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(B) EMERGEN Yy ProCE 1% WHMICH M RCE MATERIAL

WASTE PRODUCTS If ¢ I be g erated. state '"None'' opposite (a), below 1f waste products will be gener

ated, clipgk Hes qud enim,. yn a supplemental sheet
pPe ra

(a) Quant*:i anG tyy ! i

» .
floacti¥e waste that will be generated

(b) Detailed pro-edures for waste disposal

s« IF PRODUCTS ' DISTRIBUTION TO THE GENERAL PUBLIC 1
10 CFR 40 ARY ro BE MANUFACTURED, USE A SUPPLEMEN
DESCRIPTION THE PRODUCT, INCLUDING

(a) PERCI - RCE MATERIAL IN THE PRODUCT AND ITS LOCATION IN THE PRODUCT

(b) PHYSICA DESCRIPTION OF THE PRODUCT INCI DING ("HARACTERISTICS, IF ANY THAT WILI

PREV INHALATION OR INGESTION OF SOt R( MZ PERIAL THAT MIGHT BE SEPARATED
FROM THE PRODU(

A ND rA PLUS GAMMA RADIATION LEVEI 3
b ' e u Y AT THE SURFACE OF THE PR

THOD OF ASSURING THAT SOURCE MATERIAL CANN(

INDER AN XEMPTION CONTAINED IN
AL SHEE. 0O FURNISH A DETAILED

secify instrument used, date of calibration and

ODUCT AND AT 12 INCHES
)T BE DISASSOCIATED FROM THE MAN

BE1 {
N
Mi

UFACTURED PRODUCI

CERTIFICATE

iten ust be completed by applicant)

s this certificate on behalf of the applicant named in Item 2,

fhic uting
red in conformity with Title 10, Code of Federal Regulations,

luding any supplements attached hereto, 1s

The applhicant, and any
certify that this apphcation 1s preg
Part 40, and that all information containg ! herein, In

true and correct to the best of our knowl dge and belief

1040 Act of June 2 1948 62 Stat. 749, makes it a cnim | offense to make 8 willfully false state
within its jurisdiction

i 1o any department or agency of (he United Stat o any maltler
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‘Ledoux & Company

SILVE KALLMAKN
Vice President - Technical Director

Mr. Kallmann is responsible for the direction of approxi-
mately 65 scientific and support personnel in the performance
of all technical activities at Ledoux & Company. These activi-
ties include research and development projects and all phases
of wet chemical, and instrumental methods of analyses.

Mr. Kallmann has been associated with Ledoux G.Company
since 1942 and has been Research Director since 1950. He is
author or co-author of approximately 25 papers published in
ANALYTICAL CHEMISTRY, Talanta, and Anal. Chim. Acta, covering
a variety of analytical subjects. He also prepared two chapters
in Kolthoff and Elving's "Treatise on Analytical qpemistry",

a chapter on mineral analysis in Meites" "Analytical Handbook",
a chapter on inert gas fusion analyses “or a forthcoming volume
of TECHNIQUES IN METAL RESEARCH edited by Bunshaw of Lawrence
Radiation Laboratories, and a chapter of a book on Gases in
Metal Analysis edited by Melnick of U. S. Steel.

During the last several years, Mr. Kallmann has begn one
of three United States representatives to the Advisory Group for
Aeronautical Research and Development (AGARD) - program of the
North Atlantic Treaty Organization. For many years, he has been
prominently active in the affairs of the American Society of
Testiang Materials. At the present time, he is Chairman of
Analytical Subcommittee, E-16, chairman of six task forces in

various ASTM committees, Vice-Chairman of Division M (Miscellan-
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eous Metals), Division G (General) of ASTM Committee E-3 and
Division I (Interstitials) of ASTMICommittee E-3. He is also
a member of the International Standards Organization. He was
awarded the Lundell-Bright Award by the ASTM in 1970 for his
outstanding contributions in the field of chemical analysis.

Prior to joining Ledoux § Company, he was employed in
the Oppenheimer Laboratory, Dusseldorf, Germany, as an
Analytical Chemist and also by Walker § Whyte, New York, a
commercial testing laboratory.

