neutrons per second per
square centimeter at one meter from the surface of the material with the thermal neutron
shield in place.

Application has been made to transfer this source to License UT 2500091 which currently
has a license iimit of 83.5 grams of plutonium-238.

9. No material will be released for unrestricted use unless it can be demonstrated to be
within the following limits at a 95% confidence leve!.

a. 5000 dpm/100 cm® for fined beta/gamma contamination.

b. 1000 dpm/100 em? for removable beta/gamma contamination.
¢. 100 dpm/100 em® for fixed alpha cortamination.

d. 20 dpm/1C0 cm® for removable alpha contamination.

While we will accumulate the data on the above material we will not release any material
as non-rad’~active from the reactor facility until the dara including statistical analysis has
been reviews'| by the NRC.

10. We shall not release facilities to unrestricted use unless we can, demonstrate with at
least @ 95% probability, that exposure rates associated with those facilities are not more
than § uR/hour above background at one meter from the surface of those facilities.

11. Survey instruments shali be caibrated within four weeks of the start of

decommigsioning activities. Since the time schedule submitted involves five weeks for
completion of the project the instrument calibration will be performed within iree months
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of the completion of the project. This is in keeping with rew guidelines proposed by the
Division o Radiation Control which allow survey instrumert calibration at 3 month
intervaie. In addition the insruments will be checked with an appropriate calibrated
source at least daily while they are in use.

Sincerely,

/A/MMW

Dge F. Andersen

y (4
cc: Bill Beach, NRC Region IV ‘

STATE OF UTAH )
. B8,
COUNTY OF UTAH )

Subscribed and sworn to (or aftirmed) before me this 9th day of March, 1992 by
Dee F. Andersen, the Administrative Vice Presidert of Brigham Young University.
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RADIATION SAFLTY TRAINING OUTLINE

1. Tissue Damage

. DNA
. Proteln
. Free Radicals

e
R -

2. Jonizing Radlation and its interactions with matter.

Compton Effect
Bremsstraahlung
Specific lonization
Pair Production
Photcelectric effect
Shialdiang

Neutrons
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s of Jonizing Radiation.
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. B origin and characteristics
« origin and characteristics
¥ origin and characteristics
¥-ray

. Neutrons
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4. Waste Disposal

4.1. NRC regulations.

5. Porsonral Protection.

Nosimetry

Surveys

Leak checking new materijal
Shielding, aistance, time
Accident response,
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$.5.1. 1. protect life and health
., Safely limit the spread

. Notify RSO

W B

6. Regulatious.

. Waste Disposal.
. Pregnancy.
NRC
10 CFR part 20
. Security. Locked or attenaed
. Reporting. 8-2222 or 911
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BASICS OF RADIOACTIVITY

In order to assist in the training of users and potential users of radivactive
materiais, the Radioisctope Committee s preparing & series of information sheets
which will explain in simple terms verious aspects of radicactivity and radiation
safety. These will be distributed to all interested persons in areas where

radioactive materials are present., Suggestions are requested for new fdeas and
new topics which can be used in the series.

WHAT IS RADIOACTIVITY?

Radioactivity occurs when the nucle! of certain unstable atoms emit particles
allowing the atoms to become more stable. Each atom fs characterized by an atomic

mass A and an atomic rumber Z, This is characterized for the atom X as Qx. 1f

¢he A/T ratio is too large or too small, the atom becomes unstable and emits
€1ther an alpha particle (@) or a beta perticle (A ) to stablifze the atom. This
disintegration may Jeave the nucleus in an excited state, in which case one or
more gamma rays (+ ) will be emitted. This process is known as nuclear decay or
radioactivity.

WHAT 1S5 NUCLEAR FISSION?

When atoms reach the mass of uranfum or plutonium, the nucleus may hecome unstable
and split into two fragments of roughly the same size. Extra neutrons are emitted
fn course of the fission. These neutrons may stimulate the fission of additiona)
uraniym or plutonium atoms, causing a chain reaction, If sufficient fissionadle
uranium énd plutonium are present to sustain the chain reacticn, the critical mass
is reached and the chain reaction will continue until the mass drops below criti-
cality by any of a number of mechanisms. Nuclear reactors operate on the principle
of controlling the rate of chain reaction. Nuclear weapons achiesve the siate of

an uncontrolied chain reaction.

WHAT 1S AN ALPHMA PARTICLE?

An alphz particle 1s the nucleus of an helium atom consisting of two protons and
two neutrons. They are emitted only from atoms more mascive than lead with an
atomic number of 82, with the exception of samarium which has an stomic number of
62. Alpha particles are emitted with high energies, usually between 4 and ¢
milifon electron volts {Mev) and are monoenergetic. Because of their great mass
and electric charge, alphas have short ranges of a few miilimeters in air. Because
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of the short range, alphas present 1ittle hazard from external radiation. The
high energy release, however, could cause problems 1f the materials containing
dlpha radiation are ingested 1n the body.

WHAT 1S A BETA?

A peta particle 1s an electron or positron which is emitted from the nucleus of

an atom. Its properities resemble those of any electron or positron of comparable
energy. Betas range in energy from a few thousand electron volts (kev) to several
Mev. Betas are not moncenergetic as are alphas but have & range of possible
enercies with any particular disintegration. The most probable energy of emission
s approximately one-third that of the maximum energy possible from that disintegra-
tion. Since betas are much less massive than alphas, the range is considerably
greater for comparable energies. The maximum range of betas emitted by tritium

in air 1s about 4 miliimeters, the maximum range of betas from carbon-14 {s about
25 centimeters, and betas resulting from the decay of strontium-90 could penetrate
as much as 10 meters of afr. Betas may produce X rays as they interact with matter
in the process of losing energy.

WHAT ARE GAMMA RAYS?

Garma rays are the electromagnetic radfation emitted by the nucle! of atoms during {
decay. Ganmas are identical to X rays with energies ranging from several kev to

8 few Mev., Since gammas have no electrical charge, their penetration 1s greater
than that of alphas and betas of comparable energy. The term “range" has no
meaning with gammas as 1t has with alphas and betas since there is no stopping
distance associated with gammas. The intensity of the bea decreases exponentially
with respect to the mass of the materials through which the beam passes. Since
gammas are extremely penetrating with smali amounts of localized energy loss, the
greztest hazard 1s usually from external exposure. Some elements, however, such

&s fodine will localize in 2 smal) orpan of the body such as the thyroid and cause
possible radiation damage if the materials is ingested in large quantities.

WHAT IS A NEUTRON?

A neutron 1s a neutrally charge particle emitted from the nucleus of some atoms.
It reacts only by nuclear reactions with matter and 1s extremely penetrating with
@ large release of energy when absorbed. Special precauticns need to be taken
when working with neutron emitting materials.



BACKGROUKD RADIATION

COSAIC RADIATION

Cosmic radiation originates when charged particles bombard the earth from outer
space. These particles interant with the earth’'s magnetic field which turns
many of the particle. away. Those which reach the atmosphere react with it
producing secondary particles which continue tu interact with the atmosphere
causing a cascading of charged particles descending throuch the atmosphere. In
these reactions, cosmic rays are absorbed by the atmosphere, losing energy,
such that the concentration of charged particles is greater at higher altitudes
than at sea level. In litah, the annual dose from cosmic radiation is about
115 mrem; however, the annual dose is only about 30 mrem fn Hawaii and in the
United States the averace dose is 45 mrem.

TERRESTRIAL RADIATION

The earth is compose. of rocks containing uranium and thorium in varying concen-
tretions over the d*fferent portions of the earth. Those arcas containing

these elements in higher concentrations have greater background radiztion levels
than those areas with smailer concentrations of these glements. Some areas of
India, Brazil, and France have backyround raciation levels exceediny those
allowed for radiation workers. In Utah, the average terrestrial component of
background radiation is 40 mrem per vear, while in Colorado 4t 1s as high as

150 mrem per vear. Since uranium and thorium are natura) components of both sund
and rock, cement, brick, and stone buildings will normally have higher radiation
levels inside ther than will frame ar steel buildings.

ALRBORNE RADIOACTIVITY

One of the natural decay products of uranium and thorium is radon gas which
diffuses cut of the rocks and soil into the air we breathe. This decays into
caughter products which collect on dust and can accumwiate in the lungs of peonle
breathing the air. This type of exposure is common around soils with high uranium
content such as the Vitro teilines in Salt Lake City. Radon gas usually accumu-
lates in higher concentrations inside buildings duilt on thcse tailings or
constructed from sand from the tailings. Heavy raintall slows down the diffusion
0f radon gas out of the ground resulting in lower concentrations of radon in the
gir than feund during dry spells. Other radioactive elzments found in the &ir



'Background Radiation
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are carbon-14, tritium, and berillium-7, but they are in such low concentrations
that they are insigniticant. The average annual exposure to airborne radio-
activity is about 4.5 mrem,

RADICACTIVITY IN WATER

As water passes through the soil it picks up minerals which may be radioactive.
The most prevelent contaminants are potassium-40, which comorises the body's
greatest natural dose of radioactivity, and radon gas. Other radioactive elemcnts
are also present in water depending on the natural composition of the rocks
through which the water passes and the effe-ts of radicactive fallout.

REDICACTIVITY IN FOOD

A1l food that we eat has certain amounts of radicactivity. Health officials are
very concerned about increases in the natural intake of radioactivity resulting
from nuclear fallout, waste disposal, cr other contamination of the food chain.

