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CLINICAL EXPERIENCES WITH
RADIOACTIVE
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PRESENT knowledge of the deleterious
effects of internally deposited radioac-
tive materials in humans has been ob-
tained primarily from individuals with

accidentally accumulated body burdens of

isotopes of radium or thorium.! 101112 The
following report presents a series of cases
giving clinical information on several other
particularly hazardous radioelements, i.e.,
plutonium (Pu®!), americium (Am*?), and
polonium (Po*9). These are all alpha
emitters, the first two artificially produced
and relatively recently discovered. Pu®¥,
with a half-life of approximately 24000
vears, is produced and used in considerable

quantities and 1s of interest because of its
" nuclear. power plant and weapon usage.
Am3*!, with a half-life of 00 vears, is used
prtmard} in research. Po!omum, known tor
some. time, recently 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 bodyv reaction to the presence
of these elements. Pathologic effects ob-
served for plutonium and americium are
similar to those of radium.*'*% Polonium
in high dosage gives a clinical picture sim-
tlar to “acute radiation syndrome.’™*

To date there has been no report of a
human having received a sufficient quan-
vty of any of these isotopes to produce
demonstruble injury. The cases described
below ure reported here because:

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

2. 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

MATERIALS*

evaluation and care of personnel contami-
nated by radioactivity.

4. It was possible to test the efficacy of
therapeutic agents for hastening excretion
of the isotopes in these cases.

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-
ture of Am®, Am* Cm**® and associared
fission products contained in a guartz ampule.
A gamma-rav meter held 6 inches from rthe
ampule read 150 r/hr. This minture had been
obtained by irradiating § mg. of Am* in 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, but even after thorough washing there
remained “‘hot” spots over his forehead, cheek
and upper tip that went off-scale on the alpha
meter and that read over 20 mr/hr. on the 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 after the accident, assaved
2 to 3 d./min./cc. The next urine sample, one
to one and one-half hours later, 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. Undoubtedly, some ma-
terial was swallowed since gastric washings as-
sayed over 1000 d./min./cc.

It was decided to attempt cherapy, ‘e, to
use a means to accelerate the excretion of the
radioactive material. Calcium ethylenediamine-
tetraacetate (Ca EDTA), one of the current
drugs recommended for this purpose,’¢ 1% was
administered intravenously in > gm. doses in

-~

* Work pertormed under the auspices of the United States Atomic Enerygy Commission.
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250 cc. saline solution twice a day for five davs,
starting eight hours after the accident. A blood
sample drawn at the time treatment was started
assaved 3d./min.; cc. For the tirse two davs the
patient was hospitalized for observation and to
assure full collection of urine and teces. He was
ambulatory at 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 mixrure
of detergent and Ca EDTA solution.

Shortly after admission to the hospital, a

" series of laboratory tests were run to serve as a

base line 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
alkaline phosphatase and prothrombin time.
Urinalvsis was repeated dailv while treatment
was going on. Hematologic tests and serum
chemistry tests were repeated in a week and
after a month. No significant changes were
ever noted.

After leaving the hospital, treatment was
continued at the same dosage level for three
more dayvs on a come-and-go basis in the first-

.aid room. Following that, Ca EDTA was given

only as a diagnostic aid, at times indicated in
Fiure 1.

The results of urine excretion assays are pre-
sented in Figure 1, expressed as disintegrations
of americium* per minute per twenty-four
hours (d./min./24 hr.) During the first twenty-
four hours, urine excretion was about 11,000
d./min., a surprisingly high amount, indicating
either a high degree of effectiveness 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 abruptly with cessation of treatment,

rising again sharply when treatment was re-
instituted. One month after the accident, urine
excretion levels had fallen to approximatelv o.5
d./min./24 hr., the lowest level of significant

