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STUDIES OF POLONIUM METABOLISM IN HUMAN SUBJECTS
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L It seemed desirable to have some data on the human excretion o
o polonium after the administration of known doses in order to obtain :
2 correlation with the more extensive data on rats. Inasmuch as it wa

not possible to determine accurately the amount of polonjum alread
" present in laboratory personnel or to rule out the possibility of sub
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!, . sequent accidental exposure of persons working with polonfum, suc

personnel were not suitable subjects for excretion studies of th!
type. Accordingly, the genéral problem was outlined to a number ¢
hospital patients with no previous or probable future contact with p

-
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lonium. Of the group who volunteered as subjects, four men and or
woman were selected for the excretion studies outlined below.

The group rangedin age from the early thirties tothe early fortie
The polonium was administered intravenously to the first four su

jects and'orauy to the fifth.
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1. INTRAVENOUS STUDIES
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By H. E. Silberstein, W. N. Valentine, W. L. Minto,
J. S. Lawrence, and R. M. Fink

Case 1. A total of 22.6 microcuries (0.3 microcurie per kilogr
of body weight) of polonium chloride was administered intravenou
to subject 1, a male patient being treated for generalized lymp
sarcoma. The polonium was administered in 10 ml of sterilized |
tonic saline solution at pH 7.6. Inorder to determine as accural
as possible the amount actually administered, a second 10-ml san
! of the solution was immediately drawn into the syringe used for

injection and was expelled into an acid solution at approximately
rate used for the actual injection. The acid solution was set aside
subsequent radioactivity measurement. This dummy-injection |
cedure has been followed routinely and is quite necessary in hu
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STUDIES OF POLONIUM METABOLISM IN HUMAN SUBJECTS 123

studies, in which the loss of one-fourth to one-half the-polonium oc-
curs during the sterilization of the neutral solution in the autoclave.

In determining the amounts excreted in the daily urine collections
the total daily volume was measured, and a convenient aliquot {about
5 per cent of the total) was taken, acidified to 0.5N H* with concen-
trated hydrochloric acid, and plated directly onto a silver-foil disk,
which was read in an jonization chamber or alpha counter. The daily
urinary excretion of polonium by the first subject and the concentra-
tion of polonium per milliliter of urine are given in Table 3.1 and

Table 3.1 — Percentage of Theoretical Dose in Urine, Feces, and Blood of Subject 1
(Generalized Lymphosarcoma) after Intravenous Administration of 0.3 Microcurie
of Polonfum Chloride per Kilogram of Body Weight

‘1;:::}::;:;:\:::1 q, of theoretical dose per kilogram
Days
after Whole Blood
injection Urine | Feces Urine | Feces | blood Plasma | cells
1 0.20 0.44 0.125 4.8 3.7 1.8 7.0
2 0.048 1.35 0.052 16.1
s 0.056 | 1.37 0.038 |} 24.0 4.7 14 9.0
4 0.038 1.92 0.024 19.4
5 0.031 3.8 0.025 | 29.5 4.5 13 7.9
8 0.030 4.2 0.038 | 35.9
7 0.021 | 0.92 0.019 | 14.4 3.5 0.7 7.3
8 0.033 0.024
43 0.016 0.020 0.6 0.4 0.9

shown graphically in Fig. 3.1. Owing to an oversight the use of a glass
urinal for these collections was not specified, so that it is possible
that this ambulatory patient used a stainless-steel urinal and that the
second, bedridden, patient used a metal vessel. A subsequent check
indicated that use of the metal vessel would result in the loss of less
than one-tenth of the polonium in the specimen. )
Fecal sL.iples were obtaineddaily from this subject for seven days
after injection. Each sample was weighed, a suitable known volume
of 3N HC1 was added, and the sample was homogenized with an elec-
trically driven glass stirrer. Aliquots of each day’s sample were di-
gested and analyzed as described in Chap. 1. The total daily excretion
through the feces and the concentrations of polonium therein are given
in Table 3.1 and are shown graphically in Fig. 3.2. The concentra-
tions of polonium in the blood of this first subject are also shown in
Table 3.1. ’
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Fig. 3.1—Urinary excretion of polontum by subject 1 (male, generalized lympho~
sarcoma) after intravenous administration of 0.3 microcurie of polonium chloride per
kilogram of body weight, (a) Daily urinary excretion of polonium. (b) Dally concentra-
tions of polonium in urine.
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Fig. 3.2— Fecal excretionaf polonium by subject 1 (male, generalized lymphosu.coma)
after intravenous administration of 0.3 microcurle of polonium chloride per kilogram
of body weight. {a) Daily fecal excretion of polonium. (b) Concentrations of polonium
in feces.
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STUDIES OF POLONITUM METABOLISM IN HUMAN SUBJECTS 125

Case 2. A total of 11.3 microcuries (0.17 microcurie per kilogram
of body weight) of polonium chloride was administered by intravenous
injection to the second male subject. This patient had acute lymphatic
leukemia, which was the cause of his death six days after the injec-
tion of the material. As in the case of the first subject, the dose ad-
ministered was determined by means of a dummy injection through
the same needle Immediately after the actual injection.

Table 3.2—Percentage of Theoretical Dose in Urine and Blood of Subject 2
(Acute Lymphatic Leukemia) aiter Intravenous Administration of
0.17 Microcurie of Polonium Chloride per Kilogram of Body Weight

% of theoretical % of theoretical dose per liter
Days after dose excreted
injection in urine Urine Whole blood Plasma Blood cells

1 - 0.84 0.58 2.3 1.6 5.5

2 0.137 0.156

3 . 0.180 0.105 2.5 2.1 - 4.8

4 0.114 0.079

5 0.107 0.068 1.9 1.2

6 0.044 0.061 1.3 0.9 2.4

' e daily excretion and the concentration of polonium in the urine
a.e¢ shown in Table 3.2 and Fig. 3.3. On microscopic examination the
urine samples showed some red blood cells, and the sample taken
during the first day in particular was very dark colored. As both the
red cells and the bile contained very much higher concentrations of
polonium than did the urine, the presence of small amounts of either
may well have raised the urine concentration beyond the range for
normal subjects.

This patient passed very small amounts of feces, but a single sam-
ple obtained one day after the injection contained 8 per cent of the
theoretical dose per kilogram of fecal matter, a value similar to that
found for the corresponding sample from the first subject.

