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I. THE METABOLIC PROPERTIES OF PLUTONIUM

..

)

. AND ALLIED 111A'l'ZRIALS

J. G. Hamilton

Radioautographic studies with tho 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 tovlard developing a satisfactory technique for mOUl1ting the
sections directly upon the emulsion. There is st ill difficulty
in both the staining of the section and the concurrent staining of
the emulsion. 'rhe 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. ]:Ioderately satisfactory radioautographs of americium
fromundecalcified bone sections have been obtained which corroborate
the observations made eal.'lier by the more conventional techniques.
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
radioautographic studies of the deposition of Ac22'7 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 Ac 22? The necessity for this wait becomes
apparent when it is recalled that radio-actinium (Th22'7) has a half­
life of 18.9 days and AcX (Ra223) has a half-life of 11.2 days.
Inasmuch as only 30 days had elapsed from the time .of the administra­
~ion 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 :Ln. 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 earths.
americium, and curium, it will be necessary to wait until all of the
activity from the radio-thorium and AcX present at the tim1 of
administration has decayed. A less significant but possible source
of error is that the radio-thoriura and AcX formed from the decay of
actinium between the interval of administration and sacrifice of
the anirllals may be subjeqt to translocation. The possibility of
this effect may be avoided by simply adding to the waiting period,
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 fo~vard to the
results of these experiments, for it mi@lt be recalled that
columbium, while deposited in the skeleton to a considerable degree,
is not retained as tenaciously by that organ as yttrium, zirconium,
the lanthanide elements, and the actinide elements studied.

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

Radio-Silver. Tracer studies with carrier-free radioactive silver
havebeeU-ciirried out on animals that had be~n 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-sHver in
those animals subjected to bile duct ligation is very di~ferent

from those of the normal control animals. It wou~d appear from the
high contEint of the various tissues of the body, notably the liver,
that this element is excreted in the carrier-free state by way of
the bile.

It has been observed with carrier-free xadio-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 allmifed to
stand 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 cell 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 satu~ated 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 percent 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 di~lyze 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 he,d
removed 86 percent of the total mount of radio-silver that was
administered. In an additional experiment a preparation of purified
rat globulin, to which radio-silver had been added, was aCll1inistered
by intravenous i~jeotion and the dist~ibution of the activity in
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TABLE I

UCRL 41

A COMPARISON OF 'I'!-IE lI[ETABOLISM, OF CAHRIER FREE RADIO
SILVJJ.:R (AgJ.10) FOI,LOWING INTlWilUSCULAR ADMINISr;J:1RATION IN

NOHHA1 RATS AND RATS 1',J!TER I,IGATION OF THE BILE DUCT

Bile Duct Ligatod Animals Normal Controls
2 Days '7 Days 1 Day 4 Days

(3 i'a'ts) (3 rats) (3 rats) (3 rats)
Tissuo %pOI' %POI' %pOI' %pOI' %POI' %par' %POI' %per

~oraag ~r~~ ~'?.rgt:J~ J3..~ .9.~gan _grlJ.!!l_ ..2!~ .~

Heart & Lungs 1.05 .35 .56 .17 .19 .14 .046 .015

Spleon ...- :1..29 .75 .11 .12 .004 .004
\

I
/ Blood 10.8 .70 5.96 .43 . 4.06 .297 .849 .066

Liver 57.6 5.37 48.3 4.2J. 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 2.37 .09

Bone 3.33 .1'7 4.07 .15 4.22 .162 .660 .007

Muscl0 2.40 .021 1.53 .014 2.21 .022 2.32 .002

Skin 4.08 .11 2.27 . .067 1.93 .058 .609 .022

Urino 3.03 .,.. ... 7.96 .00 .000

Foces 6,85 18.8 60.9 91.74
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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. Of 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 markeCU:y delay the excret ion
of radio-silver, presumably as the result of liver damage. 'rhis
effect 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 Uver to
excrete radio-silver returns to normal.

Radio-Indium. Studies have been carried out on the distribution
of ca~ier-lf:ree radio-indiwn. 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 radioMindium that considerable deposition
takes place in the liver, slwleton, and skin. 'l'he 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 grara 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 comparable amounts of indium present
at the 4 day interval. At the 16 day interval, the highest
concentration of tho indium is still present in the liver, kidney,
arid spleen but there has been a significant decrease at this later
time period. An appreciable decrease is noted in the skeleton and
all of the other soft tissues. Elimination is primarily by way
of the feces. This, together with the rather high concentration
in the liver, suggests the possibility that the bile n~y 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 li.mit for the absorption and this value is 0.1 percent of
the administered dose.

The most notei\1orthy 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 e:~planation

is difficUlt. The concentration in other endocrine organs,
notably adrenals, thyroid, testes, appears to remain rather high.
Due to the small size of -ehe adrenals and thyroid, these observa­
tions should be taken as a qualitative rather than quantitative
indication. They are of sufficient int erest 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 selective localization, some

I
I
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TABLE II

THE DISTRIBUTION OF CARRIER FREE RADIO-INDIUM IN THE RAT
FOLLonn'JG nn'RAMUSCULAR ADMINISTRATION

4 DAYS 16 DAYS

Tissue %per organ %per gram %per organ %per gram
' __.-.~- . - ....._-~,-~ ..---.._.- ._,..-_.•.. _-------,,_. .._._-.....,........-~ •..- .._--_._-
Heart .19 .19 .10 .12
Lungs .56 .37 .54 .34
Spleen 1.49 1.84 1.33 1.55
Blood 2.96 .19 .80 .05
Liver 13.96 1.56 6.69 .95
Kidney 3.57 1.51 2.46 1.47
Adrena1s .02 .08
Thyroid 0 0 .04

)
Lymph Gland .04 .04
Pancreas .25 .25 .20 .27
Brain .04 .02 .07 .04
Fat .54 .30 .15 .16
G. I. Tract 5.95 LOg 3.0'7 .19
Skeleton 16.85 .46 11.46 .24
Muscle 14.'71 .12 11.83 .11
Skin 17.86 .42 16.38 .45
Eyes .02 .04
Pituitary 0 0
Gonads 1.12 .32 .82 .30
Urine .63 4.19
Feces 19.25

. 99:99' 160.00
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interesting considerations are immedj.ately apparent. The fraction
of radio-indiurn absorbed following administration by strunach 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 C13 shows negligible
absorption from the digestive tract.

R~q}2-Ti~. The 1 day intra~muscular studies with radio-tin have
been completed. This carrier-free radio-element is absorbed with
considerable difficulty from the site of inject}.on, there being
nearly 85 percent of the administered dose still ramaining 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 pGrcer.t in the skin. The
remaining tissues shoW no very striking degree of uptake.

Curiurn. The 256 day curium studies have been completed and the
data swnmarized in Table III. It will be seen that the per gram
content in the soft tissues is qUite low and that the concentration
in the skeleton still romains high. In fact, the apparent concentra­
tiOn in the skeleton has not been altered to a measurable degree
throughout the entire interval of these studios, for the bone
uptake at one day after intrarnuscular injection has been found to
lie in the range of from 18 percent to 24 percent and in this 256
day experiment there is .22 perCGnt of the rnatGrial still in the
skeleton. It appears probable from these data thac the excretion of
curium accumulated in the skeleton precedos at the same extrem.ely
low level previously observed for plutonium and americium.

Radio-Cadinium. The one day intramuscular studies with carrier-free
ra-dio-cadium as shown in Table IV that this element is stored in
tholivor to a remarkable degree, apprQximatley 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 excepti.on of rather high level in the
adrenals, the pancreas, and the ovaries. Inasmuch as the ovaries
and adrenals are small structures in the rat, the total activity
present was low. For this reason the values given for those two
orga~s should be considered of qualitative rather than quantitatiye
accuracy. Tho four day studies showed that the high content 1n tne
liver, kidney, and pancreas still persisted, nearly 75 percent being
present in the liver at tl1is time. Stomach tube experiments at
8 days showed that .25 percent had been absorbed from the digestive
tract. This is not an upper limit but is a measured value of
quantitative significance. The liver content at 15 day was 74
percent while at 64 days was well over 50 percent. The high
conc(;mtration in the liver does not seom to be the result of simple
entrapment by the reticula-endothelial system in view of tho fact
that the per g:ram content ).n the spleen is roughly l/25th of the
concentration in the livor. In addition, only a small fraction of
the cadmium remains unabsorbed- at the sito of' injection, VJhich sug­
gests that this substance is fairly well mobilized and distributed
throughout tho body by thG circulatj.on in some soluble form for its
eventual deposition and retention by the liver. Of the other soft
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TABLE III

A SOMMf.\RY OF T!:-IE DISTRIBOT.rION OF CURIUM (Cm242)
IN 'lEE RAT 256 DAYS AFfER INTRAMUSCULAR ADMINISTRATION

AS CmC13

ucm. 41

'rissue ! per org~ %"y~r~~--,.....
Heart and lungs .094 .020

Spleon .11 .17

Blood .035 .001

Livor 1.09 .12

Kidney .47 .22

G. I. True'li .083 .002

Bone 22.0 1.36

) Musclo .4YI .003

Skin .090 .003

Urine 6,05

Foces 69.5
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T.Al3LE IV

THE DISrrRIBUTION OF CARRIER FREE RADIO-CADMIUM IN
'IRE RAT FOLLOWING IN'I'RAMUSCULJIR ADMINISTRATION

1 DAY

Tissue %per orga~ %pe;r: ~~-
Heart .244 .338
Lungs .226 .013
Spleen .244 .451
Blood .271 .021
Liver 77.80 10.19
Kidney 3.93 2.50
Adrenals .049 .958
Thyroid .011 .376
Lymph Glands .053 .489

) Pancreas .771 .977
Brain .019 .011
Fat .021 .041
Teeth .019 .147
Stomach .432 .301
Small Intestine 4.23 .639
L8,rgo Intestine 2.50 .564
Bone 2.42 .015
Muscle 1.00 .011
Skin 2.50 .092
Ovaries .073 .714
Pituitary .008
Eyes .011 .038
Urine .207
Feces 2.95

""""99':"99

/

,
I
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tissues, the pancroas contains qui,te a concentration per gram wet
weight of the carrier-froe radio-cadmium, it being exceeded only
by the liver and kidneys. It is 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 8xdeption of heart, muscle, brain, fat, and skin.
Excretion of carrier-free radio-cadmium 1s quite slow and nost of
theeHmination still continues by way of the digestive tract. Very
possibly, elimination is by way of the bile although as yet this
point can only be speCUlative. Experimonts are now in progress to
see tho effect of small amounts of carrier to determine if the
presence of inert carunium may alter the over-all metabolic picture
of the distribution of this substance.

