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Dennis I. Maehara, M.D. n ,3 ,

Mj ]f z g '. O b
1010 S. King Street, Ste. 4701 <v

,

Honolulu, Hawaii 96S14
29 August 1989

Mr. RobertJJ. Pete
District Director-
Region V
U.S. Nuclear Regulatory Commissi on
1450 Maria Lane, Ste. 210
Walnut Creek, Calif. 94596

~ Dear Mr. Pate

I am rushing this material to you cince I have ,just
. completed a study of pertinent material in response to the
enforcement conference of August 21st. Dr. Don Tolbert gave
me the Sr-90 course curriculum and a copy is enclosed. His
reading li st materials were available at the Haetaii Medical
Library and I have studied the f ollowing topics:

RADI ATION PHYSICS - review of atomic and nuclear structure,
generation of particles, ionization detection, exposure units
and done equivalents, . dosimetry of beta-ray applicator and
limits, clinical applications.

RADIATION PROTECTION- units, regulation bources, background.

radiation in local areas, sublethal limits and safety
criteria,- biologi c ef f ects, daue related cataract studieu,
health risks vs exposure, radiation vs other health risks .

MATHEMATICS- decay, linear vs exponential equation, half-
'

life.

RADIATION BIOLOGY- direct an'd indirect offects, beta tissue
penetration, cell survival curvas, the oxygen effect and,

- enhancement curves the oxygen effect in therapy, cell,

stages in radiosensitivity, linear energy transfer, relative
bi ol ogi c al ef f ectiveness,mechani sms of radiation
carcinogenesis.

BETA RAY APPLICATOR- Br-90 source strength, decay particle
pattern and half-life, dosi metr y , design and radiation output
patterns, shielding and housing, effective treatment area and
dose. rate as function of tissue depth, clinical applications,
biologic calibration determinati ons.

The references:

" Medical Radi ation Bi ology," by Pi z z arell o and Witcof ski g Lea
and Febiger, Philidelphia, 1982. 158pp.

'"Radi obiol ogy f or the Radiologist ," by Hall; Har per and Row,
New York, Evanston, San Francisco, and London, 1978. 441pp.
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. TRAINING PROGRAM POR '

PROSPECTIVE' AUTHORIZED USER 3 OP-
Sr-90 OPHTHALMIC EYE APPLICATORS

,

'

A. Radiation Physics & Instrumentation (6 hours): i

1. Review of atomic / nuclear structure.'!
,

2. Physics of ionization,coxcitation and energy
deposition'.

!

3~. . Detection of atomic / nuclear radiations. -

.

r '

4. . Exposure and absorbed dose units.; ,

S. Physical description and dosimetry of beta
ray applicators.

;
e 6.- Physics of clinical applications.

;

,

D. Radiation Protection (6 hours): .

e t

'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. ;

C. Mathematics Pertaining to the Use and Measurement of
Radioactivityi' |
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.

D. Radiation Biology:

1. Biological-interaction of radiation with tissue.

2. Cell survival curves.

'3. Oxygen effect. -

4. Radiosensitivity, cell age in mitotic cycle.
1-

L 5. Dose fractionation and repair.

L 6 '. LET and RBE 5

|

L 7.. Tumor / normal tissue response to radiation and >

complications.

_. . - - . . -.
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STRONTIUM MEDICAL APPLICATOR

(' Tracerleb has received numerous requests from the medical profession for a
. suitable applicator containing a radioactive isotope for use in the treatment of cer.

tain surf ace conditions, particularly in reference to the eye. The Tracerleb RA.I.

Stre... tium 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 ,

Strontium.90 which has a half life of thirty years. This results in a dosage rate of
approximately 20 roentgens. beta equivalent at the aluminum surf ace of the appli.'
cator. The exact surface dosage is stamped on ench instrument. The radiation emitted

BOSTON 10, MASS.130 HIGH STREET Jh7cepa(
.
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I ,' by the sourco consists of 0.65 Miv b;te rays. thro ~ ugh which Strontiuri90 diceys to '

c
[~ Yttrium 90, and 2.16 M:v beta rays through which Yttrium 90 daccys to sizbb

..

? t' Zirconium. Thus, essentially only beto radiation is given off by this source.

The source has en active diameter of 7.8 mm. and en outside diameter of 12.7
I | mm. and is protected by a double hermeld seal to that under normal usage no

j leekoge can occur. The activity itself is covered by 2 mils of steintess steel and 10

|, m!!s of aluminum, which results in a total covering of about 100 mg/cm8

| The source is mounted at the end of a 6%" shaft. A 4" x %" circular Plexiglas
j 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 emittedo

b by the source. ,
L.

The applicator is housed in a walnut case into which it can be securely clipped,
y When the instrument is festened in' the case the source is completely shielcied by

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

{ '

}| With each instrument Trecerleb supplies a radioautograph showing the uni.
'

i formity of the activity on the source, e chart which shows the percentage reduction
'

of the surface dosage rate es e function of the depth of Lucile, which is generally
considered equivalent to tissue, and a chart |which shows porcentage reduction of
surface dosege rate versus time to allow correction for source decay. x

;

i' '1 >
s

4 While special attention has been given by Tracerleb in'the design and manu) . '
9- facture of the Strontium Medical Applicator;to the safety of personnel using it in .

| therapeutic work, the instrument must nevertheless be handled with due and reasonable
j care. The standard procedures which have been devised for Radium plaques might

well be considered as a general guide for this purpose.
'

Before this applicefor can be purchased from Tracerleb, it is necessary to obtain

|
euthoritation from the U. S. Atomic Energy Commission by submitting thr'ee copies

; of Form AEC-313 to the isotopes Division, U. S. Atomic Energy Commission. Post
Office Boa E, Oak Ridge, Tennessee. If authoritation 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 Beta Ray Appli-

{ cators have been issued by the U. S. Atomic Energy Commission:

*Defore a bete ray epplicator 1. Crit used, the applicent must receive from the MANUFAC.
TURER or from the National Bureau of Standards e certificate which states (1) the dosage
rate of the applicetor, and (2) that there is no detectable leak of activity to the esterior.
The applicator must be Identined by theiname of its manufacturer and its serial number.

,

( A copy of the certitcate must be Cled with the liotopes Divlilon or with a person or egency
}' designated by the Division. '

[ Each twelve months the applicent must ilmtlerly Cle e certificate, esecuted by the manufee.

[ turer, stating that the oppliceter 3t111 exhibits no detectable leek of ectivity to the esterior."

h Tracertab will furnish the original certificate and submit the necessary copy to
the Isotopes Division. Upon return of the opplicator at the end of each year. Tracer.
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RA.I Strontium Medical Appliceter in Welnut storage bos with soutee Osed in shield
and enmery hield et right.

|ab will ched the instrument for leslage, remeasure the surf ace dosage rate, and
issue e new Certificate, et a service charge of $25.00. Af ter five years, the applicetor,

will also be recelibrated when it is returried for its annual inspection.

( $PECIFICAfl0NS

5.v, m.terioi. shioid
Steentivm 90 in equilibrium with Yttelvm 90. d" * V8 " 8 '"'I'' PI'"I 3*8 *hl8h 814d'8 *a8

shaf t.
Sevees Steength:

Shof t senAAbout 25 millieveles which yield e surfoce pg
* desone este et the aluminum surtos, of oppromb
j motely 20 reentgens beto equivalent per se<end g ,,ip..., supplied:

os measured by o Vanishin ton C hambe r .
o) lt,edioov,tograph showing uniformity of ottiv.

Dos, vnd Collbeated volve o surfeu cosage iy ,, ,v,g. .;
vote stomped on opplicoto'- b) C hart which shows simuloted i:ssue depth

dosa,e obsorbers.
ge c urve based on measurements with

vree Dimensions- tycig

o) Active diameter-7.8 mm c) Chart whi h sho m percent eeduction of sur..

