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HAZARD EVALUATION OF SELF-LUMINOUS DEVICES MADE WITH "3M" BRAND

RADIATING MICROSPHERES

Evaluation of the radiation safety aspects of any device containing
radioactive material i{s usually divided into two hazard areas --
external and internal. Each of these will be considered in detail
for 3M Brand Pm-147 Activated 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/cm® is
needed for the 5 microlambert source and 3 mc/cm2 for the brighter
source. In discussing the safety aspects, an intermediate source

with an activity of 1 mc/cm2 will usually be considered.

1. External Hazard

1. Bremsstrahlung radiation

Since Pm-147 1s a weak beta emitter, there is no
whole~body radijation hagard from low level (millicurie)
sources. 1he slight amount of bremssisahlung produced is re-
duced to a low level by plastic shielding (Appendix 2). It
must be emphasized, however, that the existence of this secon-
dary radiation puts a practical limit on the extent to which
surface dose can be reduced in self-luminous devices. It wounld
seem reasonable to set limits of £ mr/hr at the surface of the
device and 1 mr/hr at 3" -- and further stipulate that the radia-
tion contributing to this surface dose should consist of at
least G0% soft x-rays of less than 100 KEV. This would assure

that the surface radiation contains very little hard gamma com-
ponents.
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The radiation dose from the trace amount of garma-emitting im-
purities in the Pm-147 is much less than that produced by the
bremsstrahlung radiation (Appendix 2).

It is of interest to note that the dose of soft x=rays ( ~~ 30
KEV) required to just produce a perceptible change in thezskin
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 ma jor consideration from the external standpoint

ils the genetic 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 appre=
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 from secon-
dary radjation, a comment by C, L. Dunham, M.D., Director _of

the AEC Division of Blology and Medicine, is worth notingB.

"Earlier work by Lorenz and associates and recent work in this
country and in England with continuous exposure at dos¢ rates of
a few te.s 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 from natural or background radiation) sug-
gest that there may indeed be from a practical standpoint a
threshold for some of these effects or that at the worst the
effect is very greatly reduced. Perhaps this results from re-
pair of the damage by metabolic or proliferative activity of

the cells."

It is also of interest to point out the father surprising results
obtained recently by Carlson and Jackson' in 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

There is no beta hazard from 3™ Brand Pm-i47 shielded
sources since_the maximum range of a Pm-147 beta particle {s
only %0 mg/em? (0.02" in plastic). However, since some compo-
nents of a self-luminous device must 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 establishedu that there is no external dose
hazard from alpha emitters. In fact alpha particles of energy
7 MEV and beta rays with an energy of 0.07 MEV will just pene-
trate 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-147 betas is 0.07 MEV only a small fraction
(about 10%) of the beta energy will reach the basal layer of the
epidermis. The limits of interest are 1) "permissible" surface
dose -~ 1.F rep/week at the basal layer of the epidermis (Federal
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 10,000
reps for Pm-147 betas. (See Appendir 3 for details on both of
these limits.

An assembled Pm-147 source with 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 expected
when the self-luminous components are being assembled in a de=-
vice. Calculation of dose rates from various shapes of beta
sources have been made by many workers, but as Hine and Brownell”
point out, "The dose rate at the surface of a fi-ray applicator
can only be measured. Owing to the complexities of f-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-ilj7 self-luminous
sources was measured with a "Cutie Pie" jonization ghamber.

This instrument, with a window thickness of 7 mg/em<, has been
cshown to give a reasonagle value for the beta dose at the basal
layer of the epidermis!®. The results are tabulated in Tables I,
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111 and 1V, Appendix 3., If the case of a watch dial containing
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 111, Appendix 3).
Such a source could be handled for about two hours @ week with-
out exceeding the permissible level of 1.5 r/week at the basal
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
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 seif-luminous devices =-- either to the person assembling
the device or to the user who accidentally or by design breaks
the device apart.

3. Effect on the eyes

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-147 self-luminous sources, two types
of radiation must be considered -- beta and bremsstrahlung.

Since the,maximum range of the beta particle from Pm-147

(50 mg/cm“) is less than the thickness of the protective layer
of moisture and tissue over the lens of tne 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 studied.

The minimum single dose of X-rays that resulted in the formation
of a cataract was 200 ru. 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 S0 r.

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



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 4O 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 least 35,000 hours or

about 4 years to reach the minimum level for cataract formation
of 175 r,

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



11. Internal Hazard

1. Ingestion

The most serious pct: tial health hazard problem
encountered with low level (l1-. millicuries) radioactive
sources is the danger of ingestion. The radicactive material
enters the boay metabolism 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 $r-90,
Y=-91, 2r-95, Nb-95, Ba-140, La-=1'10, Ce-1lil, Pr-lh37 Pm~147,
Pa-231, Th-239, Np-239, Pu=239, 'n-241, &nd Cm=242', The 3M
approach to this problem has been to render the isotope chemi-
cally and physically inert by incorporating it in "3M" Branda
Radiating Microspheres. All isotopes now are "metabollically"
inert. The inertness of these microspheres is shown by the
ieach data and the animal feeding results in Appendix K.
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 0,0IN HCl, The latter is approximately the
same pH as the stomach fluid., Further, $r-90 microspheres fed
to rats left no detectable activity in the body. (The 1limit
of detection was less than ,0007%.) Therefore, the level for
ingestion of radicisotopes contained in 3M microspheres is many
thocusand-fold greater than the "permissible" level for 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 millicuries of Sr-y0 microspheres before exceeding

the 2 uc 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 gastio=-
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
Presents a discussion of the possible hazards involved when
'3M" Brand Kadiating Microspheres are ingested. In the case
of Pm=147, it is found that at least 30 mc would have to be
ingested to approach a hazardous amount. Actualily, because

of the low energy of the Pm-147 beta, this limit is many-fold
higher.

It should be pointed out that we are not considering a "per-
missible" 1limit for ingestion in the same sense that we con-
sider a "permissible" limit to the hands. Ingestion can
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hardly be considered a routine hazard., We have presented data
on the possible hazard, however, to demonstrate that ingestian
of sources made with 3M's 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 & 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 2n$S
phosphor to the surface of the device. With 3V Brand self-
luminous devices such an accident might release the Pm=147
microspheres from the surface and the question thus resolves

to one of determining whether the free microspheres present
an inhalation hazard,

Inhalation hazards do not exist if the material is too large
to enter the respiratory tract. To be of any significance,
most of the radiocactivity must be on,or in particles of 10
micron "aerodynamic" size or smaller®. Since the minimum
size of 3M Brand Radiating Microspheres is 4O microns, it

is apparent that they present no inhalation hazard.




[11. Appendices

Appendix 1: Compousition 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=I147,
2) phosphor (2nS8), and
3) plastic binder.

Tris constitutes the radioluminescent siurry 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 surface

dose is to apply a thin layer of plastic by spraying, dipping
or painting.

X X X X X X X X X X X ¢ phosphor
particles

and binder or
PO XX . X X plastic overcoat

| 4——8!“! Pm=-147
arrier,
phosphor ,and binder

This forms a tough, tenacious film which can withstand extremely
rough treatment.

To reduce the radiation level at the surface of the device, a 1/16
inch thickness of plastic (or equivalent) is placed over the self-
luminous area in the assembled device. For a source of | 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 Radiocactivity

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



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 materjal 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 i{sotope removal! from the
carrier are:

Solution Temperature Time Pm-147 Removed
0.01 N HC1 60* C., 1 day 0.001%
0.01 N HC1 £0° C. 7 days 0.002
0.01 N HC1 50° C. S0 days 0.02
1% Versene 50° C., 1 day 0.01
1% Versene 50° C, 7 days 0.02
1% Versene 50° C. 50 days 0.2
. 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
Zr-65 0.003
Ag-110 0.0006
Fe=-£9Q Not detectable
Na-22 0.002
Ra-226 0.002
‘ Ca-i5s 0.015
CS-137 OpUOl]»

Po-210 0.002
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Yhen the radioactive microspheres are incorporated into a weather-
resistant structure, the product is that much more resistant to
removal of activity. Typical constructions containing Pm-147

were subjected to water and 5% NaCl solutiors for 1l days and
showed no detectable activity in the solutions (lower detection
limit was 1 ppm. or 0.0001% removal of isotope).

¢) Radiation Stability

Ceramic Carrier

The ceramic microspheres containing the isotope have been
sub jected to a dose of 1000 megarads of 1 MEV electron radiation
with no visible change nor any lessening of the ability of the
carrier to retain the isctope in soak tests,

Plastic

Films of this plastic binder were not seriously affected
by radiation at doses of 10-30 megeérads, but tended to become
brittle at doses over 100 megarads.

ihe plastic cases are made of methyl methacrylate which is the
standard plastic used in the industry. The only effect of
radiation below 100 megarads is @ slight darkening which is
almost negligible at the relatively low dose rates encountered
in the 3M devices.

d) Brightness Decay

It has been found that the phosphor used in our products is
extremely resistant to beta 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 isotecpe decay (Pm-147 has
2.6 yr. half-life). Thus, a unit, with initial brightness of
©6f microlamberts will have a 32 microlambert brightness after
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, theretore, exceed the useful life of the isotope.



Ap; ndix 2: Bremsstrahlung Radiation

The main source of penetrating radiation (gamma or x=-rays) in
self-luminous sources is either bremsstrahlung 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 jodide-thallium activated crystal
and ¢ Dumont 6292 Photomultiplier tube.

As a first experiment the bremsstrahlung from @ 1 mc Fm-147 source
in HpO was compared with that from a 1 mc source of C-1ll4 urea,.

The results (Figure 1) show that both sources have a peak at
about 20 KEV.

The ratio of energy loss by bremsstrahlung to that by ionization
is E*2

B00, where E is the maximum energy of the beta particle in
MEV and Z is the atomic number of the matrix in which the betas
are abscrbed. Using this formula, one calculates that approxi-
mately twice @as much bremsstrahlung energy is expected from a
Pm-147 as from a C-14 source. Ir. 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 102 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 ¢/m). Therefore,
it is reasonable to assume that the Pm-~147 contains lcss than
0.001% high energy gamma emitters [ > 0,240 MEV)., A calcula-
tion of the energy output of a 107 mc Cs=~137 source shows that
this quantity would emit 0.013 ergs/hr or about 0.13 mr/hr.

The penetrating radiation from a plastic shielded Pm-147 source
was also established by PHA. The sample was a 1% mc 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 atomi¢ number
material surrounding the source (ceramic carrier).

Using the tables of X-radjation absorption in Glasser’ and con-
verting the values (aluminum to plexiglas), the percent trans-
mission of a 36 KEV x-ray through various thicknesses of plexiglas
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was obtained. One fina. 12% transmission through 1/16" plexi-
glas, 5% through 1/8" and 2.5% through 1/4L". This was experi-
mentally checked with a 3M source and found to hold (Table I,
Appendix 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
addition of another 1/16" sheet of plastic.

By calculating the total radiation dose of 881 mc Pm-147 source
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:

-12
1 me x 0,07 MEV/dis. x 0,07 x L0 x 10° ev x 1.6 x 10
- %‘o‘o" ; ME

9

<

ergs/ev. x 2.2 x 10’ dis/min/mc x 60 min. = 52 ergs/hr/mc
Rt

We are assuming an average atomic number of 4O for this calcu-
lation since the atoms in the ceramic carrier and the inorganic
phosphor are the principai contributors to the bremsstrahlung.
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 bremsstrahibng
since it makes only a minor contribution to the total dose.

To convert this energy output to @ dose rate reading we apply:
(1) a 90% correction for self-absorption of 36 KEV x-rays fthe
unshielded sources are approximately equivalent to 0.5 mm of Al);
and (2) a 90% correction for geometry. hus the maximum brems-
strahlung energy output expressed in terws of dose of an un-
shielded self-luminous source containing 1 mc of Pm=-147 labelled
"3v" Brand Radiating Microspheres is:

52 ergs/hr/mc x 1/10 x 1/10 = 0.52 ergs/hr/mc &¢ 5,2 mr/hr/mc

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 ], Appendix 3.

Recent 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 tor a lé-hour day during the irra-
diation period, which lasted from 4 months of age to 16 months
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of age. A Co-60 source was used. The days of age at which 50%
were dead for 0.28 r/day was 493; for 0.60 r/day, it was 510;
for 2.57 r/day, it was 650; and for 3.93 r/day, it was 590,

The average life span for the unirradiated controls was LLS
days. It has been suggested that the mild doses of irradiation
may be beneficial in stimulating renovation processes.

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
radjation adsorbed in tissue, the value for the rad is approxi-
mately 75% of the roentgen reading. Ihis figure was obtained
from a report by Check and Linnenbom!! who give equations and
tabular datla for calculating the adsorbed dose in rads when the
composition of the material in the radiation field and the
photonenerqy are known. Using the "standard man" composition
of 65% oxygen, 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. 7The 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
head and neck" of any radiation as 1.5 rad at the basal layer
of the epidermis. This, of course, applies to people 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.

