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I. THE METABOLIC PROPERTIES OF PLUTONIUM
- AND ALLIED MATZRIALS
Je G. Hamilton

Radioautographic Studies

Radiocautographic studies with the long~lived rare earths
and the actinide elements are continuing with particular reference
to the use of alpha particles emulsions for those radio-elements
that emit this type of radiation. Considerable progress has been
made toward developing a satisfactory technique for mounting the
sections directly upon the emulsion. There is still difficulty
in both the staining of the section and the concurrent staining of
the emulsion. The successful application of this procedure should
make it possible to correlate the deposition of the alpha active
actinide elements with the specific cells that accumulate these
substances, MNoderately satisfactory radicautographs of americium
from undecalcified bone sections have been cobtained which corroborate
the observations made earlier by the more conventional technigues.
This radio-element shows a rather surprising degree of accumulation
in the regions of the blood vessels within the mineralized structure
of the bone.

The radioautographic studies for the long-lived fission
products and the actinide elements are being continued. Preliminary
radiocautographic studies of the deposition of A£c?27 in bone indicate
that this element is deposited in bone very much in the same pattern
as has been observed with the lanthanide rare earths, americium, and
curium. In order to secure the pattern of distribution more
accurately, it will be necessary to age the bone sections for another
60 days so that full equilibrium may be established with the radio-~
active descendants of AcRR7, The necessgity for this wait becomes
apparent when it is recalled that radio-actinium (Th227) has a half-
life of 18.9 days and AcX (Ra®23) nas a half-life of 11.2 days.
Inasmuch as only 30 days had elapsed from the time of the administra-
tion of the radio-actinium to the preparation of the radio-autographs,
it is apparent that a considerable fraction of the activity in the
bone arose from the radio~thorium and AcX present in the solution of
actinium at the time of its administration, Since we already know
that the patternsof distribution in bone of both radium and thorium
differ - from one another, as well as from the lanthanide rare sarths,
americium, and curium, it will be necessary to wait until all of the
activity from the radio-thorium and AcX present at the time of
administration has decayed. A legs significant but possible source
of error is that the radio-thorium and AcX formed from the decay of
actinium between the interval of administration and sacrifice of
the animals may be subject to translocation. The possibility of
this effect may be avoided by simply adding to the waiting periocd,
indicated above, the interval of time between the date of administra-
tion and date of sacrifice. '
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The radioautographic studies with columbium have been set
up., It is with particular interest that we look forward to the
results of these experiments, for it might be recalled that
columbium, while deposited in the skeleton to a considerable degree,
is not retained as tenaciously by that organ as yttrium, zirconium,
ths lanthanide elements, and the actinide elements studied, '

In connection with these radiocautographic studies Miss
Axelrod has completed a very extensive review of the field of
radioauntography. This material has been declassified and was
presented by invitation at the Biological Chemistry Section of
the American Chemical Society in New York in September of 1947,

Tracer Studies

Radio~-Silver. Tracer studies with carrier-free radioactive silver ;

have been carried out on animals that had been subjected to ligation
of the bile duct. A summary of the results are noted in Table I.
It will be seen that the distribution pattern of radio-silver in
those animals subjected to bile duct ligation is very different
from those of the normal control animals. It would appear from the
high content of the various tissues of the body, notably the liver,
E%atbpgis element is execreted in the carrier-free stabte by way of
e bile. '

It has been obgerved with carrier-free radio-silver that
in blood most of the silver is bound to the serum proteins., This was
found both in the in vivo and in vitro studies. If carrier~free
radio~silver is added to heparinized whole blood and allowed to
gstand for three hours in vitro, 64 percent of the activity is in
the globulin fraction, 16 percent in the albumin, and 20 percent in
the red blood c¢ell fraction. Approximately a third of the total
red cell activity was in the hemoglobin. The globulin and albumin
fractions were separated by the use of one-half saturated ammonium
sulfate. The protein-free fraction of the serum, which was obtained
by the addition of saturated ammonium sulfate to remove the albumin,
contained less than 0.1 psrcent of the radio-silver present in the
blood, It was found that the carrier~free radio-silver, as Ag ion,
after its addition to blood in vitro, did not dialyze through a
celloidin membrane, which suggested the possibility of its chemical
combination with the protein.

The in vivo experiments were done as follows. Carrier~free
radio-silver was administered intravenously and five minutes later,
blood was removed and the fractionations made in the manner indicated
above: 50 percent of the activity was in the globulin fraction,

32 percent in the albumin, 10 percent in red blood cells and less
than 1 percent in the protein free fraction of the plasma. If is of
interest to note that in this five minute interval, the liver had
removed 86 percent of the total mount of radio-gilver that was
administered, In an additional experiment a preparation of purified
rat globulin, to which radio~silver had been added, was alministered
by intravenous injection and the distribution of the activity in
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TABLE I
A COMPARISON OF THI METABOLISM OF GARRIER FREE RADIO
. SILVAR (Ag-10) FOLLOWING INTRAMUSCULAR ADMINISTRATION TN
NORMAL RATS AND RATS AFTER LIGATION OF THE BILE DUCT
Bile Duct Ligated Animals Normal Controls
2 Days 7 Days 1 Day 4 Days
. (3 rats) (3 rats) (3 rats) (3 rats)
Ti.s8uc % por % por % por Y% por b per % por % per % per
organ grams oprgall  gram organ gram organ gyram
Heart & Iungs L.05 35 .50 L7 o 19 <14 . 046 015
Sploon - — 1.29 .75 .11 12,004 .004

\

7 Blood 10.8 .70 5,96 43 - 4,06 « 297 849 .066
Liver 57.6 5,37 48,3 4,21, 2.78 ,308 1.28 . 158
Kidney 5.67 2.64 6,56 2.81 1.27 631 2.80 159
Brain .12 .078 . 037 022 . 038 029 .019 .019
G.I. Tract 5,10 .28  2.46 15 21,0 2.3 2.3 .09
Bone 3,35 A7 4,07 .15 4.22 .162  .660  .007
Musclo 2,40 021 1,53 014 2.81 .022 2.32 .002
Skin 4.08 .ll 287 .067 1.93 - .058 .609 .022

. Urine 3,03 . 7.96 - .00 - 000 -
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the blood between the globulin, albumin, and red blood cells
was 76 percent, 18 percent, and 6 percent respectively, three
hours after administration. OFf the total dose given, 80 percent
was in the liver, and 15 percent in the digestive tract, pre-
sumably having been released via the bile by the liver,

It would appear that the distribution of silver between
the protein and cellular constituents of the blood are in dynamic
equilibrium with each other and this very possibly is mediated
by the liver, Another experiment indicated that a light chloroform
anesthesia for an hour in the rat will markedly delay the excretion
of radio~-silver, presumably as the result of liver damage. This
offect is of a reversible character since if the animals so treated
are allowed to recover for a period of from four to six days after
the chloroform anesthesia, the apparent ability of the liver to
excrete radio-silver returns to normal,

Radio~-Indium. Studies have been carried out on the distribution
of carrier-free radio-indium. In Table II is presented the results
found 4 and 16 days after administration of the element. It will
be seen in the case of radio-indium that considerable deposition
takes place in the liver, skeleton, and skin. The rather high
uptake in the muscle is presumably related to the large mass of
this structure. The highest concentration of radio-indium on a
per gram wet weight basis is to be noted for the spleen, liver, and
kidney. Bone and the majority of the soft tissues, with the
exception of the brain, have conparable amounts of indium present
at the 4 day interval, At the 16 day interval, the highest
concentration of the indium is still present in the liver, kidney,
and spleen bubt there has been a significant decrease at this later
time period. An appreciable decréase is noted in the skeleton and
all of the other soft tissues. ZEliminsation is primarily by way

of the feces. This, together with the rather high concentration
in the liver, suggests the possibility that the bile may be the
chief route of excretion of this element. A negligible amount

of absorption takes place following stomach tube administration.
It is not possible to do more with the data in hand than assume
the lower limit for the absorption and this value is 0.1 percent of
the administered dose.

The most noteworthy findings from the 64 day radio-indium
studies is the continued and relatively high value of the accumula-
tion in the pancreas which is actually significantly higher than
that at the 16 day interval. There does not seem to be any obvious

source of error to make this observation false, but its explanation

is difficult. The concentration in other endocrine organs,

notably adrenals, thyroid, testes, appsars to remain rather high.
Due to the small size of the adrenals and thyroid, these observa~
tions should be taken as a qualitative rather than gquantitative
indication. They are of suffiecient interest that it is desirable
to repeat these studies at a higher dosage level in order to
establish the point definitely., If it is true that these endocrine
organs show this constant pattern of seleetive localization, some
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THE DISTRIBUTION OF CARRIER FREE RADIO-INDIUM IN THE RAT

Tissue

Heart
Lungs
Spleen

- Blood

Liver
Kidney
Adrenals
Thyroid
Lymph Gland
Pancreas
Brain

Fat

G. I. Tract
Skeleton
Muscle
Skin

Eyes
Pituitary
Gonads
Urine
Feces

4 DAYS

FOLLOVING INTRAMUSCULAR ADMINISTRATION

% per organ % per gram

+19
.06
1.49
2.96
13,96
54987
.02

0
.04
25
.04
.54
5.95
16,85
14,71
17.86
.02

0
1.12

»19
.37

1.84

.19
1.56
1.51

[

0
.25
.02
.30
1.09
.46
.12
43
.04
0
+ 32

—

16 DAYS

% per orgen % per gram

.10
.54
1.33
.80
6.69
2.46
.08
.04
04
.20
.07
.15
3.07
11.46
11.83
16.38

.82
4.19

100.00

12
.34
1.55
.05
.95
1.47

.ll
.45

.30

-
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interesting considerations are immediately apparent. The fraction
of radio-indium absorbed following administration by stomach tube is
less than .2 percent of the administered dose under the conditions
of these experiments, and therefore it may be concluded that
carrier free radio-indium in the form In 015 shows negligible
absorption from the digestive tract.

Radio-Tin. The 1 day intramuscular studies with radio-tin have
been completed. This carrier~free radio-element is sbsorbed with
considerable difficulty from the site of injection, there being
nearly 85 percent of the administered dose still remaining at the
site of injection at the end of 24 hours. Of the fraction absorbed
during this interval, 58 percent is excreted, principally by way

. of the urine, 25 percent deposited in the skeleton, 5 percent in the

kidneys, 6 percent in the muscle, and 4 percent in the skin. The ‘
remaining tissues show no very striking degree of tptake. - !

