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Dennis 1. Maehara, M.D. ;
1010 8§, King Street, Ste. %701 JI a0+ »g
Honolulu, Hawaii 96814 V28
29 August 1989

Mr. Robert J. Pate

District Director

Region V

U. 8. Nuclear Regulatory Commission
1450 Maria Lane, Ste. 210

Walnut Creek, Calif, 94594

Dear Mr, Fate:

I am rushing this material to you since I have just
completed a study of pertinent material in response to the
entorcement conference of August 2let, Dr. Don Tolbert gave
me tie Sr-90 course curriculum and a copy 18 enclosed. His
reading list materials were available at the Hacaii Medical
Library and 1 have studied the followinge topicss

RADIATION PHYSICSE - review of atomic and nuclear structure,
generation of particles, 1onization,detection, exposure wunite
and dose equivalents, dosimetry ot beta-ray applicator and
limits, clinical applications.

RADIATION PROTECTION- units, regulation sources, background
radiation in local areas, sublethal limite and safety
criteria, biologic etfecte, dose related cataract studies,
health risks ve exposure, radiation ve other health risks .

MATHEMATICS~ decay, linear vs exponential equation, half=~
life. *

RADIATION BIOLOGY- direct and indirect effects, beta tissue
penetration, cell survival curves, the oxygen effect and
enhancement curves , the oxygen ettect in therapy, cell
stages in radiosensitivity, linear energy transfer, relative
binlogical effectiveness,mechanisme of radiation
carcinugenesis,

BETA RAY APFLICATOR- &r-90 source strength,decay particle
pattern 2nd ha'f~life, dosimetry, design and radiation output
patterns,shielding and housing, effective treatment area and
dose rate as function of tissue depuh, clinical applications,
bivlogic calibration determinations,

The referencess

"Medical Radiataon Riology," by Pizzarello and Witcofskiy Lea
and Fehiger, Philidelphia, 1982, 158pp.

"Radiobiology for the Radiologist," by Halli Harper and Row,
New York, Evanston, San Francisco, and London, 1978, 441pp.
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"Medical Radiation Riology," by Dalrymple-Gaulden—Kol l morgen-
Vogel; W.B. Saunders Company, Philadelphia, London, Toronto,
1973, 32%pp.

Wy "An Evaluation of the Clinical Use of a Strontium-90 keta Ray
s Applicator With a Review of the Under-lying Principles" by
| Hile Friedell, C.1. Thomas, and J.S5. Krohmer, Amer, J.

garie on Roentgen, 71(19%54)29,

i "Physical Study of Sr-90 Beta Ray Applicator” by 8.J. Supe,
(1 and J.R. Cunningham, éAmer. J. Roentgenal., B9(1963)570,

The material studied was more comprehensive than was
discussed in Mr, G, Yuhas' ' letter of August 4th., 1 also hope
j that it meets approval of the gentlemen of the previous
o enforcement conference, 1 am requesting that you kindly
' allow me to proceed with using the bete applicator in my
surgical practice, since 1 have completed all efforts to

correct the deficiencies.
b:ncorely.

Dennxs | A Haeharn, M. D.

Thank you.




TRAINING PROGRAM FOR
PROSPECTIVE AUTHORIZED USER3 OF
Sr=90 OPHTHALMIC EYE APPLICATORS

Radiation Physics & Instrumentation (€6 hours):

1. Review of atomic/nuclear structure.

2. Physics of jonization, excitation and energy
deposition,

3. Detection of atomic/nuclear radiations.
4. Exposure and absorbed dose units,

5. Physical description and dosimetry of beta
ray applicators.

6. Physice of clinical applications,

Radiation Protection (6 hours):

l. Units, nomenclature and their use in expression
of protection formalism,

2. Criteria of radiation safety.

3. Data base for human biological effects from
radiation exposure.

4. Recommendation/regulation sources and assumptions.
Summary of biological effects.

6. Risks from radiation exposure and its comparison
with other environmental insults,

Mathematics Pertaining to the Use and Measurement of
Radioactivity:

l. Review of basic algebra.

2. Review of the use of graphs.

3. Simple inverse and inverse square proportion,

4. Exponential decay, use of half-life, average life, etc.

Radiation Biology:
1. Bioclogical interaction of radiation with tissue.
Cell survival curves,

. Oxygen effect,

. Radiosensitivity, cell age in mitotic cycle.
Dose fractionation and repair.

+ LET and RBE

« Tumor/rormal tissue response to radiation and
complications,
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STRAONTIUM MEDICAL APPLICATOR

Tracerlab has received numerous requests from the medical profession for a

cer
tain surface conditions. particularly in reference to the eye. The Tracerlab RA.|
Ctrei it

suitable applicator containing a radioactive isotope for use in the treatment of

jum Medical Applicator has been made available for use by qualified physicians

The activity of the applicator consists of a source of about 25 millicuries of

5";m‘ um-90 which has 2 half 5"0 of th riy yoars This results in a dossae rate of

approximately 20 roentgens-beta equivaient at the aluminum surface of the appli’

cator. The exact surface dosage is stamped on each instrument The radiation emitted

130 HIGH STREET ?"(7(‘(’?'?(12: BOSTON 10, MASS,




by the source consists of 0.65 Mev bets rays through which Strontium-90 deceys to
Y#rium-90. and 2.16 Mev beta rays through which YHrium-90 decays to stable
Zirconium, Thus, essentially only beta radiation is given off by this source

M The source has an active diameter of 7.8 mm. and an outside diameter of 12.7
mm., and is protected by a double hermelic sbal so that under normal usage no
leakege can occur. The activity itself is covered by 2 mils of stainless steel and 10
mils of aluminum, which results in a totel covering of about 100 ma/cm?,

The source is mounted at the end of & 634" shaft, A 4" x /" circular Plexiglas
shield is mounted on the shaft for the protection of the operator. It can be moved
along the shaft to any desired position and will stop most of the radiation emitted
by the svurce.

