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O "^z^ao ev^tu^Tio" or sete-tus1"ous osvices "^os wir" "3x" ea^"o
RADIATING MICROSPHERES

Evaluation of the radiation safety aspects of any device containing
radioactive material is usually divided into two hazard areas --
external an d internal. Each of these will be considered in detail
f or 3M Brand Pm-147 Ac tivated Self-Luminous Devices. Information

on the composition and properties of some typical devices is given
in Appendix 1.

Most applications of these self-luminous sources will be

in the 5-50 microlambert brightness range. To achieve this

brightness a Pm-147 specific activity of about 0 3 mc/cm2 is

needed for the 5 microlambert source and 3 mc/cm2 for the brighter
(3'

(J source. In discussing the safety aspects, an intermediate Lource
2with an activity of 1 mc/cm will usually be considered.

I. External Hazard
i

1. Bremsstrahlung radiation
|

Since Pm-147 is a weak beta emitter, there is no
whole-body rad iation hazard f rom low level (millicurie)
sources. The slight amount of bremsstrahlung produced is re-
duced to a low level by plastic shielding (Appendix 2). It
must be emphasized , however, that the exis tence of this secon-
dary radiation puts a practical limit on the extent to which
surface dose can be reduced in self-luminous devices. It would
seem reasonable to set limits of 5 mr/hr at the surface of the
device and 1 mr/hr at 3" -- and further stipulate that the radia-
tion contributing to this surf ace dose should consist of at

,least 90% soft x-rays of less than 100 KEV. This would assure I
that the surface radiation contains very little hard gamma com-
ponents.

.
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; The radiation dose f rom the trace amount of Gamma-emitting im-
! purities in the Pm-147 is much less than that produced by the

bremss trahlung radiation ( Append ix 2) .

It is or interest to note that the dose of soft x-rays (-'<30
| KEV) required to just produce a perceptible change in the skin

2'

is of the order of 300 roentgens delivered in one sitting .
Thus it is obvious that 3M Brand Pm-147 activated sources pose
no hazard in this respect.

The only other major consideration from the external standpoint
is the gene tic hazard. All conceivable uses of self-luminous
devices will not bring the device within more than a few inches
of the gonads. In addition, shielding by clothing is quite app:re-
ciable over this portion of the body. It seems reasonable to
state that the genetic hazard is less than that from normal
background radiation.

To further emphasize the conclusion that 3M Brand Pm-147 activa-
ted self-luminous sources present no external hazard f rom secon-
dary radiation, a comment by C. L. Dunham, M.D. , Direc tor of

3[} the AEC Division of Biology and Medicine, is worth noting . ,

" Earlier work by Lorenz and associates and recent work in this
country and in England with continuous exposure at dose rates of
a few tens of r down to 1 r or less per week have shown either
a lesser effect, or in some instances no apparent effect, in
terms of curtailment of average life span, leukemia or tumor in -
duction, as the case might be, when compared with the effect of
comparable total doses at relatively high dose rates. The fin-
dings at these dose rates (2 r per week is roughly one thousand
times that incurred f rom natural or background radiation) sug-
gest that there may indeed be f rom a practical standpoint a
threshold for some of these effects or that at the wors t the
effect is very greatly reduced. Perhaps this results f rom re-
pair of the damage by metabolic or proliferative activity of
the cells."

It is also of interest to point out the.
obtained recently by Carlson and Jackson {ather surprising resultsin their study on the
effect of low doses (0.28 to 3 9 rep / day) of ionizing radiation
on mice. They found that the life span was actually increased
up to a dose rate of 2.6 rep / day (Appendix 2). Much more work,
of course, must be done in this area of low dose rates before

,

| any definite conclusions can be drawn.

\
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2. Beta radiation and skin dose
l

There is no beta hazard from 3M Brand Pm-147 shielded ;

sources since th is |2 (e maximum range or a Pm-147 beta particleonly 50 mg/cm' 0.02" in plastic ) . However, since some compo- I

nents of a self-luminous device mus t be handled in assembling
the device, it is important to establish the beta dose to the

;hands in such an operation. '

It has been well establishedb that there is no external dose
hazard from alpha emitters. In f act alpha particles of energy '

7 MEV and beta rays with an energy o()0.07 MEV will jus t pene-tra te the minimum thickness (7 mg/cm' of the protective epi-
dermal layer of skin that surrounds the body. Since the average
energy of the Pm-lh7 betas is 0.07 MEV only a small f raction
(about 10%) of the beta energy will reach the basal layer of the
epidermis. The limits of Interest are 1) " permissible" surface

1 5 rep / week at the basal layer of the epidermis (Federaldose --

Register) or 15 rep / week of Pm-147 beta radiation (assuming 10%
penetration of epidermal layer); and 2) " emergency" dose or
that dose which, if delivered in a short time (hours), would
just produce a discernable reddening of the skin -- about 10,000g-)s reps for Pm-1 7 betas. (See Appendix 3 for details on both oft

these limits.

An assembled Pm-147 source wi th 1/16" of plastic shielding has
no surface beta particles and the radiation is almost completely
secondary x-rays. This dose rate is always quite low as was |

pointed out in the preceding section, and it can be stated quite
emphatically that there is no skin dose hazard from these assembled
Pm-147 sources.

The next consideration is the dose to the hands to be expec ted
when the self-luminous components are being assembled in a de-
vice. Calculation of dose rates from various shapes of be ta
sources have been made by many workers, but as Hine and Brownell5
point out, "The dose rate at the surface of a p-ray applicator
can only be measured. Owing to the complexities of p-ray absorp-
tion and scattering, it is not possible to calculate the dose
rate reliably from the source strength."

Therefore, the surface dose rate of unshielded Pm-147 self-luminous
sources was measured with a " Cutie Pie" ionization ghamber.This ins trument, with a window thickness of 7 mg/cm , has been
shown to give a reasonabic value for the beta dose at the basal

llayer of the epidermis >. The results are tabulated in Tables 1,

(.
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III and IV, Appendix'3 If the case of a watch dial containing i
'

1.0 mc of activity is considered, it is found that the dose rate
delivered to the basal layer of the epidermis when in direct
contact with the watch dial is 750 mr/hr (Table III, Appendix 3).
Such a source could be handled for about two hours a week with-
out exceeding the permissible level of 1 5 r/ week at"the basal i

layer of the epidermis. With surgical rubber gloves, the sur-
face beta dose rate is reduced to 7 mr/hr, and the unshielded
dial could then be handled continuously without exceeding the i

permissible level of 1 5 r/ week.

To reach the minimum dose of 10,000 r for production of redden-
ing of the skin, the dial would have to remain in direct contact
with the skin for at least 18,000 hours or 750 days.

The facts seem to warrant the conclusion that there is no
external danger to the skin from unshielded components of 3M
Brand self-luminous devices -- either to the person astembling
the device or to'the user who accidentally or by design breaks
the device apart.

3 Effect on the eyes

("T) (
(- The lens of the eye may be changed after a rather

large dose of penetrating radiation with the' subsequent develop-
ment of cataracts. With Pm-lh7 self-luminous sources, two types
of radiation must be considered -- beta and bremsstrahlung.

Since the maximum range of the beta particle from Pm-147
2(50 mg/cm ) is less than the thickness of the protective layer

of moisture and tissue over the lens of the eye, there is no
danger from the betas. 'The distance from the surface of the eye
through the conjunctiva, cornea, and anterior aqueous chamber
to the lens is approximately 3mm (300 mg/cm2),

Cataracts from occupational exposure to X-rays have not been
recorded but those caused by clinical use have been st'udied.
The minimum single dose of X-rays that resulted in the formation
of a cataract was 200 rk. The cataracts were observed 20 years
after exposure. Patients who received 175 r or less did not
develop cataracts. With radiation treatment scheduled over a
three-month period, the lowest dose associated with cataract
formation was 550 r.

The amount and energy of the bremsstrahlung generated by the
Pm-147 beta particles is a function of the absorbing material.

A
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The dose is an extremely small fraction of the total surface
' dose and usually ranges from 1 to 5 mr/hr, depending on the
amount of Pm-147 in the source. The peak energy usually ranges
from 20 to.40 Kev.
If we assume the worst possible case -- direct contact of an
unshielded Pm-147 activated source on the surface of the eye
for 24 hours a day, it would take at 1 cast 35,000 hours or
about 4 years to reach the minimum level for cataract formation i

of 175 r.
It is quite apparent that there is no danger 'to the lens of the
eye f rom 3M Brand Pm-147 activated self-luminous sources.

O

O
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II. Internal Hazard

1. Ingestion

The most serious pet' tial health hazard problem
encountered with low level ( 1 -:. mil 11 curies) radioactive
sources is the danger or ingestion. The radioactive material
en ters the body me tabolism and is deposited to a greater or
lesser degree in the bones or a vital organ. Radioactive iso-
topes which are liable to deposit in the bone tissue are Sr-90,-
Y-91, Zr-95, Nb-95, Ba-140, La-lh 0, Ce-144, P r-143 7 Pm-147,Pa-231, Th-239, Np-239, Pu-239, 2m-241, and Cm-242 . The 3h
approach to this problem has been to render the isotope chemi-
cally and physically inert by incorporating it in "3M ' Brand

| Radiating Microspheres. All isotopes now are "metabo111cally"
inert. The inertness of these microspheres is shown by the
leach data and the animal feeding results in Appendix 4
Briefly, these data show that only a few parts per million of
the isotope are leached out in 7-day soak tests in such liquids
as 1% Versene and 0.01N HC1. The latter is approximately the
same pH as the stomach fluid. Fur ther , Sr-90 microspheres fed,

f]) to rats lef t no detectable activity in the body. (The limit
of de tection was less than .0007%.) Therefore, the level for
ingestion of radioisotopes contained in 3M microspheres is many
thousand-f old greater than the "pe rmiss ible" 'leve l f or uncon-
tained radioisotopes. As an example, if we assume the same con-
ditions to exist in man as in the rat, one could ingest at
least 280 mil 11 curies of Sr-90 microspheres before exceeding
the 2- nc body burden. Feeding studies with Pm-147 carrier are
underway.

Thus, the only hazard encountered with 3M carrier material,
when ingested, would be the radiation damage to the gastro-
intestinal tract as the material passed through the body,in
the case of beta-emitting isotopes, and the whole-body radia-
tion dose for gamma-emitting isotopes. Appendix 5 reviews
the method of calculating the magnitude of these doses and
resents a discussion of the possible hazards involved when

p'34" Brand Radiating Microspheres are in ges ted. In the case
of Em-147, it is found that at least 30 mc would have to be
ingested to approach a hazardous amount. Actually, because
of the low energy or the Pm-147 beta, this limi t is many-fold
higher.

|

| It should be pointed out that we are not considering a "per-
! missible" limit for ingestion in the same sense tha t we c on -
| sider a " permissible" limit to the hands. Ingestion can
i
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hardly be considered a routine hazard. We have presented data
on the possible hazard, however, to demonstrate that ingestion. >

of sources made with 3Cs ceramic microspheres would not be
likely to produce injury of a permanent nature.

2. Inhalation

in order to be an inhalation hazard, the radio-
| active material must be dispersed in the air in a finely di-
'

vided state. With self-luminous sources, this is most likely
to occur as the result of a fire sufficiently hot to combust
the organic binder holding the radioactive material and ZnS
phosphor to the surface of the device. With 3M Brand self-
luminous devices such an accident might release the Pm-147
microspheres f rom the surface and the question thus resolves
to one_ of de termining whether the f ree microspheres present
an inhalation hazard.

,

Inhalation hazards do not exist if the material is too large;
i to enter the respiratory tract. To be of any significance,

most of the rad ioac tiv i ty mus t be on or in particles of 10
6. (]) micron " aerodynamic" size or smaller . Since the minimum|

size of 3M Brand Radiating Microspheres is 40 microns, it
is apparent that they present no inhalation hazard.

.
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III. Appendices

Appendix 1: Composition and Properties of Pm-147 Activated Self-
Luminous Devices Made With "3M" Brand Radiating
Microspheres

a) Description

The basic components in our material are:

1) "3M" Brand Radiating Microspheres containing Pm-147,
2) phosphor (ZnS), and
3) plastic binder.

This constitutes the radioluminescent slurry for preparation
of the markers. The slurry is applied to the device by some
appropriate technique such as screening, painting, etc. To
increase the brightness level and reduce the surface radia-
tion dose, a layer of phosphor and binder is sometimes applied
as an overcoat. Another technique of reducing the surf ace
dose is to apply a thin layer of plastic by spraying, dipping,_

(} or painting.

xxxxxxxxxxx phosphor,
\ particles

and binder or
o o xx x x plastic overcoat
x xo o o o

f F Pm-147 1

Carrier, I

phosphor,and binder |
1

This forms a tough, tenacious film which can withstand extremely
rough tr eatmen t. |

To reduce the radiation level at the surface of the device, a 1/16

inch thickness of plastic (or equivalent) isplacedoverthesegf-
luminous area in the assembled device. For a source of 1 mc/cm ,
this surface dose can be reduced to 1 mr/hr. Of course, as the
level of radioactive material is increased, the surface dose will
increase somewhat.

b) Resistance to Leakage of Radioactivity

| As pointed out in the preceding description, the Pm-147 is
| permanently incorporated into ceramic microspheres which are

| (\ )~)
|
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then used to fabricate the final product. Wipe tests of fabri-
cated self-luminous sources have never revealed any detectable
leakage of radioactivity.

The carrier material itself is subjected to a soak test consis-
ting of exposure of about 0.1 mc of Pm-147 labelled microspheres
to 100 ml. of the solvent at 50 C. for up to 50 days. Under
these conditions, typical values of isotope removal from the
carrier are:

Solution Temperature Time Pm-147 Removed
'

O.01 N hcl 50 C. 1 day 0.001%
0.01 N hcl 50 C. 7 days 0.002
0.01 N hcl 50 C. 50 days 0.02

1% Versene 50 C. I day 0.01 i

1% Versene 50 C. 7 days 0.02
1% Versene 50 C. 50 days 0.2

1

i'

|

() The following results indicate the general property of the.

microspheres in retaining a great variety of radioactive iso-
topes.

% Removed
Isotope (0.01 N HC1, 7 days

at 50 C.)

Sr-90 0.001

T1-204 0.0004

Pm-147 0.002

Co-60 0.001

Zr-65 0.003

Ag-110 0.0006
'

Fe-59 Not detectable

Na-22 0.002,

Ra-226 0.002

Ca-45 0.015

Cs-137 0.004

Po-210 0.002
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Vhen the radioactive microspheres are incorporated into a weather- I
resis tant s tructure , the produc t is that much more resistant to

.

removal of activity. Typical cons truc tions containing Pm-147 .I
were subjected to water and 5% Nacl solutions for 14 days and
showed no detectable activity in the solutions (lower detection
limit was 1 ppm. or 0.0001% removal of. Isotope)

c) Radiation Stability
,

Ceramic Carrier

The ceramic microspheres containing the isotope have been i

subjected to a dose of 1000 megarads of 1 MEV electron radiation |

wi th no visible change nor any lessening of the ability of .the 1
carrier to retain the isotope in soak tes ts.

Plastic

Films of this plastic binder were not seriously affected |
by radiation at doses of 10-30 megsrads, but tended to become |bri ttle at ' doses over 100 megarads. '

p'-

The plastic cases are made of methyl methacrylate which is the I
'-

standard plastic used in the industry. The only effect of
radiation below 100 megarads is a slight darkening which is i

almost negligible at the relatively low dose rates encountered I

in the 3M devices,

d) Brightness Decay

It has been found that the phosphor used in our products is ;

extremely res is tan t to be ta radiation. The tests were performed '

with a 1 MEV electron beam resonant transformer with a dose rate
of 400,000 reps /second. Available data indicate that the
brightness decay will parallel the isotope decay (Pm-147 has
2.6 yr. half-life). Thus, a unit, with initial brightness of
65 microlamberts will have a 32 microlambert brightness af ter
2.6 years.

e) Weathering

Accelerated Weather-O-Meter testing indicates that the
lucite facing is the limiting material with regard to durability,
and its life is normally at least 10 years. Outdoor exposure
life should, therefore , exceed the useful life of the isotope.

.

;

e

|
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ApJJndix 2: Bremsstrahlung Radiation

The main source of penetrating radiation (gamma or x-rays) in I

self-luminous sources is either bremss trahlung or Y-emitting
impurities in the Pm-147 A study was conducted in the 3M
Research Laboratory to determine what fraction of this radia-
tion was due to bremsstrahlung. Measurements were made by
pulse height analysis with a Baird-Atomic single channel pulse
height analyzer with a sodium iodide-thallium activated crystal i

and a Dumont 6292 Photomultiplier tube.

As a first experiment the bremsstrahlung from a 1 mc Pm-147 source
in H O was compared with that f rom a 1 mc source of C-14 urea.2
The results (Figure 1) show that both sources have a peak at i

about 20 KEV. I

The ratio of energy loss by bremsstrahlung to that by ionization
is E*Z

EDD, where E is the maximum energy of the beta particle in
MEVa~ndZisgheatomicnumberofthematrixinwhichthebetas
are absorbed. Using this formula, one calculates that approxi-

(,) mately twice as much bremsstrahlung energy is expected f rom a
Pm-147 as f rom a C-14 source. In Figure 1, the ratio at peak
energy is actually about 1:2 7, in fair agreement with the cal- {
culated value considering that the isotopes were not in the ;

same medium. '

As a method of equating the high energy components in ORNL-
produced Pm-147, a 1 mc source was compared by integral PHA to
a 10-5 mc Cs-137 source. The counts / minute above a base line
of 0.240 MEV (just above the cutoff point on Pm-147 bremsstrah-
lung) were equal for the two sources (4000 c/m). Therefore,
it is reasonable to assume that the Pm-147 contains Icss than
0.001%highenergygammaemittersg)mcCs-137sourceshowsthat0.240 MEV) . A calcula-
tion of the energy output of a 10~
this quantity would emit 0.013 ergs /hr or about 0.13 mr/hr.

The penetrating radiation f rom a plastic shielded Pm-147 source |

was also established by PHA. The sample was a 15 me source
with a 3/32" plexiglas shield over the active area. As expec-
ted, (Figure 2) there was a shift in peak energy of bremsstrah-
lung emission to about 36 KEV, due to the higher atomic number
material surrounding the source (ceramic carrier).

9Using the tables of X-radiation absorption in Glasser and c on-
verting the values (aluminum to plexiglas ), the percent trans-
mission of a 36 KEV x-ray through various thicknesses of plexiglass

)
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was obtained. One fino,.,12% transmission through 1/16" plexi-
glas, 5% through 1/8" and 2 5% through 1/4". This was experi-
mentally checked with a 3M source and found to hold (Table 1, i

Append ix 3)". The surface dose of the source, which was 0 5 mr/hr
'
,

with a 1/16 plastic shield, was reduced to 0 3 mr/hr by the
addi tion of another 1/16" shee t of plastic, i

By calculating the total radiation dose of a l mc Pm-147 sourceg
using the formula in Friedlander and Kennedy , one can estimate
the shielding required to reduce the surface dose to 1.5 mr/hr.
The total bremsstrahlung energy output of a disk source 1" in
diameter containing 1 mc Pm-147 is:

1 mc x 0.07 MEV/ dis. x 0.07 x ho x 10 e2 x 1.6 x 10-126

800 MEV

9ergs /ev x 2.2 x 10 dis / min /mc x 60 min. = $2 ergs /hr/mc |
hr

We are assuming an average atomic number of 40 for this calcu-
lation since the atoms in the ceramic carrier and the inorganic

O phosphor are the principa1 contributore to the bremsetrahtuna.
Note that this gives us the maximum energy output. Actually
much of the Pm-147 beta energy is expended in the plastic shield
over the source and results in a lower bremsstrahlung output.:

No consideration has been given here to internal bremsstrahgng
since it makes only a minor contribution to the total dose.

To convert this energy output to a dose rate reading we app ( thely:
(1) a 90% correction for self-absorption of 36 KEV x-rays -
unshielded sources are approximately equivalent to 0 5 mm of A1);
and (2) a 90% correc tion f or geome try. 'hus the maximum brems-
strahlung energy output expressed in terms of dose of an un- ,

shielded self-luminous source containing 1 mc of Pm-147 labelled |
"3M" Brand Radiating Microspheres is:

$2 ergs /hr/mc x 1/10 x 1/10 = 0 52 ergs /hr/mc ~ 5 2 mr/hr/mc ,

i

The addition of a 1/16" plastic shield would reduce this value !
to about 0 5 mr/hr/mc. This value is in fair agreement with our
experimentally measured values as listed in Table 1, Appendix 3

]
1Recent experiments by Carlson and Jackson on the effect of low

. doses of ionizing radiation on mice showed that the life span
was actually increased. Groups of rats were exposed to 0.28,
0.60, 2 57, and 3 96 rep /aay for a 16-hour day during the irra-
dlation period, which lasted from 4 months of age to 16 months

,.

-_
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1- .of age. A Co-60 source was used. The days of age at which $0%
were dead for 0.28 r/ day was 493; for 0.60 r/ day,.It was $10;'

j for 2 57 r/ day, it was 650; and for 3 93 r/ day, it was 590.
1 The average- life span for the unirradiated controls was 445

days.- It has been suggested that the mild doses of sirradiation
may be beneficial in stimulating renovation processes.

i No attempt has been made in this report to convert all radiation
; dose values to the commonly accepted unit -- the rad. The pri-
; mary reason for not doing so is that for Pm-147 bremsstrahlung
; radiation adsorbed in tissue, the value for the rad is approxi-

mately 75% of the roentgen reading.from'a'reportbyCheckandLinnenbom}hisfigurewasobtainedj
who give equations and|

'

tabular data for calculating the adsorbed dose in rads when the l
.

composition of the material in the radiation field and thej.
j photonenergy are known. Using the " standard man" composition H

| of 65% oxygsn, 18% carbon,.10% hydrogen and 3% nitrogen and an ]average photon energy of 30 Kev for the Pm-147 bremsstrahlung?

one obtains a rads / roentgen ratio of 0 74'

().
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Appendix 3: Skin Dose from Pm-147 Betas*

The important criterion in evaluating the hazard of a beta
emitter such as Pm-147 is the dose delivered to the' basal layer
of the epidermis. The pertinent section in the Federal Regis-

; ter, Title 10, Part 20 (Appendix 1) sets the permissible weekly
skin dose for the " hands and forearms or feet and ankles or

i- head and neck" of any radiation as 1.5 rad at the basal layer
i of the epidermis. This , of course , applies to p ople in a re-

stricted area. For the general public a value 1 10 of this num-
ber has been suggested. This defines the " permissible" dose.
However, we are also interested in what dose is actually neces-
sary to produce a discernible change in the skin since this
helps put the problem in the proper perspective.

12Experimental evidence indicates that the skin ig quite resis-tant to ionizing radiation. Moritz and Henniques 3 found a
threshold surface dose of about 1500 rep from Sr-90 was required
to produce a recognizable effect and that for soft beta emitters
such as S-35 a d e of 20,000 rep was required. Using a Sr-90
source Jacobsen found that by giving rats a dose of 200 rei

O everv t'18 heere , the eniv obeervabie reePeeee evee ef ter e tote 1
dose of 12,000 rep, was epilation. This treatment would be
equivalent to a surface dose from a Pm-147 source of over
100,000 rep.