Curium. The 256 day curium studies have been completed and the
data summarized in Table IIT. It will be seen that the per gram
content in the soft tissues is quite low and that the concentration
in the skeleton still remains high. In fact, the apparent concentra-
tion in the skeleton has not been altered to a measurable degree
throughout the entire interval of these studics, for the bone

uptake at one day after intramuscular injection has been found to

lie in the range of from 18 percent to 24 percent and in this 256
day experiment there i1s.22 percent of the material still in the
skeleton. It appears probable from these data that the exeretion of
curium accumulated in the skeleton precedes at the same extremely
low level previously observed for plutonium and americium. -

Radio~Cadinium. The one day intramuscular studies with carrier-free
radlo-cadium as shown in Table IV that this element is stored in ;
the liver to a remarkable degree, approximatley 80 percent of the
dose absorbed 1 day following injection having been concentrated

in this organ. The content in the other tissues was not particularly
striking with the possible exception of rather high level in the
adrenals, the panereas, and the ovaries, Inasmuch as the ovaries

and adrenals are small structurces in the rat, the total activity
present was low. TFor this reason the values given for these two
organs should be considered of qualitative rather than quantitative
accuragcy. The four day studies showed that the high coitent in the
liver, kidney, and pancreas still persisted, nearly 75 percent being
present in tho liver at this time. Stomach tube experiments at

8 da¥s showed that .25 percent had been absorbed from the di%estive
tract. This is not an upper limit but is a measured value o

quantitative significance., The liver content at 15 day was 74
percent while at 64 days was well over 50 percent. The high
concentration in the liver does not seam to be the result of simple
entrapment by the reticulo-endothelial system in view of the fact

that the per gram content in the spleen is roughly 1/25th of the
concenfration in the liver, In addition, only a small fraction of

. the cadmium remains unabsorbed at the site of injection, which sug-

gests that this substance is fairly well mobilized and distributed
throughout the body by the circulation in some soluble form for its
eventual doposition and rebtention by the liver. Of the other soft
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TABLE TII
Lt A SUMMARY OF THE DISTRIBUTION OF CURIUM (CmR42)
IN THE RAT 256 DAYS AFIER INTRAMUSCULAR ADMINISTRATION
AS CmCl3

Tissuo
Heoart and lungs
Splecn

~ Blood

Liver
Kidnoy

G. I. Tracﬁ
Bone

Muscle
Skin

Urine

Foces

i

% per organ

.094

.11

.035
1.09

.47

.083

22.0
<47
.090

6,05

69.5

UCRL 41

% per gram

020
A7
001
.12

«R2

.002

1.36
<003

003
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TABLE IV
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THE DISTRIBUTION OF CARRIER FREE RADIO-CADMIUM IN
THE RAT FOLLOWING INTRAMUSCULAR ADMINISTRATION -

Tissue

Heart

Lungs
Spleen
Blood

Liver
Kidney
Adrenals
Thyroid
Lymph Glands
Pancreas
Brain

Fat

Teeth
Stomach
Small Intestine
Largo Intestine
Bone :
Muscle

Skin
Ovaries’
Pituitary
Eyes

Urine

Feces

% per organ

. 244
. 226
.B44
271
77.80
3,93
.049
011
. 053
771
.019
.021
.019
432
4,23
2.50
2.42
1.00
2.50
073
.008
L0131
. 207
_2.95
99.99

1 DAY
% per gram

.338
.013
(451
.021
10,19
2,50
.958
376
.489
977
011
.041
.147
.301
.639
.564
.015
.011
.092
714
.0%8

-
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tissues, the pancrecas contains quite a concentration per gram wet
welght of the carrier-free radio-cadmium, it being exceeded only
by the liver and kidneys: It 1sg of interest to note that the
skeleton accumulates very little of this element, bone being less
active on a per unit weight basis than all of the 20 tissues
studied with the exdeption of heart, muscle, brain, fat, and skin.
Excretion of carrier-free radio-cadmium is quite slow and nost of
the elimination still continues by way of the digestive tract. Vexy
possibly, elimination is by way of the bile although as yet this
point can only be speculative., Experiments are now in progress to
see the effect of small amounts of carrier to determine if the
prosence of inert cadmium may alter the over-all metabolic picture
of the distribution of this substance.

Radio-Antimony. Table V summarizes the results of the one and
four day intramuscular studies with carrier-free radio-antimony.

It is seen that this element is retained in the body to a rather
minimal degree. Approximately 95 pércent of the dose absorbed one
day following intramuscular injection was eliminated, most of the
antimony being excretcd by way of tho kidneys. The highest
concentration per organ; as well as per gram, at both time intervals
was found to be in tho blood. After 15 days it was found that the
only tissues containing accurabtly measursble quantities was the
blood and skeleton., The average content in the blood was 1.5
percent as contrasted to 2 percent in the 4 day interval. In other
words, release of this radio-element from ths blood appears to be
very slow. This phenonema is strongly rominiscent of the behavior
of arsenic in the rat with the exception of the fact that there is
roughly 20 times as much carrier-free radio-arsenic deposited in the
blood as compared to carrier~free radio-antimony. After 32 days it
was found that approximately 98 percent of the radio-antimony had
been eliminated, chiefly by way of the kidneys. Most of the antimony
remaining unexcreted was present in the blood, there being approximately
1.3 percent of tho administered dose present in the blood after this
time interval.

It is planned to prepare and administer much higher levels
of radio~antimony in a carrier-free state in order to secure enough
activity in the other tissues to permit accurate determinations of
thelr content of this fission product, The interpretation of the 8
day stomach tube experiments with radio-antimony is rendered difficult
due to the fact that even if a large share of the antimony were absorb-
ed, it would be excreted within a very short time and thus not appear
in the various tissues. However, it is apparent that an upper level
of oral absorption of from 2 to 3 percent may be set. The oxplanation
for this is that the parenteral administration of carrier-free radio-
antimony is followed by excretion primarily in the urine, the ratio of
excretion betwecen the kidnceys and the digestive tract being approximately
5 to 1. Inasmuch as 97 percent of the material administered by
stomach tube appeared in the feces and only 3 percent in the urine,
the absorption from the digestive tract would appear to be less than
3 percent. A more quantitative evaluation of this point can only be
accomplished by the administration of from 10 to 100 times the dose of

L —
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TABLE V
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THE DISTRIBUTION COF CARRIER FREE RADIO-ANTIMONY IN THE RAT

Heart
Lungs
Spleen

- Blood

Liver

_ Kidney
_ Adrenals

Thyroid
Lymph Gland
Pancreas
Brain

Fat

Stomach

Sm Intestine
Lg Intestine
Bone

Muscle

Skin
Pituitary
Eyes

Gonads
Urine

Focos

FOLLOWING INTRAMUSGULAR ADMINISTRATION

% per organ % per gram % por organ % per gram
,016 022 .00% 007
304 103 239 .158
.027 <044 .026 .036

1.91 . 133 2.04 .128
281 .08Y 120 012
123 074 065 .032
0 0 0 0
003 ——— 0 ——
0 0 0 0
004 .003 006 .005
0 0 .005 .004
.001, .00L 001 001
.016 .008 0 0
L0711 .009 . 030 .004
. 142 .030 019 .002
784 .0B3 L9153 034
.140 .001 .108 001
133 004 .087 ,002
0 e 002 ——
0 0 .005 015

: .005 .004 004 ,001
80.68 ——— 77.45 ———
15.428 - 18.86 ———
106.00 100,00
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radio-antimony employed, which is still below the level we feel will
produce either local radiation damage to the digestive tract or
generalized radiation injury to the rest of the body. The major
obstacle to be noted following both parenteral and stomach tube
administration with larger doses of radio-antimony arises from the
guite formidable roadio-chemical procedures nccessary to isolate this
material in the cerrier-free state with an adequate degree of radio~
chemical purity from the deuteron bombarded tin target.

Technetium. The volatile nature of a large proportion of the compounds
of tochnetium has presented some most serious obstacles in the assay
work with this substance. Many technigues have been explored includ-
ing several types of distillation procedures as well as wet ashing of
the tissues followed by co-precipitation of the technebtium with gold
and platinum sulfides. It would appear that the distillation technique
offers the greatest promise of any of the analytical methods employed
thue far, although it has the profound disadvantage of being a very
laborious and time consuming mothod. The co-precipitation technique
runs into difficulty, since it is necsessary to subject the tissucs to
preliminary wet ashing. It is at this point that the excessive loss

of the technebtium takes place. :

In order to clrcunvent these limitations, short term
experiments have been done using the 110 hour technetium isotope
that emits 50 killivolts gamma rays., The distribution of technetium,
in tho tissues and excreta was measured by counting directly the gamma
ray activity of the wet specimons, precautions being taken to exclude
any beta rays or conversion electrons by means of aluminum filters,
The incomplote results indicate that this radio~clement is excreted
following intramuscular administration in the rat with an extraordinary
degree of rapidity, therc bheing approximatoly 95 percent eliminated
within 24 hours, with the kidneys acting as the principal channel of
oxcretion.

Radlo-Actinium, The 1 day radio-actinium tracer studies have been
completed insofar as ashing the samples is concerned. The ectivity was
measured together with that of the beta radiation from the short-lived
descendants of AcX. It should be pointed out that these data can

only be viewed at present as being of qualitative significance inas-
much as the equilibrium levoels have not been established for the various
descendants of the actinium. These measurcments were madce approximately
one month after the time that the aectinium solution was administered
which contained equilibrium amounts of radio-actinium and actinium

X. The proportion of radiocactivity administered that was accumulated
by the liver was found at the time of the measurements to be approxi-
mately 30 percont, and the corresponding value for htone was 34.5
percent. Although at the moment a precise calculation of what fraction
of these values represents ectinium itself cennot be readily made, it

is predicted that the true levol of actinium in the liver will probably
rise to approximately 60 percent and that of the skeleton will fall

to 20 percent. The velidity of this prodiction is based on the fact
that the significant fractions of radio-thorium and AcX still prescnt

in the tissue samples from thoe injected material are not accumulated in
the liver to any significant degroc and show a high sccumulation in the
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bone, since these two radio-elements arc isotopes of thorium and
radium respectively. To swumarize the situation, it appears both on
the basis of the tracer studies and the radioautographic exporiments
that the actinium is deposited following intramuscular injection in
a manner very much’ like americium, curium, and the lanthanide rare
earths. :

Cerium. The assays have been completed on a 256 day cerium experi-
ment in which a grbup of 3 rats reccived this long-lived fission
product in a carrier-frec state by intramuscular injection. Unfortu-
netely, the recovery value, i.c, the fraction of measured activity
from all tissues and excreta, has been found to be 65 percont of

the administered doss. The origin of the errors involved are not
apparont. In view of this level of recovery, which we consider
inadequate for the quantitative interpretation of the data, we will
repeat this particular experimont. However, it is of intercst to note
that the concentration of cerium in the skeleton, liver, and most of
the other organs and tissues at this ftime interval, on both the per
organ and per gram wet weight basis, bacomes esséntially indistinguish-
able from the 256 day data observed for americium and curium if a
correction factor for the cerium data of approximately 1.58 is applied
to compensate for the low recovery. Ue believe that such a correction
is probably reasonable in light of the fact that the most probable
source of error was the determination of the cerium content of the
excreta during the first month of these studics and it will be re-
called that it was during this time interval that most of the cerium
was excreted from the body, principally the liver.

Uranium 233, The 64 day intramiscular serics with U®S% have been
completed. Tho major points of interest are as follows: 9.1 percent
of the administered uranium is found to be present in the skeleton

at the end of this interval, this value being the avecrage of the
observed deposition in three rats. The only other tissue to show

any significant degree of rotention at this extended time interval
was the kidney with 0,23 percont of the administered dose. The per
gram concentration in the bone, wot weight, is apparently twice that
in the kidney. These results are quite similar in many rospects to
those which have been observed by other workers with this substance,
notably those under the direction of Doctor Tanncnbaum in Chicago, and
the Rochestoer group., It would appear that uranium is not held in the
bone quite as tightly as other members of the actinide series, the
lanthanide elements, zirconium, yttrium, and the two alkaline carth
members, barium and strontium. '

Radio-Zirconium, Complete tracer studies both intramuscular and
stomach tube have been set up with carrier free radio-zirconium. These
represent a repetition of experiments donec several yocars ago which were
felt to be unsatisfactory with respect to gquantitative accuracy. It
was felt of value to establish more clearly the precise level of
accumulation of this radio-oloment in the different soft tissucs and
the skeleton at varying intervals after parentoral administration.
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Decontamination Studies

Effect of Zirconium Citrate on the Distribution and Excretion of

Hexavalent Plubtonium.

Treatment with zirconium citratc has been shown to incrcase
the urinary excrotion of Pu, and reduce the amount doposited in the

skeleton (J. Schubert, Science, 105, 389 (1947), and projecct literature).

It appears to be one of the most promising decontamination procedure
thus far proposed.