Experimental evidencele indicates that the skin 1i 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$~13F a dsse of 20,000 rep was required. Using a Sr«90
source, Jacobsen“’ found that by giving rats a dose of 200 re;
every L8 hours, the only observatle response even after a total
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

a short time) required to produce recognizable damage to the
skin. 4 The curve was plotted from data obtained with Y-91,
Cs-137, Co-60 and $-35. The value for Pm-147 falls in the 10-
15,000 rad range. Calculation of the energy absorbed in the >
epidermal layer of the skin (about 60 microns thick or 7 mg/cm®)
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 from our Pm-147 sources of 15 rad/week
meets the Federal Register's "permissible" limit of 1.5 rad/week
at the basal layer of the epidermis. (1t would seem appropriate
in measuring sgrrace dose with Survey Instruments to Yae a win=-

dow of 7 mg/Zcm“. 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 epidermis) is
"permissible" and one of 10,000 rad is "emergency", and it
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remains to measure or calculate the surface dose from a Pm=-147
source. The most comprehensive review of the problem of sur- g
face dose from beta emitters has been made by Hine and Brownell.
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 instruments
(Table 1). We recognize the inherent error in this method but
the reiglts should be within S0% of the true surface dose. Fitz-
gerald found that the energy dependence correction factor for
the 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 1.5. 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 instruments and the re-
sults (Table I1) indicate only a four-fold spread.
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Table 1

Surface Dose Rate and Effect of Shielding_on Pm=147

Self-Luminous Sources

Radiation Dose Kate (mr/hr)2

' No /16" | 1/8" 1/4" ' Rubber |
Source ' Snield |Plastic | Plastic | Plastic, Surgical
) (1" Diameter | ! ‘ , | Gloves,
spots) ! g | | (25 mg/cm<)
A 33l pe 10501 | 0.50 0.30 0.5 | 7.0°
(No overcoat);
B 355 pc® | 88'  0.35 | 0.20 0.3 112 §e3
. (One overcoat) ' |
| i ‘ ‘
@ '€ 346 pe | 1.3t 0.22 0.15 0.10 |  0.45
- (Two overcoats) f I
3 i | !
' D 367 ue | 3.5 I 0.16 0.12 | 0.08 0,28 |
‘ (Three overcoats) : | ‘ :
| | L 1

-

1. Dose rate measured with Nuclear-Chicago "Cutie Pie" Model
2586 (window thickness 7 mg/cmz). All other measurements
made with Geiger-Mueller PDR/27 Radiacmeter (window thick-

ness 3.5 mg/cmz).

2. This is one type of construction used in the 3M self-luminous
devices. Note that the application of one "overcoat" of phos-

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

3. To convert these readings to those obtained with a "windowless"

. Cutie Pie lonization Chamber, multiply by L.l4.



Table 11

Comparison of Surface Dose Rates Measured

With Various Survey Type Instruments

Source Surface Dose Rate mr/hr
(1" diameter Cutie Pie Nuclear-Chicago| PDR/27
spot) lonizaticn Chamber| # 2612 Radiac-
meter
no 7 mg/cme 1.4 mg/cme 3.5 mg/cm
window| window window window

. 367 uc
(Thrcﬁ 1501 305 900 305
"overcoats")
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Other data of interest are presented in Tables 111-V. Table
I11 shows the surface dose and brightness levels of some
typical 3M Pm-147 activated watch dials. The average radium

activated watch dial has a brightness in the 1-10 microlambert
region.

Table 111

Surface Dose Rate and Effect of Shielding

on 3M Pm-147 Self-Luminous Watch Dials

Brightness Améﬁﬂt of Radjation Dose Rate (mr/hr)
(micro- Isotope ~Rubber
lamberts) (microcuries) Surgical
No Glovez 1/16" 1/8"
Shield 16 mg/cm Plastic Plastic
150 pl 1000 uc 7504 T4 0.50 0.30
20 ul 150 100 2 0.35 0.20
6 ul 14 254 1 0.22 0.15

#Dose Rate measured with NBclear—Chlcago "Cutie Pie" Model 2586
(window thickness 7 mg/em“). All other measurements made witE
Geiger-Mueller PDR/27 Radiacmeter (window thickness 3.5 mg/cm©).

Table 1V shows the effect of applying & thin plastic layer on
8 self-luminous watch dial. The coating can be sprayed or
applied with & brush and can easily be made part of the dial
painting procedure it considered desirable.

Table ]V

Effect of Plastic Coating on Surface Dose Rate cof a

Pm~147 Self-luminous Navy Submersible Wrist Watch

Coatings of Surface Radiation Level
Plastic mr/hr
0 1200
1 600
2 350
5 | 220

#Dose measured w

2

ith —window)

“Cutie Pie" survey meter (with 7 mg/cm
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The effect o1 distance on the dose rate for an unshielded 1 mc
Pm=-14,7 watch dial (Table V) shows how rapidly the rate falls
off with distance.

_Table V

Dose Rate and Distance Relationship of a 1 mc Pm-147 3 Seif-

Luminous Watch Dial (unshielded)

Distance ' 1
Dﬁz?T Yiégzs Raoiationm?;;: s

0 750 *

1/2 450

1 300

2 125

4 2l

6 8

8 1.5

10 0 _(background )

#Dose measured with "Cutie Pie" survey meter (with 7 mg/cm2
window)

A specific example of the time limits for handling unshielded
self-luminous sources made with 3M's Pm-147 microspheres can
be given for the case of a watch dial., From the data in Table
111, we see that a dial containing 1 mc of Pm=-147 microspheres
delivers a dose of 0.75 rads/hr to the basai 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



It is of some interest to compare a "calculated" surface dose
with the measured values (Tables 1-1V). As an example of a
"calculated" doge from a beta applicator, we refer to the book
by Quimby et al’®, who use the charis and equations originally
developed by Rossi and El11lis!7 to "calculate" the surface dose
from various applicators. Using their procedure, we have cal-
Culated that a 1 mc/cm® Pm-147 source with no "overcoat"
ghould give a surface dose of 7% rads/hour. For the M éype
self-luminous source which contains a 3 mil (.~ 15 mg/cm<)
'overcoat” of phpsphor and binder, the aose would be reduced
by more than 90%-. Thus the calculated surface dose is Te5
rad/hour. The measured dose is about 1.2 rad/hour.
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Appendix L: Leach data and animal feeding results tor "3M"
Brand kadiating Microspheres

1) Leach Data

Various isotopes were incorporatec in 3M Microspheres and
tesied for integrity by soaking in various solvents for 7
days at 50° C, The amounts removed in % of original activity
present are shown in Table VI.

Table VI
Test Percent of lsotope Removed (7 days - 50° C,)
Reagent Pm=147 | $r=90 Cs-137 | Po=210
V.01 N HC1 0.002 0,001 0.004 0.002
1% Versene 0.02 0.02 0.004 0.006
n

It is quite obvious from these data that the "3M" Brand Radia-
ting Microspheres do an excellent job of immobilizing the
radioactive isotopes., It is far superior to other systems
used. For example, Table 1] shows a comparison between the
ability of the 3M carrier and a commonly used material, mont=-
morillonite, to retain radiocactive Pm-147.

Table VI

Test J % of Pm=147 lsotope Removed (z days -~
R ‘ 50" 'C.,

eagent -

. 3M Microspheres Montmorillonite
Water | 0,007 2.0
5% NaCl 5 0.002 1.5
|

| 0.01N HC1 0.002 | 65.0
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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:

4O mc/gm). Each capsule was given to a male albino rat weighing
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

wet ashing in a sulfuric-nitric acid mixture. The data obtained
are shown in Table VIII,

Table VIII

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

Rat Sacrificed at % Urine % Gut % Carcass
N 1 day 0.011 69,2 0.039
2 L day 0.0056 0.035 £ 0.0007#

#Lower limit of detection was 0,0007%.

It is apparent that the retention in the rat's body after four
days 1s very low, less than 0.0007% of the dose given. As

expected, practicallv none ot

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
Durbin, et al

the human body.
the lanthanide

Is

the metabolism of Pm~147 in
studied the absorption of
elements, including Pm=147, in rats and found

that absnrption from intramuscular injection was, for the most




. DY »

part, fairly complete. Deposition was primarily in the liver
and skeleton. Elimination from the liver was fairly rapid
with a half-time of 1Y days. Elimination from the skeleton
was slow with a half-time of approximately 2.5 years. Speci-
fically, -~ Pm-147 one day after intramuscular injection,
the following % of the initial jose was found: liver = 4S%;
skeleton - 35%., Absorption from gastrointestinal tract of
the four i{sotopes studied (Ce-l1l ., Eu-152, =-154, Tb-160,and
Tm=170) was less than 0.1% ol the administered dose.
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Appendix 5: Irradiation of Gastrointestinal Tract Upon Inges-
tion of Radiocactive 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 whole 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 distiribution of isotope throughout the
gastrointestinal tract and all B-energy 1s 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 gastrointestinal tract. The
maximum penetration of Pm-l47 betas in such a medium would
be about 0.5 mm. The average penetration would only be
about 20% of this, or O.1 mm. Therefore, there is much
doubt as to how much radiation would actually reach the
walls of the tract,

2. The resiSegse time of the {i{sotope is 15 hours in the
stomach*7» and small intestine together and 18 hours
in the colon.

3. The mass of the stomach and small intestine is 1500 gm
and the contents 500 gm; thsomass of the colon is 500
gms and its contents 150 gms*".

The formula we shalé use to calculate doses is that of
Thompson and Hollis@2;

D = 2.3 8 E ct :

where D is the dose in reps; 2.3 is the dose rate in reps/hour
from a concentration of one puc/gm of an isotope emitting a

1 MEV radiation in an extended medium; Q is the pc 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 (¢) for an effective
time, t (in hours); and w is the mass of the segment contents.
The 2 in the denominator corrects the dose in the extended
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medfum to the dose at the segment wa1123.

The dose to the upper tract (stomach and small intestine) and
lower tract caused by the ingestion of one millcure of Sr-90,
Pm-147, and Cs-137, are calculated as follows:

1) S$r-90 E = 0.20 + 0.93 = 1.13 MEV
Upper Tract Q = 1000 c =1 t = 15 hours
Sy W= 500
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-luz E= 0.07 MEV
Upper Tract D = 2.3 x 1000 x 0,07 x 1 x 1§ = 2.4 reps
2 X 500 =
Lower Tract D = 2.3 x 1000 x 0,07 x 1 x 18 = 9.7 reps
c x 150

Agdin, it must be 2mphasized that the true dose Is only a
fraction of this «=- probably less than 10% -~ due to energy
ad<orbtion 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
e X

Lower Tract D=2,3 x 1000 x 0,23 x 1 x 18 = 32 reps
2 x 150

Calculation of the Y-ray dose to the total body can be done

in a very approximate manner, The total energy given off
by the source is determined and it {s assumed to be absorbed
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totally and equally throughout the body. The total energy
release (Ey) in ergs/sec-mc is calculated as follows:

6 -12
Ey = 3,7 x 107 dis X O.66 MEV x 10¥ ev x 1,6 x 10 ergs
sec -mc dis MEV ev

= 39 ergs x 3600 = 140,000 ergs
sec-mc hour=me

Assuming total absorption in a 70,000 gm man, we have:
1%0,000 ergs = 2 ergs
3 gn Hhour-mc gm=mcC =hr

Since 1 rep = 93 erg ; 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 nBt constitute a harmful dose to the system. Rothe
and Tuttled report that & dose of 30 r/day for 10 days to
the gastrointestinal tract o£ a rat causes only minimal his-
tological changes. Quastler 5 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. Usuallg the colon is
thought to be the sensitive organ, but Conrad © has suggested
that the small intestine may be critical. He noted changes
in the tone an' ggtility of the rabbit ‘ntestine upon doses

of 100 r. Spear®”, nowever, indicate: thst on the basis of
radiological observations, the abdominal areas are unaffected
by doses of hundreds of roentgens.
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If one accepts a dose of 20U r to the colon as not likely to
cause serjious damage then one could consume 2 mc of Sr-90,
10 mc of Cs=~137, or 30 mec of Pm-147 and expggt no lasting
ill effect. Probably the remarks of Conrad are ot some
interest in this regard.

"eevs.sit should be stressed, that though the gastrointes-
tinal tract is one of the most sensitive systems to ionizing
radiation, it also has @ most remarkable regenerative and
reparative capacity. 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
anatowical and functional integrity with doses in the lethal
range .




IV.
l.

10.
11.

12.

13.
14.
15.

- 28 -

REFEKENCES

L. D. Carlson and B, H. Jackson, Raaiation Research 11,
509-19 (1959); and L. D. Carison, W. J. Scheyer, and
B. H. Jackson, Radiation Research 7, 190-197 (1957).

J. C. Hudson, Radiology 29, 95 (1937).

Remarks delivered by Charles L. Dunham, M.D,, Director

of Biology and Medicine; U. S. Atomic Energy Commission;
at the 45th Annual Meeting of the Radiological Society of
North America; Palmer House Hotel; Chicago, lllinois;
November 19, 1959.