Figure 3 shows a plot of beta energy versus dose (delivered in
skin.10 time) required to produce recognizable damagea short to the

The curve was plotted from data obtained with Y-91,
Cs-137, Co-60 and S-35 The value'for Pm-147 falls in the 10-
15,000 rad ran ge.- Calculation of the energy absorbed in the
epidermal layer of the skin (about 60 microns thick or 7 mg/cm2)
for the various beta emitters indicates that a dose of about
1500 rad must be delivered to the basal layer to produce a per-
ceptible change . Therefore, only about 10% of the Pm-147 sur-
face dose produces any effect on the skin. This means that a
measured surface dose f rom our Pm-147 sources of 15 rad / week
mee ts the Federal Regis ter's " permissible" limit of 1 5 rad / week
at the basal layer of the epidermis. (It would seem appropriate
in measurin sgrface dose with Survey Instruments to ge a win-dow of 7 m cm . This has also been noted by Dunning and
Fitzgerald .)
The surface dose limits are now well defined. A dose of 15
rad / week (or 1 5 rad at the basal layer of the ep"idermis) is |
"permis s ible" and one of 10,000 rad is " emergency , and it

O

l
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remains to measure or calculate the surface dose from a Pm-147The most comprehensive review of the problem of sur-source.
face dose from beta emitters has been made by Hine and Brownell.g
They point out that the surface dose for beta applicators, which
are equivalent to 3M self-luminous sources, cannot be calculated
with any degree of reliability. Therefore, a number of one inch
diameter self-luminous spots containing Pm-147 were prepared and
the surface dose rates measured with survey type ins trumen ts
(Table 1). We recognize the inherent error in this method but
the repp1ts should be within 50% of the true surface dose. Fitz-gerald'2 found that the energy dependence correction factor for

ithe Cutie Pie survey meter varied from 1.8 to 1.0 for beta (emitters in the energy range 0.067 to 3 6 MEV. For Pm-147, the !correction factor was 15 As an example of the range of values
one obtains using different instruments , the surface dose of one
of the sources was checked with various ins truments and the re-
sults (Table 11) indicate only a four-fold spread.
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Table I

Surface Dose Rate and Effect of Shielding on Pm-147

Self-Luminous Sources

|
"

| Radiation Dose Rate (mr/hr)3
No 1/16" 1/8" 1/4" Rubbe r'

Source Shield Plastic Plastic Plas tic Surgical,

(1" Diameter Gloves,
'

* -spots) [25 mg/cm')
,

1
'

A 334 pc 1050 0 50 0 30 O.lb 7 0* '

(No overcoat) '
.

)
1 'B 35b c 88 O.35 0.20 0.13 13

.(One overcoat)
.

'

!
1r C 346 c 14 3 0.22 0.15 0.10 0 45

'

'

\ (Two overcoats) ,

:

D 367 c 35 0.16 0.12 0.08 0.25
(Three overcoats)

,

! i

1. Dose rate measured with Nuclear-Chicago " Cutie Pie" Model
22586 (window thickness 7 mg/cm ). All other measurements

made with Geiger-Mueller PDR/27 Radiacmeter (window thick-,

; ne.ss 3 5 mg/cm2),
,

2. This is one type of cons truction used in the 3M se lf-luminous
|

devices. Note tha t the application of one " ove rc oa t" of phos-

phor and binder reduces the surface radiation by more than 90%.

3 To convert these readings to those obtained with a " windowless"
fs
Q Cutie Pie Ionization Chamber , multiply by 4.4

|
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Table II

Comparison of Surface Dose Rates Measured

With Various Survey Type Ins truments

Source Surface Dose Rate ~mr/hr
(1" diameter Cutie Pie Nuclear-Chicago PDR/27spot) Ionization Chamber # 2612 Radiac-

me te r
no 7 mg/cm2 1 4 mg/cma 3 5 mg/cm2 |
window window window window

- O, 367 ac
~

(Three 15 1 35 90 35
"overconts")

_

O
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Other data of interest are presented in Tables 111-V. Table
III shows the surface dose and brightness levels or some
typical 3M Pm-147 activated watch dials. The average radium
activated watch dial has a brightness in the 1-10 microlambert
region.

Table III

Surface Dose Rate and Effect of Shielding

on 3M Pm-147 Self-Luminous Watch Dials

Br igh tne s s Amount of Radiation Dose Rate (mr/hr)
(micro- Isotope Rubber
lamberts) (microcu ries ) Surgical

No Gloveg 1/16" 1/8"
16 mg/cm Plastic PlasticShield

150 1 1000uc 750* 7* 0 50 0 30

20 1 150 100* 2 0 35 0.20

O 6 1 14 25* 1 0.22 0.15

* Dose Rate measured with Ngclear-Chicago " Cutie Pie" Model 2586(window thickness 7 mg/cm ) . /,11 other measurements made wit
Geiger-Mueller PDR/27 Radiacme ter (Window thickness 3 5 mg/cm ).,

Table IV shows the effect of applying a thin plastic layer on
a self-luminous watch dial. The coating can be sprayed or
applied with a brush and can easily be made part of the dial
painting procedure if considered desirable.

Table IV

Effect of Plastic Coating on Surf ace Dose Rate of a

Pm-147 Self-luminous Navy Subme rsible Wr is t Wa tch

Coatings of Surface Radiation Level
Plastic # mr/h r

0 1200

N 1 600(d
2 350

3 220
* Dose measured with " Cutie Pie" survey me ter (wi th 7 mg/cm2_ window)

I
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The effect of distance on the dose rate for an unshielded 1 mc
Pm-147 watch dial (Table V) shows how rap!dly the rate falls

. off with distance.
!

4

: Table V
,

i Dose Rate and Distance Relationship of a 1 mc Pm-147 3M Self-
1

I Luminous Watch Dial (unshielded)

Distance
; From Watch Radiation Dose Raten~

Dial, Inches mr/hr

j 0 750

1/2 450
'

1 300
,

2 125
'

4 21

6 8.

1'

8 15
'

10 0 (background)
1

2 j* Dose measured with " Cutie Pie" survey meter (with 7 mg/cm
window)

i

1 A specific example of the time limits for handling unshielded
se.lf-luminous sources made with 3M's Pm-147 microspheres can.

. be given for the case of ,a watch dial. From the data in Table
! III, we see that a dial containing 1 mc of Pm-147 microspheres
: delivers a dose of 0 75 rads /hr to the basal layer of the epi-

dermis. This means that a man could have the dials in direct
contact with his skin for 2 hours a week and not exceed the
" permissible" 1 5 r/ week at the basal layer of the epidermis.
With surgical rubber gloves, this dose rate is reduced by 99% '

to 7 mr/hr and the dials could then be handled continuously
) and not exceed the " permissible" limit.

iO
I
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i It is or some interest to compare a " calculated" surface dose
with the' measured. values (Tables I-IV). As an example or a
" calculated"doggfromabetaapplicator,werefertothebookby Quimby et al , who use the charts and equations originally
developed by Rossi and E111s 7 to " calculate" the surface dosel

fromvariousapplicatogs. Using their procedure, we have cal-
culated that a 1 mc/cm Pm-1147 source wi th no " overcoat"
should give a surface dose of 75 rads / hour. .For the 3M y
self-luminous source which contains a 3 mil (-s 15 mg/cm )pe
" overcoat" of ph sphor and binder, the cose would be reduced

S
'

by more than 90% . Thus the calculated surface dose is 7 5rad / hour. The measured dose is about 1.2 rad / hour.
t

O
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Append ix 11.: ' Leach data and animal feeding results for "3M"
Brand Radiating Microspheres

.

.

; 1) Leach Data j
9 i

4 Various isotopes were incorporatec in 3M Microspheres and
tested for' integrity by soaking in various solvents for 7 .!

'

days at 50 C. The amounts removed in % of original activity j
i present are shown in Table VI.

1

i4

1 Table VI
: 1
! |

1 Test Percent of Isotope Removed (7 days - 50 c.)
i

| Reagent Pm-147 Sr-90 Cs-137 Po-210
'

O.01 N hcl 0.002 0.001 0.004 0.002

j 1% Versene 0.02 0.02 0.004 0.006. |

"O |
1

3
,

i

It is quite obvious f rom these data that the "3M" ' Brand Radia-:

I_ ting Microspheres do an excellent job of immobilizing the
~

j rad ioac tive isotopes. It is far superior to other systems-
! used. For example, Table II shows a comparison between the

ability of the 3M carrier and a commonly used material, mont-,

3 morillonite, to retain radioactive-Pm-147
1

i Table VII

i
a

} Test 5 of Pm-147 Isotope Removed (7 days-
j Reagent 50 C.)

! 3M Microspheres Mon tmor illon i te
!

] Water 0.007 2.0

5% Nacl 0.002 15'

<
'0.01N hcl 0.002 65 0

O
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2) Animal Feeding Data

The animal feeding program was under the supervision of Dr. R. N.
Bleter, University of Minnesota , and was performed in his labora-
tory. Four capsules were made up -- each containing about 0 5 -
0.6 mc of Sr-90 labelled microspheres (specific activity:

.

,

40 mc/gm). Each capsule was given to a male albino rat weighing I
'

300-350 grams. The animals were kept in metabolism cages '

during .the duration of the experiment. Two of the rats were
sacrificed after one day and two after four days. The animals
were autopsied and the gut and carcass dissolved separately by I

wet ashing in a sulfuric-nitric acid mixture. The data obtained !

are shown in Table Vill .

Table VIII

Location of Radioactivity in Rats Fed Sr-90 Labelled 3M Microspheres

Rat Sacrificed at % Urine % Gut % Carcass
'

|
,

1 1 day 0.016 23 4 0.0075
'

: 4 1 day 0.011 69.2 0.039
,

2 4 day 0.0056 0.035 4 0.0007*
1

3 4 day 0.0043 0.078 ( 0.0007

* Lower limit of detection was 0.0007%.

It is apparent that the retention in the rat's body af ter four
days is very low, less than 0.0007% of the dose given. As
expected, practically none of the activity ( < 0.01%) was ex-
creted in the urine with essentially all of it being in the
feces. These data indicate a very high degree of retention
of activity by the carrier and a large margin of safety in
their use.

'

Not a great deal is known abou tha metabolism of Pm-147 in
. the human body. Durbin, et alpg studied the absorption of'

the lanthanide e lemen ts , including Pm-147, in rats and found
that absorption from intramuscular injection was, for the most

.

e

.

.- -



7 .. . . . . . . , _ _ _ _ _ . _ . . . _ _ - . _ . _ . . , . . _ _ _ _ _ . _ _ . _ _ . - . _ _ _ _ . . . - . . - . _ . - . _ .

! O O
:

1

.

.; _ 23 _'

part,. f airly comple te . Deposition was primarily in the liver
j and skeleton. Elimination from the liver was fairly rapid'

with a half-time of 15 days. Elimination from the skeleton
was slow with a' half-time of approximately 2 5 years. Spect-
fically, f- Pm-147 one day af ter intramuscular Injection,-

,

the following % of the initial dose was found: liver - 45%;i

skeleton - 35%. Absorption f rom gas trointes tinal trac t of
the four isotopes studied (Ce-11 ., Eu-152, -154, Tb-160,and4Tm-170) was less than 0.1% of the adminis tered dose,

,

1
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Appendix 5: Irradiation of Gastrointestinal Tract Upon Inges-

tion of Radioactive Isotopes

Calculation of Dose:

Calculation of the dose to the human gastrointestinal tract
requires several simplifying assumptions. The result of this
is the " averaging" of the dose through the wh' ole gut. It
should be understood that local areas may receive a much
higher or lower dose than that predicted for the total tract.

The assumptions we shall make are as follows:

1. There is a uniform distribution of isotope throughout the
gastrointestinal trac t and all p-energy is absorbed in
the tract. To simplify our calculations we have not taken
into consideration the fact that the beta particles from
weak emitters such as Pm-147 would largely be stopped in
the aqueous medium in the gas trointes tinal tract. The
maximum penetration of Pm-147 betas in such a medium would
be about 0 5 mm. The average penetration would only be() abou t 20% of this , or 0.1 mm. Therefore, there is much
doubt as to how much radiation would actually reach the
walls of the tract.

2. Theres{gegge time of the isotope is 15 hours in the
stomach * and small intestine together and 18 hours
in the colon.

3 The mass of the stomach and small in te s tine is 1500 gm
and the contents 500 gm; thkO""** * " *
gms and its contents 150 gms

The formula we shall use to calculate doses is that of
2Thompson and Ho111s 2;

-

D = 2 3 Q E ct
.

2w ,

;

where D is the dose in reps; 2 3 is the dose rate in reps / hour
from a concentration of one c/gm of an isotope emitting a
1 MEV radia tion in an extended medium; Q is the c of isotope
ingested; E is the average energy of the radiation in MEV; ct
is the residence time of the radioisotope in the segment ex-
pressed in terms of portion of Q present (c) for an effective
time, t (in hours); and w is the mass of the segment conten ts.

r~ The 2 in the denominator corrects the dose in the extended
b

|

|
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medium to the dose at the segment wall 3

The dose to the upper trac t (stomach and small intestine) and '

i lowe r tract caused by the Ingestion of one mI11 cure of Sr-90,
,

Pm-ll;7, and Cs-137, are calculated as follows:
1) Sr-90 E = 0.20 + 0 93 = 1.13 MEV
Ug e_r. Tract Q = 1000 c=1 t = 15 hours_ W= $00

Then: D = 2 3 x 1000 x 1.13 x 1 x 15 = 39 reps
2 x 500

_ Lower Tract Q = 1000 c=1 t = 18 w = 150

D = 2 3 x 1000 x 1.13 x 1 x 18 = 138 reps
2 x 150

2) Pm-llt? E = 0.07 MEV
_ Upper Tract D = 2 3 x 1000 x 0.07'x 1 x 15 = 2.1 reps4

2 x 500 -

Lower Tract D =_2.3 x 1000 x 0.07 x 1 x 18 = 9 7 reps
2 x 150

Aga.In, it must be emphasized that the true dose is only a
iraction of this -- probably less than 10% -- due to energyadsorbtion in the aqueous contents of the tract.

3) Cs-137 E = 0.23 MEV
_ Upper Tract D = 2 3 x 1000 x 0.23 x 1 x 15 = 7 8 reps

2 x 500
Lower Tract D = 2.3 x 1000 x 0.23 x 1 x 18 = 32 reps

2 x 750,

!

| Calculation of the y-ray dose to the total body can be done
in a g approximate manner. The total energy given off,O by the source is de termined and it is assumed to be absorbed

!
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totally and e throughout the body. The total energyrelease (Ey) qually /sec-mcin ergs is calculated as follows:

6 x 1.6 x 10-12EY = 3 7 x 107 dis x 0.66 MEV x 10 ev eras
sec-mc dis REV ev

= 39 ergs x 3600 = 140,000 ercs |

sec-mc hour-me
.

1

Assuming total absorption in a 70,000 gm man, we have:

1h0.000 eras = 2 eras
70,000 gm hour-mc gm-mc-hr

Since 1 rep = 93 era ; Dose = 0.02 r/hr from 1 mc Cs-137
gram

in the 30 hours in the body the total dose will be 0.02 x 30
or 0.6 r. This dose is a small percentage of the p dose to
the gut.

Discussion of Results,

When the approximate dose to the gastrointestinal tract has
been calculated, one has the problem of deciding what does
and does ng4 report that a dose of 130 r/ day for 10 days to

t cons titute a harmful dose to the system. Rothe
and Tuttle

.

the gastrointestinal trac t o{5a rat causes only minimal his-tological changes. Quas tle r has shown that mice are killed
by an acute dose of 1200-10,000 r to the small bowel.

The ' severe gastrointestinal effects noted upon even small
doses (50-100 r) of whole body radiation are well known, but
are not generally considered to be due to radiation of the
tract itself.

The question as to which organ is the most sensitive to radia-
tion damage is not completely settled. Usuall the colon is
thought to be the sensitive organ, but Conrad y6 has suggested '.

.

that the small intestine may be critical. He noted changes ;

in the tone an' ggtility of the rabbit 'ntestine upon doses
'

i

| of 100 r. Spear , however, indicater the t on the basis of
: radiological observations, the abdominal areas are unaffected
I by doses of hundreds of roentgens.

(
,

1

- _ ---
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If one accepts a dose of.200 r to the colon as not likely to
cause serious damage then one could consume 2 mc of Sr-90,.
10 me of. Cs-137, or 30 mc of Pm-147 and expgt no las ting
ill effect. Probably the remarks of Conrad are of some
' interest in this regard.-

"......it should be stressed, that though the gastrointes-
tinal tract is one of the most sensitive systems to ionizing
rad ia tion , it also has a most remarkable regenerative and
reparative capac ity. It takes doses well over a thousand
roentgens to permanently damage the gut in most mammals
studied, and it is capable of rapid, dramatic recovery of
anatomical and functional integrity with doses in the lethal
range".

O

O
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ANIMAL STUDIES RELATED TO POSSIBLE RADIATION HAZARDS
OF PROMETHIUM-147 CONTAINED IN 3M MICROSPHERES

ABSTRACT

To obtain information useful in assessing radiation hazards
of Minnesota Mining and Manufacturing Company ceramic microspheres

147containing Pm studies have been carried out on the retention and excre-,

tion of radioactivity by the rat after feeding of microspheres and on the
damage to the skin of rabbit ears after prolonged exposure to devices con-
taining microspheres.

Six rats were fed capsules containing approximately 25 me
147(by 3M assay) of Pm and were sacrificed 24, 48, or 96 hours thereafter.

Urine and feces were collected at 24-hour intervals up to the time of sacri-
fice, and these samples, the alimentary tracts, and the carcasses of the

l47animals were assayed for radioactivity. The Pm was rapidly eliminated
by all animals, and by 96 hours only very small amounts remained in the

147
alimentary tracts. Small amounts of Pm were found in the carcasses of
all, and in the urine of some, animals; but, excluding one animal that was
an obvious anomaly, the combined amounts appearing in the urine and car--

* cass did not exceed 1_2 parts per million of the administered dose.

* Squares of aluminum covered with a paint containing radioactive
247microspheres were used to study the effects of radiation from Pm on the

rabbit ear. Such devices, containing 20, 3, or 0. 35 me of Pm147, were
taped to the inside surface of the ear of a rabbit and allowed to remain for
periods up to 90 days. Careful examination by a pathologist of the areas of
skin exposed to these devices revealed,no effects that were not also detected
by examination of skin that had been exposed to devices containing non-
radioactive microspheres.

'
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A INTRODUCTION

This project was undertaken to obtain information on possible
radiation hazards that might result from the ingestion by animals of Minne-
sota Mining and Manufacturing Company ceramic microspheres containing

147Pm or exposere of the akin of animals to devices containing these micro-
spheres. The first study was designed to determine the amounts of Pm147
that could be detected in the carcasses or the urine of rats after feeding of
radioactive microspheres. The second experiment was designed to study the
effects on the skin of the rabbit car of long exposure to devices containing
radioactive microspheres. Each of these studies is described in detail below.

I. RETENTION AND EXCRETION OF PROMETHIUM-147
AFTER FEEDING OF PROMETHIUM-147-CONTAINING MICROSPHERES

TO RATS

Materials and Experimental Animals

147Microspheres containing Pm were furnished by 3M. These
microspheres were described in a letter from Dr. J. W. Johnson of 3M,

dated January 25, 1961, as having a specific activity of 890 pc per milligram.
The rats used were males of the Wistar strain, and were purchased from
Vinemont Animal Farms. Tae rats weighed 110-120 g at the time of adminis-

, , ' tration of the microspheres.

.

Methods

Administration of Microspheres to Animals. - Microspheres
were administered to the rats by capsule, which appeared to be the only
practical method of administering a known weight of microspheres. In
the absence of a commercially available capsule of appropriate size, cap-
sules were made in our laboratories. For this purpose a copper wire was
dipped into a 20% solution of gelatin and then twirled until the gelatin had set,
after which the capsule was allowed to harden overnight in a stream of cool,
dry air. The wire was then cooled in dry ice, and the capsule was removed.
" Capsules" thus prepared were gelatin cylinders, of approximately 2 mm
inside diameter and 10 mm in length, that were closed on one end. The
open end was closed with a plug of agar just before administration to ani-
mals. A number of preliminary trials (a) established the technique for
administering the capsules, (b) showed that the largest capsule that could
be administered to a 100-g rat was one 3 mm in outside diameter, and (c)
demonstrated that capsules filled with methylene blue were not broken during
administration and were rapidly dissolved once they had reached the stomach.

i

l
*
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For experiments with radioactive microspheres, a number of-

capsules were prepared and the best specimens, as determined by uniformity
of diameter and smoothness of surface, were selected. Each tube was then

tared and placed in a dust box, and a micro glass funnel was inserted well
into the opening of the tube. Microspheres (approximately 25 mg, 22. 2 me
by 3M analysis) were added to the top of the funnel which was tapped, if
necessary, to transfer the radioactive material to the tube. Great care

was taken in an attempt to avoid contamination of the outside of the tube,
because any microspheres adhering to the somewhat sticky gelatin surface
might be removed in the mouth of the animal and later contaminate the fur;
therefore, any contamination of the outside of the capsule might result in
presence of radioactivity in the carcass. After the tube had been thus filled,
it was reweighed. The tube was closed by pressing the open end (handled by
forceps) in a plate of agar just before administering the capsule to the animal.
Vials filled in this manner were used both for assay of the microspheres and
for administration to animals.

Rats were anesthetized with ether; when anesthesia was complete,
capsules containing radioactive microspheres were placed at the back of the
tongue (agar-plugged end first) and then forced down the throat with a greased
glass rod of abou 3 mm in diameter. Each rat was then caged individually in
a metabolism cage designed to permit separate recovery of urine and feces.
There was considerable individual variation among the rats with regard to the
rapidity of recovery from the anesthesia and the time at which they resumed

,' consumption of food and water. Complete studies were done with six rats.
In practice, one animal was first carried through the entire procedure as

. a final check on techniques, and then the remaining five animals were ad-
ministered microspheres at the same time. Two animals were sacrificed
at 48 hours after administration of the microspheres, two at 72 hours, and
two at 96 hours. From all animals except the first 48-hour animal, urine
and feces were collected at 24-hour intervals up to the time of sacrifice. All
animals were assayed individually.

The animals were sacrificed with ether. A midline ventral
incision was made and the skin was pinned back. The peritoneal and thoracic
cavities were then opened and the alimentary tract (large and small intestine,
stomach, esophagus, and the whole forward portion of the skull including the
jaws) was removed with care to avoid rupture of the tract or contact of the
mouth with the carcass. The latter precaution was taken to prevent con-
tamination of the carcass with any microspheres that might have been in
the oral cavity. No evidence of damage to the alimentary tract from feeding
of the capsules was revealed at the time of dissection.

Urine was collected in the trap at the battom of the metabolism
cage, and the sides of the funnel leading to the trap were washed down

1

a
'
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thoroughly to insure complete recovery. Since there was a possibility of-

contamination with microspheres from the feces, the urine was filtered
twice before radioassay.