The concentration of polonium in the blood of subject 2 is also
shown in Table 3.2. An autopsy was performed and tissue samples
were takejs about an hour after the death of this patient. The tissue
samples were digested and plated out on silver foil, and their radio-
actvity was measured according to the methods described in Chap. 1.
The concentrations of polonium found in the various tissues, ex-
pressed as percentages of the theoretical dose per kilogram of tissue,
are tabulated in Table 3.3. The bile obtained from the gall bladder
showed the highest concentration, being more than four times as high

N
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126 DISTRIBUTION AND EXCRETION OF POLONIUM

as the concentrations in the liver, spleen, and kidney, 70 times the
concentration in the blood, and 1,500 times the concentration in the
urine.

Table 3.4 gives the percentage of the theoretical dose found in var-
fous whole organs or tissues of the human subject six days after in-
jection, as cormapared with the corresponding average values for five
rats and a rcbbit sacrificed 10 days after the mtrave:f;aus injection of

polonium, .
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Fig. 3.3—Urinary excretion of polonium by subject 2 (male, acute lymphatic leukemia)
after intravenous admlinistration of 0.17 microcurie of polonlum chloride per kilogram
of body welght. (a) Daily urinary excretion of polonium. (b) Dally concentrations of
polontum in urine.

o

PERCENTAGE OF THEORETICAL DOSE PER LITER

The values shown in Table 3.4 indicate a calculated recovery from
the human tissues of about 60 per cent more polonium than was orig-
inally administered. T’ inconsistency probably arose principally
from the fact that adequate sampling procedures could not be carried
out, and a single small tissue sample had to be taken as representative
of a whole organ or tissue, Contamination of the tissue samples dur-
ing their preparation for measurement is another possibility, and the
exceptionally high value obtained for the heart muscle may have been
due to this factor. In the rat the heart muscle ordinarily had a polo-
nium concentration similar to that of skeletal muscle, provided that
care was taken to remove excess blood from the heart. Accordingly,
when a high value was obtained from the sample of human heart, a
second aliquot from the heart digest was plated out and found to give
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a reading 30 per cent higher than the first sample. This increase of
activity after standing indicated that, despite the seemingly adequate
measures for the decontamination and segregation of glassware, the

Table 3.3~ Percentage of Theoretical Dose per Kilogram (Wet Weight) Found
in Tissues of Subject 2 (Acute Lymphatic Leukemia) Six Days after
Intravenous Administration of 0.17 Microcurie of Polonlum

Chloride per Kilogram of Body Weight

Tissue

Bile

Liver

Heart®

Spleen

Kidney

Testes

Lungs

Skin (from chest)
Omental nodes
Sternal marrow
Vertebral marrow
Pancreas
Cervical nodes
Submaxillary glands
Blood cells
Muscle (from chest)
Bone (rib)
Thymus
Duodenum

Whole blood
Epididymis
Stomach

Blood plasma
Seminal vesicles
Thyroid

Aorta

Prostate

Rectum

* Probably contaminated,

% of theoretical
dose per kilogram

91.0
21.0
20.0
17.0
13.6
4.3
4.1
3.9
3.8
3.1
2.8
2.1
2.6
2.8
24
1.7
1.7
1.5
1.5
1.3
11
0.9
0.9
0.9
0.8
0.8
0.7
0.1

heart digest had probably been stored in a contaminated bottle. More
stringent measures were instituted thereafter in order to avoid fur-
ther occurrences of this sort. In any event, it seemed that in this
human study, <(n contrast to the rat and rabbit experiments, the theo-
retical dose a5 determined by the dummy injection was probably a

more a;curate measure of the polonium injected than was the amount
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128 " DISTRIBUTION AND EXCRETION OF POLONIUM

recovered, as estimated from excreta and tissue a.na.li;es. For this
reason, and particularly because the inconsistency between the theo-
retical dose and the estimated recovery may have been due largely to

Table 3.4 — Amount of Polonium in Whole Tissues Expressed as Percentage of
Theoretical Dose for Subject 2 and as Percentage of Dose for 10-day
Experiments with Five Rats and a Rabbit

Subject 2, Rats, Rabbit,

Tissue % of theoretical dose* % of dose % o do;'e
Musclet 45 13.4 3.8
Liver 43 10.8 5.0
Skint , 35 10.8 6.6
Skeleton$ 17.0 9.5 3.9
Heart 7.01 0.27 0.097
Kidneys 5.0 7.0 6.0
Spleen 4.1 : 4.5 0.050
Blood cells** 3.9 5.0 3.2
Lungs 2.5 0.94 0.24
Pancreas 0.43 0.71 0.005
Blood plasma**® 0.24 0.34 0.51
Rectum 0.180
Stomach 0.174 0.38 0.24
Testes 0.128 0.47 0.149
Duodenum 0.076 041
Prostate 0.034 0.060
Thyroid 0.031 0.090 0.004
Seminal vesicles 0.020 0.150 0.025
Thymus 0.003 0.180 0.043

* High calculated recovery value (approximately 160 per cent) in subject 2 probably
due mostly to assumpton that small samples of skin, liver, muscle, bone, etc., were
representative of whole tissue.

1 Total weight of muscie tissues estimated as 41.7 per cent of body weight in man
and 45.4 per cent of body welght in rat. Muscle taken from chest in man, from leg
and/or abdomen in rats.

$Total welght of skin estimated as 18 per cent of body welght In man and tn rats.
Skin taken from chest in man, from abdomen in rats (with fur included),

§Weight of total skeleton estimated as 15.8 per cent of body welght in man and 10.9

per cent in rats. Bone sample taken from rib in man, from femur or tibla in rats.

THeart digest probably contaminated in laboratory. .

**Total weight of blood estimated as 4.9 per cent of body weight in man and 5.5 per
cent in rats. Total welght of plasma derived from application of hematocrit values to
estimated total blood weight. Blood-cell value derived by difference between plasma
and whole blood.

errors in a very few tissues, the human data are left in terms of per-
centages of theoretical (dummy) dose without attempting to correct
for retention or recovery.
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STUDIES OF POLONTUM METABOLISM IN HUMAN SUBJECTS 129

The relative concentrations of polonium in the tissves of man, rat,
and rabbit expressedon an approximately comparable basisare shown
in Table 3.5.. The data on percentage of theoretical dose per gram
for subject 2 have been adjusted for the factor of body weight by mul-
tiplying by Yoo of the body weight in grams for comparison with the

Table 3.5— Relative Polonium Concentrations® in Various
Tissues of Man, Rats, and Rabbit