{ b) Outside diameter--12.7 mm face dosage rote vs tire to allow coerection
toe sovra decoy

levece Mountin9' d) wooden storage boa and shield.
Sovece covered by 2 mils nf stoinless steel and
10 mits of elvminum, and see'ed by double Price:

,

hermetic o.al. F.O B. Boston .s300.00
)

i

ULY 1950 PAGE THREE

l

.



. - 7

i; ))),,

BETA RAY TNERAPy
'

.

.
....

I Nuclear radiation has been used in a variety of applications in medical therapy-
All types of ionizing radiation, such as alpha, beta, gamme, and X reys, can be used

W 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
echieve 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 dwl of caution but also to choose the
proper type of radiation and dosage for each particular treatment.

Alpha radiation emitted by natural or artificial radioactive elements consists of
a monoenergetic stream of Helium nuclei. These alpha particles, while highly ener-
getic, ere so large that their range in tissue is only a few thousands of a millimeter,
or e few cell diameters. Hence they are generally not usefulin therapeutic work unless

- the source of radiation een be brought directly in contact with the diseased cells.
Even the outer din usually prevents the penetration of alpha rays and, therefore,
they are employed only when, for instance, it is possible to inject the emitting sub.
stance into the tissue in question,;

i
Beta radiation consists of high energy electrons which are given off by radio-

L. ! active substances with a spectral distribution of energies. The energy of the bela
O' redinhon emitted by a particular element is generally expressed in terms of the peak
!i energy of the spectrum, which is usually three to four times the average energy,

h These energies are measured in millions of electron v61ts (Mev) and electrons of thir ),

[' energy will penetrate on the order of several millimeters of tissue. Therefore thlWu
type of radiation is most useful In the treatment of conditions which lie near the-;

surface. One of the most common applications of this type is to be found in the'

4, field of ophthalmology where it is desired to irradiate tissue just beneath the outer
{ij layer of cells covering the eye, without cousing any, damage to the underlying eye
tj tissue.

O
M Gamma rays and X rays are e form of electromagnetic radiation. They have no

d' rest mass, but they can be assigned specific energies end are frequently thought of

d in terms of quanto of energy. This type of radiation is much more poorly absorbed
i! than alpha or beta radiation, and generally' has a range in tissue of a substantial

number of centimeters. Thus a gamma rey having the some energy es a beta rey

[V would cause less ionization, and hence have less biological effect, per unit volume.

| Therefore, the presence of some gamma rays in a beta rey source for the treatment
4 of tissue near the surface of the skin is not very dangerous to the patient even

h though the gamma rays penetrale much further. However, the presence of gamma
radiation requires more protection for the operators of the applicator and conse-y( quently e pure beta source is preferable for instruments which are to be used for the
above 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

I
h rAssroun inActatoey'

7 .

'N' . . -
,
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for the smtll;r ionitstion per unit volume produced by gzmme rays. A more d3teil:d ;
,

.
discussion of this point ccn be found sisewhsre in this issus. *

s ;

| From the foregoing discussion it een readily be seen that the most suitable
iradiation for the treatment by irrodietion of tissue near the surface would usually

be pure beto radiation of foirly high energy. The large variety of radioactive isotopes {
'

which can be obtained from the nuclear reactor et Ook Ridge permits, for the first .

time, e choice of such bete omitters all of which are less expensive then radium
~

!and its decey products end, unlike the rgdium series, none of which emits gamme
radiation. Of these artificial bete emit 6ers, the one which is most suitable from the i

"

point of view of half life (the time during which half of the radioisotope decoys into its >

daughter product) and which gives beta rays of sufficient energy is Strontium 90. !
It has e thirty year half life end decays to Yttrium-90 through the emission of 0.65 |

*

Mev beta rays. Yttrium 90 in turn has a half life of sixty two hours end is thus in -

equil!brium with Strontium 90. It deceys to stable Zirconium through the emission ,

of 2.!6 Mev beta rays which are the reys that are actually employed, since the 0.65
Mev beta rays are virtually completely obsorbed by the covering of the source,

Using en experimental Strontium 90 epplicefor with a surface dosage of about !
5 roentgens beta equ' valent, Da, H. L. Friedell end C. l. Thomes, and Mr. J. 5. !
Krohmer of Western Reserve University, Cleveland, Ohio report the following result:1: '

''$r 90 bete toys hve ben applied clinically and a series of cases treated with this
method were compared with another series In which beta rays from redon have been used.
No demonstreble clifierence in the biological effectiveness in the two sourkes could be demon-
strated-efforts b1ng modo to appronlmete the dosages in tb two groups. In the tese of the
Sr 90 applicator, the treatment was applied in direct conteet over e period of 60 seconds
which gave e dose of approsimetely 325 roentgens. (Tho Sr.90 ble rey applio. tor emits 5.4
toontgens per second et the surface.) All treatments have been given by the direct contact
technique since this is tb only mennea in which the eetual dose to the tissue can be carefully
regulated. The sprey technique is blieved to be Insecurate slace the geometry (relatiomkip
of the radiating surface to the tissue to be Irradieted) cannot b rigidly controlled.

The conditions which appear favorable for radiation ere
t .- 3: i .t , m r .e ,

" 1. SuperGelo! lumorst ' ' ''4

I .

Small benign tumors, especially pepillomas of the lids end conjunctive respor.d very well
to bete Irradiation. Bowen's disease or Intre epitblial epithelioman can be destroyed with I

ble rays without risk of deeper damage. Anglomate of the 11ds and conjunctive in infants f
respond to beta radiation if treated early. With this type of leston the response is generally i

,

4 quite prompt and the cosmetic result oncellent. (Usually one or two treatments are sufficient.) ;

Pterygle, either true or of the pseudo verlety, recurrent pterygle and enlarged pinguecula |
all respond very satisfactorily to beta irradiation. Several treatments of 300 roentgens each,

is usually all that is necessary to obliterate this type OI leslon. (Our usual course 6: been ,

300 roentgens weekly for a total of 1200 roontgent.) .

I

1. ''sete toy Application to the f ye wIth Description er en Applicolor utilisino suontium-90'' H. L. Friedelt.
C. I. Themes, and J. s. Krohmer. Americon jovenal of ophthalmoleoy. 33, 525 (1950).

This encorpt hem the published article le printed here merely in the public interests the conclusions and
/ .bservations stated in it are solely those of the authors.

!! Reprints of the entire article moy be obtained from frocerlob upon request,

'

t

r
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*
[ hrly esses of vernal senhnellvltis show ea tacilla.t thespoutic respinse is bets Irradio. g

*

1. / tion in thew utly cows, the pepitee consist of proliferating, young tbrous fluve, new vesuls -

p! - end lymphold ' cells which ere all very tediownsitive. The lang standing cows sbwing the
,

p ty,.lui cobbleatene placques with hyeline degeneration, however, are more resistent to irredle.
}

, ,, ' j tion and often must be removed fird by nelston. Sole tediation may tbn be opplied to this
eres. In opplying the radiellen 19 must b temembred to give special ellention to the upper 1'

edge of the teral certilege es ll ls thw follicles that couw tb most troubinome symptoms,
(We hvo und dowge totaling' 1200 toontgens.)o

Patients with tb limbt lesions usually are won et en urly stage end conwquently the .
,

. toiponw to thropy is very settsfactory. Recurrences In both the lienbl and palpebrol types of j
vornel calunctivilis have been greetly decreased by tedletion therapy.

[ 3. Anferior segment febercolonis. ;

r it i

~

t The work of Woods has shown that enterior oculer tubeculoits is favorably treeted in more !

tbn 50 per cent of th cens observed. Recurrences are not decrund, but the letodietion
appurs to have a beneficiel effect on the immedlete attack. The limbi type of fullicle hyper.
trophy with cornul infiltrollon that has en oppearance slmitet to phlyctenule responds to
irradiation with special predhposition. The mode of action is not known, but le eney be due
to e radiounsillvlty of the lymphold and glent cells which degenerate and are repleted by
fibrous tissue. ,.