The applicator is housed in & walnut coase into which it can be securely ¢l pped.
When the instrument is fastened in the case the source is completely shielaed by

means of & source shield. A second source shield is also provided for use with the
applicator when set up on & table

With each instrument Tracerlab supplies a radicautograph showing the uni-
formity of the activity on the source, & chart which shows the percentage reduction
of the surface dosage rate as a function of the depth of Lucite, which is generally
considered equivalent to tissue and a chart which shows percentage reduction of
surface dosage rate versus time to allow correction for source decay

While special attention has been given by Tracerlab in the desian and manu. \
facture of the Strontium Medical Applicator to the safety of personnel using it "\J'
therapeutic work, the instrument must nevertheless be handled with due and ressonable
core. The standard procedures which have been devised for Radium plaques might
well be considered as & general guide for this purpose

Belore this applicator can be purchased from Tracerlab, it is necessary to oblain
authorization from the U. S. Atomic [rae'q, Commission by submitting three cc

copies
of Form AEC-313 to the lsotopes Division, U, 5. Atomic Energy Commission, Post

Office Box E, Oak Ridge, Tennessee. If authorization is granted, the U. S. Atomic
Energy Commission will issue Form AEC-374 which must then be submitted with the
purchase order. Furthermore, the following regulations pertaining to Bete-Ray Appli-
cators have been issued by the U. S, Atomic Energy Commission:

“Before a beta.ray applicator is first used, the applicant must receive from the MANUFAC
TURER or from the Nationa! Bureau of Standards & certificate which states (1) the dosage
rate of the applicator, and (2) that there s no detectable leak of activity to the exterior.
The epplicator must be identified by the name of ity manufacturer and its serial number.
A copy of the certificate must be fillad with the lsotopes Division or with a parson or agency
designated by the Division

Each twelve months the applicant must similacly file a certificate, executed by the manufac.
turer, stating that the applicator still exhibits no detecteble leak of activity to the exterior”

Traceriab will turnish the original cert ficate and subm
Q

t the necessary copy to
the lsotopes Division. Upon return of the applicator at the end of each year, Tracer.
¥ . f Y
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RA. | Strontium Medical Applicetor in Walnut storege box with source fixed in shield
end esuriliary shield ot right

'at will cherk the instrument for leakage, remeasure the surtece dosage rate, and
issue & new certificate, at a service charge of $25.00. Atter five year

the appl

will also be recalibrated when it is returned for its annual inspect

SPECIFICATIONS

Source Materiol Shisld

Strontium 90 in equiliprium with Yitium 90 ‘h " ) tirevlor Plexiglas which sKdes on
shatt

Sovrce Strength

About 25 millicuries which vyield o surface
dosape rote ot the aluminum srinee of opprox
mately 20 roentgens-beto eguivalent per second
s easured by o Vanishin lon Chomber
Date ond Colibrated value of surface dosoge
rote stamped on applicotor

Shatt Length

6

Equipmant Supplied
] edicovtograph showing uniformity of activ
Ity on source
b) Chart which shows simuloted tasve depth
dosoge curve bosed on meosurements with
ovrte Dimensions

Lucite abrorbers
o) Active diometer-7.8 mm Chan

whivh sho:4 percent reduction of sur
b} Outside diometer—12.7 mm

face dosage rote va. tire 1o allow torrection
for source decoy
Source Mounting

d) Wooden storage box ond shield
Source covered by 2 mils af stainlets steel ond

10 mils of aluminum, ond seaed by double Price
hermetic seo! FOB Boston
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BETA RAY THERAPY

Nuclear radiation has been used in a variety of applications in medical therapy
All types of ionizing radiation, such as slpha, beta, gamma, and X-reys, can be used
in this way since they all cause ionization to take place in tissue. This is the phenomenon
which results in biological effects, However, since in most cases the object is to
achieve this effect in the diseased cells with as little harm to the normal ones as pos.
sible, it is not only necessary to use a great deal of caution but also to choose the
proper type of radiation and dosage for each particular treatmert,

Alpha radiation emitted by natural or artificis! radioactive elements consists of
o monoenergetic stream of Helium nuclei, These alpha particles, while highly ener-
getic, are so large that their range in tissue is only o few thousands of a millimeter,
or & few cell diameters. Hence they are ge"-eva", not useful in therapeutic work unless
the source of radiation cen be brought directly in contact with the diseased cells,
Even the outsr skin usually prevents the penetration of alpha reys and, therefore
they are employed only when, for instance, it is possible o inject the emitting sub-
stance into the tissue in question,

Bete radiation consists of high energy electrons which are given off by radio-
active substances with a speciral distribution of energies. The energ, ol the beta
radiation emitted by a particular element is generally expressed in terms of the peak
energy of the spectrum, which is ususlly three to four times the average energy.
These energies are measured in n ilions of electron vélts (Mev) and electrons of this
energy will penetrate on the order of several millimeters of tissue. Therefore this
type of radiation is most useful in the treatment of conditions which lie near the
surface. One of the most comman applications of this type is to be found in the
field of ophthalmology where it is desired to irradiate tissue |ust beneath the outer

layer of cells covering the eye, without causing any damage to the underlying eye
tissue,

Gamma rays and X-rays are a form of electromagnetic radiation. They have no
rest mass, but they can be assigned specific energies and are frequently thought of
in terms of quanta of energy. This type of radiation is much more poorly absorbed
than alpha or beta radiation and generally has & range in tissue of a substantial
number of centimeters. Thus & gamma ray having the same energy as a beta ray
would cause less ionization, and hence have less biological effect, per unit volume
Therefore, the presence of some gamma rays in a beta ray source for the treatment
of tissue near the surface of the skin is not very dangerous to the patient even
though the gamma rays penetrate much further. However, the presence of gamma
radiation requires more protection for the operators of the a;\ph{(ﬂor and conse-
quently & pure beta source is preferable for instruments which are to be used for the
ebove purpose.

It is also pertinent to point out here that when it is desired to use gamma
radiation for therapeutic purposes, much stronger sources are required to make up
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for the smaller ionization per unit volume produced by gamma rays. A more detailed
discussion of this point cen be found elsewhere in this issve

From the foregoing discussion it cen readily be seen that the most suitable
radiation for the treatment by irradiation of tissue near the surface would usually
be pure beta radiation of fairly high energy. The large variety of radicactive isotopes
which can be obtained from the nuclear reactor at Qak Ridge permits, for the first
time, a choice of such beota emitters, all of which are less expensive than radium
and its decay products and, unlike the redium series, none of which emits gamma
radiation. Of these artificial beta emitters, the one which is most suitable from the
point of view of half iife (the time during which half of the radicisotope decay: into its
daughter product) and which gives bets rays of sufficient energy is Strontium-90
It has & thirty year half life and decays to Yttrium-90 through the emission of 0.65
Mev bets rays. Yttrium 90 in turn has a half life of sixty-two hours and is thus in
ecauilibrium with Strontium-90, It decays to stable Zirconiurm through the emission
of 2.16 Mev beta rays which are the rays that are actually employed, since the 0.65
Mev beta rays are virtually completely absorbed by the covering of the source.

Using an experimental Strontium-90 applicator with & surface dosage of about
5 roentgens-bete equivalent, Dis. M. L. Friedell and C. |. Thomas, and Mr. J. §

Krohmer of Western Raserve University, Cleveland, Ohio report the following results?;

“5:.90 bete reys have been applied clinically and & series of caset treated with this
method were compared with another series in which beta reys from radon have been used.
». No demonstrable difference in the biological eflectiveness in the two sourtes could be demon
u strated-—offorts being made to appioximate the dosages in the two groups. In the case of the
5190 applicator, the treatmant was epplied in direct contact over & peried of 60 seconds
which gave & dose of approximately 375 roentgens. (The 5r.90 beta ray applicutor emits 5.4
roentgens per second &t the surface.) All treatmants have been given by the direct contact
technique since this is the only manne: in which the actual dose to the tissue can be carefully
regulated. The spray technique is believed to be inaccurate since the geometry |[relationship

of the radisting surface to the tissue to be irradisted) cannot be rigidly controlled.