Mr. Kallmann was educated at the University of Cologne,
his education being equivalent to a Master of Science in
Chemistry in the United States. He is a member of the Ameri-
can Chemical Society, American Nuclear Society, American
Institute of Mining Engineers and the Association of Consult-
ing Chemists. He is listed in American Men of Science.

Mr. Kallmann completed an extensive two-month course at
Oak Ridge Consolidated Universities in 1955 on the safe

handling of radionuclides, their detection and determination.

-
’
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Resume of Paul J. Blumberg .
Supplemental information to questions 8 to 10

Mr. Blumberg has completed the health physics training
program at Manhattan College, Bronx, NY where he received
formal courses which covered the items of 8a through 8d.

In addition, Mr. Blumberg has been working within the
field since August, 1965.

From August 1965 to February 1968, Mr. Blumberg was
employed by E.R. Squibb and Sons Radiopharmaceutical Branch
in the quality control section. Here he worked with several
millicuries of the isotopes H-3, Na-22, P-32, Co-57, Co-60,
Se-75, Mo-99, Te-99m, I-125, 1-129, 1-131, Cs-137, Ir-192,
Au-198, Hg-197, and Hg-203., Since that time, Mr. Blumberg
has been employed at Ledoux & Company where he has gained
experience with smaller quantities of several other isotopes
including C-14, Ni-65, Na-24, Cn-58, Sr-85, Sr-89, Sr-90,
Y-88, Y-90, Zr-95, Nb-95, Ru-106, Ba-133, Cs-134, Ce-144,
and Bi-210,

Mr. Blumberg also participated in submarine start-up
programs on 17 submarines in 1971 and 1972 where he worked on
several short-lived fission products in primary coolant
solutions at up to 100% power levels of the reactor.

Mr. Blumberg graduated from Rutgers in 1976 with a
B.A. in Chemistry and a graduate course in Nuclear Physics.
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Supplemental Attachment for #11.

Equipment:

Tracerlab, Inc.
Alpha, Beta, Gamma Survey Meter Model SU-14

Beckman Wide Beta II Flow Proportional Counter

Eberline Model RM-15 Radiation Monitor with Alpha Probe Model AC-3-7/AC-3B-7
with 1.5 mg/cm“ aluminized mylar window which is used as a personnel monitor.
It also has an attachable Beta-gamma probe Eberline Model No. HP-177C with
wall thickness of 30 mg/cm?. The meter reads from 0 to 500 counts per
minute with times 10 and 100 settings. Approximately 1400 cpm from
Co.60 equals 1 mR/hr,
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Attachment For 11 (c¢)

Uranium and thorium is worked on and analyzed in the
Radiochemistry facility or the UFg facility. The UFg
facility has two hood areas an one exhaust system with a
filter between the hoods and the fan. Monthly air samples
are taken after the filter to determine alpha and beta
activity released. The radiochemistry facility has one
hood in the main laboratory and three hoods in the low
level lab. Any work which will involve preparation of
standards will take place in the main radiochemistry
facility. The ores and concentrates are stored in the main
warchouse in a designated area.
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Ledoux & Company

Attachment for 12

A) The storage and laboratory areas are all sprinkler equipped.
Flamable liquics are not stored in these areas, while small
amounts of flamable reagents are used and kept in the radio-
chemistry facility. The storage area itself has no flamable or
explosive material.

B) All areas are properly marked for evacuation, with exit
signs lighted and emergency lighting provided to aid in evac-
uation, The local fire department is informed of the existing
activities and various personnel from this fire department make
routine visits to familarize themselves with our operation.
Radiation detection instrumentation is kept in three different
areas so that there should be detection equipment available

in case of emergency where access to one or more areas is cut
off.