4. Voicolvelsofion of fb corneo.,

Li .

Bete Irrediation is und both to prevent end ela to obliterate cornul vncuterhetion.
il ects to inklbli the proliferetion of cepillery endothellum In newly forming venels and in.
Lisreting loops of vessels een be stopped short by bote tediellen. Larger and well estebilibd
venels con also be obilterated by bote vediation in greater amounts applied over the limbus.
The tediation Inducn en obliterative arteritis and enulling occluslen. (The douge varin. We .

p hav. edminisie,ed ,ediation in cou,ses. usueity tot.iin, i2oo ,oontgens in . pe,iod of on. ,33;
i month. This may b reputed efter en interval of one to two months.) #

Ynculer obliteration by muns of bete Irradiation hn proven favorable in the followingo

.i: circumstancen
j' e. After superficial leratectomy to prevent a tevesculerintion of the corneel strome.
'

In these cows the irredletion should b started ef ter the first twenty four hours and applied
i et the limbus.
i b. As e prellmbery procedure to tornul transplant wbre thre are Invading veuels in the
{ cornes,

i. c. Following cornut treniplent where there is e poulbility of vetuli to infiltreting tb
p graft from tb surrounding cornee.
L d. In vascularlud corneal leulomas that are enocleted with symptoms of irritability, photo.
j phobia and lacrimallon. Chmical burns of the cornu are olton suociated with this clinical

~

pleture and are greatly relieved by irredletion therapy.
'

\.

5. Corneal efters. '

r

i There is ,,o e,eed for ir,edieiion thropy in ecute ,yogenic co,nui uice,s. This trutment
} ls unsuccessful and may be followed by perforellon of th cornu.

Corteln forms of chronic ulcet are known to hul with Irradiellon thropy applied to the
.

limbl region directly adjacent to the vleeration. There are no contreindications to this end
j 19 should be tried in stubborn et slow beling ulcers."

Another article, entitled " Description of a Strontium-90 Beta Rey Applicator
and Its Use on the Eye", by the above authors will be published in the September

h issue of the American Journal of Roentgenology and Radium Therapy. Reprints of

f this article will also be available from Tracerlab.

,
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1. , .
>

Terminology - ~ v ' '

l
The historical development of t,he physics and chemistry |of radioactive materials

lead unfortunately to the ambiguous use of several. terms employed in the measure.
^

,
4'

ment of the strength and effects of radioisotopes. These ambiguities have been almost
:

completely eliminated in recent years as knowledge of the properties of radioactive {
;

matter has increased; however, occasional misinterpretatiops still arise and radio-!

logical measurements are occasionally made in units which.. strictly speaking, shouldo

not be employed. Sometimes difficulty of measurement males use of the correct units
almost impossible, in order to avoid possible confusion concerning the methods of
measurement of the effects of irradiation used in describing the medical applicator,o

, the appropriate units will be reviewed briefly.
' "

4
, ,

; The standard' unit of radiological dose is the roentgen (r), which was defined
'

by the 1937 Radicilogical Congress as that amount of X or gamma radiation which
j by the ionizing effects of its secondary electrons, produces onr> esu of charge of
i

either sign in one cc. of dry air at standard temperature and pressum. Equivalent
measures of the roentgen ere as follows:

,

; I r = | esu/ce, standard air i

i

; = 2.083 x 108 ion pairs /ce. standard air
.

*

- l.61 x 1018 len pairs /gm. eir *

= 6.77' x 104 ' Mev/cc. standard air

= B3.8 ergs /gm.' air

= 5.24 x 107 Mov/gm. air .

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

value of 32.5 electron volts required to form one son pair m air, j
>

.

In using the roentgen as a unit of quantity of gamma radiation we should remem.
bee that no precise physical information concerning the energy per photon, total

*

number of photons, total energy of the beam or photons, or intensity of the beam
i

of photons is presented. The " quantity" exactly referred to is the quantity of ionire.*

tion (units of electric charge or ion pairs) produced in air as a standard substance
3

by the secondary electrons which me photo, compton and pair produced by the y
collisions of photons with atoms or free electrons in the air. The roentgen does not
depend of all upon the time required for the production of ionization. As a result,

g

gamma rey dosage rates must be measured in roentgens per unit time. The r per
second, therefore, is a measure of the rate of formation of ionization in standard .
eir or the " ionization intensity", it is not a measure of incident gamma rey energy
intensity, but is a cafe of energy dissipation.

When ionization is produced by radiations other than gamma rays, the dosage :
may not be expressed in terms of roentgens. For the important case of absorption

,

|
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! Figure I.

Schemelle diagram of the frecerleb Vantihing lon Chamber. This Instrument is deilgned to measure
the lonliellon in a layer et elr, the thickness et which may be made vanlihingly small, in this way,

th. d.iege veio et the ivriece et e soure. or et a given depth .I eb.orber may be obioined.

! in tissue, however, a special unit has been defined in terms of comparable energy
absorption, if the energy lost by ionization in tissue produced by any primary radio-
tion is the same as the energy 'oss which has been computed for one roentgen of
gamma radiation in water, namely 93 ergs /gm, the dose is defined es one roentgen-

j: equivalent physical (rep). Thus I rep = 93 ergs /gm tissue. It should be noted that
the number of ergs produced in a gram of tissue by one roentgen (necessarily of

I' photons since the r uait applies only to gamme radiation) varies considerably with
gamme energy and tissue composition, thus making the usual statement I r of photons
=: I rep an approximation.

' It has, naturally, been impossible to determine the radiological dosage rate es a
functio'n of tissue depth of a medical applicator source by measuring the energy'

dissipated in various layers of tissue. This is an unfortunate result of the fact that,
'although the definition of the rep is a logical extension of the roentgen, it is very
difficult to measure. In the experimental errengement used in calibrating medical
.opplicator sources, the qusntity actually measured is the ionization produced in air
per unit volume by the Sr00-Yoe beta particles efter they have possed through
various thicknesses of an obsorber which is considered equivalent to tissue. If the
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lonia: tion por unit ' oluma smounts to 2.083 x 108 ion p: irs p2r cc. of stendard air (I csu -'

vf
.f of chzrgi), th) doso may b) ddin:d as one reinigin beta equivaltntl. Dus to the

I i,ct that the interaction of beta rays with matter is more nearly independent of
atomic number than gamma rays, I roentgen beta: equivalent is about 0.9 rep.

' %v.
~ '

Method of Weesorement _
-

<

Both the surface and the depth desoge rates of the medical applicolor have

l
'

been measured by means of e Vanishing lon Chamber 8, ,

Resultant measurements should lead to a true value for the roentgen beta equive- ,

lent dosage rate. Hewever, certain other means of measuring the same phenomena -
have been devised and should also give accurate values. Unfortunately, this has not
been the case and the discrepancy probably will not be resolved until further funda-
mental investigations have been mede . However, intercomparisons have been maden

by the various investigators who hase Vanishing lon Chamber type equipment and ,

cross calibrations have been made which are consistent. It is our belief that these van-
15hing ion chamber measurements lead to a true value for the roentgen-beta equive-
Innt, but until this is finally proven it has been decided to call the roentgen beta
equivalent, as determined by a vanishing ion chamber, a radiation unit where il con
be stated that one radiation unit ={K] a [ roentgen beta equivalent), where K is as
yet unknown but probably is unity. .