H. Blatz, Radiation Hyg}ene Handbook, McGraw=Hill Book
Co., 1959.

G. J. Hine ana G. L. Brownell, Radiation Dosimetry,
sAcademic Press, 1956, (page 7527).

J. N. Stannard, Proc. 2nd Int. Conf. Peaceful Uses of
Atomic Energy, Vol 23, 306-311 (1958).

D. Yamamota, Kagaku (Science) 25, 261 (1955) (CA, 1955,
160011 ).

G. Friedlander and J., W. Kennedy, Introauction to Radio-
chemistry, J. Wiley and Son, New York (1949), page 158.

O, Glasser, E. H. Quimby, L. §. Taylor, J. L. Wentherwax,

Physical Foundations of Radiology, Paul B. Hocker, Inc.
(15555, page 2L6.

N. Starfelt and J. Cederlund, Phys. Rev. 105, 24U-6 (1957).

C. H. Cheek and V. J. Linnenbom, NRL Report Suli8, Febru-
ary 24, 1960.

J. Tabackwick and C. Weiss, Radifation Research 11, 684-99
(1959).

Moritz &and Henriques, Lab. Invest. 1, 167-185 (1952).

G. M. Dunning, Health Physics 1, 379 (1959).

Jo. J. Fitzgeraid, C, M, Hastings and G. G, Detwiler, U. S.
AEC HKeport KAPL- 1571 (1956).




16.

17,

18,

19.

20.

21.

22,

23.

2.

25
26,
27.
28.

29.

- 50

E. H. Quimby, $S. Feitelberg, and S. Silver, Radioactive
lsotopes in Chemical Practice, Lea and Febiger, Philadel-
phla, 1958, page 92,

H. H. Rossi and R, H, Ellis, Am. J. Roetgenol, Radium
Therapy, and Nuclear Medicine, LRVII, 588-88 t1§52).
P. W, Durbin, M. H., Williams, M. Gee, R. H. Newman and

J. G. Hamilton, Proc. Soc. Expt'l. Biol. and Med. 21,
78-85 (195%6).

P. B, Hawk, B. L. Oser, W. H, Summerson; Practical
Physiological Chemistry, 12th Edition, 323 (194L7)
Blakiston.

Recommendations of the International Commission on
Radiological Protection, Brit, J. Radiol. Supp. &6, (1955).

R. Loevinger, J. G, Holt, and G. J, Hine; 1in Radiation
Dosimetry, Chapter 17 (1956) Academic Press.

R. C, Thompson, O. L. Hollis; Hanford Laboratories,
Atomic Enerqy Repor® HW - U566 (1056) and 1he American
Journal of Physiolegy 194, -318 (1958).

H. H. Rossi. R. H, Ellis; Nucleonics; 7, 18-25 (1950).

W, E. Rothe L, W, Tuttle; AEC Research and Development
Report; UR-529 (19%8),

H. Quastler; Kadiation Kesearch, L, 303 (1956).

K. A, Conrad; Radiation Research, 5, 167-188 (19%6).

K. T. Woodward, et al; Radiation Fesearch, 5, LL41-9 (1956).

F. G. Spear, Radiation and Living Cells, p. 93 (1953)
Wiley.

E. M., Jacobsen, A. K. Davis, and E. L. Olpen; Radiation
Rese? Q, 358-68 (1958).

e



REPORT TO
MINNESOTA MINING AND MANUFACTURING COMPANY
On
ANIMAL STUDIES RELATED TO POSSIBLE RADIATION HAZARDS

OF PROMETHIUM-147 CONTAINED IN 3M MICROSPHERES

Southern Research Institute

Birmingham, Alabama
September 18, 1961
6098-1255-1




-

*

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
containing 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 mc
(by 3M assay) of Pm*" and were sacrificed 24, 48, or 96 hours therealter.
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
animals were assayed for radioactivity., The Pm' was rapidly eliminated
by all animals, and by 96 hours only very small amounts remained in the
alimentary tracts. Small amounts of Pm'* were found in the carcasses of
all, and in the urine of some, animals; but, excluding one 2nimal that was
an obvious anomaly, the combined amounts appearing in the urine and car-
cass did not exceed 12 parts per million of the admlmstered dose

Squares of aluminum covered with a paint containing radioactive
microspheres were used to study the effects of radiation from Pm'¥ on the
rabbit ear. Such devices, containing 20, 3, or 0,35 mc of Pm!¥?, 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.

%A—-« twrajialis. if Aot _teq - 6/-“_‘,, » 644%(.1,7

Bk, Pos 13, Nl | Jo7- /T (19¢0)

4

SOUTHERN RESEARCH INSTITUTE

L N AT U IR B T T e T T TN, _TH T L T R T FE P I et e



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
Pm'" or exposure of ine ckin of animals to devices containing these micro-
spheres. The first study was designed to determine the amounts of Pm47
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 ear 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

Microspheres 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 uc per milligram,
The rats used were males of the Wistar strain, and were purchased from
Vinemont Animal Farms. Toe 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.
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For experiments with radiocactive microspheres, a number of
capsules were prepuared 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 mc
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 >n 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 feedir}g

of the capsules was revealed at the time of dissection.

P

Urine was collected in the trap at the b ttom of the metabolism
cage, and the sides of the funnel leading to the trap were washed down
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thoroughly to insure complete recovery. Since there was a possibility of
contamination with microspheres from the feces, the urine 'vas 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 Pm!*" that was remov~d 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 arxount 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!* in a soluble form
that could be sampled and assayed accurately. After several trials a pro-
cedure was developed using fusion with sodium carbonate as the first step.
This fusion did not destroy the gross structure of The micFrospheres but
when the water-soluble material was removed from the fusion mixture,
the residual material, which contained virtually all of the Pm , was solu-
ble in hot hydrochloric acid, This procedure was also used for feces,
al—i—;nentary 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 mc by 8M 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
for 1 hour, . The crucible and contents were allowed to cool,
the crucible was filled with water, and the “ixture 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 insoiu-
ble residue., The residue was washed several times by cen-
trifugation with a 5% solution of sodium carbonate. The super-
natants fror 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
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Chart 1

OQutline of Methods of Assay of Microspheres and of Animal Samples

Rats

Microspheres
Sacrifice 48-96 hrs

(1) Fuse with Na,CO,

= T T (2) Add H,O
Urine Feces Carcass Alimentary [
Tract Supernatant Resudue
‘ i Lyophilize (1) Reflux
Evaporate Ash 800° C (1) Ash 400° C 6N HCI
(2) Ash 800° C Residue {2) Lyophilize
Res:due - dissolve Residue Count as
in H;O. coum Residue gel in Tri- Residue
total solution in (1) Fuse with Carb Dissolve in
8
mylar window @) ::;COB (1) Fuse with Na,CO, #,0. count
S N (2) Add H,0 in mylar
r ] window counter
Supernatant Residue Supernatamt Residue ‘
(1) Reflux
Lyophilize 8N HCL Saginpe M ::‘n':él
! (2) Lyophlize ’
Residue I (2) Lyophilize

Qount &3 P e Residue Residue

gel in Try - Dissolve in c

Carb H,O, count —_—

al . gel in Tri- (1) Dissolve in
-y ) Carb H,0, neutralize

mylar window

counter

with Na,CO,
(2) Lyophilize

Residue
Count as
gel in Tri-
Carb



25-fold with reagent grade toluene and Cab-0-Sil (2. 5% by
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 Pm¥
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 codium 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 -
tem 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
ter 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 HCI 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
s8ix animals, the assays showed somewhat more Pm!¥ in the
feces than was actually administered. An exact determination
of the feces content of Pm!*" 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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was 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

to four times | 1e 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 ac'4 and the resulting solution
was lyophilized as has already been described for micro-
spheres, When the residue from the lyophilization was dis-
solved in water, the solution was too acidic to be plated un-
diluted on steel planchets. Since the radioactivity of the
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
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., Tne entire fraction
was plated on stainless steel planche 3, five or six planchets
being used for each fraction; planchets were counted in the
mylar window proportional counter, The solution plated con-
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.
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Table 1

Radioactivity (cps/sample¥®) in Samples from Rats Administered Capsules
of 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)
Wt. of Microspheres Administered 23.9 mg 31.8 mg 27.9 mg 27.9 mg 28.6 mg
cps in Microspheres Administered® 0.88 x 108 1.18 x 10® 1.03 x 10° 1.03x 10° 1.06 x 10°
Carcass 30.5 5.09 1,018 38, 500 30.9
Urine 0-24 hrs No Act. No Act. 9.26 853
24-48 hrs 636 No Act, No Act. No Act. No Act.
48-72 brs No Act. No Act. No Act.
72-96 hrs No Act.
Sum of Urine + Carcass 666.5 5.09 1,018 38, 509 —884—
Alimentary Tract 148 5,834 5,669 55, 056 5.78
Feces  0-24 hrs 1.90x10° 1.49x10° 1.69x10° 1.38x10®
24-48 hrs 0. 75x10° 2. 50x10° 7.04x10° 9.58x10° 0.05x10°
48-72 hrs 7.23x10* 5.50x10* 0. 14x10*
72-96 hrs 0.30x10"

% Calculated 2s observed cps in a mylar window counter uncorrected for counter efficiency.

No. 6 (96 hr)
23.1 mg
0.86 x 10°

m
3.10
No Act.
No Act.

No Act.

974
4.80

1.06x10°
2.94x10°

4.18x10*

4.5x10°

t The indicated time is that elapsing between administration of the microspheres and the time at which the animais were sacrificed.




Table 2

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

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 T, 54 0.042 9.88 374 8.32 11.3

Alimentary Tract 1.68 49.4 $5.2 535 0.055 0. 056

% The indicated time is that elapsing between administration of the microspheres and the time at which the animais
were sacrificed.

NEMIHLINOS
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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 beeun 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 o'
the efficiency for Pm'" is slightly greater than that for C, our determina- |
tion of specific activity of the microspheres is about 35% of the specific ¢
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,

el

p LA ST

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 cat.
be ascribed to an artifact, S

e et .t

a——

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 Pm'"" 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 foodstuii 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 removed
from the microspheres and absorbed by the animal. In none of the animals,
however, did radioactivity 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 Pm!47 absorbed from the microspheres during
their passage through the animal, and from the rrosults 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 ther. 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, "

—

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 uc established by the Atomic Energy Commisssion. In Table 3
are presented the man-equivalents of Pm'%" calculated from the values ob-
tained for the rat carcasses. For these calculations, T0 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 th unt of microspheres ingested by the rat,
that is 0,025 x 70/0.12, of 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, even after the ingestion of curie amounts of Pm'

| ey -

m 3M _microspheres by a man, the body burden of absorbed Pm"’ would not
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Table 3

Amounts of Pm* in the Rat Carcass After Administration of
Radioactive Microspheres and the Calculated Man-Equivalents

Content of Pm¥

Fraction of

yc 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

* Numbers correspond to those of Tables 1 and 2.

*x The counting efficiency used to convert observed counts per second to
microcuries is based on the 3M radioactivity of the microspheres. See
text for further discussion.

t The number of uc in rat carcass multiplied by 70/0. 12 (the weight of a
man + weight of rat, in kg).