Sample Preparation and Radioassay. -It was considered essential
that all samples be assayed in as nearly the same physical state as possible
since the chief purpose of this effort was to determine the percentage of the

$ administered Pm147 that was removed by contact with the alimentary tract of
the animal. Two extremes in counting problems are presented by the micro-
spheres on one hand and the carcass on the other, the microspheres con-
taining a large amount of radioactivity in a small amount of material, and
the carcass containing at the best trace amounts of radioactivity in a large
amount of heterogenous material. It was considered essential to break up
the beads in some manner that would release the Pm 'T in a soluble forml

that could be sampled and assayed accurately. After several trials a pro-
cedure was developed using fusion with sodium carbonate as the first step.

3_

This fusion did not destroy the gross structure or the microspneres but -

when the water-soluble material was removed from the fusion., mixture,
the residual material wmch contained virtually all of the Pm-", was solu-

ble in_ hot hydrochloric acid. This procedure was also used for feces,
alimentary tract, and carcass. Although the carcass would not be ex-
pected to contain any intact microspheres, the same procedure was applied to
it to insure a similar physical state of the sample to be counted. Outlines of
the assay procedures are given in Chart 1 and details of each assay are
given below. The results obtained are presented in Tables 1 and 2.*

Microspheres. Capsules containing approximately |.

25 mg (22.2 me by 3M assay) of microspheres were placed
in a platinum crucible with 10 g of sodium carbonate, after
which the crucible was heated in a muffle furnace at 900* C ,

i for 1 houhThe crucible and contents were allowed to cool, I

the crucible was filled with water, and the mixture was al-

lowed to stand for 6 to 18 hours. After this treatment, the

mixture was scraped from the crucible, transferred to a

beaker, and heated to boiling. After being cooled, the mix-
ture was centrifuged to yield a supernatant and a small insolu-
ble residue. The residue was washed several times by cen-
trifugation with a 5% solution of sodium carbonate. The super-
natants from each sample were pooled separately.

The supernatants were lyophilized to dryness, after -
which samples of the residual solid (representing essentially
all of the initial sodium carbonate) were weighed and weighed
aliquots were suspended in a gel for radioassay. The gel, a
mixture of Liquifluor (Pilot Chemical Company, Inc. ) diluted,

| g

*
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Chart 1

Outline of Methods of Assay of Alicrospheres and of Animal Samples

|

Rats

alterospheres
Sacrifice 48-96 hrs

(1) Fuse with Na CO3

(2) Add 1103

Urine Feces Carcass Alimentary | |
Tract Supernatant Residue

i
Lyophilize (1) Reflux

Ash 800* C (1) Ash 400* C 6N llc 1Evaporate
Residue (2) Lyophitize(2) Ash 800* C

Residue - dissolve Residue Count as
in H,0. count Residue gel in Tri- Residue

total solution in (1) Fuse with Carb
Dissolve in

mylar window Na:COs (1) Fuse with Na:COs 11,0. count
counter (2) Add H,0 (2) Add 11,0 in mylar

window counter

Supernatant Residue S spernatant Restdue .

(1) Reflux Lyophilize (1) Reflux
Lyophilize 6N hcl 6NllC1

(2) Lyophilize (2) Lyophilize
Residue

Count as Residue Residue Residue
gel in Tri- Dissolve in Count as
Carb 1I 0, count2 get in Tri- (1) Dissolve in

aliqu ts in Cart 110, neutralizec 3
g mylar window wtth Na:CO,

countery (2) Lyophilize
z
3 Residue
$ Count as
E get in Tri-

g Carb
2

2
O

a
C

Y
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25-fold with reagent grade toluene and Cab-O-Sil (2. 5% by-

,

j weight), was homogenized for 5 minutes in a Waring Blendor.
. Fifteen milliliters of the gel was added to the sample in a
| glass counting vial, after which the mixture was shaken for
~

1 minute and finally assayed for radioactivity in a Packard .
| Tri-Carb Liquid Scintillation Counter. If the amount of Pml47

in the lyophilized material was too great for accurate counting,
a small amount, usually 50 or 100 mg. , was placed in the
counting vial with enough reagent grade sodium carbonate
to bring the total to 1 g.

The water-insoluble residue remaining after the
carbonate washes was refluxed with 20 ml of 6N hydrochloric
acid for about 6 hours, at which time solution was complete.
The entire fraction was then lyophilized to dryness in a sys-

item containing solid sodium hydroxide and the lyophilized
residue was dissolved in distilled water. After appropriate
dilutions, aliquot samples w 're placed on stainless steel
planchets and evaporated to dryness on a warm hot plate.
The samples were then counted in a Nuclear Measurements
Proportional Counter PC3A with a two-inch mylar window
counting chamber.

Feces. The feces samples were ashed at 800* C to
*

remove the organic matter. The ash was then mixed with
tat times its weight of sodium carbonate and the mixture

. was fused in a platinum crucible at 900" for 1 hour. The
fusion mixture was then treated as described above~ for
microspheres. When the lyophilized hcl solution from
these samples was treated with water, the solution was
not completely clear and radioassays on aliquots of these
solutions showed considerable variation, no doubt as a re-

sult of non-uniformity of the sample. Since similar diffi-
culties did not occur in the assays of the microspheres, it
is presumed that some substance in the feces caused pre-
cipitation, co-precipitation, or occlusion of the promethium.
This is the probable explanation of the fact that in five out of
six animals, the assays showed somewhat more Pm147 in the
feces than was actually administered. An exact determination
of the feces content of Pm147 did not appear essential to the
present study and, accordingly, no attempts were made to im-
prove the assay of the feces.

Carcass. The whole rat, minus the alimentary tract,
was ashed at 400 C for 6 hours or until a dry powdery ash

.
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Iwas obtained. The ash was then transferred to a platinum*

crucible and the temperature was brought to 800 C. After

such treatment, the residual ash from a 100-g rat weighed |
approximately 3 g. An amount of sodium carbonate equal i

to four times t te weight of the ash was added, and the mix- |
ture was fused at 900 C for 1 hour. The water-soluble |

fraction was separated in the same manner as described for
the assay of the microspheres. The insoluble fraction was
dissolved in hot hydrochloric acH and the resulting solution
was lyophilized as has already been described for micro-
spheres. When the residue from the lyophilization was dis-

U solved in water, the solution was too acidic to be plated un-
diluted on steel planchets, Since the radioactivity of the

a carcass was low, it was desirable to count the entire sample;
it was therefore neutralized with sodium carbonate and the
resulting solution was lyophilized to dryness. The residue

g was then counted in a gel in the Tri-Carb Liquid Scintillation
Counter, as has already been described.

Alimentary Tract. The alimentary tract, without re-
moval of any contents,was ashed at 800 C and the ashed
material was then assayed as described above for the carcass.

!

Urine. Urine samples were filtered twice to remove
,,

microspheres that might be present as a result of fecal con-
tamination. The samples were evaporated to dryness and the
residue was dissolved in 10 ml of water. The entire fraction.

was plated on stainless steel plancheia, five or six planchets
being used for each fraction; planchets were counted in the
mylar window proportional counter. The solution plated con- i

tained some solid material and the radioactivity was not dis- !

! tributed uniformly among the planchets. The results presented

) in the tables represent the sum of the observed activity on all
planchets made from a given sample,

1

!

|

I
)

.

*
SOUTHERN PESEARCH INSTITUTE

- _ _ _ - _ - - _ - _ _ _ _ _



_
._ ~

. . . .
, ,

Table 1
,
,

Radioactivity (eps/ sample *) in Samples from Rats Administered Capsules
47of Microspheres Containing Pm

Animal No. and Time t No.1 (48 hr) No. 2 (48 hr) No. 3 (72 hr) No. 4 (72 hr) No. 5 (96 hr) No. 6 (96 hr)
Wt. of Microspheres Administered 23.9 mg 31. 8 mg 27. 9 mg 27.9 mg 28.6 mg 23.1 mg

8 8cps in Microspheres Administered" 0.88 x 10' 1.18 x 10' 1.03 x 10 8 1.03 x 10 1.06 x 108 0. 86 x 10 '

_

Carcass 30.5 5.09 1,018 38,500 30.9 971

Urine 0-24 hrs No Act. No Act. 9.26 853 3.10 |
24-48 hrs 636 No Act. No Act. No Act. No Act. No Act. '

48-72 hrs No Act. No Act. No Act. No Act.

72-96 hrs No Act. No Act.

Sum of Urine + Carcass 666.5 5.09 1,018 38,509 884 974 i
!

Alimentary Tract 148 5,834 5,669 55,056 5.78 4.80

Feces 0-24 hrs 1.90x10' 1.49x10' 1.69x10' 1.38x108 1.06x10'

24-48 hrs 0.75x10' 2.50x10' 7.04x10' 9.58x10' O.05x10' 2.94x10'
'
,

48-72 hrs 7.23x10' 5.50x10' O.14110* 4.18x10'
. ;

@ 72-96 hrs 0.30x10' 4.5x10'
Y

h a Calculated as observed eps in a mylar window counter uncorrected for counter efficiency.

h t The indicated time is that elapsing between administration of the microspheres and the time at which the animals were sacrificed.
E I

R
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Table 2

Radioactivity (parts per million of the administered dose) in Samples from Rats Administered
Capsules of Microspheres Containing Pm*

O
Animal Animal Animal Animal Animal Animal
No. 1 No.2 No.3 No.4 No.5 No.6

48 hrs " 48 hrs 72 hrs 72 hrs 96 hrs 96 hrs

Carcass 0.34 0.042 9.88 374 0.29 11.3
,

Urine 0-24 hrs No Act. No Act. 0.090 8.03 0.036

24-48 hrs 7. 2 No Act. No Act. No Act. No Act. No Act.

48-72 hrs No Act. No Act. No Act. No Act.

72-96 hrs No Act. No Act.

Sum of Urine + Carcass 7.54 0.042 9.88 374 8.32 11.3

Alimentary Tract 1.68 49.4 55.2 535 0.055 0.056

f The indicated time is that elapsing between administration of the microspheres and the time at which the ani als fa
E were sacrificed. b

u
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Results and Discussion-

|

|The results obtained are presented in Tables land 2. In Table 1,

the values are given in observed counts; in Table 2, the results are given
in parts per million of the administered dose. In the results of Table 1,

a correction has been made for the difference in efficiencies of the Tri-
Carb Liquid Scintillation Counter and the mylar window counter: the values
given have all been corrected to counts observed in the mylar window counter.
The reproducibility of the methods for sampling and assaying the micro-
spheres was demonstrated in a number of assays with samples of small size
and with capsules. Two radioassays of capsules containing about 15 and 25
mg of radioactive microspheres agreed within less than one per cent. It
should be noted that these assays and those on smaller samples of micro-
spheres showed a specific activity much less than that of the 3M assay re- ,

ported in Dr. Johnson's letter. If it is assumed that in our counting systems M) V
147the efficiency for Pm is slightly greater than that for C14, our determina- j

tion of specific activity of the microspheres is about 35% of the specific V~
activity reported by 3M. Since all of the samples were counted in the same
systems, the discrepancy between our assay and that of 3M is not critical
for the interpretation of the results obtained.

From the results in Table 2, it is apparent that in three animals
there was less than one part per million of the administered dose in the car-
casses and in two others less than twelve parts per million. Animal no. 4
was apparently an anomaly with 374 parts per million in the carcass. This-

animal hemorrhaged slightly immediately after administration of the cap-
sule, and this fact may possibly explain the relatively large amount of,

radioactivity found in the carcass. However, the damage to the alimentary
tract that was manifested by the hemorrhaging was not detectable when the
animal was sacrificed 72 hours later. It is also possible that this anomalous
value may have resulted from contamination of the animal with feces, al-
though the metabolism cage was designed to minimize this possibility. At
any rate, since the amount of radioactivity in the carcass of this animal is
of an entirely different order from that in the carcasses of any of the other
five animals, it is probable that the results obtained with this animal can
be ascribed to an artifac1

The amounts of radioactivity in the carcasses of the other five
animals varied over a range of 0.042 to 11. 3 parts per million. Some
individual animal variation is to be expected. One may assume that the
radioactivity present in the carcasses is Pm247 removed from the beads
during their passage through the alimentary tract and that the amount so
removed will vary directly with the length of time that the microspheres
remain in the tract. This time will be subject to wide individual animal
variations related to (a) the amount of foodstuit in the digestive system at

.
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the time of administration of the microspheres; (b) the rapidity with which-

the animal recovers from the trauma of the administration of the capsule
and from the anesthesia; (c) the rapidity with which the animal resumes
consumption of food and water; and (d) the amount of food and water con-
sumed during the experimental period.

Radioactivity was found in the urine of four of the six animals.
Since the urine samples were filtered twice to remove any microspheres
that might be present from contamination by feces, it is probable that the
radioactivity in the urine represents Pm " that had actually been removedl

from the microspheres and absorbed by the animal. In none of the animals,
however, did rEdioactivity in the urine exceed ten parts per million of the
administered dose and no radioactivity was found in the urine after 24 hours
in animals no. 2-6 (only a 48-hr urine sample was obtained from animal
no. 1). The sum of the radioactivities in the carcass and in the urine is a
measure of the total amount of Pm1" absorbed from the microspheres during
their passage through the animal, and from the r.asults in Table 2 it will
appear that, if animal no. 4 is excluded, this sum did not exceed twelve
parts per million.

Since some microspheres might well be held up physically in
the intestine, it is not unexpected that there should be wide variations in the
amounts of radioactivity remaining in the alimentary tract. However, by

~

96 hours after feeding the tract was essentially free of radioactivity. It is

also apparent from the results of Table 2 that more than 99% of all of the
radioactivity that is excreted is excreted within the first 24 hours. The
fact that some of the feces samples appear to contain more radioactivity, ,

than was administered has been discussed under " Methods. "
x \

Taken as a whole, the results would indicate that only very
small amounts of Pm*" are absorbed by the animal from the microspheres.
It is of some interest to extrapolate from rat to man and calculate the num-
ber of microcuries in the carcass for comparison with the permissible body
burden of 60 pc established by the Atomic Energy Commisssion. In Table 3
are presented the man-equivalents of Pm " calculated from the values ob-l

tained for the rat carcasses. For these calculations, 70 kg was taken as
the weight of a man, and it was assumed that a man would absorb about the
same percentage of Pm!" from ingested microspheres as would a rat. The )
calculated man-equivalents, then, would result from the ingestion by a 70- (
kg man of 70/0.12 times the amo_u_nt of micrnepheres ingested by the rat,
that is 0.025 x 70/0.12, o(14. 5 curies of Pm!".)It is apparent from the
results of Table 3 that in three instances the man-equivalents are well below
the maximum permissible level and in two others are only two to three times
this level (animal no. 4 is excluded for reasons already discussed). Thus,
it might be estimated that, eve _n after the ingestion of curie amounts of Pmj
in 3M microspheres by a man, the body burden of absorbed Fm" would not

_

.
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Table 3

Amounts of Pml47 in the Rat Carcass After Administration of i

Radioactive Microspheres and the Calculated Man-Equivalents

lContent of Pm *7 ,

gtFraction of

pc in Man- Allowable -

Rat No. " Rat Carcass ** Equivalentt Body Burdentt

1 0.0092 5.37 0.090 !

;
'

2 0.0015 0.875 0.015
!

3 0.31 181 3.02 !

!
.

4 12 7000 117 !

5 0.0093 5.41 0.090

6 0.29 169 2.82
O ',

x Numbers correspond to those of Tables 1 and 2. ;

xx The counting efficiency used to convert observed counts per second to i

microcuries is based on the 3M radioactivity of the microspheres. Seeg
S text for further discussion. [

[ t The number of pc in rat carcass multiplied by 70/0.12 (the weight of a |
man 4 weight of rat, in kg). jZ

tt The number of pc man-equivalents divided by the allowable maximum i
a

! body burden of 60 pc (see, Federal Register, Title 10, Atomic Energy, I
9 Chapter 1 - Atomic Energy Commission, Part 20 - Standards for f
g Protection Against Radiation, Appendix B, Table 3.) [

5
t
l
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| exceed the allowable burden by more than three-fold, if at all. Moreover,-

! Tince a typical 3M selFliiminous device contains onl~y about 25 mc of Pm147, j

147it is highly unlikely that an individual would ingest a curie amount of Pm
in this form. It should be borne in mind that extrapolation from rodent to :

man are, at the best, crude approximations. Furthermore, these extra-
l polations are concerned only with the body burden of Pm147 resulting from
| absorption of this isotope from the ingested microspheres; no attempt was

made to assess possible radiation damage to the intestine, an organ known;
' to be highly sensitive to effects of radiation.
!

.

I

1

1
-

!
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II. DETERMINATION OF SKIN SENSITIVITY TO AND POSSIBLE-

TISSUE DAMAGE DUE TO RADIATION FROM
SM SELF-LUMINOUS DEVICES

Experiments were conducted with rabbits to determine whether
or not direct skia contact with devices containing various amounts of Pm l47

in 3M microspheres and similar devices containing 3M microspheres but,
l4no Pm ' would result in tissue damage or irritation.

Alaterials and Alethods

Experimental Animals. -Young adult female rabbits (New Zealand
white strain) weighing between 2. 5 and 3.0 kg each were obtained from a
commercial breeder. Each animal was housed separately in a stainless steel
cage of standard design throughout the course of the experiment. Each ani-;

mal was given water and Purina Rabbit Checkers ad libitum.

Self-Luminous Devices. - 3M Company supplied Southern Re-
'

search Institute with devices used in these experiments. These devices
consisted of aluminum sheets of approximately 10 mill thickness and 1. 3 cm
square. Centrally placed on each sheet was an area 1 cm square covered
with (a) 3M sulf-luminous paint containing no radioactivity or (b) 3M self-
luminous paint containing Pml47 The levels of Pm under (b) above werel47

* 350 pc, 3 me or 20 me in each device. The description of the radioactive
devices supplied to Southern Research Institute was supplied in a letter

, from Dr. J. W. Johnson of 3M to Dr. L. L. Bennett, Jr. , of Southern Re-
search Institute dated January 25, 1961.

Method of Exposure and Evaluation of Skin Response to " Hot"
and " Cold" Devices. - Nine rabbits were used. The central area of the in--

side surface of each ear was depilated by gentle plucking of the hairs and ;

the bared area was cleansed with 95% ethanol to remove the natural surface !

oils to aid the adhesion of the binding tape.

The diagonally opposed corner outlines of a device were marked
in each ear with india ink so that each device could be replaced in the identical
area of previous exposure after each removal to examine for gross tissue
response, replacement of the binding tapes, or other reasons. Figure 1
illustrates these exposure area identification marks.

!

A " cold" (non-radioactive) device was placed on the exposure
area in the left car of each rabbit, and a " hot" (radioactive) device was |

I
I

.

*
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placed on the exposure area in the right ear of each rabbit; 3 rabbits were.

exposed to " hot" devices containing 350 pc Pm**7, 3 to " hot" devices con-
,

taining 3 mc Pm247, and 3 to " hot" devices containing 20 nc Pm147 Each '

device was placed with the painted surface in direct contact with the skin.
The devices were held in place with a piece of 3M microporous surgical
tape (No. 530) as shown in Figure 2. Each ear was examined twice weekly
during the exposure period for major gross signs of irradiation damage to
the skin (erythema, edema, exfoliation, pigmentation, and necrosis) and
other grossly apparent signs of abnormal tissue response to exposure to
either the " hot" or " cold" devices.

After 30, 60, and 90 days total exposure one rabbit exposed to
147each level of Pm in the ear devices was sacrificed by air embolism and

the area of skin in the ear exposed to the devices (both " hot" and " cold")
were removed, fixed in 10% buffered formalin and submitted for histo-
pathologic examination.

The histopathologic examinations were made by Dr. A. E.
Casey. Dr. Casey is a pathologist of recognized competence. He is a
charter member of the American College of Pathologic Anatomists and
has extensive experience (over 30 years) in studying pathologic responses
in experimental animals (especially mice, rats and rabbits) used in his
own extensive and continuing laboratory research activities. At Dr. Casey's
request all samples sent to him for histopathologic examination were sub-

( mitted in code, to avoid the possibility of bias based on prior knowledge of
the radiation exposure history of each sample. Copies of Dr. Casey's re-,

ports are appended to this report. We have also indicated on appendix
' '

page i the broken code and the date and identification number of each pathology
report. 1

Following reporting of histopathological examination of all sam-
ples, we broke the code to Dr. Casey and asked him to re-examine all,

specimens to look for subtle tissue changes that might be evident with
knowledge of radiation exposure history of each specimen. A copy of this
report is on appendix page vii. )

Results
h

{.

At no time were any gross signs of radiation damag47e apparentL during contiauous exposure of rabbit skin to up to 20 mc of Pm and up to
,90 days exposure. The exposed areas remained completely normal and

f without any gross evidence of erythema, edema, pigmentation, exfoliation
b. or necrosis.

%,
.
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Table 4 summarizes the findings on histopathologic examination-

of tissue sections from the exposed areas. Dr. Casey was specifically re-
quested to examine these specimens for typical signs of radiation damage to
skin; e. g. , atrophy of sebaceous glands, keratinization of the epidermis,
widening of capillaries, increased mitosis in the dermal layers, etc.

1

I Table 4

Summary of Histopathologic Findings in Rabbit Skin (ear) Exposed
to " Hot" and " Cold" Devices for Periods up to 90 Days

Exposure Duration Histopathologic Findings

247350 pc Pm 30 days focal hyperkeratosis
" cold" device 30 days superficial ulceration

3mc Pm*47 30 days minimal hyperkeratosis
" cold" device 30 days moderate hyperkeratosis

24720 mc Pm 30 days superficial ulceration

" cold" device 30 days epidermal cyst, inflammation

247350 pc Pm 60 days subacute dermatitis and focal necrosis
" cold" device 60 days chronic dermatitis

'
3 mc Pm*47 60 days dermal scarring
" cold" device 60 days subacute dermatitis

20 mc Pm247 60 days subacute dermatitis
" cold" device 60 days subacute dermatitis

247350 pc Pm 90 days mild hyperkeratosis
" cold" device 90 days hyperkeratosis

3 me Pm*47 90 days hyperkeratosis
" cold" device 90 days hyperkeratosis

24720 mc Pm 90 days hyperkeratosis
" cold" device 90 days no abnormalities

'

SOUTHERN RESEARCH INSTITUTE
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Examination of Table 4 reveals that some tissue reaction possibly.

associated with radiation damage might have occurred in the rabbit skin ex-
posed to the " hot" devices. However, that the very slight histologic changes
observed were due to response to radioactivity is most unlikely since:

1. Similar reactions, sometimes more extensive, were seen in

the ear of tt 3 same rabbit exposed to the " cold" device as in the ear exposed
to the " hot" n vice; e. g. , 350 pc Pm**' and 3 mc Pm 7 exposure for 90 days.14

2. No consistent increase in pathologic response was observed in
147rabbit skin exposed to increasing levels of radiation from Pm as would be

expected if the tissue reactions observed were due to the radiation itself and
not to extraneous factors.