';
Figure I represents a vartical cross section of the Vanishing lon Charrber, The

, A rass plug A holds the source to be tested as indicated. Sinch the density endb ;

%%bemical composition of Lucite are close to the density and composition of iissue.
'

,

the tissuo equive!ent ebsorbers used are of this material. The 0.001" aluminum window, p
B, t.orves as the upper plate of the ionization chamber. The lowrr plete consists of an 4

equadag coating on the upper surf ace of the polystyrene disk, C. This equadeg coat. .,

"
ing has been broken by inscribing a circular disk of inner radius 0.250 cm, and width
0.0l0 cm. in the center of the coating. This break serves to insulate the center area,
which serves as the collector plate, from the rest of the coating, which serves as a
guard ring. The collection volume of the chamber in cc. is thus evidently equal to ;i

(0.250)? r times the distance of separation between the equadag coating and thei

aluminum window.
'

| The entire upper assembly is screwed into the lower assembly. The distance
between the aluminum window and the equadag coating can thus be varied smoothly
from 0.000" to 0.050", since one revolution of the upper assembly changes the ]
separation by 0.050", A pointer is attached to the upper assembly and e scale is

'

provided on the lower assembly: separation distances can be read accurately to
0.000l",

1. '' Actions of Radiollon of siving Cells", by D. f. see, page 16 MotMillon Company N. Y.,1947,

a i na R 4e ,' st 2 97) $ slade iN to$e. de51heTo$e unit fee $ iIo$lsing to
'

roMr. Krohmer and Mr. Mecorthy of un,versity' Hospito s, clevelen , loe ellowing us to onomine o somewhat
Improved version of rollle's original tiesign previous to our designing the instrument tiescribed.

3. Pelvete communicotton from Robley o. Evans, Professor of Physka, Mossochusetts Institute of technology.
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/ Figure 2.
A semple depth desage curve for the RA.] $trentium Medical Applicater es determined with the
Trecerleb Vanlihing len Chamber vilag 1 mm thich Lucite dida en abierbers. Lucite (specific gravity

= i.2) 1 genereily eenitd. red to be appreitmetely miue equivatent.

Or e end of the graphite rod, D, through the center of the polystyrene disk makes
contact with the conter 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. ,s

ji The bor below E contains the preamplifier. Electrical contact to the aluminum window
'

il, is made through the brass rod, F.

h A standard electrometer circuit with the meter used as a nullinstrument is em.

:{ ployed in these measurements, Any voltage built up by the flow of ionization current

.}
through a "hi meg" resistor (3 x 101' ohms) may be bucked out by appl ing en equaly

and op'posite voltage across part of a ten turn helical potentiometer. This potenti.I

ometer has a calibrated dial on its sheft: the circuit is arranged so that the readings
; of the dial are proportional to the ionization current,

N When the chamber is in use, some o-f the beta particles emitted by the source

h are stopped in the center area of the aquedag coating. Reversing switches are used
W to reverse the direction of the ionization current thr'ough the "hi meg" resistor, thereby
[; providing a method for separating the true ionization current from the belo particle
| current.

< :
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i Th) true ionization current is msesured und:r givsn absorber conditions'as a I

* Iunction of the upstation distanco betwsen the ionitellon chambst platss.1Ns dat6
,

is then plotted and the resulting curve entropolated back to zero separation. The''

following symbols are introduced:
i'

..

S = initial slope ci curve of ionization current vs. separation distance units of . .}
' *

potentiometer turns per 0.00l". .-,.

V = voltage across' potentiometer in volts. |
,

I
, ., R = resistance of "hi meg" resistor in ohms.

[ A = centey ette of graphite in em8 )

4r3
W = weight m,mg. of I cc. of air at time of measurement.

-Q,
| Knowledge of these quantities and the thickness of tissue equivalent absorber is suf4
! cient for the calculation of the dosage rate experienced at a given tissue depth. A

simple calculation reveals that the number of radiation units /sec. as measured by the4

vanishing ion chamber, which for reasons stated above has been defined as (K) x
1.52 1018xV S ;(roentgen beto equivalents /sec.) is equal to .

WRA ,
;

A typical depth dosage curve for the Tracerleb RA.I Strontium Medical Appli. 3

cator, based on measurements with Lucite absorbers. Is shown in Figure 2. j'
,

'

GEORC,E F. PIEPER.g

| 4
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!
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3. J. H. Lawrence and J. G. Hamilton Ed., " Advance; in Biological and Medical Phyiles". Ace.
,

domic Preis. Inc., New York,1940, jr

4. N. HowardJones. Ed " Applied Biophyiles'', Chemical Publishing Co Brooklyn, N. Y.,1949.
'

i

s. Lepp and Andrews. '' Nuclear Radiation Phyiles". Chapter 18. Pren iss Hell Inc New York,1948. '|s
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1

PRICE REDUCTION ON "M" SCALER 1

As a result of simplified assembly methods and economies resulting from volume
production, it has becomo possible to reduce the price of the SC-2A "64" Scaler to
$355.00 f.o.b. Boston, effective June 1.1950.

!*

l
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c b ADDl19&NAL PRICES @N CARBON.14 tab @ED
' '

, C@MPOUNDS AND CNAN@ES IN MINIMUM @RDER
'

.i

Prices h0ve been set and specific activities have been determined for three more
Carbon 14 tagged compounds whicir were listed in Cetolog 0, and the price of one.

,

compound has been correctd es follows:i

1

4 .L2 3 Ethylene ; I me./I 2 m. mole $ 300.00/mc.
H LS 9 dl. Lysine 4C 14 Mono Hydrochloride I me./2 3 m. mole 500.00/mc.

(con.e.d pek.);j .

; L5-7 dl. Methionine 4C 14 I me./2 3 m. mote 750.00/mc.
'

j L5 9 di Lysine 4C 14 I me./2 3 m.molo 725.00/me,

{4
,

Also, one additional compound has been synthesired and added to the list of
!! available radiochemicals: '

L413 Succinic Acid 4C.14 i 1 mc./l 3 m. mote $475.00/me.

'I Furthermore, Tracerlab has recently received a number of requests for smaller
i minimum quantities of amino acid compounds and certain other compounds of bio-

logical interest, and in en endeavor io be of greater service to our customers, we have
reduced tha minimum quantities to 0.1 millicurie on the following compounds-

1

| ISII$.7. oNIdh
,

[ L4 9 Phenylacetic Acid.l C 14 . ! '. . I $425.00 $ 77.50. .... . ...

L L410 2,4 Dichlorophenomyocetic Acid l C 14 650.00 100.00...... ...

| L4.ll Ethyl Acetaminocyanoacetate 2-C 14 . . 150.00 90.00 ( h.... ...

| L412 Ethyl Cyanoncetate4C-14 425.00 77.5n w j. .. .

(413 Succinic Acid 4C 14 475.00 82.50 l
; . . . . . .. .. . i

j #41 Glycine 4C 14 . . 450.00 B0.00. .. ... . . . .

| L5 2 Glycine 2 C.14 . . , , 600.00 95.00.. . . .. .

P L5 3 di-Alanine I C 14 . . . 450.00 00.00. . .

! L5 4 di Phenylalanine4C 14 Hydrochloride . 675.00 102.50. ..

a LS-6 di Phonylalanine.3.C 14 Hydrochloride . . 500.00 05.00. .

0 L5 7 dl.Meihionine.2.C I4 , . . 750.00 110.00. . .... . ... ,

'
4 L5.D di1ryptophan4C-14 700.00 105.00'

h L5-9 di Lysine 4C 14 Mono Hydrochloride 725.00 107.50 '

. ... . ...

.... . ...

] L61 Benroic Acid l C-14 , . , . . 550 00 90.00. .... .

i L5 2 Toluene.l C 14 . . 500.00 85.00. .. . ...

} L6-3 Denrene . . . . . 600.00 95.00. .. .. . ,, ....

i L6 4 Chlorobentone t-C 14 . 800.00 115.00 '
.. . , , . . . ..

h L6 5 Aniline l C 14 650.00 100.00. .., .... . . . .. .

h L6 6 Phenol.1 C 14 800.00 115.00 t
.. . .. . . ..

k 1he price for 0.2,0.3, and 0.4 millicuries of these compounds will be 2/10,3/10,
'

! and 4/10 respectively of the price per millicurie plus a $35.00 handling charge. For
j t/2 millicurie and enore, the price will simply be the appropriate fraction of the

k millicurie price for einmple, L5 2 Glycine 4C 14 which is priced at $600/mc. will
'

sell for $l55.00 for 2/10 millicurie and $360.00 for 6/10 millicurie.

l
s
d PAGE TWELVE TAACEALOG

h Y
n
d
w _ . _ _ .