\ ' To gtudy further the effect of zirconium on the distribution
and excretion of plutonium an experiment was set up involving the
injection of Pu (VI) in rats. A solution of zirconium citrate (22 mg,
Zr/ml., pH 6.0) was injected intraperitoncally into five animals 24

hours previous to, simulbtancously with, and at 24 and 72 hours following

the injection of 28 micrograms of hexavalent plutonium into the triceps
area of the animels right arms. The doso of zirconium citrate was 6.5
ml./kg. A second group of five animals was injected with 12.5 percent
sodium citrate solution (5.2 ml./kg.) at the same time intorvals. A
third group consisted of eight untreated plutonized controls. ALl
animals used were adult fomale rats weighing cpproximately 250 grams.
The animals were maintained on stock diet, and were sacrificed

on the eighth day. Urine and feces were collecctod separately at the
end of the first, second and eighth days.

The results are shown in the accompanying table (Table VI).
It will be noted that the sodium citrate had no apparent effect on
the distribution or excretion of plutonium. However, the animals
treated with zirconium citrate retained only half as much Pu in the
coarcass, this difference being accounted for by a moderate decrcase
in the absorption from the site of injection and a two~fold increase
in urinary excretion. These results confirm the results obtained
by J. Schubert. It will be noted, however, that the fecal excretion -
was lower in thce Zr treated animals,

Effect of Zirconium Citrgte on the Distribution and Excretion of

of Quadravalent Plutonium,

- In these experiments the rats used were mature adult fomales
weighing 200-250 grams, They were maintained on the rogular stock
colony diet throughout the experiment. Tho dose of plutonium
(quadravalent) was 28 micrograms in 1/4 cc isotonic saline at pH 2.
It was administered by injection into the muscles of the tricops
arca of the right arm, or by injection into the left external jugular
veln. Treatment consisted of intraperitouncal injection of a solution
of zirconium citrate at pH 6, which contained 25 mg, zirconium per cec.
Urine and feces were collected scparately and analyzed for plutonium,
as was the liver, kidney, fomur and carcass, The differencc in the
plutonium content of the right and left arms geve a measure of the
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Effect of Zirconium Citrato and Sodium Citrate on Pu (VI)

TUnabsorbed in

.right arm
Carcass
Femur
Liver
Urine 24 hrs
48 hrs -
8 days
Total
> Fecos 24 hrs
: 48 hrs
8 days
Total
Recovory

Controls(s) Sodium Citrate(é) Zirconium Citrate(s)
47.2+8,0 54.346.4 55,9+11.9
27.3+4.6 27.8+2.4 14.6+3.8

1.6+0.5 1.8+0.2 0.6+0.1

4.6%1.1 6.4+1.6 4.4%0.8

B.3+1.1 2,4+0.2 6.4+4.2

o.qtobz 1,0+0.4 2.9+0.7

0061052 0.810.1 102:'0.2

4,2 4,8 10.5

0.8+0i8 1:5+1.0 0.140,5

1.0+0.7 2,5+0.9 0,2+0.5

7.1+4,5 5.5+1.0 2.9+0.6

8.9 9.5 Bel
96.9+7.9 87.0+6.4 91.§i§.7

(Values given are oxprosscd as per cent of the administered dose of Pu
plus or minus the standard deviation)

@
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plutonium remaining at the site of intremuscular injection. Trcatment
consistod of 20~40 mg. zirconium administered 14 hours prior to the
injection of plutonium, and 0, 24, and 72 hours following the dose

of plutonium. The rats were sacrificed after eight days. The results
aro shown in Table VII. The values given are expressed as percent of
the total plutonium absorbed from the injection sitec.

TABLE VII
Zirconium Trecoted
Controls (5 rats) 20 mg. Zr (5 ravs) 40 mg. Zv (4 rats)
Unabsorbed at
injection site A
(% of dose of Pu) 77.1%£9.6 87.9%w.9 82.4%5,7

Percent of absorbed Pu

Urine 0-24 hrs 0.09+0.04 9.6%8,8 17.655.9
' 24-60 hrs 0.4 4,4°2,6 10.4%2.6
. 60-192 hrs 0.2%0.2 2.6%1.7 2.6%2.6
Tobal 0.8 16.6 30.6
Feces  0-24 hrs 1.8%0.9 2.652.6 4.6%4.6
24-60 hrs 0.9%0.2 1.7%0.8 l.zio.s
60-192 hrs 4.5-0.4 4,1%1.7 3,3%0."7
Total 7.2 8.4 9,2
Femur 5,0%0.4 1.6%0.9 1.430.6
Liver 9.7%1.4 10.5%3.5 11.8%2.0
Carcass 76, 37 62 %40 48 %14

) These results show a tremendous increase in the urinary
gxcrotion of absorbod plubonium in tho trecated animals, as compared
to the controls in which urinary cxcrcbtion was almost negligible.
Thore was littlo diffoerence in fecal or liver Pu, but the amount

deposited in the fomur and retained in the carcass was less in the
treated rats.

Exporiments were also conducted in which tho rats were
injocted with 25 mg. Zr (as eitrato) at 2 1/2, 60 and 120 hours after
the administration of Pu(IV) intravonously. The animals were
sacrificed at tho ond of 7 days, The results are shown in Table VIII,
and are expressed gs percent of total plutonium recovered,.
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TABLE VIII

Controls (5 rats) Treatod (4 rats)

Urine: 1 1/2 days 1,1%0.3 | 33,018.6
7 days 1.2%0.5 4.5%0.9

Total 2.3 7.5
Feces: 1 1/2 days ' 6841, 4 7,1%2,0
7 days © T 18.4%5,7 10.245.5

Total 20.2 17,3
Liver 15,5%418 18.5%5,2
Kidney 2.1%0.8 ' 0.750.1
Fenmur ‘ .2 tO.B l.OiO.l
Carcass - 57.0%8.8 25,059.2

These results also show a great increase in the excretion
of Pu(IV) in the urine in the treated animals, and a significant
(throefold) decrease in the amount of plutonium deposited in the
fomur and retained in the carcass and kidneys. Thero does not
appear to be any significont difference in the fecal or liver Pu.
The relatively high value for the liver may indicate the presence
of some c¢olloidal Pu in the injectod dosc.

One may conclude that treatment with zirconivm citratc greatly
inereased tho excretion of Pu(IV) in the urine, whethor the plutonium
was administored inbtramuscularly or intravenously. There was also a
significant docreasc in the amount of Pu deposited in tho skeleton
and retained in the carcass. The cffect on urinary cxcretion was
greater with the larger dose of Zr, suggesting that it may bo a
earrier effoct. No significant change in liver or fecal plutonium
was observed as a result of treatment. In the animals injected with
Pu intramuscularly, tho amount absorbed from the injccetion site was
so small that only a small part of the total administored dose was
absorbed and subsequently cxcreted. However, in the intravenously
injoeted animels, the inereased urinary elimination amounted to
over one third of the total doso. This confirms tho results of
the previous exporiments with Pu(VI) and indicates that troatment may
have a very real value in decontamination. This proccedurce should also
be of value in studying certain fundamental problems in plutonium -

. metabolism.
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Effect of Zirconium Treatment on the Excretion and Body Distribution

of»Intramuscular ?ttrium;

Treatmont with zirconium citrate has been shown to incroase
tho urinary oxcerotion of both quadravalent cnd hexavalent plutonium.
In the proscnt coxporiment, the effoct on the excrction of intra-
muscular ytbtrium was investigated to determine whether similar
results might bo obtained and to test the usefulness of tho casily
measured beta active yttrium in place of plutonium, Tho isotope
used was Y90 formed from Sr90, and prepared freco from the parent
gstrontium. The dose was approximately 25 microcuries when injected
and contained 1-2 micrograms of yttrium. The animals used were all
mature fomale rats weighing around 250 grams, They werc injected
with radio-yttrium in the muscle of the triceps area of tho right
amn. Zirconium treatment conslistod of 40 mg., zirconium as citrate
injected intraporitoncally. All the trected rats received zirconium
immediately after the dose of radio-yttrium with o subscquent dose
of zirconium one day later. In addition, the second group reccived
zivconium one day bofore the yttrium, while the third group were
given zirconium 4,2, and 1 dgy prior to the yitrium. Five untreated
rats served as controls. The animals were sacrificed on the third
day following radio-yttrium administration and tho tissucs and
cxcereta were analyzed for radiocactive yttrium. The recovery was
good in all cosos. The resulis obtainoed, corrected to 100 percent,
arce shown in Table IX.

Urinary excrction of radio-ybttrium was markedly increased
in all the troeated animals, indicating an effect similar to that
obtained with plutonium. However, prior trcatment with zirconium
did not appear to onhance tho exerction, suggesting that the offoct
ig not duc to saturation of bone groups with the metal., The feecal
elimination was. considersbly reduced in the zirconized animals, but
the over-all excretion was still much greater than in tho controls.
This was associated with a reduction in the amount of yttrium
retained in the carcass and skeloton, although the effect here
was not as great as has boon obbained with plutonium.

In conclusion, zirconium treatment oppears o have the
sgme effect on radio-yttrium as on plutonium, the most striking
froature being the great increase in urinary oxcretion. This ex-
periment suggests that the offoet is not duc to saturation of bono .
groups with zirconium, but may bc duc to exchange with yttrium in
bone, or to a "carrier" offect. Asidc from its potontial value
in decontamination, zirconiwn treatment should be of great velue in
studying tho fundamental motabolism of thesc motals in bono.
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THE EFFECT OF ZIRCONIUM CITRATE TREATLENT ON THE

EXCRETION AND DISTRIBUTION OF RADIOACTIVE YPTRIUM  (¥90)#
Each rat givon 40 mg Experimental Groups'
zr at each troatmont : . - i -
Control I IT ITT
Number of rats 5 5 » 5 5
Time Zr Administered !
Rolative to YV In~ none 0 Time | ~1 day -4, - 2,
joction 1 Day i 0 Time ~ 1 days
1 day 0 time
1 day
% Unabsorbed at ‘ 7‘ T o
Injection Site 37.5% 2,1 ] 32,2t 1.4 |24,8%t2.8 |} 30.1% 5.8
- . _._TV.__,__ » o
% Carcass 29,9 * 10.1| 16.9 ¥ 3,1 [15.8 £ 1.8 21.8 t 3.7
% Femur 0.7 < 0.1 0.4 % 0,1 | 0.5 %0.1 0.5 ¥ 0.1
% Urine 8.4 % 1.4 41.0 £ 2,9 |46.2 % 2,4 26.8 £ 9.6
% Toces 1 19.8 ¥ 7.6 8.3 £ 0.9 |11.9 £ 2.6 19.3 % 8.6
Total Exerotion 28.2 £ 8.6 | 49.3 % 2,5 |58.1 % 3.2 | 46,1 * 2.9

*Values given arc exprossed as percent
recovercd, plus or minus the standard

of thc dose of radio-yttrium

deviation.
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Effoct of Local Treatment on the Absorption of Plutonium (v1)

from Intramuscular Injection and its Subscquent Distribution and -

FExerction.

R g

Since a anunber of ecxperimental conditions had been found to
alter the absorption of intramuscularly injceted plutonium, it
wag decided to investigate tho coffeet of local treatment of the
region of injection with cystoine, zirconium citrate or sodium
citrate, Adult femole rats worc used for the experimonts. The
treatment congsisted of inbremuscular injection of 1 ce into tho musclos
on tho postorior surface of the right arm. Tho enimals were divided
into three groups.

I. Controls; 1 cc isotonlc (0.9%) sodium chloridc.
II. Cystoine: 1 ce of a 0,254 solution of cysteinc hydrochloride.
ITI. Zirconium citrate: 1 ce containing 24 mg Zr as citrate.