A good way to test fallout after a nuclear explosion ¢s to measure the radiocactive
jodine in milk produced by cows in the suspected area. Concentrations of radio-
activity in the body due to foods eaten vary widely from one 2rea to another,
Allowable levels of waste dizposal in one area may be gavernec by the radicactivity
naturally occuring in toe food of another area. Potassium-40 is the most abundant
isotope and is distributed uniformly throughout the tissues of the body. Radium
soeks bone structure and remains in “he body for many years. Carbon-14 is 2
natural contaminant in small concentrations which distributes itseif throughcut
the body. The annual exposure to the vonads frem irgested radinactivity may be

as high as 20 mrem per year,

RADICACTIVE FALLOUT

£ thermonuclear explosion vaporizes the materials near the blast and carries great
amoun*s of sand and vapors into the upper atmosphere. The larger of these highly
contaminated particles drop to the earth within a few miles of the blast site.
Smailer particles remain in the atmosphere until particioated out by rain or
snowfall., Some contaminants remain in the upper atmosphere for years, covering
the olobe with a layer of vadiocactivity. Hhen this radicactivity reacies the
earth it becomes part of the food chain as explained above and may create problems
if the levels in @ local area become too high. Estimates of the average dose to

2 person in the United States during the nmext 70 years are placed between 400 and
900 mrem to the bone. Exposures to other parts of the body are even less.




RADIATION MEASURIKG INSTRUMERTS
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10N-CHAMBER DOSIMETERS

The original radiation-measuring device was the electroscope. The chamber walls
form the cathode while the anode consists of a flexible fiber attached to the
central electrode. When a static charge is placed on the anode, the fiber is
repelled from the electrode and revains in that state unti) the system is discharged.
Rediation passing through the chamber fonizes the air, which then discharges the
system. The rate of discharge indicates the amount of radiation present. Pocthet
dosimeters use this principle by adding @ microscope eyepiece and a scale to
foilew the movement of the fiber and measure the amount of dis-harge.

10N-CHAMBER SURVEY METERS

An ion chamber ran be constructed of a thin wire anode inside a chamber with the
walls forming a cathode. A constant charge can be applied between the anode and
cathode with the discharge current being measured by an electrometer, Each ifon
pair produced by the radiation in the chamber contributes one electron toward the
discharge current, so the reading is proportional to the radiation present or the
exposure. The unit of exposure due to X reys and gamma rays is the Roentgen (R),
and exposure is measured as Roentgens per hour (R/hr). lon chambers are difficult
to construct with great accuracy because of the small currents which must be
measured and spurious noise which comes from the electronics of the system.

PROPORTIONAL COUNTERS

If the electric field between the anode and cathode of an ion chamber {s increased,
electrons released during fonization caused by radiation will be able to tfonize
additiona) atoms before they reach the anode. This casceding effect creates
larger pulses which are dependent upon the Yield strength and also upon the energy
released by the fonizing radiation. This makes it possible to distinguish between
t1nha vadiation and bete radiation. & unit characterizing the amount of energy
absorbed by @ unit muss of material is known as the rad or Radiation Absorbed Dose.
The rad s ysed for measuring all types of fonizing radiation, whereas the Roentgen

applies only to X rays and gammas.
GEIGER COUNTERS
If the appiied voltage between the anode and cathode i3 sufficiently great, each

ionizing event resulting from radiation will cause an avalanche effect which will
fill the entire chamber. Thus, each fonizing praticle will create a large pulse
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MEASURING RADIOACTIVITY

REDIOACTIVE DECAY

The chemical properties of elements are characterized by the electrons surrounding
the nuclevs, which in tuin are determined by the number of protons in the nucleus.
Nuclear properties of an atom are characterized by the ratio of neutrons to
protons in the nucleus, or the A/7 ratio. [Lach elenert contains atoms with the
same number of protons, but isctopes of the element contain varying numbers of
neutrons. When the number of neutrons in an atom is either tou great or too small
to balance the number of protons, the aton is unstable and decays enitting either
an alpha or beta particie. The atom resulting from this decay or disintearation
may be excited and emit garmas before resting in 2 stable state. The nature of
radivactive decay ic a proverty of each unstable isotove and is unique with each
fsotope. Tha nrobability of an eton in a radicactive material decaying witiin @
specified time ‘s measureble and 1s known as the activity of the material. Activ-

ity of a radioactive materia) is measured i1 curies (2.2 x 10‘2 disintegrations
per minute (dpm)), mi)Vicuries (2.2 x 109 dpm), or microcuries (2. » 106 dpm).

T e

Specific activity 15 the activity per unit mass or unit volume of the material
such as millicuries per gram or microcuries per microliter.

HALF LIFE

The activity of a radicactive material may be known at one point in time but it
changes as some atoms decay, decreasing the total number of atoms whichare unstable.
The activity at any point of time can be characterized by the formula A = Aoe'".
where A 15 the activity of interest, Ao is the known activity at the time ¢ = 0, A

is the decay constant which is a property of the radioactive isotope, and t s the
time since the activity was known. The activity will decrease to half of its
eriginal activity in the time t = T‘5 which {s known us the half life of the material.

In other words, the activity will decrease by one-half in each half life. The half
life of & radicactive material is » property of the radioisotope and 1s character-

ized by Tlﬁ = 0.693/A. The half life of tritium is 12.23 years, of carbon-14 is
5730 years, of phozphorus-32 is 14.31 days, and of jodine-125 1s 59.7 Jays.

JTONYZING RADIATION

Radiation, whether in the form of alphas, betas, gammas, or X vays, with sufficient
energy to fonize atome s known as ionizing radiation. An atom is ionized when 1t

Campue Safety Office, WATH, B.Y.U., Provo, UT B4602, 374-1211 ext. 2597
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Measuring Radioactivity
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loses one or morc electrons fron its electron orbitals through interaction with
the radiation. The conventiona) method of detecting foriz’r~ radiation is to
construct a chamber with @ thin wire anode and a conducting ourer surface which
serves as a cathode. £ static electric field is then mair "ai1ned between the
anode and cethode. As fonizing radiation passes through the chamber it ionizes
molecules of air or gas within the chanber. The electrons are attracted toward
the anode, and the heavier positive jons are attrected toward the cathode. A
discharge can then be measured in the electrica) circuitry connecting the anode
with the cathode of the instrument. An fon counter will record a small current,
but a Geiger counter will record a series of pulses, each in proportion to the
fonizing radiation entering (he chamber. The majority of portable radiation-
detection devices wtilize the concept of an ionization chamber.,

COUNTING EFFICIENCY

The probiem with measuring radioactivity is inrelating the reading on the meter of
an instrument with the anwunt of radicactivity present. Alphas and many betas may
be absorbed by the walls of the detector without entering the counting chamber,
On the other hand, high energy gammas may pass through the chamber in oreat
numbers without interacting with the fonizing gas, and, therefore, never be
detected. The ratio bctween the number of counts measured and the activity of
the material being measured is known as the counting efficiency. The efficiency
or sensitivity of a radiation detector or counier depends on many factors, The
basic factors which must always be considered are (1) the intrinsic efficiency of
the counter, (2) the background count rate, {3) absorption factors, and (&) geon-
atry. These factors will be discussed below, concluding the topic of Measuring
adiation.

- — e ———

1. The intrinsic efficiency is the probability thai rudiation entering the sensi-
tive volume of the detector will actually be counted. This denends on the
construction of the detector as well as the nature of the radiation. Charged
particles will be detected in a gas-filled chamber with about 100 percent efficiency
until seturation or ever-loading occurs, but only 1 percent of the gammas entering
the chamber may be detected,

2. A certain amount of fonizing rediation is around us at all times. This s
known as the natural background. Sometimes tne amount of activity we are trying

to detect is Fidden in the statistica)l vaviation of the background. The background,
therefore, must be considered in any measurement taken and can vary widely between
instruments, Jocation, and even the day in which measurements are made.

3. Charged particles such as alphas and betas lose eneryy while passing through
matter. when the kinetic energy is gone, they stop or are absorbed, and can no
Tongar be detected. Absorption may osccur in the material itself, in the walls of
the detector,or inthe air between. Care must be taken in wmeasuring radiation which
méy be absorbed so that 2ero readings on the meter arern't interpreted as no radio-
attivity. A good instrument design must be coupled with proper survey techniques
in order to measure or even detect some materials such as tritium and carbon-14,

Cempus Safety Off'ice, WATH, B.Y.U., Prove, UT BL60Z2, 374-1211 ext. 2597
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4. Radiation is emitted from a radioactive material in a random manner in 21l
directions. Unless the detector surrounds the radioactive source, the geometric
fa tor must be considered. A detector with 100 percent intrinsic efficiency and
nc absorption could only detect 50 percent of the radiation emitting from a flat
surface. A hand-held probe any distance from the source will detect & smaller
fraction of the emitted rediation depending on the fraction of solid angle incor-
poratrd by the detector, A geometric correction must also be made to account for
the size of the source with respect to the size of the detector. An extended
scurce will give a different reading than a point source of the same activity.

us Safety Office, WATH, B.Y.U, Prove, UT 84602, 274-1211 ext. 2597
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5

REM, THE UNIT OF BIOLOGICAL EXPOSURL

The biological effects of radiation are due to energy absorbed by tissues from the
radiation passing through, Some forms of radiation such as neutrons and alpha
particles are more destructive to tissues than are gammas and betas of the same
eneray. The unit of radiation exposure which relates the exposure in rads to the
biolngical effect of each particular type of radiation 15 called the rem. The
nurier of rems is determined by multiplying the exposure in rads by a quality
factor, "Q", which 1s equal to 1 for gawma and beta radiation, 10 for aiphas, and
1-10 for neutrons depending on the neutron energy.

STRUCTURE AND NATURE OF CELLS

A1l tissue is made of cells consisting of both a nucleus which cuntains genetic
information and cytoplasm within which cell functions and growth take place. Some
cells such as bone marrow or blood-forming cells are active and divide freguently.
Other cells such as bone or muscle cells are more mature and have less activity.
Cells of a small child or a fetus are much more active than those of an adult.

The radiosensitivity of cells is directly related to cell activity or how freguently
cells divide producing new tissue.

