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CLINICAL EXPERIENCES WITH
RADIOACTIVE MATERIALS*

By HARRY FOREMAN, M.D., WILLIAM MOSS, BS., and BERNARD C, EUSTLER, B.A.

LOY% ALAMOS, NEW MEXICO

PRESENT knowledge of the deleterious
etfects of internally deposited radioac-
tive marerials in humans has been ob-
tained primarily from individuals with
accidentally accumulated body burdens of
isotopes of radium or thorium.! %11 The
following report presents a series of cuses
giving clinical information on several other
particularlyv hazardous radioelements, f.e.,
plutonium (Pu®¥), americium {Am*?), and
polonium {(Po*?. These are all atphu
emitters, the first two artificially produced
and relativelv recently discovered. Pu®¥,
wich a half-life of approximately 34,000
vears, is produced and used in considerable

quantities and is of interest because of its
" nuclear. power plant and weapon usage.
Am™, with a half-life of 00 vears, is used
primarily in research. Polonium, known for
some. time, recentlv has been extensivelv
used as an ingredient in neutron sources.
Pot¢ with a half-life of 138 davs, will
probably be produced in large quantities as
a toxic bv-product in Thorium-Bismuth
nuclear power plants. _

Extensive animal studies have been made
to determine body reaction to the presence
of these elements. Pathologic effects ob-
served for plutonium and americium are
similar to those of radium.>™% Palonium
in high dosage gives a clinical picture sim-
ilar to “acute radiation syndrome.”™

To date there has been no report ot a
human having received a2 sufficient quan-
tity of anv of these isotopes to produce
demenstruble injury. The cases described
below are reported here because:

1. They illustrate tvpical situations in
which contamination accidents may occur.

:. They provide some of the first human
excretion data on these isotopes (to be re-
ported in the literature).

3. They document current techniques for

evaluation and care of personnel contami.
nated by radicactiviey,

4. [t was possible to test the efficicy of
therapeutic agents for hastening excretion
of the isotopes in these cuses.

REPORT OF CASES

Case 1, Americium. This case involved &
skilled radiochemist who, at the time of the
accident, was working with a very "hot” mix.
cure of Am®, Am*, Cm* and associated
fission products contained in a guartz ampule.
A gamma-rav meter held 6 inches from rhe
ampule read 150 r/hr. This misecure had been
obtained by irradiating § mg. of Am?*" jn a high
neutron flux pile. Just as the ampule was abour
to be opened (for reasons still undetermined},
it exploded, forcing the contents over the top
of the lead shield in front of the working space
and spraving his face and hair. Almost imme.
diately he scrubbed thoroughly with soap and
water, bur even after thorough washing there
remained “hot'" spots over his forehead, cheek
and upper fip that went off-scale on the alpha
meter and that read over 20 mrrhr. on che beta-
gamma meter. He was taken to the hospital
where physical examination revealed only minor
abrasions over his forehead and in the mucous
membranes of his mouth and nares.

The first urine sample, obtained approxi-
mately three hours afrer the acadent, assaved .
2 to 3 d./min./cc. The next urine sample, one
to one and one.half hours larer, showed an even
higher count. This rising count strongly indi-
cated that he had accumulated a body burden
of radioactivity, probably through the abraded
areas on his skin and mucous membranes and
possibly by inhalation. Undoubredly, some ma-
terial was swallowed since gastric washings as-
sayed over 1ooo d./min., cc.

[t was decided to attempt therapy, f.e., to
use a means to accelerate the excretion of the
radicactive material. Calcium erhvlenediamine-
tetraacetate {Ca EDTA), one of rhe current
drugs recommended for this purpose® &7 ' was
administered intravenously 1n 2 gm. doses in

* WWork performed unger che auspices of the United States Aromic Eneryy Commission.
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250 cc. saline solution twice a day for five davs,
starting eight hours atrer the accident. A blood
sample drawn at the time treatment was srarred
assaved 3d./min.;cc. For the firse two days the
patient was hospirtalized for observation and to
assure full collection of urine and feces. He was
ambulatory ac all times and was able to help
with the monitoring and to take full precau-
tions to prevent contamination of hospital
equipment. During his hospital stay, the re.
maining "hot" spots on his skin and hair were
removed by repeated scrubbing with a mixture
of decergent and Ca EDTA solurion.