Radio-k1timony. Table V su~narizes the results of the one and
four day intramuscular studios with ce.rrior-froe radio-antimony.
It is seen that this elemont is retained in the body to a rather
minimal degree. Approximately 95 percent of the dose absorbed one
day folloliving ihtramuscular injection was eliminated, most of th0
antimony being excreted by way of tho kidneys. The highest
concentration pet 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 accuratly measurable quantities was the
blood and skeleton. The average content in thQ blood was 1.5
percent as oontrasted to 2 percent in the 4 day interval. In other
wordS, rolea6eof this radio-element from tho blood appears to be
very slow~ This phenonema is strongly reminiscent of the behavior
of arsenic in, the rat with the exception of the fact that thcnre is
roughly 20 times as much carrier-free radio-arsenic deposited in tho
blood as oompared to carrier-free radio-antimony. Atter 32 days it
was found that approximately 98 percent of the radio-antimony had
been eliminated, chiofly by way of tho kidneys. Most of the antimony
r~naining unexcreted was present in the blood, there being approximately
1.3 percent of tho administered dose present in the blood after this
time int orval.

It is planned to pr0pare and administer much hi@ler levels
of radio-antimony in a carrier-free state in order to secure enough
activity in tha other tisSUGS to permit accurate determinations of
their content of this fission product. The interpretation of tho 8
day stomach tube experiments with radio-antimony is rendered difficult
duo to the fact that evon if a largo share of tho 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 percerrt may be set. The explanation
for this is that the parenternl administration of CarriGl'··free radio­
antimony is followed by excretion primarily in the urine~ the ratio of
excretion betwoen tho kidnoys and tho digestive tract being approximately
5 to 1. Inaffinuoh as 97 percent of tho material aruninistered by
stomach tube appeared in the feces and only 3 percent in tho urine,
the 8,bsorption from the digestive tract would appear to be less than
3 percent. A more quantitative evalua,tion of this point can only be
accomplished by the administration of tram 10 to 100 times the dose of
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TABLE V

THE DISTRIBUTION OB' CARRIER FREE RADIO'-ANrDJiO]'.JY IN THE RAT
FOLLOWING INTRP.ili1USCULAR ADMINISTRATION

Tissuo %per organ 1L~e'!""'eE~ %PEE. organ 1L:Qer g~
--~...._..'- - ..........,-

Heart .016 .022 .007 .007
Lungs .304 .103 .239 .158
Spleen .027 .044 .026 .036
Blood 1.91 .133 2.04 .128
Liver .221 •OWl .120 .012
Kidney .123 .074 .065 .032
Adrenals 0 0 0 0
Thyroid .003 0
Lymph Gland 0 0 0 0
Pancreas .004 .003 .006 .005

" Brain 0 0 .005 .004i
/

Fut .001 .001 .001 .001
Stomach .016 .008 0 0
SmIntestine .071 .009 .030 .004
Lg Intostine .142 .030 .019 .002
Bone t 784 .053 .913 .034
Muscle .140 .001 .108 .001
Skin .133 .004 .087 .002
Pituitary 0 .002
Eyes 0 0 .005 .015
Gonads .005 .004 .004 .001
Urine 80.68 77.45
Facos 15.42 18.86

100.00 1'60:-60-

)
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radio-antimony employed, which is still below the level we feel will
produce either local radj.ation damage to the) digestive tract or
generalized radiation injury to tho rest of the body. The major
obstacle to be noted following both parenteral and stomach tube
amainistration with larger doses of radio-antimony arisGs from the
quite formidable rGdio-chomical procedures necessary to isolate this
mo.toriol in the carrier-freo state with an adequate degree of radio...
chemical purity from tho deuteron bombarded tin target.

Technetium. The volatile nature of a large proportion of the compounds
oftechnofium ho.s presented some most serious obstacles in the assay
work with this SUbstance. Many techniques have been explored includ­
ing several types of distillat ion. procedures as well as wet ashing of
the tissues fol;Lowed by co-precipHation of tho technetium with gbld
and platinum sulfides. It would appear that the distillat j.on technique
offors the greatest promise of any of the ana~ytical methods employed.
thus far, although it has the profound disadvantage of being a very
laborious and time consuming method. The co-precipitation technique
runs into diffiCUlty, sinco it is necossary to subject the tissuos to
preliminary wet ashing. It is at this poirrG that tho excessive loss
of tho tochnotium takes place.

In order to circUlnvont theso limitations, short term
experimonts have been done using the 110 hour technotium isotop8
that emits 5Q killivolts gamma rays. The distribution of technetium.
in tho tissuos and excreta vms measured by counting directly tho gamma
ray activity of tho wet spocimens, precautions being tru~en to exclude
any beta rays or conversion electrons by means of aluminum filters.
'1'ho incomplete results indicato that this radio-element is excreted
follOWing intramuscular admi.nistration in the rat with a..'1. extraordinary
degree of rapidity, thero being approximatJlY 95 percent eliminated
within 24 hours, with tho kidneys acting as tho principal channel of
excretion.

Radio-Actinium. The 1 day radio-actinium tracer studies have been
c~piotod ins~far as ashing the samples is concerned. Tho activity was
measured together with that ef the beta radiation from the short-lived
descendants of AcX. It should be pointed out that these data can
only be viowed at present us being of qualitative significance inas­
much as thG oquilibrium levols have not been established for the various
doscendants of tho actinj.Uln. Those moasurements were made approximately
one morrth after the time that the actinium solution was administered
which contained equilibrium amounts of radio-actinium and actinium
X. 'rho proportion of radioactiVity administered that was accumulated
by tho li.ver was found at the time of the measurements to be appro;x:;i. ...
mutely 38 pG:1:'oont, and tho corresponding valli.o for 1:,ono was 34.5
percent" A.):though at the momont a precise ca-:'Gulati()'~l of vihnt fraction
of theso 7aJuGS represents c.ctinimn itself cannot OG read.ily mad.o, it
is proo..U~t;0d t.hat the true level of actinium in the liver will probably
rise to approximatoly ()O percent [lnd that of' the skoleton will fall
to 20 percent. The VE\lidHy of this prydict:l.on is based on the fact
that the significant tractions of radio~thoriu~ und AcX still presont
in the tissue sampleS frem tlj.o injected ma.terial are not accumulo.tod in
the liver to any significant degree and show 0. high nccumulation in the
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bone since those two radio-elements aro isotopes of thorium and. ,
radium respectively. To surrumarize tho situation, it appears both on
the basis of the tracer studies and the radioautographic experiments
thot the D,ctini1.lm is deposited following intrallluscular injection in
a manner verymuch'like americium, curium, and tho lanthanide rare
earths.

Cerium. The assays have boen completed on a 256 day cerium experi­
mBnt"{n which a group of 3 rats received this long-lived fission
product in a carrier-free state by intramuscular injecti.on. Unfortu­
nately, the recovery value, i.e. tho f~action of measured activity
from all tissues and excreta, has been found to be 65 percent of
the administered doso. Tho origin of tho errors involved are not
apparont. In view of this lovel of recovery, which we consider
inade~uate for tho ~uantitativo intarpretation of the data, we will
repoat this particular experimont. However, it is of interest to note
that the concentration of cerium in the skeleton, liver, and most of
tho othor organs and tiSsues at this time interval, on both the pEir
organ and per gr~n wet weight basis, becomes essentially indistinguish­
able from the 256 day data observed for runoricium and curium if a
correction factor for the cerium data of approximately 1.58 is applied
to compensato for the low recovory. lIe believe that such a correction
is probably reasonable in light of tho fact that tho most probable
source of error was the determination of the corium content of the
excreta during the first month of those studies and it will be re­
cal10d tho.t it vms during this time interval that most of tho corium
was excreted from the body, principally the livor.

~~um 233. The 64 day intramuscular serios with U233 have been
completed. Tho major points of interest are as follows: 9.11 percent
of thG administered uranium is found to bo present in the skeleton
at tho end of this interval, this value being the avorage of the
observed deposition in throe rats. The only other tissue to show
any significant degroe of rotont ion at this extended time interval
was tho kidney with 0.23 percent of the administored dose. The per
gram concentration in tho bone, wet vleight, is apparently twice that
in the kidney. These results are ~uite similar in many rospects to
those which have been observed by other workers with this sUbstancG,
notably those under tho direction of Doctor Tnnnonbaum in Chicago, and
tho Rochester group. It would appear that uranium is not hold in the
bone quite as tightlY as other members of tho actinide series, the
lanthanide elements, zirconium, yttrium, and tho two alkaline earth
members, barium and strontium.

Radio-Zirconium. Complete tracer studies both intramuscula~ and_. ~

stomach tube have been set up with carrier froe radio-zirconium. These
represent 0. repetition of o:x;periments dono several years ago which were
felt to be unsatisfactory With respect to ~uantitativo accuracy. It.
was felt of valuato establis~ more clearly tho precise level of
accumulation of this radio-olement in the dif~eront soft tissues and
the skeleton at varying intervols after parentoral administration.

I
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Decontamination Studies

Effoct of Zirconiunl Citrate on the Distribution and Excretion of
--~-~-"

Hoxavalent Plutoniunl.-'-..__.•._,----
Treatment with zirconium citrate has been shown to incroase

tho urinary oxcretion of Pu, and reduce tho amount depositod in tho
skeleton (J. Schubort, Science, 105,389 (1947); and project literature).
It appears to bo ono of the most promising decontnmino.tion procedure
thus far proposed.

To study further the effect of zirconium on tho dist·ribution
and excretion of plutonium an experiment was set up involving the
injection of Pu (VI) in rats. A solution of zirconiunl citrate (22 mg.
Zr/ml., pH 6.0) was injected intraperitonoally into five animals 24
hours provious to, simultaneously With, and at 24 and 72 hours following
the injection of 28 microgrnms of hexavo.lent plutonium into the triccps
area of tho o.nimals right arms. The dose of zirconiunl citro.te 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 tho same time intervals. A
third group consisted of oight untroa·ted plutonized controls. All
animals used were adult female rats weign.ing approximately 250 grams.
The animals, were maintained on stock diet, and wero sacrificed'
on the eighth day. Urine and feces were collected 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 tho sodium citrate had no apparent effect on
the distribution or excretion of plutonium. However, the animals
treated with zirconium citrate retained only half as m~ch Pu in the
carcass, this difference being accounted for by a moderate decrease
in tho absorption from tho site of injection and a two-fold increase
in urinary excretion. Theso rosults confirm the rosults obtained
by J. SChubert. It will be noted, however, that the focal excretion
was lower in tho Zr treated Oll.1mals.

!f~f9ct. of _Zirc,Sl.giUllLQj.tr~..2E the Di..E.:tr.ll?~tion an~. EX~!?:.<?E:..2!.

.of, ~uadra:~Eji Pluto~um.