EFFECT OF RADIATION ON CELLS

As radiation penetrates cells, it loses energy to the cell material, Sirce about

70 percent of the cell is composed of water, the majority of the radiaticn interacts
with the water to form ions or free radicals, which, in turn, enter into chemical
and biclogical reactions within the cell. Radiation can also break molecular bonds
causing confusion in enzymes or genetic infurmation. Certain radioisotopes can be
incorporated into vital cell functions, whick functions are modified when the
isotope decays and forms another element. An evample is that of carbon 14 decaying
into nitrogen 14 which has different properties from those of carbon.

Cells have natural mechanisms to repair damage caused by radiation and other factors,
but if the amount of damage exceeds the ability to repair, the cell either dies

or begins to malfunction. It is the excessive death or malfunctioning of cells

in tissues which cause the biological effect.

SOMATIC EFFECTS

Somatic eflects are short-term biological effects which can be medically identified
and related to radiation. These may include damage to the blood and bone marrow, :j:)
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lymphatic system, Fdigestive tract, reproductive organs (which might cause temporary
or permanent sterility), central rervous system, thyroid gland, eyes (through the
formation of cataracts), lungs, ).ver and gallbladder, kidneys, circulatory system,
skin, hair, and bones. The severity of these scmatic effects are related to the
*ype and amount of radiation received, the age 2nd physical health of the person
exposed, the porticn of the body exposed, and how vital the organ is to body processes.
It is often possible to medically assist a vital body process which has been damaged,
allowing the person to live until the organs can regenerate themselves, repair the
Jamage, and being functioning .omally., Severe camage to the digestive tract and

the central nervous «ystem are usually fatal.

LATENT EFFECTS

Sometimes radiation causes damage which doesn't manifest itself for many years.

These effects may be a slortening of 11fe, cancer, tissue effects like cataracts or
sterility, and effects on growth, especially to the fetus. Each of these effects
results from combinations of diverse causes, radiation being one potential factor.
They are difficult to attribute to radiation or any other single factor exceut
through a statistical analysis of numerous persons (or animals) receiving specified
levels of exposures which are evaluzted over long periods of time. In this respect,
radiation is nne of many environmental pollutants to which we are continually exposed.

\
GENETIC OR HEREDITARY EFFECTS

Genetic effect are not manifest in the generatiun receiving the radiation exposure.
Thev are caused only by mutations transmitted sexually from one generation to the
next. Since mutations occur naturally, and since high radiation doses will destroy
cells rather than leave them viable in & mutated state, these effects are extremely
difficult to detect., No genetic effects due to rediation have ever been identified
in man, Genetic effacts have been observed in animals exposed to high levels of
radiation, but not for low exposures approximating natural background. The fear of
creating a weird beast through radiation exposure is scientifically unfounded.

CONCLUSTON

Radiation affects the biological processes of cells in the tissues and organs of
the body. The severity of the effect is a result of the type and amount of radia-
tion exposure as measured in rems, the radiosensitivity of the tissues which are
exposed, how vital the expused organs are to body functions, the age and health of
the exposed individual, as well as other factors not enumerated herein. These
effects may manifest themielves as somatic effects which are easily recoanized,
latent or lona-term effects, or genetic and hereditary effects. Latent and hered-
itary effects are difficult tu identify because of other factors which contribute
to any effects which might be observatle,
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The quantitative relationship hetween half-life, 7, and decay constant. A,
may be found by setting 4/ 4, in equation (4 18) equal to ¢, and solving the
equation for 7. In this case, of course, the time is the half-life.

A
v § o T
< i

4
0693 {421y

T Ao

Frample 4 8

Given that the decsy constant far ™Ry s 412 « 194 per year, calculate
the half.l fe for radium. ba/’—5

O
. T-O.m X » = (’
2k § i
061

Q-J -y
-_-—418 x 10=yr

o 1580 vours.

Average (M2

Although the helf-life of an isotope it & unique, resroducible characteristic
of that isotope, it is nevertheless a statistical properry, and is vaiid only
bmwdmennlugnmbudttmim.(memmmm
containg 2.79 x 10" atoms) Any particular atom of & radioisotope may
disintegrate st any time, from rero to infinity, after it is obseved For som=
sppications, such as in the case of dosimetry of int mally deposited radisiso-
tm{to&thChmﬁnhmmwmm:mﬁfe
of the radiosotope. The average 1ife is defined simply a3 the sum of the Jif~.
times of the individual atoms divided by (= total number of atoms originally
present.

mimnMnmmdbmmdaqun&tydehaopem
faming N stoms s AN, During the time interval berween 1 and ¢ 4+ dr, the
total nember of disintegrations is ANds. Each of the stome that decayed
during this interval, however, had sxisted for a total lifetime ¢ since the begin-
ning of observation on them. The sum of the li/fetimes, therefore, of all the
atoms that decayed during the time interval hetween t and 7 < dr, after having
survived since time 7 = 0, is tANdr. The average iife of the radioactive species,
L]

9-%’[:]”4!. (422

el

RADIOACTIVITY n
where N, is the number of radioa ‘tive atoms in existence at time 7 — 0. Since
N = N,oe ¥,

we have
-
r-%.f fi N, e gi. 425
»

This exprastion, when integrated by parts, “hows the value for the mean life
of & radioisctope to be

(424)

L

If the expression for the dacay constant in terms of the hal’life of the radio-
wotope,
_ o.m.

T

is substituted into equation (4.22), the relationship between the hail-life and
the mean lifz is found to be

A

v ke = AT (425
D601

The Curie

Uranium-238 and its daughier *"™Th each contain abou! the same number
of stoms per gram; approzimatcly 2.5 x 10%, Their hall-lives, however, are
grestly different; **U has a hali-life of 4.5 » 10* years while **Th has a
hall-life of 24.1 days {or 663 » 1C* years). Thorium-234, therefore, is
decaying 6.8 x (0" times faster than **U. Another example of greatly
different rates of decsy that may be cited i< *Sand ®P. These two radiosotopes,
which have ahout the same number of atoms per gram, have haif-lves of
27 and 143 davs respectively. The radiophosphorous, therefore, is decaving
ebout 6 times faster than the *S. When radiomsotopes are used, the radiations
are the center of interest. In this context, therefore, § of & gram of P is about
equivalent to 1 g of ™5 in radicactivity, while 15 micromucrograms of **Th
is about squivalent in activity to | g of **U. Obviously, therefore, when in-
tereel in centered on radioaclivity, ihe gram is not & very useful unmit of
quantity. To he meaningful, the unit for guantity of radioactivity must be
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based on sctivity. Such a unit is called the curie {symbolired by Ci) and is
defined as foflows:

The curie is the activity of that quantity of radioactive material in which
the number of disintegrations per sacond is 1.7 % 10

It chould be emphasized that, although the curie is defined in terms of a
nvmber of disintegrating atoms per second, it is not & measure of rate of
decav. The owrie js @ 2 mearure only of quantity of radioactive material. The
phrase “disintegrations per second™ as uced in the definition of the curie s sot
synonymous with rumber of particles emitted by the radioactive isotope. In
the case of & simple pure beta emitter, for example, | curie, or 1.7 x 16

disintegrations per second, does in fact result in 3.7 % 10" hetg particles per

b =
Spom Mev

2 57'“ § 71172 wev

w -

*
1
1.
(Y. 702 Mev

i

Fio. 412, Cobali-80 dacay acheme.

second In the case of & more compiex radioactive isotope, however, such s
"Co, Fig. 412, each disintegration reieases | beta particle and ) gsmma
photons; the total number of radiations, therefore, it 3 x 17 x 10", or
TL1 x 10" per second per curie **Co. In the case of *K, Fig. 4.6, on the
other hand, 207 of the beta decays are accompanied by a single quantum
of gamma radiation. The total number of emissions frem ! curie *K, there.
fore, iy
37 x 10% 4+ 02 x 37 x 10" «s 444 ¥ 10% por gec.

For health physice, as well as for many other purposes, the curie is & very
large quantity of activity. Submultiples of the curie, as listad below, therefore
are vand:

i millicurie (mCh = 1044

f
L@
1 microcurie (uCi) = 10 Ci & ,’ 4;
t nomocurie {nCi) = 104 CY -~ ' &
I picocurie (pCi) = 108 GT '
S v
> .
" n
™~

RADIDACTIVITY 3

Muitiples of the curie that are frequently used are the kilocurie and the m
cvne. These guantities are penerally not shbrewiated.

Specific Activity |

Note that the curie, although used as 3 unit of quantity, doss not mentio
anything about the mass or volume of the radioactive materis! in which the
specifie pumber of disintegrations per second accur. The concentration o
radioactivity, or reiationship between the mass of radioactive mater.al and
the sctivity, is called the specific activity. Specific activity is the number o
curies per unit mass or volume. The specific activity of a carrier free rad
tope, that is, & radioisotone that is not mixed with any other itotope of the
wme elemeat, may be calculated as follows: !