1t The number of uc man-equivalents divided by the allowable maximum

body burden of 60 uc (s<e, Federal Register, Title 10, Atomic Energy,
Chapter 1 - Atomic Energy Commission, Part 20 - Standards for
Protection Against Radiation, Appendix B, Table 3.)

gl
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exceed the allowable burden by more than three-fold, if at all, Moreover,

Fince a typical 3M self-luminous device contains only about 25 mc of Pm!?,

it 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-

polations are concerned only with the body burden of Pm!" 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,

SOUTHERN RESEARCH INSTITUTE
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II. DETERMINATION OF SKIN SENSITIVITY TO AND PCSSIBLE
TISSUE DAMAGE DUE TO RADIATION FROM
dM SELF-LUMINOUS DEVICES

Experiments were conducted with rabbits to determine whether
or not direct skin contact with devices containing various amounts of Pm'¥’
in 3M microspheres and similar devices containing 3M microspheres but
no Pm'" would result in tissue damage or irritation,

Materials and Methods

Experimental Animals. - Young adult female rabbits (New Zealand
white strain) weighing between 2. 9 and 3.0 kg each were obtained from a
commercial breeder. Each animal was housed separately in a ctainless 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 em
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 Pm*”, The levels of Pm"¥ under (b) above were
350 uc, 3 mc or 20 me in each device, The description of the radinactive
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 ''Coid'" Devices. ~ Nine rabbits were used, Tne 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

SOUTHERN RESEARCH INSTITUTE



Figure 1. F xposure area identification Figure 2. Devices taped in place in
marks in rabbit ears,. rabbit ears.
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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 uc Pm'"", 3 to "hot" devices con-
taining 3 mc Pm'"’, and 3 to "hot' devices containing 20 ric Pm'", Each
device was placed with the painted surface in direct contact wit!' 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 tota. exposure one rabbit exposed to
each 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 recogniz¢d 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,

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

At no time were any gross signs of radiation damaqe apparent
during continuous exposure of rabbit skin to up to 20 mc of Pm'¥Y and up to
90 days exposure. The exposed areas remained completely normal and
without any gross evidence of erythema, edema, pigmentation, exfoliation
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,

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

Exposure

350 uc Pm'?
"cold" device

147
3me Pm

"ecold" device

20 mc Pm'Y
"cold" device

350 uc Pm'¥
"cold'" device

3 mc Pm'Y
"cold' device

20 mc Pm'"
"cold'" device

350 uc Pm*¥
"cold" device

3 mc Pm'¥

"cold' device

20 mc Pm'"
"cold" device

Duration

30 days
30 days

30 days
30 days

30 days
30 days

60 days
60 days

60 days
60 days

60 days
60 days

90 days
90 days

90 days
90 days

90 days
80 days

Histopathologic Findinge

focal hyperkeratosis
superficial ulceration

minimal hyperkeratosis
moderate hyperkeratosis

superficial ulceration
epidermal cyst, inflammation

subacute dermatitis and focal necrosis
chronic dermatitis

dermal scarring
subacute dermatitis

subacute dermatitis
subacute dermatitis

mild hyperkeratosis
hyperkeratosis

hyperkeratosis
hyperkeratosis

hyperkeratosis
no abnormalities
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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 histologi changes

observed were due to response to radioactivity is most unlikely since;

Similar reac tions, sometimes more extensive, were seen in
same rabbit exposed to the ''cold' device as in the ear exposed
&0 147 41 :
e; e.g., 390 uc Pm™ and 3 mc Pm! exposure for 90 days,

2. No consistent increase in pathologic response was observed in

rleim e sel $ Err. T = AT o e
rabbit 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 actvnl 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 Pm** 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
minor 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
47

. i : 1
iation (the total radiation at the surface produced by 20 me of Pm in

vs) was delivered to the rabbit skin examined wi ut causing specific

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

arnount of soft B8 radiation is less than the amount necessary to cause

+

specliic daamage to sKin,




Date

4/7/61
4/7/61
4/7/61
4/7/861
+/7/61
4/7/61
5/8/61
5/8/61
5/8/61
5/8/861
5/8/61
5/8/61
6/14/61
6/14/61
6/28/61
6/28/61
7/11/61
7/11/61

¢

APPENDIX

Code to Duration and Intensity of Pm " Exposure of

Rabbit Ears Examined for Radiation Damage

Duration
Pathology Report Specimen Pm'Y of
Number Identification Exposure Exposure
D-30624 A 350 uc 30 days
D-30624 B cold 30 days
D-30624 C 3 mc 30 days
D-30624 D cold 30 days
D-30624 E 20 mc 30 days
D-30624 F cold 30 days
D-31332 S-1 350 uc 60 days
D-31332 S-2 cold 60 days
D-31332 S-3 3 mc 60 days
D-31332 S-4 cold 60 days
D-31332 S-5 20 mc 60 days
D-31332 S-6 cold 60 days
D-32654 A 3 me 90 days
D-32654 B cold 90 days
D-33026 A 350 ue 90 days
D-33026 B cold 90 days
D-33341 A 20 mc 90 days
D-33341 B cold 90 days
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Received 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 days to
B radiation from Pm!’, Three rabbits were used. One had a Pm'Y
device containing 350 uc taped to the inner surface of one ear and a
similar non-radioactive device taped to the inner surface of the other ear.
The second rabbit had a Pm'" device containing 3 mc taped to the inner
surface of one ear and a cold device on the other. The third rabbit had a
Pm M’ device containing 20 mc 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 Descriptiont M.Y. -pe

Received are specimens said to be rabbit skin numbered 1,2,3,4,5, and 6.
No. 1 wili be labeled A; No. 2 will be labeled B; N¢ 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, ear - vacuolar change, epidermis

(F) Skin, ear - inflammatory change, derma, mild

Comment: It is difficult to know whether the change in health was a part of

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

(signed) A. E. Casey, M. D.
il
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Received 5/8/61
Southern Research Institute 5/8/61

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

These six bottles contain areas of rabbit ears exposed for 60 days to 8 -irradiation
from Pm'Y, These rabbits were used. One had a Pn*"" device containing
350 we 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 8 mc taped to the inner surface of one ear and a "cold" ‘
device taped to the inner surface of the other ear. The 3rd rabbit had a P m!¥?
device containing 20 mc 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 ai' embolism, and
the ones of both ears which were directly under the "hot'" and "cold" devices
were removed, placed in 10% formalin and submit d for pathologic examination.

We would like your careful examination of all samples for deviat . 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
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
section of rabbit ear skin consists of a square area, 1.8 ¢m 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. 1xy for each
sample.

Microscopic Examination and Diagnosis:

S1- Skin, ear - subacute dermatitis, moderate

Sl- Skin, ear - scarring, derma

S1- Skin, ear - focal necrosis, collagen

$2- Skin, ear - perivascular reaction, moderate
$2- Skin, ear - scarring, derma

$2- Skin, ear - chronic dermatitis, focal

83- Skin, ear - scarring, derma, reticular layer
S4- Skin, ear - subacute dermatitis, minimal

85~ Skin, ear - subacute dermatitis, moderate to marked
S5- Skin, ear - pustules and superficial ulceration
86- Skin, ear - subacture dermatitis, minimal

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

b4 TSOUTHERN REEARCH INSTITUTE
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(
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i 2 is the area of the other ear exposed to the cold

side of the ar with the

tions and gilve
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imen No. 1 a portion of the skin from the ear of a rabbit
was exposed to a radioactive source Half of the portion

into 2 sections for embedding and labeled 2x

.

£y

onsists of a similar portion of skin from the

of skin r

Y
i

ieasuring about 1.5 cm in the side

comes from an ear that was not exposed to

i n b 5 » 1 &~ . .
8 portion 1s also sectioned 1ir

11O 2 pieces
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6/28/61

Proiject 1255 D-33026

pieces of the f a rabbit exposed to a device containing
material.
'he devices v to the inner surface of the ears for 90 days. The exposed

irface (inner) bearing the short hair. We would like to know

350 uc of I ind an identical devi vhich contained no radioactive

tions show evidence of radiation damage and if so, which one
nt of damage The radioactive material emits no
The rabbit was numbered No. 1 and the two ear sections

2. The animal was sacrificed on June 26 1961.

4

ions from a rabbit which were numbered No. 1
18 labeled A for embedding purposes. The specimen
angular piece of skin from the inner surface of the ear and

length x 1.5 across Sections are taken and labeled A from

18 a square piece of ear measuring 1.6 cm on the side

g si
taken and labeled B. 2xy




7/11/61

D-33341

contain sections of the ear of rabbit No. 9 which w

as exposed

'{:nli.(l No 1

exXpose d to an identical but non- radioactive devic

e containing 20 mc of Pm for 90 davs la

was

resped tive

to whether or not the ear exposed to the radio-
radiation damage, as compared to the control ear

section from a rabbit

eal
This is labeled A. 2x\

Recieve

cimen No. 2 is a similar square of rabbit ear labeled B

vXxamination

hyperkeratosis with
- chronic dermatit

not remarkable




Research Institute 7/11/61

Proiect 1255 D-33026

he 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 pustui
formation or swelling of the nuclei or necrosis in D and ¥, minimal

pustule in B, Slight reaction in subcutis in F. In each of the e Xxperimental
D-32064 A, C, and E there was ation of the epidermis with neutrophilia
and especially in C and E swelling of the epithelial cells of the ¢ pidermis
compatible with the cytologic change in cancer or pre-cancer on Papanicolaou

smears

teview of D-33026. The B section shows some pustule possibly from pressure

bandage Th xperimental animal shows some swelling of the cells of ¢ pidermis

arged cytoplasm, basophili

Lic

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 s
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

1

ind some perivascular collars and considerable cellular reaction

rma; No. 3 also shows superficial necrosis, perivascular collars
No. d shows extensive pustule formation with marked inflammatory
rma on one surface of the this is the most marked inflammatory
6 slides.

stratum

view of D-32654. The A portion shows small pustules ir
-

small. Almost no inflammation in derma., The B poriion is

S0 THERN RESEARCH
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RADIOACTIS
ISOTOPE

B 3M Brand Radiating Microspheres® represent a
new approach to the utilization of radioactive mate-
rials. 3M scientists can introduce, and permanently
“cage” a wide variety of radioisotopes in the solid
}mt}i

physically and chemically inert, yet the useful

ceramic carrier. The finished product 1is

radiation is allowed to escape with high efficiency

B Because of their unprecedented inertness and

small size, 83M Brand Radiating Microspheres are

finding wide acceptance where the danger of

uncontrolled spreading of the free isotopes cannot

be tolerated

B Industrial and tracer applications of 3M Brand

Radiating Microspheres are even more varied and
colorful, for the microspheres also have been found
to be essentially insoluble in all common reajyents

-the softening point is above 1500°C—and they

are not damaged by high radiation doses

B These tiny particles find use in any area where
an inert, insoluble particulate tracer is required.
These include sand tracers, fallout studies, and

many others

s

= “BASIC PROPERTIES:

COLOR

SOFTENING POINTY

< .. Above 1500 C
5

soLuBILITY
Insoluble in ali com-
mon reagents

TN

RADIATION
STABILITY
Greater than 10%rads
(No goilor change or
decrease in isotope
retention at this dose.)

ABRASION

~rge e pap—
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Licensing Information and Disclaimer *
Shipments of ra lLionctive wotopes Arc limited by law to thos individuals who have in their possession a
valid AEC or State License for the possession of such materials. A copy of this license or & signed state-
ment giving the heens number, wolope and posscEsIOn limit must be in our hands before any shipment
can be mad¢ \
All statements technica! information and recomime ndations containe d herein are based on tests we !
believe to be reliabic but the accuracy or completeness thereof, 18 not R\mm:\lm'd and the following »
made in lieu of all warranties express or implied
Seller's and manufacturer’s only obligation shall be to re place such quantity of the product proved to b
defective. Neither seller nor manufacturer shall be liable for any in iry. loss or damage, direct or con-
sequential, arising out of the use of or the inability to use the product, Before using, user shall determine
the suitability of the product for his intended use, and user KSBUMES all risk and hability whatsoever in
connection therewith
No statement or recommendation not contained herein shall have any force or effect unless in an agreement
signed by officers of seller and manufacturer
aT AU ' MINN
#u
e ———

for the Atomic Energy Field

Other Products
M Nuclear Products Department:

o Available from 3

B Self Luminous Materials  Static Eliminators

@ Radioisotope Tracers @ Medical Microspheres
@ High Surface Area Fuel Elements i High Temperature Reactor Fuels and Poisons




Max
volume Point Sp. Act
Isotope Half-Lite Emissions secros | Beures Souied o

Ag-111 16d Beta 5 . ns 5 ns 1,000

Gamma
458 y Alpha 48 | S $ 50
Gamma

Au-198 274 Beta ; 5 S : S 200,000

Gamma

Bala-140 Beta S y 5 : 10,000

Gamma
Cd-108 70 Gamma

Cd-115 53h Beta
Gamma
Ce-14] 33 Beta

Gamma

Ce-144 Beta
Gamma

P

Gamma

Beta
Gamma

Gamma

Beta

Lamir

Beta

Gamma

Beta

Gamma

Beta
Gamma

Bet

J
&

Gamma

Positror

Gamma
Beta
Beta
Rl
AIDNS

Beta

Beta

‘;:“!rv»r"\”,
Beta
Beta
Gamma
Gamma

)
Beta

Gamm:

Beta

a i
Las

tS—-Standard

ns--Non-standard, specia

NA—Not Available 1n Bulk




" RADIATION SOURCES

B Having successfully developed the Radiating Microspheres, 3M's Nuclear Products Laborators

began developing a complete line of radiation sources. These sources, using 3M Brand Radiating
Microspheres, are unlike ordinary sources; they offer 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

E

3M Brand Radiation

heated at 1000
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may wish to utilize the sources we are producing, or
own requirements; in either case this brochure will provide a working familiarity

ucts and concepts




RADIOCHEMICAL "AREA
Techn .
O Qv
0 Hall View "
Area
g o
;i e x System For
Handling
o HOY CELL Curie
Quantities of

Krypton-85
Gloved Boxes
Instrument

Counting Area

Nuclear Products 3%




QYT POINT SOURCE KRYPTON 85

MODEL 3B4E

ISOTOPE:
HALF LIFE 10.6 YRS.
EMISSIONS:
BETA  0.67 MEV.
CAMMA 0.44 MEV, ' %

BASE MATERIAL:

ALUMINUM
Sealed TYPICAL
Copper
Tube with APPLICATION
am INSTRUMENT
* NO WIPE TEST CALIBRATION
REQUIRED BY AEC.!
REFERENCE
SOURCE
NOMINAL CONTENT UNIT PRICE IN LOTS OF
(me) 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

3] Nuclear Products

s+i+8: MINNESOTA MINING E MANUFACTURING CO.