Tissue Subject 2 Rats Rabbit
Bile 58 0.30t 1.72
Liver 13.7 3.8 5.4
Heart 13.13 0.76 0.51
Spleen 11.0 27 . 6.6
Kidney 8.7 11.9 a3
Testes - 2.7 0.61 2.5
Lungs 2.6 2.3 1.72
Skin 2.5 0.80 1.54
Omental nodes 2.4 17.5
DBone marrow 1.92 6.2 8.3
Pancreas 1.71 5.7 1.66
Cervical nodes 1.67 8.4 4.1
Submaxillary glands 1.64 1.30 5.7
Blood cells 1.54 3.6 4.3
Muscle 1.09 - 0.39 0.23
Bone 1.09 1.16 0.89
Thymus 0.99 '8.3 1.46
Duodenum 0.97 1.80
Stomach 0.58 0.34 1.09
Seminal vesicles 0.57 0.59 2.0
Blood plasma 0.57 0.14 0.43
Thyrold 0.52 3.5 1.63
Prostate 0.45 1.11

“Corcentrations adjusted for body weight in subject 2 (relative concentration = per-
Centage of theoretical dose per gram x one-hundredth of body weight in grams) and for
body weight and retention in 10-day intravenous experiments with five rats and a rabbit

{relative concentration = percentage of dose per gram X percentage retained of body
weight in grams).

1Rat bile value taken from duct litigation experiment 28.
3Heart digest probably contaminated in laboratory.

u
v

rat and rabbit data of Table 2.29, but, as stated previously, no cor-

rections have been made for the estimated recovery or retention fig-

ures. The relative concentrations of polonium in the various tissues

of subject 2 (Table 3.5) in general agree fairly well with the compa-

rable values for either the rat or the rabbit, perhaps agreeing some-

.
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130 DISTRIBUTION AND EXCRETION OF POLONIUM

what more frequently with the rabbit. The human bile, lver, and
muscle values are higher, and the bone-marrow, lymph-node, blood-
cell, and thyroid values are lower than those for either the rat or the
rabbit. Data on the amount of polonium in entire organs and tissues
(Table 3.4) show more differences because they involve the added -
variations due to differences in excretion and the diIfering sizes of
the organs in the three specles. .

It is obviously impossible to evaluate accurately the effect of the
pathological state of the human subject upon the distribution of polo-
nium in his body, but some points seem worth mentioning. The pos-
sible effect of the kidney damage on the values of urinary excretion
has already been discussed. The principal autopsy f{indings were
numerous petechial hemorrhages, cramming of the spleen and bone
marrow with round cells, hyperplasia of the young lymphocytes in the
lymph nodes, and confirmation of the jaundice and anemia noted above.
It seems possible that the infiltration of round cells might have low-
ered the spleen and bone marrow values from those found in 4 wus s
subject, although cause and effect might be reversed, as with the hy-
perplasia in the lymph nodes. Anemia would be expected to reduce °
the polonium concentration in blood because of the relatively high
concentration ordinarily found in red blood cells. The jaundice, al-
though not especially interesting to the pathologists in this case, is
perhaps of more interest in this tracer experiment on account of the
very high concentration of polonium found in the bile. During jaundice
the concentration of bile 1s reported to be particularly high in the
liver, skin, muscle, and plasma. Inasmuch as in these tissues the

"human subject had relative polonium concentrations considerably
higher than did the rats, it seemns possible that the jaundice contrib-
uted in some measure to the high values.

Thus as they stand, the tissue data indicate a fairly close simllarlty
between the human, the rabbit, and the rat with respect to the dis-
tribution of polonium administered intravenously, and it seems prob-
able that a man in good general health would show an even closer
similarity. ¥, however, the data on subject 2 show an essentially
normal distribution of polonium in humans, then that distribution is
quite favorable as compared with that in the rat, for the human puta -
higher concentration of polonium into such relatively insensitive tis-
sues as liver, skin, and muscle and 2 lower concentration into bone
marrow, lymph nodes, pancreas, thymus, and thyroid.

Case 3. Subject 3, a male patient with chronic myeloid leukemia,
was injected intravenously with 10 ml of sterile physiological saline,
pH 7.4, containing 12.0 microcuries of polonium chloride. The dose

was equivalent to 0.18 microcurie per kilogram of body weight. The
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' STUDIES OF POLONIUM METABOLISM IN HUMAN SUBJECTS 131

patient had a moderately. elevated blood NPN, 53 mg % prior to in-
jection and 60 mg % on the sixth day after injection, possibly indi-
cating a mild disturbance in renal function.

The excretion data from this case are shown in Table 3.6 and in
Figs. 3.4 and 3.5. The total daily polonium in the urine was fairly

Table 3.6— Percentage of Theoretical Dose in Urine and Feces of Subject 3
(Chronic Myeloid Leukemia) after Intravenous Administration of 0.18
Microcurie of Polonjum Chloride per Kilogram of Body Weight

%;iof t.heorettl % of dose % of theoretical
Time after ose excrete per liter dose per kg
injection Urine Feces in urine in feces
Hr
0-1 0.009 0.087
1-3 0.010 0.075
3-8 0.008 0.042
5-24 0.065 0.046
Days
1 0,090 o0.21 9.6
2 0.125 0.067
3 0.153 1,52 (48 hr) 0.077 5.5
4 0.146  0.25 0.075 8.0
L] 0.059 0.39 0.052 6.8
7 0.157 1.00 0.072 1.2
8 0.088 0.17 0.055 8.1
] 0.080 1.1% 0.050 5.0
10 0.103  0.55 0.048 6.2
11 0.077 1,70 . 0.043 5.7
13 0.059 0.73 0.048 7.0
14 0.080 0.046
15 0.070  0.82 (48 hr) 0.040 : 7.3
16 0.069 0.037
17 0.140 2.1 (48 hr) 0.083 7.9
18 - 0.058 0.047
39 0.043  0.59 0.022 3.8
70 © 0,021 0.254 0.013 1.3

constant for several days after injection. It averaged 0.097 per cer;t

of the theoretical doé?Lper day for the first 18 days and fell to 0.02

per cent at 70 days. The polonium appeared in the urine as soon as
1 br after injection at a concentration as high as that seen two or
three days later. From the 1st to the 18th day urinary concentra-
Hons varied between 0.04 and 0.09 per cent of the theoretical dose
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132 DISTRIBUTION AND EXCRETION OF POLONIUM

per liter. The average daily fecal output during the first 17 days was
0.71 per cent of the theoretical dose, nearly 10 times the urine con- :
tent, Although the 24-hr fecal excretion values show marked fluctua- -
tions, the concentration of polonium in the feces remained at a fairly
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- Fig. 3.4—Urinary excretion of polonium by subject 3 (chronic myeloid leukemia) after
intravenous administration of 0.18 microcurle of polonium chloride per kilogram of
body weight. (a) Daily total urine. Dot, observed 24-hr rate; circle, 24-hr rate esti-
mated {rom short periods. (b) Concentration in urine.

constant level—between 5 and 10 per cent of the theoretical dose
per kilogram for as long as 17 days after injection. By 70 days it had
dropped to about one-third the earlier values.