* Because of ¢ e short half-lives of mest of t'ie isctopes in the
cont imination mixture, te only appreciable activity Jetectable
in a few davs after ¢-e accident was thar associated with Am3
and Cmi Puise heig*t anilvsis of the acrivity in the urine
showed the Am . Cm ratio 1o be 16 ta 1. Since the hazard from
curium is almest the same as that from americium, no yreat error
was introduced by considering all of the activity to Le umencium,
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Fic. 1. Effect of Ca EDTA on urirary amerncium
excretion.

detection by the analyvrical procedure used.
Urine samples were assaved monthly from rhen
on. The assavs ranged from o.12 to o3¢ .
min./24 hr., values which would not be taken
to indicate with anyv certainty the presence ot
any americium internally. One could not dis
tinguish these urine samples from others ob.
tained from individuals who had had no ameri-
cium exposure. Approximatelv one veuar afrs
the accident, he was given an additional trial
of Ca EDTA. The urine excretion level rose
from a pretreatment level of 0.2 d.;/min. to 4.2
d./min. on the first dav of treatment, then to
2.4 d./min., and 1.6 d./min. on subsequen-
treatment days and dropped to 0.3 d. min. ric
dav after treatment was stopped. Ca FDTA,
used in this fashion, served as a diagnostic and
to demonstrate the presence of a bodv burden .t
activity not otherwise detectable.

Fecal samples were collected for the hre:
seven days. The results of assav of these ~an:
ples are given in Table 1. The very high fecul ex-
cretion in the seven days (over 30,000 d. nur
of americium) was undoubtedly in a liry
measure due to material that was swalloweu
and excreted, rather than material which h.
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Taeete 1

AMERICIUM FECES EXCRETION

Disintegrations per Min-
ute of Amencium per

Date Twenty-four Hour

Specimen

January 14 14,300
i 41,000

16 19,000

[ 1,841

13 2,106

19 1,710

20 . 438

actuallv 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
bv 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-
tion of the excretion curve for plutonium as
given by Langham?is:

D.=435 U0

where D, is the body burdenind. min., Uis
the urine excretion in d., min., on dav ¢, and
¢ is the time in davs after the exposure. The
factor for adapting the equation for use
with americium was obtained from Carter
and Langham’s® study in animals, wherein
it was shown that plutonium and amen-
cium urine excretorv curves are approxi-
mately puarallel and that at a given time,
i.e., thirty davs, after the entrance of the
isotope into the bodv, the urine excretion
of americium is twice that of plutonium.
With this information adapting the equa-
tion for use in americium cases was simple,
namelyv:

D, (americium) = 1/2D, (plutonium)

=1/2(435 U 7)
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In the case under discussion, at thirty
days the americium urine excretion, U, was
0.4§ d., 'min. Putting this datum into the
equation gave a body burden of 1,350
d.’min. at thirty days.

The calculation of the amount of activity
entering the body was made as follows.
Langham (again from human plutonium
studies) found the amount of plutonium
remaining in the body at thirty days after
acute exposure is 96.3 per cent of the initial
dose. For americium, using the same factor
as above, this would be approximatelv
2.5 per cent. With a body burden of 1,330
d. ‘min., the corresponding initial dose is
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 17,500
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
remaining in the body at thirty 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 decidedlv efficacious. As a result
of the treatment the body burden is less
than one-tenth of what it would have been
had treatment not been instituted.

Case 1. Plutonium. This case concerns a
forty vear old woman technician,* who at the
time of the accident was working with a piu.
tonium solution in 1 N HNO; that assaved up-
proximately 2 X 10¢d./min./cc. The flask broke
and a jagged edge of the broken contaminaredd
glass cut her across the base of the thumb
through a rubber glove. The first-aid treatmens

* A preliminary report of this case was presented to the Secten
on Preventive and Industrial Medicine at the 123rd Annua.
Meeting of the American Medical Association in San Francie

1934, and published in the 7. M. 1. drch Ind. Hyg. &1
Med. 1934, 70, 226,
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Fic. 2. Effect of Ca EDTA on urinary plutonium
excretion.