I} is the dacay constant in units of reciprocal seconds, then the numbe
of disintegrating stoma per second among an aggregation of N atoms is uim

W-lﬂ.
second

If the redioisotope under consideration weighs | then, according to equa-

tion (4.20}, the number of stoms is simply egual to
”_6.03 w 10" gtoms/mole
\ A g'mole :

where A is the stomic weigh' of the isotope. The activity per unit time,
fore, is

A x 603 x 10% dis (4 26

A sec'g '
Fguation (4.26) gives the desired relationship hetween activity and weight of|
an isotope. The unit for activity in the equatios may be converted from
disiniegrations per second to curies by appiication of the fact that there are
3.7 x 10 disintegrations per second per curie:

A x 60% x 10%/4 dpa/g

AN =

- 3.7 x 10" dps/cune |
wm- 163 B s 427
i A gram \

Note that the decay constent, A, in equation (4.27), must be in reciprocal
seconds. Fquation (4.27) may be rewritten in terms of haif-life rather than
decay constant. |
SA. = 163 x ?O'x o.m_ 1.13 x Wenieo’ wm

A T AXT H |
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,,LREGULATORY GUIDE

“  OFFICE OF NUCLEAR REGULATORY RESEARCH

REGULATORY GUIDE 8.29
[Task OH B02.4)

INSTRUCTION CONCERNING RISKS FROM OCCUPATIONAL RADIAT!N EXPOSURE

A INTRODUCTION

Section 19.12 of 10 CFE Part 19, “Notices, Instructions
and Reports to Workers; Inspections,” requires that all
persons working in or frequenting any portion of & restricted
area be instructed in the health protection prohlems asso
ciated with exposure to radioactive materials of radiation
This guide describes the instruction that should be provided
to the worker concerning biological risks fron: occupational
radiation exposure. Additional guides are being or will be
developed to address other aspects of radiation protection
training

B. DISCUSSION

It is generally acoepted by the scientific community that
exposure to ioniting radiation can cause biologica) effects
that are harmful to the exposed arganism. These effects are
classified into three categores:

Somatic Effects: Effects occuring in the exposed
person that, in turn, may be divided into two classes:

Brompi effects that are abservable soon after a large
or acute dose (e.g, 100 rems' or more to the whole
bady in & few hours), and

Delayed effect: such as cancer thal may occur years
after exposure to radiation

Genetic l'fferu.’ Abhnormalities that may occur in the
future children of exposed individuals and in subsequent
generations,

Teratogenic Fffects: Eifects that may be observed in
children who were exposed duning the fetal and embryonic
stages of development

Yin the uternational Lystem of Units (SI), the rem & repiaced
by the gievert, 100 rems 18 equal fo 1 sievert (8v)

I(hneuc effects excveding pormal incidence have no! been
ohserved i any of the studins of expuosed bumans

Concerns about these biclogical effects have resulted in
controls on doses to individual workers and in efforts to
control the collective dose (person-rems) to the workes
population,

NRC-Licensed activities result in & significant fraction of
the totzl occupational radiation exposire in the United
States. Regulatory action has recently focused more attern-
tion on maintaining occupational radi tion exposure &t
levels that are as iow s is reasonably ach.evable (ALARA ).
Radiation protection training for all workers who may be
expeied to ionizing radiation is an essential component of
any program designed (o maintain exposure levels ALARA,
A clear understanding of what is presently known about the
biologics! rishy associated with exposure to rad ation will
result in more effective tadiation protection training and
should genssate more interes’ on the part of the worker in
mininizing both individual and collective doses. In addition,
radiation workers huve the right to whatever information
on radiation risk is available to enable them to make informed
decimons regarding the acoeptance of these risks. 1 is ‘ntended
that workers who receive this instruction develop a healthy
respect for the nsks involved rather than eaxcessive fear or
indifference

At the relatively low levels of occupational radiation
exposure in the United States, it is difficult to demonstrate
o relationship between exposure and effect. There is con-
siderable uncertainty and controversy regarding estimates
of radiation risk. In the appendix to this guide, 8 range of
risk ectimates is provided (see Table 1). Information on
radiation nisk has been wncluded from such sources s the
1950 Netional! Academy of Sciences’ Report of the Commuttee
on the Biologica! Uffects «f lonizing Radiation (BEIR 80).
the International Commission on Radiological Protection
(1CRF) Publication 27 entitled “Problems in Developirg an
Index of Harm,” the 1979 report of the science work group
of the Interagency Task Force on the Health Effects of
lorizing Radiation, the 1977 report of the United Nations
Scientific Committee on the Effects of Atomic Radiatior
(UNSCEAR report), and numerous published articlo: (see
the bibliography to the appendix).

USNARC REGULATORY GUIDES

Regulntory Guides are isiued 10 gesribe and make avallable to the
pubilic methots scceptadls ‘o the NRC siaf! of implementing
specific parts of YRe Commigsion's reguiations, (0 ge'ineste teh
ninues used by the 5147 in evaluating specific problems o1 postu-
lated sccigents, or 16 procide guidance to spplicants, Wagutatory
Gulges ste no! substitures foe rsautatiaons, ang compliance with
them iy not required. Method) ant sotutinng giftferent from tho se set
DU N the guitdes will B Jcepiabie f they pDrovige § hasis for the
fingings reGuisite 1o the isivance ot continuance of a permit b
Hicenge by 1he Commission

This guide was Haued @t ier consioeratinn of coMmments recelved from
e pubilic. Comments gnt fuggesthions 10r imorovements in these
MORes @1E encuurated &t all Limes, SN0 guises will e reviser, 85
RUDIOPNMLe, L preaommpGate commaents and Lo reYiEct new informa
HHOM Br srperiencs

Comments shigult® be san! tu the Secretary of the (ommission,
U.S. Nuclear FRegulastor, Comesission, Washingtos, (3.0 205588,
Attention: Dockeiing ont Service Brancth,

The guicies are Ixsued in the Toll wing ten broad givisions

. Products
Transparigtion

] Power Beactoes

2. Fesearch and Tast Beaciors
3. furis andg Materials Facilities @ Occupational sszitn

4. Enuronmenta! ang Siting 8. Antitras any Fongnciel Soeview
S Materials and Mant Protaction 10 Genergl

C

cpies 0f iIspued guides may bhe purchased 3t the currant Gove nment
Ponting O1hice price. A Suus 7 iption service 161 fulure gurdes in 4 &
ciiie aivisions Iy available througt the Gavernment Printiry Otfice
Intnrmaticn on ¢ St TIDLon setvive AN cureanl GO gicey may
e obitaimed Ly writing the LS MNuclesr Regulsiory Commisgsio:
Wathington, B ( Z0AGS. Anantion Suphoationy Seles Manage:




C. REGULATORY PCSITION

Strong management support is considered essential to an
adequa‘e radiation protection training program. Instruction
to workers performed in compliance with §19.120f 10 CFR
Part 19 should be given prior to assignment to work in a
restricted area and periodically thercafter. In providing
instruction congerning health protection problems associated
with exposure to radiation, all workers, including those in
supervisory roles, should be given specific instruction on
the risk of biclogwcal effects resulting from exposure to
radiation.

The instruction should be presented both oraliy and in
printed form to all affected workers and supervisors. It should
inc!ude the information provided in the appendix to this
guide * The information should be discussed during training

it
20548, Amnino 1-1 'hn- npmm ) not
copyrighted, and Commission spproval is not numl to reproduce it

are available st the curreat
my be obunud hy

sessions. Each individua! should be given an opportunity to
ask questions and should be asked to scknowledge in writing
that the instruction has been received and understood.

D. IMPLEMENTATION

The purpose of this section is to provide information to
applicants regarding the NRC staff’s plans for using this
regulatory guide,

Except in those cases in which an applicant or livensee
proposes an acceptable altérnative method for complying
with specified portions of the Commission's regulations, the
methods described in this guide will be used in the evalua-
tion of the iraining program for al! individuals working in
or frequenting any portion of a restricted area and for all
supervisory personnel after December 15, 1981,

If an applicant or licensee wishes to use the material pro-
vided in this guide on or before December 15, 1981, the
pertinent portions of the application or the licensee's perfor-
mance will be evaluated on the baws of this guide.

8.Y.U. DEPARTMENTAL
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EFFECTS (CANCER RISKS)

DOSE (REMS)

Figure 1. Some proposed models for how the affects of radiation
vary with doses 81 low levels.

Limits; doses should te kept as low as is reasonably achievable
(ALARA)

We don't know exactly what the chances are of getting
canger from a low-level radiation dose, but we can make
estimates based on extensive cintific knowledge The
estimates of radiation risks are &t Jeast as rehisble as estimates
for the effocts from any chemical hazard. Being exposed
to typicai occupational radiation doses s teking a chance,
but that chance is roasonably well understood

It is important to undrrstand the probability factors
here. A simijar question would be. I you select one card
from & full deck, will you get the ace of spades® This
guestion cannot be answered with 8 simple yes or no. The
best answer is that your ¢hances are 1in 52, However, if
1200 pecple each select one card from full decks, we can
predict that ebout 20 of them will pet an ace of spades.
Eack person will have ) chance in 52 of drawing the ace of
spades, but there is no way that we can predict which persons
will get the night card. The issue is further comphicated by the
fact that in 1 drawing by 1000 people, we might get anly
15 successes and in snother perhaps 25 correct cards i

8.29-5

1000 draws. We can say that if you rereive a radiation dose,
you will have increased your chances of eventually developing
cancer. It is assumed that the mere radiation exposure you
get, the move you increase your chances of cancer.

Not all workers incur the same level of risk. The radia-
tion risk incurred by a worker depends on the amount of
dose received. Under the linear model explained above, o
worker who receives 5 rems tn 2 vear incurs 10 times as
much nisk as another woiker (the same age) who receives
only 0.5 rem. The risk depends not onty on the amount of
dose, hut also on the age of the worker at the time the dose is
receved. This age difference is due, in part, to the fact that
& young worker has more time to live than an older worker,
and the risk is believed to depend on the number of years
of hLfe following the dose. The more years left, the larger
the risk. it should be clear that, even within the regulatory
dose lumits, the risk may vary a great deal from one worker
to another. Fortunately, only 8 very few workers receive
doses near § tems per yesr, as pointed out in the answer to
Question 19, the average annual dose for sl radigtion
workers is less than 0 5 rem



A reasonable comparison involves exposure to the = 7%
rays. Frequen? shart exposures provide time for the s« = "0
repair. An acute exposure to the sun can result in o 4
burning, wnd excessve exposute has been shown t o« -
skin cancer. However, whether exposure to the sun's 1a:3 18
short term or spread over time, some of the injury .3 79t

repawred and may eventually result in skin cancer,

The effect upon a group of workers occupaty = «ly
eaposed to radistion may be an increased inciden &
cancer over and above the number of cancers that w4ld
normally be expected in that group. Each exposed indrv 2 ual
has an increased prohebility of incurring subsequent car €T
We can say that if 10,000 workers each receive an additnal
I rem in @ year, that group is more Likely (o have a 'a7Bef
incidence of cancer than 10,000 pecple who do not yeeive
the sdditional radiation. An estimate of the increased
probability of cancer from low radiation doses deliverad to
large groups is one measure of occupational risk nd 8
discussed in Question 9.