The conaitions which appear favoreble for radiation are

1. Superficia! tumors:

Small benign tumors, especially papillomas of the lids and conjunctiva respord very well
to bete irradiation. Bowen's diseate or intra-epithelial epitheliomas can ba desiroyed with
beta rays without risk of deeper damage. Angiomate of the lids and conjunctiva in infants
respond to bete radiation if treated early, With this type of lesion the response is generally
quite prompt and the cosmetic result excellent. (Usually one or two treatments are sufficient.)

Pierygia, either true or of the pseude variety, recurrent plerygia and enlarged pinguecula
all respond very satisfactorily to beta irradiation. Several treatments of 300 roentgent cach
is usually all that is necessary to obliterate this type of lesion

[Our usual course has been
300 roentgens weekly for a total of 1200 roentgens.)

1. "Bete Roy Application to the Eye with Description of on Applicator Uiilizing Strontium 90, M. |

Friedell
C 1. Themas, »nd J S Krohmet, Americon Journa! of Ophthoimology, 33, 525 (1950

This excerpt om the published article is printed here merely

in the public interest; the conclusions ond
observations siated in It ore solely those of the outhors

Reprints of the entire orticle moy be obtained from Tracerlab upon request
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2. Varnal conjunchivitiy:

Early caser of vernal conjunctivitis show an excellent therapeutic tesponse to bete liradia
tion. In these aerly cases, the papilee comist of proliferating, young fibrous tissue, new vessels
end lymphoid cells which are all very radiosensitive. The long standing caser showing the
tyyical cobble stone placques with hyaline degeneration, however, are more resistant to irradia
tion and often must be removed first by excision. Beta radiation may then be applied to this
eres. In applying the radiation, It must be remembered to give special attention to the upper
odge of the tarsel cartilage as It is these follicles thet couse the most troublesome symploms
(We have used doinge totaling 1200 roentgens, )

Pationts with the limbal lesions usually are seon ot an early stage and consequently the
response to therapy is very setisfectory. Recurrences in both the limbel snd palpebral types of
verna! e mjunetivitis have been greatly decreased by rediation therapy

1. Anterior segment tuberculonis,

The work of Woods hat shown thet anterior ocular tuberculosis Is favorebly treated in more
than 80 per cont of the coses observed. Recurrences sre not decreased, but the irradiation
appears Yo have o beneficial eflect on the immediate attack The limba! type of fullicle hyper
frophy with corneal infiltration that has an appesrance similar to phiyctenule responds Yo
irradiation with special predisposition. The mode of action is not known, but it may be due

to & radiosemitivity of the lymphoid and glant cells which degenerate and are replaced by
fibrous tissue.

4. Yosculuriration of the cornee

Beta irradiation is used both to prevent and alio to obliterate corneal vascularisation,
It acts fo inhibit the proliferation of capiliary endothelium in newly forming vessels and in
firrating loops of vesselt can ba stopped short by beta radiation. Larger and well established
veusels can also be obliterated by beta radiation in greater amounts applied over the limbus,
The radiation induces an obliterative artaritis and resulting occlusion. (The dosage varies. We
have administered radiation in courses, usually totaling 1200 roentgens in o period of one
month. This may be repasted efter an intarval of one Yo two monthy )

Vascular obliteration by means of bete irradiation has proven favorable in the following
cireumstances

o After superficial beratectomy to prevent a revascularization of the corneal stroma
In these caves the irradiation should be started after the first twenty four hours and applied
ot the limbwn

b. As o preliminary procedure to corneal tramsplant where thers are invading vessels in the
cornea

c. Following cormeal fransplant where there is & possibility of vessals re-infiltrating the
graft from the surrounding cornea

d. In vascularized corneal leukomas that are associated with symptoms of irritability, photo
phobia and lacrimation. Chemical burns of the cornea are often associated with this clinical
picture and are greatly relieved by irradiation therapy

5. Corneal wicen.

There is no need for irradiation therapy in acute pyogenic corneal ulcers. This treatment
Iy unsuccossful and may be followad by perforation of the cornea

Certain forme of chronic ulcer are known to heal with irradiation therapy applied to the
limba! region directly adiacont to the ulcaration. Thers are no contraindications to this and
it should be tried in stubborn or slow healing uleers.”

Another article, entitied "Description of a Strontium-90 Beta Ray Appli

ator
and Its Use on the Eye"

by the above authors will be published in the September
issue of the American Journal of Roentgenolony and Radium Therapy. Reprints of
this article will also be available from Tracerlab
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CALIBRATION OF SOURCES

Verminology

The historical development of the physics and chemistry of

vy € racioactive ater Alt

lead unfortunately to the embiguous use of several terms emp

ved 1n the measure

ment of the strength and (-‘;egh of radioisotopes. These ambiguities have beer almost
complotely eliminatea in recent years as knowledge of the pr perties

of radioactive
matter has increased: however occasional

sinterpretations st arise and

logical measurements are occasior ally made in units which, strictly speating, should

not be employed. Sometimes diff culty of measurement makes use of the

racic

wrect units
aimost impossible, In order fo avOoId possible :'."“l_ Of

concerning the rv,(.ob-"-’, O‘
measurement (‘0' the (-“p‘h of ireachistior

used in describing the medical applicator,
the appropriate units will be rev ewed f"-(‘")

The standard unit of radiclogical dose is the roentgen (7], which was defined
by the 1937 Radiological Congress at that amount of X. or aamme radiation whict
by the ionizing effects of ity secondery electrons produces one esu of charge of
either sign in one cc. of dry air ot stendard temperature and pressuie. Eq

valent
measures of the roentgen are as follows

I esu/cc, standerd air
2.083 x 10® ion pairs/cc. standard a

6! x I on pairs/gm. air

‘»u == 6.77 x 104 Mev/cc. standard air

1.8 ergs
£.24 x 107 Mev/am. air

The equivalent definitions in energy terms are based on the current experimental

value of 32.5 eleciron volts required t¢

‘;nrv, one 1on pair in air

In using the roentgen as & unit of quantity of gamma radiation we should remem

t,(.r that ne¢ precise physica infarmating ncerning the energy pet :~b»,‘ r total

number of photons, total enerayv of the beam or photon:

or intensity of the beam
y ' exactly referred to is the quantity of
tion lunits of elect: charge or n pairs

of photons is presented. The "quantit ioniza
produced in air as & standard substance
by the secondary electrons which «re photo, compton and pair-produced by the
electrons in the air. The roentgen does not
depand at all upon the time required for the product

Jisiant ] b tons with atom: or "Ft
C ons £

on of ionization. As a result
gamma ray dosaqe 1509( must be measured n r

\ | entgens per un me. The r per
second, therefore, is & measure of the rate of formation of ion on in standard
air or the ionization intensity It is not & measure of incident gamma ray er erqy
intensity, but is a (ate of energy dissipatior