900 BUSH AVE. ST. PAUL, MINN. 55101 » TEL. 612-645-0321 :
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<

Flange .2 _, /

P4

VOLUME SOURCE-KRYPTON 85

001" 5.5, Window

‘///////’ Silver Brazed

MODEL 3E4B

ISOTOPE:
HALF LIFE 10.5 YRS.
EMISSIONS:
BETA  0.67 MEV.
GAMMA 0.5 MEV. (0.5%)

MATERIAL:
STAINLESS STEEL

TYPICAL APPLICATIONS:

FLOWING FLUID DENSITY
GAUGES

THICKNESS GAUGE

NOMINAL CONTENT

{mc)

250
500
1000

UNIT PRICE IN LOTS OF
RO 4. it L BPRCA
1-4 | 5.9 | 10
150 1 140 | 120
230 1 200 | 180
330 j 280 | 250 9

[Y]Nuclear Products

s+e3+8f MINNESOTA MINING E MANUFACTUBING COo.

2501 HUDSON ROAD, ST PAUL MINN. 55119 » AREA 612 TEL. 645-0321




0Y1 POINT SOURCE STRONTIUM-YTTRIUM 90

3M Brand
Radiating
Microspheres

\, in Radiation

MODEL 3DIA

\ Resistant
1" L 7T ISOTOPE:
\/ 1" N T T HALF LIFE 28 YRS.
\ / ' EMISSIONS:
BETA 0.61, 2.18 MEV.

BASE MATERIAL:
ALUMINUM

TYPICAL APPLICATIONS:
INSTRUMENT CALIBRATION
REFERENCE SOURCE

NOMINAL CONTENT UNIT PRICE 'N LOTS OF
(mc) oy g e —
0.001 $31 $28 $23 $18
0.1 35 32 27 27

[y] Nuclear Products

s34 MINNESOTA MINING E MANUFACTURING CO.
900 BUSH AVE. ST. PAUL, MINN. 55101 ¢ TEL. 612-645-0321




3(Y1  AREA SOURCE POLONIUM 210

MODEL 2D8A

: A ‘ i/16" ‘
\ / /:l m : \ Mounting Holes 150TOPE:
\\ g - Nty HALF LIFE 138 DAYS
% EMISSIONS:

ALPHA UP T0 5.3 MEV.

SOURCE BASE:

o ALUMINUM
o Brand
V' Thic Raditng TYPICAL APPLICATIONS:
g Pt s INSTRUMENT CALIBRATION
i TEACHING AND
DEMONSTRATION
NOMINAL CONTENT UNIT PRICE IN LOTS OF
ok 1.4 5-9 10 OR GREATER
o -
0.1 $100 $80 On Request
1 110 90 v o
10 120 100

=3[Y] Nuclear Products

$34+83+88 MINNESOTA MINING E MANUFACTURING CO.
900 BUSH AVE. ST. PAUL, MINN. 65101 » TEL. 612-645-0321




ganau

VOLUME SOURCE-CESIUM BARIUM 137

%"

3M Brand
Radiating
Microsphares

Silver
Braze

_~Weld

Stud
" —20x 1"

MODEL 4F6D

ISOTOPE:

HALF LIFE 30 YRS.
EMISSIONS:

CAMMA  0.66 MEV.

MATERIAL:
STAINLESS STEEL

TYPICAL APPLICATIONS:
LIQUID LEVEL GAUGES
FLOWING FLUID DENSITY

GAUGES

NOMINAL CONTENT

UNIT PRICE IN LOTS OF

(me) 1-4 5-9 10 OR GREATER
| 100 $170 $155 $130
500 235 210 175
1000 340 300 250
2000 400 360 300

1 '(
i i

3

900 BUSH AVE,

Nuclear Products

MINNESOTA MINING & MANUEACTURING CO.
ST. PAUL, MINN. 5101 » TEL¥612-645-0321




20T LINE SOURCE - STRONTIUM-YTTRIUM 90
MODEL 3AIF

3M Brand
e Radiating
g W Microspheres

isa ISOTOPE:
Mounting Holes HALF LIFE 28 YRS.
EMISSIONS:

P A 0.61, 2.18 MEV.

MATERIAL:
I
B STAINLESS STEEL
< e TYPICAL APPLICATIONS:
BETA THICKNESS GAUGES
TRIPLE ENCAPSULATION RADIATION DOSIMETRY

NOMINAL CONTENT UNIT PRICE IN LOTS OF
(mc) 1-10 11-25 26 - 100 > 100
0.1 $150 $140 $110 $ 90
i 160 150 120 100
10 175 160 135 110
50 190 175 145 120

[yl Nuclear Products

s$+3+88 MINNESOTA MINING E MANUFACTURING CO.

900 BUSH AVE, ST. PAUL, MINN|'S5101 » TEL. 612-645-032"
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SEALED SOURCE FILES
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TECHNICAL DATA SMEET
"3M" Brand Radiating Micrespheres

HMinnesote Mining and Manufacturing Company
Nuc leer Products Department
€301 Hudeon Hoad
St. Paul 19, Finnesots

January 1%, 1960

Description

"7 Brend fadisting Mlcrospheres herald s bold new spproach
L0 the utilizetion of radiesciive paterisils.

The radiclsotope 183 incorporated i(n the solld microsphere
in such a wey that the construction is chemicaily and phystcaliy
inert, yet the useful radiation Is allowed to escape. Lesching
tests In O.,C1 N HCL show that less than C,01% of the activity
is repoved in 7 days. & great variety of lsotopes, Including
alpha emitiers, can be Incorporated in the microsphares st sl-
most any desired level of activity.

The principal hazerd of products containing elpha or beta
emitting fsotopes {s the Internal radiation sttending the ecci-
dentul ingestion or {nhalatfon of the isotope!/ Incorporating
the fsotope in "3" Hrend Redlating Microspheres before fabri-
cating the product reduces this Internal hazard to s minimen,

Table 1 conteins & iist of some of the more important
isotopes that ere available in "3" Brand Radiating Micro-

spherees. Virtvally uny isctope can be incorporated in the
microspheres,




[N




\
i
.
=
Mg N
a AL e
£ _
5 i
y :
-]
\A‘ L
_F[‘ [

. -u ."a-' ‘rv“"- j‘ I{ N, e 14-1“.14-, T "'ﬂ*-‘;:;;i".; . i
Technicsl Uata Sheet < page 3
fopsrties oF © forosphases: _ R
> o 2 ad : 1 ‘ v .— - « &
Color: Hilky wiite: - B e o el e
Slzes . Yor ususl Gpplication - @Ofmlcrahsg oL Gen ! ey
‘ e oblatned n curefully graded siger from 10
| te 106G microng : A s R
R 3y . ‘ | " ‘ '.“.’:\ i ""'""
Denmitvy Abacolute = L0 em./hms | et e -l
| v I ..‘;‘_:.I‘L.::' “ \A“

Bulk = about 2.0 gm./omd, depending on sfze ©

Peiting Polnty - 1500° ¢, i OV SRR

! DI

Solubliliy: Lese than i pari}utr_hllljan in sutt.gugggq_ﬂ,? fgg}f
| or dfluie seid (100 mic of Lest solation s o o0

tine of test one week).

i

Fadiatlon Siabfiteyr Ureodr then 107 Rads {no vistuls i

shunge nor any degresse in the "o 5
fetention of the iwolopes At thim . =

dose ), - :

ﬁgﬁg;dvgvﬁiunttgg i _ : ‘? AL gj‘

Ipteraal: TRl AR e S B

: ihe Incorperetion of & redioisotope Inte "™ Brand ' 1
radlating Picrospheres prévents that {adtope fror teheving '
in o hoimal vetabelic wav. Tor exanple, work et 3 hae

shcwn Lt when Sr«00 plerospizreas wore fed to rats, ro
dEteaiabls mmeunt of redicadtivity wis Jepssited In the

Crowess of ihe animed (Jess than 0,0007% of the smount fedl.
indrefore, th lavel for ingestion of Sr«090 carrier Lo give

a tody burdeso of 1 go, the aregently acoepted maxieum, would

P many (lmes Liw level of soluble Sre80 Which Couid e | ..
thderateds A6 #n exomple, i we sesure the ssee conditions

to exist {n van 68 in tw rats runtioned sbove, when less .

than D0007Y of the dose was In the carcass after four days;

e Could Ingest 8t least U0 me of Sre80 carrier and still’

notl exceld e 1 pe body burden. T '
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Thae uneul preseutions must e teken to ahield the exe
ternsal rofiaticon, & report entitled "Hazerd £valustion of

Fm=147 fgtivetes Self<)lumilnous cevices Yade with "3 Hrape K
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N APOLLO SPACECRAFT = Report nned Spacecraft Ce:ter, 1/20/67

by Tracerlab/West, Richmond, Calif. & }9 |
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extremely remote, The docking target is part of the LM
] less, if the LM did reenter the atmosphere
it is virtuaily impoasible for the docking ta

Neverthe-
™ will remain intact is extremely small,
¥get to reenter and Femain intact to impact on land,

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

were to chance upon the intact sys-
tem and found a use for ', a continuous

+ 000 hours would be Fequired to achieve a doge
that would do no more than blister the ski

Over 1, 000 hours would
ble blood count change
Hence no credence can be given to the Possibility of a significant

also be required to achieve a "deep dose" “quivalent to one that would Produce a detecta

only if the total dose were received in 24 hours,
exposure,

$.2.1 Self-Luminous Disc

|
units,

The silica is thick enough to absorb the Pm-147 beta complete
radiation is detectable at the surface of a disc,

} 5.2 INDIVIDUAL SOURCES

ly; only the gamma and brcmutrahlung

The radiation from a disc was determined by 3M Corporation to
i have a peak intensity energy of about 45 Kev (see Figure 20),

: ’] through various thicknesses of material ie shown in Table Te
: "%‘. tance from one disc containing 300 mc of Pm-147,
&1 survey meter,

5
The percentage of transmiasion of 45 Kev X-rays |
Table 8 gives the doge rate as a function of dis- |
The values were measured by 3IM Corpor_nion with a G} tube {
4

\

TABLE 7=

e PERCENTAGE OF TRANSMISSION OF 45 KEV X-RAYS
J THROUGH VARIOUS MATERIALS

Thickness Plastic Aluminum Steel Lead
j (in)
' 0.125 93 71 0 0
0.25 86 51 0 0
J 0,5 75 26 0 0
1} 1 56 7 0 0
1§
-
TABLE 8

DOSE RATE VERSUS DISTANCE
FROM ONE DiIsC CONTAINING 300 MC OF Pm-147

:} Distance Dose Rate
(in) (mr/kr)
15 ;5
J 10 "‘
) 3
12 1

J 24 0.4

J * NBS Circular 583 (Supplement), X-ray Attenuation Coefficients from 10 Kev to 100 Mev, 1959, 3




COUNT RATE (Counts/Mirute)

. | | | l

0 27 54 81 108 135 162
ENERGY (Kev)

FIGURE 20 Pm-147 GAMMA AND BREMSSTRAHLUNG RADIATION
SPECTRUM FOR NUMBER 7 DOCKING TARGET

189
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The MSC Health Physics Group measured the dose rates at several points about the disc, These dose
rates were measured with three different instruments:

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.

TABLE 9

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

Distance TLD TA-CP
(inches) {(mr/hr) {rr.r/hr)

Front Contact 860 650

Surface | ] 8.6

2 .- 39

3 5.6 2,3

4 .- 1.8

5 -- 1.1

6 1.4 0.7
12 9, -
24% .- .-
Back Contact 510 568
Surface | - 10
2 .- 4

3 -- 2.8

4 .- 1.6
5 -- 1

6 - 0,7
Side 3 1.6 .-
0.2 .-

* Victoreen 188 CC read 0,03 mr/hr

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 Victoreen 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

GM meter reading.

The data for the dose rate from a disc was plotted on log-log x.aph paper as a function of distance,
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 casee fell between the GM measurements and the Cutie Pie measurements, tends to indicate the TLD data are
mutually consistent, On the basis of best fit to measured data, a ""best estimate'' of each real value was made,

These values are presented in the last column of Table 10,

40



RATES

3 A

-7 ———— »
Victoreen 188 ‘ka;
3 (mr/hr) {mr/hr)

Luriace

Another pe valid rationale for consider ng the TLD measurements moset reliable stems from
the observation that size of the TLD detector is small in comparison with t ze of the disc, (The
detector size of the D is in, diameter by 0, 01¢ thick.) Since the TLD data represents a good {it for the
best estimate for dose rates at distanc €8 greater than 2 I'LD 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 nieasured values confirm that the
levels are low, id not appear to be productive t carry out a sophisticated analytical computation, However,
at son uture time when perhaps larger source msidered, such an analytical evaluation may be re-
quired. This may be particularly desirable when the radiation interface between a radiation sensitive experiment
Oor mecasuring equipment and the strav radiation from 4 radiation source must bes a.‘\@l‘v?%d.