Fiftcon minutes later, the animals were injected in the same area
with 1/4 cc conteaining 14 micrograms Pu(VI) at pH 2. Urinc and
feces wore collected separately and the rats wore scerificed aftoer
4 days. Thoe results are shown in Table X,

As was observed carlicr, local treatment with cystein
appoars to rcducc the absorption of plutonium from the injection
site, possibly by roducing the hexavalent to the less soluble quad-
ravalent state. Both sodium citratec and zirconium citrate inecrcascd
the absorption from thg injection site, the latter also causing a
sharp increasc in urinery excretion, whilc the formor incrcascd the
fecal elimination of plutonium. Tho possgible valuc of thesc pro-
cedures in treatmont is still rather questionable and open to further
inveostigation.

Radio~Chemical Tsolation

A method was developed for the separation of radio-calecium
from a scandium target. This mcthod consists of repcated precipita~
tions of calcium flouride, carricd by iron flouride with amonium
flouride, the iron flouride separated by ropoated cxtraction with
c¢ther. This procedurc for the scparation of radio-calcium is
different from the method developced by the Clinton Laboratory but is
not necessaorily bettor,

‘Radio-cadmium was cxtracted from a silver target by a
method reported in the liteoraturc for tho separation of micro gucntities
of cadmium from macro quantitiecs of silver, This consists of complexing
the silver with amonium thiocyanatc, thon oxtracting this solution
buffered to pH 5 with pyridine-chloroform solution. The last btraces
of silver are rcmoved by furthor extraction with dithizono reagont.
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TABLE X

FFFECT OF LOCAL TREATMENT ON THZ ABSORPTION AND DISTRIBUTION
OF PLUTONIUM (HEXAVALENT) ADMINISTERED BY INTRAMUSCULAR INTECTION

II. Cystoinc III. Citrate IV. Zr Citrate

Values given arc percent of dosec of Pu % Standard deviation.

Group I. Controls

No. of rats 5 4 4

Unabsorbed Pu :

at Inj: Site 39.1 * .32 55.1 % 6.1 18.2 * 13.6 8.1 £ 7.1
Excreted in + + - »
Urine 4,3 £ 0,7 2,9 £ 3.0 4.5 £ 1,8 14.6 £ 7.2
Pcces 4.8 ¥ 2,2 2e4 % 0,7 12.5 = 7,4 5.6 % 1.8
Deposited in . .
Femur 1.5 £ 0.3 0.9 £ o.1 1,9 £ 0,5 0.6 £ 0.1
Liver 4,% £ 0.6 2,7 £ 1.0 5.3 & 1,7 4,8 £ 1.8
Carcass 24,8 * 5,1 14,9 £ 2.7 33.7 £ 10.2 14.2 ¥ 1.6
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The cédmium is romoved from the silvor at a pI of 3, the dithizone
having been disolved in chloroform. '

A molydenum target was bombarded with approximately 105 -
micoampercs of deuterons and allowed to decay for 4 days before
milling off the top active component. Approximately 1.7 grams of the
metal milled from the target was disolved in agua regla and evaporated
almost to dryness, The rcesidue was disolved in 5 ml of H,PO and 15 ml
HC10, addod. Aftor the mixburo was heatod in an oil bath t§ 200-210
dogrees, technetium was distilled by dropping 20 ml hydrobromic acid
into the mixture with a stream of carbon dioxide, In this manner -
approximately 875,000 counts per sccond of technetium was obtaincd,
identified as the 110 hour half-life isotope.

A sample of radio-~zirconium and radio-columbium was
received from Ook Ridge. This was assayed and an aliquot containing
approximetely 4 millicurios was utilized for soparation of the two
components. Scparation was accomplished by use of scloctive absorption
of columbium on MnOp in 10 N HNOg, the MnO, being formed by oxidation
of manganous ions by potassium chlorate., It was determined that thoe
same high porcentage of separation was obtained by addition of ,
manganesc dioxide to tho 10 N HNOz solution and heating in a water
bath for 20 minutes. Two separations of this typs were made., The amount
off activity found in the zirconium fraction amounted to approximatoly
50 percent of the total activity. '

Plans are being made to use ion change columns for the
isolation of radicactive rare carths in the carricer-free state.. This
procedurc is to be employed for the preparation of carrier-free rare
earths extending from gadolinium to lutecium following cyclotron
bombardment. The purpose of preparing and utilizing radiocactive carriocr-
free rarc carths is to observe if the gradual change in the chemical
propertics of successive mombers of the series is reflected in the
matabolic pattorn of such substances. It is of particular interest to
820 whether the high liver accumulation and radioautographic pattern
noted with lanthcnide group of rare earths continues with the second
half of the rare carth serics.

A short bombardment of about 10 microamperc hours was made
on a ruthenium target for the purpose of studying yields of radicactive
cloments obtained. Preliminary studies indicate yiclds in decrcasing
amounts of radio-rhodium, technetium, and radio-molybdenum. Tho yield
of molybdenum is very small. '
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IT. BIOLOGICAL STUDIES OF RADIATION EFFECTS
J. H. Lawrence -~ in charge

Projoct 48A

Lethal Effects on Mico of Tast Noutrbns from the 184-inch Cyclotron

R. Lowry Dobson

Preliminary eoxporiments designed to test the biological
effectivness of 90 Mev neutrons available from the 184-inch cyclotron
beam have been carricd out, using mice as test objects and lethal
action as the phenomenon locked for. Bagg albino mice during exposure
wera confined in ventilated compartments in a wooden cnge, surrounded
on all sides but the bottom with a throee-inech thickness of paraffin
slabs. The cage was placed directly in the beam 1n31do the concrete
shielding of the cyclotron and °pprox1matoly fiftooen feot from the
source,

Since primery intercst was given to tissuc doses which would
be declivered to intornal reogions of the body of a larger animal 1if
exposed directly to the beam, the paraffin slabs werc placed in front
of the mico in tho path of the oncoming beom and around the cage in
order to assure an equilibrium donsity of sccondary protons inside
the exposurc chamber. Ionization moasurements were made with a 25
and a 100 r Victoreen thimble chamber inside the cage, 1) Hence the
jonization measurcd, and the lonizetion to which the animels were
subjected, was duc almost entirely to thoe secondary protons produced in
the paraffin.  Loovinger®/! has rccently studicd the problem of measur-
ing tho tissuc dosc of 90 Mev ncutrons; our experimental sct-up and
dosage calculations have made use of his daba.

Mice were cxposed to various doscs given at various dosc rates,
In one experiment five groups of six animals cach woerce oxposed, at a
rate of 1,065 rep/hr, to dosos varying from 445 rep to 815 rop. 100
percent mortality in 45 days was found in the group rocciving 815 rcp;
the 1D 50/45 days was found in two groups rocoiving 625 rop and 715 rop
respectively, None of the animals in the lower dosc ranges died, If
the LD 50/454 for this cxporiment is taken to be 670 rop, the correspond-
ing neutron dose measurcd in “n" at the outer surfacc of tho paruffin
was 238,

1) There is some questlon as to whetheor or not the collecting voltage
- in Victorcen chambers is large onough to give saturation currents
under the conditions which obtained during these bomburdmcnts.

This point is being tosted further.

2) Locvinger, R. BP-139, October 21, 1947.
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In another experiment, when two groups of 12 animals each
were exposed to 715 and 880 rop respectively given ab a rate of 318 |
rop/hr, tho LD 50/45d was found to lie somowherc between the two =
doses; 25 percent and 92 percent mortality were found in the repective
groups.

At the still lower dose ratc of 164 rep/hr, given to six
groups of 25 animuls cach and amounting to doses varying from 660 rep
to 1,320 rep, no significant differences in mortality which could be
attributed to the radiation were found among the various groups. The
mortality in the group receiving 1,320 rep was only 12 percent in 100
days; the mortality in the group receiving 660 rop was 16 percent.

. Thus at this low dose rate thc animols withstood 1,320 rep given

(toking into account the five rost periods of about 10 minutes each for

the romoval of the animals receiving lower doses) in about nine hours.

This dose would corrcespond to 470 n 1f the beam had been mcasured i
outside of the paraffin. ‘

Although the numbers of animals were not large, these
preliminary experiments seoem to indicate a large time-doso rclation
factor in the lethal action of high cnergy ncutrons and theilr second-
ary protons,.

This work ncods repetition and check, and is being continued
with further studies on dosage measuremont and effects of these radia=-
tions on animals. :

We are indebted to Dr. B. Moyer and his group for their
help and advice in these studies.

Lethal Effects on Mice of 180 Mev Deuterons from the

184~ inch Cyclotron

C. A. Tobias, Patricia Weymouth, R. Lowry Dobson and Hal Anger

The first biological experiment with the direct beam of the
184 inch cyclotron was an attompt to dotermine lethal offeet of 180
Mev deuterons on mice. The experiment was designed to demonstrate the
time of death with a wide range of dosage. Swiss mice were divided into
5 groups of 50 mice each, The groups received the following approximate
doses: I, 100 rep; II, 330 rep; III, 1,000 rep; IV, 3,000 rep;
control, 0. Each of these doses was deliverced in less than 1 minute.
The control mico werc transported to the eyclotron site and kept with
tho cxperimentals throughout the run and werc, therefore, exposed to
the same tomperature change and background irradiation as the experiment-
al animals., ' :

Within 10 days after bombardment, all animals in groups III
and IV died. Variation in lethal effect betwocn the two groups was not
significant, although there was a tendency for a slightly slower death
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rate in group III. No animals have yet died in tho other groups (30
days since exposure). ’

The average weights showed a marked drop of over 5 gms. for
groups III and IV in the first 3 days aftor treoatment. In Group II
the welght loss at 3 days was about 2 gms. and in Group I, 0.5 gms. The
animals of Group I regaincd thoir orignial weight in the period of one
weck, while those of Group II after 2 weecks timo wore still 2 gms.
bolow their orignial weight.

The white blood ccll count of all groups showed a very
marked drop in the first 24 hours; roburncd to normal in 3 days in
Group I and rcmained depressed for at least 10 days in Group II. The
red blood coll count was not affected in any group. The work is being
continued.

We arc indebted to Dr. B. Moyer and his group for thoir

help and advice in tho coursc of this work.

Rate of Metabolism of 002

Harden Jones, M. Calvin
C. Heidelberger, Glenn Sheline

The rates of metabolism to COg of administored radiocarbon-
labeled acotate, glycine, glucose, wnd tyrosinc have been studicd.
Following intravenous administrotion ecch substance has its character-
istic rate of oxidation. Thoe CO, production is in two rate determined
parts a "rapid rate" phasc and a "slow ratc® phase. It is belioved
that tho rapid phase coincides with oxidation of the substance admin-
istered while the slow phase is oxidation of other substancos which
have been derived from thoe laboled compound administered. The time
constants of oxidation arc indicative of the rate of utilization of
the pool of stubstances which arc in metabolic ecquilibrium with the
labcled substonce. The following timo constants are listed for AV -
strain mice:

Ky (mihutes) Ko (minutes)

ACETATE .
NORMAL 0.062 ¥ ,008 0.0046 % ,002
TUMOR MICE 0.070 £ 008 0.0051 % ,0013

GLYCINE . .
NORMAL 0.048 - .008 0.0018 ~ .0008
TUMOR MICE 0.040 = .006 0.0028 = ,005

GLUCOSE
1-NORMAL 0.028 e ?
1-TUMOR MOUSE 0.034 0,0054

TYROSINE
3 TUMOR MICE 0.0073 0.00014

(POOLED)
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The rates of oxidation appear to be characteristic for
gach of the above substances and there arce not obvious or significant
differences in the mctabolism of thesc substanceg in normal and neo-
plastic animals.