3. All of the tissue response observed could be expected to re-
sult from the irritation caused by prolonged exposure of an area of skin to
a completely harmless foreign object such as the aluminum squares serving
as the base for the actual radioactive device and the " cold" simulant devices
used. Indeed, the failure to observe any skin reaction, either grossly or
histologically, which might be attributable to the presence of Pml47 in the
concentrations used in the " hot" devices when compared to the skin reaction
to similar control " cold" devices leads us to the firm conclusion that such |

247minor histologic changes as were seen were unrelated to the Pm contained '

in the devices used.
-

That, on the basis of observations in this report, up to 43,200 r
or radiation (the total radiation at the surface produced by 20 me of Pm*** in

"

90 days) was delivered to the rabbit skin examined without causing specific |

tissue reaction can only be interpreted, in our inion, as evidence that

this amount of soft p radiation is less than the amount necessary to cause
specific damage to skin.

1

!,

1

.

{

*
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APPENDIX-

'

Code to Duration and Intensity of Pm.147 Exposure of
Rabbit Ears Examined for Radiation Damage4

Duration
Pathology Report Specimen Pm**7' of

i Date Number Identification Exposure Exposure

4/7/61 D-30624 A 350 pc 30 days
4/7/61 D-30624 B cold 30 days
4/7/61 D-30624 C 3 me 30 days
4/7/61 D-30624 D cold 30 days
4/7/61 D-30624 E 20 me 30 days
4/7/61 D-30624 F cold 30 days
5/8/61 D-31332 S-1 350 pc 60 days
5/8/61 D-31332 S-2 cold 60 days
5/8/61 D-31332 S-3 3 me 60 days
5/8/61 D-31332 S-4 cold 60 days
5/8/61 D-31332 S-5 20 me 60 days
5/8/61 D-31332 S-6 cold 60 days

'

6/14/61 , D-32654 A 3 me 90 days
6/14/61 D-32654 B cold 90 days

- 6/28/61 D-33026 A 350pc 90 days
6/28/61 D-33026 B cold 90 days
7/11/61 D-33341 A 20 me 90 days
7/11/61 D-33341 B cold 90 days

i

.

*
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Ileceived 4/8/61
.

Southern Research Institute 47-1961

F. M. Schabel, Jr. Project 1255 D-30624

These six bottles contain specimens of rabbit ear exposed for 30 day's to
S radiation from Pm147.. Three rabbits were used. One had a P m 7

device containing 350 pc taped to the inner surface of one ear and a
similar non-radioactive device taped to the inner surface of the other ear.

lThe second rabbit had a P.m *7 device containing 3 me taped to the inner
surface of one ear and a cold device on the other. The third rabbit had a
Pm 147 device containing 20 me taped to one ear and a cold device on the
other ear. After 30 days total exposure the animals were sacrificed by
an embolism, and the area of both ears which was directly under the " hot"
and " cold" devices were removed, placed in 10% buffered formalin and
submitted for pathologic examination.

We would like your careful examination of all samples for deviations from
normal appearance of cells, tissues, vessels, nerves, etc. The samples
are labeled 1 through 6, and we have the source code since Dr. Casey
requested that we submit them to him blind.

Gross Description: M. Y. -pc
.

Received are specimens said to be rabbit skin numbered 1,2,3,4,5, and 6.
No.1 will be labeled A: No. 2 will be labeled B: No 3 will be labeled C:
No 4 will be labeled D: No. 5 will be labeled E: and No. 6 will be labeled F.

*

Microscopic Examination and Diagnosis:

(A) Skin, ear - hyperkeratosis with pustule, focal
(B) Skin, ear - superficial ulceration with pyogenic reaction
(C) Skin, ear - hyperkeratosis, minimal
(D) Skin, ear - moderate hyperkeratosis with minimal neutrophilia
(E) Skin, ear - superficial ulceration and neutrophilia
(F) Skin, ear - epidermal ~ inclusion cyst |

,

,

(F) Skin, car - vacuolar change, epidermis
|(F) Skin, ear - inflammatory change, derma, mild |
|
'C omment: It is difficult to know whether the change in health was a part of

the experimental program or not. The values for C ar.d D are
the least abnormal.

.
(signed) A. E. Casey, M. D.

11
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| Received 5/8/61
.

Southern Research Institute -5/8/61

Dr. F. M. Schabel, Jr. Project 1255 D-31332

;

] These six bottles contain areas of rabbit ears exposed for 60 days to S -irradiation
1

. from P m ''. . These rabbits were used. One had a Rn**' device containing
i 350 pc taped to the inner surface of one ear and a similar non-radioactive device
! taped to the inner surface of the other ear as a control. The second rabbit had a

Pm"' device containing 3 me taped to the inner surface of one ear and a " cold"4

; device taped to the inner surface of the other ear. The 3rd rabbit had a P m147
j device containing 20 me taped to the inned surface of one ear and a " cold" device

taped to the inner surface of the other ear.
.

After 60 days total exposure, the rabbits were sacrificed by an embolism, and
q the ones of both eat s which were directly under the " hot" and " cold" devices

were removed, placed in 10% formalin and submit'.ed for pathologic examination.;

..

We would like your careful examination of all samples for deviat .e: from the
normal appearance of cells, tissues, vessels, nerves, etc. The samples are
labeled 1 thru 6, and we have the source code since Dr. Casey requested that

j we submit them to him in the blind.
;

Gross Description: T. R. -j.

| Received are 6 areas of rabbit ears labeled from samples 1 thru 6. Each
j section of rabbit ear skin consists of a square area,1.8 cm on the side. Each'

. one of these samples is labeled 1 thru 6. Each section of ear is bisected and
) embedded and given the same number as the bottle from which it came,1 thru

6. Therefore, all samples are half embedded and half saved. lxy for each
s ample.

i Microscopic Examination and Diagnosis:

S1- Skin, ear - subacute dermatitis, moderate
SI- Skin, ear - scarring, derma
SI- Skin, ear - focal necrosis, collagen
S2- Skin, ear - perivascular reaction, moderate
S2- Skin, ear - scarring, derma
S2- Skin, ear - chronic dermatitis, focal
S3- Skin, ear - scarring, derma, reticular layer
S4- Skin, car - subacute dermatitis, minimal
SS- Skin, ear - subacute dermatitis, moderate to marked
SS- Skin, ear pustules and superficial ulceration
S6- Skin, ear - subacture dermatitis, minimal

.

(signed) A. E. Casey M. D.
*
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Received 6/15/61.

Dr. F. M. Schabel, Jr. 6/14/61

Southern Research Institute Project 1255 D-32654

These are sections of the ears from one rabbit exposed for 90 days to a
radioactive device on one ear and an identical but " cold" device on the
other ear. The bottle numbered 1 was exposed to a device containing 3 me
of P m"7, and the bottle labeled 2 is the area of the other ear exposed to the cold
device. The exposed area was the inner side of the ear (the one with the hair).
We would like for you to compare these sections and give us your opinion as to
whether or not the ear exposed to the " hot" device shows evidence of radiation
damage, especially specific changes not seen in the opposite " cold" exposed
control ear.

Gross Description: T. R. -f

Received is specimen No.1 a portion of the skin from the ear of a rabbit.
This piece of skin was exposed to a radioactive source. Half of the portion
of this ear is cut into 2 sections for embedding and labeled A. 2xy

Specimen No. 2 consists of a similar portion of skin from the rabbit's ear.
Both of these portions are layers of skin measuring about 1. 5 cm in the side..

* This particular specimen No. 2 comes from an ear that was not exposed to
i the radioactivity. About half of this portion is also sectioned into 2 pieces

'

'

for embedding and labeled B. 2xy
<

Gross Impression:

Portions of rabbit's ears:
1 exposed to radiation
1 not exposed to radiation '

-

(
Microscopic Examination and Diagnosis:

(A) Skin, ear - hyperkeratosis with small pustule
(B) Skin, ear - hyperkeratosis

(signed) A. E. Casey, M. D.

iv

.
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Received 6/28/61
.

Southern Research Institute 6/28/61

Dr. F. M. Schabel, Jr. Project 1255 D-33026

These vials contain pieces of the ears of a rabbit exposed to a device containing
350 #c of Pm* and an identical device which contained no radioactive material.
The devices were taped to the inner surface of the ears for 90 days. The exposed
surface was on the surface (inner) bearing the short hair. We would like to know
if either of these sections show evidence of radiation damage and if so, which one
and the degree and extent of damage. The radioactive material emits no gamma
rays but only beta rays. The rabbit was numbered No.1 and the two ear sections
were labeled No I and No. 2. The animal was sacrificed on June 26, 1961.

Gross Description: T. R. -f

Received are rabbit ear sections from a rabbit which were numbered No.1.
The section labeled No.1 is labeled A for embedding purposes. The specimen
consists of a rectangular piece of skin from the inner surface of the ear and
measures 1. 8 in length x 1. 5 across. Sections are taken and labeled A from
ear section No.1.

Ear section No. 2 is a square piece of ear measuring 1. 6 cm on the side.
Sections are taken and labeled B. 2xy.

Gross Impression:
.

Ear sections, rabbit No.1 -

Microscopic Examination and Diagnosis:

Ear, (A) - inner surface - mild hyperkeratosis
Ear, (B) - hyperkeratosis with pustule

(signed) A. E. Casey, M. D.

v

.
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Received 7/12/61
.

Southern Research Institute 7/11/61

Dr. F. M. Schabel, Jr. Project 1255 D-33341

These two bottles contain sections of the ear of rabbit No. 9 which was exposed
to a radioactive device containing 20 me of Pm"' for 90 days labelled No.1,
and the opposite ear which was exposed to an identical but non-radioactive device
for 90 days labbe11ed No. 2.

The devices were taped to the inner surface of the respective eare, that is, the
side of these sections with the short-fine hair.

We would like your opinion as to whether or not the ear exposed to the radio-
activity shows any evidence of radiation damage, as compared to the control ear.

Gross Description: T. R. -j

Received as specimen No.1 is a section from a rabbit ear measuring 1. 5 cm
on each side of a square section. This is labeled A. 2xy

Recieved as specimen No. 2 is a similar square of rabbit ear, labeled B. 2xy

, Microscopic Examination and Diagnosis:

(A) Skin, ear - hyperkeratosis with pustule
(A) Skin, ear - chronic dermatitis, moderate'

(B) Skin, ear - not remarkable

(signed) A. E. Casey, M. D.

I

l
l

i
vi '

.
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Received 7/14/61

Southern Research Institute 7/11/61

Dr. F. M. Schabel, Jr. Project 1255 D-33026

Review of the ear slides knowing the identity of control and treated, as follows:

-In the 3 controls D-30624 B, D and F, there was no ulceration of pustule
formation or swelling of the nuclei or necrosis in D and F, minimal
pustule in B. Slight reaction in subcutis in F. In each of the experimental
D-32064 A, C, and E there was ulceration of the epidermis with neutrophilia
and especially in C and E swelling of the epithelial cells of the epidermis
compatible with the cytologic change in cancer or pre-cancer on Papanicolaou
smears.

Review of D-33026. The B section shows some pustule possibly from pressure
bandage. The experimental animal shows some swelling of the cells of epidermis
in one area. Nuclei, enlarged cytoplasm, basophilic.

Review of D-31332. Slides 2,4, and 6: No. 2 shows some perivascular collars
of inflammatory cells and swelling of the collagen: No. 4 not remarkable;
No. 6 shows a few lymphocytes and neutrophilis in the lower derma at one.

point. The experimental slides 1,3, and 5: No.1 shows an area of necrosis of
epidermis and some perivascular collars and considerable cellular reaction

*
in lower derma: No. 3 also shows superficial necrosis, perivascular collars
in the derma: No. 5 shows extensive pustule formation with marked inflammatory
reaction in derma on one surface of the ear, this is the most marked inflammatory
reaction on the 6 slides.

Review of D-32654. The A portion shows small pustules in stratum corneum,
very small. Almost no inflammation in derma. The B portion is essentially
normal.

(signed) A. E. Casey, M. D.

vii
.
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, . 4. $. ,.- Shipments of radioactive isotogen are limited by law to those individuals who have in their mwaaion a(
~

A copy of tHe license or a signed state-
- T valid AEC or State Licenne for the poamwnin of noch materiale.

$Q;;;M. ment giving the beenme number, isotope and pmwion hmit must be in uur hands before any shipment;g
gi, dJ can be made. baned on tents we% Z, .. J

All statements, technical information and recommendations contained herein ar 2believe to be rehable, but the accuracy or completenena thereof, is not guaranteel, and the following is,|

'

N *EMP'

$, h' made in heu of all warranties, cupreme or imphal. , j

Seller's and manufacturer's only obligation shall be to replace such quantity of the product proved to be
f

j'
Neither seller nor manufacturer shall be hable for any injury, loan or damage, direct or con-

-
-

gj/g i

sequential, arising out of the uw of or the inabihty to use the product. liefore using, uner shall determ ne
defective.,

i _ 97.% in
the suitabihty of the product for his intended use, and user annumes all risk and habihty whatsoeverl f' <OM- ! g .

'
-3[. ~connection therewith,

No statement or recommendation not contained herein shall have any force or efrect unh ns in an agreement_

N"NN

. E signed by otlicers of seller and manufacturer.

;
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i |.|.. .. ^ A v a ila b l e from 3M Nuclear Products Department:
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E Static Eliminators. - mw A .

i C XEE E Self Luminous Materials
;

3 Medical Microspheres,.
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E Radioisotope Tracers*i pw M-
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isotope Half-Ule Emissions Bulk t
M EV source source source Source source

Ag111 7.6 d Beta 1.04 S ns ns ns ns ns 1,000

Gamma < 10%

Am-241 458 y Alpha 5.48 NA S S S S S 50

Gamma .060

Au 198 2.7 d Beta 0.96 ns ns ns ns ns ns 200,000

Gamma 0.41

Bala.140 12.8 d Beta 1.02-0.48 S ns ns ns ns ns 10,000

Gamma 0.03-0.54

Cd.109 470 d Gamma .017 NA ns ns ns ns ns 10,000

Cd 115 53 h Beta 1.11-0.58 ns ns ns ns ns ns 10,

Gamma 0.36-0.50,0.53

Ce 141 33 d Beta 0.58 0.44 S ns ns ns ns ns 30,000

Gamma 0.15

Ce 144 283 d Beta 0.17,0.3 NA S S S S S 20,000

Gamma 0.134

Co 58 72 d Positron .047 ns ns ns ns ns ns 10,000

Gamma 0.81

Co-60 5.2 y Beta 0.306 NA S S S S S 1,000

Gamma 1.17 1.33

Cr 51 27.8 d Gamma 0.32 ns ns ns ns ns ns 1,000

Cs 137 30 y Beta 0.52 NA S S S S S 10,000

Gamma .662

Fe 59 45 d Beta 0.46-0.27 ns ns ns ns ns ns 100

Gamma 1.10-1.29

Hg.203 45 d Beta 0.208 S ns ns ns ns ns 500

Gamma 0.279

Kr.85* 10.5 y Beta 0.67 NA S S S S S

Gamma 0.15

La 140 40 h Beta 1.34 2.15 ns ns ns ns ns ns 10,000

Gamma 3.09-1.60

Na-22 2.6 y Positron .54 NA ns ns ns ns ns 100

Gamma 1.23

P 32 14.3 d Beta 1.701 ns ns ns ns ns ns 10,000

Pm 147 2.6 y Beta 0.223 NA ns ns S S S 50,000

Po 210 138 d Alpha 5.3 NA ns ns S S S 10,000

Pr.143 13.7 d Beta 0.93 ns ns ns ns ns ns 10,000

Rb 86 18.6 d Beta 1.77 S ns ns ns ns ns 500

Gamma 1.08

S-35 87.1d Beta 0.167 ns ns ns ns ns ns 10,000

Sc 46 85 d Beta 0.36 S ns ns ns ns ns 6,000

Gamma 0.891.12

Sr 85 65 d Gamma 0.013-0.513 ns ns ns ns ns ns 9,000

Sr 89 50 d Beta 1.463 ns ns r- ns ns ns 9,000

Gamma 0.91

Sr 90 28 y Beta 0.61 NA S ns S S S 10,000

TI.204 4y Beta 0.77 NA ns ns ns ns ns 1,000

Tm 170 129 d Beta 0.88 NA ns ns ns ns ns 1,000

U 238 4.5 x Alpha 4.18 NA S S S S S .0001

10' Gamma 0.05

Y 90 64 h Beta 2.18 S ns ns ns ns ns 25,000

Y.91 61 d Beta 0.33-1.53 ns ns ns ns ns ns 10,000

Gamma 1 19

Yb 169 32 d Gamma 0.06-0.20 S ns ns ns ns ns 15,000

Zn 65 250 d Beta .3 NA ns ns ns ns ns 250

Gamma 1.12

-Gas*

tS-Standard
ps-Non-standard, special order
NA.--Not Available in Bulk

m
_ _ _ _ _ _ _ . . _



lBRANDlT]RADIAT ON SOURCES

. _ - -

D Having successfully developed the Radiating Microspheres, 3M's Nuclear Products Laboratory
began developing a cornplete line of radiation sources. These sources, using 3M Brand Radiating

Microspheres, are unlike ordinary sources; they ofter you DOUBLE SAFETY. With the isotope
securely caged in the microspheres and the microspheres safely sealed in corrosion resistant cap-
sules, 3M makes the highest integrity sources available.

*? , - "L ~

M 3M Brand Radiation Source Model' ' '

3AIF heated at 1000 *C for thirty y
minutes, then quenched in water to simu- g

-

late condition of plant fire. After this
.; ' |

g, .

severe thermal shock, tests showed no
', .

_J t .
leak or loss of activity.,

2.

!y?' . ., - , . 25'. =
_

[p r' EO'

3 r. - O mams

C fD
S* y.e -

.

: = =sv z*
m

'" -s8*:p

hu. s v

C'
^ "

g) il /og. .
$

'{N M [ 2 $". !(L t . .-+ :J , J
. es i

WIPE

y,hy |,gfjg; ffh)h ,kkO
n Chart shows savings a 3M cus.

M Y[ [ {. N, [ {b f-f tomer gained by changing to 3M
y ; .. .; ? ' o-MiM Brand Radiation Sources.

'

-y
~ ~.7'; *,' - [ 7,$g.3 Wipe test relief given by A I.C.

A. C ;Z ., 7.II[ to 3M source.10 wipe tests per 100gpg
$500

.. REQUIRED m REQUIRED ? ; p smces per year.

-? ' ' ^' Original sources required 200 wipe
- f,7,-- . - pj p,1' tests per 100 sources per year,

$50 5 E
^

Net savings per year of $950.00. m
| |

ORIGIN Al. 3M SOURCES
SOURCES

_

You may wish to utilize the sources we are producing, or you may wish us to design a source to

your own requirements; in either case this brochure will provide a working familiarity with our
products and concepts.

. - _ _ _ _ _ . _
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| D 3M Brand Radiating Microspheres * represent a E Industrial and tracer applications of 3M Brand Q {'
j new approach to the utilization of radioactive mate- Radiating Microspheres are even more varied and t 'Q
|

rials. SM scientists can introduce, and permanently colorful, for the microspheres also have been found (Q
| " cage" a wide variety of radioisotopes in the solid to be essentially insoluble in all common reagents j? j

ij ceramic carrier. The finished product is both -the softening point is above 1500*C-and they
' Y"tdit-

j physically and chemically inert, yet the useful are not damaged by high radiation doses. j
.

i
i radiation is allowed to escape with high efliciency. E These tiny particles find use in any area where !

|#,

:.m
:

} O Because of their unprecedented inertness and an inert, insoluble particulate tracer is required. |

| small size, SM Brand Radiating Microspheres are These include sand tracers, fallout studies, and j
'

j finding wide acceptance where the danger of many others.

| uncontrolled spreading.of the free isotopes cannot
'

g
*

be tolerated. Puen: Feading

|

W

| PJisiiW@!MWafinMis BW S I C* R R O P E RT I E SEM5MMWFli? I

i COLOR DENSITY SIZE !

} Milky white to clear. Absolute-3.0 g/cc. Bulk-About 2.0 g/cc. Available in graded sizes from 15150 microns. j
;
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Cb Licensing Information and Disclaimer
.

. 7. 5 mu,gg: {
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~, .u, .,.

. s@n. m +
I

Shipments of radioactive isotopes are limited by law to those individoals who have in their posecanton avalid AEC or State License for the possension of such materials, A copy of this license or a signed state.
.

,

n

M.%MA 74;~

h h ment giving the license number, isotope and poonemaion limit must be in our hands before any shipment

.

,

i *w.m.9.

; ...m+ O
All statements, technical information and recommendations contained herein are baned on tests we

'' jfcan be made.l
.

w**

( p.-
! believe to be reliable, but the accuracy or completeness thereof, is not guaranteed, and the following inj _, yZA T
l

made in lieu of all warranties, express or implied:y
i m ;. .; ; -

Seller's and manufacturer's only obligation shall be to replace such quantity of the product proved to be
' # p,

i
._u y g

defective. Neither seller nor manufacturer shall be liable for any injury, loss or damage, direct or con., : a{ yy;

auquential, arising out of the use of or the inability to une the product.13efore using. unct shall determinethe suitability of the product for his intended use, and user assumes a!! risk and liability whatacever in
8

Tyg
T' MeUC .

| connection therewith. 5 A'@&2 j
|

No statement or recommendation not contained herein shall have any force or effect unless in an agreementp .. s ~m _.3..Q. y..,.