.

.

k. uO

I



i
g

-,:
4 , se

37<y
..

.-

| gn weg j,_; .
,

| . e# '
.

E m $o g,. yi

g_q/6$+
u '

i 4 ... ;. g o,y
.

sg.ygf. wp
> s ..y, oqpq

f4-
y .

ir, y
| , Jf4 ,y (I? D

.*pg4 f,

,[ k$[ Axe-. a
}}fI:-- :.jy'{: 3i(3-
w n

-

,,

.y -;,.

:a . ,

( gg
}%. h j77

, ,
~ , 'w

y -Q f) 3;;%kk#

z

W . g" g.p'.i,. , , , . , .

. r, _|
* r-

gy ykVmv

(
R 30 ONE MILLICURif COSALT-60 SAMMA SOURCE ,

in response to considerable demand for e gamme source of millicurie strength,
Tracerleb has developed a one millicurie Cobalt.60 source. This source is particularly
useful in the calibration and checking of instruments and film, and can be used for
emerimental work with Geiger tubes, ionization chambers, and scintillatien ceunters.
It is also very helpful in spot checking the effectiveness of protective shielding.

The R 30 Cobalt source consists of a hermeticelly sealed point source and a
heavy Iced shield in which it con be inserted and securely lastened. The shield, which.

I is provided with a handle, is made of two inches of lead and thus effords complete
protection egoinst the I.l6 Mev and 1.30 Mev gemme rays given off by Cobelt-60.
When the source is to be used it is unfastened with the end of a wrench which is'

supplied with the source, and is taken out of the shield with a special remote handling 3

tool, which is also supplied. This special tool permits completely safe manipulation of
the source.

Approval must be obtained from the U. S. Atomic Energy Commission before
this source may be purchased.

:PECiticAfloNS

| Soutet MAfttlAsi ADD 111oHAs toVIPMENT luPPLilDi
Hermetneelly sealed point sovese el cobel 43. o) Remote honalling tool.

bl weenthSOURCf lietNetH,
1 millieut6e

$HilsDINei s'bs'
2 imhes of lead with carrying handie.

DIRENlloN5 Pttcti
4" diameter by 4W" high. f.o.s. Besten .540.00
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SC-25 EAGLE AUTOMA18C TIMER
For the convenience of its customers Tracerleb has adopted the Eagle Automatic

Timer for use with the "64" Scaler and the "I00" Scaler. When properly connected
to these scalers this automatic timer makes it possible to count for a predetermined
time interval without attention on the part of the operator.

The timer has two concentric dials on which the predetermined count con be set
anywhere between two seconds and twenty minutes with an accuracy (or Isecond.
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.1 hen 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 "64" Scaler and the "100"
Scaler by means of a regular plug which uses the same outlet on the scaler as is used
by the SM 60A clock, and by a special cable which connects to the oscilloscope
viewing jack on the back of the scaler. Ail cables and plucn are provided with the

j
instrument,

sestillCAfloNs
t n s..i., c ...oi... :

h- ... a. i. . air mio .. .i A c sin. . a . .
., it... pt,.,n.. . ,

. .u.i ..bi. a.. ipI a.w..wh. .$ .ith o .a ..i .a.s6. se au.
e i, 4 e i.. o

oi.i.om.i. : ii
An ..,

.na u m. .ve.an a a. obi. pi . , .

2 i .=.aa . i..in 6.< k ...i.. .,

jJ ''*'iio v A.c., ao .I. A..n.6i. .pui.i .,a., * * ''Is',...a.
oi.. , 22.o v A.c., s ens.:.i tei .? sw .e" se e.o s. sou a snoo
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FOREl8N. DISTAL 8UT@AS j

+ ; . .

Austria Belgium: }
*

Otto Hardung, Bureau d' Etudes E. R. V. A., 1

Kohlgasse 33, 215, Avenue Brugmann, !
, ,,

Vienna, Austrie, 1 Brussels, Belgium.* >

\\
Denmark: ( France !

Torben Soderberg. Sophymo, [
12 N Y Ostergade, 9. Place des Etets-Unis, !
Copenhagen. Denmark. Paris 16. France. !

8'"''8 Holland:.

K. Karayennis & Co., ' Adr. van der Kuip, !
'*

Karitsi Square. Oude Gracht 258, I
Athens, Greece. Utrecht Holland. ,

Indian i
U*I 8 *~"

YRabder.Kar & Co.,
I"9' b' 0''* ^"*

Commissariat Building Hornby Road,,_
*'' 8,

Fort Bombay, India. "', ,9 ,
,

, g, ,

c Norway ,

Aksjeselskapet Proton, Portugal: i'

Equipamentos de Laboratorio Lda., ;Rosenkrantigen 11
APartado 458,

! Oslo, Norway.
. Lisbon, Portugal. ..

outh Africa:
Sweden:A. F. H. Desors & Co. (Pty.) Ltd., '

3, Village Road, Selby, LKB Produkter'

! Johannesburg, South Africa. Fabriksaktiebolag,
Stockholm 12, Sweden. j

Spain:
ICompanio para la Fabricacion de Switserland-

Contradores y Material Industrial Seyffer & Co., Inc.,

Apartado 159
'

Kanzielstrasse 126,

Barcelona 8. Spain Zurich 4 Switzerland. ,

AUTHORIZED SERVICE STATIONS
Colorado: Technical Equipment Corp., P. O. Box II, Highland. Station..

| Denver . I I,

Eastern Canada: Electrodesign,445 St. Peter Street, Montreal, Quebec.
Illinels: Television Engineers, Inc.,1539 West Harrison St., Chicago 7. !
Louisiana: . Delta Electronic Equipment Co., P. O. Box 476. New Orleans.
Missouri: Industrial Service Laboratories,1602 Locust St., St. Louis 3.

New York: Video Television, Inc.,239 E.127 Street, New York.
Pennsylvania J. F. Griffin & Co.,1431 North Fifth St., Philadelphia 20. ;

Southern California: Dawkins Espy Electronic Corporation,11747 West Pico Blvd., j

Los Angeles 34. .

' Texas: Southwestern Industrial Electronic Co., P. O. Box 13058, I
Houston 19. j

4
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TRACERLA8 PRODUCTS AND SERVICES,
. ,
*

Ceieie, Ceieio, No.
,.

,
- we.

Su.iB Redi.iion Su vey uet.r 1275.00 t.i0 Dec., Cherii i.00r
$U.3A Laborotory Monitor with TGC 1 s E.Il Leod Be,d 9.60

G-M Tube 275,00 ' E.12 Recienguter Leed Container
$44A Radioactivity Demonstrator with 1 (7" weil 4" s 4" a 6" 1.D.) GS.00

*

G.M Tube 112.50 . l.13A Rectangular leed Conteirier
$U 5 Bete.Gemme Survey Meter 235.00 ! I t" s ell 6" s 6" I" 1.D.) 90.00
$U.7 Oro Detector 112.50 ) E.14 koctengular Lead Container
$C lB Autonceler wlah Preernplif.or 650.00 : " well '/" s 7" s 9 * l.D.) 60.00
$C.2A The "64" Seeler 355.00 't.16 indrical Lead Container.

!( 16 II" well 21/16" a 4%" 1.D.)
25 00SC 3A Duoicele 120 es,6 for 100.00

tioctroplating Cell 1500$C.4 tegle Preset Counter 80.00 :

SC 5A Printing latervel 16mer 450.00 f t.lf Rernote Handling Tongs M 00*

! .ttA Remote Pipetting Device 75.00SC.6A Automatic Semple Changer 950.00 t

$C 7 The "100" $ celer 425.00 E.19 Planchet Holder 2.50/dc.'