Further Bxperiments Concerning the Biological Effecets

Due to Uranjum Fission

P. Weymouth and C. Tobias*

Part A
Alpha Particle Radioautography

In previous progress rceports (sec Monthly Progress Roeports
for Morch and April of 1947) it was demonstrated that U0, colloids
of .15 micron average particle diameter are mestly teken up in tho
liver and splcen with a small frection of the colloid, 2-5 percent,
being found in the bonc marrcw. The distribution of the colloid was
furthaer studied by means of radioaubtography. One mouse was sacrificed
24 hours after I.V. injcction of 2 mg. of the U0g colloid susponded in
33 cc of 5 percent glucosc. Ten micron undecalcified scetions of
fomur in celloidin worc propared for us by Dorothy Axclrod. Theso
soctions were placed on REastman alpha particle plates under water and
tho plates exposed for onc month poriod,

Although the staining tochnique has not yet bceen properly
devoloped, the sectjon showed that most of tho uranium was deposited
in tho marrow, in the shaft of the bone, and in the epiphysis in the
zones of ossification. In theso areas, tho uranium deposition was
heavy cnough to give star formation. In addifion, single alpha tracks
appearod in thoe cmulsion throughout thoe area which had beon in
contact with tho bony matrix, indicating a uniform distribution, dbut
low concentration of uranium in tho bone itsolf. Ono or two stars and
a fow single tracks werc noticed originating from tho periostoum.

The work is boing centinued with a view to furtheor identify the
microsc¢opical distribution of UOg in bone marrow,

Part B

Comparative Effcctiveness of Beta Rays, Alpha Rays, and
Fission Rocoils

We previously reported (Monthly Progress Report for April,
1947) that the lothal effeet of phosphorus beta rays from thoe phosphate
colloids requirod about 27 timos the dosc roequired for lethal effect
fron fission recoils of U®® from U0, colloids. Tho basis of tho come
parison was not too good because thoe uranium colloids had a slightly
differont digtribution from the chromic phosphatc colloids. Relatively

* With tho tochnical assistancs of J. Lucc and C. Trogillis

=
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more UO, was taken up in the bonc marrow, The beta ray part of the
exporiment has now been repeabted with UX, and UKp in tho form of

THOg colloid obtained from Qak Ridgo as 1 by-product of the magnetic
geparation process of urenium. Thac same parbicle sizce colloid was
usced as in the case of thoe UO,, and the distribution in tho body was
found to be neerly the same. “Tablo XTI shows typlcal distributionof
both UOp and ThOy in mice onc and teon days afver injeetion. Pifty-
four mico received 150 microcurics cach of UX, and UX_ . All of theso
animels dicd, tho mean period being 14 days. "Thoy wo%o observed
continuously.

Post mortom findings woro ag follows:*

Spleen, uniformly small and dark; lung, ofton congosted
and hemorrhagic; liver, occasionally pal@; other tissucs normal;
sero-sanguinous fIUIA in thoracic and poritoncal cavitics in 4
cases. Histological soctions showed: +testos, pancroas, lymph
nodos, and adrcnalg essentially negativoe; kidney, variable
degroos of congestion particularly of the glomoruli and granular
swelling of tho cells lining tho tubules; lung, variable degroes
of congestions, homorrhage, cdema and acute inflammation usually
confined to tho intorstitial tissue; spleen, atrophy, fibrosis,
depletion of lymphocytes and dcposition of material within the
macrophages which scemed to be increased in number; liver,
necrotic charges including loss of cytoplasmie detail, pyknosis, -
and karyorrhoxis usually confincd to the mid-zonal region dbut
occasionally oceupying almost thoe ontire lobule, and in some
instances, diffusc infiltration with polymorphonuclear cclls.
Blood culturcs from 18 micoe yiclded rather unsctisfactory re-
sults, but only two werc sterile. Of tho 16 which showed growth
all but 2 contained organisms suggestive of boctorinl invasion
of tho blood which may toke ploco os carly as 2 - 4 hours bhefore
doath. The two cultures which were indicative containced
Salmonclla typhi-murium and Streplbococcus pnoumoniac. We are
indobted to Dr. A. P. Krueger who cxamincd the culturses. The
micc lost woight continuously (scc Fig. 1), the avorage weight
loss at 10 days being 6.5 gms, Torminal blood counts, taken
1/4 to 4 hours prior to doath, on 19 miecc showed marked loukoponia
and ancmiaj; tho avorage whitc blood cell count was 2,600/cmm,
averago rod blood coll count 3.83 x 108/cmm (sce tabloe XTI).

Thoso oxtonsive data serve to show that tho mice probably
died of radiation effcets with tho possibility of sccondary infeetion
such as mouse typhoid or pncumonia perticularly whore the blood culturce
showed these organisms. The symptoms prior to death, tho post~-mortem
picturc of doercased sploon size, homorrhage, the liver and spleon
histological changes (histological changos in the kidacy may beo
particlly the result of a smoll dosc of solublc hoavy metal, but the

* Vo arc indebtod to Dr. Paul Rosahn for helping with tho microscopic
examinations,
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TYPICAL DISTRIBUTION OF U AND Th AFTER I.V. INJECTION OF
COLLOIDAL UOZ AND ThOg

(Average particle diameter approx. 0.154)

2,

3.
L

Material _ UO2 : ThO,

Days after Inj. 1 daj 10 days | 1 day ‘lO days
Tissﬁe | | | | % Injected Amounﬁl - |
Liver? 6840 77.0 86.0 83.0
spleen® 22.3 14,0 3,0 5.0
Kidney | .6 0,5 0.2 0.1
Iung 1.0 0.9. 0.5 0.6
Gut 1.0 1,0 1.0 9
Carcass” 6.7 5.3 9.2 9.9
Urine® 1 0.06 0.3 0.02 - .06
Fecesh 0.34 1.1 0,08 iy
l. The oﬁserved valués were slightly adjusted proportionally to add up

to 100%.

Liver and spleen valuves differ in individual determinations from the
average given here by about 7% r.m.s. of the initial dose,

Including muscle, skin, skeleton.

Total excreted in 1 and 10 days.
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TABLE XII

T ERMINAL -BLOOD COUNTS OF MICE A¥TER INJECTION OF UXy

Mouse WBC RBC Platelets Wt Approx. time

No. x1073 x107®  x10°3 gns . before death, hr.
8 1,60 1.29 110 14.5 11/2
9 10.45  12.38 240 18.0 0
11 1.35 2.6L 110 15.1 2 1/2
12 1.05  2.07 110 - 2/3
15 1.00 3,63 210 - 1 1/4
18 2.75 2.28 .60 19;1‘ 1/2 4
19 2.35 2.94 250 20.2 0
20 2,60  3.28 270 17.6 0
22 - 1,20 4405 220 18.7 3/4
23 1.75 6.68 390 19,8 0
27 5.35 . 3.72 350 17,2 0
28 2.05 2,87 130 18,9 1/2
29 1.05 2.05 120 - | 0
30 2.40 5.18 220 14.9 : 0
33 1.40 3.55 350 - ca 8
34 0.75 5.64 650 16.2 1/h
35 1,90 3.81 310 1745 1
36 315 3.07 410 - ca 2
37 2.20 1.69 90 - -
AVERAGE 2.60 3.3 242 17.5
Normal 23,7 9.95 25,0

avg.
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damago was insufficiont to contributc to lothal offect) and the louco-
penia and ancmia all point to acuto radiation cffocts.

Tn addition a sccond preparation of UX,, as colloidal ThO
(0.1 mg) was injocted intravenously in a volume of 0.2 ml. or less into
two further groups of micc, Tho first group, consisting of 10 miceo,
rocoived 128 ne, and 6 died in 7 wecks. Tho sccond group, 25 mace, ro=-
ceivod 64 pe and only onc died in 7 weoks, the length of the exporimeont
to date.

It appcars that the lothal effccts that oceurcd in tho first
group of mice that rcccived 158 microcuriecs of UXy werc quitc similar
in time of appoaranco to thosc that occurcd aftor irradiating mice
which contained 2 mg. cnrichod uranium with slow noutron boams. The
sccond group that rcccived 128 microcurics died in a rathor similar
fashion to onc of the uranium control groups in tho experiment cited
abovo. The figures thus obtained make a new comparison possiblo
between tho offoctivoness of alpha roys, bota rays and fission rccoils,
It is still guitoc epparcnt that fission rccoils arc moro c¢ffective in
producing lethal offocts than alpha and bota rays. The numerical
results arc listed in Table XIII. It appears that lothal cffcet on

agg albino micce may be achicved by beta rays only if about 22 times
tho cnorgy cquivalent doso is given to the liver (previously woe cited
27). Tho samc foetor for comparing alpha perticles and beta particles
appcars to bo about 10, in good agroomont with obther determinations,
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TABLE XIII

COMPARATIVE DOSES RECEIVED BY MOUSE LIVERS IN IETHAL EXPERIMENTS
WITH BETA, ALPHA, RADIATION AND FISSION '

Mode of Rapid lethal effects. | Slow lethal effects,

Irradiation Mean time of death Mean time of death
approx. 14 days. approx. 35 days,

Enriched Uranium<3> +

neutrons, 3,700 rep.

Approx. 85% of radiation
within a’few hours

p32
Irradiate continuously ~~100,000 rep ~100,000 rep
Beta rays .

UXl + UX2

Irradiate continuously ~ 60,000 rep ' ~95,000 rep
Beta rays

Enriched uranium alpha .
particles - -~ 9,800 rep*

¥*

130 rep in bone marrow
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III. BIOLOGICAL ZFFECTS OF RADIATIONS FROM EXTERNAL AND INTERNAL SOURCES
R. S: Stone - in charge

Projcet NDP-48C
UNIVERSITY OF QALIFORNIA.MEDICAL SCHOOL

Administration

This project, started on OSRD subcontract to the University
of Chicago, has continued to the present and is now port of the Univorsity
of Californioa program for the Atomic Enorgy Commission. Iarly roports
wore published in the CH reports from the University of Chicago. No
geientific report heg proviously been made through thoe Radiation
Leboratory and henco the prosent progress roport is somowhat goncral
in nature, tho attompt being to bring the roaders up to dato on what

“has takcn place in tho post. Future progross roports will be samowhat

morc spoeeific and detailed.

Doctor Low-Bocr has beon continously in charge of the program -’
involving tho homatological coffects. e was assisted by Miss Jing as
laboratory tochnician up to Octobor 1947. Miss Jing has becn replaced
by Miss Anna Poulsen who has beon with Doctor Low-Boer since Scoptember
1947. Many other dogtors and tochnicians aided in this work insofar
as the clinical side of the patioents carc is concorned. The parbticular
hematological problems have beon discussod with dlffcront hematologists,
but cspecially with Doctor Peul Agecler.