In those experiments the rats used were mature adult females
weig~ing 200-250 grams, They were maintained on the rogular stock
colony diet throughout tho experiment. Tho dose of plutonium
(guadravalent) was 28 microgrc1ffis in 1/4 cc isotonic saline at pH 2.
It was administered by injection into tho muscles of the triceps
area of the right arm, or by injection into tho loft extornal jugular
vein. Treatment consisted of intraperitotloal injoction of a solution
of zirconium citrate at pH 6, which contained 25 mg, zirconium per cc.
Urine and feces were collected sopo.rately and analyzed for plutonium)
as was the liver, kidney, femur and carcass, The difference in the
plutonium content of the right and loft arms gave a measure of the
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TABLE VI

Effect of Zirconiwn Citrate and Sodium Citrate on Pu (VI)

Controls (8 ) Sodium Citrate(4) Zirconium Citrato(5)_ .._a_ --------
Unabsorbed in

righ'c arm 4'7.2.:1;.8.0 34.3+6.4 55.9+11. 9-
Carcass 2'7.3+4.6 2'7.8+2.4 14.6+3.8
Femur 1.6+0.5 1.8+0.2 0.6+'0.1
Livor 4.6+1.1 6.4..:!:.1.6 4.4+0.8

Urine 24 hrs 3.3+1.1 2.4+0.2 6.4+4.2
48 hrs 0.3+().2 1.0+0.4 2.9+0.7
8 days 0.6'';0.2 0.8+0.1 1. 2+0.2

Total 4.2 4.2 10.5

) Fecos 24 hrs 0.8+048 1.5+1.0 0.1+0.5
48 hrs 1.0+0.'7 2.5+0.9 0.2+0.5
8 days '7 .(t:4. 5 5.3+"1.0 2.9+0.6

Total 8.9 9.3 3.2

Rocovery 96.9,t7.9 8'7.0+6.4 91. 6+6. '7.-

(Valuos given are exprosseo. as per cent of tho admi.nisterod dose of Pu
plus or minus tho standard deviation)

\
)
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plutonium remaining at the site of intramuscular injection. Treatment
consisted of 20-40 mg. zirconitun administered 14 hours prior to the
injection of plutoniunl, and 0, 24, and 72 hours following the dose
of plutonium. The rats were sacrificed after eight days. The results
aro shown in Taole VII. The values given are expressed as percent of
the total plutonium absorbed from the injection site.

TABLE VII

Controls (5 rats)1"" ______

Zirconium Troatod
EQ..L'Y3' Zr I!? :r:n~~sJ :10m~:r. (4 Eatpl

Unabso:r.bod at
injection site
(% of dose of Pu) 77.1t 9.6

. 4-
82.4;q).7

\

\ )
Percent
Urine

of absorbed Pu
0-24~11rs 0.09~0.04

24-60 hrs 0.4
60-192 hrs Q.-l±O.2

9.6±8.8
4.4.'::.2.6
2.6±1.7

17.6"t5.9
10.4:!;2.6

2.6±2.6............

Feces 0-24 hrs 1.8±0.9
24-60 hrs 0.9:0.2

60-192 hrs 4.5!0.4

Femur
Liver
Carcass

Total

Total

0.8

7.2

3.0:!:0.4
9.7±1.4

76. ±37

16.6

2.6~2.6

1.7::0.8
4.1!1.7

8.4

1.6:':0.9
10.5±3.5
62 ±40

30.6

4.6±4.6
1.3:':0.3
3.3:0.7-
9.2

1. 4:!:0. 6
11.8::2.0
48 ±14

These results show a tremendous increaso in tho urinary
excretion of absorbod plutonium in the treated animals, as compared
to the controls in which urinary excretion was almost negligible.
Thoro was littlo differenco in fecal or liver Pu, but the rullount
deposited in tho fomur and rotainod in tho carcass was less in tho
treated rats.

Experiments were also conducted in Which the rats were
injectod with 25 lUg. Zr (as oitrate) at 2 1/2, 60 and 120 hours after
the administration of Pu(IV) intravenously. The animals were
sacrificed at the end of 7 days. The results are shown in Table VIII.
and are expressed as percent of total plutonium recovered. .
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TABLE VIII

Controls (5 rats) Treated (4 rats)

Urine: 1 1/2 days 1.1±0.3 33.0=S.6
'7 days 1. 2±0. (5 +--- ~5-0.9

Total 2.3 37.5

Feces: 1 1/2 days 6.8.:l:'1.4 '7.F!2.0
'7 days ~*5.7 10.2.±5.5-----

Total 20.2 1'7.3

Liver 15.5±4is 18.3:::5.2
Kidnoy 2.1tO.8 +
Femur + 0.7+0.1

2.9-0.8 1.0-0.1

Carcass 57.0±.S.8 25.0::'9.2

)
These results also show a groat inc~ease in tho excretion

of Pu(IV) in the urine in tho treated animals, and a significant
(threefold) docreas0 in the ill/l.Ount of plutonium deposited in the
fGmur and retained in tho carcass and kidneys. Thero does not
appear to be any significant difference in tho focal or liver Pu.
The relatively high value for the liver may indicate the presence
of some colloidal Pu in the injected dose.

One may concludo that treatment with zirconium citrate greatly
increased the excretion of Pu(IV) in the urine, whethor the plutonium
was administored intrnmuscularly or intravenously. There was also a
significant decrease in tho amolUlt of Pu deposited in tho skeleton
and rotained in the carcass. Tho effoct on urinary excrotion was
greater with tho larger dose of Zr, suggesting that it may be a
ilcarrier tl effoct. N'o significant change in liver or fecal plutonium
was obsorved as a rosult of treatmont. In the animals injected with
Pu intramuscularly, tho amount absorbed from the injoction site was
so small that only a small part of tho total administered dose was
absorbed and SUbsequently Qxcreted. However, in tho intravenously
injectod animals, tho incroo.sed urino.ry elimination amounted to
over ono third of tho total dose. This confirms tho results at'
the previous experiments with Pu(VI) and indicntes that treatment may
have a very real value in decontamination. This procodure should also
be of value in studying cortain fundrunental problems in plutonium
metabolism.
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!£~t of Zirconium, :r.x:eatm~nt ~ 0~...!l?:.2 E,2Sc:r:cti.Qll.. ('.nd B..9.ful.-Distribut ion

of Intramuscular yttrium._......_ ...._.--...- ..~_... .-
Treatmont with zirconium citrate has been shown to incroase

the urinary excrotion of both quadravalent Qnd hexavalent plutonium.
In tho present experiment, the effect on tho excrotion of intra­
muscular yttriunl was investigated to dotermine whether similar
results 1l1ight bo obtained and to test tho usefulness of the casily
measured beta activo yttrium in place of plutonium. Tho isotope
used was y90 formed from sr90 , and prepared free from tho pcrent
strontium. The dose was approximato;Ly25 microcuries when injected
and contained 1-2 micrograms of ·~rttJ:lium. The animals used were all
mature femalo rats weighing around 250 grams. They were injected
with radio-yttrium in tho muscle of the triceps area of the right
aDa. Zirconium treatment consisted of 40 mg. zirconium as citrate
injoctod intraporitoneally. All tho treated rats rocoived zirconium
iIDl1;.;;chn+joly after the dose of radio-yttrium with a subsequent doso
of zircor~j.um ono day later. In addition, the second group recoived
zirconlUffi ono day bofore the yttrium, While tho third group were
given zirconium 4,2, and 1 day prior to the yttrium. Five untreated
rats served o.s controls. Thq cnimcls were so.cri.ficed on the third
day follOWing rndio-yttrium administration and the tissuos and
excreta WOl,"O analyzed for radioactive yttrium. Tho rocovery was
good in all Co.sos. Tho results obtc.inod, correctod to 100 percent,
ore shown in Table IX.

Urincry excretion of rndio-yttrium was markedly increased
in all the treated cnimnls, indicating nn effect similar to that
ob'tnined with plutonium. Howover, prior troatmont with zirconium
did not appear to onhcnco tho excrotion, suggesting thct the effoct
is not duo to saturation of bone groups with tho metal. Tho focal
elimination was considerably reduced in the zirconized animals, but
tho over-all excretion was still mUCh greater than in tho controls.
This was associated with a reduction in tho amount of yttrium
rotai.ned in tho carcass and skeleton, although tho effect here
was not as groat as has boon obtained with plutonium.

In conclUsion, zirconiunl t~eatmont appeo.rs to havo the
s~o effect on radio-yttrium as on plutonium, the most striking
froaturo being the groat inorease in urinary excrotion. This ex­
periment suggost s that the offoct is not duo to saturation of bone
groups with zj.rconium, but mo.y bo duo to exchange with yttrium in
bono, or' to a lIcarrier" effect. Asido fl,~om its potontia.l value
in decontnmination, zirconium treatment should bo of great value in
studying the fundaOillntal motabolism of those motals in bono.

, .
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TABLE IX

THE EFFECT OF ZIRCONIUM CITRATE TREATl,lENT ON THE
EXCRErION AND DISTRIBUTION OF HADIOACTlVE YTTRlilli( (y90) ':;

"

"
-1 day , ..,. 4, - 2,

0 Time ..,. 1 days
1 day a timo

1 day
~---::::::==-:::.-~,.,.~- ~.

...~";'::-:.~-~.-.- ::.:"'-:'::::

t 2.8 I 30.1 + 3.8
'-.--- ..- ......_-_.,-

± 1.8 21.8 ± 3.'1

+ 0.1 0.5 ± 0.1 i--,
± 2.4 26.8 ± 9.6 i

......,......,.- .
+ 2.6 19.3 ± 8.6

---.x..
3.2 I 4;6.1 ± 2.9..,.

I,
--_........'-.. ~.-.-

0.50.4 :': 0.1

41.0 ± 2.9 46.28.4 ± 1.4

0.7 .:: 0.1
~---..~--r--~.-...-+--

--,-.---"-', ....-...-.-~.__..-

19.8 ± '7.6 8 •3 ± O. 9 11. 9
__--:f--_....... +-......__.._.__.J__~

49.3 ± 2.5 58.1

._--_.---~+_.-.------ ------_....._--_..
%Urino

%Femur
._--,~-----. -

.+Total Excretion J 28.2..,. 8.6

._.~.L ~ __

%Feces

:::::::::::-.•. '--'~---.-..:;.:::.::.::;_:.:;.:::;.-=..:.:.:=_-:::.::t::~:=: _~=~::';:""'-':"""-==-"'::::::'7':;:;.::'::- ...-:-:-:;'::~':::.;.:':':::::=.~:::::7.~_, :~:'!:::'":~:-

%Unabsorbod at I
Injection Site --t' 37.5 t 2.1 '.' 32.2 ± 1.4 i 24.8

T ~ ---~--.......-:- : .----.-_••• __... ~ .'--'

%Carcass 29.9 ± 10.1 16.9 ± 3,1 15.8

)

*Values given arc exprossod as porcont of tho dose of radio-yttrium
rocovorod, plus or minus tho standar~ deviation.

)
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Effect of Local Treatment on th0 Absorption of Plutonillln (VI)
, _. 1- -_. -----

from Intromuscular Injection and its SUbsequent Distribution and·
-..;;;.""'----'..... .. .- ---_._---------------
Excretion.