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

From the conditions of the accident, 1t did
not seem likely that any appreciable radioactive
material 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
c./min., after the inital cleansing. [t was de-
cided to collect urine in an attempt to learn
how much, if any, plutonium had gained en-
trance into the bodv. The first dav’s collection
of 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 days
showed continued excretion of measurabie
amounts of plutonium. It was apparent that a
small amount of plutonium had been absorbed
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 2.5 gm. doses in §o0 cc. of saline
solution by slow intravenous drip twice a day
for four days, stepped for two davs, and then
given agair under the same regimen for twelve
davs. The first day of treatment brought torth
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an unusually high excretion; the count jumped
from a pretreatment level of 12 up to 1,380, As
seen in Figure 2, on subsequent dass under
treatment, the output continued high. When
treatment was stopped, the level dropped
sharply and rose again with renewed trearment.

Toward the last of the second course of
trearment, the patient began to develop symp-
toms, first a nonspecific malaise, then a back-
ache and finally urinary frequency and nocturia.
It was suspected that the symptoms might be
related to the rtreatment. Treatment was
stopped and an attempt was made to learn the
cause of her illness. There were no unusual find-
ings on physical examinarion. The standard
blood chemistrv and blood morphology studiex
gave normal values. Urinalysis, however,
showed 2+ albumin, many fine granular casts,
occasional red blood cells and a few white blood
cells. Urine culture was negative. The signs
and symptoms cleared quickly with rest. In two
or three days, the symptoms were gone and by
the fourth dav, the urine was entirely clear and
the patient appeared well.*

Calculation of the body burden was made
similarly to the wayv in which the body bur-
den was calculated in the americium case
described above. Forty davs after the
accident, the urine excretion level uver-
aged 1.95d. min. of plutomum per twenty-
four hours. At this excretion level, the equa-
tion vields a bodv burden ot 14,000 d. min.

As seen from Langham’s data, under
ordinaryv conditions, the bodyv burden of
plutonium at thirty davs is 96.3 per cent of
an initial acute dose, which in this case
would give

14,000
96.3

To obtain the actual initial dose, the
amount excreted under treatment must be
added to this value, giving 14,540+4,700 =
19,040 d. min. \\1th an nitial value of this
magnitude, the bodv burden at thirty davs
without treatment would have been

=14,540 d./min.

* As a resule of this case, an extensive toxicology study o ¢
£ DTA was undertaken in racs. I was found that when tne r
15 given repeatedly and in sufficiencly high doses, 4 revers”
tubular nephrosis could be produced. The resules ot chese ~tue - -
are reported in the J. ..M. 1, 1936, 160, 1042 These an oo
make 1t quite likely that the symptoms seen in the case uio s
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 1 4.000
d. min. or approximately 76 per cent of
this. The ditference of 24 per centis an index
of the etfectiveness of the treatment. [t is
likelv that had the drug been started al-
mostimmediately atter the accident instead
of five days later, the treatment would have
been even more efficacious.

Case 1. Pluronium. 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 slowly ac-
cumulating plutonium internallv as evidenced
bv a slowly rising urine count over the years. It
was just about decided to remove him from his
job and place him on work away from pluto-
nium when he had this 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
outler of a suction flask when the tip broke and
he was cut across the ball of the thumb. The
flask was highly contaminated with plutonium
in various forms, the nitrate, fluoride, oxide,
etc. Surface counts of both the glove he was
wearing and the skin about the wound were
off-scale on the alpha meter.

He was taken to the hospital where the
wound area was immediately excised. Analysis
ot the tissue vielded 850,000 d./min. The re-
moval of this tremendous amount amply 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 first dav (from
about 4:30 in the afternoon, when the accident
occurred, until the following morning) was 3o

./min. Tt 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 left
at the wound site that was slowly feeding into
the blood stream.