Blood sampling for analysis was begun 15 min after injection. Be-
cause of this patient’s high white count it was possible to follow the
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STUDIES OF POLONTUM METABOLISM IN HUMAN SUBJECTS 133
polorilum content not only in plasma and red cells but also inthe white
blood cells for more than two weeks after the beginning of the experi-
ment, For this separation the 5-ml blood sample was poured into a
conical 12-ml centrifuge tube and allowed to stand until the red cells
settled to the bottom. Sedimentation was complete after 2% to 3 hr in

' 1|
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Fig. 3.5—Fecal excretion of polonium by cubject 3 {chronic myeloid leukemia) after
intravenous administration of 0.18 microcurie of polonium chloride per kilogram of
body welght, (a) Daily total feces. Readings marked by a dash are daily averages taken
from 48-hr collections. Dots are individual readings. (b) Concentration in feces.

. - L. ’

the first few sa:nples,but later samples required 4 to 5 hr. The white
cells, together with most of the plasma, were then carefully pipetted
into a second centrifuge tube, and the two fractions were centrifuged
for 40 min. Both hematocrits were then recorded, and the plasma
was removed from both tubes and combined for analysis. The sam-
ples taken at 3 and 5 hr after injection were left standing overnight
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134 DISTRIBUTION AND EXCRETION OF POLONIUM

before the white cells were drawn off for centrifuging. The analytical
results are given in Table 3.7 and Fig. 3.6. , ‘
The injected material disappeared rapidly from the blood stream.
On the basis of an estimated total blood volume of 4.9 liters (7 per
cent of the body weight) and the observed concentrations in blood and

Table 3.7— Percentage of Theoretical Dose per Liter in Whole Blood and Blood
Fractions of Subject 3 (Chronic Myeloid Leukemia) after Intravencys
Administration of 0.18 Microcurie of Polonfum Chloride per Kilogram

Percentage of t_.heoreﬁcal dose per liter

Time after
injection Whole blood Plasma Red cells White cells
Hr
0.25 0.52 0.58 0.25 0.79
1 0.47 0.37 0.43 0.72
3 0.35 0.11 0.64 0.63
H] 0.95 0.40 0.84 1.30
24 0.95 0.67 1.15 1.40
Days
2 1.1 1.02 0.67 1.85
3 1.3 0.95 1.50 ) 2.3
4 1.5 1.14 1.85 : 2.1
6 1.3 0.61 2.1 3.5
7 1.2 0.80 1.83 3.1
8 1.2 0.73 2.1 2.2
] 1.0 0.44 2.1 2.3.
10 1.3 0.75 2.1 2.9
11 1.2 0.51 1.93 2.9
13 1.2 0.66 2.3 2.1
14 0.7 0.66 0.55 1.87
15 1.80 . 2.4
16 1.0 0.68 1.77 1.85
17 0.95 0.69 1.71°
18 1.0 0.57 1.64°
40 0.44 041 0.72°
1 0.28 0.20 0.32°

*values includé white cells,

plasma, it was calculated that only 2.3 per cent of the theoretical
dose was present in the whole circulation, and 1.3 per cent in the cir-
culating plasma, at the end of 15 min. The lowest blood value was
found at 3 hr, but this condition was largely accounted for by the drop
in plasma content to less than 0.3 per cent of the theoretical dose in
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total circulating plasma, and the red cells already showed a marked
uptake of polonium. (See the discussion in Sec. 5 concerning the in
vitro increase of the proportion of the polonium in the red blood cell
fraction.) A portion of the cell uptake observed in the early blood
samples probably took place in vitro while these samples stood in
the test tubes for 3 to 18 hr, The plasma content rose by the fourth

Table 3.8— Percentage of Theoretical Doss in Blood and Urlne of Subject 4 (Chronic
Myelold Leukemia) after Intravenous Administration of 0.18 Microcurie of
Polonium Chloride per Kilogram of Body Weight

% af theoregical dose

. % of theoretical % of theoretical per L
Time after dose excreted dose per liter Time after Whole .
injection in urine in urine injection blood | Plasma Cells
25 min 1.7 3.4 0.713
Hr Hr '
0-1.7 0.018 0.32 1 1.5 1.85 0.75
2.3 2.2 3.8 1.80
1.7-3.5 0.009 0.025 4.3 2.2 1.92 3.8
3.5-24 0.042 0.057 - 3 1.10 0.99 1.20
Days Days
1 0.069
2 0.063 0.068 2 1.7 1.4 33
4 0.058 0.043% 4 2.3 21 2.8
] 0.064 0.0468 $ 2.3 1.92 .8
[} 0.060 0.048 - [ a2 1.80. P & ]
1 0,052 0.060 k4 1.7 1.48 3.0
] 0.053 ] 0.027 ] 2.0 1.99 1.1
$ 0.044 0.047 9 1.8 1.29 2.7
11 0.044 0.028 11 1.6 1.14 © 2.3
12 0.040 0.029 - 12 L7 1.4 23
13 0.038 0.037 13 B | 1.38 4

day to about 10 times the level at 3 hr and then gradually fell, so that
by 70 days it was again similar to the 3-hr value. Red cells, with a
concentration generally two to four times that'of the plasma, con-
tained about 2 per cent of the theoretical dose per liter during the
second week after injection, but the content decreased to about one-

- tenth of that level at 70 days. White cells showed a somewhat greater

uptake than red cells as soon as 15 min and 1 hr after injection. No
data are available concerning the in vitro uptake of polonium by white
cells, but such an uptake might well affect the results in the early
white cell samples. After the sixth day, when the white-cell content
reached 3.6 per cent of the theoretical dose per liter, it decreased to
a value close 1o that of the red cells on the 16th day.
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Case 4. The fourth subject for intravenous administration was a
female patient receiving palliative radiotherapy for chronic myeloid
leukemia. She was given an intravenous injection of 8.6 microcuries
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Fig. 3.7—Urinary excretion of polonium by subject 4 (chronic myeloid leukemia} after
intravenous administration of 0.18 microcurie of polonium chloride per kilogram of
body weight, (a) Daily total urine. Dot, observed 24-hr rate; circle, 24-hr rate esti-
mated {rom short t T'perlods. {b) Concentration in urine.

of polonium chloride (0.18 microcurie per kilogram) in 10 ml of ster-
ile physiological saline adjusted to pH 7.0. No fecal collections were
made in this case, but the urine and blood were followed for 13 days
after injection. The data are given in Table 3.8 and Figs. 3.7 and 3.8,

The immediate urinary output, thatis to say, during the first 100
min, was relatively high (0.3 per cent of the thecretical dose per
liter) in comparison with subject 3, yet the total first 24-hr excretion
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STUDIES OF POLONIUM METABOLISM IN HUMAN SUBJECTS 139
was lower than in the previous cases. The daily excretion showed a
very gradual decrease during the next 12 days, with an average daily
value of 0.05 per cent of the theoretical dose. Concentrations re-
mained fairly constant at a level about one-tenth of that found in the
first sample.