8 What groups of expert scientists heve studied the sk
from cxposure to rediation?

In 1956, the Nationa! Academy of Sciences eztahlahied
advisory committees to consider radiation risks. The first of
these was the Advisory Committee on the Biclogical } ffects
ol Atomic Radistions (BEAR) and more recently i was
tenamed the Advisory Connaittee on the Biologica! §172cts
of lonizing Radiation (BEIR) These committees have
periadically reviewed the extensive tesearch being Jone on
the health effects of ionizing radiation and kave puh'i"}"
estimates of the risk of cancer from exposure to radiabion
(1972 and 1980 BEIR reports). The Intzrnationa! Commission
on Kadiological Protecti~n (ICRP) and the National ( ‘ouncil
on Radiation Protection and Meapirement (NCRF) are 1w0
other groups of scientists who have studied radistion effects
and published risk estimates (ICRP Publication 26, 1977).
These two groups have no government affiliation. In
addition, the United Natious established an independent
study grour that published an extensive report in 19mn,
including estim.ates of cance: risk from ionizing radiation
(UNSCEAR, [977),

Several individual research groups or scigntists wicn as
Alice Stewart, £ 8. Gilbert, T.F. Mancuso, TW. Ansferson,
to name @ few, kave published studies concerning low level
radiation effecis. The bibliography to this appendix inc ludes
several articles for the teader who wishes to do further
study. The BE{R-80 report includes analysis of the work of
many independent rzsearchers.

9 Whar are the estimates of the nsk of cancer from radia:
fioa expusure?

The cancer risk est,mates {developed by the orpunizd:
tions identified in Question 8) are presented in fable L.

In an effort to explain the significance of these vet1ra'es,
we will use an approximaie average of 300 excew cuncet
cases per million people, each exposed to | rem of wniLing
radiation. If in A gioup of 10,000 wotkers each FELEves

TABLE 1

Estimates of Excess Cancer In“idence lram Exposure
to Law-Level Radiation

Number of Adlitional® Cancers Estimated
to Occur in | Million Peaple Afjer
Exposure of Each to | Rem of Radiation

Souive

BEIR, 1980 160-450"
ICRP, 1977 200
UNSCEAR, 1977 150-350

S additional means above the normal incidence of cancer.

bAn three groum estimatod premature deaths trom radiation-
nduced convers. The American cei Society has recently stated
that oniy sbout onehulf of all cuncer cazes wre fatal ‘(hus. o
estimale incidence of cancer, the published numiten were multsplied
h{ 2. Note that the three groups we in close agreement on the rsk
of radistion Anduced cancer.

! rem, we could estimate that three would develor cancer
because of that exposure, although the actual number could
be more or less than three.

The Amencan Cancer Societ; has reported that approxi-
mately 25 percent of all adults in the 20- to 65-year agr
bracket will develop cancer at some time from all possible
causes such as smoking, food, alcohol, drugs, air pollutants,
and natural background radiation. Thus in any group of
10,000 woarkers nut exposed to radiation on the job, we can
expect about 2,500 to develop cancer. If this entire group
of 10,000 workers were to receive an occupational radiation
dose of 1 rem each, we could estimate that three additional
cases might occur which would give a total of about 2,503
This means that & {sem dos: to eech of 10,000 workers
might increase the cancer rate from 25 percent to 2503
percent, an increase of about 3 hundradtis of ane percent,

As 2n individual, :f yoar cumulative ocoupational rucia-
tion dose 1s | rem, your chances of eventually developing
cancer during your entire lifetime may have increased from
25 percent ta 25,03 percent. I your lifetime ocoupational
dose is 10 rems, we could estimate a 25.3 percent chance of
developiag cancer. Using a simple linear model, a lifetime
dose of 100 rems may have increased your chances of
cancer fram 25 to 28 percent

The normal chance of developing cancer if you receive
ne occupational radiation dose isabout ¢equal to your chance
of getting any spade on a single draw from a full deck of
playing cards, which is one¢ chance out of four. The addi-
tiona! chance of develap'ng cancer from an occupational
exposure of 1 rem iy less than your chances of drawing an
ace from a full deck of cards three timesin a row,

Since cancer resulting from exposure to radiation uswally
occurs 8 to 28 years after the exposure and gince not all
cancers are fatal, another useful measure of r <k is years of

>




Kie expectancy logt on the gverape from a radiation-dnduced
cancer. It has been estimated in several studies that the
average joss of fe expectancy from exposure to radistion is
about | day per rem of exposure. In other words, 8 peison
exposed 16 ) rem of radistion may, on the average, lose
1 day of life, The words “on the averape'' are important,
however, because the persan who gets cancer trem radistion
may lose several years of life expeciancy while his coworkers
suffer no loss. The JORP esiimaied that the average number
of years of life Jost from futal industrial accidents &5 30
while the average number of years of Lile Jost from a fatal
radiation-induced cancer is 10 The shorter loss of life
expectancy is due to the delayed onwt of cancer.

1t is important to realize that these 1k numbers are
only estinates Many difficulties are involved in designing
research studies that can accurstely measure the small
increases in cancer cases doe to low exposures to radiation
#s compared 1o the normal rate of cancer. There i still
uncertainty and a great deal of controversy with regard to
estumates of radistion risk. The numbers used here result
from studies involving high doses and high dose rates, and
they may not apply to doses at the lower occupational
levels of exposure. The NRC and other ggencies both in the
United States and sbroad are continuing extensive Jang tange
research programs on radiation risk.

Some members of the National Academy of Sciences
BEIR Advisory Commitiee and others feel that sk 2stimates
in Table 1 are higher then would actually occur and represent
an upper limit on the risk. Other scientists beliove that
the estimates are ‘ow and that the risk could be higher
However, these estimutes are considered by the NRC staff
to be the best available that the worker can use to make an
informed d-cision concerning acceptance of the risks asso-
clated with exposare 1o radiation. A worker who decides to
accept this it should make every effort to keep exposure
to radiation ALARA 1o avoid unnccessary nsk. The worker,
after all has the first hne responsibility for protecting himself
from radiution hazards

10.  How can we compare redietion risk to other kinds nf
healtk risks®

Perhaps the most useful unit for companson among
health tigks s the average number of days of tife expritancy
lost per unit of exposure to each particular health risk,
Estimates are calculated by Jooking at # large numbes of per-
sons, recording the age when death oceurs trom apparer!
canses, and estimating the number of days of life Jost as a
result of these easly deaths The total number of days of
kie lost & thea averagsd over the total group vbserved.

Seseval studies have compared the projected loss of bife
expectancy resulting from exposure to radation with other
health risks. Some representative numbers are presented in
Tahle 2

These ‘stimates indicate that the health risks from oo
p.tional radistion exposite are smaller than the risks assor
cisted with many other eventsor activities we encouater and
scceptan normal day-to-day activilies
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TABLE 2

Estimated Loss of $afe Expectency from Healih Risks®

Extimates of Days of
Life Expectancy fost,

Health Risk Avernge

2370 (6.5 years)
945(2.7 yenrs)
435 (1.2 yeans)

Smoking 20 cigareties/duy
Queyweight (by 206%)
All accidents combined

Auto accidents 200
Alcchol consumption (U S average) 130
Home accidents us
Nrowning 41
Natural background radiation, [
calculated
Medical diagnostic x-rays (U S, 6
average), caleulated
Al catastrophes (earthguake, ete ) 35
1 rem occupational radiation dose, 1
caloulated (industry average for
the higher-dose job categones is
0.65 rem/yr)
1 rem/yy for 30 years, calculated 10

S Adapted from Coben snd Lee, “A Catalogue of Kisks,* Health
Frygics, Vol 36, June 1979

A secand useful comparizon is to Jook at estimates of
the average number of days ! iife expectancy Jost from
exposure 1o radiation and from common industnial accidents
81 ritiationeelated facilitics and to compare this numbet
with days lost from other occupational sceidents. Table 3
shows average days of life expectancy lost as a mesult of
fatal work-related accidents. Note that the data for occupe:
tions other thar radiation related do not include death risks
from other pocsible hazards such #s expusure to toxic chem-
jeals, ducls, or unususl temperatures. Note also that the
unlikely occupational caposure at S rems per year for 50
vears, the maxvimum allowable risk level, may result in a
risk comparable to the average risks in mining and heavy
construction,

Industria) accident rates i the nuclear industry and
refated occupations! areas have been relatively low durirg
the entire history of the industry (see Table 4). This is
believed 1o be due to the early and continuing emphasis on
tight safety controls The relative safcty of vanous occups
tional areas can be sven by comparing the probability of
death by accident per 10.000 workers over & 40yewr
waorking lifetime  These figures do not include death
from possible causes such s exposure to Loxig chemacals of
radiation

11.  Can @ worker become sterile or inpotent from occupe
nione! radwtion exposure?

Obtervation of radiation therapy patients who receive
localized exposures, usually spread over a few weeks, has
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TABLE 3

Estimated Loss _{ Life Expectancy from Industrial Hazards®

Lstimates of Days of
Life Expectancy Lost,

Industiy Type Average
All indusiry 74
Trade 30
Manufacturing 41
Service 47
Government §s
Transportation and utilities 164
Agnculture 21
Coastruction 102
Minung and quarrying 328
Radiation accidents, decth from <]
£Xposure
Radiation dose of 0.6 rem/yr 20
{industry average) for 30 years,
caloulated
Radiation dose of § rems/yy {or 250
50 years
Industrial accidents &t nuclear R
faciitivs (nonradiation)

e

"Adapted trom Cohen and Lee, “A Catalogue of Risk," Health
Phyacs, Vol 38, June 1979, and Wortd Heaith Organization, Heglth
Implications of Nuclear Power Production, December 1975

TABLE &

Probability of Accidents] Death by Type of Occupation®

Number of Accidental
Deuths fer 10,000

Qeeupation Workers for 40 Years
Mining 252
Construction 228
Agriculture 216
Transportation and pu. = 116
utilities
Al industries 56
Government 44
Nuclear industry (1975 data 40
excluding constructiony
Manufacturing 36
Services 28
Wholesale and trade 24

'Adupnd from Nationsl Saf-ty Council, Accident Faces, 1979,
and Atomic Energy Commission Operutional Accidents and Rad
fon Expomre Experience, WASH 1192, 1978,

shown that g dose of S00-800 rems to the gonads can
produce permanent ster.lity in males or females (an acute
whole-body dose of thii magnitude would probably result
in death within 60 days. An acute dose of 20 rems to the
testes can result in a mea wahle but temporary reduction in
sperm count. Such high exposures on the job could result
only from serious and unl'kely radiation accidents. Although
high doses of radiation can affect fertility, they have no
effect on the ability to fug ction sexually. Likewise, ex posure
to permitted occupationa: levels of radistion has no observed
effect on fertility and a‘so has no effect on the ability to
function sexually.