Shortly afrer admission to the hospital, a

" series of laboratory rests were run to serve as a

base bine against which to compare changes
which might result from the radiation exposure
or possibly from the use of the drug. These tests
included a complete blood cell count with a

_platelet count, complete urinalysis, serum pro-

teins, serum calcium and phosphorus, serum
atkaline phosphatase and prothrombin ame.
Urinalvsis was repeated dailv while treatment
was going on. Hematologic cests and serum
chemistry tests were repeated in a week and
after a month. No significant changes were
ever noted.

After leaving the hospiral, rreatment was
continued at the same dosage level for three
more days on a come-and-go basis in the first-

.ald room. Following that, Ca EDTA was given

onlv as a diagnosnic aid, at rimes indicated in
Fiure 1.

The results of urine excretion assays are pre-
sented in Figure 1, expressed as disintegrations
of americium® per minute per twentv-four
hours {d./min./24 hr.) During the firsc rwenty-
tour hours, urine excretion was about [71,000
d./min., a surprisingly high amount, indicating
either a high degree of eRectiveness for the
treatment or the presence of a dangerously
high level of activity in the body. Fortunately,
the former turned out to be true. The excretion
level remained high in the first few davs and

" dropped abrupdy with cessation of treatment,

rising again sharply when treatment was re.
instituted. One montch afrer che accident, urine
excretion levels had fallen to approximatelv o.¢
d./min./24 hr., the lowest level of significant

* Berause of e shore halt-lives of mese of the isceopes in the
CONt LTiATION mixture, £ e only appreciable sctivity cetertabie
in 1 few Jdavs after o-e accident was chay associared with Amit
and T Puise height antlvsis of the acrivity in the urine
vhowed the Am . Cm ratio to be 16 to 1. Since the Pazard from
curium s aimcst the s1me as char from americium, ne vreat error
wis intraduced by considering all of the activiny to Le urencium.
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Fic. 1. Effect of Ca EDTA on uricary americium
excretion.

detection by the analytical procedure wseld.
Urine samples were assaved monthly from rhen
on. The assays ranged from o012 1t o3 J.

min./24 hr., values which would nor be riken
ro indicate with any certainty .the presence o
any americium internaliv. One could not -

tinguish these urtne samples from others ob.
rained from individuals who had had ne amer'.
cium exposure. Approxtmarelv one veur afrz:
the accident, he was given an additional rnal
of Ca EDTA, The urine excretion level v
from a pretrearment level of 0.2 d./min. o 4.2
d./min. on the first day of treatinent, then o
2.4 d./min,, and 1.6 d./min. on subsciucr-
treatment davs and dropped to ¢.3 d. amn, rin
day afrer rreatment was stopped. Ca EDTA,
used 1n this fashion, served as a dingnosnie a
to demonstrate the presence of a body burden .
activity not otherwise derecrable.

Fecal samples were collected tor the frw:
seven days. The results of assav of these «am
ples are given in Table 1. The very high fecal en
cretion in the seven davs (over 30,002 d. nur
of americium) was undoubtedly in a lury
measure due to material thar wax swallowed
and excrered, rather than marertal which b
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January 1y 14,3%00c
ig 41,000

th 19,000

- 1,441

13 1,108

ty 1.710
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actually gained entrance into the circulation
and was being excreted through the bowel,

With the data at hand, it was possible to
estimate the present body burden, the effec-
tiveness of the treatment and the initial
dose taken in. The calculation of the body
burden was made by using an empirical
excretion curve obtained from humans for
plutonium and extrapolating to americium
by use of a factor. The assumption was
made that the treatment did not alter the
slope of the excretion curve at times long
after the treatment was stopped. The equa-
rion of the excretion curve for plutonium as
given by Langham?® is:

D,=435 U™

where D, is the body burdenind. min., Uis
the urine excretion in d., min., on dav ¢, and
¢ is the time in davs after che exposure. The
factor for adapting the equation for use
with americium was obeained from Carter
and Langham's? study in animals, wherein
it was shown that plutonium and ameri-
cium urine excretory curves are Approxi-
mately parallel and that at a given time,
i.e., thirty davs, after the entrance of the
isotope into the body, the urine excretion
of americium is twice that of plutonium.
\With this information adapting the equa-
tion for use in americium cases was simple,
namely:

D, tamericium} = 1/2D, {plutonium)

=1/21435 U™
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In the case under discussion, at thirty
davs the americium urine excretion, {', was
0.45 d., 'min. Putting this datum into the
equation gave a bodv burden of 1,350
d. ‘min. at thirty davs.

The calculation of the amount of activity
entering the body was made as fellows.
Langham (again from human plutonium
studies) found the amount of plutonium
remaining in the body at thirty davs after
acute exposure is 96.3 per cent of the initial
dose. For americium, using the same factor
ns above, this would be approximarely
2.5 per cent. With a body burden of {,330
d. ‘min., the corresponding initial dose 1s
1,460 or approximately 1,500. However, in
the present case, treatment resulted in the
excretion of an additional 16,000 d. min.
(this neglects the 150 or so d. ‘min. which
would have been excreted normally, but
this is negligible compared to the 16,000),
so the actual initial dose must have been
1,500+ 16,000 or approximately 17,300
d. ‘min.

The efficacy of the treatment can be
judged by comparing the present bodv

‘burden with that which would have resulted

had no treatment been given. With un
initial dose of 17,500 d. ‘min., the amount
reraining in che body at thirey davs (with-
out treatment) would be the initial dose
(17,500) minus the amount excreted (0.073
X 17,500), namely, 16,200 d. min. This
value compared to 1,350 indicates the treat-
ment was decided!v efficacious. As a resulr
of the trearment the body burden is iess
than one-tenth of what it would have been
had treatment not been instituted.

Case 1. Plutonium. This case concerns .
forty vear old woman technician,” who at the
rime of the accident was working with a piu-
tonium solution in 1 ¥V HNO; that assaved ap.
proximately 2X 10f d./min./cc. The flask broke
and a jagged edge of the broken contaminared
glass cur her across the base of the thumb
through a rubber glove. The first-aid treatmen-

* A preliminary report of this case was preserited @ the Secore
on Prevenuve and [ndustrial Medicine at the 2ird Annua
Mecting of the American Medical Association in San Francis-.

1954, and published in the .7 M. A drck Twd. Hxp A
Med 1554, 00, 216,
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Fic. 2. Effect of Ca EDTA on urinary plutonium
CXCTELLON.

consisted of cleansing the wound ares with soap
and water and stopping the profuse bleeding
with a couple of sutures and a small pressure
dressing.

Erom the conditions of the accident, 1t did
not seem likely thar any appreciable radicactive
materia! had entered the wound. However, an
alpha meter passed over the surface of her hand
indicated a few “hot” spots as high as 1,000
¢./min., after the initial cleansing. It was de-
cided to collect urine in an attempt to learn
how much, if any, plutonium had gatned en.
trance inte the bodv. The first dayv's collection
ot urine assaved go d./min. There was a possi-
bility that this sample was contaminated, as
- occurs not infrequently in the first urine sam-
ples collected after an accident. However, sub-
sequent collections on the following davs
showed continued excretion of measurabie
amounts of plutonium. It was apparent that a
small amount of plutonium had been absurbed
from the wound and, therefore, it was decided
to give her Ca EDTA.