The loss from the blood stream was not quite so rapid as in sub-
ject 3. An estimated 5.2 per cent of the theoretical dose was in the
total circulation 25 min after injection. The lowest observed blood
value was at 23 hr, when the total blood content was about 3.4 per
cent and the total plasma content was about 1.8 per cent of the theo-
retical dose. The concentration in both cells and plasma rose again
(in cells more than in plasma), so that the highest whole-blood value,
2.3 per cent of the theoretical dose per liter, was seen at four and
five days. Separate red and white cell analyses, performed on two
occasions, showed a higher concentration in white cells. At 23 hr 1.1
per cent of the theoretical dose per liter was in red cells and 1.5 per
cent in white cells; at four days red cells contained 2.7 per cent, and
white cells 4.1 per cent. The table and figures show the calculated
combined cell values for these periods in order to be consistent with
other data on total cells.

2. COMPARISON OF INTRAVENOUS STUDIES

By H. E. Silberstein, W, N. Valentine, W. L. Minto,
J. S. Lawrence, and R. M. Fink

The combined data on the urinary and fecal excretion of polonium
by the four human subjects, as compared with the average data from
our intravenous experiments with rats,are given in Table 3.9. Human
urinary excretion appears very similar to the rat’s and much lower
than that found in our single rabbit experiment. The average human
values shown are somewhat higher than the rat values during the first
four days, but the difference is contributed by the moribund, jaundiced
subject 2 and by subject 3, who showed some clinical evidence of
renal malfurf¢tion. Evidence is found,at least in the case of subject 1,
of a somewhat more rapid decrease in the human urinary excretion
rate than was found for the rats. The scanty data on human fecal ex-
cretion fall below the average rat data for the first week, showing a
more prolonged lag in reaching the maximum daily rate. Yet they are
generally within the range of results obtained in the individual rat
experiments. In general, then, human and rat excretion data, as well
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140 DISTRIBUTION AND EXCRETION OF POLONIUM
as human, rat, and rabbit tissue data as discussed under case 2, ap-
pear to be quite similar in most respects when polonium has been
administered intravenously.

Table 3.9—Summary of Data on Dally Urinary and Fecal Excretion after Intravencus
Injection of Polonium Chloride in Human Subjects and Rats

Fecal excretion,
Days after Urinary excretion, % of dose® per day % of dose® par day
inject
fection Subject No. Human Rat Subject No, m““ “Rat
1 2 3 4 average | average 1 ] average | average
1 0.20 | 0.84 | 0,091 |0.069 | 0.300 0,190 0.44| 0.21 | 0.32 1.74
2 0,048 0.137] 0.125 (0.063 | 0.004 0.062 1,351 0.76 | 1.0% 3.2
3 0,056 0.190 | 0,153 0.133 0,085 1,37 0.78 | 1.08 3.9
4 0,038 0,114 | 0.148 [ 0,058 0.113 0.088 1.92] 0,23 1.09 3.3
5 0.031 | 0.107 0.064 | 0,087 0.078 358 385 .9
[} 0.030 | 0.044 | 0.059 | 0.080 | 0.048 0.079 4,181 0.39 | 2.27 2.4
ki 0.021 0.157 [0.052 | 0,077 0.056 092|100 | 0.98 1.89
8 0.033 0.088 | 0.053 0.0S7 0.060 0.17 1.n
¢ 0.080 {0,044 0.082 0.062 1.1% 1.83
10 0.103 . 0.103 0.077 0.5% 1.7
11 0.077 {0,044 | 0,060 0,040 .70 | 1.48
12 0.040 0.049 1.49
13 0,059 {0,038 0.048 0.057 0.73 1.09
14 0.080 0.080 0,089 0.411 0.87
15 * 10.070 0.070 0.048 . o.41t 0.98
16 .| 0.069 0,069 0.051 1.08! 1.08
17 0.140 0.140 0.052 1.08¢ 0.83
18 0.056 0.0568 0,053
39 or 43 0.016 0,043 0.030 0.058 0.59 0.44
70 - | 0.021 0.021 0.038 0.25 0.28

*Dose taken as total amount recovered in the rat, and as the amount in the dummy-injection solu-
tions in the human studles,
TValue represents half a 48-hr collection,

An apparently real difference between man and rat with respect to
polonium metabolism is seen in the blood data (see Table 3.10). The
concentration of polonium fell more slowly in the human plasma and
more rapidly in the human cells and whole blood than was the case in

_the rat experiments.

3. ORAL ADMINISTRATION
"'By H. E. Silberstein, W, N. Valentine, W. L. Minto,

J. S. Lawrence, and R. M. Fink

Case 5. Subject §, a male patient hospitalized for x-ray treatment
of chronic myeloid leukemia, was given 18.5 microcuries of polonlum
chloride in 2 ml of 0.3N acid, diluted in a glassful of tap water just
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before drinking., This oral dose was equivalent to 0.19 microcurie
per kilogram of body weight. Starting 1 hr after the ingestion, four
blood samples of 5 ml each were drawn at 2-hr intervals during the
first day. Thereafter the samples were taken at the end of each 24-hr

Table 3,10 — Relative Concentrations® of Polonium in Plasms, Blood Cells,
and Whole Blood of Human Subjects and Rats

Subject No.