Wher onization is produced ‘!.‘ radiatior other than agamma ray the dosaae

5
may not be expressed in terms of roentgens. For the important case of absorption
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Schematic diagram of the Tracerlab Venlshing lon Chamber This instrument is designed to measure
the ionlzation in & layer of air, the thickness of which may be made venishingly small. In this way
the dosege rata at the surface of & source or at a given depth of sbsorber may be oblained

in tissue, however, a special unit has been defined in term: comparable enerqy
absorption. If the energy lost by ionization in tissue produced by ¢ primary radis
tion is the same as the energy .oss which has beer mpute one ntgen of
gamma radiation in water, name.y 93 ergs/gm, the ¢ » g entger

equivalent-physical (rep) Thus | reg 9) ergs/am ™ shoule y noted that

the number of ergs produced in & arar of tissue by one roentgen (necessarily of

photons since the r unit applies only o gamma radiation) varies
gamma energy and tissue composition, thus making the u | statement

== | rep an approximation

It has, naturally, been impossible to determine the rad
function of tissue depth of a medical applicator
dissipated in various layers of tissue. This is ar
although the definition of the rep is a logical exien:
difficult o measure. In the experimental arrangement
applicator sources, the qusntity actually measurea
per unit e StVCYP0 beta particles

various thicknesses of an rber which
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1

ionization per unit volume amounts to 2.083 x 10 ion pairs per cc. « { ctandard air (| esu
of charge), the dose may be defined as one roenigen-bete eguivalent!. Due to the
fact that the interaction of beta rays with matter s more near ndependent of

stomic number than gamma rays, | roentgen-beta ecquivalent about 0.9 reg

Method of Measvrement

Both the m;"‘a o and the depth dosuge rates of the medical spplicator have

l»(-h'\ measured by means ot & Vanishing lon Uhan {.f.v'-'

Resultant measurements should lead to & true value for the roentgen-beta equiva
lont dossae rate. } wover certain other mean: of measuring the same phenomena
have beon devised and should als yive accurate values, Untortunate

y, thit has not
baen the case and the discrepancy probably will not be resolved until further funda
mental investigations have been ma je". However, inte ymparisons have been made
by the various investigators who have Vanishing lor Chamber type squipment and
cross-calibrations have been made which are consistent. It is our belief that these van
ishing ion chamber meaturements lead o 8 true value for the roontgen-beta equiva
lant. but until this is finally proven i has been decided 1 all the roentgen-bets
equivalent, as determined by a var a ion chamber, a radiation un ! can
be stated that one radiatior \ | x :V antgen-bels equivalent|

yet unknown but pr bably i

i, ure | represer fs & va { y X5 the Vanist

brass plug, A, holds the source to 0 ndicated
chamical composition of Lucite are close to the dentity ano

the tissuo-equivalent absorbers used are of this material. The 0. uming low,
B. serves as the upper plate of the ionitation chamber. The lower p nsists of an
sauadag coating on the upper surface of the polystyrene disk, ( This aquadeqg coat
ints has been broken by inscribing a circular disk of inner radius 0.250 ecm, and width
0.010 em. in the center of the coating This break serves nsulate the center area
which serves as the collector plate, from the rest of the coating, which serves as a
aquard ring. The collection volume of the chamber in cc. s thus evidently equal to
{0.250)%» times the distance of separation between the aquadeg coating and the

aluminum window

The entire upper assembly is screwed into the lower assembly. The
between the aluminum window and the aquadag coating can thus be varied sn
from 0.00C o 0.050”, since one revolution of the upper assembly changes the
soparation 0.050”. A pointer is attached to the upper assembly and & scale Is
provided ¢ lower assembly: separation distances can be read 8
0.0001",

| Actions of Radiotion of Living Cells”, by D. £ Lew, page 16, MacMillan Company, N ¥ 1947

2. This opparatus is based upon o design originated by O Fallie The Meosurement of Tissue Dose in Terms
of the Sume Unbt for All loniting Radiotions” Radislogy 29. 202 (1927). Yraceriob it indebred 1o Dr. Friedell,
Mr. Krohmer and Mr. McCarthy of University Hesphialy, Cleveland, for allowing us to sxomine o somewha!
improved version of Faillo's origingl design previous to our designing the instrumen) described

9. Private communication from Robley D. Evans, Protessor of Physics, Mossachusets Institute of Technology
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Figure 2

A sample depth dosage curve for the RA.I Strontium Medical Applicator as determined with the
Trecorleb Vanishing lon Chamber using 1 mm thick Lucite disks s absorbers. Lucite (specific gravity
1.2) W generelly considered to be approximately tissue equivalent

re end of the graphite rod, D, through the center of the polystyrene disk makes
contect with the center area of the graphite coating and the other end is attached
to the brass rod E. This serves as the sensitive electrode of the ionization chamber
The bor below E contains the preamplifier, Electrical contact to the aluminun

is made thr *u;]" the brass rod, F,

wingow

A standard electrometer circuit with the meter used as & null instrument is er

ployed in these measurements Any voliage built up by the flow of ionization current

through a "'hi mea' resistor (3 x 1019 ohms) may be bucked out by applying ar eaual

and obposite voltage across part of a ten turn helical potentiometer, This potenti

ometer hat a calibrated dial on its shaft: the circuit arranaed so that

the reading
of the dial are proportional to the ionization current

When the chamber is in use, some of the beta particles emitted by the source
are stopped in the center area of the aqusdag coating. Reversing switches are used

to revierte the direction of the ionization current through the "hi-meg'' resistor, thereby

current from the beta particle

& 0 C ] A het A

providing 8 method for separating the true ionization
)

currer ‘
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The true ilonization current is measured under given absorber conditions as &
function of the separation distance between the ionization chamber plates. 1his data
is then plotted and the resulting curve extrapolated back to zero separatior The
following symbols are introduced

nitial slope of curve of ionizetion current vs, separetion 3

potentiometer turns mer 0,001”
voltage ecross potentiometer in ve
resistance of hi-megq resistor in

center ares of graphite in cm?