, Doctor Millor started the second soction for tho study of radio-
iodinc in 1946, becouse of the provious work with jodine at tho
Univorsity of California Medical School by Doctors Soley, Hemilton and
others, and the knowledge gained proviously on radiation offects by
Doctors Stone, Low-Boer, ote. Doctor Miller hes had the tochuical
asslstance, succossivoly, of Miss Siiri Markkonen and Mr. Harrold Brook

 Knowlos, Jr. sincce November 1946, He has had the professional assistance

of Doctor Nadinc Foremen. 4o havoe onjoyed the cooperation of tho
tochnical and scientific staff of other parte of tho Radiation Laboratory;
thoy have part-time sccrotary to the Project was Mrs. Alico Bonnett,

thon, for a time, tho scerctary of the X-ray Department, Miss Hlona
Bogdanoff took on the responsibilitiocs of scerctary to 48-C.
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Hematological Effocts of Total Body Irradiation

From Bxtornal and Internal Sources

B.V.A., Low-Bocr

The objeetive of this projccet has been to investigoto
the offcet of therapeutic dosces of ionizing radiations on tho blood
clomonts of human subjocts. ationts scloctod for this study wero
thosc whoso disocasc roquired therapcutic irrodiation of tho cntire
body. The paticnts were solocted for troatment with radiations and
so troated by physicians on tho staff of the University of California
Medieal, School., Adventage was taken of the fact thot thoy wore being
so treated to observe the offocts on thoir blood picturc. Thoe clinieal
condition was followed by thoeir physicians in tho usual coursc of
cvents and is not reported hero. X-rays produccd by cloetrical
potontials of 100 kv, 200 kv and 1000 kv worc uscd for cxternal radiction
and radiocetive phosphorus was uscd as o sourco of internal irradiation,
From the inception of the project in October 1942 to Junc 1946 twenty-
nine pationts treated with oxternal x-ray irradiation were studied.
Two paticnts were troated with daily doses of 5 r; 5 patients with 10 r
doscs; 17 paticnts with 20 » doscs; 2 paticnts with 15 r doses; 1
pationt with 30 r and 1 patient with 50 v daily doses. All moasurc-
ments were mado on tho skin., Thoe troatmont course varied from 5 to
92 days. Tho total body cxposurcs variod botwoen 100 r cnd 390 r
(skin), 300 r being the most froguont total., Tho caleulatod dose in
tho contor of the body varied from approximetely 60 r to approximately
200 r (tissuc).

Studies included doterminations of homoglobin, rced blood
ccll count, white blood ¢cll count, platclet count, difforontial count,
lobation index of polymorphonuclear noutrophilcs, stornal marrow
studics, prothrombin time, scdimontation rate, hemotoerit and ieterus
index. Tho obsorvation period oxtonded from one to throe years follow-
ing treaotment,

The most consistont chonge noted was an absoluto nnd
relative docereasc in the number of lymphocytes following trcatmont,
irrcspoctive of sizc of the dosc ond of physical factors of Proctmont.
Such deercascs wore followed by rocovery during the post-troctmont
period. Maprked fluctuation in total whitc blood ceolls and ncutrophile
counts were obsorved frequently during the treatment poriod, but thesc
could not bo corrclated with the sizo of tho dose and physical factors
of troatment. In tho post-troatmont poriod fluctuations ocoured
in the number of polymorphonuclear cclls of a significant number of
paticnts who had been troatod with 1000 kv gonorated x-rays, around
60 days aftor conclusion of troatmont., A loft shift of tho polymorpho-
nucloar noutrophiles was obscrved in the ninc paticnts in whom this
factor wag followed. This shift occurrcd without relation to the total
polymorphonucloar ccll count. Monocyteos showed merked lability which
was related to the size of tho individual dosc. Patients who received
individual doscs greotor than 10 r showed ineroased monocyte counts
as a general patbern of fluctuation during trcatment and in tho early
post-treatment poriod. In the later post~troatmont period the monoeyte
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count returncd to pre-irradiation valucs.

The erythroeytc count and homoglobin occasionally showed
a significant decrease during tho course of trcatment. This was followoed
by rccovery to pre-irradiation levels in the carly post-treatment
poeriod. Characteristically, in the late post-treatment poriod, around
250 days oftor conclusion of treatmont, thore occured a tomporary
deerease in erythroeyte count, accompanied by a risc in homoglobin.
The picturc at this time was one of macrocytic hyperchromic anomia,

Platelot counts, stornal marrow studics (nine pationts),
prothrombin time (nine pationts), sedimentation rate, homatrocrit and
icterusa indox showed no significant changes which could be attributed
to x~ray effact.

From July 1946 to Decombor 31, 1947, 31 patients wore

studicd., Nine of those patioents belonged to the group troated in

the poriod October 1942 to June 1946. Throo paticnts worce treated with
100 kv x~rays, and 19 paticnts wore treatod with radioactive phosphorus
given intravenously. Of the patients btrented with x-rays, one recccivod
daily doscs of 80 r (skin); the two others reoeived deily doses of

10 r (Skin%6 All rocoived total doscs of 300 r{skin). Tho total

doscs of PY* varied from 3.5 to 8 millicuries given in woekly fractions.
The highost single dose given was 2 millicuries.

Of the ninc pationts who had beoon treated in the period from
1942 to 1946, 4 showed markoedly highor homoglobin lovols (approximatoly
plus 30 porcont) during this latc post-ocxposurc period as comparcd
with pro-irradiation levels, TFivo of thosc paticnts showed markedly
decrcased platclot lovels as comporsd with pre-~irradiation valucs. No
other significant changes wore observed in any of tho nino pationts.
I% should be notod that all blood counts during the entiro period of
obsorvation of thosc ninc pabticnts were made by the some tochnician
and with no chonge in mothod or techniquo.

No significant hcmatological changes havo becn noted in
any of thc three pationts treated with x~-rays during tho obsorvation
poriod, oxcopt for a very transitory dccrcasc of lymphocytes shortly
aftor conclusion of treatmont., This occurcd in two of the pationts.

Fourteen of the 19 patients. trcated with PS8 have boon
followed for a long cnough time to pormit comments on the effocts of
the radiations or the hematological condition. The mogt consistent
cffocts shown by the fourtoecn patients arc a temporary depression of
the platolct count, o tomporary decrcase in prothrombin time, and
tomporary clevation of sedimentation rate. Fluctuations in crythrocyte
count and hemoglobin values, and ip total white blood count and
the clements comprising the differcntial count, remained within
physiological limits during trectment and post~troatment periods.
Cutancous hemorrhages, or tondeney to bloeding wore not observed in
any of the pationts. ‘

. Seven of tho fourtoén patients rocglved gold thorapy
prior %o treatmont with P52, and following P°® troatment. The



UCRL 41

37 v

tempordry deprossion of the platelet count occured in all of the
pratients, however, so that it cannot be attributed to gold therapy.

In August 1947 the hematological project was enlarged
further to include patients treated with radio-iodine. So far, 10
additional patients treated with radio-iodine are being studied. The
observation period for patients added to the study from that time on
is too brief to permit any evaluation at this time.

Trom July 1946 to December 1947, 553 hematological
examinations were made in the study. All examinations included
complete blood count with erythrocyte measurement and lobation index.
In addition, approximately 100 prothrombin, cholesterol, hematocrit,
and seodimentation determinations were made. Approximately 185 medical
examinations were done on the patients. , '

Besides these laboratory studies, newly acquired items
of equipment have been calibrated and standardized. Charts and graphs
were made on all patients included in the study.

Motabolism & Effocts of Radio-Iodine (I+9%)

Barl R. Miller

The purpose of the study of I131 in patients has been
primarily to determine harmful effects of 1131, acutely and over a
long period of time in humans. In order to know the amount of
oxposure of the patient to the radiation from the radio-iodine, it
is important to study moans of determining uptake of the 131 4n
the thyroid with_the thyroid intact in the patient, and to study
exerotion of I 31,

Urinary excretion of IlBl from patients has been
measured in most cases in which thyroid uptake studies were made
in order to determine what portion of the iodine could be accounted
for by thyroid uptake and urinary excretion by our methods, what errors
thero wore in the methods, and what fraction of the administered
113) was lost by other routes of excretion or was storad in other sites
in the body. ' ’

Choice of Subjects. A few young doctors on the house staff of the
University of California Hospital, fully cognizant of the dangers,
voluntecred to serve as normal controls. A seriecs of patients were
studied whose thyroid function was normal, but who were to have
operations on the gland for nodules. This permitted study of the
normally fupctioning gland as well as of the cbnormal nodules. A
number of patients were chosen for study whose primary disease was
hygfrthyroidism. The administration of relstively large doses of

I to those patients, was warranted as a treatment of their disease,
This was a particularly valuable group bocausc of the interest of the
patient in himself and his disease and because of the interest of
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the ¢linician in close laboratory and clinical follow-up. The
PRI last group of subjects wore those in which carcinoma of the thyroid
‘ was suspected or proved. It wss in this group that ths largest numbor
of tissue studies were mode. In this group also, the administration
. of very large doses of 113l wos warranted.

Proliminary Clinical Work-up and ¥ollow-up. In the normals, no
special, preparation wos mode. Thyroid uptake and urinary excretion was
. determinad.

In subjects with nodules in the thyroid or with hyper-
oetivity of the thyroid, histories were taken and physical exominations
were donc. Tho following leboretory determinations were made: blood
count, urine examinetions, blood cholesterol, basal metebolic rate,
and protein bound iodine in the serum. In the subjects with hyper-
thyroidism, monthly follow-up examinations were made. Thesc cxamina-
tions essentially duplicuated the preliminary work-up.

In those who wont to operction, an ettempt was made to
measuro the amount of I+%* in the removed specimen for comparison
with the measuremont of the thyroid uptske befors removal, Auto~
radiographs wore made of the removed tissue.

N In the subjeets with cancer, routine histories, physical

; cxaminations and laboratory studics were mode. Aftor the operation

. was performed, the normal and cancerous tissuo was studied for up-
[ take of 19l by Gelger counter and autoradiographs. Where possible,

: proliminory in-situ messuremonts of I13l uptoke in the thyroid and
urinary exeretion measurements were carried out.

Doses of Ilgl Administercd. In the normals and in pgtients who were
to boe operated upon for nodules, o dosce of 250 pe 1101 was given
usually.

In subjects with hyperthyroidism, from 250 pc to 4000 pe
was given in single doses. In some subjects, the doses were repeated
: 80 that totcls of over 12,000 pe have boen given over a period of a
foew months, :

{ In subjects with cancer, o tost dose of 2000 uc wos given
| usually. In one person doses of 2000 p , 7000 pe and 50,000 pc were
given. ’

} Technlque of Administration and Measurcments. The iodine was ad-

- - ministered orally in the morning. The dose was carefully measurcd in
c¢.c. by & remote controlled burette calibratod in .02 c.c.. per
division. The bobttle containing tho dose to be given was checked

- by Geiger counter for its I13l content. Icasuroments of thyroid

. uptoke were made at about noon and 4 PM of the same day, morning, noon

L and late ofternoon of thoe following day, and in the morning of the

I . \ third day. Where possible, another measurement one weok lator was

. made. In the 48 hours during which thoe initial thyroid meoasurements

wore made, all urine was collectod, in some cases, in individual
specimens, and in most of tho casces in four 12 hour samples. The ilodine
content was determined in thesc,
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If the paticnt was to be operated upon, a measurement of
IlSl content of the thyroid wag made just prior to surgery. The tissuo
romoved at operation was taken from thé operating room, measurod
on tho counter end weighed. Microscopic sections were obtaincd.
Auvtordiographs of theso werc obtainod.

To determine the uptake ofIlBl in the thyroid, it was
firgt noccssary to make @ sct of standards to be uscd as substitutoe
or “dummy¥ thyroids. These consist of 30 c.c. rubber capped serum
bottles, Rach was filled with an aqucous solution of I13l of known
concentration, ranging from 10 pe to 3000 uc. These bottles were
chosen bocause the solution in c¢ach was about the same weight as @
moderately cenlarged thyroid and it has approximately the same cross-
soetional arca and depth. These werc placced on a woodon phantom ré-
sembling the nock in size, 53 om bolow the faco of a Gelger countor
and the number of counts per minute from cach wag_rocorded. This
is then graphed as counts per minute against ue I L. A rodium
standard was uged as a constant sourco of gomma rays for chocking
the constancy of the counter. The bell-shaped Scott mica window
counter was mounted in a lead cylindor which has load walls one
inch thick and an inside diametor of & 1/4 inches, The counter window
was 7 ecm from the mouth of the cylinder which pointcd at the patient
or spceimon. The mouth of the lead cylinder was covercd with a lead
filter 1/8 inch thick. In this way, the countor "saw" a circle about
14 inches in dicmotor. Recontly we have changed to & cylindrical
Gelgor counter.