After four days, treatment was stopped. The
reasoning was as follows. Only a little over 1,000

./min. had been put out in the four davs. If

0oougql
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Fic. ;. Effect of Ca EDTA on urinary plutonium
excretion.

the treatment was very effective, 7.e., this ex-
cretion level represented a high percentage of
his body burden, then he must not have had
much plutonium in him. The ocher alternarive
was that the low level of excretion was due to
the fact that the treatment 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./dav and stayed about this level tor
five days. This gave further confirmation to the
impression that an intramuscular source was
feeding into the blood stream since the excretion
level would have been expected to drop sharply
at this time had a single acute exposure oc-
curred. Another two davs of Ca EDTA rtreat-
ment was given and again the excretion went
up, this time even higher than on the first day.
It was decided to excise more ot the wound
area. The second tissue piece assaved 30,000
d./min. The effect of the excision was imme-
diately manifest in the urine. The excretion 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 4d./min./day.

At the time the excretion level was on the
order of g d./min./day, it was possible to do
further studies to gain more information about
Ca EDTA and plutonium excretion. In one
such study, a comparison between orally ad-
ministered and intravenouslv administered Ca
EDTA was made. A three-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 in a ten-
fold increase in urinary plutonium excretion.
Fecal excretion assays were also made art these
times. 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 excretion brought about
bv the Ca EDTA was not significant. The ad-
ministration of the 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 ot pluto-
nium present at any one time, r.e., that small
amount of plutonium that was being fed slowly
from the intramuscular site into the circulation.

Using the same mode of calculation as
described above, it is estimated that the
body burden at seventy days after the
accident was approximately so,000d. ‘min.*?

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

The details of the exposure were as follows.
The two men had been working with a 2¢-curie
mock fission neutron source contained in a
graphite pile, when it was noticed that the neu-
tron flux was about § per cent higher than ex-
pected. While they were investigating the cause,
the apparently already defective Po-Be source
ruptured and spraved alpha active material
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 the few minutes while the men
were in the source room right after che accident.
On coming out of the room, their clothing und
exposed parts of the body, the face, neck and
hair had counts ranging up to 2C,000 c. min.
of alpha activity. After a shower and change of
clothing, the only appreciable activity remain.
ing in both cases was on the upper lip. This
activity persisted for several davs, even afrer
repeated scrubbing with detergent and warer.
Apparently it was due ro the deposition of ex-
haled polonium.

On phvsical examination, no cuts, abrasions
or any evidence of injury were tound. Collection
of urine and feces samples was started and «
series of laboratory tests was run as a base line
against which to measure any possible turure
changes which might occur from irradiarion.
The tests included a complete blood cell count,
plateler count, sedimentation rate, bleeding and
clotting time, serum phosphatase, prothrombin
time, nonprotein nitrogen, serum proteins and
urinalysis. Tests were repeated on alternare
davs for the first week, then weekly for the rest
of a month and at the end of the second monrth.
No changes from the normal were noted 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 total excrenon
(urinarv and fecal) in the individual who re-
ceived the largest dose (as manifested by excre-
tion rates). In the second case, only urtnary ex-
cretion was closely followed. The results are pre-
sented in Figure 4. At the beginning of rhe
third week, a three dav 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 isim-
mediately apparent in an inhalation exposure
such as these that excretion is predominantly
via the feces. For the first week atter exposure,
fecal excretion was 2 to 3 orders of magnitude
greater than urinary excretion. Ac larer time
periods, urine and feces contribution rended to
approach each other, but even at tive 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 two 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 bva halt-
time of 19.6 davs. The first excretion phase

LANL
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Fic. 4. Effect of Ca EDTA on urinary polonium
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 polonium 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 alveoli and intestinal wall and was excreted
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 days in one
case and 37 davs in the second. The first phase
was probably due to polonium entering the
systemnic circulation across the alveoli and gas-
trointestinal tract, and the second phase, ma-
terial being returned to the blood stream after
initial deposition in tissue sites.