Much m stulated intact returns to earth of systems is the possibility that an
intact disc we

' the disc (0. 6 in, diameter) combined with the un-
likely eventuality that the disc would come \ on land renders the probability of a diec coming into an indivi~
dual's possession a very remote statistica If all the conditions were satisfied a disc might be re-
,'ardt-d 48 an object suitable for weari i 8 an arnu r adornment (aborigines, bellydancers, etc. )« A constant
8kin contact of several thousand hours (more than 4 montl 8) would be ired to produce a dose equivalent to
that required for a biological effect if suct & dose were received within 24 he urs,

f Pm-147

Ec¢ch unit has 2 adiating Microspheres) mixed with phosphor and a

binder in a clear plastic (methyl acrylate) switct

The procurement specifications re quire ti X

radiation shall be no more than 5 mr/hr at l em,

and 1.5 mr/hr at 5 cm, Production models typically emit | mr/or at 1 cm and 0,2-0, 5 mr/hr at 5 em,

Table 11 gives typical dose rate values at various distances ybtained from information provided by the 3M

Corporation,

TABLE 11

DOSE RATE VERSUS L.3TANCE
FROM ONE SWITCH TIP CONTALNING & MC

Distance

(inches)

Contact
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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 | mr/hr, In reality the total dose rate from all switch tips will be con-
siderably less since the geometry that could cause the | 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
highly improbable, However, as was the case for the discs, if credulity were strained sufficiently, a situation
might be imagined wherein a switch tip found favor in someosne's eyes and used as an adornment, An exposure of
over 300 years wou.d 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.

5.2.3 Microspheres

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-
ability 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 resuiting from the deposition

of a microsphere on the skin and the exposure resulting from the ingestion or mmhalation of a microsphere,

External Exposure - A microsphere may cause an individuval to experience a skin dose, The maxi-

mum range of a 0,22 Mev beta particle is about 50 mg/cmz. This corresponds to about 500 micronse of tissue,

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 proublem can result from energy absorbed by dead tissue. In a human, the surface layer of dead
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 pres.nted in Table E-4 of Appendix E. The amount of activity in a single microsphere has a
nominal value of 0.1 pc, With this quantity, the tissue duse rate at 70 microns is 1160 rads/hour,

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 | cmz
(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 rads 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 microns depth, By comparison, the computed
dose rate for a single microsphere at 100 microns is 400 rads/hr or 67, 000 rads per week.

NCRP Report Numbter 29, "Exposure to Radiation in an Emergency'', lists the maximum beta radia-
tion required to produce recognizable injury to the skin of a pig, About 20, 000 rads to the skin surface or about
1,200 rads at | mm depth (maximum beta energy of 0. 17 Mev) was required. These results compare favorably
with thoee 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,

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 aseumed that
no absorption occurs in the contents,

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 Gl tract are listed in Table 12.

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

One general conclusion is of overriding importance; the
use of Pm-147 microspheres in self-luminous discs cannot,
under any credible circumstances, cause exposures of bio-
logical significance.

This general conclusion is supported by examination of
l) reentry trajectory characteristics of returning spacecraft
components and 2) radiation mechanismse resulting from pro-
grammed or random return to earth of Pm-147 containing sys~
tems or modules.

The analyses related to the trajectories of the CM, SM or
LM were performed taking into consideration situations that
tax the imagination. Similarly the circumstances attending the
possible radiation exposures that were postulated required the
inclusion of eventualities so exotic as to appear ridiculous.

The fundamental reason why the use of Pm=147 in the sys-
tems described is deemed feasible is that the exposure times
required to receive biological significant doses far exceed the
time limits within which such exposures must be received in

order to cause detectable biologic effects.
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. APPENDIX A .

DESCRIPTION OF APOLLO PROGRAM SELF -LUMINOUS SOURCES

A.1 RADIATING MICROSPHERES

All of the radioactive material systems discussed in this report contain 3M* Brand Radiating Microspheres.
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 1099, as measured by ORNL.
Following fixation, the microapheres are washed with strong mineral acide to remove any loosely bound activity.

The microspheres have a ceramic matrix and are physically insoluble in most organic and inorganic eol-
vents, concentrated acids or alkalies, or even aqua regia at 100°C or higher. They are very tough and resist
breaking under normal circumstances. 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
with time. The physical properties of the microspheres are presented in Table A-1.

TABLE A-l

3M BRAND MICROSPHERES PHYSICAL PROPERTIES
Matrix Material Ceramic
Color Milky White
Melting Temperature >1500°C (2700°F)
Diameter 20 + 10 microns
Absoclute Density 3 g/cm3
Bulk Density 2 g/cm3
Activicy 10 ¢/gm
Specific Activity 0.1 pe/iicrosphere

A:2 SELF-LUMINOUS DISCS

The radiating microspheres discuss ed in Section A, 1 ~ontains the Pm-147 used in the self-luminous
discs. The discs (3M model 1E2J) are fabricated from fvased silica, have a density of approximately 2.5 anc a
melting temperature of >2700°F. Each self~luminons disc contains 300-1000 mec Pm=147 in 3M Brand radiating
microspheres mixed with a phosphor. (A maximum of 1 ¢ Pm=147 per disc l as been approved for licensing by
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, excesaive bubbles, and to be optically transparent. After

machining the dimension tolerances are as follows:

Dimension Acceptable Values (inches)
Qutside Diameter 0.62 - 0.64

Inside Diameter 0.49 - 0.51

QOutside Thickness 0. 185 - 0. 195
Window Thickness 0.05 - 0.07

All ceramic housings not meeting these dimensional requirements are rejected. Figure A-1l is the specification

control drawing for a disc.

One of every 100 rough discs is submitted for analysis. The disc is decomposed with 47% HF to produce
SiF 4. The volatile SiF 4 is removed by ignition and the residue examined. The residue mus. .c lees than 1% by
weight of the original sample, otherwise the entire batch of housings will be rejected.

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

* Minnesota Manufacturing & Mining
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The binder which h‘Q the phosphor and microspheres together '- @ solution of K30:8i0; in water.

The self-luminous paint consists of the following mixture:
6.5 ~ 7.5 parts (weight) of phosphor
2.0 parts (weight) of binder
0.5 ~ 1.5 parts (weight) of microspheres ]
Approximately 0.25 g of the paint is deposited in the center section of each disc., This is cuted for 1-1/2 houres
at room temperature, followed by 1-1/2 hours at 127°C.

The open end of the hole in the disc blank is sealed with a ceramic sealant which consists of 99.8% S$i0; in
a solvent. After leveling, this is air-dried at least fou. hours at room temperature followed by 1-1/2 hours at
127°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:

Visual Insyection Brightness
Dimensional [nspection 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 dimensional inspection checks the outside dimensions of each disc. The maximum weight for any disc
is 2.5 g. The brightness test checks to see that the light from each disc is at least 1 foot lambert.

The initial and the 7-day wipe tests are designed to detect any removable contamination. This is done by
wiping all available surfaces with a filter paper wipe and analyzing the wipe. Sources with more than 0. 005 uc of
removable activity are discarded as radioactive waste,

The discs have excellent resistance to ordinary weathering and to attack by nearly all chemical reagents.
Rapid attack qQccurs only on exposure to hydrofluoric acid or concentrated alkaline solutions, the rate of attack
increasing with elevated temperature. Table A-2 lists the chemical durability of fused silica to three typical
reagents.

TABLE A-2
CHEMICAL DURABILITY OF FUSED SILICA

Reagent Temperature Surface Erosion
lg'ﬁs {Inches)

5% HCL (24 hrs) 959 1x10°6
Water (24 hra) 100° 5 x 1077
5% NaOH (24 hrs) 950 5x 1074

A.3 SELF-LUMINOUS SWITCH TIPS (SLST)

Each toggle switch with SLST in the LM control panel contains 2=6 mc of Pm=147. The activily
i 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 Maraglas Resin #655. *

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 megarads.

Procurement specifications require that the total radiation from the switch tips not exceed:
a) S5 mr/hr at 1 cm from surface
b) 1.5 mr/hr at 5 cm from surface
Production models typically emit:
a) 1-3mr/hr atlcm
b) 0.2-0.5 mr/hr at 5 cm.

* Product of Marblette Corp.
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B.1

B.2

SELF-LUMINOUS DISCS

Test
I+ Humidity

2. Shock

3. Temperature-vibration

4. Thermal vacuum

5. Thermal shock

SELF-LUMINOUS SWITCH TIPS

Test

1.  Radiation level

2. Flammability

3. Brightness

4. Corrosive Contaminant

5. Humidity

6. Temperature

FLIGHT QUALIFICATION TESTS

APPENDIX B

Conditions

40-100°F at humidities to 100% for two days

Total of 18 shocke having a 50 g peak with a
sawtooth pattern (11 £ 1 millisecond rise,
1 £ 1 millisecond decay)

Low level resonant frequency searc a sinu-
soidal swecp frem 5 to 28 cps at 0. 5" double
amplitude (DA), 28 to 3000 cps at 20 g's; 3000
to 28 cps at 20 g's, and 28 to 5 cps at 0. 5" DA
at 1/2 octave/minute, and random vibration
according to the following spectrum:

20 to 100 cps

100 to 1000 cps 0.6 gz/cpl constant

1000 to 2000 cps 12 db/ectave roll-ofi
Random vibration was applied for 30 minutes

12 db/octave rise

along each axis (90 minutes total), All vi-
bration was applied along each of the three
major axes, 50% (each) of the progivam con-
ducted at +260°F and -260°F,

Exposed to a pressure of 10°2 mm Hg or
lower for a minimum of 2 hrs at -300°F and
then at +260°F

Stabilized parts at -321°F and then trans-
ferred to ovens at 600, 750 and 950°F. Wipe
checked, held for 12 daye and rewiped.

Conditions
0.2-0.5 mr/hr at 5 cm
I mr/hr at 1 em

Must withstand 350°F without bursting into
flame

330°F - started to deform

380°F - definitely deformed

515°F - viscous puddle, but did not ignite

Must have light brightness of 0.03 ft lambert
or greater after 2 years

Sprayed with 1% salt solution for 48 hours

75-90°F at 95% relative humidity for
10 days

-60°F for 24 hours
+160°F for 24 hours
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Resylts
€0.00] pe Pm-147

detected on wipe test
/i passed

<0.001 pc Pm-147
detected on wipe test

J.passed

<0.001 pe Pm=-147
detected on wipe test
S passed

<0.00) pc Pm-147
detected on wipe test
S passed

<0.001 pc Pm~-i47
detected on wipe test
Jpassed

Results
Passed
Passed

Passed

In progress

Passed

Passed

Passed
Passed



] ' Conditions ‘ Results

7. Shock Three 50 g shocks in each direction along Passed
three coordinate axes. Total 18 shocks.

- 8. Oxygen atmosphere 4 days at 5 psig, 100% oxygen; at 50°F and Passed
90°F at 50% relative humidity and dry for a
total of « different tests. Each test lasting

- 24 hours.
! 9. Thermal vacuum 0°F for 24 houre at 10°% mm pressure; Passed
’ 160°F for 24 hours at 10°% mm pressure
10, Overstress tests
a. Thermal vacuum Increase temperature at 10°% mm pressure -
" ! partly deformed at 340°F
b. Temperature 1) At liquid nitrogen temp for 1 to 16 hra Passed
2) At 500°F for 10 minutes Passed
: 3) At 900°F momentarily Passed
¢+ Shock 80 g along three coordinate axes Passed
L—.!
L.._.]
r ]
- .
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dynamic heating was calculated assuming a continuum flow over the disc and by the use of the Detra, Kemp and
Riddeil curve {it to the convective heating theory of Fay and Riddell.

Calculations were performed for the reference trajectories assurning the discs were released the instant
the bond temperature reached <20°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
time of disc relecase,

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 atmospheric entry. If the discs were released from the vehicle
their disposition is defined by the boundaries shown in Figure 19.

C.2 SM BAIL HANDLE

The disposition of the self-luminous discs in the bail handle of tre Apollo SM depends entirely on the be=
havior of the SM during entry. If the SM maintains an attitude with the bail handle in a forward position, the bail
handle and the disce will undoubtedly disintegrate even during orbital entry. On the other hand, if the bail bandle
is shielded from the free stream (low, it is possibie for the bail handle and the discse to splash down intact. The
disposition of the discs in the SM cannot be considered separately from the behavior of the SM itself,
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. APPENDIX 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
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 bail
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 discs contained inthe 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 disce separate from the CM during reentry (which appears to be a remote posaibility) it will
survive and impact on the earth as an intact disc only if it maintains a trim attitude with the flat face normal to
the free stream. In this unlikelv event, the disc would impact to the rear of the CM footprint at a point deter -
mined by the trajectory param - ~s at time of release, the aerodynamic properties of the disc, and the action of
the wind on the disc during its descent after reaching terminal velocity. [n the event more than one disc sepa-~
rated, they would probably impact at widely separated points due to variations intrajectory parameters at time of re-
lease, aerodynamic properties, and winds acting on the discs 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. ! 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 | 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 | microsphere per 40 square kilometers.

The following sections discuss reentry di.persion applicable to the SM, LM and CM self-luminous sources.

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 s -vive the thermal en~

vironment. However, many of the steel and titanium pieces would survive to impact.