The long distoneo between the thyroid and counter was
chogen in order that the uncertainty duc to the unknown depth of tho
thyroid in the neck would be roduced to a minimum. The heavy filtro-
tion in front of the countor was choson go that the 80kv x-ray from
1131 weuld bo complotely absorbod. If this wore not absorbed, it
would introduco an crror agein becausce of the unknown dopth and sizo
of the thyroid. A shallowly located thin thyroid would absorb less
of this component than would a thick, dooply located gland. 1In
addition, since the amounts of iodinc to be moasurod arc largo,
tho number of counts por minutc were reduced sufficiently so that
coincidonce corrcetions were not troublesome.

In making the measurements of the Ilgl content in tho
urine, the cbove considerations of distance and filtration do not
apply since tho urinc specimen and the standord are put into identical
containers. In these casces, sinco the amount of iodine in tho semples
is small, a short distancoe and thin filter werc usod.

" Becausc of uncertainties in tho counters and clectronic
equipnoent, a standard whoso count is ncarly thet of the thyroid is
measured cach time a thyroid upteke determination was made,

When the upbeke in o thyroid was to be moasured, the
subjcect was placod supine on a toble and the Geiger counter, mounted
on an x-ray tube stand, was moved over the thyroid, Tho number of
¢ounts por minute was roccorxdod in this position. The counter was
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then moved over the thigh and the counting ratc in this position

was dotermined. The thigh above the knoo is approximately the size
and shape of thco neck and contains bono, musclc and blood as docs

the ncek.  The counting rate over this area should be the same as tho
counting rate over thoe neck if the thyroid werc not prescnt. The
nunber of counts per minutc duc to the thyroid is accopted as  the
diffcronce betwoon those from the neck and those from the thigh.

Results of Moasurcments. In genoral, tho thyroid takes up the circulut-
ing iodinc vory ropidly. The amount of iodine ipn the thyroid rcoches

a maximum in loss thon 24 hours, and in somo cases within a vory fow
hours. In general, tho thyroid retains most of the iodinc it scoloets
from the blood streom. Thore is some covidenco to suggest thot the rate
of uptcke of 1131 in the thyroid is a function of Pthyroid acvivity.
Bocause meking thoso moasuromonts is so timo consuming, wo at first
concontratod offort on tho late moasuroments. . It was felt that the
lovel of uptake could boest be dotermined in this woy. It becomes
apparcnt now, that morc offort is nseded in studying tho carly part

of tharuptako curva,

The thyroids of the normul gsubjoets took up from 5 Burcont to
35 poercont of tho administercd 1131, mhe porcent uptake of 1331 in
any patient woas apparcntly noarly indepondent of tho size of thoe dose
if the patient was in the samc condition when the small and large
doscg arc given, c.g. first tracor then larger dosc. In genoral, tho
percent uptako of iodine in thoe thyreid is a fairly diroct funtion of
the thyroid activity. Subjeels with thyroiditis and hypothyroidism
hove oxtromely low uptakes and subjects with hyporthyroidism have
high uptakes, Howovor, in spitc of this goneralization, no single
test such as cstimated thyroid size, B.M.R., protcin-bound iodinc
in the blood, blood cholesterol or any combination of those cllows
us to predict with certainty what tho uptekc in a givon poticnt
will be. Provious iodinc or drug (thiouracil or propythiouracil)
thorapy, and iodinc in food moy offoet tho amount of T18L hat the
thyrold will accept and hold. .Two subjects moy be indistinguishable
clinically and by laoboratory tostsg, yot thoir iodince uptokes will bo
greatly differeont. It appoars that this mey be so boeouse tho onc
pationt may be on his woy %o an oxacerbation of hyperthyroidism
(high uptake) and the othor may be on his way to a romission from
hyperthyroidism (low uptake). This has bocoms an important by-product
of tho study that is useful clinically. '

In certain cascs 1t is possible to account for all of
tho cdministored jodino by dding urinary cxcretion to thyroid uptake
but most of tho time thore is a dofinito and significant amount not
accountod for when this is dona. Some of this discrepancy may be
becausc of faulty moasurcrnonts but furthor study is necded to chock
those findings and furthor roscarch is noocded on animals and humans
to study othor routes of oxerction and othor storage depots in the
body.

Rosults on Pationts. In tho pationts with presumably normal thyroids,
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with and without nodulecs, and thosc with hypoactive thyroids, to whom
small doses (250 pe) were given, no effeets were rocognized. In
p%E%?nts with cnacer of the thyroid to whom amounts up to 200 nec

~ werce given, there wore no noticeable offects, but many moroe
obscrvations arc ncecdcd and furthor follow-up is cssontial. The
last rcport on onc patient with widesproad functioning thyroid
pulmonery motastases, to whom 50,000 pe I was given, roveals no
adverso clinical effect four months after the dosc was given. In
subjocts with hyporthyroidism, tho thyroid beeame tender aftor a
doso of 2000 pe whon the uptoke was over 50 porcent. In 33 of 42
such gubjocts the disease was controlled and tho patients roturncd
to normcl. In tho other 9 the discase was not controlled or the time
required for arrcst of tho discase was too long (over 6 months).
Onc doveloped myxodema. In succossful cascs, the averago cstimatod
thyroid weight boforc troatment was 31.2 grams and after trcatment
it was 13.3 grams. The B.M.R. dropped from an avorage of +28 percont
to onc of ~9.9 porcent. Thoe average amount of protein-~bound iodine in
the blood dropped from 10.7 to 5.7 mg. percont. (Normel 4 to 7 mg
percent). The average dosc was 2726 pcIlBl. At Pirst the dosecs werc
small (250 pe) and ropegted meny times. Lately, the usuel inifial
dosc has beon 2000 ne 1431, In most pationts, a sccond dose of 2000 e
was given onc month after tho first dose. In a fow casos, up to 4
such doses havo been cdministered. In a veory fow of thoe latost cases,
3000 pe or 4000 pe werce tried as initicl doses.

Turther Studics. Blood: Only routine blood studics aro aveilablc and
thoso hove not beeon adequately followed. Thore is nced for a detailed
adequate study. This should be possgible now with a homatology
technjcian and space available for this work. Blood proteins: It

hosg been obsorved by Dr. Trunncll ot Momorial Fospital, New York,

that aftoer very largo doscs of radioactive iodine to a patient with
funetioning metastases from o carcinoma of the thyroid, thuat one of
the offeets wos & severe drop in the seorum albumen, This should be
gtudiocd in paticnts recciving smaller doses,

Physical Fectors of Measurcment. Thoe time required to meke routine
measurcments on pationts is vory grcat. An attempt to use counting rate
metors has boon made in our cffort to shorten the time required for
individual obscrvations. This has not proved acccuratc cnough for the
purpose, up to this tipe. There is nced to meko a more adoguate study
of the offcet of distance, filtration, sizc of standard bobtles and
si:ckof ficld of moasurcmont, on the accuracy of mcasurcmonts of thyroid
uptako. >

Animol Studios. Dotailed studics of organ distribution of 7131 ip
animals should bé mado. Animal quartors and spacc to carry oub this
work have become available to start this work.

Protein Fractionation of 1151. A study of the rote of risc and total

blood conmtont of I181 aftor oral administretion of I131 should bo made,
In addition, the program should be expanded by sotting up a biochemical
laboratory to pormit the study of the protoin fractionation of 1431 in
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tho blood and 4if possible, in other body fluids. This should give a
fullor understending of  the mochanism of iodince utilization and of
thyroid motabolism and physiology and porhops give the bost test of
significant uptoke and action of I 31

Effoct of Inert Iodinc and Antithyroid Drugs on Ilzl.Upﬁako. This

importent problem has beoen studied only slightly, because of the
difficulty of sotting up such oxporimonts in patients. It necds to
be pursued in human subjects whenovoer an opportunity prescnts it-
self. Animal oxperiments to cnswor this guostion must also be
started. . y

Throughout this work wo have accopted tho Oak: Ridgo'
calibration of the millicuric. '
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NAME
AGE
SEX

THYROID WEIGHT
Grams
Before After

BMR
Before After

A

T.G.
B.M.
B.F.

B.M,

AVERAGE

NORMAL

: THYROID | MONTHS

PBI % CHOL- || DOSE! UPTAKE | until

 Before _ After | ESTERQ uc & [ Normal _ Remarks
172 6.7 Normal
250 | 17.8 Normal
250 | 30 ! Normal
250 | 34 Normal
7.94 250 | 18.8 HTCVD - normal
24,46

™ TN



NORMAL FUNCTION

WITH THYROID DISEASE

~st7tpy

NAME | THYROID VEIGHT THYROID MONTHS '
AGE " Grams BMR PBI % CHOL- | DOSE | UPTAKE | until
SE SEX Before -After Before After Before After @§TEROL uc % w_.E\T_owl'rnal. REMARKS
1. L.M. | 305 8.5 | NING No clin.ev. of toxicity
2. 8.L. -8 6.1 152 250! 13.6 D.D. Adenoma vs thyroiditis
3. . M.M. 19 5.7 187 3007 20 NTNG
L. C.B. #18 4.6 189 250 21 NTNG
5. L.i. /2 282 |l 250] & NG
6. U.B. -8 | 128 2501 25 NTNG (D.D. Heshimoto's Struma
7. C.I. 340 25 NING
8. P.i. £25 4.0 252 1000 26.5 | NTNG
9. A.L. ~4 6.4 250, 27 NTNG
10. P.M. 250 28.6 NING No clin. ev. of toxicity
11. A.G. -13 6.4 158 250 32 NTING
12. R.H. £12 6.1 173 2501 32.2 | NTNG
13. M.P. #h 5.8 210 35.6 NING
AVERAGE #h.7 12.05 150 | 24.3

7 TN
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e CARCINOMA
NAME | THYROID WEIGHT -THYROID MONTHS '
ACE Grams BMR PBI % CHOL- DOSE  UPTAKE until
QY Refore Aftern iBefore After | Before After [ESTEROL} wuc. ! % Ql\}ormali{ REMARKS
1. G.M. 12 5.1 163 25 3.2 | Known normal function
g
2. . T.S. 125 5 |
3. S.H. 2000 8 | Hypothyroid
2000{ 6.6 :
i
L.  Mc.N. 20001 8
5. M.L. 163! 10.8 No clin. ev. of toxicity
6. J.F. 260] 11.5 Clin. ev. of normal function
2000|" 23.7 |
7. C.K. 269 500 13.7 !
8. C.B. 186 500 14
. |
9. E.M. 500} - 18.3
. . |
10. B.J. /8 6.0 225 5001 20 :
2000 |
11. E.R. 5.6 148 70001 21 ;
50,000 ,
: 2000 21 |
12. L.J. 670| 11.4 ;
25,000] 16.0 |
1
i
|

™ TN
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CARCINOKA
NAME | THYROTD WEIGHT THYRCID pPONTHS.
4CGE Grams BMR PBI % CHOL~ DOSE | UPTAKE " Until |
SEX |Before After | Before After|Before After ESTEROL} uc % Normalt REMARKS
13. S.IL. | {1 2000 21.5
14, L. | 383 =22
15. W%.d. 2000 27
16. M.N. | |} 1000| 31 ! Normal clinically
- 17. A.B.1 3.9 15411 250 36
' L.5 176 ‘
X
18. Z.G. 6.9 17811 2000 37.6 *5;\
i9. C.P. 7.5 201i: 2000 ! 38
20. H.J. {7 1000 18 ‘No ¢lin. ev. of hypo or
' ‘ hyperthyroidism
AVERAGE | ; 5.65 189 - 18.51 1
.
! ,