Days after Human Rat No. of Rat
injection 1 2 3 4 average | average rats range .
1 1.2 1.0 | 0.45 | 0.48 0.78 0.85 1
2o0r3’ 1.1 1.3 | 0.63 | 0.64 0.92
Sorée 1.0 0.7 | 0.54 | 0,92 0.79
Blood plasma 9,10, or 11 0.50 | 0.62 0.56 0.10 4 0,04-0.18
18 0.38 0.38
40 or 43 0.30 0.27 0.28
50 0.05 4 0.03-0.1%1
n 0.13 0.13
1 5.3 3.4 | 0,78 | 0.58 2.5 5.5 1
20rd 67 | 281099115 2.9
Soré 5.9 | 1.5 ]1.40 {138 2.5
Blood cells 9,10, or 11 1.40 | 1.12 1.3 24 3 2.1-2.8
18 1.09 11
40 or 43 0.7 0.48 0.59
se 3.9 4 3.0-4.7
n 0.21 0.21
1 2.8 1.4 | 0.63 | 0.9) 1.3 2.6 1
20r3 35 1.5 [ 0.86 | 0.82 1.7
Soré 3.4 1.0 | 1.0 1.1 1.6
Whole blood 9,10, 0r 11 0.86 | 0.86 '| 0.86 0.96 2 0.87-1.05
18 0.68 0.68 .
40 or 43 0.4 0.29 0.35
50 1.7 4 1.1-2.0
7 0.17 0.17

*Data adjusted for differences in body weight by mulliplying the concentration expressed as per-
centage of dose per gram by Yie of the body weight in grams.

period, The urine samples of the {irst few hours were also kept sepa-
rate for analysis, but after the first day they were pooled in 24-hr
collections. All stool specimens represented 24-hr collections, ex-
cept on two occasions when 48-hr stools were passed. After the
patient’s discha.rge from the hospital, he continued to bring speci-
mens when he came in for checkups. The data are shown in Tables
3.11 and 3.12 and in Figs. 3.9 to 3.11.

A small amount of the ingested material was found inthe first urine
sample, collected at 2% hr. Although about 20 per cent of the first
day’'s urinary output was excreted during the first 7 hr, it is clear
from the urine-concentration figures that the excretion rate lagged

until some time after 7 hr. On the fourth day the urine content showed
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Table 3.11— Percentage of Theoretical Dose in Urine and Feces of Subject 5
{Chronic Myeloid Leukemia) after Oral Administration of 0.1 Microcurle

Time after
ingestion

193
27

of Polonium Chloride per Kilogram

% of theoretical
dose excreted

Urine

0.00020
0.00032
0.00035

0.0037

0.0045
0.0052
0.0068
0.048

- 0.0074

0.0073
0.0067
0.0058
0.0048
0.0047

0.0053
0.0071
0.0057
0.0084
0.0065

0.0047
0.0059
0.0058
0.0044
0.0030

0.0029
0.0023
0.00113
0.00052
0.00025

0.00020

*Collection for 48 hr,

f0bb4i0

Feces

0.00085
36

3.3

1.33
0.118
0.32
0.90
01N

0.37°
0.27
0.135°
0.28

0.28
0.21
0.162
0.181
0.048

0.129
0.037
0.031
0.032
0.004

0.003

%, of theoretical
dose per liter
in urine

0.00075
0.0020
0.0016
0.0058

0.0050
0.0047
0.064

0,0047

0.0048
0.0037
0.0025
0.0028
0.0035

0.0034
0.0028
0.0026
0.0028
0.0040

0.0026
0.0024
0.0023
0.0028
0.0017

0.0028
0.0018
0.0011
0,0003
0.0001

0.0001

% of theoretical
dose per kilogram
in feces

0.0036
126
© 122

a3

4.7
34
3.6
1.6
1.7

1.5 -
1.5
1.15
1.41

1.48
1.32
0.83
1.20
0.31

0.58
0,23
0.17.
0.22
0.04

0.01
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a sudden tenfold increase to nearly 0.05 per cent of the theoretical
dose, an amount comparable to the early excretions following the in-
travenous administration of similar doses. H not due simply to con-

Table 3.12 — Percentage of Theoretical Dose per Liter in Blood, Plasma, and
Cells of Subject 5 (Chronic Myelold Leukemla) after Oral Administration
of 0.19 Microcurle of Polonium Chloride per Kilogram of Body Weight

Percentage of theoretical dose per liter,"’

Time after
ingestion Whole blood Plasma ; Blood cells
Hr
1 0.06 0.072 0.054
3 0.05 0.054 0.038
5 0.13 0.21 0.034
" 0.24 0,033
26 0.26 0.42 0.082
Days
2 0.53 0.85 0.184
4 0.42 0.63 0.172
5 0.19 0.23 0.150
6 0.22 0.26 0.184
7 0.18 0.188 0.162
8 0.26 0.33 D166
11 0.16 0.168 0.148
12 0.12 0.134 0.110
13 011 0.121 0.100
14 0.13 0.133 0.122
15 0.11 0.105 0.127
18 0.13 0.145 0.102
19 0.11 . 0.103 0.115
20 0.080 0.078 0.084
21 0.084 0.084 ~ 0.085
22 0.075 0.071 0.079
Yy 0.071 0.057 0.089
2 0.083 0.049 0.122
54 0.026 0.040 0.010
88 ) 0.021 0.038
116 0.014 0.008 0.019
144 0.009 0.009 0.008
103 0.011 0.010 0.012
228 0.007 - 0.008 0.006

tamination, this phenomenon might conceivably be related to the re-
tention of feces during the same day, possibly causing a somewhat
higher absorption rate in that period. Except for the fourth day, the
daily urine values remained fairly constant for 30 days, fluctuating




STUDIES OF POLONIUM METABOLISM IN HUMAN SUBJECTS 147

between 4.5 and 7.4 x 107 per cent of the theoretical dose, and then
gradually declined to 2 x 10~ per cent at 227 days after the beginning
of the experiment.

The fecal elimination of the ingested polonium was negligible during
the first 24 hr, but by the end of the third day 76.5 per cent of the
theoretical dose had been eliminated by this route. This elimination
rate then fell sharply to less than 1 per cent of the dose per day by
seven days. Between 11 and 32 days it remained at about the level of
1 per cent of the theoretical dose per kilogram of feces, thereafter
decreasing gradually to a concentration of 1075 per cent per kilogram
or about 3 X 10™¥ per cent per day, 227 days after ingestion. In plot-
ting the daily fecal excretion data in Fig. 3.9 the average of two con-
secutive days was used, wherever possible, in order to equalize the
misleading irregularities in defecation. Dalily total urinary excre-

tions are also shown in Fig. 3.9, and the concentrations in terms of

percentages of the theoretical dose per kilogram of feces or per liter
_of urine are plotted in Fig. 3.10.