Since the SM self-luminous disce are recessed in the aluminum bail handle, it may be concluded that the
bail handle melts and the discs are released to the atmosphere. The fused silica discs melt at only slightly
lower temperatures than steel. [t is therefore probable that some of the SM discs may survive to impact on the
earth's surface with the other S8M debris. [t is probable that the discs that impact (a maximum oi 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

cross range direction.

SM discs that disintegrate due to extreme thermal environment will inject their microspheres in the meso-
sphere or upper stratosphere. The microspheres may in turn experience some ablation and form a diffuse line
of radioactive particles in the upper atmosphere. 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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D.3 LM SELF-LUMINOUS SOURCE DISPER SION CHARACTERISTICS

The LM is not intended to return to the earth after a lunar mission. However, if reentry occurs after an

aborted mission, a trajectory similar to the SM trajectory analyzed in Section 4. 2 may describe the aerodynamic

heating environment and structural loads it will experience. Inthis 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.

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 envelop:, Ly analogy to the
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
manner similar to the CM discussed in Section D. 5.

D.4 CM SELF-LUMINOUS SOURCE DISPER SION CHARACTER [STICS

CM trajectory analyses for lunar and earth orbital reentry indicate that in almest all ca_¢s examined
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 disce 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
shield with the discs attached will land near the CM.

The disce that separate will survive to land intact only if the disc enters the free stream in a trim attitude
of the flat face normal to the free stream, which appears highly unlikely. [n this situation the disc would rapidly
fall behind the CM and follow a trajectory which is determined by its physical characteristics and the trajectory
parameters at the time of separation. Since it is not likely that more thar one disc will separate at a given
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 disce that separate from the CM . After terminal velocity is reached the discs will fall at terminal
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 disce 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 nr stratosphere and rnay 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 burnup within one second after separation although some could
survive due (o trim attiude. Partial burn-up of the microspheres is also probable, producing a cloud of radio-
active vapor. Since the microspheres are approximately 20 microns in size, the particle-size distribution
within the cloud can be expected to range from about 20 microns to appreciably smaller sizes. Regardlcss of the
dynamic heat loads experienced by the microspheres, the net result is that the atmosphere is injected with a dis-
tribution of radicactive particles 20 microns or less in diameter in the region at which separation occurs. [n the
earth orbital case the deposition occurs at about 145, 000 ft (in the stratosphere)., In the lunar return modes of
reentry, the deposition can occur in the region from 154, 000 ft (stratosphere) to 233,000 ft (mesosphere).
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For the probable particle size distributions in question and at the altitudes of deposition, the "stirred reser=

voir' model based on bomb test fallout data appears acceptably valid. ! The atmosphere is taken as a series of

three reservoirs (mesosphere, stratosphere, and troposphere) separated by permeable barriers, so .here is a

"mean residence tim< ' in each reservoir. Dobry? indicates mean residence times of 5 years in the mesosphere

(>160,000 ft), 2 years in the stratosphere (160,000 ft to 40, 000 ft), and 21 days in the troposphere (<40, 000 ft),
and accounts for the well known non-uniformity of fallout by assuming that 2/3 of the activity falle onto 1/6 of the
earth's surface (between 30 and 60 degrees north).

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,

The basic removal relationship is
Q‘A{H- = -kA(t)

dA(t
t

where
= activity depletion rate

Alt) = regional activity burden at time, t
J k = proportionality constant = removal rate
1/k = mean residence time
0.693/k = hali residence time
The solution of this equation is:
A(t) = A(0) exp {-kt)
where A{ 0) is the initial Pm-147 activity att = 0.

For the case of reentry burnup debris, the mean residence times of Dobry are used, namely:
1) Mesosphere (above 160,000 {t) - 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 ¢ and
total injection occurs in the stratosphere rather than in the mesosphere. For this case the activity equations for

the stratosphere, troposphere and earth’s surface are as follows:

Stratosphere

rate of change rate of loss of rate of loss of

of activity in = minus activity to the minus activity due to

stratosphere troposphere radioactive decay

dA(t)

e 4 k) Aylt) - \Ax(t) (D-1)

Troposphere

rate of change rate of gain rate of loss rate of loss

of activity in = plus of activit, from minus of activity to minus of activity

troposphere stratosph. e the earth's due to radio-
surface active decay

dA,(t)

— k1A (t) = kpA(t) - \Az(!) (D-2)

Earth's surface

rate of change of rate of gain of rate of loss of

activity deposited = plus activity from minus activity due to

on earth's surface troposphere radioactive decay
' dA4(t)

T— = klAz(l) . AASU) (D-3)
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lroposphere - substituting A(t) from Eq. (D~4) ir

(ks + N)AS(L)
2 2

{exp
\ ¥

substituting A,(t) from Eq.
Ki1kK,A(Q) r 2 ]|

T Qexg L‘*'\"J exp L(kzv\)z“ XA)(t;
: J

1

leads to the solution

Setting [Kll yA((
. -

exp

4 constant of integration. When t = 0,

+ “5 exp (*At)

‘ropospnere (stratosphere mean residence time of 2 years)
l

3 day”

tivity to the earth's surface (troposphere mean residence time of 2] days)

-2 -]
X 1076 day™ 4

f Pm~147 (half life of 2. 6 years)

B1 = 66.925 - 1.925%
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Maximum Burden Q) = 65 curies) I

a» Aroposphere

7 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(O)
’3 Alt) = Thp= fexp [ty + A - exp [-xp + M) (D-5)
Taking the first derivative and setting it equal to 0: j
—
] d Az(t

- - +A

—L;,—i s kg IR L LA . 0 (D-8)

Kk A(0)

where Ay(t) = e Ty ekl # Mt | o(ky ¢ x)z’
2

Solving for Az(t):
Aylt) = 1.925 (.'(°'°°163)' . ,-(0.03373)‘)

Substituting this value of A,(t) in Eq. (D-8)gives

. ¥ 3 '
e At \

2 . m g Uit
_?t__ﬂ . 0.0617 (' (0-00168)t) . o, 05493 (‘ (0.00lem)e (o.o.mm) «0 (D9

The time of maximum burden is then numerically estirnated for the time when t changes sign:

d Az(t
) A B : = +0.059
t =93 , " = +0.0000563
t =94 Y = ~0.000033
t=95 , " = -0.0001)
t =100, " = ~0.0005

Using t = 94 in Eq.(D-5, Ay(t) = 1.563 curies

The maximum ;tmolphe ric burden in the troposphere therefore occurs at about 94 days after reentry, at which
time 1.563 curies of Pm~147 will be distributed throughout the troposphere.

b. Earth's Surface (A{0) = 65 curies)

To estimate the maximum burden on the earth's surface, set the fii st derivative of Eq. (D-b)equal to
zero and solve for t.

“C c
Aglt) = Tl-} exp ~(k} #A )t + :;l exp -(kz At + 1 exp =Mt (D-6)
—[T—d A’(og ) A 10
i = C) lexp -(klfk)t " exp '(sz).)t = AAy(t) = 0 (D )
-C c

1 1
h t “(k, +A)t + “(k, *A)t * 1 -t
where Aj3(t) = T (k) +M) rz exp ~(k, +X) exp

k k,A(0)

'“hcl'm = 0.0635

A,(t) = ~b6.925 exp ~{0. 00168t + 1. 925 exp -(0.03373)t + 65 exp =(0.00073)¢
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|

3373)t + 65 ¢ ) -~‘|r,\‘.,g.7)‘,:] = 0

]
.

- ‘he M maximum b 8 then numerically estimated for the time when t changes sign:

dA ,(t)

3 e

Thus, the time for maximum burde Substituting this value in Eq. (D-Q gives

the maximum Pm-=-147 rden ol approximately 18. 8. refore the maximum activity may be expected at
about 900 days, at which the distributed Pn ibout 19 curies.

D.5.2 Troposphere and

I'he concentration of radicactiv \ the troposphe ‘ > f by dividing the tropospheric burde
by tropospheric volume. Recent ev ati failout patterns showed that two-thirds of the tropoapheric

burden lies between 3 ( 2 L\ f the hemisphere where the material is released, 3 T'he volume
. L ; s nd T - ;
of this region, tor eigt I 1 r 1 10°° :nj. i1he maximum tropospheric concentration is

then estimated tc permissible exposure (MPC) for the general public is
x 1077 troposphere is about 9 orders of magni~

tude leas thar

18 assumed thg 4 ne 1y r phner survive i1ntact '.‘. maximum concentration of micro-

spheres can be estimated by

time in question, namely t

0y the microsphere activity at the
) intro=
duced into the biosphere hen at t = : maximum ¥ ' r -1 4 centration)

4 ’ 4 Y ! LY ¢ A oncen

activity in the
microspheres will have dec: microsphere concentra -
tion" of 1.45 x 10°16 micr sphere ] Mer here may be exp *d in 70 cubic kilometers of atmos -

phere (one microsphere above

num surface burden by surface area.
Again, two-thirds of th will in d r latitude band about one hemisphere. The area of

the earth's sur * in th ) des d proximatel . 34 *m®. Maximum surface concentration over

Again 1 Y At  mi Oosphere 8\ Vi tact th maximum ac '.A\‘ity concentration
microspneres or ne su ¢ . the rth t @ nate by ing n suriface concentration by the
2 4 - ;’r
microsphere activit At t )8 ¢ At 8 day the microspt utration would be 2.65%5 x 10 IC micro-

spheres X ' on ni . are kilometers

that since iral oCesses such as leaching of the soil and the bio-
logical uptake by animals will occur co tinuously during the deposition proces he maximum surface concen-
trations actually available to interact 1 man will be considerably less than that indicated by the above calcu~

lationas,

In summary, the Pm-147 contained in ti IS | r ources 1s assumed to be introcducec

into the biosphere at altitudes ranging from 140, 00( ¢33,000 ft. A '"worst case' computation is made assum -

1

s = 2 1 2
ing the self-luminous discs follow the profile of the CM. 1 stirred reservoir' model of Holland® is used to




oncentration on

/ 3
pe/em” wath a

essentially terminal velocity

les is given by Newton's law

winere Lhe

rieration 18 g = 980 ¢m

’ / 1Y 1
. 3 p = fIEM/cm~-) at altitude
and dimensionless ¢ coe i t

the parti

In falling from layer boundary), the

wind will «

from above and \

Reference

then,

presents a conaervati

are all negative as this

hat

ive

distance




dverses in each altitude layer is given in Table D],

d by summing the AX's of the altitude layers the
particle falls through in Table D~i, and are given in Table D=2,

The distance that a particle of size 16,000 microns tr
and the total distance, given a release altitude, is obtaine

TABLE D-1 TRAVERSE DISTANCE FOR SPECIFIC ALTITUDE LAYER

ili_:::\?:l v "V ax
2 (km) Z,(km) (km/sec) (km/sec) (km)
50 29 1.01 0. 066 1. 37
29 20 0.229 0. 006 0.239
20 10.5 0.119 0. 006 0. 479
. 10. 5 1.5 0.06 0.0249 3.73
1.5 0 0.03 0.006 0.3

TABLE D-2 TOTAL TRAVERSE DISTANCE FOR SPECIFIC INITIAL ALTITUDE

Ali?:x::i‘el(zl) L &x
(km) (km)
50 6. 118
20 4,748
20 4.509
10. 5 4.03

1S 0.3

In the selected wind profile, the wind spend is always

constant or decreasing in each altitude layer except
one, between 20 km and 10, 5 km.

In calculating Vw at the maximum altitude of each layer, Z ). the maximum

wind apeed 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 conserva
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RADIATION EXPOSURE FROM Pm-

APPENDIX E

E.

Pm-147 PROPERTIES

Promethium 147, with a 2.6 year half-life,

0.22 Mev beta has a 0. 12 Mey gamma associated with it,

The critical organ for soluble Pm=147 is the bone, i.e.
and liver are also affected but to a lesser extent.

with the lower large intestine the most critical organ.

Tha Pm=147 as contained in the
the bloodstream. If a Pm~

system, as well as a single disc, a awitch tip,

E.2 INTACT SYSTEMS

The assumption is made that each
intact.

E.2.1 Docking Ring

The docking ring has 123 self~luminous discs (3M Model 1E2)),
measured dose rate from the front surface of a single
to a ring of 21. 25 in. radius on one~inch centers.
the ring and perpendicular to the plane of the ring is given by

Dp = = Dg (2TR k) (E=1)
[(hl + 8% 4 R%)2 - 4RZS?'] i3
in which
D, = dose rate at | foot from single disc = 0.4 mr/hr
(2"R k) = total number of discs in ring = 123
R = radius of ring (ft) = 1,77 ft
S = distance from P to the axis of ring (ft)
h a

vertical distance from P to the plane of the ring (ft)
For points on the axis of the ring §=0and equation (E~1) reduces to

49.2

e e

D (S:Q s
. he + 3. 14

mr/hr (E=2)

Table E-1, column 2, lista the dose rate as a function of distance
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» 1t 18 a bone seeker similar to calcium; the

3M Brand Radiating Microspheres is not in a soluble form and cannot
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.

each containing 300 mc of Pm-147.
disc is about 0.4 mr/hr at 1 foot.