12, What are the NRC xtemal rediation dose limits?

Federal regulation: urrently linet cocupational extemal
whale-body radiation «se to 1% rems in any cslendar
quanier or specified 3-n mth penod. However, when tiere
15 documented evidence that a worker's previous ocrupa
tional dose is low enoug™, a hicensec mey permit a dose of
up to A rems per quarter o¢ 12 rems per year. The accumulated
dose may noi exceed 5 (- 18) rems® where N is the person’s
age in years, it the Lfetime occupational dose may not
exceed an average of 'S rems for each year above the age
of 18

An additiondl whole-body dose of approximately
§ rems per year is permitted from internal exposure. (See
Question 28.)

t

13, What is meant by ALARA?

In addition to ; ding an upper limit on a person’s
permissible radiatior sure, the NRC also requires that
ite licensees maintg apational exposures as far below
the hymit as is reason v achievable (ALARA). This means
that every activity 8 auclear facitivy involving exposure
to rudiation should be planned so as to minimize unnecessary
exposure to individial workers and also to the worker
population. A job that involves exposure to radiation
should be scheduled nly when it is clear that the benefit
justifies the nsks assumed. All design, construction, and

operating procedures thould be reviewed with the objective
of reducing unnecessury exposures.

I4.  Has the ALAK A concept been applied if, instead of
reaching dose Lruts during the first week of 6 quarter,
the worker's dose s spread out over the wh “le quarter®

No. For radiatiin protection purposes, the risk of
cancer from low doseris assumed to be proportional to the
amount of exposure, ant .he rate at which it is received.
Thus it is assumed th;t spreading the dose out over time or
over larger numbers (I peaple does not reduce the overall
risk. The ALARA corcept has been followed only when the
individual and colle: ive dosey are reduced by reducing the
time of exposure (r decressing radistion levels in the

‘TM NRC hay pu'dished a proposed rule chmr for public
comment that would elininate the S(N-18) formuls. This proposal is
currantly under consideration by s task force reviewing all of 10 CFR
Part 20 Rogent EPA guidance recaommendds eliminatiog the $(N-18;
tormula. 1T adopied, the maximum allowed annual doge will be § vems
ather than 12




Mdividun) and collective doses are teduced by reducing the
fame of exposure of decreusing radiation devels in the
warking ensironnent

15, What i megnt by collecriv: dose and why should it
be mairtgned ALARA?

Nucleay industry scuvilies €x puse an increasing number
of peopls 10 aecunations) radiation n addition to the 1 'is
tion doses they receive from naural background radiation
and medica! tedmtion exposutes The collective ocoupational
dose (persofrems) w the sum of all ocoupational rediation
exposure seceived by all the workers in an entire worker
papulstion. For example, if 100 workers each receive 2 rems,
thie individunl dose 15 2 rems and the caliective dose 1 200
petsonaems The total additiona) risk of cancer and genetic
effects in an exposed population is sssumed (o depend on
the collective d o,

I shouid be £9ted that from the viewpoint of risk 1o
s fota! population, it is the collective dose that must be con-
trolied. For a pven collective dose, the namber of health
effects is assumed 1o be the same even if 8 larger number of
people shive the dose Thee fore, spreading the dos out
may reduce the individug sk, St not that of the population.

Efforts sho'2 be made to mainiain the collective dose
ALAKA voas not 1o unnecessarily increase the overall jopule:
tion ineid{ 1oe of L neer and genetic effecty

16 Js the use of ex vy workers ¢ good way fo reduce ruks?

There is 4 “yes" answer to this question and 3 “no”
ansact. For a piven job involving exposure (o radiation,
the more peeple who share the work, the lower the average
dowe to an individuat The lower the dose, the Jower the
vish. So. for yer s an indivigual. the apswer i “yes™

But how aha ) the risk to the entire group of workers®
Undet assumptions used by the NRC for purposes of protecs
tion, the risk of ca | er deper 45 on the total amount of
wdiution entrgy absorbed b huinan tisus, not on the
pumber of piaple to whom this tissue belongs. Therefore, if
30 workeve are used to do a job instead of 10, and if both
goups pel the seme callective dose (persondems), the total
cances riek iy “he same, and nothing was gained for the
group by usin 30 warkers From this vie » point the answer
i w0 The rish was not reduced but simply spresd
around among # larger number of persons.

Unfortunately , snreading the rish around often results
i @ larges collective dose for the job. Workers are exposed
as they approach & job, while they are getting oriented to
do the of, and as they withdraw from the job. The dose
received during these scuons i culled nonproductive. If
severs! crew chunpe are required, the nonproductive dose
cun become vory lacse. Thus it can be seen thet the use of
extra workes may actually inevease the 1otal ocoupational
dose and the resulting collective nishs

The use of extra workers to comply with NRC dage
Lmits is ot the way to reduce the risk of radiationsin - -
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cancet for the worher populstion. Al best, the total risk
remaing the same, and it may eoon be increased. The only
way 10 reduce the rish 16 10 reduce he gollestive dose, that
ean be done only By seducing the rediation levels, the
working times, or both,

17, Why doesn't the NRC im ose collective de e limits’

Compliance with indradual dose limits oan be achieved
simply by using extra workers However, complience with &
collective dose Hmit (sucn as 100 peasangems per year 1of 4
Heenwee) would requare teouction of rudiation levels,
working tunes, ofr both Bul there are many problems
associated with setting appropriate collective dose limits,

Tor exgmple, ve raight consider applying & single
collective dose lmit (¢ sl licensees. The selection of such 4
collective dose limn would be almost impossible because of
the widle variations in collective doses among licensees,
A poeer reactor could ressongbly be expected to have an
everape annval collective dose of several hundred person
rems. Mowever, a smell industrie! 12 diography licensee
could vary well have 8 collective dose of only 8 few person-
TEMS in 8 year

Even choosing & collcetive dose limit for a group of
wmilar licensees would be glmost as difficult. Radiography
bicensers as & group had an average collective dose in 1977
of 9 personavims. However, the smallest eollective dose for
¥ tadiopraphy licensee was less than ) persan-rem, and the
lurgest was 401 person-rems,

Setting » reasonable collective dose timit for each indi-
vidial beensee would also be very diffiuic It would
require o record of all past collective doses on wiich 1o base
such Limits Setting an annual collective dose himit would
then amouni 1o &0 sttempt to predict a reasnnable collective
dencs for each futire year I order 1o do this, 1t would be
necessary (o be able to predict changes in each licensed
activity that would increase or decrease the collective dose.
I+ gddition, annual collective doses vary significantly from
year 1o year according to the kind &nd amount of mainte-
nance required, which canoot generally be prodicted in
advunce. Following al' such changes and revising limits up
and dowsn would be very dificr1tif not impossible However,
these effarts would be necessary if 8 collective dose limit
wore 1o be reasonable snd nelp minimize doses and risks.

18 How are radiation dose imits established?

The NRC establishes ocoupetions! radiation dose
limits based on guidance to Fede:w] agencies from the
Fovironmenta! Protection Agency (EPA) and, in addition,
considers NCRP and ICRP recommendations. Scientific
reviews of rescarch data on hiological effects such as the
BEIR report are also considered.

Foi. example, recos: EPA guidance recommended
that the annual whole-bogy dase lmit be egtablished ot §
rems per year and indicated tha! exposuis, year after year,
to § rems would involve a risk to & worker comparable to
the average risks incurted by workers in the higher rsh jobs
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such & mpoang In ta few workers aver teach such o Umit,
mash less year after year, and the nsks associsted with
actual ¢ vpoasures are considersd vv the FFA 1o be comg arable
to e saler job categonies. A Sqemoperyear bt would
allow occasion d high dose jobs to b done without ¢.cessive
rish

19 Wagtare the typicel radation doses received by workers?

Ihe NRC roquires that certaln catigonies of heensers
rpont data on annual worker doses ar * doses for all workers
who leave employment with licensees Dats were received
on the occupational doses in 1977 of approximately 100,000
workers in power reactors, industrial radiography, fuel
proc sing snd febrication facilities, and mancfactaring
and diaribution faciities. Of this total group, 8BS percent
received &i annual dose o©f less than 1 rem; 95 percent
received less than 2 rems, fewer than 1 percent exceeded
Srems in ) ye x The sverage annual dose of those workers
who were monitored and had measurable exposurcs was
ot 068 rem. A study compieted by the EPA, using
1977 exposure data for §,260,000 workers, indicates that
the - erage annual dose for all warkers who received a
mes urable dose was 0 34 rem.