W weight in mg. of | cc. of air 8t time of measurement

Knowledge of these quantities and the thickness of tissue equivalent absorber is suffi
cient for the calculation of the dosage rate experienced at & given fissue depth. A
simple calculation reveals that the number of radiation units/sec, as measured by the
vanishing ion chamber, which for reason: stated above hes been defined as (K) x

.62 x 1011 ¢

WERA

(r'»w';n-' belas equivalents/sec.) 15 equal ¢ &

al depth dosage curve for the Tracerlab RA.| Strontium Medical Appli

cator, based on measurements with Lucite absorbers, i
¢
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ADDITIONAL PRICES ON CARBOMN.14 TAGGED
COMPOUNDE AND CHANGES IN MINIMUM ORDER

Prices have been set and specilic activities have

Carbon | 4 tagged compounds which ¢ fe:

compound has beer

avallable

(4.3 ¢

Furthermore
"l wwantitie

nteres! A

L4.9 Phenylacet A

L4 2, 4.Dichlorophenoxyacetic A
L4 11 bthyl Acetaminocyanoacetate
|4 Ethyl | yanoacetste 14

| 4

l(
L5.3 Alanine- | |4
LS Phenylalanine 2
L! Phonyislanine 3
L I Methionine. J -{
ll | .L!l“'.;v’»!\' F
159 ol Lysine-2.C 14
Beraoic A
ll | oluent
Benzene

Lo
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R-30 ONE MILLICURIE COBALT-60 BAMMA SOURCE

In response to considerable demand for a gamma source of millicurie strength,
Tracerlab has developed a one millicurie Cobalt-60 source. This source is particularly
useful in the celibration and checking of instruments and film, and can be used for

evnerimental work with Geiger tubes, ionization chambers, and scintillation countars,
It is also very helpful in spot checking the effectiveness of protective shielding

The R-30 Cobalt source consists of a hermetically sealed point tource and a
haovy lead shield in which it can be inserted and securely fastened. The shield, which
is provided with a handle, is made of two inches of lead and thus a¥fords complete
protection aasinst the |.16 Mev and 1,30 Mev gamma rays given off by Cobalt-60,
When the source is to be used it is unfastened with the end of & wrench which is
svpplied with the source, and is taken out of the shield with a spec.al remote handling
tool, which is alse supplied. This special toal permits completely safe monipulation of
the source

Approval must be obtained from the U. §. Atomic f,norg, Commission belore
this source mey be purchased

SPECIFICATIONS

SOURCE MATERIAL ADDITIONAL EQUIPMENT SUPPLIED

Hermetically sealed point source of Cobeli6D o) Remote handling teol

SCURCE STRENGTH b Wiench

1 millicurie

SHIELDING wos"
2 inches of lead with corrying handle

DIMENSIONS PRICE
4 diamerer by 44" high FOB Boston

b
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$C-25 EAGLE AUTOMATIC TIMER

For the convenience of its customers Tracerlak: has adopted the Eagle Automatic
Timer for use with the 64" Scaler and the ''100" Scaler, When properly connected
to these scalers this sutomatic timer makes it possible to count for a predetermined
time interval without attention on the nart of the operator

The timer has two concentric dials on which the predetermined count cen be set
anywhere between two seconds and twenty minutes with an accuracy for #+ | second
At the end of the selected time interval it will interrupt the pulses from the Geiger
Mueller tube and thus stop the counting of the scaler. Then when the reset switch on
the scaler is thrown, the timer and the scaler are both reset and are ready for the
next counting run

The Eagle Automatic Timer is connected to the 4 Scaler and the "' 100
Scaler by meoans of a regular plug which uses the same outiet on the scaler as is used

by the SM-60A clock, and by & special cable which connects to the oscilloscope

viewing jack on the back of the scaler. All cables and plugs ere provided with the
instrument
SPECIFICATIONS

Time Scole Connectioms
two seconds W0 twenty minutes V1 AC
Dial Divisions of scoler, and one 4 foot length of RG.SB 'V
one wecond cousial cable sauipped with Genera! Rodio type
Aceurncy 274 M double plug ,o' attachment 1o oscilloscope
21 second viewing jack on scaler
e Weight
110 V AC., 80 cps. Avallable on specio! order 12 pounds
for 220 V AC., SO o
Dimensioms Price
S

8 x5 FOB Bosion $75.00
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FOREIGN DISTRIBUTORS

Austria:
Otto Hardung
Kohlgasse 33
Vienna, Austrie

Denmark:
Torben Soderberg
12, N Y Ostergade,
Copenhagen, Denmark.

Greece:
K. Karayannis & Co.,
Karitsi Square
Athens, Greece

India:
Rai-der-Kar & Co.,

Commissariat Building, Hornby Road

F(n’ f\(v’vn!‘)ey |'\dsﬁ

Norway:
Aksieselskapet Proton,
Rosenkrar tzgen ||
Oslo, Norway,

‘ ’ouﬂ\ Africa:

A. F. H, Devors & Co. (Pty,) Ltd,,

3 Village R(»O(‘ Sﬁ'by

Johannesburg, South Africa.
Spain:

Compania para la Fabricacion de

Contradores y Material Industrial

Apartado 159
Barcelona 8, Spain

Belgium:
Bureau d'Etudes E. R. V. A
215, Avenue Brugmann
Brussels, Belgiurr

France:
Saphymo
9. Place des Etats-Unis
Paris |6, France,

Holland:
Adr. van der Kuip,
Qude Gracht 258,
Utrecht, Holland,

Haly:
Ing. S. Belotti & Co. 5. A,
Piazza Trento B
Milan VI, taly,

Portugal:
Equipamentos de Laboratorio Lda.,
Apartado 458
Lisbon, Portugal

Sweden:
LKB-Produkter
Fabriksaktiebolag,
Stockholm 12, Sweden.

Switzerland:
Seyfler & Co., Inc
Kanzieistrasse |26,
Zurich 4, Switzerland.

AUTHORIZED SERVICE STATIONS

Colorado:

Eastern Canade:

Winnis: Television Engineers

Louisiana:
Missouri:

T.ll‘: Sf‘u’""“f’ tern

L JULY 1950

Delta Electronic

Los Angeles 34,

Industrial Electronic Co . O. Box 13058,
Houston 19,

10:"“-'6" [Q“‘ [\YV“Q'\’ C\(ﬂp p C‘ R\ x | "‘tq»“ﬂ":‘.’ S'oho'\.
Denver 11,
Electrodesign, 445 St, Peter Street, Montreal, Quebe

1539 West Harrison St., Chicago 7

N

Equipment Co., P. O, Box 476, New Orleans,
Industrial Service Laboratories, 1602 Locust St., St. Louis 3.

Now York: Video Television
Pennsylvania: J. F. Griffin & Co
Southern California: Dawking Espy Electroni

239 E. 127 Street, New York

1431 North Fifth St., Philadeiphia 20

¢ Corporation, | 1747 West Pico Blvd,,
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TRACERLAR PRODUCTS AND SERVICES