SC 8 Autosceler Cort 30.00 j E.20 $teinless $ tool Cupped
e SC 9C Shielded Manuel 5emple Changer 200.00 Plenchets 5.00/C

$C 10A Radiossiey $emple Holder 60.00 i f.21 A Copper Planchets for Ril & Rlt 10.00/M
$C. I t Dec esc ale 50.00 :122A Aluminum Absorbers for Ril & R 12
$C.l? Discriminster input Circuit 35.00 E.00/C.

$C.13 Radioective Oro Analyser 200.00 t (.23 A Full Interlocling Lead Brid 10.00
SC l? Mechanicel Register 17500 i t.23B Hell Interlocking tend Belch 2.50 .

SC.25 legte Automatic timer 75 00 | t.23 C, D. E. F Interlocking Lead Britis 6.00 es, j
P.4 Preemotifier for 1GC f ubes 25 00 90' & 120' Corners. Mole and+

P.5 Tube Mount Int 1GC lobes 12.50 j Femete tads
P.6 Sheet Lead uedical Shield 27.50 f.24 5teintes: Steel Flat Planchets 3.00 / C
P.7 , Long Lead Medical Shield 37.50 : E.26 Plastic Shield (9y;'" 12"I,' 8.50
P.t 2 Alphe Scintillet;on Detector IM OD [.27 Plastic Shield 12 s 19 12.50

V.t Victoreen Minometer 160.00 . E.28 Plastic Shield 19Vr" a ") 20.00
V.? Victoteen Poclet Doinge Meter 12.50 Radleective Reference $ urcesi$u 60AIlectric Timing Cloch 55.00 i R.I Calibreled Radiocobalt Bete 15.00

G.M Tubes ' R.2 Uncelibrated Rediocobalt Bete 7.50,

TGC.I 1recerleb G M Tube.3 4 mo'em8 R.3 Calibrated Radiolead Bote 15.0'
mice window 32.60 R.4 Uncehbreted Radioleed Bete 15 00 , )7.R

;. 1GC.? Teecerleb G.M Tube, less then i R.5 Calibreted Uranium X Bete
- 2.0 mg./cmt. mice window 47.50 , R.6 Uncelibrated Urenlum X Bote 7.50
i 1GC.3 Mice Window X rey GM tube R.7 Calibrated Radiocobelt Gemme 16.00 '

with Be end Cu fIters 87.50 RB Uncelibreted Red.ocobalt Gemme 7.50s

TGC.3A Mice Window X. rey GM tube ' k.80 Uncelibreted Radiocarbon Bote 7.50 '

without filters 47.50 * R.i t Simulated 1131 Reference
1GC 4 Glass samme G.M Tube 12.00 Source 5et 50.00

{ 1GC.5 Gloss Beta-Gemme G.M Tube 14.00 R l? Simulated P 32 Reference
TGC.6 Small Glasi Bete.Gemm* Source set 50/9e

-! G.M Tube with 3 pin bene 10.50 ; R.30 g u;ilico,ie Cobelt 60 Source 40.00
Equi ont Tegged Chemicels;

| {','Y' (8 bi)j About 400 Inorganic and Orgente Compounds
eg 2

,

Tagged with Radioactive Isofrom stock Catalog B conte; opes ero evellebte
i

E.3A Aluminum Absorbers 50.00 ms e comntete list.
f.4A Flat Copper Planchets 10.00/ M
E-5 Cupped rienchets 2.00/C 8''o G* ue''
E.6 Aihing Dishes,1.50 en. 5.00/da. Price infermetion on absorption and bed."

f.7 Brasi Rico end Disc. $1.25 es. Ilh0/da. scattering type Bote Gouges is ocellable upon
5.lA Precipitelion Apparetus 15.00 request.

Cemolete elesul Hens et sti Tracerleg predvets are tentelned in Cololog SP
and peit issues et Trecolog ahish are oveliebla en reevest.

ud in t., per.i.e ord.rs. An pricos ee.*ed e. o. s. eeooe. e,i..: s.t.i.ct to ci.n,. sitee.t noti...

SALES OFFICES
Chicago: Tracerleb, Inc., 221 North LaSalle St.. Chicago, Ill.,

Franklin 24197.

New York: Tracerlab, Inc.,1775 Broadway, New York 19 Nara 7.6133.
Tracertab, Inc., 2295 San Pablo Ave., Berkeley 2 CaMornia,Wedern Division:

~

Thornwall 3 2527.
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TRAINING PROGRAM: Important Topics

- Self Assessment -
*

1
,

.

-

;

1. The ratio.of proton mass to electron mass is approximately: '

4 (a) 1000/1; (b)~2000/1; (c) 3000/1 f: .

2. 'An isotope has a constant number oft

-(a). neutrons; (b) protons; (c) nucleons ;
' ~

k '

3.. If~there is an excess of neutrons, the radioactive [
emission will bei J>

(a) positive betal (b) negative beta; (c) neutron

i

- 4. As the wavelength of a photon increases, the. energy: ;

.(a) increases; (b) decreases; (c) remains. unchanged ;

! ;

i. .

t

9 5. Given the same energy, an alpha particle produces
F ionization than an c1cetrons ;

(a) more r- (b) less; (c) the same
.

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

I (a) botas only --(b) gammas only; (c).both i
t
i

,

C

7. Roontgen equivalent botas (rch's) to rods, the - 5,

absorbed dose unit. '

p (a) arc equal; (b) are not equal; (c) unrelated

M
,,-

j; 8.- Percent Depth Dose relates:
L (a) the dose at the tissue surface to the exposure

at the applicator surface.
-

L (b) the dose at any depth to the dose at the tissue
surface.

(c) parity and-inflation in supply sido economics. |

,

9. -Of the two botas from a Sr-90 applicator, the more
penetrating is the energy of: '

(a) 0.55 MeV; (b) 2.27 ticV; (c) a 60/40 percent combination *

!
;

_

e * *
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$ ELF-EVALUATION OUESTIONS: True or Falso f.

i- ,

|

Exposure and Absorbed Dose Units
!,

i- :

b The Rad isTa measure of absorbed energy while the Roentgen -

I' 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),
r

- T F

. The natural background radiation in the mountains is higher

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

T F

!

-Por high energy photons with energies above 3 tieV, the

roentgen and. rad are no longer equivalent, This is because
c:

I .the cicetrons released in the target mass do not deposit. all

their energy in that same mass. T F

j--
u

s

T

|

!
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' i SELP-EVALUATION QUESTIONSt' . Match C;ch ch;rCcteristic with
.

q::. _

ono or both of tho survey meter types. c

.

o :1 . !

!
t c

:

Survey Meters Characteristics

(a). Ion Chamber filled with' air. 1

i

(b) Geiger Hueller Tube- filled with noble-gas..

'

requires. ultra-thin window
to detect charged particles.- 3.,

r

biased'at 600'V. j
?

- - biased at 1200 V. I

; measures exposure reliably.
,

0 1
increased sensitivity because '

'of "avalancho" principle. .i
~~

t

requires calibration at G-month !
intervals.

i
'

suitable for determining-
90 r'exposure.rato around S -

-

applicator,

i
.i.

,I
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: Roentgen - The unit of . exposure,which is a measure of the ionization i

produced in air by x-rays,

mR - millfroentgen; 1/1000 of a Roentgen.
E

rad.- 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 co'nverted to 'the
absorbed dose in rads by use of the Roentgens to
rad f factor,j,

at ' mrad - millirad; 1/1000 of a rad.
I The unit of dose equivalent, a quantity used in radiationrem - ,

p '

protection work. The rad is modified by a quality factori .