Since a number of oxperimenta.l condltions had been ·found to
alter the absorption of intramuscularly injected plutonillln) it
was decided to investigate tho effect of local treatment of the
region of injoctionwith cysteino, zirconillln citrato or 80dillln
citrnto'- Adult female rnts were used for the experimonts. The
trea.tment consisted of intramuscular injoction of 1 cc into tho muscles
on th3 postorior surface of the right arm. The animnls were divided
into three groups.

I. Controls: 1 co isotonic (0.9%) sodillln chloride.
II. Cystoino: 1 cc of a 0.25M sol.ution of cysteine hydrochloride.

III. Zirconium citrntc: 1 cc containing 24 mg Zr ns citrate.

Fifteen minutes later) tho animals were injocted in the same nroa
with 1/4 cc contcining 14 micrograms Pu(VI) at PH 2. Urine and
fecos wore collected separatoly and tlw rats wore sacrificod aftor
4 days. Tho results are shown in Tablo X,

As was observed earlier) local treatmont with cystein
appears to roduce tho absorption of Plutonillln from tho injoction
sito) possibly by roducingtho hexavalent to the loss solublo quad­
ravalont state. Both sodillln citrate and zirconillln citrate incroasod
the absorption from thq injection 8ite, tho latter also cc.using a
shnrp incroase in urinary excretion, while tho formor increasod the
fecal elimination of plutonium. Tho possible value of these pro­
cedures in troatment is still ro..thor questionablo and opon to further
invest igat ion.

Radio-Chemical Isolation-- ., ,--
A method wns devoloped for tho soparation of radio-calcium

from a scandium targot. '1'l1is method consists of repeated precipita­
tions of calcium flourido, carried by iron flouride with ODlonium
flouride, tho iron flouride soparated by repoated extraction with
other. This procedure for the soparation of radio-calcium is
different from tho method deve10pcd by tho Clinton Laboratory but is
not necessarily botter.

Rndio-cadmium was extrnctod from 0. silver target by a
method roported in tho liternturo for tho separation of micro qucUltities
of cndmium from macro quantitios of silvor. This consists of complaxing
tho silver with QOwnitun thiocyanate, thJn oxtrc.cting this solution
buffered to pH 5 with pyridino."chlo:rofol'm solution. Tho last traces
of silver are romovod by further extraction with dithizone roagent.
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TABLE X

Ji:FFJWT OF LOCAL '1'REATli,JENT ON THE ABSO:RPrION J.ti."'ID DISTRIBUTION
OF PLUTONIUM (HEXAVALENT) ADMINISTERED BY INTRAMtJSCTJLAR INJEC~:ION

Group I. Controls II. Cy.s~oin<: II~~ Oitro.to IV. Zr Citro.te
I -.---

No... of ra.ts 5 4 4 5

Unabsorbed PU
at Inj 0 Site 39.1 + .32 55.1 + 6.1 18.2 ± 13.6 18.1 + 7.1

Excreted in
+ ± 3.0 4.5 ;t 1.2Urine 4.3 0.7 2.9 14.6 + 7.2

,

) Feces 4.8 ± 2.2 2.4 ± 0.7 12.5 .:: 7.4 5.6 ± 1.8

Doposited in
Femur 1.5 .:': 0.3 0.9 + 0.1 1.9 + 0.5 0.6 + 0.1- -
Liver 4.3 ;t- 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

Valuos givon nro porcont of dose of Pu ± Standard deViation.
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The cadmium is romoved from tho silvor at a ~I of 3, the dithizone
having beon disolved in chloroform.

A molydonUm target was bombardod with approximately 105
micorJaperos of deuterons and allowed to decay for 4 days before
milling off the top active component. Approximately 1.7 grams of tho
motal milled from tho target was disolved in aqua regia and evaporated
almost to dryness. The residue was disolved in 5 ml of H3PO and 15 ml
E;CI04 added. After the mixture was heated in an oil batu t~ 200-210
degrees, technetium was distilled by dropping 20 ml hydrobxomic aci~

into the mixture with a stream of carbon dioxide. In this manner
approximately 275,000 counts per second of technetium was obtained,
identified as tho 110 hour half-lifo isotope.

A sample of radio-zirconium and radio-columbium was
received from oak Ridge. This was assayed and an aliquot containing
approximately 4 millicurios was utilized for separatien of the two
components. Soparation was accomplished by use of selective absorption
of columbium on Mn02 in 10 N HN03' the Mn02 being formed by oxidation
of manganous ions by potassiwn chlorato. It was determined that the
same hi~l percentage of soparation was obtained by addition of
manganese dioxide to the 10 N HN03 solution and hoating in a water
bath for 20 minutes. TuiTO soparntions of this type were made. Tho amount
of activity found in tho zirconium fraction umounted to approximo.toly
50 percent of the teto.l activity.

Plans o.re being made to use ion cho.nge columns for tho
isolo.tion of radioactive rare earths in the carrier-freo stato •. This
procedure is to bo employed for tho preparation of carrier-free raro
earths oxtending from go.dolinium te luteciwn folloWing cyclotron
bombardmont. The purpose of preparing and utilizing radioactive carrier­
free rare oarths is to observo it tho graduo.l change in the chemical
properties of successive members of tho series is refloctod in tho
metabolic pattern of such substanoos. It is of particular interest to
sao whether tho high liver accumulo.tionand radioautograph;l.c pattern
noted with lo.nthGnide group of raro earths continuos with tho second
half of the rare oarth series.

A short bombardmont of about 10 microampere hours was made
on a ruthenium to.rget for the purpose bf stUdying yields of radioo.ctive
clements obto.ined. Preliminary studios indicate yields in docreasing
amounts of radio-rhodium, technetium, and ro.dio-molybdonum. Tho yield
of molybdenum is very small.
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II. BIOLOGICAL ST1JDIES OF RADI~rION EFFECTS

J. H. Lawrence ~ in charge

Project 48A

)

}E~al Ef~...2£l~co of Fast l\foutr...9.Es from tho ;L84-inc.h...9yc_~ot.!~

R. Lowry Dobson

Preliminary oxperiments designed to test tho biological
offectivnoss of 90 Mov neutrons available from the 184-inch cyclotron
beam have been carriod out, usi.ng mice as test objects and lethal
action as tho phenomenon lookod for. Bagg albino nice during exposure
woro confined in ventilated compartments in a. woodon cn.ge, surrounded
on all sides but tho bottom With 0. three-inch thickness of paraffin
slabs. Tho cago was placed directly in tho beom inside the concrete
shielding of the cyclotron and approximatoly fifteen foot from the
source.

Since primary interest wes given to tissue doses which would
be delivered to internal regions of the body of 0. largor animal if
oxposed directly to the beam, the paraffin slabs were placed in front
of the mice in the path of the oncoming berun and around tho cago in
order to assure an oq,uilibrium donsity of secondary protons inside
tho exposure che-mber. Ionization mOQsuromonts were made with a 25 I'

and a 100 I' Victoreen thimble chamber inside tho cage~ 1) Honce the
ionization measurod, and the ionization to which the animals wore
SUbjected, WQS duo almost entirely to the secondary protons produced in
tho paraffin. Loevinger2 ) has recently studied the problom of measur­
ing tho tissue doso of 90 Mev neutrons; ou~ experimental set~up and
dosage calculations have made use of his data.

Mice were exposed to various doses given at various dose rates.
In onoexperiment rive groups of six animals each were oxposed, at a
rate of 1,065 rep/4r~ te doses varying from 445 rop to 815 rep. 100
porcent mortality in 45 days was found in the group roceiving 815 rep;
the LD 50/45 days was found in two groups rJcaiving 625 rep and 715 rap
respectively. None of the animals in the lowar dose ranges died. It'
tho LD 50/45d for this exporimont is taken to be 670 rop, the corrospond­
ing neutron dose measured in 1?n" at tho outer surface of the paraffin
was 238.

1) There is some question as to whethor or not the collecting voltage
in Victoreen chombers is largo onough to givo soturation currents
under the conditions Tlnich obtainad du:cing those bombardments.
This point is being tostod furthor.

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

At tho still lowor dose rate of 164 rep/hr, given to six
groups of 25 animals each and amounting to doses varying from 660 rep
to 1,320 rep, no significffi1t differences in mortality which could be
attributed to the radiation wore found among the various groups. Tho
mortality in tho group receiving 1,320 rep was only 12 percent in 100
days; the mortality in the group receiving 660 rep was 16 percent.
Thus at this low dose rate the i111imcls withstood 1,320 rap given
(taking into account the five rest poriods of about 10 minutes each for
the removal of the animals receiving lower doses) in about nino hours.
This dose would corrospond to 4'70 n if tho beam had boon measured
outside of the paraffin.

Although the numbers of animals were not largo, these
preliminary experimonts seem to indicate a large time-dose relation
factor in the lethal action of high energy ncutrons and their second­
ary protons.

This work needs repetition and cheCk, and is being continued
with further studies on dosage measuremont and offects of these radia­
tions on animals.

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

Lethal Effects on Mice of 180 Mov Douterons from the----_. . .... ..

184- inch Cy~~~~

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

Tho first biological experiment with the direct boam of the
184 inch cyclotron was an attempt to determine lethal effect of 180
Mev doutorons on mica. Tho experiment was designed to domonstrate the
time of death with a wide range of dosage. ~Jiss mice were divided into
5 groups of 50 mice each. The groups received tho following approximate
doses: I, 100 rep; II, 330 rep; III, 1,000 rep; IV, 3,000 rep;
control, o. Each of theso doses was delivered in less than 1 minuto.
Tho control mice were transported to the cyclotron site and kept with
tho oxperimentals throughout the run and were, therofore, exposod to
the same temperature change and background irradiation as tho experiment­
al animals.

Within '10 days after bombarfulont, all animals in groups III
and IV died. Variation in lothal effect betwoon the two groups was not
significant, although thoro was a tendency for a slightly slowor 4eath
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rate in group III. No animals have yet died in tho other groups (30
days since exposure).

The avornge weights showed a mo.rkod drop of over 5 gms. for
groups III and IV in tho Urst 3 days aftor troo.tment. In Group II
tho weight loss at 3 days was about 2 gms. Qnd in Group It 0.5 gros. '1'ho
animals of Group I regained their orignial weight in tho period of one
week, whilo thoso of Group II 0.1'tor 2 weeks time were still 2 gros.
bolow their orignial weight.

Tho whito blood coll count of all groups showed a very
markod drop in the f.irst 24 hours; returned to normal in 3 days in
Group I and remained depressed for at least 10 days in Group II. The
red blood. col1 count was not uffectod in any group. The work is being
continued.

vie 0.1'0 indebted to Dr. D. Hoyer and his group for thoir
help and advice in the course of this work.