Cetnlog Cotalog
No No
SU .18 Radistion Survey Meter $275.00 E10  Decey Charts
SU JA Laboratory Monitor with 1GC.| 11 Lead Bech
G M Tube 27600 E-12  Rectanguler Lead Containe
$U AA Radiosctivity Demonstretor with (2" wall 4" » 4" w67 1L
G M Tube 11280 13A Rectengular Lead Containe
SU 6  Bete Gamms Survey Meter 2300 (1" woll 6" s 6" 5 8 1D))
SU.7 O Detegtor 112 80 14 Rectenguler Lead Container
SCID Autoscaler with Preamplifier 650 00 (2" wel s 7 s ® (
SC2A The "64" Scaler 35500 18 Cylindrica! Laad Container
$C A Duoscale $20 oo, & for 100.00 (1" well 2 1716 x 4%7 1D 2500
SC 4 Lagle Prase! Counter 8000 16 Elociroplating Cel 1500
SC A Printing Interval Timer 45000 17 Remote Handling Tongs % 00
$C.6A Automatic Semple Changer 60.00 18A Remote Pipatting Device 7500
SC7  The “100" Sceler 42500 9 Planchet Molders 2.50/ds
S$C 8 Auvlosceler Cart 00 20 Stainless Steel Cupped
$C 9C Shinlded Manua! Semple Changar 200.00 Planchets L00/C
$C 10A Radicassay Sample Holder 6000 21A Copper Manchets for R11T & RI2 1000/M
8¢ ' Decascale §0 00 22A Aluminum Absorbers for RIT & R 12
$C 17 Discriminator Input Cireuit 300 £00/C
S$C 1) Radivactive O Anslyrer 200 .00 23A Full Inmterlocking Load Brick 10.00
SC 17 Mechanicel Register 17600 238 Mali Interlocking Lond Brick 750
SC .25 Eegle Avtomatic Time 75 00 C D E Finterlocking Lead Bricks 500 o0
4 Proamolifier for TGO Tubm 2500 90 & 120° Corners, Mals and
$ Tube Mount tor TGC Tubes 12 80 Famale Fnde
¢ Short Lead Medical Shield 2180 g Stainless Steel Flat Plar
Long Lead Madical Shield 37160 26 Plastic Shield 19
12 Alpha § tillation Detector 135 y Plast Shinld 112" «
Victorean Minometer 160 .00 ! Plast Shiold (19
? \ p ¢ 12,80
:’,‘: ol A’[ o,:' ;:.."Y.lw:‘.n‘;‘(!:v:::n. - (; ?x) Radioactive “I‘.r.hf‘ Sovrces
" - . " Calibrated Radiocobalt Bels 1500
&M Tubos Uncalibrated Rediocoba!! Bete 150
1GC 1 Tracatiah G M Tube 3‘"‘0'("‘“ Calibrated Radiolead Bete 50
mice wingdow 1780 Uncalibrated Radiolead Beta 18
16C.2 Trncnrlah G M Tube, less then Calibreted Uranium X Bets 16 .00
20 mg./em?. mice window 47.50 Uncalibrated Uraniym X Bete 760
16C.3 Mica Window X.ray GM tube Calibrated Radiocobialt Gamme 1500
with Be and Cu Hlierns 8750 Uncalibrated Radiocobalt Gamms 7.80
16C.3A Mice Window Xray GM tube Uncalibrated Radiocatbon Bete 750
withou! filters 4750 Simalated 1131 Refarance
16C ¢ Glass Gamma G- M Tube 1200 Source Sef $0.00
1GC.5 Glass Beta Gamma G M Tube ¢
6 Sr

hets
y

¥
'
4
P
f
v

5 B B 5 b
- D B D -

-
-~

Simulated P37 Relerence
!l Glasy Beta Gramma o Source Set 505
G M Tube with 3 pin base : RI0 | Millicurie Cobali.& . 4000
. . h,"é""""' 1) Tegged Chemicals
mple T (8'/y | ! B .
(‘ . 3 pib ‘ : b About 400 Inorganic ﬁh“ ("v.\nn ¢ Compounds
sample Siorege Cabinet 1 bR
P sgged with Radioactive lsowopes are aveilable
Aluminum Absorhery 50.00
" ' from stock Catalog B containg 8 comnlete list
Flat Copper Planchets (
Cupped Planchets Bote Gauges
Ashing Dishes. §.50 ea Price information on absorption and back
Brass Ring and Disc. $1.25 ea. 1200/ch scattering type Bele Gouges is svallable upon
Precipitation Apparstus 15.00 request

>> >

GBI -

0N D -
>

Complete descriptions of all Tracerlog products are contained in Catalog B
and par! laves of Tracelog which are avallablc on requert

Add 16% tor Borelgn orders. All prices auoted ¥ O B Bovton Prices subiact to change withou! notice

SALES OFFICES

Chicago: Trocerlab, In 22! North LaSalle
Franklin 2.4197

Noew York: Tracerlab, Inc.. 1775 Broadway. New

Waestern Division: Tracerlab, Inc., 2295 San Pablo Ave

alifomia
Thornwall 3.2527.
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TRAINING PROGRAM: Important Topics
- Self Assessment -

The ratio of proton mass to electron mass is approximately:
(a) 1000/1; (b) 2000/1; (e) 3000/1

An isotope has a constant number of:
(a) neutrons; (b) protons; (¢) nucleons

1f there is an excess of neutrons, the radioactive
emission will be:

(a) positive beta; (b) negative beta; (¢) neutron

As the wavelength of a photon increases, the enerqgy:
(a) increases; (b) decreuses; (¢) remains unchanged

Siven the same enerqgy, an alpha particle produces
ionization than an electron:

(a) more; (b) less; (¢) the samc

The primary advantage of Sr-90 over that of Radium and
Radon is that Sr-90 has:

(a) betas only: (b) gammas only; (¢) both

Roentgen equivalent betas (reb's) to rads, the
absorbed dose unit,

(a) are equal; (b) are not equal; (¢) unrelated

Percent Depth Dose relates:

(a) the dose at the tissue surface to the exposure
at the applicator surface,

(b) the dose at any deoth to the dose at the tissue
surface.

(¢) parity and inflation in supply side economics,

Of the two betas from a Sr~90 applicator, the more
penetrating is the energy of:

(a) 0.55 MeV; (b) 2.27 MeV: (c) a €0/40 percent combination




SELF-EVALUATION QUESTIONS: True or False

Exposure and Absorbed Dose Units

The Rad is a measure of absorbed energy while the Roentgen

is a measure of ionization produced in a volume., T___ F___

When dealing with alpha particles, the dose equivalent

(rem) is approximately the same as the absorbed dose (rad).

T F

——— SEs—

The natural background radiation in the mountains is higher

than at sea level. This may account for altitude sickness.

k0 g B

For high energy photons with energies above 3 MeV, the
roentgen and rad are no longer equivalent, This is because
the electrons released in the target mass do not deposit all

their energy in that same mass. T F



SELF=EVALUATION QUESTIONS: Match each characteristic with
one or both of the survey meter types.