Before starting the treatment, the wound
area was excised. The excised specimen assaved

1,500 d./min., a very small amount, Ca EDTA
was given in 2.§ gm. doses in foc cc. of saline
solution by slow intravenous drip twice a day
for four days, stepped for two davs, and chen
given agair under the same regimen tor twelve
davs. The first dav of treatment broughe torth
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an unusually high excretion; the count juniped
from a pretreatment level of 12 up 1o [,38%0. As
seen in Figure 2, on subsequent davs under
treatment, the outpur continued high. When
trearment was stopped, the level dropped
sharply and rose again with renewed trearment.

Toward the last of the second course uf
rreanment, the patient began to develup svmp.
toms, first a nonspecific malaise, then a back-
ache and finally urinary frequency and nocruria,
It was suspecred that the svmptoms might be
related to the treatment. Treatment was
stopped and an attempt was made 1o learn the
cause of her iilness. There were nu unusuat find-
ings on physical examination. The standard
blood chemistry and bicod morphology studies
gave normal values, Urninalysis, however,
showed 2+ albumin, many fine granular caaes,
occasional red bloed ceils and a few white bloud
cells. Urine culture was negative, The ~gns
and symptoms cleared quickly with rese. In rwo
or three davs, the symptoms were gone and by
the fourth day, the urine was entirelv clear and
the patient appeared well.*

Calculation of the bodv burden was made
similarly to the way in which the body bur-
den was calculated in the americtum case
described above. Forty davs atrer che
accident, the urine excretion level aver-
aged 1.95 d. min. of plutonium per twency.
four hours. At this excretion level, the equa-
tion vields a body burden of 14,000 d. min.

As seen from Langham’s datra, under
ordinary conditions, the body burden of
plutonium at thirty days is 96,3 per cent of
an mital acute dose, which in this cuse
would give

14,000

———=14,540 d./min.
96.3

To obtain the actual initial dose, the
amount excreted under treatment must be
added to this value, giving 14,540+ 3,700 =
19,040 d. min. \\lth an initial value of this
magnitude, the bodv burden ar thirty das
without treatment would have Dbeen
* As a result of this case, an extensive toxicology study nt v o
FOTA was undertaken in raes. [t was found that when tne .- L
15 given repeatediy and in sufficiently high doses, o revers
tubufar nephrasis couid be produced. The resules of these wone - -
are reported in the Fo4. M f 1gi6, soo, 104z These nn o oo

make it quite likely that the symptoms seen in the cdwe e
were reluted to the drug,
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19,040~ 3.7 per cent of ig,040=18,366
d. ‘min. The actual body burden was 14 .000
d. min. or approximately 76 per cent of
this. The difference of 24 per centis an index
of the effectiveness of the treatment. It is
likely that had the drug been started al-
most immediately atter the accident instead
of five days iater, the treatment would have
been even more efficacious.

Case ur. Plutonium. This case was a more
complicated one, The individual involved had
been working with plutonium in various forms
for a number of vears and had had several minor
contamination accidents. He was slowlv ae-
cumulating plutonium internally as evidenced
by a slowly rising urine count over the vears, It
was just about decided to remove him from his
job and place him on work away from pluto-
nium when he had chis rather serious accident.

The accident occurred while he was working
in a drybox used for processing plutonium resi-

- dues. He was placing rubber tubing over the
outlet of a suction flask when the tip broke and
he was cut across the ball of the thumb. The
flask was highly contaminated with pluronium
in various forms, the nitrare, flucride, oxide,
erc. Surface counts of both the glove he was
wearing and the skin about the wound were
off-scale on the alpha merer.

He was taken to the hospital where the
wound area was immediately excised. Analvsis
of the ussue yielded 850,000 d./min. The re-
moval of this tremendous amount ampiy justi-
fied our pracrice of excising all potentially con-
taminated wounds.