C) Radiation Manual describes the survey program and procedures
at Ledoux § Company.
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EFDOUX AND COMPANY RADIATION MANUAL

The scope of this manual is teo establish working procedures
with radioactive material as well as to make employess aware of
the hazards involved in the use and handliné of radioactive
materials, At present, our AEC licenses limit the arount of
radicactive materials to fairly lowv levels so that hazards fronm
external radiation are small, These hazards are .overed as a
general outline for good practice in handling any amount of radio-
activity, Of nuch greater concern for Ledoux and Company should
be internal exposure, Internal exposure results from the deposi-
tion of radiozctive materizl withia the body through inhalation,
ingestion, or absorption, Internally deposited radiation is ex-
tremely haza}dous sigce it produces continuous radiaticn exposure
until it decays or is removed fronm the body through excretien,
Internal radiation exposﬁ:e can be controlled only by preveanting
the entry of radiocactive material into the body. It is essen-
tially a problen of contamination control,

If we were to analyze all cf the many thousands ol materials
so familiar to us in our daily lives, we would find that they
are all mixtures of chemiczl comblinations of 2 relatively few
basic naterials called elements, Lxanmples of these elenents are
carbon, ox§gcn, iron, hydro,en, 21d zinc, The smallest "picce"
0f an elemcat that can exist and still keep the identity of that

crnent is called an atowm {& very small particle indeed, far

L

gmalley than ve 22n se2 even with the 2id of the most powerrul
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microscope). The atoms, then, may be considered the basic build-
ing blocks from which all matter is constructed, For §xample "
water is a chemical combination of atoms of oxygen and atoms of
hydrogen; table salt is a chemical combination of sodium and

- c¢hlorine atoms,

At one time it was believed that an atom could in no way be
divided, However, research has revgaled that all atoms (no matter
if they are hydrogen atomr, sodium atons, etc,) are composed of
three basic atomic particles: electrons, protons, and reutrons,
Each atom has 2 densely packed center called the ﬁbcleus, which
contains the protons and the neutrons, and the electrons revolve
around this nucleus in orbits,

Once radiation is released from a redioactive nucleus, what
happens to the ejected particles and energy?

1. Radiation particles and energy do interact with and affect
surrounding atoms, Just 2s a bullet will affect a board
it strikes, radiation particles and energy will strike
and perhaps change atoms in tieir path,

2. The distance that radiation and energy will travel depends
on the energy of‘the particle or gamrma ray when it is
emitted and on the frequency with which it interacts with
the atoms along its path, For particulate radiation this
fréquency, as a rule of thumb, depends on the size of the
radiation particle, For exanple, the heavy alpha particle
will usually not p;netratc an ordinary sheet paper, but

to stop the nuch lighter (smaller) beta partic i1l re-

quire a sheet of aluminun, Ganna vadiation, ing no
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mass, can be stopped only by thick sheets of lead or con-

crete,

A fourth type of radiation involves the release of neutrons
from atonic nuclei, This is a rather unusual type of radiation

generally associated with reactors and accelerators and will not

be discussed in a detailed manner in this manual,

Radiation Effects

If radiation had no effect on the surrounding material, we
- might regard it merely as an interesting phenomenon, But radiation

does affect the material exposed to it; this fact becomes very im-
portant when the exposed material is a person, |

The ‘problem of exposure of personnel to radiation is twofold,
First there is the problem of external radiation, that is, radiation
received from sources outside the body., External alpha radiation
presents little hazard because the alpha particles usually cannot
penetrate the outer layer of dead skin, Since the outer skin layer
is composed of dead skin, the amount of radiation it receives is
little cause for concern, Beta radiation, on the other hand, can
penetrate far enough to damage living tissue, The even more pene-
trating gamma radiation will reach much more important organs such
as the blood-cell-producing bone marrow,

The second problem is internal deposition of radioactive
material, Since the body cannot distinguish chenically between
radioactive and pon-radioa;tive isotopes of the sane element,

radioactive material can be chemically incorporated into the body

if they are swalicwed or inhaled. The result is a problen of
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radiation from sources internal to the body, If this happens,
alpha radiation becomes very important; internally deposited
alpha-emitting radioisotopes can be a problem, Beta radiation
is also frequently a more severe problem when the radiation
';ource is intetn#lly deposited, Gamma radiation is a problen

whether the source is external or internal.