Survey Meters Characteristics
(a) lon Chamber . filled with air,
(b) Geiger Mueller Tube filled with noble gas.

requires ultra=thin window
to detect charged particles,

biased at 600 V.,
biased at 1200 V.
measures exposure reliably,

increased sensitivity because
of "avalanche" prineiple,

requires calipration at 6=month
intervals,

suitable for determining
exposure rate around 998r
applicator,



Roentgen «

mR -

rad -

mred -

rem =

mrem -

Curie -

mCi -

« ClL -

NCRP -

ICRU -

Max{mum
Permissible
Dose =~

CLOSSARY OF TERMS

The unit of exposure,which 16 & measure of the fonization
produced in air by x-rays,

milliroentgen; 1/1000 of a Roentgen,

The unit of absorbed dose equal to 100 ergs of any

kind of energy absorbed 1 gram of any kind of material,
The exposure in Roentgens can be converted to the
absorbed dose in rads by use of the Roentgens to

rad f factor,

millirad; 1/1000 of & rad,

The unit of dose squivalent, a quantity used in radiation
protection work, The rad i{s modified by @ quality factor
(QF) to convert it to a rem where the QF takes into
account the difference in biological effectiveness.
Because neutrons, for example, are 10 times more efficient
in producing biological damage to the lens of the eye

than x-rays, the QF = 10 and 1 rad of neutrons 10 rems,
For x-rays and most electron energies, QF ® 1,

millirem; 1/1000 of a rem,

The unit of activity, One Curie {s defined as
37 billion disintegrations per second,

millicurie; 1/1000 of a Curie,

microcurie; 1/1,000,000 of a Curie or 37,000 disintegrations
per second,

National Council on Radiation Protection; makes, among
other things, recommendations in the field of radiation

protection,

International Commission on Radiation Unite and Measure-
ments; makes, among other things, recommendations in the
field of radiation protection,

The maximum dose equivalent that the body of a person,
or specific parts thereof, ghall be allowed to receive
in a stated period of time,



Exposute
100 rads

50-100 rude

50 rads
50 rade
50 rade

25 rads

25 rads

10 rades
W0 rads
5 rads

3 rads

3 rads

2-4 rads

The purpose of th
some indicaticn o
is based.
NCRP Report No. 39 entitled,
and Eric Malls' book entitled,

Tissue

Bone Marrow
Stomach
Lung

Breast

Fetus

Skin

Testis
Ovary
Testis
Embryo and

fetus

Lens
Lymphocytes
leukocytes

Testis

Ovary

Fetus

For a further examination,
Ypasic R

(Harper & Row, 1973).

is section is
f the criteria on which

ﬁmmnll
Human
Human
Human
Hur.an

Human

Human
Human
Human

Human

Mouse & rat

Mouse
Human
Human

Immature mouse

Immature mouse

Human

Effect

Neoplasia
Neoplasin
Neoplagia
Neoplasia

Mental retardation and
reduced head size

Chromosome aberrations
Temporary sterility
Temporary sterility

Transient reduction of
sperm count

Neuréskeletll develop-
mental abnormalities

Cataract
Bilobe nuclear abnormality
Chromosomal aberrations

Temporary depression
of spermatogonie

Qocytes

Childhood leukemia and
other neoplasms

not to draw conclusions, but to give
modern radiation protection
the reader is referred to
adiation Protection Criteria"

"Radiobiology For the Rediolopist”

D. Current Recommendations Regarding Dose Limitations

The following is an ex

tion Protection Criteria
to the NCKP's position on

members of the public.

cernt from NCRP Report No. 39, "Basic Radia-
" that is designed to inform with regard
dose limits applicable to {ndividual




TABLE 1

Dose=1imiting recommendations for occupational exposure from NCRP -
Report No, 39 entitled, “Basic Rediation Protection Criteris."

Catepory Max{mumn Permissible Dose Equivalent

1. Whole body long-term accumulation (N - 18) x5 rems”
to age N years

2. Skin 15 rems in any one year
3. Hands 75 rems in any one year
4, Forearms 30 re in any one year
5, Other organs, tissues and 15 rems in any one year

organ system

6, Fertile women 0.5 rem in gestation period
7. General public 0.5 rem in any one year

8, Family of radloactive patients

a. Individuals under 45 0.5 rem in any one year

b, Individuals over 45 5 rems in any one year

* This is an average of 5 rems
per year,

- 10 =



10.

SUGGESTED GENERAL REFERENCES

"Medical Rediation Biology," by Pilzzarello and Witcofski; Lea and Febiger,
Philadelphia, 1972,

“Medical Radistion Biology," by Dalrymplc-couldnnvkollmorgcn-Vogel; W.B.
Saunders Company, Philadelphia+LondonToronto, 1973,

"Radiobiology for the Radiolopist,'" by Mall; Harper and Row, Kew
York:FEvanston*San Francisco*London, i973.

“Redietion Exposure in Pregnancy,” by Brent and Corson, in "Current
Problems in Radiolopy," Vel. 11, Number 5, Year Book Medical Publishers,
Inc., Chicapo; September-October 1972.

“The Effects on Populations of Exposure to Low Levels of Tonizing
Radistion," Report of the Advisory Committee on the Biolopical Effects of
lonizing Radiations, Division of Medical Sciences, National Academy of
Sciences, National Research Council, Washington, D.C. 20006, 1972.

“lonizing Radiation: Levels and Effects,” A Report of the United Nations
Scientific Committec on the Effects of Atomic Radiation to the General
Assembly, Volume [1: Effects, United Nations, New York, 1972,

“Your Rody and Radiation,” Friperio; U.S. Energy Research and Developio t
Adninistration, Technical Information Center, Oak Ridge, Tennessee 37630,
1967,

“The Genetic Effects of Radiation,” Asimov end Dobzhansky, U.S. Energy
Research and Development Administration, Technical Information Center, Oak
Ridge, Tenncssce 37830, 1966,

“pasic Radiation Protection Criteria,"” Notional Council on Radiation
Protection and Measurements, Washington, D.C., 1971.

"Radiation Protection for Radiologic Technologists," by Frankel; McCraw-
Mill, New York, 1976.
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ESTIMATED LOSS OF LIFE EXPECTANCY FROM HEALTH RISKS

Estimates of
Days of Life Expectancy Lost,

Health Risk Averaye
Smoking 20 cigarettes/day 2370 (6.5 years)
Overweight (by 20%) 985 (2.7 years)
A1) accidents combined 435 (1.2 years)
Auto accidents 200
Alcohol consumption (U.S. average) 130 ¢
Home accidents 95
Drowning 41
Safest jobs (such as teaching) 30
Natural background radiation, calculated 8

: Medical X-rays (U.S. average), calculated 6
A1l catastrophes (earthquake, etc.) 3.5
1 rem occupational radiation dose, 1

calculated (industry average is
0.34 rem/yr)

1 rem/yr for 30 years, calculated 30
5 rems/yr for 30 years, calculated 150



ATOMIC NUMBSER 2

TPAINING PROGRAM : Radicactivity
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TRAINING PROGRAM: Energy Deposition
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REPRESENTATIVE EXPOSURES

Exgosure
0.100 R/year

0.200 R/year
0.020 R/exposure
0.600 R/exposure
0.500 R/year

1 R/exposure

20 R/exposure
100 R/exposure
500 R/exposure
600 R/exposure
2000 R/7 days
4500 R/5 weeks

Significance

Background Radiation in Honolulu
Background Radiation in Denver

Typical Skin Exposure for Chest X-Ray
Typical Skin Exposure for Abdominal X-Ray

Limit for Occupational Exposure of
Whole Body

Risk of Cancer 1 in 50,000
Leukemia Induction

Mild Irradiation Sickness
Temporary Loss of Hair
Radiation Cataract
Threshhold Erythema