'
,

signed by officers of seller and manufacturer.
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. [* ^ -~* y_ .-
n> - -* n'} 3L smer.u-Ecvh +nnm%m :a..w.s a .a __ _g

D''8 * " * so t.
tsotope Half-LHe Emissions ButhfMEV Source Source Source Source Source

'

Ag 111 7.6 d Beta 1.04 S ns ns ns ns ns 1,000

Gamma < 10%

Am-241 458 y Alpha 5.48 NA S S S S S 50

Gamma .060

Au 198 2.7 d Beta 0.96 ns ns ns ns ns ns 200,000

Gamma 0.41

Bala 140 12.8 d Beta 1.02-0.48 S ns ns ns ns ns 10,000

Gamma 0.03 0.54

Cd.109 470 d Gamma .017 NA ns ns ns ns ns 10,000

Cd 115 53 h Beta 1.11 0.58 ns ns ns ns ns ns 10

Gamma 0.36-0.50,0.53

Ce 141 33 d Beta 0.58-0.44 S ns ns ns ns ns 30,000

Gamma 0.15

Ce 144 283 d Beta 0.17. 0.3 NA S S S S S 20,000

Gamma 0.134

Co-58 72 d Positron .047 ns ns ns ns ns 10,000

Gamma 0.81

Co-60 5.2 y Beta 0.306 NA S S S S S 1,000

Gamma 1.17 1,33

Cr 51 27.8 d Gamma 0.32 ns ns ns ns ns ns 1,000

C3137 30 y Beta 0.52 NA S S S S S 10,000

Gamma .662

Fe 59 45 d Beta 0.46-0.27 ns ns ns ns ns ns 100

Gamma 1.10-1.29

Hg-203 45 d Beta 0.208 S ns ns ns ns ns 500

Gamma 0.279

Kr 85' 10.5 y Beta 0.67 NA S S S S S

Gamma 0.15

La.140 40 h Beta 1.34 2.15 ns ns ns ns ns ns 10,000

Gamma 0.09-1.60

Na-22 2.6 y Positron .54 NA ns ns ns ns ns 100

Gamma 1.23

P-32 14.3 d Beta 1.701 ns ns ns ns ns ns 10,000

Pm-147 2.6 y Beta 0.223 NA ns ns S S S 50,000

Po-210 138 d Alpha 5.3 NA ns ns S S S 10,000

Pr-143 13.7 d Beta 0.93 ns ns ns ns ns ns 10,000

R b-86 18.6 d Beta 1.77 S ns ns ns ns ns 500

Gamma 1.08

S 35 87.1d Beta 0.167 ns ns ns ns ns ns 10,000

Sc-46 85 d Bata 0.36 S ns ns ns ns ns 6,000

Gamma 0.891.12

Sr 85 65 d Gamma 0.013-0.513 ns ns ns ns ns ns 9,000

Sr 89 50 d Beta 1.463 ns ns ns ns ns ns 9,000

Gamma 0.91

Sr 90 28 y Beta 0.61 NA S ns S S S 10,000

TI 204 4y Beta 0.77 NA ns ns ns ns ns 1,000

Tm 170 129 d Beta 0.88 NA ns ns ns ns ns 1,000

U 238 4.5 x Alpha 4.18 NA S S S S S .0001

10' Gamma 0.05

Y-90 64 h Beta 2.18 S ns ns ns ns ns 25,000

Y 91 61 d Beta 0.33 1.53 ns ns ns ns ns ns 10,000

Gamma 1.19

Yb-169 32 d Gamma 0.06-0.20 S ns ns ns ns ns 15,000

Zn 65 250 d Beta .3 NA ns ns ns ns ns 250

Gamma 1.12

-Gas'

tS-Standard
ns--Non-standard, special order
NA-Not Available in Bu!k

'~
- _ _ _ _ _ _ _ _ _
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E RADIAT ON SOURCES

O Having successfully developed the Radiating Microspheres,3M's Nuclear Products Laboratory
began developing a complete line of radiation sources. These sources, using 3M Brand Radiating

Microspheres, are unlike ordinary sources; they ofter you DOUBLE SAFETY, With the isotope
securely caged in the microspheres and the microspheres safely sealed in corrosion resistant cap-
sules, 3M makes the highest integrity sources available.

9" . ..
- ML ' ~ ~

E 3M Brand Radiation Gource Model'

3A1F heated at 1000 * C for thirty U
minutes, then quenched in water to simu--

late condition of plant fire. After this
,

, . ,; severe thermal shock, tests showed no

%$ leak or loss of activity, h3
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WIPE * '~,

h h , gh f.] h h' k0
5 Chart shows savings a 3M cus.

Y sn$'bM.Y_Yb.3) hhlb$M ! tor.ter gained by changing to 3M
-j. 'I,~ Ei[[.?.E5C. Yds 3/ Brand Radiation Sources.
3 I.NN.[IN53:U. Wipe test relief given by A.E.C.

"f 200 WIPES "''' I'''N'10 WiPESN#
~ *" ' * * * * ' *

$500
d, REQUIRED ^ ( RIQUlRED y , q sources per year.,n -

-
,

?_ l*hs Original sources required 200 wipe-J
' .jt" r, . . j ; . jj.p jjyp ,

<_.:

$50 [ [ OdS ~

j tests per 100 source., per year.. < - *

1p Net savings per year of $950.00. m7i

ORIGINAL 3M SOURCES
SOURCES

You may wish to utilize the sources we are producing, or you may 'wish us to design a soun e to

your own requirements; in either case this brochure will provide a working familiarity with our
products and concepts.

.

-
-

_____ _ ____
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3C0mPANYPOINT SOURCE KRYPTON 85M
|

: MODEL 3B4E
'

IS0 TOPE:

3/8" Half LIFE 10.6 YRS.,

| T O 8$d*' EMISSIONS:, , , , ,

| \ BETA 0.67 MEV.

/ GAMMA 0.44 MEV. % %i '

s

I N
BASE MATERIAL:__ i f i o..

/ '
ALUMINUM/~

s

Sealed TYPICAL.

7S,P"js APPilCATION

'**
INSTRUMENT

NO WlPE TESr CAllBRATION
REQUIRED BY A.E.C.I

REFERENCE

SOURCE

NOMINAL CONTENT UNIT PRICE IN LOTS OF

(mc) 1 -10 11 25 26 -100 > 100

0.001 $32 $28 $24 $18

0.01 34 30 26 20

0.1 36 32 28 22

_



- _ _ - _ _ - - _ _ _ _ _ __

:
!

! KL L voi ME SOURCE-KRYPTONL85L l
. . - --

!

' '''

|1.oo,..s.sw.a MODEL 3E4B;
i p savorern.& :

#
,

r K-85 Gas: HALF llFE 10.5 YRS.-

! / EMISSIONS:, Flange- [c, Q.

f / BETA 0.67 MEV./Ax.

, t
'

| / GAMMA 0.5 MEV. (0.5%)

(y,. 4,i 7 MATERIAL:

/. STAINLESSSTEEL. Holes ,

3} y/,

, , , .

j TYD|(Al APPLICAll0NS:

aii FLOWING FLUID DENSITY.
, '"

! - J GAUGESu
~' '

:a. THICKNESS GAUGE.

. . .
T

A #

|

|

NOMINAL CONTENT

| (me) 14 5-9 10

100 $120 $110 $ 90
250 150 140 120

500 230 200 180

1000 330 280 250
_

.. - - _- .
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3M [p0INTJSOURCE STRONTIUM-YTTRIUM 90 |l'

| 1

] j

|
, . . .

| [}
A';;:1 MODEL 3DIA |'.

| . Microspheres

j :. ,in Radiation.
I i Resistent.

j it ig", sinder !.i/16" ISOTOPE:
' Mounting Holesj

-

, g,,
: U ,

|
F x EMISSIONS:

, t.
t BETA 0.61, 2.18 MEV.. . . . ..

.sW.itti: ",

| i itst

F -

"

BASE MATERIAL:i
' :- O

{
ALUMINUM ;

>>

TYPICAL APPLICAll0NS:, g.,73;ct.

| *A INSTRUMENT CAllBRATION

| REFERENCE SOURCE
'

<

i
;
-

4

i

UNIT PRICE IN LOTS OFNOMINAL CONTENT

1-10 11 - 25 26 - 100 > 100

0.001 $31 $28 $23 $18

0.01 33 30 25 20

0.1 35 32 27 22

J.RRSI 3(103.1b)n
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!

|

| 3@ AREA SOURCE PdiONIUM 210
i
!

!

| MODEL 2D8A
i

i ,

i
'

i%" .

1/16"
ISOTOPE-

/ ;gu' Mounting Holes
*

;

i / HALF LIFE 138 DAYS
\i

| . :;. . , EMISSIONS:
, , ,

.. . c...:::g. :: ALPHA UP TO 5.3 MEV. )
'

j
'

.

.
.. ,.

' ' '

| ::. . .. - \
'

..
.

l o ' " '' . SOURCE BASE:
: -

ALUMINUM

3M Br.nd,

; %" Thick n.ai. ting TYPICAL APPLICATIONS:

| O U$/j,h*'' INSTRUMENT CALIBRATION,;on

| "$'g*,',".' TEACHING AND

| DEMONSTRAll0N

I
I

UNIT PRICE IN LOTS OFNOMINAL CONTENT

" 14 5-9 10 OR GREATER

| 0.1 $100 $80 On Request
" "

1 110 90
" "10 120 100

4

.

. . !* " ' *^ l' " ' ']* . _ . _ . . . - - - --
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3 01 VOLUME SOURCE-CESIUM BARIUM 137
BRAND;

:
|

| !!;;;,' MODEL 4F6D
Microsphares

! s

|

ISOTOPE:| ., ;

| [ HALF LIFE 30 YRS.
'

' '?.:.' EMISSIONS- !I :
; e , ; ., ,, .. Silver

,,

::. - Br = GAMMA 0.66 MEV.; i"
. . .

.

.

..
,

.

:.:. :..:.
-

,
'

',?' :.:. :.: Weld..
.

MATERIAL:Stud

| g@7 %"-20 x %" STAINLESSSTEEL

| TYPICAL APPLICATIONS:

| LIQUID LEVEL GAUGES

| %" FLOWING FLUID DENSITY

! GAUGES

i

UNIT PRICE IN LOTS OF
NOMINAL CONTENT

M c) 14 59 10 OR GREATER

100 $170 $155 $130

500 235 210 175

1000 340 300 250

2000 400 360 300

J+11 A11-4 (10 3.1 S Im

. . - _ _ _ _ _ _ . . _ . - _ _ _
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!
< . w . , ,. , , - . . . ,

3@, f+lLINE; SOURCESTRONTIUM-YTTRIUM 90 .!
,

. . ,

|
|

~ ,, -. - ,r ~
,

j
[j
i : n.ai. ting'.

j . Microspheres
; c.

[, M m6. ', ISOTOPE:
'

,

.
.

| [ f olf N Mounting . Holes ' Half LIFE 28 YRS..

| I EMI5510NS:.

i r
'

| ; P~'A 0.61, 2.18 MEV.

[ MATERIAL:

! M STAINLESSSTEEL
[ s.p%" ; Thick

'

' Porcel.in
. v' Enemel-p -

! ! .*
TYPICAL APPLICAll0NS:.

i s
| D BETA THICKNESS GAUSE5o

: e

| TRIPLE EIKAP5ULAil0ll RADIATION D05| METRY
t .

j |:
'

. a .. ..a . .

j

NOMINAL CONTENT UNIT PRICE IN LOTS OF

(inc) 1 10 11 - 25 26 -100 > 100

0.1 $150 $140 $110 $ 90
1 160 150 120 100

10 175 160 135 110

50 190 175 145 120

OTHER SIZES AVAILABLE ON REQUEST.

J-kR SI I (103.15 )n
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.TECHNJCAL DATA SHEET
..

"3M" Brand Rad!'ating Microspheres

Minnesota Mining und Manufacturing Company.
Nucleer Products Department

'

2301'Hudcon. Bond
- St. Paul 19, Minnesota.

January 15, 1960;

,

_ Descrinti03

"3MS Brand EadiatIng Microspheres' heraId a b.old new. approach
~

-

to the utilization of radinactive materials.

~ The radioisotope is incorporated in the solid microsphers'
in such a- way that the - cone truc tion is chemically -and ' physically-
inert, yet the useful rad tation is allowed, to escape. 1,enchin g

- tents in 0.01 N hcl show that loss than 0.010 of| the:attivity--
Is renoved in-7. days. A great' variety of !sotopes, including;
alpha emittern , can be incorporated in the microspheres at n!--
most any destrod' level of activity.

The principal- hazard of products containing alpha cr .bata'
emitting inotopes 1s the internal' radiation attending theiacet--

,.

I - dental ingestion or inhalation of the Isotope ( Incorporating-

-

the laotope 'in "3M" Brand Radiating Microspheres before ;fabr!--
cating the product reduces this internal -hnzard :to a minimun.

Table -1 contains n'11st of some of the more important
~

isotopea that are ava11able in'3M"EBrand Radlating Micro-
spheres. Virtually any 1setope can be incorporated in the
microspheron.

i
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Technica1< Data SlicetJ "page_.2-

1

'f a ble- I--
#

I:xart. pins of "y" Brand find,lating Microspheres-

_ - -- -

!

:M Is o tope- Type of
. .

$ stir:nted DpperTLimit'
.! hadiation lin.2 f-L ife . - of Specific Activity;

.

-- _- - _ . _ _ _ _ _ _ _ . = -- -- _ --Q:-
4 curie s/cyri.-W. ' Eu-ILO-1.a -R4 0 - 's ,y. 12.8 days -10 L

Calcten-h5 p 163. days- 100 n1111 cur:1ed/ch.- i
'

z-
Ccriu;sli,it 10 , y PR2 days 100 cur les /gn. : #

Ce s i urn-137 by 30 years 10 cur ics/gn. -,

Chrtmlue-fi y 2 7.8. dnys - ( cu r ios/gn.
~

[[--
|

.
;

Ocbalt-60 s,y F.31venrs- : 5 carics/ge. ;;S
. -

s -1

!. !
I;Ickc1-63 -0 f>$ years 20 n111'icur ie s/;;;m . .[

. l '.,

P ec~ e tnlum p ?.C yea ro' 30 curies /ge.' J
* -Polenfum-210 a 136 days 103 cu'r.1es/dm.:

badtur-226 -c,0,y 1622'ycart 0,3Lcurfes/gr..

s Scandluta-16 2 0 ,y fi$ days- 10 curics/gm. 94

Silver-210 p.y 270 days 100 mI 11 curies /grk

-Strentiun<90 p 23 years 12 curtee/cv. '

,The.211un-20h p 4 0 vears. 1-curie /cm.
Yttriuir4 0 0 61 hourt, 103 cu r ic t /gm .

_ , - - _ _ . _- _ .- _- , . . _ _- _;

pY

,- .|/ MM* '
, s

.

.,
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. . 1

g ycrttea er ritras6heres: !
' |

Gelert F11ky wnfte. !

St c For ununi appl 1ca tion .* 60Jnicrons ;- ibtit ? cnn..

'bc obtained in curefully graded :eises fro:n 10. '

to ~100 raicro:ie ,

i

.

- Den w I ty f lho olu to ' - 4.0 cm./cN
3.

.f. Gu M; - a bout 2.3 gm./cm3'[. depending on s ir$ '

.- . |,
,

,

, - y Pelt!ng Foin t: IF00 C.' '

'

Soldbility: 1.csc then 1 ;part per billf orin sult water
.

or . d ! !u te ac!d '100'nl. of. teh t' so lu t ion s-- |tiec ot . tert cau wech),-

~ bad iu t hn L tabili ty ; tx.c. a r than 1109 Rads (no visibla |
chcngo nor 'anyidecrease In the
Erc tention of- the11sotopas at : this ! , i

_
d ose ). ;

J

: Hazard-'ovaluutinn

internal: '*-
.

-

~

The incorporation'of a radioisotope into "W.' Bt;nnd
Endf ating Dicronpheres prevents that taotope .frc:C behnving
in a nor:aal me tabelic WW. For exarnple , work n t- 3?j has--

shovn t.but when Sr-90 talcrosphercs wcre fed to rats,'no
de tec tnh16 nr:6en L of red S ox11vLty - was deponi ted Ein the
en/cun cf tha anim1.(lesu than G 0007% 'of it;c nraount fed 1;
Thererere; the level for ingestion of Sr-90 carrier to give
C Fody burden :f 1 pc , t b nrerently nccepted toxinum, venid
be nry tInc t;te icsc1 cf toluble 5ru90 which could: 4t
tehratej., ;4 e n e xc 710 , If ve coune_ the - sarx condi tions -
to wxist in rna ss in the rats mentioned above rwhen less
than h0007f of the doze was in the carcaos af ter four days (
-ne c ould ingoet at least 140 me of Sr-90 carrier cad still
not exceed the 1 c body burden,

,

.E. x te r. n. 0.1 --

W usu:.1 prectu t 1cne trut< t te taken.to-shield the ex-
to rno l- ruf. ba t i en . / report enti t Ind "Hunard ivaluation of
h!ki Act!vated SeIT-lenipeun oevicen ?'ade with 'FU Drand

~

IMd tating "f erospheres" is avcilable- upon requke t.

T

-

, .-. J- '
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d
Again, it must be stressed that the likelihood of a systemi extremely remote.

The docking target is part of the LM, which is scheduled tusing Pm-147 returning to earth intact is#

1ess, if the LM did reenter the atmosphere the probability that th o remain in lunar orbit. Ne ve r the -,"

It is virtually impossible for the docking target to reenter and remain intact te system will remain intact is extremely small.I
t_ o impact on land.

However, if all these conditions were satisfied and an individual
'

tem and found a use for it, a. continuous contact with a disc for 1 000 hwere to chance upon the intact sys--

that would do no more than blister the skin if the total dose wours would be required to achieve a dose
,

also be required to achieve a " deep dos e" equivalent to one that would pere received in 24 hours. Over 1,000 hours would
only if the total dose were received in 24 hours. roduce a detectabic blood count change

Hence no credence can be given to the possibility of a significantexposure.

F
5.2 INDIVIDUAL SOURCES

.

5. 2.1 Self-Luminous Disc

The discs (3M Model IEZJ) are composed of fused silica which has a m lti
-

If protected by surrounding structure through most of the reentry heating
W e ng temperature > 2700 F.| unit s.

I- some discs may impact as individualI ,

.-

The silica is thick enough to absorb the Pm-147 beta completely; only th."
radiation is detectable at the surface of a disc. e gamma and bremsstrahlung
have a peak intensity energy of about 45 Kev (see Figure 20)The radiation from a disc was determined by 3M Corporation to#

throug(h various thicknesses of material is shown in Table 7 The percentage of transmission of 45 Kev X-rays
.

#

U.7 }1 tance from one disc containing 300 me of Pm-147 Table B gives the dose rate as a function of dis-
.:

The values were measured by 3M Corporation with-a CH tube. survey n;eter.
!T
a.

TABLE 7*
/

, ,

PERCENTAGE OF TRANSMISSION OF 45 KEV X-RAYSy

THROUGH VARIOUS MATERIALS
|

Thic kne s s
_Pl a s t ic_ _A lum inum _ Lead4 (in)

,

i 0.125 93 71 0 0
!

b 0.25 86 51 0 0

'

V 0, 5 75 26 0 0
!1 56 7 0 0r '

L
i

TABLE 8

DOSE R ATE VERSUS DISTANCE

FROM ONE DISC CONTAINING 300 MC OF Pm-147 j ;

6 Distance Dose Rate
(in) (mr /b r)

g 2 15
%' 3 10

6
3

12
1

L, 24 0. 4 ]
,

* 11

o NBS Circular 583 (Supplement). X-ray Attenuation Coefficients from 10 Kev to 100 Me v, 1959. j
_
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i- The MSC lisalth Physics Group measured the does ratas at several points about the disc. These dose
! rates were measured with three different instruments:-

i "

j' F N. 1. TLD (Thermoluminescent Dosimeter)
2. Technical Associates Cutie Pie *

3 Victoreen 188 Condenser Chamber

Table 9 lists the dose rates as measured by each instrument.

7
't

. AM, TABLE 9|

DOSE RATE FROM ONE LUMINOUS DISC
CONTAINING 300 MC OF Pm-147

Distance TLD TA-CP ;

_ (inches) (mr / hr) . (mr/ hr) |

5 Front Contact 860 650
Surface

1 8. 6--

2 -- 3. 9 !

%% 3 5. 6 2, 3 .!
4 -- 1. 8

'

S -- 1.1
=~m 6 1. 4 0. 7 .

I
|12 9. 4 --

7 24* -- --

mm .

Back Contact 510 568
Surface

1 -- 10

gm 2 -- 4

l 3 2. 5--

l /
1.6- - 4 --

gm 5 1--

6 0. 7--

Side 3 1. 6 --

M
6 0. 2 --

@ q -

7 * Victoreen 188 CC read 0. 03 mr/hr

I
Table 10 consolidates the measu:ed dose rate data available at this time.<

'' ;' The spread between measurements at identical distances up to 6 in, is not considered discouraging.

__ _
Since the Victorcen R-chamber is relatively less sensitive at 24" than the GM meter, due to the lower average

'
energy of the radiation at that distance, the actual radiation level at this distance is considered to be closer to the

" d GM meter reading.
I The dat'a for the dose rate from a dise was plotted on log-log m..ph paper as a function of distance,

l
,

If the data are accurate and the disc. does indeed constitute a point source, the data should form a straight line
| plot with a slope of 2. Each set of data points departed from this ideal, but the TLD data curve came closest to {

being a straight line and this curve did have a slope of 2. This, added to the fact that the TLD measurements in |~

all cases fell between the GM measurements and the Cutie Pie measurements, tends to indicate the TLD data are
,% a

mutually consistent. On the basis of best fit to measured data, a "best estimate" of each real value was made.
%e These values are presented in the last column of Table 10. ;j

sM

.m %
k

.M
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TABLE 10%

COMPOSITE OF MEASURED DOSE RATES
FROM ONE LUMINOUS DISC

%

MSC 3M Best% Distance TLD TA-CP Victoreen 188 (GM) Estimate(inches) (mr/hr) (mr/hr) (mr/hr) (mr/hr) (mr/hr).' Surface * 860
%

- - 860-

2 4-
15 14-

3 5. 6 2. 3 - 10 5. 6%

6 1. 4 0. 7 - 3 1.4m 12 0. 4 - -
1 0. 4

24 0.03 0. 4 0.1
- -

. .

T '

Another possibly valid rationale for considering the TLD measurements most reliable stems from
the observation that the physical size of the TLD detector is small in comparison with the size of the disc.' (The
detector size of the TLD is 0. 5 in, diameter by 0. 015 in, thick. ) Since the TLD data represents a good fit for the""~"
best estimate for dose rates at distances greater than 2 in.. the TLD data were used as a measurement of the sur-
face dose. Calculations of the radiation resulting from a Pm-147 luminous disc are complicated and would re-%

quire many hours of computer programming and data evaluation. Since the measured values confirm that the% levels are low. it did not appear to be productive to carry out a sophisticated analytical computation. However,
at some future time when perhaps larger sources need to be considered such an analytical evaluation may be re-%

quired.
This may be particularly desirable when the radiation interface between a radiation sensitive experiment7

or measuring equipment and the stray radiation from a radiation source must be analyzed.

Much more credible than any of the postulated intact returns to earth of systems is the possibility that an
,.m

q intact disc would survive reentry. However, the small size of the disc (0. 6 in. diameter) combined with the un-
likely eventuality that the disc would come down on land renders the probability of a disc coming into an indivi.
dt.al's possession a very remote statistical possibility. If all the conditions were satisfied a disc might be re-

,

garded as an object suitable for wearing i e an amulet or adornment (aborigines, bellydancers, etc. ). A constant
skin contact of several thousand hours (more than 4 months) would be required to produce a dc,se equivalent to

i

that required for a biological effect if such a dose were received within 24 hours.
'--

=-4 5. 2. 2 Switch Tips

The switch tips (approximately 130) contain a total of 617 me of Pm-147.~

Euh unit has 2-6 me of Pm-147 (as 3M Brand Radiating Microspheres; mixed with phosphor and am
binder in a clear plastic (methyl acrylate) switch tip.

The procurement specifications require that the total radiation shall be no more than 5 mr/hr at I cm.
---

g and 1. 5 mr/hr at 5 cm. Production models typically emit 1-3 mr/hr at I cm and 0.2-0. 5 mr/hr at 5 cm.
Table 11 gives typical dose rate values at various distances, as obtained from information provided by the 3M
Corporation.-

7
I TABLE 11
l

.-
DOSE RATE VERSUS DDTANCE

FROM ONE SWITCH TIP CONTAINING 5 MC OF Pm-147
I Distance Dose Rate .

|
p (inches) (mr/hr)
i Contact 10 'W *
*

0. 4 2

F 2 0. 3
4 0.08?