Units of Exposure and Dose

Three units commonly used to measure ra&iation exposure and

dose are the roentgen, the Rad, and the Ren.

| The roentgen, is applied only to x or gamma radiation, whereas
the Rad and the Rem may be used to measure any type of ioniz-
ing radiation, The Rem is a special unit that takes into
account the different biological effects of various beta and
neutron dose, For‘most practical applications, one Rad
equals one roentgen equals one Rem when only beta and gamna
radiations are being considered, Because these are rather
large quantities of radiation, doses and dose rates are often
given in terms mR, mRad, and mRem("m" being the abbreviation

* for milli, which means one-thousandth of), Dose rates refer
to the dose received per unit time, Thus we have mR/hr,
mRads/hr, and mRems/hr to measure dose rate,

Exposu?e of personnel to ionizing radiation must be kept to a
safe level (just as must any other industrial hazard such as toxic
chemicals or fumes), Of course, it is quite impossible to draw a
sharp, definite Iine that separates "safe" radiation doses fron

those causing measurable harm, As a result rost of the reccamen. .-

tions for control of radiation dose received by pversonnel are de-
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signed to be well on the safe side. The fact that someone exceeds
the recommendations, then, is not a cause for alarm but often sig-

nifies a breakdown in controls,

Radiological Controls

With the brief background on atomic structure, effects of
radiation and familiarization of units of exposure and dose, we
shall continue into the main purpose of this course manual -

Radiological Controls as they apply in the Laboratory. Initially,

however, a restatement of an important concept is in order. To
undgrstand and implement controls it should be clear that we are
controlling two basic types of radiological hazards; External and
Internal radiation hazards,

An external radiation hazard is one where the source of radia-
tion is external to the body and the radiation interacts with the

body by passing through it, An internal radiation hazard is vhen

the radioactive material is deposited within the body and the

body tissue is irradiated from within, This type of hazard in
many cases is the nost serious since the radioactive material is
actually within the body.and can remain there for extended periods
of time, days to months, depending on the specific type of radio-
active material., Vhat methods can we use to protect ourselves

against these two type of hazards?

Controls for Reducing and Minimiziny Exposure to External Radiatien

Three basic techniques may be used to control this type of

hazard; time, distance, and shielding,
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Time Since the total dose one receives is related_to the

amount of time he is exposed to a given field of radiation
by simply reducing the time spent doing a task we are agie
to control the total dose received,
For example, if we have a dose rate of lRem/hr and we want
to limit exposure to a total dose of 100 mRem (0.1 Rem) the
time must be limited to 6 minutes (0.1 hrs).

Dose (Rem) = Dose rate (Rem/hr) x Time (hrs)

0.1 Rem = Rem/hr x T |

O:l . T

0.1 hr or 6 minutes = T

What can be done to reduce the amount of time doing a job in

a radiation field? First, plan the job and second, where applicable,

go through a dry run, :
Distance

It is known that radiation intensities decreasc with the dis-
tance from the source. Therefore, distance may be used to reduce
one's exposure, Often when we speak of using distance to control
radiation exposures we tend to think of complicated remote hand-
ling tools, However, handling a highly active piece of radio-
active material with six inch pliers rather than the bare hand
will reduce the dose to the hands significantly, Especially when
the source enits a great deal of beta radiation. Also if one ex-
tends their z2rm rather than handling a2 source close to the body

it can reduce the dose to the body by a factor of ten,

PR —
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The third control measure which can be utilized to reduce
exposures to external radiation is shielding., As indicated
earlier,radiation does interact with matter, It is absorbed to
some extent in matter. The more dense (heavier) the matter the
more absorption takes place, The two most common heavy materials
uséd for shielding are.concrete and lﬁad. When radiatioh is ab-
sorbed it is said to be "Attenuated"/ One inch of lead can
attenuate most common types of gamma radiation by a factor of ten
or more, For example, 2 sm2ll source of Cs-137 produces a dose
rate of IR/hr three feet from the source, If one inch of lead is
positioned between the source of the person being exposed the
radiation level (dose rate) will be reduced to 0.1 R/hr. For each
inch of lead-added the dose is reduced by ten, Such that the
addition of two inches of lead in this case results in a reduction

of 100 (102) in the dose rate to 0.01 R/hr.