Treatment with Ca EDTA was started about
one hour after the accident. Results of the urine
assays are shown in Figure 3. The urinary ex-
cretion of plutonium for the Arst dav (from
about 4:30 in the afternoon, when the accident
occurred, uneil che following morning) was 3o
d./min. It was expected from the conditions of
the accident that there would be a tremendous
excretion, but surprisinglv enough, the value
was low, Then, instead of dropping as had hap-
pened in previous cases, the excretion rose on
subsequent days. This rising level was inter.
preted to mean there was still plutonium lefr
at the wound site that was slowly teeding into
the blood stream.

After four days, treatment was stopped. The
reasoning was as follows. Oniv alittle over 1,200
d./min. had been put our in the four davs. If

ooousqi
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Fic. 3. Effect of Ca EDTA on urinary plutonium
eXcretion.

the treatment was very effective, iz, this ex.
cretion level represented a high percenrage of
his body burden, rhen he musr not have had
much plutonium in him. The other alternarive
was that the low level of excretion was due to
the fact that the creatment was not being very
effective. In either case, it was advisable to stop
treatment. With the stopping of the drug, the
urinary plutonium excretion dropped to 27
d./min./day and srayed about this level for
five days. This gave further confirmation to the
impresston thar an intramuscular source was
feeding into the blood stream since the excrenion
level would have been expected to drop sharply
at this tme had a single acute exposure oc-
curred. Another two davs of Ca EDTA trear-
ment was given and again the excrerion went
up, this time even higher than on the first day.
It was decided to excise more of the wound
area. The second tissue piece assaved jo.oco
d./min, The effect of the excision was imme-
diately manifest in the urine. The excretian be-
gan to fall and dropped steadily to a level ot g
d./min,/dav about one week after the second

LANL
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excision. By one vear after the accident, the
level had fallen to approximately 4 d./min./day.

At the time rhe excretion level was on the
order of g d./min./day, it was possible to do
furcher studies to gain more information about
Ca EDTA and plutonium excretion. In one
such study, a comparison between orally ad-
ministered and intravenously administered Ca
EDTA was made. A rhree.day trial of 2 gm. a
day of Ca EDTA was made for each mode of
administration. The oral treatment produced
no change in excretion above the control levels.
Intravenous administration resulted i a ten-
fold increase in urinary plutonium excretion.
Fecal excretion assavs were also made at chese
rimes. Intravenous administration of the drug
did not alter the fecal excretion. The feces:
urine excretion ratio was approximately 1 to
in the control period and did not change during
the oral treatment period.

The net increase in excrerion brought about
by the Ca EDTA was not significant. The ad-
ministration of che drug was of value primarily
because of the diagnostic information it gave,
namely, in pointing out the residual intra-
muscular deposit. The apparent ineffectiveness
of Ca EDTA in this case might well have been
because of the very low blood levels of pluto-
nium present at any one time, f.¢., that small
amount of plutonium that was being fed slow!y
from the intramuscular site into the circulation.

Using the same mode of calculation as
described above, it is estimated that the
bodv burden at seventy days after the
accident was approximately go,000d. 'min.?

Cast 1v and Case v, Polonium. These cases
involved two young physicists whose cases are
so similar that they can be described together.
Both were exposed at the same time in the same
accident.

The decails of the exposure were as follows.
The two men had been working with a 2¢-curie
mock Rssion neutron source contained in a
graphite pile, when it was noticed that the neu-
tron flux was abour § per cent higher than ex-
pected. While they were investigating the cause,
the apparently already defective Po-Be source
ruptured and spraved ajpha active marenal
over the source room. The cause of the rupture
was judged to be a buildup of hydrogen and
oxvgen which had resulted from irradiation of
the moisture collected In the capsule.

The men left the room almost immediately.

0004892
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Essentially all of the exposure to the acnivity
occurred during rhe few minutes while the men
were in the source room right after the acaidenr.
On coming out of the room, their clothing and
exposed parts of the body, the face, neck and
hair had counts ranging up to 2,000 ¢. mimn.
of alpha activity. After a shower and change of
clothing, the onlyv appreciable activiry remun-
ing in both cases was on the upper lip. This
activicy persisted for several davs, even after
repeated scrubbing with detergent and warer.
Apparently it was due ro the deposition uf ex.
haled polonium.