Unlike the situation for plutonium and
americium, the calculation of body burden
at any given time after an acute exposure
for polonium is not particular]y meanix: ful
because the bodv burden changes rapidly
with time and in a relativelv short time be-
comes insignificant. Of much more impor-
tance is the calculation of the initial dose, be-
cause from this value and the excretion
rates one can obtain an 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
extrapolution of the excretion curves to the
time when excretion levels were insignifi-
cant, i.e., below 1 d. min. day. In the case
where both feces and urine data were avail-
able, the teces excretion was calculated to
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-
fied this. The initial dose received was
estimated by summing up the total excre-
tion trom time of exposure until one vear
later. The general equation for the excre-
tion Curves is:

Ei =D e *vt4 Doe—h2

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

t
f (DM‘“‘-FD;»C'“')
* Dl(l—-e"”)‘}_l)g(l—e"-“)
- k\ k. '

Substitution of numerical values from the
excretion curves with ¢ =365 davs and with
appropriate corrections for radioactive
decav gives the following:

Total Fecal Excretion

6.8 X 165(1 — ¢~ 17363

1.17

174 X 1031 — ™" 24x384)

.04
=10.24 X 108 d./min., or 4.6¢ uc.
Total Urine Excretion
LR X 107 (1 — g 27XBEY

.97
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28X 103(1 — ¢ o-:xus)

c.o2

= [.49 X 10* d. min., or 0.06~ uc.

The total excretion, the sum of the uri-
nary plus fecal excretion, was 4.65+40.067
or 4.72 uc. This essentially represents the
amount of activity initially entering the
body. The determination 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 ot lack
of information on the distribution ot the ac-
tivity in the body. However, by the use of
certain assumptions, it was possible to cal-
culate the maximum possible dose to the
organ most likelv to have received the
largest dose, namely, the lung. The toral
energy delivered to the lung by the 4.72 uc
of Po??in terms of mev., using the fecal ex-
cretion data, was:

[ Sox 6<Portion of initial acrivity)
. 10
559 excreted in phase one

Mean life of phase
X1.23X 108 L )
one in minutes
Portion of initial activity
+4.38X10° . ’ )
excreted in phase two
Mean life of phase
X3.6X 10‘( L. >
two in minutes
(Energy of Po*1®
5.

i > =8.63 X 10! mev.
alpha in mev.

Converting this to rep, assuming uniform
distribution throughout the lung, one ob-
tains:

3.68 X 101!

10* (nominal wt. of lung)

X§.18X 107 (mev., gm. rep)
=16.6 rep*

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

® This calculation does not include any facter for anv unusual
RBE (relative biological effectiveness) for the pclonium alpha
particles, but in all likelihood onlyv a small error 15 introduced hy
this simplification. '

Harrv Foreman, William Moss and Bernard C. Eustler

_[' e, b

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

The gastrointestinal trace is the only
other svstem of organs that might have
received a radiation dose even approuaching
that of the lung, but 1t is not possible to
estimate this, except to guess that the over-
all dose was certainlv tar less than that to
the lung. On the basis that o.coj of the
amount ot polontum in the lung reached the
spleen (see Handbook :2)," the dose to the
spleen (the so-called critical organ) can be
estimated to be negligible, i.e., less than
per cent of the dose to the lungs.

In the second case, an estimate of the ini-
tial dose and the total radiation dose to the
lung can be made by merely compuring the
urine polonium output (the only available
data) with that of the first case. Results af
approximately one-half that of Case v are
obtained.

SUMMARY

Case reports are presented on t individ-
ual who received an internal dose ot Am-i,
on 2 individuals who accumulated Pu* in.
ternally, and on 2 individuals who received
a body burden ot Po®% The uriniary excre-
tion of the isotopes was followed closelv
over a long period of time in all cases, and
the results of the assays are reported. In
cases, the assavs on teces are also presented.
The results of attempts to accelerate excre-
tion of the isotopes are presented. A proce-
dure for evaluating the inital dose, the
body burden at given periods ot time, und
the etfect of treatment is given. The tech-
nique for estimating the dose received from
the polonium exposure is described and the
dose received evaluated.

Harry Foreman, M.D.

l.os Alamos Scientific Laboratary
P.O. Box 166;
Los Alamos, New Mexico
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