As shown in Table 3.12, the polonium had already appeared in the

3d stream within 1 hr after ingestion. The highest observed blood

.ue was 0.5 per cent of the theoretical dose per liter of whole blood
at-48 hr. No blood sample was obtained on the third day, when the
peak concentration most likely occurred. After the fourth day the
whole-blood content decreased steadily to about 0.01 per cent of the
theoretical dose per liter by the 116th day. The uptake In cells was
approximately one-fifth of that in the plasma during the {irst four
days. Thereaiter plasma and cell concentrations remained essentially
the same. This situation is in sharp contrast with rat ingestion ex-
periments, in which, at 10 days, the cell concentration was found to
be about 100 times that of the plasma. Plasma and cell values are
shown graphically in Fig. 3.11. The broken lines to and from the
S4-day cell value are used to indicate an obvious question concerning
the accuracy of that particular determination. At 228 days the blood
activity was barely detectable, registering only 0.007 per cent of the
theoretical dose per liter.

Any attemp!‘to ‘estimate the absorption of polonium{rom the gastro—
intestinal tract on the basis of the data available in this case would
be largely conjectural, The values for both blood and urine are ap-
proximately one-tenth of the corresponding values found following the
intravenous administration of simflar doses. This fact indicates that’
possibly 10 per cent of the theoretical dose may have been absorbed,
The absorbed material may, however, be deposited in such organs or
in such a chemical form as to allow it to be more readily mobilized
into the blood stream and excreted through the kidneys than after in-

ction. Some such process seems to have taken place in the rat

10bbli2
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ingestion experiments, in which the urinary output and the blood con-
centration, in relation to the amount found in the body after sacrifice,
was much higher than in injected animals. If the human shows a sim-
ilar tendency, the data for subject 5 would indicate that considerably
less than 10 per cent of the ingested polonium had been absorbed.

4. RENAL EFFICIENCY IN POLONIUM REMOVAL

By H. E. Silberstein P

With a considerable collection of data available from these studies,
it seemed that some expression of the effectiveness of the kidneys in
removing polonium fromthe blood stream would be useful. Aub et al}
have shown, for one human radium-poisoning case, that only about 1
per cent of the radium present in the blood stream at any one time
was excreted per day in the urine, that is, less than 0.01 per cent of
the amount that passed through the kidney circulation. Similar esti-
mates on the basis of whole-blood content in our-five human subjects,
as well as in several rat experiments, gave about the same value for
polonium removal as for radium.

Removal of plasma constituents is, however, usually considered
the better expression of kidney efficiency inasmuch as that fraction
is presumably more available for excretion. Total polonium in the
circulating plasma at the end of each 24-hr period was calculated
from estimated individual blood volumes and from hematocrit and
polonium concentration values of each sample. The polonium in each
day’s urine was then expressed in terms of percentage of the total
polonium in plasma at the end of the corresponding period. This value
remained essentially the same in each case throughout the period of
observation in spite of daily fluctuations. Both subject 4, an intra-
venous subject with apparently normal kidney function, and subject 5,
the oral-administration case, excreted on the average 1.5 per cent of
their plasma polonium every 24 hr. The assumption, made by Aub
et al., of 100 passages of the blood through the kidneys per day would
indicate that less than 0.02 per cent was continuously removed. Sub-
ject 3, an intravenous case with slight evidence of renal malfunction,
showed a somewhat higher average rate of 0.05 per cent cont.inuously
removed from the circulating plasma.

Calculation of standard clearances for polonium in these experi-
ments, as well as from single sets of blood and urine data on a few
laboratory workers who had assimilated detectable amounts of polo-
nium, yielded extremely low values ranging from 0.01 to 0.08 ml of
whole blood cleared per minute. The average concentration of polo-

njum for each of the last three experimental subjects fell close to an
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over-all average of 0.04 ml. Clearance values during the first few
hours after injection were somewhat higher than the individual aver-
age, whereas in the early period after oral administration they were
lower than the average. A very cursory glance at the literature re-
veals that these values for polonium clearance by the kidneys are
considerably lower than for some simijlar metals. Arsenic, for ex-
ample, may be cleared 100 to 200 times faster, and selenium at least
50 times faster, than polonium. Whether this is due to extremely slow
glomerular filtration or to a high tendency for reabsorption of the
material is impossible to say at present.

$. RED CELL UPTAKE OF POLONIUM IN VITRO

By A. T. Gorham

A short experiment to determine the in vitro uptake of polonium by
red cells was undertaken for several reasons: (1) to ascertain wheth-
er the relative distribution of polonium between the cells and plasma
in the early samples drawn from human subjects was actually the
distribution obtained at the time the samples were drawn, or whether
the distribution could change while the blood samples were being

led in the laboratory, (2) to determine whether any detectable in

o differences existed between rat and human red cells with re- °
spect to their in vitro uptake of polonium similar to the apparent dif-
ferences noted in the in vivo experiments, and (3) to check literature
reports of direct hemolytic action of alpha particles.? :

Results obtained with three human and two rat blood samples are
shown in Fig. 3.12, The human blood was drawn, heparinized, and
kept under sterile conditions in paraffined tubes. The rat blood sam-
ples consisted of pooled collections from three rats, from which
blood from the femoral vein was allowed to drip into heparin in par-
affined tubes under semisterile conditions, i.e., after treatment of
the instruments and the skin around the incision with 70 per cent
alcohol. The polonium was added in a very small volume of neutral
isotonic saline. The data show that as blood containing polonium stood
in the laboratgry atroom temperature for increasing periods of time,
progressivelys higher proportions of the polonium could be centri-
fuged with the red cell fraction; the data also indicate that the pro-
portion in the cell fraction increased more rapidly in rat blood than
- in human blood.

The ratio of red cell concentration to plasma concentration in the
first few hours after the intravenous injection of polonium into human
subjects rose much more rapidly than in the tests in vitro. Accord-
ingly, it seems improbable that an increase in the cell concentration
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in vitro during the time between the taking of the blood sample and
the final separation of cells and plasma (generally 30 to 90 min) had

an important effect on the results obtained.
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Fig. 3.12—In vitro uptake of polonium by blood cells of human subjects and raﬁ. ~

Human blood to which had been added 0.5 microcurie of polonium
per milliliter showed no hemolysis after standing 24 hr and only a
slight hemolysis, similar to that shown by a control sample, after 52
hr. Such a concentration of polonium would be expected in the blood
only after the intravenous administration of about 1,000 microcuries
per kilogram. Since 200 microcuries per kilogram was fatal to rats
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within a week, it may be concluded that the possible direct destruction
of red cells by alpha particles is of no clinical significance in polo-
nium poisoning. The pooled rat blood samples hemolyzed quickly,
either with or without the addition of polonium, and attempts to detect
cell damage due to polonium were unsuccessful.