Rate of Metabolism of CO2- , ,-..-----_.-

Harden Jones, M. Culvin
C. Heidelberger, Glerul Sheline

Tho rates of metabolism to C02 of administored radiocarbon­
labelod acetate, glycino, glucose t Qnd tyrosine have been studied.
FollOWing intruvonous administro.tion each substan.co has its character­
istic rate of oxidation. '1'he CO2 production is in two rate determined
parts a "rapid rate" phaso and a !lslow rateli phase. It is bolioved
that tho ro.pid phaso coincidoS' with oxidation of tho substance admin­
istered while the slow phase is oxidation of othor substances Which
have boon derived from tho lab.:3lod oompound r..dministerod. The timo
constants of oxidation 0.1'0 indicctivG of tho rate of utilization of
tho pool of stubstancos which 0.1'0 in metabolic eqUilibrium with the
labelod substance. Tho follOWing timo constants 0.1'0 listod for "A" ­
strain mice:

Kl (milltltos) K2 (minutos)
ACEI'ATE

0.0046 t .002NOWM, 0.062 ± .008
TUMOR MICE 0.070 : .008 0.0051 ± .0013

GLYCINE + +
• NOHMAL 0.048 ..,. .008 0.0018 ..,. .0008

0.040 + .006 0.0028 + .005TtTh10R MICE -
GLUCOSE

l-NORMAL 0.028 ----- I'
l-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
each of the above substances and thoro are not obvious or significant
differences in tho motabolism of these substc:.ncos in normo.l and noo­
plastic animals.

Due to Uran:i.:um 2issi~

P. Weymouth and C. Tobias*

Part A
Alpha Particle Radioautography

In previous progross roports (soe Month.ly Progress Reports
for Mo.rch end April of' 1947) it vms domonstrated that U02 colloids
of .15 micron average particle diameter nrc mGstly taken up in ·the
liver and spleen with n small frnction of the colloid, 2-5 percent,
being found in the bono marrow. rrho distribution of tho colloid was
furthor studiod by means of radioautogrnphy. Ono mouse was sacrificed
24 hours after I.V. injoction of 2 mg. of the U02 colloid suspondod in
.33 cc of 5 percent glucose. Ten micron undecalcified soctions of
fomur in celloidin were propared for us by Dorothy Axelrod. Theso
sections wore placed on Eastmnn alpha particle plates under water and
tho plates exposod for ono month period.

Although the stnining techniquo has not yet boon proporly
devolopod, the soct~on showed that most of tho uranium was deposited
in tho marrow, in tho shnft of the bono, and in tho epiphysis in the
zonos of ossification. In those aroas, tho uranium dopositj.on was
hoavy anough to give star formation. In addition, single alpha. tracks
appearod in tho omulsion throughout tho aroe which had boon in
contact with tho bony matrix, indicating a uniform distribution, but
low concontrntiollof uranium :i.n tho bono i tsoH. One or two stars and
a fow singlo trncks wore noticed originating from the periosteum.
Tho work is being ci;mtinuod with a view to further idontify tho
microscopicnl distribution of U02 .in bone marrow.

Part B

Comparative Effoctiveness of Bota Rnys, Alpha Rays, nnd
Fission Rocoils

Wo proviously reported (Monthly Progress Report for April,
1947) that the lethal effoct of phosphorus bote rays from tho phosphate
colloids roquirod about 2'7 timos tho dose roquired for lathal effect
from fission rocoils of U235 from UOo colloids. The basj.s of tho com-e., .
parison was not too good b\3c\1uSQ tho uranium colloids had a slightly
difforont distribution from tho chromic phosphate colloids. Rolatively

------......_~
* With tho teohnical aSsistanc0 of J. Luco nnd C. Trogillis

/'
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moro '?02 was taken up in tho bono ~arrow. Tl:G_ bet~ ray part of the
experIment has nOH boon relXJa"tod w:th UX, o.nel Lf.{<;> In tho form of
TH02 colloid obtained f:r.'om Oak Ridge as Q 1YY<D:r~Oduct of tho magnetic
separation process of' urani'1.m. 'rho snmo pn.rbiclo size colloid vms
usod as in thG caso of tho D0 2 , anel. J.~~e distr"ibu~ion i1: th~ bO~y was
found to be n0£'.rly tho s.alll~), Tablc) X.l. ShO'NS GYPlcal dlstrJ.butlOn 0 l'
both D02 and 'rh02 in mlco om and ton dayJ a:t":';or injoction. Fifty­
four mice roceivod 150 .o1i(,1'oouri0B onch of l)j~l nud UX~. All of theso
animals died, tho moan ~oriod being 14 days. Thoy wo~o obsorvod
continuously.

Post mortom findings 'woro LW follows:*

Sploen, uniformly small and dark; lung, oftvn congested
and heL~rrlk~gic; liver, occasionally palc;-c)ther tissuos normal;
soro·-so.ngu:nous f'TliTain thoracic and poritonoal c<..wit ios in 4
cases. Histologicnl sections showed: tostC3S, E~~, £L0yh
nodes, and adronals ossentially negativo; kidnoy, variQblo
'degroes of congestion particularly of tho glomerUli c,nd granular
swelling of tho cells lining tho t\.1.bulos; lung, varit:tble dogroes
of congostions, homorrhago, edollla and ncuto inflonU1lnt i.on usually
confinod to thJ interstitinJ. tissuo; sploen, atrophy, fibrosis,
depletion of lymphocytes and deposition of mC,borinl within tho
macroPhagos which soomed to bo increasod in number; livor,
necrotic chm,gos includiDg loss of cytoplnsmic detail, pyknosis,
and karyorrhexis usually c01~inod to the mid-zonal region but
occasionnllY occupying almost tho entiro lobulo, and in some
instancos, diffuse infiltration with polymorphonucloo.r colls.
Blood cul'turos from 18 mico yielded rnthor unsotisfactory 1'0­

suIts, but only two woro sterilo. Of tho 16 which showed growth
all but 2 contained orgnl1isms suggestivo of bccctorinl invasion
of tho blood which may to.ko plc.co c,s oarly as 2 - 4 hours bofore
donth. 'rhe two culturos which wore indica"tive containod
Snlmone1lo. typhi-muriwn nnd streptococcus pnoumoniae. We are
l.lliIobted to Di~:-A:P:-Kruogo~vriO-"oxQiriinodtho cultures. Tho
mice lost weight continuously (soe Fig. 1), tho avorngo weight
loss nt 10 days boing 6.5 gros. Terminal blood counts, tckon
1/4 to 4 hours prior to death, on 19 mice showed nlarked leukopenia
and anemia; tho average white blood cell count was 2,GOO/Cffiffi,
averago rod blood cell count 3.83 x 10G/cmra (soo tablo XII).

Thoso extonsive datn sorve to show thc.t tho mice probably
diod of radiation offects with tho possibility of secondary infection
such as mouse typhoid or pneumonia particularly whore the blood culture
showed those orgnnisms. The symptoms prior to death, tho post-mortem
picture of decreased sploen size, hemorrhage, tho livor nnd spleon
histological changes (histelogicnJ. changes in the kidnoy may bo
partially the result of 0. small doso of soluble heavy metal, but tho

-....-------
* Wo 0.1'0 indobtod to Dr. Peul Roso..hn for holping with tho mj.croscopic

exaininat ions.
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TABIE XI

TYPICAL DIsTRIBurrloN OF U lIN[) rrh AFTER r. V. INJECTION OF

COLLOIDAL UG Z AND Th0
2

,<;.

(Average particle diameter approx.0.15p)

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

3. Including muscle, skin, skeleton.

4. Total excreted in 1 and 10 days.
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ff ' , t t cOlltrJ.'bute to letho.l effect) and tho leuco­damage was insu J.oJ.on 0
penio. and anomia 0.11 point to acute radiation effects.

In o.dd:i.tion a second preparntion of UX , o.s colloidril Th?2
(0.1 mg) was injected intravenously in a volume otO.2 ml. or loss J.nto
two furthor groups of mice. Tho first group, consisting of 10 mico,
reco:i.vod 128 ].lc, and 6 died in 7 weeks. The second group, 25 tndJ.ce, re­
ceived 64 Jlc and only one diad in 7 weeks, the longth of the experimont
to date.

It appears that the lethal effects tho.t oocured in the first
group of mico that received 158 miorocuries of UXl wore quite similar
in time of appearance to those that occured after irradinting mice
which contained 2 mg. enriched uranium With slow noutron boams. Tho
socond group that recoivod 128 microcurios died in a rather similar
fashion to ono of tho uranium control groups in the exporiment citod
above. The figures thus obtnined make 0. now compo.rison possiblo
between the effoctiveness of alpha r~ys, boto. rays and fission rocoils.
It is still qUito npparent that fission recoils Gre luore effectivo in
producing lotho.l effects than o.lpha and beto. rays. Th0 numerical
results nre listed in Tabla XIII. It appoars thnt lcthaloffoct on
Bagg albino mico may bO achiovod by beta rays only if o.bout 22 times
thv onorgy equivalel~ dose is given to tho Ij~or (previously we cited
27) • Tho sumo fector for comparing alpha pG.l't icles and bota purt icles
appears to bo about 10, in good ogroomont with othor dotorminations,
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TABlE XIII

COMl'ARfl.''rIW DOSES RECEIVED BY:MOUSE LIVERS 'INIETHAL EXPERIME11TS

WI'l'.H BETA, ALP111:'I., PJ-I.DINl'IOH AND FISSION'

-----------.-..-_.__..----_.....---_._----_._---
Mode of
Irradiation

Rapid lethal effects.
Mean time of death
approx. 14 days.

Slow lethal effects.
Mean t~nc of death
approx. 35 days.

-----...--------._-..-------.......-----_._--
En:dched Uranium235 +
neutrons.
Approx. 85% of radiation
WUh1!l a:'few hours

3,700 rep,

'~--....-_--....--.------.......--.-....,............--......------_._------

- .......--.....,..--------.._....,. '1""*"":,---,_......-_~_-~. __----_._.,--..-........---..-...-.\
)

p32
Irradiate continuously
Beta rays

UX
I

+ UX2
Irradiate continuously
Beta rays

-100,000 rep

-., 60,000 rep

-100,000 rep

---95,000 rep

----.....----........----.....-_ .•._._---
Enriched uranium alpha
particles ~- 9, 800 rep~~

--------------....,,----.,.-......................,.-.....,........,.-----..-.-~-.-.- ...-----
130 rep in bone marrow
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III. BIOLOGICAL EFFECTS OF RADlj~'IONS FROM E~rERNAL AND INTERNAL SOURCES

R. S; stone .. in chm'go

Pro,i oct NDP-400
l.TNIVEBSr.ry OF O.ALIFORNIA JYlEDIO.AL SOHOOL

Administration
_ ....,-_-.0....,--

This projoct, startod on OSRD subcontract to tho University
of Chicago, has continued to tho prosont and is now part of tho univorsity
of California program for tho Atomic Enorgy Oommiss:i.ol1. Early reports
wore publishod in '[;ho OH roports from tho Univorsity of Chicago. No
scientific roport hes prcviously boon mado through tho Radie,tion
Lnboratory and hencu tho presont progross report is somowhat goneral
in naturo, th,) attempt being to bring tho readers up to dato on what

. has takon placo i.n th\) past. Futuro prog11 Css x'oports will bo sornowhat
morc specific and dctailod.