147

decays to Samarium 147 by beta particle emission. The

lungs

The intestinal tract is the critical organ for insoluble Pm=147

enter

For this reason each

and a single microsphere will be discuss d for intact reentry.

system is protected during the reentry heating phase and is recovered

The
The discs are attached

The dose rate at any point along a line through the center of

along the axis from the plane of the ring.



A second orientation to be considered is iron: a point in

equaticn (E~1) reduces to
I);,i’n

Note:

Doin this case is (

Fhe dose rates as a func tion of from

In these calculations the Clivity was assume o be

which will result in errors

effects are small at distan es

| foot), A similaz error exists as rouping of disc

These errors will likewise be negli 16 8 over | foot.

F-;ﬁ: Bail Har

The 24 discs in the bail rows

poses the bail handle is consid

ot ;(v!.L.

a point P from a line source

in which (KL) is th

1l foot (0. 4 mr/hr), defined in F'i In the

from the line source o=U, and e juation (E

Using fquation (E-6) the dose rate a point P on a line passin

for various distances h gr ‘€r than one foot. These are tab 1
%4

T'he dose rate along tl 3 of the bail handle can be cal

§% - 0.25

The values from this equation are given in Table E +0lumn 3.

ring are tabulated in
evenly d
distances where
e center~Lo-center

8 into

case of the dq

reduc

Ring Plane
{mr/hr)

For this case h=0

I'able E~1, Column 3.

istributed around the circumference of the ring

the actual geometry is of importance. These

spacing of the discs (i.e., beyond about

three regions separated by 9° intervals.
E F

For dose rate calculation pur -

(he equation for calculating the dose rate at

gamma dose rate per disc at
'8€ rate as a function of distance

es to:

Figure E~|

\\* A

the midpoint of the handle was calculated

Column 2.

ulated by

Substituting » 0.05 mr/hr:




TABLE E-2 DOSE RATE VS. DISTANCE FROM BAIL HANDLE

Perpendicular Axis
Distance® ose Rate %ooe Rate

t mr/hr mr/hr
0.25 75%% 10%=
0.5 27 %% Jwn
i 9 0.6
2 2 0.2
3 1 0.1

4 0.6 0.06

5 0.4 0.04

10 0.1 0.01

* Measured from center of bail handle for Column 2; measured from #nd 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 t) be~
cause the distributed cenfiguration of the discs does not approximate a continuous line source at small
distances. 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

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"-ghaped 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 90° intervals.

The "T' marker has three 5 in. long arms containing 5 discs each on 1 in. centers, with 5 more discs

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 seli-luminous discs is 66.

For simplicity the calculation of dose rate is broken down into the linear superpeaition of individual ring

and line sources, using the formulas developed for the docking ring and bail 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.

Ring. The equation for the dose rate due to the ring alone is:

: Do N
Dy(ring) i\[*_— (E=-9)
4 (82 + h® + R2)% - (2RS)2

= dose rate at | foot from a single disc = 0. 4 mr/hr

where

= number of discs in ring = 46

point at which dose rate is desired

= distance of point P above the plane of the ring

= distance of point P from the central axie of the ring

T @ > g Z O
©
"

= radiue of the ring = 6.5 in. = 0. 54 feet.

The dose rate on the axis then reduces to:
18. 4
he +0.30

Dp(rmg axis) = (E-10)

UT'" Center. 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 1 foot and more. All distances are measured from the center of the "T"
marker.



center) =

where N

On the ring axis this reduces to:

l).',( "T'" center) =

Arms:. These line sources have

"T" (also the ring axis).

The equation is:

. 3 Do N -1
Bat"T ATINS ) 3 Semilll tan *
P Lh L
where

N

L = length of arm = & = 0.42 feet

RT axis to midpoin rm - = 0.2] feet

This equation reduces to:

14 1 )
D',t arms) = . g - (E-14)

Summation. The contributory dose rates obtained with equations (E~10, (E-12and (E~14) and the total dose

rates at various distances from the center of the "T' are given in Table E-3.

TABLE E-3 DOSE RATE FOR EACH CONTRIBUTION AND TOTAL

POTENTIAL RADIATION EXPOSURE FROM A SINGLE MICROSPHERE

Appendix D provides a reentry analysis. The probability th an individual would come in contact with

more than one microsphere is v
I'nere are two modes of exposure t« sphere, external and internal. Each of these are discussed
following sections.

}v

l impart a surface dose. The maximum

A mic rosphnere thi makes contact witt 9 ¢ ihére (O the & n wil
of a 0.22 Me yeta particle is about 50 mg srresponds to about 500 microns of

[he microsphere is small in comparison with the of the Pm~147 beta particle. The small amount of
absorbtion by the microsphe i8 ignored in this analysis to enable determination of the maximum potential ex-

posure dose rate.

layer of skin is considered to be ~7( 18 thick. Since no harm
energy absorbed by dead tissue, the effect on tissue be d a deptt 0 microns determines the hazard.
axiom is based on recommendations of the National Committee on Radiation Protection as contained in NBS

Handbook 59, "Permiseible Dose from External Sources of lonizing Radiation', 1954, page 39. Specifically, it

ie stated that the cells in the basal layer of the epidermis require the greatest protection, and they lie primarily
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at a deptn of 7 mg/cmz (70 microns). In some cases (palms of manual workeras) this depth is much greater.

The method for determining the dose rate in tissue associated with a beta point source (microsphere)
was taken from Radiation Dosimetry, G. |/ine and G. Brownell, Academic Press, 1956, page 704.

The dose rate in rads per beta disinteyration at a disiance of X em is given Yy Hine and Brownell on
page 709 as;

k Y
J(X) e W . [l- (.?K) "y i- ('ZCL” + VXexpl-JX (E~15)

with [x- (—cﬂ-) oxp 1(-2}” = 0for x 2%

where J(X) = dose rate in rads/dis at distance Xecm

Y = absorption coefficient in cm "} '
c = dimensionless parameter
- = normalizing constant

Integration over all space gives the equation for k as:
k=128 x 1079 o2 ° e

where o = density of medium = 1.0 g/cc for tissue
Ep = average energy of beta-particle spectrum
e - [.lc2 “ (cZ = 1) o] *3

For tissue, Hine and Brownell give (page 712):

/

V- 8.5 (z- '} ) em?/g of ti

= 137 - g of tissue
[Eo - 0,034 E,

c = 2 for G.17 <E, <0.5 Mev

where E, = maximum beta-particle energy
E; = hypothetical average beta-particle energy for allowed beta spectrum.
Since Pm~-147 has an allowed shape, the shape factor ratio of (Ea/ﬁ‘) can be taken as unity. * The maximum

energy of the spectrum is 0.23 Mev, and the average energy was determined (from the graph on page 678 of Hine
and Brownell) to be 0.06 Mev.

A computer program was set up to calculate the dose rate at 5 micron increments of distanze out to

500 microns. The results are presented in Table E-4. The integrated spatial dose is the normalizing factor k.

The amount of activity in a single microsphere has a nominal value of 0.1 pc or 1.34 x 107 beta disinte-~
grations per hour. With this quantity, the tissue dose rate at 70 microns is 1160 rads/hour.

This value is the dose rate at a point directly 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
be of the order of one square centimeter.

The averaged value of J(X) over an area of ra*..s R at a depth D was determined analytically from Equa-
tion (E~15) as:

e g
T(o.R) 2R can.E_BL_ texpl=uD ~expl-YVD2 4 RZ . ¢ exy1- (ZQ)

(VR) <
tcexpl - (4“{- VDZ+RC2) (E-16)

[ 2

where Rc = *D

* Experimental Nuclear Physice, Vol. 1l1, E. Segre, editor, John Wiley and Sons, 1959, page 533.

65



U dududygugy

TABLE E-4

DETA POINT SOURCE DCSE DISTRIDUTIOH Fon  PIUI47 I SOFT TISEDE

DAXLSU DETA ERERGY IS  C.225 ITEV AVERARE IS 0.062

PARASETER C 1S 2.06 SHAPE FACTOR 1S 1,70
TISSUZ TENSITY 1S 1.00 enANS PER CC
CALCULATED ACSORPTION COCFF 1S D0.1822F 03 SC €'t PER

YA
CRAY

INTECRATED SPATIAL POSE IS C.1665F ©5 RADS PER H2 PIR ad et s b R

TACLE OF DOSE IM RADS PER EOUR PED ICRNCURIT AT INTITATED nESTANRE

NIST NCSE PIET nOSE nIeY nATE
5. 0.398E 07 10. C.9282F 06 15, 0,27 S
30, C.962E 05 35, C.G77E €5 E0, C.E9RT PS5
55. 0.223E 05 66. C.177E ©5 £5., 0.1427 ©5
8¢. 0.791E O& s, C.GG1E 04 90. 0.557 C%
105. ©.3&49f o& 110, 0.303C ot 115, n,265F rb
13¢. 6,178 o4 135, ©£.157F 04 140, N.130% P
155. C.99F 03 160, 0.£39f 03 165, C.7h3E 03
186. 0.51C2E 03 1°5. C.LECT €3 9¢. C.eN%E N3
205. G.288E €3 21Cc. £,2577 03 215. 0.229€ 03
236, 0.1G3% €3 235, O0.145F 03 2LC, r.1%0% 03
255. 0.932E 02 26C. D.°35E N2 265, A.7H7E 02
280. C.538F 02 285. C©C,n€2F 02 29C, 0.F33E 02
305, 0.313F 02 310. 0n,.221E 02 315. 0.252E ©2
30, ©.183E 02 335. C.165E 02 340, P.1uPE 02
355. O©0.1C8E €2 360. 0.974E 01 365, 0.077¢F 01
380. ©.641F 01 385. 0.577E €1 3SC, ¢.52¢F 01}
t05. C©.381F 01 &10. 0.343C C1 &15, n,310E 0}
¥30. ©0.227C €1 435. 0,.205E 01 L&C, n, 125 1
L55. 0.136E 01 &60. 0.123F €1 4G5, 0.111F 01
Len. ©.819E 00 &85, 0.740F CC &90. 0.GE9E 0O
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This expression was used with several values of depth and area. For 70 microns depth and an area of | c:mz
(radius of 5650 microns), the averaged dose rate value is 0.24 rads per hour. If the area at this depth ie reduced

to 500 microns (corresponding to the range of the maximum energy beta-particle), the averaged dose rate value
increases to 32 rads/hour.

Recent experiments with microspheres performed at LASL have shown that integrated doses of up to
50,000 rada 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 rads per hour, or 67,000 rads per week.

E. 3.4 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 stomaoch and pass inte 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 occure 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 GI tract is the critical body organ. The organs con-
sidered in the Gl tract are listed in Table E-5.

TABLE E-5 PHYSIOLOGICAL PARAMETERS OF GI TRACT

. Effective Residence
Gl Tract Organ Mass Radius ime
grams) (cm) zgoun)
Stomach 250 i0 1
Small Intestine 1100 30 4
Upper Large Intestine 135 5 8
Lower Large Intestine 150 5 18

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:

Dose inrads = 226 QfEp T (E~17)
m

where Q = quantity of Pm=147 in uc

v
M

average energy of beta-particle spectrum in Mev
a residence time of material in organ in days

mass of organ in grams

na -
e

= fraction of inhaled material arriving in Gl tract
For insoluble material, f is commonly taken to be 0.625;
for ingestion of a mictosphers, 1 is L.

In Table V of the cited reference the single exposure values of maximum permissible intake 'MPI) for in-
halation of insoluble radicactive 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 GI tract. Pm-147
is listed among many isotopes and the values are quoted here in Table E<6, column 2, for each of the fcur organs.
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 Ep. 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,
Page 139.
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Stomach
Small Intestine
Upper Large Inte e

Lower Large Intestine

In column 3 of Table E-6, the dose value as imparted to e rgan t ingl phere containing
0.1 puc of Pm-147 paseing through the Gl tract is listed. These values were cale by sciling the information
)

in colum ~ ¢ Comparison of the values indicates that the large intestine receives virtually the total dose and this

total dosc is less than two mrem.

There is a possibility that the microsphere withstands reentry heating in a partially ablated condition. As
sult 2 microsphere may have diminished enough in size to enter the lungs and remain there as an insoluble
cles The equation which gives the integrated dose to the luag is given by:

& » -

dose to the lungs

Pare o 1 ¢ vaadl

x [EF(RBE )N
m

inhaltion time {day)

period over which the dose 18 integrated to obtain the integra* el dose (day)

. -1
= effective decay constant of the radionuclide being considered (uay )

Negf® Mg + Mg

= radiological decs
biological decay constant (day
= the fraction of the activity inhaled that reaches the critical

EF(RBE)N = effective energy deposited in the organ by the radionuclide in question, including any
daughter products (Mev)
m = mass of itical organ (gram)
;

Upon substitution of the appropriate values for the above factors, the integrated dose to the lungs (F) for 0. 1 uc

of Pm=-147 ie =55 mrem.