No convincing evidence has yet been obtained as to whether the
polonium actually becomes attached to the red blood cells or merely
goes into a colloidal form that can be swept down with the cells dur-~
ing centrifugation. The point might be settled by an auotradiograph
of a very dilute blood smear, but preliminary attempts along this line
have not been successful. -

6. ABSORPTION OF POLONIUM THROUGH HUMAN SKIN

By R. M. Fink

An experiment was carried out to determine the possibility of de-
tecting absorption through the skin by a direct measurement of the
amount of activity remaining on the skin. A 0.01-m1l drop of an iso-
tonic saline solution of polonium chloride containing 2,000 counts per
minute was placed on a finger tip and allowed to dry. The activity
was measured by clamping the {inger in an accurately reproducible

‘ion in front of a portable ionization chamber, and the meter sen-

ity was checked by means of a similar droplet of solution dried
on a metal rod, which could substitute for the finger in the clamping
arrangement. A plastic guard kept the finger from contacting any
objects except during actual measurement. Immediately after the
drop had dried, the activity on the finger measured 9 per cent less
than the activity on the metal rod, owing probably to the poorer ge-
ometry in the case of the finger. A rather bumpy curve of loss of ac-
tivity from the finger was obtained, the reading being down to 84 per
cent of the original value in 4 hr, 89 per cent at 10 hr, 85 per cent at
15 hr, 84 per cent at 24 hr, 80 per cent at 30 hr, 80 per cent at 48 hr,
and 70 per cent at 96 hr. Unfortunately, from the minute the venti-
lated finger guard was put on, the finger started to collect dust, dirt,
lint, and dried perspiration, most of which refused to blow off in a
gentle air stream, Accordingly, at the end of the 86-hr test period
a portion of the fuzz on the finger was removed gently with a camel’s
hair brush, ‘Whereupon the activity reading rose from 70 to 76 per
cent of the original activity. Since the finger was still quite dirty, it
was then rinsed in distilled water, and the activity rose still higher,
going back to 80 per cent of the original reading. Measurement of
the activity in the distilled-water rinse showed it to contain 13,5 per
cent of the active material originally placed on the finger, or 3.5 per
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cent more than the difference between the original and final readings
of the finger. The finger was then rinsed in Clorox (sodium hypo-
chlorite), and the activity dropped to less than 100 counts per minute,
Unfortunately the sodium hypochlorite interfered with the plating out
of polonium on silver, and the amount of solids in the solution pre-
vented the accurate reading of an evaporated sample, so that no check
of the amount of activity in the second rinse solution was obtained
except for proof that it contained more than 50 per cent of the orig-
inal activity. It was not expected that anything less than co&iiplete ab-

sorption of the activity would give readable quantities in the urine

unless the urinary excretion were superefficient, as was apparently
the case in the stomach-tube experiments with rats. Urine counts

that had been running from 1 to 3 counts per minute per 24-hr col-

lection before the experiment started dropped to 0.3 count per minute
on the first day of the experiment and were therefore discontinued.
At one point during the experiment a drop of kerosene was acciden-
tally spilled on the test finger, and the activity after the kerosene
dried measured the same as before. As was expected, the principal
conclusion from the experiment is that absorptionof polonium through
the human skin is too slow to be accurately measurable by methods
involving the measurement of the amount remaining on the skin. If,

as seems probable, the method used is accurate to * 10 per.cént, it .

may be concluded that the polonium chloride present on the hands
was absorbed at a rate not exceeding 2 per cent per day.

7. SUMMARY

The rates of excretion of polonium by four human subjects, injected
intravenously with 0.17to 0.3 microcurie of polonium per kilogram of
body weight, were of the same order of magnitude as those observed
in experiments with rats, During the first week after injection their
average daily urine content was 0.1 per cent of the theoretical dose.
In two cases, followed for longer periods, this daily average fell to
about 0.06 per cent during the second week and to 0.03 per cent at 40
days. On a single observation the urine collected on the seventieth
day after injection contained 0.02 per cent of the theoretical dose.

Polonium was eliminated in the feces at a level 10 to 20 times higher -

than in the urine. Fecal analyses on two of the subjects showed an
average daily output of 1.5 per cent of the theoretical dose during the
first week. The subject whose early fecal contents had been the low-
‘er of these two.continued to excrete amounts fluctuating around 0.8
per cent of the theoretical dose per day for another two weeks and
then dropped to 0.6 per cent at 40 days and 0.25 per cent at 70 days.

Evidence of the rapid disappearance of injected polonium from the
blood stream was found by early sampling in two cases. Within the
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. first half hour the average total circulating polonfum was less than

5 per cent of the theoretical dose. The whole-blood concentration at

" the end of 24 hr in the four cases averaged 2 per cent of the theo-
.retical dose per liter, Each case showed a moderate rise, more
marked in cells than in plasma, between three and five days after in-~
jection, the average at three days being 2.7 per cent of the theoretical

dose per liter of blood, The values then fell gradually to about one-~ -

tenth of thislevel at 70 days. The concentration in cells was generally
two or three times greater than in plasma, and somewhat greater in
white blood cells than in red blood cells. The uptake by cells was
" found to be more rapid in the animal body than in experiments in vitro
at room temperature. ‘ . .

‘ Following the ingestion of polonium in the one case studied, traces
of the material appeared rather soon in the blood and urine, but the
total absorption was probably less than 10 per cent of the theoretical

dose. The first blood sample, taken 1 hr after administration, con-

. tained 0.08 per cent of the theoretical dose per liter, After 48 hr the

whole-blood concentration was 0.5 per cent per liter, and this very
gradually fell to a barely detectable amount, less than 0.0l per cent
of the theoretical dose per liter, 225 days later. Plasma concentra-
tion rose more rapidly in the early period, but after the first week

plasma and cell concentrations were similar. By the end of the first -
2% hr the urine contained 2 X 10™* per cent of the theoretical dose,

but the most rapid early excretion rate, 0,008 per cent per liter, oc-
curred during the latter two-thirds of the first day. Daily urinary
excretions were 5 to 7 X 1072 per cent of the theoretical dose for 30
days after ingestion and then gradually fell to 2 X 137¢ per cent at 230
days. Fecal elimination was 77 per cent of the theoretical dose by

the end of three days, averaged 0.28 per cent of the theoretical dose

per day between 10 and 30 days, and finally fell to 3 X 10~? per cent
at 230 days. By this time probably less than 0.6 microcurie remained
in the body, giving 10~¢ microcurie per day in feces and 10~* micro-
curie per day in urine, ) :

A brief experiment to test the absorption of polonium through the
human skin indicated that it was absorbed at a rate not exceeding
2 per cent of the dose per day. SN .
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