Doctor LOVl-B0or has boon continously in chargo of tho program
involving tho homatological effocts. He was assisted by Miss Jing as
laboratory technicj.an up to October 1947. Miss Jing has bGon roplaced
by Miss Anna Poulson who hns beon with Doctor Low-Boer sinco Soptomber
1947. Many othor d00tors and technicians aidod in this work insofar
as the clinical side of the pationts cnro is concernod. Tho parUcular
homatologtcal problems have boon discussed with differont homatologists,
but ospocially with Doctor PC.ul Aggoler.

Doctor Mill,)r started tho second soction for th.:.. study of radio­
iodine in 1946, becQuso of the provious work With iodino at tho
University of O,:J.ifornia Modj.cal School by Doctors Soley, Hcmilton nnd
others t and tho knowledge gainod provj.ously on radiation effocts by
Doctors Stono, Low-Boor, otc. Doctor MilloI' he.S hnd tho technical
assistance, succossively, of Miss SUri Mnrkknnon and Mr. Hurrold Brook
Knowles, Jr. sinco Novembor 1946. lIe has hnd tho profossional assistanco
of Doctor Nadino ForomQl1. rio hav,) onjoyod tho cooporntion of tho
tochnical and scientific staff of othor pp,rts of thc) Radiation Laboratory;
thoy hnv0 pn.rt-timo socrotnry to tho Projoct was Mrs. Alico Bonnett,
thon, for n time, tho secrotary of tho X-ray Departmont, Miss Elona
Bogdanoff took on tho rospol1sibilitios of socrotary to 48-0.
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,
Hematological Effects of Total Body Irradint;i.on--=......._.-.-.--._-.................._----_.....-.....-_---

From Extornnl nnd IntornDl Sourcos-_._.,-_.__..~-~_ .._--~_._ ....__....

B.V.A. J...ow-Baer

The objectivo of this projoct has been to invostigo.to
tho effect of therapoutic doses of ioni~ing radiations on the blood
clamonts of humo.n subjects. P<~tients selected for this study wero
those whose diseaso roq~irod therapeutic irradiation of tho entire
body. Tho pationts worc selected for trontment wlth radiation.s and
so treated by physicians on tho ·staff of tho University Of California
Modico.l School. Advnntagu was takon of tho fnct thd they wore being
so treated to observe tho affects on their blood picturo. The clinical
condit1on was followod by thoir physicians in th,) usual course of
events and is not :L'oportod hore. X-rays produced by electrical
potentials of 100 kV, 200 kv and 1000 kv wore used for oxternal ra,dic,tion
and radioClctive phosphorus was usod as (l source of internel irrndiation.
li'rom thJ inception of tho pl'oject in Octobor 1942 to Juno 1946 twenty­
nine patients troo.ted with oxtorno.l x-rny irradie.tion wero studiod.
Two patients wore trontod with daily dosos of 5 1'; 5 patients with 10 l'

dosos; 17 pationts with 20 l' doses; 2 patients with 15 r doses; 1
pntient wHh 30 l' nnd 1 pe..t j.ont with 50 r dn:lly doses. All meo.suro­
ments were rondo on tho skin. Tho trvo.tmont course varied from 5 to
92 days. ~~la tot0.1 body exposuros vo.riod botwoen 100 rend 390 l'

(skin), 300 r boi\lg tho most froquont totnl. Th,) coJ.culatod doso in
tho cantor of tho body varied from npproximc.toly 60 r to apprOXimately
200 l' (tissv.o).

studios included detormino.tions of homoglobin, rod bleod
coll count, whito blood 0011 count, plntolot count, cUff'oront io.l count,
lobation index of polymorphonuolear noutrophilos, stornal marrow
studiofJ, prothrombin timo, sodim-:mtat iO~l r::.to, h,)mntocrH end ictorus
indox. ~'ho obsorvation period extended from ono to throe yoars follow­
ing tre:::.tmont.

Tho most consistont C112.11ge notod wc,s o.n absolute and
relo.tiVo decrqa.so if. tho number of lymphocytes follOWing troatm,mt,
irrespectivo of sizo of th0 doso end of physical. fo.ctors of trentment.
Such deoroases were followod by recovery during the post-treatmont
per~ed. Marked fluctuation in totnl white blood colls o.nd noutrophile
counts wore observed frequently during the trontmont period, but these
could not bo correlatod with tho sizo of the dose and physical factors
of treatment. In tho post-troatmont poriod fluctuations ocourod
in tho numbor of polymorpho~1UCleo.r colls of 0. significant number of
pntients Who hac1 boon treated with 1000 kv gonorrlted x-rays, around
60 days o.1'ter conclusion of treatment. A left shift of tho polymorpho­
nuclenr noutrophiles was obsorved in tho nine patients in whom this
fnctor wns followed. This sh~:rt occurred without relation "bo tho total
polymorphonuclonr call count. Monocytos showod !llc..rl~od lnbility which
Wo.s related to thosi:zo of tho individual dose. Pc.tionts who roceivod
indi.vidual doses greo.tor then 10 r showod incroased monocyto counts
0.8 a gonero.l pattern of 1'luctuntion du.ring trontmont nnd in tho early
post-troatmolrtporiod. In th0 Intor post-troatment period the monocyte
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count returnod to pro-irradiation valuos.

Tho erythrocyto count and hOl1log10b,in occasionnUy showed
a significnnt decrease during tho courso of' treatment. This was followed
by recovery to pre-irradiaUol1 lavels in tho onrly post-troatmont
poriod. Characteristically, in the late post-treatmont period, aroun d
250 dnys o.ftor conclusion of treatmont, thore occured Q tomporary
decreaso in erythrocyte count, accompanied by a riso in homoglobin.
Tho picturo at thts time was one of macrocytic hyperchromic anemia.

Platelet counts, stornal marrow studios (nino pntionts),
prothrombin time (nino patients), sedimontation rat 0 , homatrocrit and
icterus indox showod no significant changes which could bo attributod
to x-ray effect.

From July 1946 to ])ocombor 31, 1947, 31 pntionts woro
studied. Nino of those patients bolongod 'bo the group troatod in
tho poriod Octobor 1942 to Juno 1946. '1'hroo pationts wore troatod with
100 kv x-rays, and 19 patients woro troatod Witll radioactivo phosphorus
given intravenously. Of tho pationts treated with x-rays, ono roceived
daily dosos of 20 l' (skin); tho two athol'S roooivod daily doses of
10 l' (Skin6'" All rocelvQd tot;~l doses ()f' 300 r(skin). '1'ho total
dosas of P (.,J vnriod from 3.5 to 8 millicuri.es given in wookly fro.ctio11S.
The highost singlo doso givon waH 2 millicurius.

Of tho nine patients who had boon t1'oo.ted in tho period from
1942 to 1946, 4 showed markodly higher hemoglobin levals (approximatoly
plus 30 percont) during tM.f' lata post-exposuro period as comparod
with pro-irradiation lovols. Fivo of those patients showed morlcedly
decreasod platelot lovels as compo,rod wi th pro-irradiat ion valuos. No
othor signif'j.cant changos wore observed in any of tho nine pationts.
It should bo noted that [',11 blood counts du:ring tho entire period of
obsorvatj.on of thoso nino patients were made by tho SOluO technician
and. wHh no chr.cngo in mothod or tochniquo.

No significant homatological changos have boon noted j.n
any of the throo paUonts tr.oated with x-rays d1,.lring tho observation
porioo., except for a very trr.lllsitory docrouso of lymphocytos shortly
after conclusion of trot.~tmont. 'l'hj.s occurod. in two of the patients.

Fourteon of' tho 19 pationts troatod wi,th p32 havo boon
followod for a long onough time to ~errait cOjillUorrbs on tho affocts of
tho radiations or tho hematological condition. rrho moat consistent
offoctsshown by tho fourt00n pationts 0.1'0 a temporary doprossion of
tho plntolot count, 0, tomporary· clocroase in prothrombin t lmo, and
tompornryolovE,tion of sodimentation rate. Fluctuations in orythrocyto
count and homoglobin values, o,nd in. total whito blood count and
tho olemonts comprising tho difforential count, remainod within
physio1.ogicc.l limits during trontmont a.nd post ...troatmont poriodf?
Cutanoous hemorrhages, or to.:1doncy to blooding woro not observod in
any of tho patients.

prior
Soven of tho fourteon pationts rvc~i'Tod gold thorapy

to trontmont with p32, ami. following p.,2 t rontmont. 'rho
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temporary deprossion of tho platelet count occured in all of the
patients_ hoWever_ so that it cannot be attributod to gold therapy.

In August 1947 the hematological projeot 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.

From July 1946 to December 1947. 553 hematological
examinations were made in the study. Allexaminations included
complete blood count with e~~hrocyte measurement and lobation index.
In addition, approximately 100 prothrombin. cholesterol, hematocrit,
and sodimentation 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. Oharts and graphs
were made on all patients inclUded in the stUdy.

Motabo11~~& Effects of Radio-Iodine (r13l)

Earl R. Miller

The purpose of the study of I 13l in patients has been
primarily to determine harmful effects of I131• acutely and over a
long period of t!me in humans. In order to know the amount of
exposure of the patient to tho radiation from tho radio-iodine, it
is important to stUdy moans of determining uptake of tho r13l in
the thyroid with the thyroid intact in the patient, and to study
excretion of I131

Urinary excretion of r131 from patients has been
measured in most cases in which thyroid uptako 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
there were in the methods, and what fraction of the administered
I131 was lost by other routes of excretion or was stored in other sites
in the body.

Ohoice of Subjects. A few young doctors on the house staff of the
University of Oalifornia Hospital. fully cognizant of the dangers,
volunteered to sorve as normal oontrols. A series of pationts were
studied whose thyroid function was normal, but who were to have
operations on the gland for nodules. This permitted stUdy of the
normally functioning gland as well as of the abnormal nodules. A
number of patients were chosen for study Whose primary disease was
hl~~rthyroidism. Tho administration of relativoly large doses of
I to thesQ patients, was warranted as a troatment of, their disease.
This was a particularly valuable group bocause of tho interest of the
patient in himself and his disease and because of tho interest of
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the clinician in close laboratory and clinical follow-up. The
last group of subjocti:1 wore those in which carcinoma of tho thyroid
was suspocted or proved. It WGS j.n this group th£1.t tho largest number
of tissue studies were mfldo. In this group £1.lso, the e.dministration
of very largo doses of 1131 wC.s warranted.

Prolimino.ry Clinical Work-up nno. Follow-up. In thG normals, no
spo-Crui-proparation v~-ThYX:Qiduptake and urinary excretion was
detormi.n0d.