! 6 0.03
_ 12 0. 01

_
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If the switch tips were positioned in such a manner that they were all located at a single point, the

""
total dose rate at one foot would be about I mr/hr. In reality the total dose rate from all switch tips will be con-

M siderably less since the geometry that could cause the 1 mr/hr dose rate is impossible.

Switch tips are installed in the LM, and the likelihood of the LM returning to solid earth intact is
tu ? highly improbable. However, as was the case for the disco, if credulity were strained sufficiently, a situation%

j might be imagined wherein a switch tip found favor in someone's eyes and used as an adornment. An exposure of
,

8 over 300 years would be required to produce a dose equivalent to that which produces a detectable effect if re-%
ceived in 24 hours. Therefore the question of biological significance can be completely discounted..-

7s
j 5.2.3 Mic ros phe re s

The form of radioluminescent material that most probably could interact with the biosphere (man and '
~

his immediate environment) is the individual microsphere. While it has been shown in Section 4.4 that the prob-
iability of even a single microsphere finding its way into man is very small, the biological significance of this ex-
|"

tremely remote occurrence can be evaluated by calculating the radiation exposure resulting from the deposition j
"""*N of a microsphere on the skin and the exposure resulting from the ingestion or inhalation of a microsphere.

External Exposure - A microsphere may cause an individual to experience a skin dose. The maxi-
mum range of a 0.22 Mev beta particle is about 50 mg/cm . This corresponds to about 500 microns of tissue.

a

The microsphere is small in comparison with the range of the Pm-147 beta particle and therefore to
analyze the maximum potential exposure rate, the small amount of absorbtion within the microsphere was ig-
nored. No problem can result from energy absorbed by dead tissue. In a human, the surface layer of deada

tissue is considered to be about 70 microns thick, and the tissue dose at this depth becomes the controlling
factor.

A computer program was set up to calculate dose rates at 5 microns increments, out to 500 microns.
The results are presented in Table E-4 of Appendix E. The amount of activity in a single microsphere has a

-
nominal value of 0.1 c. With this quantity, the tissue dose rate at 70 microns is 1160 rads / hour.

m
This value is the dose rate at a point directly under the microsphere and at a depth of 70 microns.

The proper value is that taken over a skin area of about one square centimeter. Computation of this value was-

also performed by computer for several values of depth and area. For 70 microns depth and an area of I cm
(radius of 5650 microns), the averaged dose rate value is 0.24 rads /hr. If the area at this depth is reduced to
about 500 microns (corresponding to the range of the maximum energy beta-particle), the averaged dose rate*

-
value increases to 32 rads /hr.

Recent experiments with uranium-carbide microspheres performed at LASL have shown that inte-
"""""' grated doses of up to 50,000 rade to a small area of monkey skin have resulted only in a reddening of the skin
H without permanent damage. These doses are point doses at 100 microns depth. By comparison, the computed

dose rate for a single microsphere at 100 microns is 400 rads /hr or 67,000 rado per week.
-9

NCRP Report Num ber 29, " Exposure to Radiation in an Emergency", lists the maximum beta radia-d

tion required to produce recognizable injury to the skin of a pig. About 20,000 rade to the skin surface or about
1,200 rade at I mm depth (maximum beta energy of 0.17 Mev) was required. These results compare favorably

N il
with those at LASL. |

Internal Exposure - A microsphere could enter the body with water or food. The microsphere would
enter the stomach and pass into the intestinal tract with the food.-

9 Most of the beta energy will be absorbed by the contents of the stomach or the intestinal tract, but
since the microsphere may be adjacent to the lining, and to be conservative in this analysis, it is assumed that I

T no absorption occurs in the contents.
m

An analysis * was performed of ingestion of insoluble radioactive material where some portion of the
GI tract is the critical body organ. The organs considered in the GI tract are listed in Table 12.

* Proceedings of the International Conference on the Peaceful Uses of Atomic Energy, Geneva,1955, Volume 13,
page 139.

*

42



, , p> 0,

,V V
1~3
{

| TABLE 12 PHYSIOLCGICAL PARAMETERS OF GI TRACT
_s

,N Mass Effective Residence_

Cl Tract Organ (g ra ms) Radius Time
; (c m) (hours)-:

!( Stomach 250 10 1_y

Small intestine 1100 30 4

Upper large intestine 1 35 5 8,

1 i Lower large intestine 150 5 18- *-.=j

,
Total = 31 hours

~M In the case of Pm-147, the long half-life of 2. 6 years and the lack of any radioactive daughters of
importance greatly simplifics computation of the single exposure values of maximum permissible intake (MPI)

''

for ingestion of insoluble radioactive material when the GI tract is the critical body organ. These values of MPI
9 in microcuries will deliver 0. 3 rem to the indicated organ during movement through the GI tract. Values for

Pm-147 are listed in Table 13, column 2, for each of the four organs.
m

_g TABLE 13 MPI AND RADIATION DOSE TO GI TRACT

Dose from O. I c
G1 Tract Organ MPI for 0. 3 rem Microsphereq' " d *

( c) (miliirem)
Stomach 1700 0.029
Srnall Inte stine 1800 0.027-

Upper Large Intestine 110 0.44
U

Lower Large Intestine 56 0.88

The values indicate that the large intestine receives virtually the total dose of less than two mrem.t-

"" The accepted maximum size of respirable particles is about 10 microns. Most of the microspheres
(20 + 10 micron diameter) are therefore too large for inhalation. The natural rejection mechanism in the bron-,

-

chial tubes and the lungs, the cilia, sweep large particles out into the throat to be swallowed and to enter the
I d digestive tract.

In addition to the particle size distributlen inherent in their manufacture, there is also a possibility.
,

j that some of the larger microspheres withstand reentry heating in a partially ablated condition. As a result, a,

microsphere may have diminished enough in size to enter the lungs and remain there as an insoluble particle.

For the purpose of maximum exposure estimates, all of the 0. I e activity is assumed to be centered
M on a particle small enough (< 10 microns) to enter the lungs. For this condition, the integrated dose to the lung is

only 55 mrem (see Appendix E). This has no biological significance.
-

5. 3 SUMMARY
m

The only system that, with any degree of credibility, can be postulated as returning to earth intact, is the

%. c . docking ring and this unit is mounted on the forward heat shield which is jettisoned during reentry. Because of
the position of the docking ring on the CM, the self-luminous discs of the ring are not subjected to temperatures
that could possibly cause their disintegration. The possibility of contamination of the CM as a result of disinte-
gration of Pm-147 containing self-luminous discs can therefore be eliminated. The possibility of the heat shield%-

impacting on land and causing a biologically significant exposure is a barely credible statistical possibility.r,

If the luminescent discs separated from the docking ring, a theoretical possibility that one or more would
survive must be considered. But such discs would be randomly distributed over an area of some 500 by 3000

"A nautical miles. In addition 11 precautions have been taken to ensure that the spacecraft and all other component
debris will impact in the ocean. Therefore the probability of a single disc falling into the hands of a per son ig-%

norant of its nature is so remote that it can be discounted.*

w"""*N

w
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There rerdune the theoretical possibility that a single microsphere would land on or bi inhaled or ingsatsdby a human. No biological significance can be attached to any of these eventualities,
r r,-wD? :; 4

[' If the incredible aspects of all the above postulated events were to be discounted and incredibility were turned
into credibility, certa'n total dose values could be calculated that could of themselves produce a meas$ ureable bio * 'lo'gical effect.

However, the single most important factor of these exposures is that a very long exposure time
-

(hundreds or thousands of hours)is required to receive such an exposure.
.

The biological end point chosen was a*^
7 as

moderate crythema from a " surface dose"and a detectable (but meaningles s) change in blood count from a " deep dose"
The exposure time for both of these end points is 24 hours. .mm ,'

cannot produce the same end point due to the inherent recovery aspects of the tissue ar.d cells under consideration.
A similar dose received over a much longer time

#~
The exposure postulate.=

to producing a detectable effect within a 24-hour exposure period becomes biologically
insignificant when the same dose is received over a long period of time.

Thus, no credible situation can be postu-
lated where the exposure that might be received from the self-luminous sources currently planned for Apollo canD
be considered of biologic significance.

,
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C ON C LU SIONS

% One gene ral conclusion is of ove rriding importance; the
p use of Pm - 147 mic r o sphe r e s in s e lf-lu min o u s discs cannot,

under any credible cir cum s tanc e s , cause exposures of bio-
.. , logical eignificance.

This general conclusion is supported by e xa mina tion of

1) reentry trajectory cha ra c te ris tic s of returning spacecraf t

c o mpo ne n t s and 2) radiation me c ha nis m s r e s ulting f rom pro-

gramm ed or random return to e a r t h of P m - 14 7 containing sys-

tems or m od ule s .

"" The analyses related to the tr aje cto rie s of the CM, SM or

1 LM we re performed taking into c on side r ation situations that .

tax the imagination. Simila rly the cir cum stanc e s attending the-

la possible r a dia tio n exposuree that were po stula ted r e quir e d the

inclusion of eve ntualitie s so e xo tic as to appear ridiculous.
[',

L,: The f u nd am e ntal reason why the use of P m - 14 7 in the sys- |
i

.-<
,

f tems d e s c ribed is deemed feasible is that the exposure time s.

requir ed to receive biological significant doses far exc eed the

time limit s within which suc h exposure s must be received in
-

order to cause detectable biologic effects.
"**"*4
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APPENDIX A,,

DESCRIPTION OF APOLLO PROGRAM SELF-LUMINOUS SOURCES
%

-9
A.1 R ADIATING MICROSPHERES

" All of the radioactive material systems discussed in this report contain 3M* Drand Radiating Microspheres.
7 The microspheres are made by sorbing Pm-147 throughout a porous, microspherical, inorganic ion exchanger

and then fixing them by a heat treatment. The amount of impurities, consisting of Pm-146 Pm-148. Eu-152,
" and Eu-154 in a sample of Pm-147 as received by 3M Corporation is less than 10~4%, as measured by ORNL.
7 Following fixation, the microspheres are washed with strong mineral acids to remove any loosely bound activity.

The microspheres have a ceramic matrix and are physically insoluble in most organic and inorganic sol-

("'*T
vents, concentrated acide or alkalies, or even aqua regia at 1000C or higher. They are very tough and resist
breaking under normal circumstance s. Extensive soak tests indicate that less than 0.01% of the Pm-147 will be
leached from the microsphere during the first 24 hours of soaking. The leaching rate after this period decreases_

1 with time. The physical properties of the microspheres are presented in Table A-1.
,M

TABLE A-1
-

3M DRAND MICROSPHERES PHYSICAL PROPERTIES
M

Matrix Mate rial Ceramic

Color Milky White,

Melting Temperature- >1500 C (2700 F)
Diameter 20110 microns

y Absolute Density 3 g/cm3
Bulk Density 2 g/cm3
Activig 10 c/gm I

Specific Activity O. I c/micr osphe ree .

M
A.2 SELF-LUMINOUS DISCS I

The radiating microspheres discuss ed in Section A. I mmtains the Pm-147 used in the self-Luminouse

disco. The discs (3M model 1E2J) are fabricated from fveed silica, have a density of approximately 2. 5 and am j

melting temperature of >27000F. Each scif-lemiwn- ansc contains 300-1000 mc Pm-147 in 3M Brand radiating
M microspheres mixed with a phosphor. (A maximum of I c Pm-147 per disc 1 as been approved for licensing by 4

g the AEC, according to 3M Company. )

The ceramic housings are machined from Corning #7940 Fused Silica. When received from the manufac-
turer the blanks are examined to be free of scratches, excessive bubbles, and to be optically transparent. After |

W machining the dimension tolerances are as follows: |

Dimension Acceptable Values (inches),,

Outside Diameter 0.62 - 0.64
_

*

Inside Diameter 0.49 - 0.51
Outside Thickness 0.185 - 0.195-

Window Thicknees 0.05 - 0 07

All ceramic housings not meeting the se dimensional requirements are rejected. Figure A-1 is the specification
~ control drawing for a disc.

e
One of every 100 rough discs is submitted for analysis. The disc is decomposed with 47% HF to produce*

SiF . The volatile SiF is removed by ignition and the residue examined. The residue muss wa less than 1% by4 4

weight of the original sample, otherwise the entire batch of housings will be rejected.
a

The phosphor used has a chemical composition of ZnS:Ag:Cu. It has a peak wave length of 5200 A, which is
in the green portion of the visible spectrum.-

"-"*L
* Minnesota Manufacturing & Mining

-

a

naamure
*
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i l
y .The binder which h the phosphor and microsphsres together e a solution of K 0:SiO i2 n watsr.2

The self-luminous paint consists of the following mixture:
* 6. 5 - 7. 5 parts (weight) of phosphor
7 2. 0 parts (weight) of binder

0. 5 - 1. 5 parts (weight) of microspheres .

D Approximately 0.25 g of the paint is deposited in the center section of each disc. This is cured for 1-1/2 hours
'7 at room temperature, followed by 1-1/2 hours at 1270C.

The open end of the hole in the disc blank is sealed with a ceramic sealant which consists of 99.8% SiO2ni
a solvent. After leveling, this is air-dried at least four hours at room temperature followed by 1-1/2 hours at

0127 C. The hole is slanted such that the ceramic sealant plug cannot slip out of an intact disc under any condition.

Each disc is thorough y inspected prior to acceptance. These tests include the following:%

y Visual Inst ection Brightness
Dimen sional Inspection Initial Wipe Test
Weight 7 Day Wipe Test

The visual inspection checks the paint for dark spots. blotches. gaps or excessive bubbles. Sloppy work-
manship of any nature is also noted at this time.

The dimensionalinspection checks the outside dimensions of each disc. The maximum weight for any disc_J
is 2. 5 g. The brightness test checks to see that the light from each disc is at least I foot lambert.

" The initial and the 7-day wipe tests are designed to detect any removable contamination. This is done by
9 wiping all available surfaces with a filter paper wipe and analyzing the wipe. Sources with more than 0 005 pc of

removable activity are discarded as radioactive waste.
,

- ,

The discs have excellent resistance to ordinary weathering and to attack by nearly all chemical reagents.
m,

Rapid attack gecurs only on exposure to hydrofluoric acid or concentrated alkaline solutions, the rate of attack
increasing with elevated te'mperature. Table A-2 lists the chemical durability of fused silica to three typical
reagents. -

TABLE A-2 ,

*CIIEMICAL DURABILITY OF FUSED SILICA
-

Reanent Te m pe r atur e Surface Erosion
(oC) (Inches)

-
5% hcl (24 hrs) 950 1 x 10-6'

Water (24 hre) 100 5 x 10-7%

5% NaOli (24 hrs) 950 5 x 10'4
m

~ " A.3 SELF-LUMINOUS SWITCil TIPS (SLST)

Each toggle switch with SLST in the LM control panel contains 2-6 mc of Pm-147. The activity-

is contained in the 3M radiating microsphere (see Section A.1 of this Appendix). A phosphor and a binder
(Epo-Lum 100) are mixed and imbedded in a hole in the switch tip. The switch tip end is then covered with a
clear plastic (methyl acrylate) and sealed with Maragias Resin #655. *-

M- The body of the switch tip. methyl acrylate. is very resistant to radiation damage with only slight darken ~
ing occurring at absorbed doses of 100 megarade.

Procurement specifications require that the total radiation from the switch tipo not exceed:
'

a) 5 mr/hr at I cm from surface
b) 1. 5 mr/hr at 5 cm from surface-

Production models typically emit:_
*

a) 1-3 mr/hr at I cm
b) 0. 2-0. 5 mr/hr at 5 cm.,w

.

* Product of Marblette Corp.w

~
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**" i APPENDIX B

FLIGHT QUALIFICATION TESTS%

5 !

B.1 SELF-LUMINOUS DISCS
N Te st Conditions R e sult s l

% 1. Ilumidity 40 1000F at humidities to 100% for two days < 0. 001 pc Pm-147 I

detected on wipe test" *.. passed

2. Shock Total of 18 shocks having a 50 g peak with a < 0 001 c Pm-147
sawtooth pattern (11 i 1 millisecond rise, detected on wipe test
I f.1 millisecond decay) .'. pa s s ed !

.
,

%
3. Temperature vibration Low level resonant frequency searc a sinu- < 0. 001 pc Pm-147 !

% soldal sweep from 5 to 28 cps at 0. 5" double detected on wipe test I

5 amplitude (DA) 28 to 3000 cps at 20 g's; 3000 .'. pa s s ed I
1to 28 cps at 20 g's, and 28 to 5 cps at 0. 5" DA i

at 1/2 octave / minute, and random vibration
i

m

13 according to the following spectrum.
20 to 100 cps 12 db/ octave rise.

" 20.6 g / cps constant100 to 1000 cps
'7 1000 to 2000 cps 12 db/ octave roll off

Random vibration was applied for 30 minutes
' along each axis (90 minutes to,tal). All vi-
'J ' bration was applied along each of the three

major axes. 50% (each) of the program con-
'

ducted at +2600F and -2600F.

4. Thermal vacuum Exposed to a pressure of 10-5 mm Hg or . < 0. 001 pc Pm-147
lower for a minimum of 2 hre at -3000F and detected on wipe test /,

0then at +260 F / passed

5. Thermal shock Stabilized parts at -321 F and then trans- < 0. 001 pc Pm 147
"9 ferred to ovens at 600, 750 and 9500F. Wipe detected on wipe test
$ checked, held for 12 days and rewiped. .. passed*

B.2 SELF-LUMINOUS SWITCH TIPS-

q Test Conditions R e sult s

1. Radiation level 0. 2-0. 5 mr/hr at 5 cm Passed
*

1 mr/hr at I cm Passed
I' 2 Flammability Must withstand 3500F without bursting into Passed I

flame
3300F started to deform

_
* 3800F - definitely deformed

515 F viscous puddle. but did not ignite

, 3. Brightne s s Must have light brightness of 0. 0_3 ft lambert In progress3

|
or greater after 2 years j

4. Corrosive Contaminant Sprayed with 1% salt solution for 48 hours Passed

5. Humidity 75-900F at 95% relative humidity for Passed

10 daysa

6. Te mper ature -600F for 24 hours Passed
|

I +1600F for 24 hours Passed
+

9
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Conditions R e sult a, ,

* 7. Shock Three 50 g thocks in erch direction along Pascad
three coordinate axes. Total 18 shocks.

8. Oxygen atmosphere 4 days at 5 psig.100% oxygen; at 50 F and Passed03
900F at 50% relative humidity and dry for a

~' % total of . different tests. Each test lasting
'w 2'4 hour s.

0 F for 24 hours at 10-59. Thermal vacuum 0 mm pressure; Passed
160 F for 24 hour s at 10-5 mm pressure

~4
10. Overstress tests

% a. Thermal vacuum Increase temperature at 10-5 mm pressure -
partly deformed at 3400F

b. Temperature 1) At liquid nitrogen temp for 1 to 16 hra Passed
0% 2) At 500 F for 10 minutes Passed

3) At 9000F momentarily Passed
c. Shock 80 g along three coordinate axes Passed

- . - - ,
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APPENDIX C

ENTRY HEATING ANALYSIS FOR CM DOCKING RING AND SM BAIL HANDLE
---

~~ w
The basic problem is a determination of the disposition of self luminous disco during atmospheric entry.

The discs are mounted on the Apollo CM docking ring and in the SM bail handle. The first critical parameter---am

.% associated with the discs is the melting temperature (400 F) of the epoxy bonding agent. The second critical0

parameter is the sof tening temperature of the fused silica disc (>2700 F). Since the critical parameters are
- temperatures, consideration must be given to a wide range of operational trajectories.

~N C.1 CM DOCKING RING

__ In lieu of a statistical study of operational entry trajectories, consideration has been given to key entry
mod e s. As a general rule, temperature levels on a reentry vehicle are dependent on the integrated heat load.
For lunar return the heat load range extends from the values for the high heat load (HL), low heat rate trajectory
to those for the high heat rate (HR), low heat load trajectory. The AS-201 mission trajectory was selected as
typical of orbital entry. Convective heating distributions around the Apollo CM are calculated and correlated in
terms of a ratio to tt.e instantaneous stagnation point heating for the vehicle. Experimental verification of heat-
ing rates on the flat face of the truncated Apollo CM has not been obtained. Theoretical estimate s of the heating,,,

in this area of the docking ring yield values on the order of 5% of the reference (stagn**io.. yonnt) heating with,

secondary flow deviations to 10% of that same value. The lowest values of separated heating measured on the
Apollo CM are 2. 5% of the reference level. These low values were on the conical section. however, and are noti.-

applicable to the truncated region. The seemingly large disparity, between 5 and 10% of the reference heating,,%

is due to the fact that these heating levels are on the order of 0.1% of the incident air relative energy flux.
'''

The temperatures in the boundary region (where the epoxy bonds the discs to the ring) have been calculated
~~""-i for the three reference trajectories for both 5% and 10% of the reference heating rate. The results are shown in

Figure 18. These calculations are based on a one-dimensional heating analysis and assume a surface emissivity.

of 0. 9 The results show that the bond will exceed the first critical temperature of 4000F for all trajectories
"~"*"

with the exception of the AS-201 trajectory with the 5% of refe rence heating rate.w

. - The maximum temperature to be expected at the exterior surface of a disc is approximately 1400 F. This
peak surface temperature occurs on the H L rajectory at a location with a heating rate equal to 10% of the refer-t

ence level. These results imply that in all operational cases a disc would not reach the second critical tempera-
y ture of 27000F if it remained in position on the CM.

The next question that arises is what happens to the discs when the epoxy temperature exceeds 4000F.
There is a net acceleration of the CM in a direction normal to the vehicle axis of symmetry; however, this ac-
celeration is very small compared to the deceleration along the axis. At an angle of attack of 300, the normal

, acceleration is 8% of the axial deceleration. At a 20 angle of-attack this figure is only 5.4% Since the vehicle0

will trim somewhere between these angles, the coefficient of friction between the disc and the ring surface must
%-- "*

be less than some minimum value that lies between 0. 080 and 0. 054 for the disc to leave the CM. There is no
available information on the friction factor associated with the epoxy bond at elevated temperatures. As a frame;

of reference, the static friction coefficient of a waxed ski on dry snow is -0. 04. On this basis, it is anticipated
that the discs will not leave the CM during hypersonic flight.

w>
d

if, on the other hand, the discs do become detached, their disposition depends on their trim attitude. If

the discs could maintain a trim attitude of flat face normal to the free stream their ballistic coefficient would be
less than that of the CM. If this unlikely attitude were maintained the discs would survive entry.") ,

A disc with a stable trim attitude of flat face parallel to the free stream would have a greater ballistic
* -

coefficient than the CM and would therefore lead the CM in flight. For this attitude (edge first) 1imiting boun-
daries have been calculated and are shown in Figure 19. The boundary of the no damage area is obtained by the,

point where the aerodynamic heating is less than the disc surface radiation at 2700 F. The boundary of com-
X

plete disintegration is established by integrating back along a constant altitude trajectory to the point where thee

, ; heat load is sufficient to completely melt the disc. Although the constant altitude trajectory is a poor approxi-
mation to an actual disc trajectory the resulting boundary is felt to be a reasonable approximation. The aero-

%
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% dynamic heating was calculated assuming a continuum flow over the disc and by the use of the Detra. Kemp and
|Riddell curve fit to the convective heating theory of Fay and Riddell,

m
Calculations were performed for the reference trajectories assuming the discs were released the instant .