(QF).to convert it to a rem where the QF takes into'

account the dif ference in biological ef fectiveness. ,

Because neutrons , f or ' 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. ]

Tor x-rays and most electron energies. QF = 1.''
,

mrem - millirem; 1/1000 of a rem. |

.!'
'

:b Curie - The unit of activity. One Curie is defined as
!' 37 billion disintegrations per second.
.

mci - millicurie; 1/1000 of a Curie.
!'

q CL - microcurie; 1/1,000,000 of a Curie or 37,000 disintegrations |

per second.'
.

National Council on Radiation protection; makes, amongNCRP -
other things, recommendations in th,e field of radiation
protection.

L

International Connission on Radiation Units and Heasure-ICRU -
ments; makes, among other things, recommendations in the

,

field of radiation protection.
,

fleximum
L Permissible

Dose - The maximum dose equivalent that the body of a person,
'

' or specific parts thereof..shall be allowed to receive .

*

in a stated period of time,
,

.

-1-

.

- - -
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Ex po s u r e_ - Tlesue Hansna l Effect_.

100 rods Bone Harrow ilun.an Neoplasia'

Stomach lluman Neoplasin
'

Lung Iluman ' Neoplasia

Breast llur..a n Neoplasia -

Hental retardation and
50-100 rods retus thanan

reduced head size

chromosome aberrations
50 rads skin llaman

, emporary sterilityT
50 rade Testis lluman

50 rads Ova ry llumen . Temporary sterility
-

Transient reduction of
25 rads Testis lluman

sperm count
*

. '

| 25 rads Embryo and flouse & rat Neuroskeletal develop-
'

inental abnormalities-

fetus'

. . . .

10 rada lens House Cataract

Bilobe nuclear abnormality f
-iiluman10 rads Lyrnphocy tes |

' Chromosomal aberrations j
-i ' 5 rads- Leukocytes lluman i

I

Temporary depression
3 rade Testis Ininature mouse

of spermatogonia

Inansture mouse Ooeytes
3 rads Ovary-

' Childhood leukemia and
2 4 rads Tetus lluman other neoplasms |

'

i
i '

|

."
,

;
,

!
!

.i The purpose of this section is not to draw conclusions, but to give
;
$

some indication of the criteria on which modern radiation protection.

For a further examination, the resder is referred to'

NCRP Report No. 39 entitled, " Basic Radiation Protection Criteria"
is based.1-

and Eric Italls' book entitled, "RadiobioloSy For the Radiologist"
3

(Harper 6 Row, 1973). i
|-

,
Current Reconenendations Regarding Dose Limitations _

,

\
'
'D.

f
'

The following is an excerpt from NCRP Report No. 39, " Basic Radia.
tion Protection Criteria" that is designed to inform with regard
to the NCRP's position on dose limits spplicable to individual
members of the public.

8
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TABLE 1

.

.

Dose-limiting reconsnendations for occupational exposure from HCRP -'

Report No. -39 entitled, " Basic Radiation Trotection Criteria."
.

Maximum Pennissible Dose Eaulvalent.

Cater.ory

1. Whole body long-term accumulation (H - 18) x'.5 reme*'

to age H yeara. , .
.

15 rems in any one year2. Skin |.

75 rems in any one year
3. Hands*

30 rei in any one year
.i 4. Forearms

5. Other organs, tissues and 15 rems in any one year

;
- organ system

0.5 rem in gestation period1

6. Tertile women-

0.5 rem in any one year
7. General public'

, I
.

B. Tamily of radioactive patients
.

a. Individuale under 45 0.5 rem in any one year
' (

|

b. Individuals over 45 5 rems in any one year .

.

1

.

* This is an average of 5 rems'

per year.

|.
e

I

,

l' i 1

|- 10 - !

|
. . -
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SUGGESTED GENERAL REFERENCES
.

" Medical Radiation Biology," by Pizzarello and Witcofski; Lea and Tabiter. .

1.
Philadelphia, 1972. ,

" Medical Radiation Biology," by Dalrymple-Caulden-Ko11morgen-Vogell W.B.2.
Saunders. company, Philadelphia + London + Toronto, 1973.

<

3. " Radiobiology for the Radiolonist," by Itall; Harper and Row, New
York +Evanaton+ San Francisco + London, 1973. ,

" Radiation Exposure in Pregnancy," by Brent and Corson, in " Current4.
Problems in Radiology " Vol. II, Humber 5, Year Book Hedical Publishers,
Inc., Chicago; September-October 1972.

"The Effects on Populations of Exposure to Low Levcis of Ionizing3.
Radiation," Report of the Advisory Committee on the Biolor.ical Ef fects of ,

'

Ionizing Radiations, Division of Medical Sciences, National Academy of
Sciences, flational Research Council, Washington, D.C. 20006, 1972.,

|

Levels and Ef f ects," A Report of the United llations" Ionizing Radiation:6. |
Scientific Committee on the Effects of Atomic Radiation to the General

'

Assembly, Volume 11: Effecto, United flations, New York, 1972.
f

|,

"Your Body and Radiation," Frigerio; U.S. Energy Research and Develo.piser t
-

7. |Administration, Technical Information Center, Oak Ridge, Tennessee 37830,r

-1967. 1

"The Genetic' Ef f ects of Radiation," Asimov and Dobzhansky, U.S. Energy
'

8.
Research and Development Administration, Technical Information Center, Oak
Ridge, Tennessec 37830, 1966.

" Basic Radiation Protection Criteria," llational Council on Radiationh 9.
Protection and Measurements, Washington, D.C.,1971.

" Radiation Protection for Radiologic Technologists," by Trankel; McGraw-10.
' Itill, New York, 1976. ,

|

|
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-E511 MATED LOSS Of' Life EXPECTANCY FROM HEALTH RISKS''
.

m .

Estimates'of-

Days of Life Expectancy lost, ,

N 'y LHealth Risk. Average

. Smoking 20. cigarettes / day. 2370 (6.5 years)
f.L

'

,-

Overweight (by 20%) 985 (2.7 years). .

All accidents combined 435 (1.2 years)

Auto accidents. 200 ;
.

'

Alcohol consumption (U.S. average) 130: ,

Home accidents 95

Drowning. 41U

L L5afest jobs (such as teaching) 30

Natural background radiation, calculated 8

Medical X-rays (U.S. average), calculated 6 ;'

,

All catastrophes (earthquake, ete') 3.5

1 rem occupational radiation dose, ~1 .

."
calculated (industry average is
0.34 rem /yr)

I rem /yr for 30 years,. calculated 30

5 rems /yr.for 30 years, calculated 150

!

:
.

- W

L

' 4,

~

. . . . .
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. - TRAINING PROGRAMi Radioactivity
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Hoween usurnoNs N-k-zl

Chart showing the proportion of protons and
,

neutrons.in nuclei. Stable nuclei are repre-
sented by solid squares, radioactive nuclei bycrosses. Nuclei.with equal numbers of neutrons
and protons lie along the N=Z line.

28h-4 llalf- |'

life
$ST

.

w.

64h Angular momentum, .

90 ( and parityY Energy (MeV)
,

t
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I
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TRAINING PROGRAM: Energy Deposition-,
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' REPRESENTATIVE EXPOSURES

Exposure Significance

0.100 R/ year: Background Radiation in' Honolulu
d

0.200 R/ year Background Radiation in Denver
-

-|0.020-R/ exposure. Typical Skin Exposure for Chest X-Ray -!

0.600 R/ exposure- . Typical Skin Exposure for Abdominal X-Ray
*

0.500 R/ year Limit for occupational Exposure of
Whole Body

!1 R/ exposure Risk of Cancer 1 in 50,000
|
!

20 R/ exposure Leukemia Induction
100 R/ exposure Mild Irradiation Sickness
500 R/ exposure Temporary Loss of Hair

600 R/ exposure Radiation Cataract
2000 R/7 days- Threshhold Erythema

4500 R/S weeks Treatment of Radiosensitive Tumor
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TRAL NING - PROGRAM: . Dosimetry

.

'

!

Convers$on From-reb /sec to rads /sec For Sr-90 Beta Applicators:'

!