7 80N



GRAVES DISEAS

Treated With IO+
SATISFACTORY RESULTS
NAME | THYROID WEIGHT | , N THYROTD | MONTHS
AGE ~ Grams BMR PBI % CHOL- {iDOSE | UPTARS { until
SEX | Before After| Before After! Before After |ESTERCL if uc % | normal REMARKS
i. H.B. i
LT-F | LO-45 15 | A48 ~10 { 14.75 4.8 4000 | 60% s mos
2' I‘B. .|
39-F | 35-40 30 | #£36 =22 112.0 5.1 3000 | 53 2% mos
3. A.B. . 1
58<F | 30 8-10 | /42 131 9.4 5.3 {1250 2% mos
L. J.C. _ ;
25-F | 25 10 | £25 -16 1 9.9 4.1 411200 | 4% mos
5. W.D. 1 v %
65-F | 25 10 | £53 - 8110.2 7.5 jf 3000 32.6 | 3 mos
B-F | 25 5 | 420 -181 9.0 6.8 1400 2 3/4
7. H.F. , 1
37-F | 30 10 | £20 - 71 6.0 6.3 4000 | 61 13
8. E.F. R X
17-F | 15 5 | A6 -3 9.2 5.4 800 2%
9. E.F. 3
L6-F | 4O 10 £28 -12 5.5 43500 | 46.5 L
10. H.F.
52-F | 30-35 10 | #30 - 41 1.3 6.2 { 2000 7%
11. I.G.
59-F* 25-30 10 A40 -26° 10.0 5.5 2000 1 50 3

7 1400
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GRAVES DISEASE
Treated With I131

SATISFACTORY RESULTS

NAME | THYROID JBIGHT , THYROID |MONTHS
AGE Grams BMR ~ PBI % |CHOL-  DOSE| UPTAKE! until _
SEX_ | Before _ After |Before After| Before After!ESTEROL |l uc % Normal REMARKS

12. F.H. 1
29-F] 35 - 10 A21 -1l 6.9 | 4000} 30.5 | 2%

13. L.H. | '
57-F| 35 10 #38 -9 9.9 6.3 4000] 39 A

lll". M-Kt ‘ ] A -
LM 25 10 £22 11.0 5.2 2000{ 30 2

15, G.i. |
9-F | 20-25 104 | f22 17.4 5.2 2000{ 73 3

16. C.M. , : . S,
38-F 30 10 A26 -1 | 12.0 5.4 2000{ 68 2 3/L

17. MV.M
16-F 30-35 15 £16 -1k | 12.8 . 7.6 2000] 65 3

18. R.H. | _

26-H 25 10 A2 -6 {10.1 5.2 ! 2700 L

19. I.M. :

. L6F] 304 10 3 -8 5.4 3 2600] 30 6

20. E.M ' _
177 35 35 26 -5 {114 5.6 45001 51.5 | 5

21. E.J.N. :
9-F| 25 124 £2 25 8.4 5.0 3000] 20 5

22. N.PJ :
2A-F 30 1041 A£32 4 6| 8.0 L.6 4500 30 4

. , |
!

_8,-'7“

Th THIN
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GRAVES DISEASE
Treated With 1131 .
SATGSFACTORY RESULTS
NAME | THYROID WEIGHT| I | THYROID MONTHS
ACE Grams BuR PBI % CHOL~ | DOSE|{ UPTAKE: wunbil -
Say Refore After|Before After!Before  After!iSTEROL ; ne % Normal REMARKS
23. G.P. |
L8-M| 35 20 A3l -1l 8.2 6.8 I 1450 L
2hL. M.S. ) |
© 34-F ! 30-35 - 1541 A40 ~ 5{11.7 4.9 1 30000 19.7 | 2
25. R.W. |
16-F | 35-40 25-30 #27 ~13{11.9 . 5.2 ; 4000| 46 L
i
26, R.A.
32-F 1 4O 10 9.3 6.6 . 4000 . 12 L
55 :
27. 'G.B. LE
56-F { 30-35 10 | A43 - 371 9.3 6.4 2000] 84 L S
B ’ 804
280 EDH.
L3-F| 25 12448 f27 - 2i13.8 7.0 1 2000{ 50 1
29. S.V. : .
16-F #19 # 3113.7 7.4 1000 44 L
0. H.S. _
 55-F i 10 6£1 £27 - 51 9.7 7. 2000 69 1
3. A.S.|
- L1-F 1 35 15 | Abl £ 711k 8.4 42720 60 3 -
[4p]
. &
- 32. H.P. On . i ' s
33. E.D. L
24-F | 25-30 -10 #20 A0 9.9 6.4 3000 66 ; 33
,‘ ! :
AVERAGE 30.0 12.1° /f28.3 -7.29.8 6.3 43104 fo3.57¢



GRAVES DISEASE
Treated with IlBlA
POOR RESULTS

NALE § THYROID WEIGHT _ THYROID| MONTHS

AGE Grams BMR PBI % CHOL- |DOSE ; UPTAKHE| until

SEX gB’.efore After|Before _ Afteri Before After] ESTEROL] uc % lormal _REIARKS L
1. I1.B.| | »

L7-FI 35 10-12]  £30 £3 14.0 5.0 4600] 50 16
2. V.C.|

33-F; 30 15 #50 13.5 7.3 3850 14
3. E.C. ,

L5-F 45 25 #£53 £22 18.% 36000 60 Not well at 8 mos,-cannot be

i i traced.

he Voo ’

41-Fl 60 35/ /63 -7 16.0 8.4 5400, 50 12
5‘. H-AL.

25-F  25-30 8l /£34 -12 8.0 L6 L700 61 16
6. M. -

19-F 50 30 £34 /£33 10.3 8.8 9150 60 Not normal at 1 year.
7. H.R.

35-F 50 25-30]  £56 A9 145 7.2 4000 62,5 2%
8. C.S. |

33-F 40 204 £23 -13 8.3 6.9 900G 53 - Not normal at 1 year.
9¢ RQND-

© 34-M 30 L5 #£39 £23 12.2 10 850G 84 . Not normal at 6 mos.
i i —
] i

AVERAGE 411 24.3  A42.4 A1.25 12.83 7.28 5867 €0 12

=04~

T T40n
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THYROIDITIS
NAKE | THYROID vBIGHT | THYROID} MONTHS
AGE Crams BiiR PRI % CHOL~ i DOSE}) UPTAKE |until
SeY  {mafome After!iBefore After Before After ESTEROL ue 7 Normall RELARKS
1. D.I. 7527 5.8 170 1000t 3.5 it
: A£21 :
2. A.B 500 4.5 No symptoms of hyper or
hypo. function of thyroid.
3. X.G 1000 5 :
L. V.V, go| 6.2
:
AVERAGHE £.8
TOYXIC NODULAR GOITER
NAME | THYROID WEIGHT : THYROID {MONTHS
AGE Grams  BUMR PBI ¢  |CHOL- | DOSEIUPTAKE | until '
SEX Before  Afiter iBefore Aften Before After |[ESTEROL uc % ‘Normal RELARKS
L.E. /13 10.7 220 55.4 |
-31 12.7 148

™ 10N
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HYPOTHYROIDISM ’
NAWE | THYROID ¥WEIGHT _ ) THYROID i LONTHS.
AGE (Grams BMR { PRI % CHOL~ || DOSE | UPTAKE | until
SEX !Pefore  After |Before Afted Before After | ESTEROLI uc % Normal REMARKS
1. A.C. l 2501 8.1
2. D.C. f 2501 0
3
SPECIAIL CASES
NAlw THYROID BIGHT THYROID 1ONTHS
AGHE Grams ' BMR PBI % CHOL- DOSE | UPTAKE i until
Six _1Before After IBefore After | Before After iESTEROLI wuc yA Norma RELARKS
1. ©N.H. 575 33 Purulent thyroiditis -
Stitch abscell. Normal
thyroid function clin.
2. 4.d. -13 - 7.9 118 250 L6 Adolescent goiter.
3. G. 7.0 161 230 5.6 Progressive exophthalmos.
Post-op.thyroidectomy;
! on thyroid 0/26 daily.
L. H.P. #16 Lol 200 257 7 Non-toxic goiter
5.1 229 230 71
5. R.D. ~16.7 5.4 250 1 13.7 Childhood hypothyroidism —
! on thyroid, now normal funct.
6. S.L. %79 13.5 129 250 12 ! Graves Disease, on lodine Rx
9-24~46 thyroidectomy ! Low uptake
~-10 4.2 233

VG

T 1§on
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IVv. HEALTH CHEMISTRY
N. B. Garden

Over the past three months the development in equipment and
technique indicates that a policy of absolute control over radiocactivity

can justifiably be set as an ultimate goal. By this it is meant that

radioactive material can be stpred and processed under such conditions
that virtually all escaping or\waste particles are trapped and held in
absolute control, and any contéminated equipment can be cleaned or dis-
posed of also under absolute control.

Objections have been raised to this policy on the basis that it
is unnecessarily severe in some cases and unobtainable in others, How-
ever, when the objectors become familiar with the progress being made and
with the broad indirect advantages achieved, they usually join in the
support of the policy. For the program to be successful it is first
necessary to secure cooperation of the workers involved with radioactivity.
Other wise the use of the safest and most efficient equipment would prove
a failure, Great progress has been made along these lines of obtaining
cooperation during October, November, and December,

' The outstanding points which have contributed so greatly toward
gaining the confidence of those working with radioactivity are:

1. No contamination.

2. BSuccessful remote process control and manipulating devices.

3. TWorkable techniques for receiving, storing, transporting,
and disposing of active material, whether samples or waste.

"No contamination' refers to the fact that where samples could
give off particles that might spread contamination, these are kept in
totally enclosed containers until introduced into a controlled work site,
This procedure eliminates floor, clothing, and air contamination with a
corresponding elimination of personal hazard. The resulting values of
mentel relief to the worker, the saving in area monitoring and air
monitoring, as well as clothes laundering and area decontamination more
than offset the expense of the special planning and equipment development
required.

The objectors felt that many workers are concerned with so little
activity that no hazard exists and no precautions are necessary. In such
cases their investigation usuaslly deals with but a few counts, and although
no health hazard exists, a technical, spurious contamination of a few counts
may introduce errors of large magnitude into their work. Thus it becomes
vital to eliminate this small technical contamination., This becomes more
and more true as eouipment and technigue are developed to do the work
without loss of time and with greater efficiency under the no contamina-
tion policy.

Under item (2) above, during the period of this report progress
has been made in development and standarization of equipment. Particular
sucess was achieved with gloved boxes and these have been largely
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standarized together with their fittings and the hoods in which they are
used. A glance at the room contamination charts, the hand count charts,
the air analysis charts, and the film badge readings lists will give
concrete evidence of the : lack of the presence of contamination, which is
directly attributable to the use of the gloved boxes. The gloved boxes
are quite universally used, especially where any appreclable amounts of a
alpha activity is involved. Of most recent development, however, is a
beta-gamma box, with laminated lead glass window, equivalent in absorptlve
capacity of 2% inches of lead.

With the acquisition of a truck for the Health Chemistry
Section, the transportation of radiocactive materials, such as targets,
shipments, etc., and with the development of safe and easily handled
target carriers, contamination has been further reduced, The disposal
problem is adequately taken care of by the cement-filled drum technique
or cement block package., Transportation of waste on the project is carried
out exclusively in the Health Chemistry truck, thereby eliminating the
possibility of indiscriminate leaks or spills in other project automobiles,

LMB/2~2-48
Information Division
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