In subj Gets with nodules in the thyroid or with hyper··
o.ctivi.ty of tho thyroid., histories were takon and physical eXC'.minations
WOl'O dono. 'l'h,) following laborc.tory doterminations wore mad.o: blood
count, urino examinQtions, blood cholestorol, basal motabolic re.te,
and protoi.n bound iodine in ;the sorum. In tho subjects 'with hyper­
thyroidism, monthlJr follc)Vv-up eXQI11inntions were mnde. These OXllinina­
tions ossentially dupliontod tho prolimino.ry work-Up.

In those who ~ont to oporo.t ion, an o:l;tompt was made to
mensura tho amount of 11,)1 in tho' removed spocimen for comparison
with tho mO:lsurement of tho thyroid uptclw boi'oro removal. Auto-
radiogrnphs wore mad" of the removed tissuo.

In tho subjects "lith cCUlcor, routine histories, physical
e:x:aminntiol1s and laboratory studios i!vere mo.de. After the operation
was porfo~n0d, the normal and cancerous tissuo was studied for up­
to.ko of 1131 by Geiger counter andautoradiographs. ~more possible,
preliminary in·-situ measuremonts of 1131 upkw.:o in tho thyroid and

.urinary oxcretion measuremonts were carried out.

Doses of I USl Administered. In the normals and in patients who were
to1ic-"aporo:tOil'upon "for" nodules, n doso of 250 pc 1131 was given
usuo.1ly.

In subjects With hyperthyroidism, from 250 ~c to 4000 ~c

was givon in single dosos. In s~nG subjects, tho doses wore repeated
so that totc.ls of over 12,000 }lc hc.vo b00n givon over a poriod of a
few .months.

usually.
given.

In subjects With cancor, a tost doso of 2000 MC was givon
In ono person doses of 2000 P , 7000 pc and 50,000 pc were

l

Technique of Administration and Measuroments. Tho iodine was ad-
illfll:Csterod-orair~-mo:r.n:Ing:--;lihodooewas C Grefully moasured in
c. e. by Q romote controlled burette calibratod in .02 c.o •. per
divisj.on. Tho bottle containin,S tho doso to bo given was choc1-;:od
by Geiger counter for its Il~31 content. l\Iensuro.monts of thyroid
upta1co wero made nt about noon [md 4 PM of the SDme day, morning, noon
and late C:.ftornoon of tho following day, and in tho morning of the
third dny .\:lhore possible, another measuromorrt one week later was
mado. In the 48 hours during wb,j.ch tho inHinl thyroid moasuremonts
woro made, all urino was colloctod., in some CQSOS, in individual
specimons, and in most of tho CO,SGS in fov.r 12 flOur samp;Les. The iodine
contant was dotormined in those.
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Ii' tho patient was to bo operetod upon, Q moasurement of
r131 content of the thyroid. was lUade just prior to surgery. The tisSUQ
removed at operQtion vias takon from tho operating room, meo.surod
on the courr~or cnd woighed. Microscopic soctions wero obtained.
Autordiographs of thoso woro obtained.

To determine tho uptake ofr131 in tho thyroid, it was
first nocossary to mako a sot of standards to be used as substitute
or l<drullmyll thyroids. Theso Gonsist of 30 0.0. rubbor ccpped serum
bottlos. Eo.ch was fillod with o.n aquoous solution of r 131 of known
concen.tro.t ion, ro.nging from 10 pc to 5000 p.c. Th0se bottlos wero
ohosen boco.use tho solution in oach was about the SOIne woight as o.
modorntely onlarged thyroid and it ho.s approximatoly th:; SM.O cross­
sectional area nnd dopth. Those wero placod. on 0. woodon phnntom re­
sembling tho nock in sizo, 53 om bolow the faco of 0. Gaigor countor
and t110 number of counts per minute from each was recordod. This
is thon graphed as counts por minuto againstucr131 A rc.dium
st an.dard was usod as a constant sourco of gf.l111ma rays for chocki..ng
tho constancy of the countor. Tho bell-shnped Scott mica window
countor wns mounted in a load cylindor which has 10Qd walls ono
inch thiok and o,n inside dirunotor of 2 1/4 inches. ~['hG Countor window
wo.s '7 cm from tho mouth of tho cylindor which pointod at tho patient
or speciman. Tho mouth of tho lo[:.:.d cylinder was covorodwith a J.oad
fUtor 1/8 inch thick. In thi~1 ',jay, tho countor Hsaw li [l circlo [~bout

14 inchos in di8Il1otor. Rocont ly wo ho.vo chrll1god. to [, cylindric:],l
Geigor counter.

'l'ho long dj.st:~JJ,CO botweon th,) thyroid and countor WetS
chosen in ardor that tho uncertainty duo to tho unknown depth of tho
thyroid in tho noc1<: would bo roducod to 0. minimum. Tho hoavy filtra­
tion in front of tho count!)!' WaS choson 80 that tho 80kv x-rny from
r 131 w0uld bo completoly absorbod. If this woro not nbsorbed, it
would introduco an error age.in bocause of tho unlcnown dopth and si zo
of tho thyroid. A shallowly locatod thin thyroid would absorb loss
of this component than would 0. thick, doeply located gland. In
addition, since tho amounts of iodine to bo mOQsurod aro largl.;J,
thu number of counts por minuta wor0 reduced sufficiently so that
coincidenco corrections woro not troublosome.

In making tho mOQSUromollts of tho 1131 contont in tho
urino, tho abovo considerations of di,stanco and filtrQtion do not
apply sinoo tho urine SpeciLlon and tho stanc1o.rdaro put into idont ieal
contdnors. In thoso CIlSGfJ, sineo tho runount of iodino in tho samplos
is smell, a shor'b distan08 and. thin filter wero USGd.

Boc(~usO of ullcortainties in tho countors and oloctronic
oquipmont, Q standard whoso count i.B noarly thct of tho thyroid is
moasurod oach time 0. thyroid uptGko detorminati.on was mado.

When tho uptnko in n thyroid was to bo m;')asurod, tho
subjoct was plQcod supine on n to.bl0 nnd tho G0igor countor, mountod
on an x-ray tubo stand, Was moved ovor tho thyroid. Th,) number of
counts per minuto was rocordod in this positj.on. '1'ho countor Wc.s
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then movod ovor the thigh and tho oounting rata in this position
was dotormined. Tho thigh 'nbovo thu knoe is npproximatoly tho size
and shape of tho neck and contnins bono, muscl0 and blood e.s does
tho nock. The counting rato over this nroo. should be tho somo ns the
counting rate over tho noel\: if tho thyroid were not present. Tho
numbor of' COlmts per minu.te duo to tho thyroid is accoptod as the
difforenco botwoon. those from tllo nock and thoso from tho thigh.

Rosults of Moasuromonts. In genora1, tho thyroid takos up tho circu1ut­
"ing iodine .:;ory ·r~':.p·idlY. Tho runount of iodine in tho thyroid reachos
a maximum in loss than 24 hours, cnd in somo casos within a vory fow
hours. In genoral, the thyroid rotains most of thd iodino it salocts
from tho blood streo.m. Thero is some evidenco to suggest thc.t tho rato
of uptcke of r131 in tho thyroid is n function of '~hyroid ac·tj.vity.
Because meJcing these monsurom,mts is so timo consuming,wo at first
concontratod. effort on th0 late meo.suromonts. It was folt thc,t tho
lovol of uptako could bost bo dotorminod in this way. I't bocomas
appo.ront now, that moro offort i~ llJodod in studying tho on.rly part
of tho upto.ko curvo.

Tho thyroids of tho normal subjocts took up from 5 ~orcent to
35 porcont of th,) administorod 1131• T.ho porcent uptake of 11.:;1 in
any pQtient Wo.s Qppo.ront1y nonrly indopondent of tho sizQ of tho doso
if tho pntiont vms in tho sarno condition when tho smnll Qnd largo
dosos 0.1'0 givoll, o.g. first tracor than lQrgcr doso. In gonero.l, tho
porcent upto.ko of iodin0 in tho thyroid is Q fairly diroct fttnti.on of
tho thyroid activity. Subjocts 'with thyro:tditis and hypothyroidism
ha.vo oxtromoly 10VJ uptnkps o..nd subjects with hyporthyroidism ha.ve
high upto.kes. Howovor, in spito of this gOl1ornlizc.t ion, no singlo
tost such as ostimatod thyroid sizo, B.M.n., protoin-bound iodino
in thd blood, blood cholosterol or o.ny combinc.tion of thoso nllows
us to prodict wHh cortainty what tho upt(}ko in a givon pc.:tii0nt
will bo. Provious iodino or drug (thiourf1c11 or propythiouro.c il)
thoro.py. o.nd. iodiuo in food mo.y c:ffoct tho amount of 1131 that tho
thyroid will o.ocopt c~ndh01d. ~I'wo subjocts me.y bo indistinguisha.blo'
clinically and by Inboratory to.sts, yet thoir iod.inc uptd\:os will bo
groatly difforont. It nppoo.rs that this may bo so bocauso tho ono
pationt may boon his wc.y to an oxacorbation of hyporthyroidism
(high uptako) a.nd tho athol' mo.y bo on his way to 0. romission from
hyporthy'roidiGm (low uptako). '1'h1s has bacoma an impor·tcmt by-product
of tho study thot is useful clinico..lly.

In cortain cases it is possibloto o.ccount for 0.11 of
tho c.d.l11inistorod iodino by adding urino.ry o:;>:crotion to thyroid uptako
but most of tho time thoro is 0.. dei'ini to and significant amount not
o.ccountod for whon this is dOll~. Sarno of this discropnncy mo..y bo
boco.uso of faulty mi)o.~uroj;1o.trts but furthor stUdy is nooded to chock
thQsefindings and furthor r08011rch is noodod. on nnimals and humans
to study athol' routos of excretion o.nd athol' storngo depots in tho
boq.y.

Results on Patients. In th;) pati\mts with prosufIlo.bly normnl thyroids,
---'~'--~-';-'--
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with and without nodules, and those with hypoactive thyroids, to whom
small doses (250 }Ic) wore giv,m, no effects woro recognized. In
,po1Aonts with cnacor of tho thyroid to whom amounts up to 200 }Ic
11 , were given, thoro wore no noticoable effects, but many mere
observations are needod and further follow-up is ossontial. 'rho
last report on one patient with widesproad,functioning thyroid
pulmonary motastases, to whom 50,000 }1c 1131 was given, reveals no
advorso clinioal effect four months after tho dose was givon. In
subjects with hyperthyroidism, tho thyroid bocruno tondor aftor a
dose of 2000 rc when the uptako was over 50 percent. In 33 of 42
suoh subjects thQ diso8.so was controllod and tho pationts roturned
to normc.1. In tho other 9 th,) disease was not controllod or tho time
roquired for arrest of tho disense was too long (ovor 6 months).
One developed myxedema. In SUCCQsSful casos, tho Qverago estimated
thyroid weight bofore troatmont was 31. 2 grarns a.nd after troatment
U was 13.3 grams. The B.M.R. dropped from an c.vorage of +28 percent
to one of -9.9 percont. 'I'ho c.verage amount of protoin-bound iodine in
tho blood dropped from 10.? to 5.? mg. percent. (Normc.l 4; to ? mg
percont). The average dose was 2?26 pCI131, At first tho doses wora
small (250 pc) and ropoo.tod mnny times. Lo.toly, tho usuo.1 in.itial
doso hc.s boen 2000 pc I 131. In ,most pll.tionts, a socand doso of 2000 p.c
wo.s givon ono month aft or tho first doso. In I,l. fow casos, up to 4
su.ch doses have beon c.dminis'berod.. In a vary fow of thJ latest cases,
3000 ro or 4000 reworo tried as initial dosos.