Treatment of Radiosensitive Tumor



TRAINING PROGRAM: Dosimetry

Conversion From reb/sec to rads/sec For Sr-90 Beta Applicators:

Dose Rate in Tissue (rads/sec) = f x (Sy/Sj!
x Exposure Rate (reb/sec)
= 0,87 x 1.13‘x Exp. Rate (reb/sec)
6 AY gty
where =--
f = Roentgen to rad conversion factor for air

Sw® Mass stopping power in water for 2.27 MeV betas

Sa= Mass stopping power in air for 2.27 MeV betas

polylhene Silver

5 %0

Plone Sl” /%’O

small portion

Sphericol cup 510

—— | L) —

80+

607

§ Sphenical cup Si9¢
407
&
v
= : of 1l
#20- o ovaiotie %0
O = P B A A r—r
oV s e A i)
| 2 3 a
Qepth om
Depth dose for beta applicators, Curve 1, RaD + 888;
Curve 2, Radon - average of 3 applicators; Curve 3, Sr -

average of 9 commercially available applicators, alsu

for the txpe 4, 6 mm circular spot on spherical shell;
Curve 4, 908r - plane applicator 16 mm diameter; Curve 5,
908r -~ e erical cup, 20 mm diameter.



REPRESENTATIVE EXPOSURES

Exposure
0.100 R/year

0.200 R/year
0.020 R/exposure
0.600 R/exposure
0.500 R/year

1l R/exposure

20 R/exposure
100 R/exposure
500 R/exposure
600 R/exposure
2000 R/7 days

4500 R/S weeks

Significance

Background Radiation in Honolulu
Background Radiation in Denver

Typical Skin Exposure for Chest X-Ray
Typical Skin Exposure for Abdominal X-Ray

Limit for Occupational Exposure of
Whole Body

Risk of Cancer 1 in 50,000
Leukemia Induction

Mild Irradiation Sickness
Temporary Loss of Hair
Radiation Cataract
Threshhold Erythema

Treatment of Radiosensitive Tumor



TRAINING PROGRAM:

Dosimetry

Calculation of Treatment Time:

Treatment Time (seconds) =

Dose At Depth d
(%DD(d) /100) x Surface Tissue Dose Pate (rads/sec)

where ==

tDD(d) = Percent Depth Dose at depth d

FOIL AREA

Wik iy

Dose rate distribution in tissue in contact with Sr=90 foil
applicators. Dose rates for particular curves are expressed as
percentages of the surface dose rate at a convenient point, For
each diagram: A-plastic o' ly: B-active foil; C=-silver foil.



SUGGCESTED READING LIST:

1.

"An Evaluation of the Clinical Use of a Strontium=-90
Beta-Ray Applicator With a Review of the Under=lying
Principles" by H. L. Friedell, C. I, Thomas, and

J. 8, Krohmer. Amer, J. Roentgen, 71(1954)25,

“Physical Study of Strontium=-90 Beta Ray Applicator"
by §. J. Supe, and J. R. Cunningham. Amer, J. Roentgenal. ,
Rad. Therapy & Nuclear Medicine, 89(1963)570,



TRAINING PROGRAM FOR
PROSPECTIVE AUTHORIZED USERS OF
Sr=-90 OPHTHALMIC EYE APPLICATORS

Radiation Physics & Instrumentation (6 hours):

1. Review of atomic/nuclear structure.

2. Physics of ionization, excitation and energy
deposition,

3. Detection of atomic/nuclear radiations.
4. Exposure and absorbed dose units.

5. Physical description and dosimetry of beta
ray applicators,

6. Physics of clinical applications.

Radiation Protection (6 hours) :

1. Units, nomenclature and their use in expression
of protection formalism,

2. Criteria of radiation safety.

3. Data base for human biological effects from
radiation exposure,

4, Recommendation/regulation sources and assumptions.
5. Summary of biological effects.

6. Risks from radiation exposure and its comparison
with other environmental insults,.

Mathematics Pertaining to the Use and Measurement of
Radioactivity:

1. Review of basic algebra.
Review of the use of graphs.

Simple inverse and inverse square proportion,

o8owWw N

.  Exponential decay, use of half-life, average life, etc.

Radiation Biology:

1. Biological interaction of radiation with tissue.

2. Cell survival curves.

3. Oxygen effect,

4. Radiosensitivity, cell age in mitotic cycle.
5. Dose fractionation and repair.

6. LET' and RBE

7. Tumor/normal tissue response to radiation and

complications.
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PERCENT REDUCTION OF

AGRE 3§

SURFACE DOSAGE RATE OF THE MEDICAL

APPLICATOR AS A FUNCTION OF MISSUE DEPTH

TRME WRONT B s 704 30 C=

o’ 100 200 30 400 %0 -
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Thus, for exarple, If 0.9 sram of tissue capletely absords the
beta pargicles (0.7 mev averase eneryy) emitted by one millicurie
(37 2 10 betas per sec.) of yttrium-90, the dosage rate 1is

6 >
a2z lg 9"’0" TEY upe. = 28.8 x 10° mev/gr-sec.

on
0.55 rep/sec.

m-cm:mmmmmmnﬁm:mdmw
rate as a Nmetion of tissue depth, If the ww millicuie of
yrorium-00 were uniformly distributed throushout the 0.9 gram, the
timmﬂd&miﬁnnwﬂfoﬂ“o{o.%mmm
theoughout . 1T the yttrius-90 were 3 plague placed on the surface
of the tissue, the rep dosage rate would dDe greatest at front
murface ard would be essentially zero at a depth of %wm. Por this
case the mpasurement of the rep dosase rate as a

depth camot be determined directly by an sirple means. Wat can
be sxperimentally ascertained !s a quantity wnich is
extension of’the defnition of the mentgen aryl which has been desig-
nated by Lea'as 8 roentgen-ecuivalent-beta. This quantity can be
quantitatively related to the rep, orovided © the ve
dtasipation of the emeryy of the beta rays in air and tissue are
tdentical. It ‘s unfortumate that this needless smpipuity exists.

Roent ren-aqiivalent -beta

A roentgen (r) is a measure of the resultznt fonization produced
by secordary electrons in standard air, the slectrons resulting from
the inmteraction of air with gamma ~adiation. If the quality of
ionization is such one electrostatic wnit of charye is produced
per cc of dry air at C angd 760 =m Hp (Standas~? alr) then that
quantity of ionmization is one roentgen &

m’ has extended this definition to include beta radiation by
defining one roentmen-equivalent-beta as that quantity of peta
mmzmmcammmwurm:nwzmm
the air one electrostatic wnit of charge per cc, Prom this basic
definition, 1t can be computed that

3) Immm-z.wxm’immmccof
standard air

(4) 1 rosntpen-equivalent-oeta per sec. = 3.33 x IC‘" -
per cc of stargard air
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C. Medical Applicator Specifications
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