]7 the bond temperature reached 00 F. In every case the disc was completely melted in the order of a second. !
. This assumed the flight path angle and the initial velocity of the disc on edge was equal to that of the CM at the 1

'

time of disc release.
7

-l
In terms of the CM docking ring self-luminous discs it is concluded that the discs will not leave the CM and

will remain intact for the hypersonic portion of atmosphrric entry. If the discs were released from the vehicle .{m
3

g their disposition is defined by the boundaries shown in Figure 19

C.2 SM DAIL HANDLE
9

. The disposition of the self-luminous discs in the bail handle of the Apollo SM depends entirely on the be-
havior of the SM during entry. If the SM maintains an attitude with the ball handle in a forward position, the ball

.

handle and the discs will undoubtedly disintegrate even during orbital entry. On the other hand, if the bail handle%

$ is shielded from the free stream flow, it is possible for the ball handle and the discs to splash down intact. . The
,

disposition of the discs in the SM cannot be considered separately from the behavior of the SM itself. i

|
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d bAPPENDIX D

DISPERSION OF SELF-LUMINOUS SOURCES AND MICROSPHERES DURING REENTRY
%

..%* D.1 INTRODUCTION

The Apollo spacecraft carries on board approximately 65 curies of Promethium 147 (Pm-147) as sealed- - - ,

y self luminous sources. The Pm-147 is tightly bound in 3M Brand radiating microspheres sealed in about 130 LM

| switch tips and 213 self-luminous disce contained in the CM docking ring, the LM docking target and the SM ball
- handle.
'"~

The dispersion of the self-luminous sources which reach the surface of the earth intact or the microspheres
escaping from vaporized light sources during reentry is examined in this Appendix. From this analysis it is con-
cluded that (1) should the self-luminous disc s contained in the SM and LM survive reentry, they will probably be widely |

" dispersed along with the other debris from these modules in a random pattern in an area approximately 3000 nau-
tical miles in length in a down range direction and 500 nautical miles in a cross range direction; 2) should a self-
luminous disc or discs separate from the CM during reentry (which appear s to be a remote possibility) it will

'' survive and impact on the earth as an intact disc only if it maintains a trim attitude with the flat face nozmal to
the free stream. In this unlikele event, the disc would impact to the rear of the CM footprint at a point deter-
mined by the trajectory pararr -s at time of release, the aerodynamic properties of the disc', and the action of

7 the wind on the disc during its descent after reaching terminal velocity. In the event more than one disc sepa-
rated, they would proba,blyimpact at widely separated points due to variations in trajectory parametere at time of re-
lease, aerodynamic properties, and winds acting on the disco during descent; 3) self luminous sources (discs and
switch tips) that experience reentry heating sufficient to cause their disintegration and release of the micro-

,
spheres to the atmosphere will inject radioactive particles in the mesosphere or upper stratosphere. These
microspheres may be further ablated by reentry heating and will be distributed throughout the atmosphere and

|** deposited on the surface of the earth in a manner consistent with the " stirred reservoir model" of Holland and
Klement. I In a worst case calculation in which the total 65 curies of Pm-147 was assumed to be injected into '

the upper stratosphere, it was determined that maximum tropospheric concentration was delivered in approxi-
mately 94 days, at which time a microsphere concentration of 1 microsphere per 70 cubic kilometers could be
predicted. Maximum surface concentration occurs at approximately 908 days, when the concentration was calcu-
lated to be less than 1 microsphere per 40 square kilometers.

The following sections discuss reentry dii.,persion applicable to the SM, LM and CM self-luminous sources.
e

,
. D. 2 SM SELF-LUMINOUS SOURCE DISPERSION CHARACTERISTICS

The reentry heating analysis for the SM (see Section 4 2) indicates that the SM will disintegrate and expose-

all of the resulting pieces of debris to a severe thermal environment at an altitude of approximately 230,000 ft.
.

The survivability analysis indicated that the aluminum and magnesium pieces would not se vive the thermal en-
vironment. However, many of the steel and titanium pieces would survive to impact.-

m Since the SM self-luminous discs are recessed in the aluminum bail handle, it may be concluded that the
ball handle melts and the discs are released to the atmosphere. The fused silica discs melt at only slightly

" lower temperatures than steel. It is therefore probable that some of the SM discs may survive to impact on the
. earth's surface with the other SM debris. It is probable that the discs that impact (a maximum of 24) will be

randomly distributed throughout the dispersal envelope of the debris. This dispersal envelope is calculated to
~ be approximately 3000 nautical miles in length in a down range direction and 500 nautical miles in width in a
9 cross range direction.

SM discs that disintegrate due to extreme thermal environment will inject their microspheres in the me so-
sphere or upper stratosphere. The microspheres may in turn experience some ablation and form a diffuse llae

~

of radioactive particles in the upper atmosphe re. It is probable that dispersion and removal of these particles
from the atmosphere will occur in a manner which is analogous to the stirred reservoir model analyzed in%

Sect. D.5.

- . -
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&A D.3 LM SELF-LUMINOUS SOURCE DISPERSION CHAR ACTERISTICS

% The LM is not intended to return to the earth after a lunar mission. However, if reentry occurs after an
i j

aborted mission, a trajectory similar to the SM trajectory analyzed in Section 4 2 may describe the aerodynamicP*
heating environment and structural loads it will experience. In this event, structural breakup and disintegration
of aluminum and magnesium components can be anticipated. The self-luminous discs and switch tips will survive
or disintegrate depending on thermal shielding provided by steel and titanium components in the debris.5

The sources that survive (a maximum of 66 self-luminous discs and about 130 self-luminous switch tips)
!

,

will probably be randomly distributed in the debris impact envelope of the LM. This envelope, by analogy to the
%

i

'

SM analysis, may approximate an area of 3000 by 500 nautical miles.%

!
The sources that disintegrate will inject a radioactive cloud into the mesosphere or stratosphere in a

7 manner similar to the CM discussed in Section D. 5.
j

~

D.4 CM SELF-LUMINOUS SOURCE DISPERSION CHARACTERISTICS
""

CM trajectory analyses for lunar and earth orbital reentry indicate that in almost all ca;es examined
A

temperatures necessary for separation of the self-luminous discs from the docking ring are reached prior to the
first peak in CM heating (the AS-201 trajectory calculation assuming 5% of stagnation heating rate was the one

,

|
""

exception; see Figure 18). After this temperature is reached, separation may occur if the coefficient of friction
%

between the disc and the fiberglass substructure is below a critical value determined by the CM angle of attack.

The discs that do not leave the CM during the high deceleration period will stay in place until the CM
descends to an altitude of about 23,500 ft. At this time the forward heat shield is jettisoned and the forward heat~

chield with the discs attached will land near the CM.
1

The discs that separate will survive to land intact only if the disc enters the free stream in a trim attitude I

of the fiat face normal to the free stream, which appears highly unlikely. In this situation the disc would rapidly
#

fall behind the CM and follow a trajectory which is determined by its physical characteristics and the trajectory
y parameters at the time of separation. Since it is not likely that more thar. one disc will separate at a given
1

moment and it is probable that each disc will differ in physical characteristics from the others due to adhering
epoxy, the trajectories each disc follows until the time terminal velocity is reached may result in significant dis-

,

persion of the discs that separate from the CM. After terminal velocity is reached the discs will fall at terminale

y velocity as given by Newton's law for turbulent motion and achieve further dispersion due to the action of the winds
during descent. A calculation of a representative displacement due to winds during terminal velocity descent '
(assuming terminal velocity is reached at 50. 000 meters altitude) is presented in Section D. 6.

=

It has been calculated that the discs that separate from the CM and assume a trim attitude other than flat
*

face normal to the free stream will disintegrate within one second (see Figure 19). In this event the microspheres%

will be released to the mesosphere or stratosphere and may experience further ablation. The resulting diffuse
cloud of radioactive particles will be dispersed in the atmosphere and removed from the atmosphere in a manner
similar to the stirred reservoir model previously discussed. Section D. 5 analyzes the dispersion and deposition
of microspheres using the stirred reservoir model.

D.5 DISPERSION OF MICROSPHERES

Trajectory analyses of lunar return and earth orbital return reentry modes of the Apollo Command Module
(CM) indicate that in all cases in which separation of the self-luminous discs from the CM occur, the altitude and,

velocity at separation are sufficient to cause disc burnisp within one second af ter separation although some coulde

survive due to trim attuude. Partial burn-up of the microspheres is also probable, producing a cloud of radio-
9 active vapor. Since the microspheres are approximately 20 microns in size, the particle-size distribution
I within the cloud can be expected to range from about 20 microns to appreciably smaller sizes. Regardless of the

dynamic heat loads experienced by the microspheres, the net result is that the atmosphere is injected with a dis-
N tribution of radioactive particles 20 microns or less in diameter in the region at which separation occurs. In the

earth orbital case the deposition occurs at about 145,000 ft (in the stratosphere). In the lunar return modes of%

rsentry, the deposition can occur in the region from 154,000 ft (stratosphere) to 233,000 ft (mesosphere).
"i

:en
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j
For the probable particle size distributions in question and at the altitudes of deposition, the "ctirred re:er-

1.%
|

voir" model based on bomb test fallout data appears acceptably valid. I The atmosphere is taken as a series of
N three reservoirs (mesosphere, stratosphere, and troposphere) separated by permeable barriers, so where is a

e "mean re sidence tim ( " in each reservoir. Dobry2 indicates mean residence times of 5 years in the mesosphere
,

(>160,000 f t), 2 years in the stratosphere (160,000 ft to 40,000 ft), and 21 days in the troposphere (< 40,000 ft), 1

T
and accounts for the well known non uniformity of fallout by assuming that 2/3 of the activity falls onto 1/6 of theW earth's surface (between 30 and 60 degrees north).

I

,

1

D.5 1 Radioactive Fallout Analysis

The radioactive material is introduced into the atmosphere at altitudes ranging from 145,000 ft to%

233,000 ft. The principal mechanisms by which removal of radioactivity from the atmosphere occurs are: gravi-
-

tational settling, scavenging of radioactive particles by falling precipitation, radioactive decay, and deposition by
diffusion.

I

The basic removal relationship is

dA(t) i-k A(t)" =
|dt

where |

%
l dA(t),

N dc activity depletion rate=

A(t) = regional activity burden at time, t
F" k = proportionality constant = removal rate,

A 1/k mean residence time=

0. 693/k = half residence time
)" The solution of this equation is:
l

A(t) = A(0) exp (-kt)%

where A( 0) is the initial Pm-147 activity at t = 0.
..

For the case of reentry burnup debris, the mean residence times of Dobry are used, namely: |
%

1) Mesosphere (above 160,000 ft) - 5 years
2) Stratosphere (40,000-160,000 ft) - 2 years
3) Troposphere (below 40,000 ft) - 21 days,

%

A worst case evaluation follows by considering that the total'Pm-147 activity available is 65 e and '

|total injection occurs in the stratosphere rather than in the mesosphere. For this case the activity equations for 1
e

the stratosphere, troposphere and earth's surface are as follows:-
,

St r a t o sph e r e !

rate of change rate of loss of rate of loss of-

of activity in = minu s activity to the minus activity due to
5 stratos phe re troposphere radioactive decay j

dAg(t)- ,,

= -kg A (t) - k A (t) (D-1)1 1dt

T r opo s phe r e
" rate of change rate of gain rate of loss rate of loss

*
of activity in plus of activit y f rom minus of activity to minus of activitya

_
troposphe r e stratosphe re the earth's due to radio-

surface active decay
.

dA (t)2
k ^2(*) * A A (t) (D-2)= k A (t) -1 1 2 2dt

i

- Earth's surface

~

rate of change of rate of gain of rate of loss of
activity deposited plu s activity from minus activity due to=

on earth's surface troposphere radioactive decay
-

*

dA (t)3'.t
k ^2(*) ~ ^ ^ 3(* ) (D'3)zet

-

*
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The solutions 9thase activity eqctions arct
'%.

5

.4

Stratosphere - Eq. (D-1):
%,

A (t) = A( 0) exp (-(kg + A)t) (D-4).y l

Troposphere - substituting A (t) from Eq. (D-4) into (D-2) givest1
%

dA (t)2
% = kgA(0) exp [-(k1 + A ) t] - (k2 * A I A (8)dt 2

The solution of this equation is:-

m, k g A(0)

[-(kg + A )t) exp (-(k2+ )t] (D-5)A (t) = k2 exp
2*%

Earth's surface substituting A (t) from Eq. (D-5) into (D-3) givest2

dA (t) k k A(0) {3 g2
"' " + *W 2* *UNdt k2-kg 3
%

Setting [k k A(0)/(k -k )) = Cg leads to the solutioni 2 2 3
-

C1 C1
3 = g exp [-(kg + A )t] + exp (-(k2 + A )t] + 13 exp (-At) (D-6)

% A (t)

where 1 is a constant of integration. When t = 0,g
%

C1 Ci
Il"k k,

1 2

Setting =B3, =B, and13=B3 gives
- -

2
1 2

e

'. A (t) ,

= B1exp (k} + A) B2 eXP -(k2+ )t] + B3 exp (-A t) (D-7)3
-

%

P' valuation 6f Constantee

4 kg = rate of loss of activity to troposphere (stratosphere mean residence time of 2 years)

= 0. 693/730 = 0. 95 x 10* 3 day *I
a

k2 = rate of loss of activity to the earth's surface (troposphere mean residence time of 2'l days)
= 0. 693/21= 3 3 x 10-2 day *1

"
A = decay constant of Pm-147 (half life of 2. 6 years)

= 7. 36 x 10 * 4 day *I

- kg + A = 0. 00168 day *1

k2 + A e 0. 0337 day'l"

A(0) = 65 curies of Pm-147,

W kk A(0)gg
C1 k -k = 0 0635 curies=

2 1
"

-C;y B -66. 92 5 curie s= j1- =
.

3

-C* g
B = -1. 925 curies=2 7

2
#

B3 =B2*B1 = 66 925 - 1 925 = 65 curies-

*r
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,- q Maximum Burden k ) a 65 curies)
'

, 'A
| -a, Troposphere,

To estimate time for maximum burden in the troposphere, set the first derivative of Eq. (D-5),

^*
equal to 0 and solve for t.

k A(0) {M g

(-(kg + A)t] exp (-(k2 + A )t] (D-5)| [ A III ' * k2 -k <exP
F% 2 1

.

L Taking the firet derivative and setting it equal to 0:mm (
>

fN a k A(0)e (kg + A )t
-

l
dt g (k2+ )A (t) = 0 (D 8)

-

Z

?

1A(0)
' (k1 + A )t * * (k2 + AIt

- -

j where A (t) *k -k d
2

2 g i

Solving for A III82,

, r if"""J A (t) g,925 e (0.00168)t , ,-(0. 03373)t
-

3
,

Substituting this value of A (t) in Eq. (D-8)givesm
2

I
= 0. 0617 e (0.0016%)t - 0.06493 e (0.00 K8)t , ,-(0. 03373) =0 (D-9)

- -

_.

The time of maximum burden is then numerically estimated for the time when t changes sign
''

d A II|'2t=1 = +0.059 ', dt_ ,

|
1 t = 93 "

, = +0.0000563c

t = 94 "
. = -0.000033

t = 95 "
, = -0.0001

.;

t = 100 , " = -0.0005
j

-
Using t = 94 in Eq.(D-S. A (t) = 1. 563 curies2"

. .

The maximum atmospheric burden in the troposphere therefore occurs at about 94 days after reentry, at which f
time 1.563 curies of Pm-147 will be distributed throughout the troposphere. .I

-

1

l
o

b. Earth's Surface (A(0) = 65 curies)

To estimate the maximum burden on the earth's surface, set the first derivative of Eq. (D-6) equal to
= sero and solve for t.

,

-C C i

A (t) = exp -(kg +X )t + exp -(k2+ )t + I e xP - A t (D 6)3

-<
d A (0) ' '

3
'dt

*

= C1 exp -(kg + A )t exp -(k2+ I'[ ~ ^3(t) = 0 (D-10)-

'
-C C

3 g

where A3(t) . = p1 exp -(kg + A )t + 7 exp -(k + lt * I exP *k t,

2 2-

k k A(0)i gz
with C = 0.06353 = (g . g})g

-

3 -66. 925 exp -(0 00168)t + 1. 5s25 exp -(0. 03373)t + 65 exp -(0. 00073)t IA (t) =

1

Lg,

,i
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-
Substituting in A (t) in h.p-10)pves .

3

dA (t)
fexp-(0. 00168)t exp -(0.03373)h

3.d = 0.0635dt

-0. 00073 h66 925 exp -(0. 00163): + 1 925 exp -(0. 03373)t + 65 exp -(0.00073),
=0

The time of maximum burden is then numerically estimated for the time when t changes signa
-

dA (t)3t = 700 +0.00621a
d t.

t = 900 " = +0.00018

% t = 907 " +0.000019=

~ t = 908 " -0.000043=

t = 910 " -0.0000506=
9

t = 915 "
= -0.0001m

Thus, the time for maximum burden on the earth's surface is 908 days. Substituting this value in Eq. (D-0 gives"

the maximum Pm-147 borden of approximately 18 9 curies. Therefore the maximum activity may be expected atN about 900 days, at which time the distributed Pm-147 activity will be about 19 curies.

D. 5. 2 Troposphere and Surface Concentrations-

M
The concentration of radioactivity in the troposphere may be found by dividing the tropospheric burden

,by tropospheric volume.
Recent evaluations of bomb fallout patterne showed that two-thirds of the tropospheric

burden lies between 30 and 60 degrees latitude in the hemisphere where the material is released. 3 The volume
of this region, for a height of 10. 7 kilometers, is 7.83 x 10I7 3 The maximum tropospheric concentration ism.

then estimated to be 1 35 x 10-18 c/cc. The maximum permissible exposure (MPC) for the general public is
2 x 10-9 pc/cc.

Therefore the maximum concentration of Pm-147 in the troposphere is about 9 orders of mag'ni-7 tude less than the MPC. 4

/If it is assumed that the microspheres survive intact, then the maximum concentration of micro-1

g spheres can be estimated by dividing the tropospheric activity concentration by the microsphere activity at the,

time in question, namely t = 94 days. Assuming the microspheres have an initial activity of 0. I c when intro-
duced into the biosphere, then at t = 94 day (maximum tropospheric Pm-147 concentration), the activity in the

-

y microspheres will have decayed to 9. 3 x 10-2 c/mic rosphe re. This will result in a " microsphere concentra-
tion" of 1. 45 x 10-16 microsphere per cc or one microsphere may be expected in 70 cubic kilometers d atmos-
phere (one microsphere above 2. 64 x 2. 64 km square area).e

*-W
The surface concentration may be computed by dividing the maximum surface burden by surface area.

Again, two-thirds of the activity will lie in a 30 to 60 degree latitude band about one hemisphere. The area of~

the earth's surface in the band described is approximately 9. 34 x 10I3 2m. Maximum surface concentration over7 this area would be 1. 35 x 10"I3 pc/cm .3

Again assuming that the microspheres survive intact, then the maximum activity concentration of.

microspheres on the surface of the earth can be estimated by dividing the earth's surface concentration by the
microsphere activity at t = 908 days. At 908 days, the microsphere conceatration would be 2.65 x 10-10 micro-
spheres /cm2 or one microsphere every 40 square kilometers., , ,

it should be noted, however, that since natural processes such as leaching of the soll and the bio-m

logical uptake by animals will occur continuously during the deposition process, the maximum surface concen-
"

trations actually available to interact with man will be considerably less than that indicated by the above calcu-
H 1ations.

In summary, the Pm-147 contained in the self-luminous sources lo assumed to be introduced
into the biosphere at altitudes ranging from 140,000 to 233,000 ft. A " worst case" computation is made assum-
ing the self-luminous discs follow the profile of the CM. The " stirred reservoir" model of Holland 2 is used to

_
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Ng estimate the concentration of P 147 activity from its release in the atristcaphere. anixing into the troposphere,
and finally depositing on the earth's surface.

(If reheau in the menosphere were assumed, then another mixing
layer would be introduced and the resultant activity con.ce ntrations would be very much lower than for case

~~

analyzed. ) The maximum tropospheric aerosol concentration would occur at t = 94 days producing a " virtual
concentration" of 1 35 x 10 18 c/cc with a " microsphere concentration" of one microsphere per 70 km 3 of
atmosphere (one microsphere above every 2. 64 x 2. 64 km square area). The naaximum activity concentration on

%

the earth's surface would occur at t = 908 days producir,g a " virtual concentration"of1. 35 x 10"13 pc/ctn3
..

with a
" microsphere concentration" of one microsphere per 40 km ,2

w

D.6 DISC DISPERSION DURING TERMINAL VELOC!rY DESCENT

In the following calculations, particles are assumed to proceed carthward with essentially terminal velocity*
while being transported horizontally by wind. The terminal velocity for large particles is given by Newton's law

7 for turbulent motion:
I4 pgP.

% V= x 10"7 (km/sec)
7

where the particle or disc diameter, P = 16,000, is in microns; gravitational acceleration is g = 980 cm/sec ;2

the particle density is g = 2.21 (gm/cm ); air density is g, = 1. 3 x 10*33
exp -Z/7 (gm/cm ) at altitude Zg (km);3

and dimensionless drag coefficient for turbulent motion is C = 0. 4 4.
% D

In falling * from Z3 to Z2 (Z1 representing upper wind layer boundary; Z2 lower wind layer boundary), the
, Z2 Z2
g wind will carry a particle a distance 4X = dZ = Z , where V is the terminal velocity

Z1 -Z g

] from above and V is the wind speed at altitude Z. The following wind speed profile equations were taken fromwW Reference 5:

,
- "

50

(1. 2 Z3 - 32. 3) (m/sec)V = 29. 0 $ Z15 50 (km),W ....

. -29
* - -29

6 (m/sec)w V, = 20. 0 s Z1 s 29 (km),....

_ _20
m

-J|
- ~

20

(46 - 2 Z ) (m/sec)
' V = 10. 5 s Z $ 20 (km),W 3

....
g

. - 10.5

_
- - 10.5

W (2 85 + 2 1 Z ) (m/sec) 1. 5 4 Z 5 10. 5 (km).V =
3 3

....

+ . 1. 5

"t - 1. 5

6 (m/sec)V = 0 $ Z 4 1. 5 (km).W ....
g

. -0
~1

For example, if Z3 = 50 km, then Vw = 0. 066 km/sec and V = 1. 01 km/sec. In falling from 50 km to 29 km
9*

. 29.,

7 then, the particle will travel a horizontal distance of 1. 37 km, as bX= 0.06
ds = 0.065 z = -1 37 km.,9

~ *

50 ~ 50

~;
Note that since the wind speed is decreasing with altitude between 50 km and 29 km, using the greater Z value
presents a conservative estimate, that is the greatest horizontal displacement is given. The wind speed values3
are all negative as this distance is in the downwind direction.

Y
!
-
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The distance that a particle of size 16,000 microns traverses in each altitude layer is given in Table D l{ and the total distance, given a release altitude, is obtained by summing the

a
,

4X's of the altitude layers theNw
particle falls through in Table D-1, and are given in Table D-2.