Table 5 Lists average occupational ex posures for workers
(persons who had measuable expusure sbove backpround
evels) in vaiious occupations, based on the 1975 deta,

IABLES

U.S. Occupationsl Exposure Estimates®

Average Whole
Ocrupationa) Body Dose Collective Dose
Subgroup (lliverms) {person-rems)
Medicine 320 $1.400
Industrial Radiography £80 5,700
Source Munufactunng 630 2510
Power Keactors 760 21,400
Fuel Fabrication and 60 1100
Reprovessing
Uranium Enrichment 70 400
Nucleas Waste Disposal 920 100
Uranivem Wills K0 760
Department of Energy 100 11,860
Facilities
Depurtment of Defense 180 10,100
Facilities
Fducational Institutions 206 1,500
Transportation 200 2,300
'A_dt&uﬂ from Cook snd Nelwon, Gecupational Kxponres to
lcmum' adiaton in the United Stites A Cmnpfvhvnlvr Summary
Jor 1875, Deaft, Lavieanmenial Protection Agency

20 What heppens if @ worker exceeds the quarterly expor
sure limit®

Radiation protection Limits, such as Jrems in Imonths,
are not ehsolute limits below which it is safe and above which

.

theie o Janper Facerding 8 Umit does not tnply tht you
have sullered an wiury. A good companson s with the
highway speed Tomit, which is selected 1o limit L ooident tisk
and still allow you 1o get somewhere, I you drive at 78
mpk, you mcrease your nsk of an suto aoodent to levels
that are hol conmdered acceptable by the people who set
speed limits, even though you mey not sctually huve an
secrdent. I a wother's radiation ¢ we sepeatedly exceeds 3
rems in 8 quarter, the sk of healt) effects could eventually
inctease tooa Jevel that s not conss ‘ered scceptable to the
NRC Fxceeding an WRO protection limit does not mean
that any alverse health effects are g g to oceur. It does
meatt that & Heehsed's safety program has failed in some
reapect and that the NRC and the licensee should ‘nvestigste
1o make sure the problems are corrected,

I oan overex posure occurs, the regulations prohibat any
sdditionsl oecupational exposure to that person duning the
remainder of the calender quarter in which the overexposurg
pecurred. The licensee Is reguired to file an overcxposure
repore to the NRZ and may possibly be subject to a fine,
Juet ws you e subyect to a traffic fine for exceeding the
spoed limit. In both cases, the fines and, in some senous of
fepetitive cases, suspension of license are intended to
encoutage effats to operate within the Hmits. The cafest
limils would be O mph and O rem per quarter. But then we
wouldn't pet any where

21, Why do sume focilivies estoblish administrative himity
that are below the NRC limits?

There are two reasons. First, the NRC reguintions state
that Licensees should keep exposures to raduation ALARA
By requiring specific approval for worker doses in excess of
set levels, more careful risk-benefit analysis can be made as
each additional increment of dose is approved for a worker,
Secondly, @ facility sdministrative limit that is set lower
than (he quarterly NRC limit provides a salely ma.gin
designed 1o help the licensee avoid overexposures.

22 Severnl scientists have sugpested that NRC limits are
1o Kigh und showuld be lowered. What are the arguments
for lowering the limits?

In general, those critical of present dose limits say that
the individual risk s higher than is estimated by the BEIR
Committee, the ICRP, and UNSCEAR. Based on studies of
low-devel exposutes to large groups, some researchers ha e
concluded that a given dose of radiation may be more Likely
to cause biological effects than previously thought, Some of
these studies are listed in the bibliography (Mancuso,
Accher) and the BEIR-KO0 repart inciudes a section analyzing
the findings of these and other studies Scientific opinion
differs on the validity of the research methods used and the
metho's of statistical anslysis The problem is that the
expected additional incidence of radiation-caused elfects
such as cancer is difficult to detect in comparison with the
puach lurger narmal incidence. It caanot be shown without
question that these effects wire more frequent in the
exposed study group than in the unexposed group used tof
comparison, of that the observed effects were caused
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.f-r tedistion. The BEIR committee concluced ihat cluims
of figher nad had Vo substance ™

The NRO stafi continually reviews tne cesulis of research
un redistion riske. With revpect to largescale studies of
radiationdnduced  health et in human  populstions
exposed 10 lowlevel romiting radistion, the NRO snd £PA
have recently concluded thet thers 8 no one population
group svaidable for which suc, a study could be expecied 1o
povide 8 moe reaninglel estisett of the lowdevel radis-
tion risk. This i& due, in large part, 1o the observed and
estimated low inadence of radint.on heclih effects from
low doses, Momewer, the rese it of angoing ot s, sich
that on ouclenr shipymd vor kers will be care ul'y revigwed
and the development of & vadiation worker regictry i
brang considered &5 & possitdy data base for futur atudies

23 Whui gre the reasons for not lowering the NRC dose
hmiig?

Assuming that the Saemepetyear hnot s adopled,
where ste thee tessons

& Mealth rishs are already low.

The estimated hezith sisks associated with current
averape occupationsl radiation doses (eg . 0 8 rem/yr for
80 years) are comparsble 10 or bess than risk lovels in osther
ocvupational ares: consdercd 10 be among the sefest. If a
perscn were exposed o the mpachmum ol § rems per year
for U years, which virtually never occurs, he o1 she might
wiwr @ sk comparatde to the averape risks in mining and
heavy construction. A3 ogcasions! S-teni annual dose might
be necessary 1o allow same jobs to be done without »
signifigant increase i the eollective dose. H th: dose Lmits
were fowered significantly, the namber of people required
to complete many jobs would inerease. The collective dose
would then increase since more individuals would be
receiving  nonpoodvctive  exposure  while  entenng and
lewvinig the wark area and proparing for the job, The tota
number of health effects myght go up as the collective dase
increased

b The cunemt repaiations are vonsidesed sound

Tne regulatory standards for dose limits sre based
on the recommendatiors of the Feders! Radiation Council,
At the time these standucds were deves . d, shout 1960, it
was vonsidered unliboly that exposurc to these leveds duning
¢ workang bfetime would resalt in clinical evidence o1
wpury of disease different from that sccurming in the
unexposed population. The scientific data bawe for the
stant ras condisted primanly of humati exprnence (x-ray
exposures (o medice! practitioners and patients, ingestion
of redium by watch dial painters, carly effects observed in
Japanese  atomic  Somb survivors, tedon exjposures of
uranium miners, occupational radistion accidents) involving
very larpe doses delivered at high dose rates. The data base
alo included the results of @ large number of anima!
expenments involving high doses ard dose re.25. The anima!
experiments were particularly useful in the evalustion of
penctic effects. The obhserved effects were related to low

blevel vadioion sccording 1o the kincwr mode] explained in
Question 7. Base d on this approech, the segulations in JCEFR
Fart 20 “Standards for Protection Against Radigtion,” el
state that hoensee; should maintain all ratiation exposures,
and releases of rediocctive matenals o effioents, os low & is
rensonebly schievable Mors recent scientific reviews of the
large body of expenmental date, such as the BEIR-80 and
the recent EPA guidance, continue to support the viev. that
uie of & Sacmeperyear bimit o scoeptabde an practice.
Expenence has shown thet, under thy limit, the sverage
dost 1o workers b newr 05 rem/yr with vory few warkers
consstently approaching the linat

¢ There is little 1o guin

Reducing the dose limits, for example, to 0.5 rem/y
has boen analyzed by the NRC stafl An estimated 2.0 million
personrems could be saved from 1980 through the year
2000 by nuclear power plant lcensees i compliance
with the new limit were achieved by lowering the radiation
levels, working times, o1 both, rather than by using eatia
wotkers 1 is estimated that something like $23 billion woul
be spent toward ihis purpose. Spending $23 bithon to save
2.6 million persontems would gmount 1o spending $30 1o
$90 milbon to prevent each potential radiation-induced
premature cancer death, Society considers (his cost sraceepl
a' 1y high for individual prolection

24 Are there any areas of concern gbout radwtion righs
that moght result in chonging the NRC dose limin?

Yes Three arvas of concern to the NRC stall are specili-
cally identified below.

8 Arandependent study by Rossi and Mays and other
biolog.cal research have indicated that & given dow of
reutron redistion may be noore bkely (o cause hologica!
effects than war previcusly thought, Other recent studies
cast doubt on the wsue The NCRP is currently studying the
data related 1o the neatron radistion question and s
expected 1o made recommendations us to whether neutron
dose himits should be changed. Although the scientific
community has not yet come to agreement on this guestion,
workers should be advised of the possibility of higher nsk
whei entering aress where exposure 10 neutrons will occur

b, It has Buen known for some time that rapidly
growing bivio g tissue is more sensitive to inpury from radiation
than tissue in which tne cells are not seproducing repidly.
Thus the embryo o fetus 18 more sensitive 1o radiction
wrgury than &n adult. The NCRP recommended in Report
No. 39 that speoal precaution s be taker when an occupa-
tionally exposed woman could be pregnan! in order to
protect the embryo or fetus In 1975, the NRC issued
Repulstory Guide 813, “iratruction Concerning Prenatel
Raduwtion Eaxposare ™ in which it s recommuended that
boensees instruct workers conceraing this special nisk,
The guide recos meras that gl warkers be gdvised thst the
MORP reconcnended that the maximum permissible dose 1o
the embryo of fetus from occopationsl exposure of the
mother should aot exceed 0.5 rem for the full $month
pregnancy period In sddition, the guide sugpest: oplions
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wvallable 10 the female employee who (hooses fot (o
eapose hor embayo of fetus 1o this sdditional rsk

The Uniied States Dopartment of Health mnd Humen
Services i similarly concerned about prenstsl exposure
from medical xaays In 1979 they published proposed
puidelines for physicuns concerming abdominal x-rays lor
possibly pregnant women, The puide! nes in effect encourage
the sy stall to make efforts 1o determine whether &
feisale patient is pregnast and to defer xtuys il possible
until after the child is bam

. Also of special interest is the indication that female
workers are subject t¢ more tisk of cancer incidence than
male workers, In terms of ali ty pes of cances except leukensia,
the BEIR-B0O ani'yms indicates that female workers have
n risk of developing radistion-induced cancer that is approxs
mately one and one-hall times Jhat for mades. This increased
risk is primaridly due to the incidence of breast and thyrond
cancer in women. These types of cancer, however, have »
high cure rate. Thus the difference between men and
women o cancer mortality is not grest. Incidence of
digtion-induced leukemia s about the same for both
seres. Female workers should be aware of this difference in
the risks of radistion<induced cancer in deciding waether
ot not to seek work involving ex posute to radiation

25, How smuch rodiction does the gverage person who
does not work in the nuclear industry receive?