pa——
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GENERAL WORKING CONSIDERATIONS

I, In any area where radioactive material is being uséa, there

is to be no eating, drinking, snoking‘or cosmetic applications,
Established maximum levels of contamination are not to be exceeded
in controlled arcas, Surveys are used to determine base levels,
The frequency of surveys is to be determined by the workload,

In general, smears are to be taken after completion of a project,
and air saﬁples are to be taken wvhile work is in progress, Before
leaving a controlled area, the worker is to monitor himself, If

protective clothing is required for that work, it shall be kept

in the controlled arez and treated as being radioactive,

II, a) Area smear survevs
1, Su;veys are to be taken using 1 square inch Whatrman
#42 paper discs,
2, The area smeared should be 100 square centimeters.
3. Every surfacé used should be smeared at least once,
4, Smears are to be submitted to radiclogical control
for evaluation,
b) Air monitoring
1, The object of air monitoring is to establish working
levels and to deternine hazard to the worker.
‘2, “The air is to be monitored for particulate and/or
specific element concentrations,
\
3. The Vhatnon #41 filter paper OF 11 centimeters dianeter
is used to collect particies greater than ten nicrons

in diameter, At least 400 cubic feet of air are

necessar; for a representative sample size,
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4, Scrub solutions thru which air is bubbled to remove
2 specific radionuclide is to be used where thc airborn
radiation hazard is known, Bubble at least 100 cubic
feet of air thru two succes;ive traps. The concentra-
tion of radioactive elements in the solutions is to be
determined by chemical and radioactive analysis,

S, Limits for concentrations of radionuclides in air are

listed in 10CFR20, appendix B, Table II, Column I,

¢) External Radiation Levgls
1, Each radiation control area is to be evaluated every
week for radiation level!s in work areas,
2, Waste disposal and isotope storage areas should be
checked each work day these facilities have been used,

3. Caution, Radioactive Material signs shall be posted in

all areas where radioactive material is stored or vsed
and where the radiation background is two mr/hr or less.

4, Caution, Radiation Area signs shall be posted in all

-areas where there is a background radiation level in
excess of two nr/hr, Such areas are to be conspicuously
marked, and the actual levels are to be posted,

S. Radioactive material is to be stored in such a manner
that no radiation area of greater than 50 mr/hr cn

contact is created.

\

1711, Survey Evaluation

A, SNM Handling facility
1, The special nuclear materials handling facility is

divided into two zones:
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l)'Radiation Area
b) Uncontrolled Area
2, Radiation Area
a) Smears are to be taken daily in the radiation area if l{/
work is carried on within that area, ‘
b) Smears are io be counted on Eberline Radiation monitor lz
RM-15, Each ten alpha counts represents 0,1 mg of
U (naturaf)up to 1.5 mg of U (natural). The Pu
isotope efficiency is 12.8% for the 1" diameter filter
papers. | |

/
¢) The RM-15 is to be stationed between the two areas of [(l

the facility and is to be used as 2 personnel monitor
b;fore exiting from the radiation area,
3, Uncontrolled Area ’
a) Smears are toO be taken monthly and counted on the l(‘ l
Beckman low-background alpha and beta proportional
counter,
b) Levels in all uncontrolled areas afc to show a2 beta \a\
activity of < 2,0 cpn and an alpha activity of < 0,3 cpm
on the Beckman instrunmert (beta eff: ~40%, alpha eff
A 30%).
B. Radiochemistry and Low Level Labs
1. The radiochemistry and low level labs are to be classified
as a Radioactivc\ﬂatcrials Area.
2, Smear iinits are those of paragraph A3b of this section
above.

3, Air sanples arc to be taken querterly on Whatnan #41
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IV. Personnel Monitoring

2) People working with radiocactive material or x-f;y gener-
ating equipment are to be isshed film badges,

b) Film badges are to be used only during working hours and
are to be kept in a rack with the control badge when not
being used,

c¢) The film is processed quarterly unless exposure levels

indicate the need for more frequent processing.