TABLE D-1
TRAVERSE DISTANCE FOR SPECIFIC ALTITUDE LAYER

**
Altitude
Interval V *V w 4X

Z (km) (km/sec) (km/sec) (km)
Zg(km) 2

|%

.
50 29 1 01 0 066 1. 37

' #
29 20 0.229 0.006 0.23920 10.5 0.I19 0.006 0.479

_

10.5 1. 5 0.06 0.0249 3 73
.

%'
l. 5 0 0.03 0.006 0. 3%

7 )
s

TABLE D-2
TOTAL TRAVERSE DISTANCE FOR SPECIFIC INITIAL ALTITUDEm

Initial

^1 Altitude (Z ) { 4X1.

(km) (km)
'

7 50 6.118
% 29 4.748 *

20 4.509 |9 10.5 j4.03
i

1. 5 0. 3

--

In the selected wind profile, the wind speed is always constant or decreasing in each altitude layer exceptone, between 20 km and 10. 5 km. In calculating Vw t the maximum altitude of each layer Zg, the maximuma

wind speed was obtained, with the exception of the 1. 5 to 10 3 km altitude layer.
- - .

But, since there are two such
altitude layers where the wind is decreasing. the total value of X is still conservative, i.e. , worst case.
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APPENDIX E
%

RADIATION EXPOSURE FROM Pm-147
'w

E.1 Pm-147 PROPERTIESm

. , Promethium 147, with a 2.6 year half-life. decays to Samarium 147 by beta particle emission.m
The0.22 Mev beta has a 0.12 Mev gamma associated with it.

"

The critical organ for . soluble Pm-147 is the bone, i. e. , it is a bone seeker similar to calcium; the lungsw and liver are also affected but to a lesser extent. The intestinal tract is the critical organ for insoluble Pm-147,
with the lower large intestine the most critical organ.

".
.The Pm-147 as contained in the 3M Brand Radiating Microspheres is not in a soluble form and cannot enter

.

the' bloodstream. 'If a Pm-147 microsphere is ingested it will pass through the intestinal tract with the feces
.

The most sophisticated analysis cannot guarantee that what is proposed will occur.
m

For this reason each
system, as well as a single disc, a switch tip. and a single microsphere will be discussed for intact reentry.

y

E.2 INTACT SYSTEMS*-

.The assumption is made that each system is protected during the reentry heating phase and is recovered,"
inta ct.

" E.2.1 Docking Ring
y

The docking ring has 123 self-luminous discs (3M Model IE2J) each containing 300 me of Pm-147. The
measured dose rate from the front surface of a single disc is about 0.4 mr/hr at I foot. The discs are attacned" to a ring of 21.25 in. radius on one-inch centers.

The dose rate at any point along a line through the center of
the ring and perpendicular to the plane of the ring is given by1

9
P

7 D,s (Zu R MDp= (E-1),h(2+32 + R )2 4R 3 ] 1/2
2 22

-

:

.

S , s -. ,
1 in which

D =
o . dose rate at I foot from single disc = 0.4 mr/hr ' - - - ''

(2WR k) total number of discs in ring = 123=

Y R = radius of ring (ft) = 1. 77 ft
S = distance from P to the axis of ring (ft)n
h vertical distance from P to the plane of the ring (ft)=

a
'

,

For points on the axis of the ring S= 0 and equation (E-1) reduces to i

.

49 2t D (S= Q = mr/hr (E-2)p '

h2 + 3.14

Table E-1, column 2. lists the dose rate as a function of distance along the axis from the plane of the ring.
.

.
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. TABLE E-1 DOSE RATE VS. DISTANCE ,

_Di s ta nc e
,,

Dose RateUII7.
Ring /hr)

Axis
Ring /hr)

Plane
(mr (mr

0 25 16 13
~

05'* 15 6
1

12 3
%, 2

7 1
3

4 0. 6
4

3 3 0. 4
%- 5

2 0. 3
10. y. 05 0.1t

f
A second orientation to be considered is from a point in the plane of the ring.~'

For this case h=0 andequatic.n (E-1) reduces to
s

,

D (h = 0) = [S23,34 (E-3)
*

p mr/hr

% Note: D oin this case is 0.1 mr/hr at I ft from the disc edge.

The dose rates as a function of distance from the edge of the ring are tabulated in Table E-1, Column 3
,

W .

In these calculations the activity was assumed to be evenly distributed around the circumference of the ring
which will result in errors for dose rates at short distances where the actual geometry is of importance""*"*

effects are small at distances of about ten times the center-to center spacing of the discs (i.e. , beyond about
These.

w I foot).
A similar error exists as a result of the grouping of discs into three regions separated by 90 intervals

These errors will likewise be negligible at distances over 1 foot. .

-

E.2 2 Ball HandleW
The 24 discs in the ball handle are arranged in two rows of 12 discs each.

poses the ball handle is considered as a line source one foot long.
For dose rate calculation pur f-

The equation for calculating the dose rate at
a point P from a line source L units long is given by:

f I
p = D n(K L) tan.1 2S&L -1 2S-L 1I

h D g 7 tan-

. A 2h (E-4)
.i

in which (KL) is the number of disco distributed along the line (24), D
,

is the gamma dose rate per disc at
1 foot (O. 4 mr/hr), and L, S, h are defined in Figure E-1.

o

In the case of the dose rate as a function of distance"

from the line source at its midpoint, S=0, and equation (E-4) reduces to:
w

I L ""~ ED (S= 0) = .2Do(KL) tan 1P Lh 2h
-

(E-5)
'

.S9

, --
---

1
*==v

D (S= 0) = tan *1p (E-6)-
Figure E-1

P

Using equation (E-6) the dose rate to a point P on a line passing through the midpoint of the handle was cal
for various distances h greater than one foot. culated

These are tabulated in Table E-2, Column 2.m

The dose rate along the axis of the bail handle can be calculated by:W

p=S-.
DJD

2 - 0.2 5L (E-?) Substituting N = 24; D n O. 05 mr/hrt,.
o

L = 1 ftW D - *

{ p=S2 - 0.25 (E 8)

The values from this equation are given in Table E-2, Column 3.~

62.
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7) TABLE E-2 DOSE RATE VS. DISTANCE FROM BAIL HANDLE

Perpendicular Axis,

Di s ta nc e * Dose Rate Dose Rate- - ~ . , (ft) (mr/hr) (mr/hr)
0.25 75** 10**

N
0. 5 27** 3**

- - - . 1 9 0. 6
2 2 0. 2
3 1 0. I

m 4 0. 6 0.06
5 0. 4 0.04

10 0.1 0.01
' d

* Measured from center of ball handle for Column 2; measured from end of bail handle for Column 3.
** Note: Equation (E-8) was not used in calculating the dose rate at the first two distances (0.25 and 0 5 ft) be-

cause the distributed ccnfiguration of the disco does not approximate a continuous line source at smallm
dis tanc e s. The geometry was drawn to scale and the separation distance to each source was measured.
The dose rate at each distance was calculated and the individual dose rates were summed to give the

i

1 total dose rate. At one foot the two methods gave similar results, and the value given by equation (E-6)
}' was used in Table E-2.

E. 2 3 Docking Target
'" The docking target consists of a 13 in. diameter ring with a "T"-shaped marker on a pedestal spaced

14 in. In front of the ring.
-

The ring has 40 self-luminous discs spaced evenly on 1 in. centers. There are three radial protrusions
with two discs on 1 in. centers each at 900 intervals.

-

j The "T" marker has three 5 in. long arms containing 5 disco each on 1 in. centers, with 5 more discs
W clustered at the junction of the arms. The arms and the radial protrusions on the ring are in alignment when

viewed along the ring axis.
-

The total number of self-luminous discs is 66.
.

I For simplicity the calculation of dose rate is broken down into the linear superpoaltion of individual ring
and line sources, using the formulas developed for the docking ring and ball handle in previous sections.,

The ring with the protrusions constitutes a simple ring source. The three arms of the "T" comprise three
separate line sources. Finally, the center of the "T" is treated separately as a point source.

y-
| Ring. The equation for the dose rate due to the ring alone is:
%

DJ
D (ring) =I(Sp g g ,9)

2 + R )2 - (2RS)2d+h 2

whe re

| dose rate at I foot from a single disc = 0.4 mr/hrD =o
~P N number of discs in ring = 46=

--h P = point at which dose rate is desired

! h = distance of point P above the plane of the ring

". distance of point P from the central axis of the ringS =

radius of the ring = 6. 5 in. = 0 54 feet.- - = R =

i

! The dose rate on the axis then reduces to:
s

18.4D (ring axis) = (E - 10)p,
h2 + 0 30

"T" Cente r. The cluster of 5 discs at the center of the "T"is treated as a point source with the radiation
calculated for locations at distances of I foot and more. All distances are measured from the center of the "T"_,

marker.

~ - ' ' '
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DnND ('T" cantar) = (g,ll}p

S2+h2,,

where N = 5 disco.
On the ring axis this reduces to:

D ("T" center) = (for h >l it) (E - 12)
'e p

w

"T " A r m s . These line sources have their maximum effect if paint P is oriented along the pedestal of the
"T" (also the ring axis).&

w
The equation ist

f2RT+L' '2RT*L'r

D ("T" arms) = 3 Do N tan ~I *I- tan (E-13)p g 3 ,.~ ,

whe re
m, N = 5 discs

length of arm = 5 in. = 0. 42 feetL =

axis to midpoint of arm = h = 0 21 feetRT =

~
This equation reduces to:

D ("T" arms) = tan.1 {0. 42)p (E-14)
*

Summation. The contributory dose rates obtained with equations (E-10, (E-12)and (E-14) and the total dose
% rates at various distances from the center of the "T" are given in Table E-3.

M TABLE E-3 DOSE RATE FOR EACH CONTRIBUTION AND TOTAL,

*= Distance Ring "T" Total
(ft) (mr/hr) (mr/hr) (mr/hr)

# '

O.25 46 72 80
N 0.50 32 23 29

1 14 9 12

2 43 23 4. 2
"""

3 2. 0 1. 0 21
4 1.1 0.59 1. 3s
5 0. 7 0.38 0.86

**
10 02 0.09 0 24

a
E. 3 POTENTIAL RADIATION EXPOSURE FROM A SINGLE MICROSPHERE

-w
Appendix D provides a reentry analysis. The probability that an individual would come in contact with

a more than one microsphere is very small.

There are two modes of exposure to a microsphere. external and internal. Each of these are discussed%

in the following sections.
s

E. 3.1 External Exposure.,

%
A microsphere that makes contact with and adheres to the skin will impart a surface dose. The maximum

2range of a 0.22 Mev beta particle is about 50 mg/cm . This corresponds to about 500 microns of tissue.g

g The microsphere is small in comparison with the range of the Pm-147 beta particle. The small amount of
absorbtion by the microsphere is ignored in this analysis to enable determination of the msximum potential ex-

e posure dose rate.
|

''" d The top, dead, layer of skin is considered to be ~70 microns thick. Since no harm can come from
energy absorbed by dead tissue. the effect on tissue beyond a depth of 70 microns determines the hazard. This

s

t.xiom is based on recommendations of the National Committee on Radiation Protection as contained in NBS
N Handbook 59, " Permissible Dose from External Sources of Ionizing Radiation",1954, page 39. Specifically, it

is stated that the celle in the basa11ayer of the epidermis require the greatest protection, and they lie primarilyi

a

'
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i ct a dipth cf 7 mg/cm2 (7f%icrens). In coms cases (palms of minuti worksrs) this depth is much grse. tar.
' I
% The method for determining the dose rate in tissue associated with a beta point source (microsphere)

was taken from Radiation Dosimetry, G. Ifine and G. Brownell, Academic Press,1956, page 704.7%
'

The dose rate in rada per beta disintegration at a distance of X cm is given by Hine and Brownell on
% page 709 as:

"*s k 'V X $Xl Z , + VX exp 1-MX (E-15)
*

P
(UX) i* 1

N -

t 7
i

VX VX'
q<

c
--.--g with 1- exp 1- = 0for x 2 71 L,

dose rate in rads / dis at distance X cmI where J(X) =

M absorption coefficient in cm"I ** =

dimensionless parameter- c =

-W k = normalizing constant

, Integration over all space gives the equation for k as:

k = 1. 28 x 10 ~9 g 3j3p,2

p = density of medium = 1.0 g/cc for tissuewhere
,

4 average energy of beta particle spectrum=

[3c - (c2.g),]~1a =
,

For tissue, Hine and Brownell give (page 712):
3 ( -y

h = (E -0.036)I*37
18.6 L- 22 cm /g of tissue

o i E*j--- .e=

% c = 2 for C.17 < E, < 0. 5 Mev

e where E = maximum beta particle energyo
*M E = hypothetical average beta particle energy for allowed beta spectrum.

Since Pm-147 has an allowed shape, the shape factor ratio of (E /E*) can be taken as unity. * The maximum*

energy of the spectrum is 0.23 Mev, and the aversge energy was determined (from the graph on page 698 of Hiney

and,Brownell) to be 0. 06 Mev.
W
, :!: A computer program was set up to calculate the dose rate at 5 micron increments of distance out to
Asd 500 microns. The results are presented in Table E-4. The integrated spatial dose is the normalizing factor k.*

7The amount of activity in a single microsphere has a nominal value of 0. I c or 1. 34 x 10 beta disinte--

grations per hour. With this quantity, the tissue dose rate at 70 microns is 1160 rads / hour.
d_

This value is the dose rate at a point dir ectly under the microsphere and at a depth of 70 microns. As
" pointed out in NBS Handbook 59, op-cited, page 28, the proper value is that taken over an area of skin which may

J be of the order of one square centimeter.

The averaged value of J(X) over an area of rale R at a depth D was determined analytically from Equa-
-- -

tion (E-15) a s:
y

"f(D. R) 2R D2 + Rc2c In + e xp 1 - VD e xp 1 - 1 YD2+R2 'g/ , , , xp g,WW (PR) D c j
g. { f f"

1Y 2 + Rc2+ c exp 1 - D (E - 16)c
,, -

where Rc =%)
-

, 4
-D

- , a

* Experimental Nuclear Physics, Vol. III. E. Segre, editor, John Wiley and Sons,1959, page 533
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TABLE E-4

CETA Pol NT SOURCE DOSE DI STRI PUTIO!! FJR Pi'.14 7 IF SOFT TISSUE
-

MAXI:-|UM DETA h::EEGY IS 0.225 MEV AVERACE IS 0.0G2 "EV

PARALIETER C 10 2.00 SPAPE FACTOR IS 1.00
.

TI SSUE OENSITY IS 1. 00 C-F.AMS PE? CC
CALCULATED ACSORPTIO : COEFF is

0.1E22E 03 50 0'; PER CRNI
INTEGRATED SPATIAL COSE IS 0.1665E 05 RADS PEC !!". PER "10'ne:!"lF

TAC LE OF DOSE IM RASS PER HOUR PE1 MIC"0C!:RIE AT 1 *:Ol? ATE 0 DIETAMOE I " fil CP.7MS
||k

,

DIST DOSE DIST DOSE DIST nOSF OlST POSE OIST n7SE

| S. 0.398E 07 10. 0.982E 06 15. 0.L27E PC 20. 0.933F Or 25. 0.1h4F 06

30. 0.962E 05 35. 0.577E 05 40. 0.h9hr 05 45. 0.771E 05 50 C.?."5E 05

55. 0.223E 05 60. 0.177E 05 C5. 0.142F 05 70. 0.1165 r5 75. 0.954E 04
80. 0.791E 04 85. 0.661E 04 90. 0.557c 04 95. 0.473F oh 100 0.405E Oh

105. 0.349E 04 110. 0.303F 04 115. 0.?65F 04 120. 0.?32F 04 125 D.203r 04

130. 0.178E 04 135. 0.157E 04 140. 0.13?C 04 145. 0.121r 04 150 0.107F nn

155. 0.949E 03 100. 0.039E 03 165. 0.743E 03 170 0.r5Pr 03 175. 0.5P4e 03

180. 0.510E 03 IPS. 0.460E 03 190. 0.4n9E 03 .195. 0.3GhF 03 200 0.7?hr 03

$ 205. 0.288E 03 210. 0.257E 03 215. 0.220E 03 220 0.90hF 03 225. 0.192F Ot

230. 0.1G3E 03 235. 0.145E 03 240. 0.130F 03 2h5. 0.1]CE 03 25r. 0.1nhe OT

255. 0.932E 02 260. 0.335E 02 265. 0.747E 02 270. 0.670E 0? 275. 0.cnnF 02

280. 0.538E 02 285. 0.482E 02 290. C.b335 02 295. 0.7PPE 02 300 0.3h"E 02

305. 0.313E 02 310. 0.2FIE 02 315. 0.252E 02 320. 0.?27E 0? 325. 0.2nhe 0?

330. 0.183E 02 335. 0.165E 02 340. 0.14PE 02 345. 0.133E 02 350 0.12nr op

355. 0.108E 02 360. 0.974E 01 365. 0.077F 01 370 0.700F 01 375. n.711e 01

380. 0.641E 01 385. 0.577E 01 390. 0.G20F 01 395. 0.h69E 01 h00 0.h?2r 01
405. 0.381E 01 410. 0.343E 01 415. 0.310E 01 420. 0.279E 01 425. 0.252r 01

430. 0.227E 01 435. 0.205E 01 440. 0.195F 01 4h5. 0.1r.7E 01 450 0.151F 01

455. 0.136E 01 460. 0.123E 01 465. 0.111E 01 470. 0.100E 01 h75. 0.007r 00

490 0.819E 00 485. 0.740F 00 490. 0.669E 00 495. 0.604F 00 500 0.ChCF On

DOSE AT DEPTil CF 70. MI CROUS AVERACED GVER AREA 0F
RADIUS 5650. MICRONS IS 0.24GE 01 RADS PER PR PER "10Rortfol E

DOSE AT DEPTP OF 100. MICROMS AVERACED OVER APES OF
RADIUS 5650. IllC90"S IS 0.137E 01 RAOS PED HR PER "In3000DIF

DOSE AT DEPTH OF 70. *1tCRONS AVE 0ACEO OVER AREA 7F
7ADIUS 495. *llCRONS IS 0.321E 03 "ADE PER !* PER M109h009fr
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2This expression was used with several values of depth and area. For 70 microns depth and an area of I cmw

(radius of b650 microns), the averaged dose rate value is 0 24 rade per hour. If the area at this depth is reduced
to 500 microns (corresponding to the range of the maximum energy beta particle), the averaged dose rate value"

increases to 32 rads / hour.w

Recent experiments with microspheres performed at LASL have shown that integrated doses of up to
50.000 rade to a small area of monkey skin have resulted only in a reddening of the skin without permanent
damage. These doses are point doses at 100 micron depth. By comparison our computed single microsphere
dose-rate at 100 microns is 400 rade per hour, or 67.000 rade per week.

E.3 2 Internal Exposure~

The accepted maximum size of respirable particle is -10 microns. Based on this premise the 20 micron
microspheres are too large for inhalation. The natural rejection mechanism in the bronchial tubes and lungs.~

the cilia, will sweep a microsphere into the throat to be swallowed and to enter the digestive tract..

Another method whereby a microsphere may enter the body is by ingestion but, whether inhaled or ingested.
~

the microsphere will enter the stomach and pass into the intestinal tract.
%

Most of the beta energy is likely to be absorbed by the contents of the stomach or intestinal tract. However,
since the microsphere may be adjacent to the lining, and to be conservative in this analysis, it is assumed that,
,

.no absorption occurs in the contents.

The analysis follows the treatment of K. Z. Morgan, et al. * Morgan treats (as Case 5) the inhalation of
" insoluble radioactive material where some portion of the G1 tract is the critical body organ. The organs con-
w sidered in the G1 tract are listed in Table E-5.

TABLE E-5 PHYSIOLOGICAL PARAMETERS OF G1 TRACT-

~

Effective Re side nce.

GI Tract Organ Ma s s Radius Time
" (grams) (cm) (hours)
A Stomach 250 10 1

Srna 11 Inte stine 1100 30 4

~ Upper Large Intestine 135 5 8

Lower Large Intestine 150 5 1,8,*

Total = 31 hours

In the case of Pm-147, the long half-life of 2.6 years and the lack of any radioactive daughters of importance
greatly simplifies the equation. The equation for the dose to an organ then has the approximate form:

25.6 Q @ T (E-17)'
Dose in rads =

ma

where Q = quantity of Pm-147 in pc

average energy of beta particle spectrum in Mev~ ^ E =

-
residence time of material in organ in daysT =

m = mass of organ in grams"

a f = fraction of inhaled material arriving in Gi tract
For insoluble material. f is commonly taken to be 0. 625;
for ingestion of a micr osphere f is 1.

In Table V of the cited reference the single exposure values of maximum permissible intake ',MPI) for tr$-
halation of insoluble radioactive material when the GI tract is the critical body organ are given. These values of
MPI in microcuries will deliver 0.3 rem to the indicated organ during movement through the G1 tract. Pm- 147'

is listed among many isotopes and the values are quoted here in Table E 6. column 2. for each of the icur organs.W
These values can be obtained from Equation (E-17) by using a value of 0.3 rem for the dose, and 0.06 Mev for

" the average energy E , along with the appropriate values om Table E-5.

* Proceedings of the International Conference on the Peaceful Uses of Atomic Energy Geneva,1955. Volume 13.
-
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N TABLE E-6 MPI AND RADIATION DOSE TO G1 ~1 RACT

"
Dose from 0. I c

Of Tract Organ MPI for 0. 3 rem Mic ro n phe re_* ( c) (milia rem)
Stonnach 1700 0.029-

, ,
Small Inte stine 1800 0.027

% Upper Large intotire 110 0.44
J

Lower Large Intestine 56 0.88 !"*""

!
In column 3 of Table E-6, the dose value as imparted to each organ by a single microsphere containing

0.1 pc of Pm-147 pas sing through the GI tract is listed. These values were calculated by scaling the information
in colurr.m 2. Comparison of the values indicates that the large intestine receives virtually the total dose and this f

-

trtal dose is less than two mrem. I

There is a possibility that the microsphere withstands reentry heating in a partially ablated condition. As
9 cesult a microsphere may have diminished enough in size to enter the lungs and remain there as an insoluble

pa r ticle. The equation which gives the integrated dose to the luag is given by:
C 3,,-AR g , - A,gT T (1 - e BT)f 2 3F= + (E-18)--

TA A AI eff
,

-
R B

-

in which
F = , integrated dose to the lungsa'

51. 2 i x [EF(RBE)N]"
Cf =

m

Tg inhalation time (day)=,

% T2 = period over which the dose is integrated to obtain the integrated dose (day)

A rt, = effective decay constant of the radionuclide being considered (day'I)e

keff " A #
R B,

radiological decay constant (day"I)A =
R

"

B g ca decay cwtant (day-1)A =
N

f = the fraction of the activity inhaled that reaches the critical organ
'"

EF(RBE)N = effective energy deposited in the organ by the radionuclide in question, including any
daughter products (Mev),,,,,

mass of the critical organ (gram)m =
s

Upon substitution of the appropriate values for the above factors, the integrated dose to the lunge (F) for 0.1 c
~" c:f Pm-147 is -55 mrem.
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