We are all exposed from the moment of conception
1o ionizing radiation from seversl sources. Out envifonment,
and even the human body, contuins naturally oceurning
radioactive materials that contribute some of the background
radation we receive. Cosmic radistion onginating in space
and in the sun contributes additional exposure. The use of
xorays and radioactive matenals in medicioe and dentistry
adds considerably to our population exposure

Tabie ¢ shows exstimuied average individual exposure
in millirems from natural background and other sources,

TABLE &
U S Genera) Population Exposure Estimates (1978)°

Average Individoal

Soures Dose
(meem/yr)

Natural background faverage in US) 100

Release of radioactive matenal in 5

natursl gas. mining, milling, etc.

Medicar ( whale<body equivalent) L]

Nuclear weapons (primarntly lallout) 58
Nuglear energy 028
Consumet prowucts Go3

Total 4200 mrem/yr

et g e . A A £ P -

s .

A‘iwu from & report by the Interpgency Task Force on the
Health "gen of lnnin’: Radiation pu;f:m! by the Depariment
of Health, Fducation, and Welfare

Thus, the aversge individual in the genessl popatatiog
receives about O 2sem of radistion exposure esch yea
from sources that are @ part of owr aatural and men-ma e
environment. By the age of 20 years, an individual Las
sccuthulated about 4 rems The most Bhely targel for
teduction of population exposure is medical uses.

24 Why aren't medical vxposures congidered as pait of @
worker . dowed dose?

Fqual doses of medical and occupations! radistion have
vqual rigks T Medicai exposure 1o radiation should be justified
for reasons quite didf=tont, however, fram those applicable
1o occupstionsl exposare. A physician prescribing an x-fay
should be convinced that the benelit (o the patient of the
resulting medical information justifies the nak assoviated
with the radintion. Each worker raust decide on the accepls
ance of ncoupstional radwtion sk just as vach warker must
ducide on the scceptability of any other occupstional
hyrard.

For another point of viow, consider s worker whoreceives
# dose of 2 rems from a series of xaays or & radioactive
medicing in connection with an injury of diness, This dose
wnid the umplied risk should be justified n medical grovnds
I the workes had also received a dose &1 2 rems on the job,
the combined dose of 4 rems would not incapscitate the
worker, A dose of 4 rems is not especially dangerous and is
not large compared to the cumulative lifetime dose. Restrict-
ing the worker from sdditioual job exposure during the
remainder of the quarter would have no effect one way of
the ather on the risk from the 2 rems already received from
medical exposure. I the ir dividual worker accepts the risks
associeted with the x-rays on the basis of the medical
benefits and the ngks associated with jobaelated exposire
on the hasis of employment benefits, it would be unfair to
restrict the individual from employment in radiation areus
for the rematnder of the quarter,

Some theraprutic medical doses such as those receiveu
trom cobalt<60 treatment can range as high as 6900 rems to
8 small part of the body, spread over a perind of several
weeks or months,

27 What is meant by internal exposure?

The total radistion dose to the worker is the external
dose (measured by the film badge and reported as “whole
body dose™) plus the dose from internal emittess, The
monitoring of the additional internal dose is difficult.
Becauw there is the possibility of internal doses accurring, a
good airmonitoiing program should be established when
warranted.

The uptake of radivactive matenials by workers is gener
slly dug 1o breathing contaminated air. Radioactive materialy
may bt present s fine dust or gases in the workplace
atmosphere. The surfaces of equipment and workpenches

et . e B 5 e e 5 i

]

it b likely that a mgnificant portion of reported medicsl xray
cAposure I8 1O parts a'n&c bo&v only. An u‘mum of 190 mrem 1o
he whole body s more significant than o 100-nuem chest B8y
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May W comtaminated Redioactive mutenals miay enter the
Sody Uy Bip bresthed i taken ir with ‘sod of dnnk, o
being shaorbed thevugh the skin, partic ularly of the shan 43
et o

Afior estering e bady, the Ladioactive meterial will
Mmigrate 10 pa ticular vrguns or particular parts of ‘he body
$opendane on he Biochemistty of the material. For cxammple,
uranim will 1end to depost M the bones whore #f will
fempin for & lokg time. 0 is sowly eliminated from the
body, mostly by way of the kidavys, Radiun will also tend
L6 deposit in the bones. Radinactive 16dine will seek out the
thyimd glavds (located in the Dokt end deposit thery

The dose from these interms) emitiers camnot b mes
sured eithey by the fikin hadpe o by other ord nan dowm
tlers carned by the wotker. This means that the iniernal
tadistion dose must be separetely moniiored using other
detection methods

Internal exposice can be estimated by measuring the
tadhation emitied from the body o by meas ng the
radioactive materials contained in bioiogics! samples such as
urine or feces Dose estimates con alse be made if ane
kniows how much rediosctive matenal is 4e the air and the
length of time during which the air was breathey

28 How are the limits for intermal exposu. e set?

Standards have been established for the meximur
petmisuble amount of each sadionuchde thai may be
sccumuolated in the oritical organs® of the wotk e + body

Calculations are mude 1o deternine the quantity of
vadiouctive mat: ria that has been taker into the hody and
the 1otal dose that would resuls Then, based on limits
established for particular body organs simiar to 1% rems
tn & calendar quaster for whole-body exposure, the vefrula
tions specifly manimum permissibie concentrations of radio
active matenia! in the air 1o which 8 worker can be expased
for 40 hours per week over 13 weeks or | calendar quarter
The regulations also require that erforts be made to keep
interna exposure ALARA

Internal exposure s controlied by bindting the release of
radioactive material into the alr and by carefully monitoring
the wark arca for sirborme tadicactivity and surface con
temmmation. Protective cintMing and resniratory (breathing)
protection sho dd tw used whenever the possibility of
Contact with loose radiosctive material cannnot be prevented

20 Is the dose 6 peron received Jrom internal exposure
added 1o that received from extemnal ckposure®

Exposure 16 radistion that results from redicactive
materials taken into the 3 dy 1 measured, recorded, and
renorted 1o the worker separetely from external dose The
internal dose 1o the whole body or o specific organs does
not al this time count agsinst the 3-rem-por-calendur quarter

-~ b

'rmnu Organ relers b those parts of the body vulnerahh 16 radia
ton damuge sich as bone lunan, thyrud, snd other syefems where
Cortain redionctive materiuls will concenteate if hen into the bod)

litnit JORP tecommends that the internal und exfern) @ oses
should be appropristely sdded This recommenuation is
currently vndor study by the sally of the NRC, the EPA,
and the Occupational Sefety und Health Administiation
(OSHAL

S0 How w4 worker s ex fermul radiotion fose derermined?

A warke: may wear thare ty pes of radistion-measuring
devices. A sedf-resding pocket dosimeter records the EXposie
1o incident radiation and can be read out immediately upon
finishing & job invalving extornal exposure 1o radition. A
filn badpe or YLD badge records radistion dose, zither by
the amount of darkening of the film or by stoning energy in
the TLD crystel Both these devices require processing to
determine the dose but are conudered more reliable than
the pocket dosimeter. A worker's official report of dose
recenved is normally bused on film or TLD badge readings,
which provide a cumulative total end are more accuraie,

2 Whet are my options if 1 decide not 1o accept the rishks
ssocwied with occupational radiation expoaure?

I ihe risks from exposure 10 radistion that may be
expected to accur dutiag your work are unaceeptable to
You, you coula request 8 ttansfer to & Job that doss not
mvolve exposure to radiation. However, the risks essociated
with exposure 1o radistion that workers on the average,
#tually receive are considered escceptable. compared (o
other occupationsl risks, by virtually all the scientific
groups that have studied them, Yout employer is probatiy
not obligated to guarantee You  trensfer if you decide not
o aocept an asignment requiting exposure 1o radiation.

You also nave the option of seeking other employinent
i & nonradiation occupation, However, the studies that
have compared occupational risks in the nuclear industry to
those in other job wreas ndicate that nuclear work i
relatively safe. Thus, you will not necessarily find sgnil-
wantly lower risks in another Job

A third option would be o practice the most effective
wark procedures w 88 to keep your exposure ALARA. Be
#ware that reducing time of CXposure, maintaining distance
from radiation sources, and using shielding can 3l fowe
your exposure. Plan radistion johs carefully to increase
efficier.cy white in the radistion arca. learn the most
eflective methods of asing protoctive clothing to svaid
contamination. Discuss yout job with the radiation protec
tion personnel who ran suggest s ditional wiys to reduce
yOur ex posure

12 Where e | get additianal iformution on mdiation nisk *

The followiag List sugpests sources of useful informa-
Hon on radiation risk

e Your Employer

The radiation protection or health physics office
in the facility whers you are employed
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& Nuclear Regulgrory Zommission
Regional Offices

King of Prussia, PA 19406 215-337.4000

Atlanta, GA 30303 404 1214502
Gl Ellyn, 1L 60137 312932 2500
Atlington, TX 16012 817334 284
Walnut Creek, CA 94596 4159433700

Headyuartery

Occupational Radiation Protection Branch
Office of Nucleas Regulatory Research
U8 Nucleur Regulatory Commission
Washington, D ¢ 20884

Telephone: 3014435970

e Department of Hegith and Human Services

Office of the Director

Bureau of Radiological Heaith (HFX-1)
Department of Wealth and Human Services
5600 Fishirs Lane

Kockville, MD 20857

Telephone 3014434699

d. Environmental Protecrion Agency

Office of Radiation Progtams

UK Environmental Protection Agency
401 M Street, SW

Washington, D C. 20460

Telephone 703.557.97 10

)
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