On physical examination, no cuts, iabrasions
ur any evidence of injury were found. Collection
ot urine and feces samples was started and
series of laboratory rests was run as a base Jine
against which to measure any possible turure
changes which might occur from irradianon.
The tests included a complete blood cell count,
platelet count, sedimentation rate, bleeding and
clotting time, serum phosphatase, prothrombin
time, nonprotein nitrogen, serum proteins and
urinalysis, Tests were repeated on alrernare
davs for the first week, then weekly for the rese
of a month and at the end of the second monrh.
No changes from the normal were nored in
either case. The men never ceased their normal
activities, except that thev were kept awav
from radiation sources for several weeks,

[t was possible to follow roral excrenon
(urinary and tecal) in the individual who re-
ceived the largest dose {as manifested by excre-
tion rates), In the second case, only urinary ex-
cretion was closely followed. The results are pre-
sented in Figure 4. At the beginning of rthe
third week, a three day course of Ca EDTA, 4
gm. daily in 2 divided doses by slow intrave.
nous drip, was given to one of the men. There
was no change in excretion rate,

From simple inspection of the curves, it ix 1m-
mediately apparent in an inhalation exposurs
such as these that excretion is predominantiy
via the feces. For the tirst week after exposure,
fecal excretion was 2 to 3 orders of magnitude
greater than urinary excretion. At larer the
periods, urine and feces contribution rended ro
approach each other, but even at five months,
the polonium level in the feces was at least 12
times greater than in the urine. The plot of fecal
excretion data on a semi-log scale showed that
there are rwo definite phases of fecal excretion,
an early one occurring at a half-time of 0.h davs
and a later one at a rate characterized by a hali-
time of 19.6 davs. The first excretion phase

LANL
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Fic. 5. Effect of Ca EDTA on urinary polontum
eXcretion.

probably represents swallowed activity brought
up from the pharynx and major bronchi, plus
the polonium that was swallowed initially. The
activity appearing in the second phase was
probably polontum which was brought up from
the lower respiratory tract by ciliary action and
swallowed, as well as material which had gained
entry into the systemic circulation across the
lung aiveoli and incestinal wall and was excrered
through the bile.

Urinary excretion plotted on a semi-log scale
likewise was resolved into two components in
both cases, an initial component with an ap-
proximate half-time of 0.75 days and a later
component with a half-time of 47 davs in one
case and 37 davs in the second. The first phase
was probably due to polonium entering the
svstemic circulation across the zlveoli and gas-
trointestinal trace, and the second phase, ma-
terial being returned to the blood stream after
initial deposition in tissue sites.

Unlike rhe situation for plutonium and
americium, the calculation of body burden
at any given time after an acute exposure
for polonium is not particularly meaniv ful
because the bodv burden changes rapidly
with time and in a relativelv short time be-
comes insignificant. Of much more impor-
tance 1s the calculation of the initia! dose, be-
cause from this value and the excretion
rates one can obtamn un idea of the internal

0004893
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radiation dose received as a result of the
exposure.

The length of time for the body burden
to fall to essentiallv zero was estimated by
extrapolation of the excretion curves to the
time when excretion levels were insignifi-
cant, f.¢., below 1 d. min. dav. In the case
where both teces and urine data were avail-
able, the teces excretion was calculared o
become insignificant at three hundred and
forty davs and urine excretion about three
hundred and seventv davs. Actual assavs
of excreta at one vear after exposure veri-
tied this. The initial dose received was
estimated by summing up the total excre.
tion from time of exposure untii one veur
later. The general equation for the excre-
tion Ccurves is:

E = Demivtd Doty

where £, is the twentv-four hour excretion
at rime £, Dy and D: represent the amount of
material present tmitially, and £, and 4. the
rate constants for the two ditferent phases
of excretion. Integration of this eyuation
from zero to time ¢ sums up the excrerion
during that time. The expression for the
integration Is:

&
[T
) Di(t—e#t) Difr—em"td
kl k;

Substitution of numerical values from the
excretion curves with ¢ = 3635 davs and with
appropriate corrections for radioactive
decav gives the following:

Total Fecal Excretion

6‘89X IOS{ I _C'_! ]7XW\J

1.17

154X [O.'.U — O RIRY

.04
= 10,24 X 108 d./min., or 4.65 uL.
Total Urine Excretion

SR OX 1O g BTXOY

<97

LANL

m



0oo0u8qy

A3 IO’U _e—d.oﬁxﬂuﬁ]

e
c.G2

= (.49 X 10* d.min., or 0.0~ uc.

The total excretion, the sum of the ur-
nary plus fecal excretion, was 3.6540.067
or 4.7: uc. This essentially represents the
amount of activity initiallv entering the
body. The derermination of the radiation
dose delivered to the various organs in the
body tollowing the inhalation of this quan-
tity of Po*® was not possible because of lack
of information on the distribution ot the ac-
tivity in the body.
cerrain assumptions, it was possible to cal-
culate the maximum possible dose to the
organ most likely to have received the
largest dose, namely, the lunz. The total
energy delivered to the lung by the 4.72 pe
of Po? in terms of mev., using the fecal ex-
cretion data, was:

[ S0 165 (Portion of initial activit}')
. Io
559 excreted in phase one

Mean life of phase
X1.23X 10 ..
Gne 1n mmnutes
Portion of injtial activity
+3.35X1f . )
excrered in phase two

%36 101 (.\Iean life ot'phast:):l

WO In minutes

3

Energy of Po*?
5 ( . ) =863 X 10" mev.
alpha in mev.

Converting this to rep, assurning uniform
distribution throughout the lung, one ab-
tams:

3.68 X 101

10* (nominal wt. of lung)

X588 107 {mev., gm.. rep)
= 16.6 rep*

This result does not include the con-
tribution made by the polonium which was

* This caleulation does rot include anv facter for any unusual
RBE (relative biological effectiveness) for the pelonium ulpha
particles, but in ail hkelihoad enly a small error 1 introduced by
this simplification, '

Harrv Foreman, William Moss and Bernard C. Eustler Tiae,

However, by the use of

b

eventually excreted in the urine. At most,
however, this could be onlv 1 per cent of the
total.

The gastrointestinal trave is the oniyv
other svstem ot organs that might have
received a radiation dose even approaching
that of the lung, but 1t is not possible ta
estimare this, except to guess that the over-
all dose was certainlv tar less than that to
the lung. On the basis that o.cog ot the
amount of polonium in the Jung reached the
spleen (see Handbook ¢2)," the dose to the
spleen (the so-called crirtcal organ) can be
estimated to be negligible, 7.c., less than 4
per cent of the dose to the lunys.

In the second case, an estimate of the ini-
ttal dose and the rotal radintion dose to the
lung can be made by merely compuring the
urine polonium output {the onlv available
data) with that of the first case. Results of
approximately one-half that of Case 1v are
obtained.

SUMMARY

Case reports are presented on 1 individ-
ual who received an internal dose of Am-i,
on 2 individuals who accumulated Pu¥ in-
ternally, and on 2 individuals who recetved
a body burden of Po™? The urinuary excre-
tion of the isotopes was followed closely
over a long period of time in all cuses, and
the resuits of the assavs are reported. [n 2
cases, the assavs on feces are also presentedd.
The results of attempts to accelerate excre-
tion of the isotopes are presented. A proce-
dure for evaluating the mitil dose, the
body burden at given periods of time, und
the effect of treatment is given. The tech-
nique for estimating the dose received fror
the polonium exposure is described and the
dose received evaluated.

Harry Foreman, M. D.

Los Alamos Scienrific Laboratory
P.O. Box is6;

Los Alamos, New Mexico
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