V. Location and Storage of Radioactive Materials
, a) Radioactive samples received by the company are to be
smeared for purposes of leak detection and external con-
tanmination,

- b) Labélled radioactive packages are to be surveyed for ex-
ternzl hazards and are to be stored in a locked container
or room designated for that purpose,

¢) Storage areas are to be assigned throughout the laboratory
so that all people are aware of the location of radio-

active samples,
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APPENDIX 1

Emergency Procedures are required to (1) minimize injury to

personnel and (2) minimize destruction of Laboratory property
and (3) prevent release of radioactivity to uncontrolled areas,
Knowledge of emergency procedures is an important responsibility

of each individual at the Laboratory,

Spills - In the e “ radioactive liquids or solid (including

. finely divided particles which may disperse rapidly in air) are
spilled, the general procedures outlined below should be followed,
Sinr; each spill will require different detailed actions for
effective control and recovery, personnel should take appropriate

actions to minimize the spread of contamination,

Stop the Spill - If the spill is from a system which may have

more material to leak out, promptly stop the leak if possible,

If the spill is from an overturned container, try to set it up-
right if the contents have not all escaped. The amount of time
spent stopping a difficult leak should depend upon the radiation
level involved, the possibility of inhaling airborne radioactivity
from the spill, and the consequences of not making a prompt

closure, In some cases, a prompt closure may not be practical,

Karn other personnel, Other personnel who may become contaminated

by the spill or who may be able to help control it should be
alerted immediately, Contact Radiological Control Engineering

personnel,
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Isolate the area, Keep unnecessary people away from the area

affected by the spill to mininize the spread of contamination.
This action may require closing doors, roping off the area, or

verbally warning approaching personnel,

Minimize your own exposure., Move to the edge of the affected ares,

taking care to minimize the spread of contamination, It may be
advisable to step outside the room where the spill occurred and
seal off the access. Remain in the imnmediate area of the spill

‘until Radiological Control personnel advise otherwise,

Shut off ventilation from the spill area other than filtered ex- 7

hausts, It may be desirable also to shut down exhaust systams
in adjacent areas to ensure that air flows into rather than away from
the spill area. Filtered exhausts should be shut down if necessary

to minimize spread of high levels of radioactive contamination,

Measure activity levels, 1!easure contamination on personnel who

have been exposed., Make contamination surveys in adjacent areas,
deternine magnitude and extent of surface contamination in the
spill area; when appropriate, measure airborn radiocactivity inside

and outside the spill area and measure radiation levels in venti-

lation filters,

Clean-up 2ctions, Subsequent radiological contrel and clean-up

actions should be in accordance with other appropriate Radiological
Contro! procedures, Consideration should be given to radioactive

waste disposal and internal and external exposure of personnel,
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For locations where spillsare most probable or would have the worst
consequences, detailed spill procedures should be prepﬁred and

 appropriate personnel should be trained to control and recover.
! .

from radioactive spills, :
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APPENDIX 2

Personnel Decontamination

Descontamination processes consider two factors: the effec-
tive removal of the contaminants, and the effect of the decon-
tamination process on the skin and hair. Soap and water is to
be tried first, Wash for two minutes and monitor again to es-

tablish a decontanination factor, D,F, = INITIAL ACTIVITY/FINAL

ACTIVITY, A brush ma2y be necessary to clean behind finger : '
nails and for more effective abrasive action., 1If soap and

. !
water prove inadequate, a concentrated detergent paste can be

used, Add a little water to a detergent and use a mnild scrub-

bing action, Chemicals and other skin irritants should be avoided,

Area and !aterial Decontamination

Area and material decontamination should be accomplished by
Radiolcgical Control, Removal of material from a controlled
area should be under Radiological Control supervision. Smears are