Dose Rate in Tissue (rads /sec)' = f x (Sw/ Sal
x Exposure Rate (reb /sec)

0. 87. x 1.13 x Exp. Rate - (reb /sec)'= -

L M'

O M,
where --

.f = Roentgen to rad conversion factor for air

'

Sw= tiass stopping power in water for 2.27 MeV betas

L, S = Mass stopping power in air for 2.27 MeV betasa

|

100- p@itene ses,e,

|. Sr *S

k #''

a
g Spherical cup SrSO -l cm

.

[5 Pione SrSO\360- 4
% $ moll porton

f-
i 2 Spher col cup S,scs

,40 Nd("
'

D N
O N

Ho die *s , overage of commercioilyt-

!
, 2 0- s, o,oitaue SrSo

% % %'
- ~%,

'

\cjAo\\{f///44/ois"tQ'//g//g///A\ifen 'oN,Q\\
i 2 3 4 ,

Depth arm

Depth dose for beta applicators. Curve 1, rad + RaE;
90Sr -Curve 2, Radon - average of 3 applicators; curve 3,

|; average of 9 commercially available applicators, also
L for the t e 4, 6 mm circular spot on spherical shell;

Curve 4, Sr - plane applicator 16 mm diameter; Curve 5,
90 r - srherical cup, 20 mm diameter.S

.

-. -e ,
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REPRESENTATIVE EXPOSURES
i

Exposure Significance

0.100 R/ year Background Radiation in lionolulu

0.200 R/ year Background Radiation in Denver

0.020 R/ exposure Typical Skin Exposure for Chest X-Ray

O.600 R/ exposure . Typical. Skin Exposure for Abdominal X-Ray'

0.500 R/ year Limit for Occupational Exposure of
Whole Body

1 R/ exposure Risk of Cancer 1 in 50,000

20 R/ exposure Leukemia Induction

100 R/ exposure Mild Irradiation Sickness

500 R/ exposure Temporary Loss of Ilair
<

600 R/ exposure Radiation Cataract

2000 R/7 days Threshhold Erythema

4500 R/S weeks- Treatment of-Radiosensitive Tumor
..

1

1

1
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TRAINING PROGRAM: Dosimetry
. . . >

-Calculation of Treatment Time:
>

Treatment Time (seconds) =

,

Dose At Depth d

(%DD(d)/100) x Surface Tissue Dose Rate (rads /sec)
,

where --

%DD(d) = Percent Depth Dose at depth d

I.

.A-

A B

~= \,

g g %e
us . y

i ;. . .

-A
=Csi

. - % , ,

, +

C

n. 6 %
.

II
n * #

h -j _=@
'

| e >

, , .

F0tl AAfA M**"''
|

-
r-

.

i.i

Dose rate distribution in tissue in con tact 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 diagran: A-plastic only: B-active foil; C-silver foil .
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1# SUGGESTED READING / LIST-- ..
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kN il. '"An! Evaluation of'the' Clinical Use ofLa Strontium-90 }-

E, Beta-Ray,Appli~cator With a Review of-the Under-lying ,
.

:L | Principles:" by ' ll . . L. Friedell~,'' C. .I. Thomas,.and' L1,

M J.;S.,Krohmer. : Amer.'J. Roontgen,-71(1954)25 ; uj
p

04 L 2'. . . " Physical Study:of: Strontium-90.: Beta Ray _ Applicator"
[L_ :::E by S. (J .:: Supe, and J. R. Cunningham.- Amer. J...Roentgenal., j

Rad.-;. Therapy & Nuclear tiedicine, 89,(1963)570. '^
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: TRAINING' PROGRAM POR~
PROSPECTIVE'AUTilORIZED' USERS OP

kf Sr-90-OPitTilALMIC EYE APPLICATORS-

g

it

|; , A.-. ' Radiation Physics"& Instrumentation (6 hours) ::

l. :- ReviewL of ' atomic / nuclear structure. ,,

2. -Physics 'of ionization, excitation and energy +

- deposi tion .
'

'3. Detection of atomic / nuclear, radiations..

~4. .Ex'posure and' absorbed: dose units.
5. ' Physical description and; dosimetry of beta

ray applicators. -

; ,

.6. 'Physicsiof' clinical applications. *

'

,

D. Radiation Protection ~ (6 hours) :
l.- Units, nomenclature and their use in expression.

of-protection-formalism.

2. ~ Crite'ria of ' radiation safety.-
,

4 23. -Data' base for~ human biological effects from
!c radiation exposure.

:4. Recommendation / regulation sources and assumptions.- q

! 5. Summary of biological effects.

G. . Risks'from' radiation exposure'.and its comparison d
with other environmental insults.

C. Mathematics-Pertaining to the Use and-Measurement of j

Radioactivity:
a

1. Review of basic algebra.
~

.

2. . Review of the use of graphs.
.

Simple inverse and inverse square proportion.3.
.

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

.

D. 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 f ractionation and repair.

L 6. LET and RBE
1

7. Tumor / normal tissue response to radiation and
comp'l i ca ti on s .

8 , . .
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FIGtRE 5

PftCENT ttDUCTION OF SuitFACE DOsAct e. ATE OF THE MEDICAL
'

APPtJCATOft AS A FUNCTION OF 7tS5tX DEPTH

i . w - ., ano c. 'Dus, for exarple, if 0.9 rnsa of tissue ccrpletely absortis the -

0 100 300 300 -g y 400 700 beta pa:~,1cles (0.7 rev averare ene-vy) eeitted by one ecllicurie4

j (37 x 10 betas per sec.) of yttritan-90, the dosaste rate is
100Q ,

sN :
\ 8 Mx1 - ' /sec. = 28.B x 10 sev/gp-sec.

80 0.9,

\,

\ m
0.55 rep /sec.m h

"his ccreataticri states nothing about the distribution of the dosare* So
I rate as a function of tissue depth. If the ene millic rie of

g yttritri-90 were unifomly distributed throurhout the 0.9 rnri, the '6'

e e4 oswa* ** tissue would be receivinr a triifom dosap of 0.55 rep per.sacoruf
.,,,, anommes truuadmut. If the yttritse-90 were a plaque placed on the surface

h " * " ' ' " " " of the tissue, the rep domar.e rate would be arentest at the f!wrt30
surface and would be esse stially zero at a depth of ikiva. . Ptr this

**'*'
case the aa .v .J. of the rep desare rate as a function of tissuee ,,,,

t, depth cannot be deterWad dirmly by an sircle rieans. Het can
{ g be experisientally ascertained is a quantity which is a sireple

extensicri of,the definition of the roentajen arvi wiich has been desie-3 nated by les as a roertszn.*quivalent-beta. '311 s quantity can be
e Sanntitatively related to the rep, provided that the respective
3 dissipation of the eneryy of the beta rays in air aru! tissse are

identical. It is unfortunate that this needless areipjaity exists.

IbmtrwaivalesbetaS 10 \
5 9 \ A reentsgen (r) is a w of the resultent ionization produced

g \ by secortiary electrons in stantir$ air, the electrons resultire: nus [**

h the intersetion of air with stantu raiiaticri. If the quality of
7 % ionizati n is such t*q one electrestatie trtit of cherre is produced

8 per ec of dry air at O'C and 760 rei fist (Starsiard air) then that4
giantity f ioni:aticri is one reentaen (1 r).

S Iss' has exte used this definitieri to incl.mse beta ruiiation by
defininr, one maivalent-beta as that quantity of Deta

4 radiation which in passase tr:reuch staru$ani air produces by icriizinr, '
the air crie electrostatic tatit of char 1y per cc. Prue this basic ~
definition, it can be ecyputed that

'

,

3
(3) I hvalent-beta = 2.08 x 10' ion pairs per ce of

* standard air
*

#
- (4) I reaivalent-ceta per see. = 3.33 x 10 ane- es

. per ec of starsiani mir
. .

6..

g y 2 3 4 S 6 71
,

wrim

i
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