to be taken and recorded, and the items removed are to be identi-

fied,
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RADIOLOCICAL UNITS
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Multiply # of by to obtain # of
to obtain # of by Divide & of .
curies 3.700x10° dis/sec
curies 2.220x10%® dis/min
curies 10° nillicuries
curies 10° microcuries
curies 10*2- picocuries
curies 1072 kilocuries
dis/min 4.505x10°*° millicuries
" dis/ain 4.505%1¢77 microcuries
dis/sec © 2,703x107°® millicuries
dis/sec 2.703x107° microcuries
kilocuries 10° curies
microcuries 3.700x10% dis/sec
microcuries 2.220x10° dis/min
millicuries 3.700x1¢7 dis/sec
millicuries 2.220x10° dis/min
. . 1 -
R 2 2.58x107% C/kg of air
R ' esu/cx® of air
’ ' (s.t.p.)
R 2.082x10° fon prs/en’ of
: air (s.t.p.)
R 1.610x10'2 fon prs/g of air
R (33.7 eV/ion 7.02x10* MeV/ea® of air
pr.) 7.02x10% (s.t.p.)
"R (33.7 eV/ion . .
T ped 5.43%107 MeV/g of air
R (33.7 eV/ioa |
pr.) 86.9 ergs/g of air
R (33.7 eV/ion
pr.) 2.08x10'° g-cal/g of air
- R (33.7 eV/ien ; ergs/g of soft
pr.) =~98 tissue
rads 0.01 J/kg
rads 100 ergs/s
rads 30710t NOV/(SQ of air
(s.t.p.)
rads ¢, 242%107 MaV/g
rads 10 watt-sec/g
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. APPENDIX 4

. L

i ¢, INIERNAL PADTATION DOSAGE

'

H (1) Biological Half-Life X . \
0.693 R i -

;A 5 _ wvhere ), = biological decay constant
T, = biological half-life

(2) Effective Half-Life

(Tg)(Ta) ,
Tert B —— where T,,= effective half-life
: T, 4T,
Tk = radioactive (physical)
half-life

T, = biological half-life

_(3) Beta Emitter Dose

D=73.8ET,C(l-e 2" where D = dose (rad-)

E = average energy of beta
particle (MeV)

Tett = effective half-life

;
! C = pCi/gm of radionuclide in’
i : tissue

Aen= effective decay coastant
i -1

(day °)

i t = time (day)
»
i ,
. -
¢~ 2ECONTAMINATION FACTOR
.
! d.F, = Initial Aceivity
; Final Activity \
'
§

R
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RADIOLOGICAL SAFETY TERMINOLOGY

@ g o

Radiological: Pertains to the study and use of radioactive

materials and radiation-generating apparatus.

Radioactivity: That property of a substance which causes it to

emit ionizing radiation., This property is the spontaneous trans-

mutation of the atoms of the substance,

ﬁldia;ion: The propagation of energy through space radially from
the point of origin. The types of radiation of concern in radio-. '
logical safety are those which generate ionization as they dissi-

pate their energy in the matter through which they pass,

Gamma - and X-rav Radiation: Electromagnetic quanta of wavelengths

each conveying energy proportional to their frequency.

Alpha Particle: A heliun nucleus, consisting of two protons and

|
|
|
less than ultraviolet, travelling with the speed of light, and
two neutrons, with a double positive charge, A strongly ionizing

and weakly penetrating radiation.

Beta Particle: A charged particle emitted from the nucleus of an

aton and having a mass and charge equal in nagnitude to those of }
|

the electron, !More penetrating but less ionizing than an alpha

particle, .

Neutron Radiation: A neutron is a chargeless particle of mass

similar to that of the hvdrogen icn, Fast necutrons convey energy
fron their source by virtue of the velocity at which their nass v |

travels, Siow neutrons nay be terned "thernzl' neutrons when
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their kinetic energy is equivalent to that of the thermal motion

. of the atoms among which they diffuse; thernal neutrons no longer

\'o iy
-MM‘-QUMH.-. Vi S wm———

convey significant energy from their origin but are capable of

releasiny energy as a consequence of the transmutation which cccurs

when they are capturcd by absorber nuclei,

- —

Contanination: An inmpurity which pollutes or adulterates another

substance.. In radiological safety, contamination refers to the

redioactive materials which are the sources of ionizing radiation,
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