Further Studios. Blood: Only rout ino blood studios nro avc.ilablo Qnd
't1i.'O'SO-n6vo".notpoon o.doquatoly followocl. Th0ro is noed for 0. dotailed
adequate stUdy. This shoulo. bepossiblo now with a hematology
't;echn~cio.n and space avc.ila'bl0 for this work. Blood protoins: It
hns boon. observod by Dr. ~~runnol1 Cot Momorial Hospit a1, Nmv York,
that aftor very largo doses of radior.wtivo iodino to Q pa'bient with
functioning motastasos from C\ carcinoma of tho thyroid, thc\t ono of
tho oi'focts wr..:.s a sovero drop in th,;:; sorum albumon. This should be
studiod in pationts recoiving smaller doses.

:)?hysical Factors of Measuromont. Tho timo roquired to meleo routino
monsurqmont'sonpat"j,Ol1ts is,TOry great. An attempt to usc counting rate
motors ho.s buon mado in our offort to shorton tho time roquirod for
1ndiviq,ua1 obsorvations. This has not provod c,ccurnto onough for tho
purposo, up to thi/;! ti(ilO. 1'horo is nooo. to mako a more adJquato study
of thQ offect of distanoe, fil t:ration, sizo of standard bottlos and
sizQ of fio1d of moasuremont, on tho accuracy of measuroments of thyroid
uptcke.

Ani~~di9.E..=. Doto.Ued studios of organ distributton Of 1131 in
animals should bo mado. Animal qua~tors and space to carry out this
'Work hove bocoma availnblo to start this work. '

.r.::o-!s~.£. Fracti2..ll.':.~2-2.£..2£J.2:;3.:. A stUdy of th'J rGte of' rise and total
bloocl contont of r 131 oftor oral admi.nistration of Il~J1 should be made,
In addition, tho program should bo oxpnndod by sotting up a biochemical
laboratory to pormit 'bho. s'lmd~r of tho protoin fractionc.tion of r131 in
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the blood and if possible, in othor body fluids. This should give 0.

fUlle+, understel1ding of. tho moch~mism of iodine utilizat10nnnd of
thyroid motabolism and phYsiology and por,hc,ps give tho bef.lttest of
signif'j,cant uptnl(o and action of r131 •

Ef~oct of Inert Iodinoand Antithyroid Drugs on 1131 Uptake. This
impc;·;Gtproblolu' hns··b"OO'i.1:;E'UdI'"ed only~ Slightly, bect11.1so-of the
difficulty oi' sottingup suchoxporimonts in patients. It neods to
bo pursued in human SUbjects whenover nnopportunity presonts it­
solf. Allimal oxporlwmts to enswor this question must also be
started.

Throughout this work we havo accoptod the Oa}{: Ridge
calibration 01' tho millicurie.
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I , I I I
I • I: I
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! I I !!
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I I I !I '
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GRAVES DISEASE
Treated With 1131

SATISFACTORY RESULTS

co
::0
J-i

f:

"-I
.£i-

t

2~

2 3/4

3 mos

2-1- mos;;;

4* mos

I
2~ mosl

I

1!

:MONTHS I

unti~
normal REMARKS

I4 mos '

I 4
i
I

I 71.t z
•i, I

I 350

46.5

32.6 I

-, 3000 t 53

I ~ 250 It .L I
I I

. 111200 I
~30001
II I
Jl 1400 I
lj 4000 !61

It 800 j

I I
\.

' 3500 j

. i
I

2000 I
It
II 20005.5

5.5

5.4

6.2

7.5

5.1

5.3 ~
~

6.3

"6.8 I
1.
I,

II
~
Ii
!I
Ii

i•;
1

I
I

4.1

/40

/-30

128

153

116

/-42

/-25
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I

5

5

10

10

10
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10 1/20

10

30

10

8-10

30-35

25

40

25

30

35-40

25

I.G. i

59-F' 25-30

25-F

39-F

48-F

5. W.D.
65-F

2. I.B.

7. H..F. I
37-F I 30

8. E.F. I'
17-F 15

9. E.F. J
46-F

3. A.B.
58-'-F

6. 1\~.E.
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I
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,
i
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I
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- 7 I 6.0

I
i

- 31 7.2
I

-12 I
I

- 41 14.3

-26 1 10.0

4.J .C.

11.

10. H.F.
52-F
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GRAVES DISEASE
Treated WithI131

SATISFACTORY, RESULTS
NAME ITHYROID ~JEIGHT' I - I THYROID !MONTI;iS ,
AGEl Grams BlvJR i PBI % ICHOL- . DOSE' UPTAKE t untll I

IBefore After IBefore After i Before After:LEsTEROL liC I 0 rNormay REMARKSI 1- ! ~ I---i
12. F.H·I I I : iii

29~F 35 10! ';'21 -11 I 6.9 I Ii 4000 30.5 2! I
I f i!1 I

13. L.H·I I I I II I
57-:-F 35 10! ';'38 - 9 I 9.9 6.3il 4000 39 4 .

1, !!
! ' I I I14. M.K. i ' I:

44-~ 25 10! ';'22 f il.O 5. 2 I II 2000\ 30 j 2

15 G" I I I I II• .11. l . t:
9-F 20-25 10.;. I t 22 17.4 5.2 ! ij 20001 73 i 3

I I ! t: i ; /' I
16. C.M., II··, I. 'I +:"'

3~1 30 10 /26 - 1 12.0 5.4 II 20001 6ff I 2 3(4!
CX)
I

17. lVlV.M I I Ij 'I "
16-~ 30--35 15 /16 -14 112.8 ?6 I II 2000

1

65 ; 3
'! I

18. R.M.1 I I I j:
26-~ 25 10 t22 - 6 ; 10.1 5.2 i 27001 I 4

! II I
19. ~1 30t 10 /13 - 8 l 5.4 ,\ 26001 30 I 6

I I

20. E.M I I I I Ii I
11-F 35 35 /26 - 5 I 11.4 5.6 ,I 45001 51.5 I 5 I c:::

C-l
::u

2' I I \ r I I t-l
1. E.J. • ' ; +:"'

9-F 25 12';' t2 -25 1 8.4 5.0 I 3000\ 20 5 I-'

. ,'I I
22 • N.P .1 I! ! I !2l-F 30 lOt ';'32 .;. 6 8.0 4.6 I 4500 30 4

-I I I
<l I
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5

4~

3.57 t

4

4

31
:2

3

4

1

It

310416.3 f

5.2

6.6

6.4 j
I8.4 ,

7.0,
I
I

7.4 I
I
:

7.9 1

1

8.41
I,

7.5 I
I
I

6.4 i

9.3

-7.2 9.8

- 3i 9.3
!
I

- 21 13•8

f 31 13.7

- 5\ 9.7

f 7114.4
J
iOn

- 2! I127

I,
It10 19.9
1

- 13 111•9

f27

!--28.3

t44

f20

f19

127

1-43

!--27

1-36

6tI
15 1

I

20

1

10

10
, ~

I

12il

I

.,..10

12.1'

25-30

30.0

40

25

35

35-40 25-30

30-35

10

R.W.
16-F I
R.A. i
32-F i 40

I:B I"J.. •

56-F

GRAVES DISEASE
Treated With I131

SATOSFACTORY RESULTS

NA.1VIEj TIiYROm :iEIGHTL (kJ' i II I THYROID MONTHS
AGE I Grams 'BNiR. , PBI % ! CHOL- iI DOSE i UPTAKi; i '.mt· 1

SF.X IBe±'ore Mter Be±'ore M,ter :ad9re_..Af-.t_e.r~TEB.Q11.: c. I Cib._--'-}J.or~ ~'4ARKS
I I I~'! I

G.P. . 1 ' I i I ! I
48-M I 35 20 ~ 134 - 11 8.2 6.8 114501 I 4 I

I I iI
M.S." Ii I
34-F I 30-35 151 i f40 - 5 l1. 7 4.9 [i 3000 I 19.7 2 !

I! ,

Ii 40001 46

If I
i 40001" 12
j I 55III 20001 84

I I
.j 20001 50
11
II

'III l000! 44
if

Ii
II 20001 69

1 I

I 427zl 60

II11 65

, 300q 66

26.

23.

25.

27.

28. -.-,. "'1
.2J.h.

43-F

29. S.V.
16-F

y' 11.8.v.

55-F

31. A.S.
4l-F

32. M.P.
26-F

33. B.D.
24-F

AVERAGE

24.
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GRAVES DISEASE
Treated with 1131

POOR RESULTS

•

c

~
+:­
I-J

1
\.Fto
J

~MABKg

INot well at 8 mos.-cannot be
i traced.

I
I
INot normal at 1 year.
! .

1

INot normal at 1 year.
I
I

INot normal at 6 mos.
I
I
i
j-

21z

16

12

14

1348

3850,

" I
_ 11, 36001 60

1

I I
J 1I I- 'n 16.0 8.41 J 540q 50
! I, I
! ~ 1 1

-12/ 8.0 4.0! 1/ 470q 61

I I I j. I
. 1.1

301 134 f3~ 10.3 8.8 III 915q 60

I I I I
I d j

25-3J' 1-56 14ci 14.5 7.2 .Il 400b 62.5I -I II I

20 I /-23 -l~ 8.3 6.9 ill 9ml 53
I I ! I,. II 1

451 /-39 /-21 12•2 10 I II 8501 84

i _1 I II I

50

30

40

50

\
liI.M·.l-
19-Ft

!
r

H.R·I
35-Fl

I
l

C.s.1
33-Ff

I

R.]j~J
34-1

I

5,.

7.

6.

9.

8.

3.

4.

NMJE i THYROID l,EIGHT I "I'HYROID IiONTHS i
AGE I. Grams I BMR ! PBI ~ _. I ~~OL- IDOS~' UPTAKE: until I
SEX ~.Refore AfteriJ?efQre AfterfaefQl'~TEROLjue _..Jp Normal. _ ~

, I I I 1
1. LB. I ! i II,

47-F! 35 10-121 130 f 3 14.0 5.0 1/ 4600. 50 16,

" IV 0 ; I
~"v·1 1 I I !53-F, 30 15; t50 11 13.5 7.3!
. ~ !

E.C. i I I
45-FI 45 251 153 f22. 18.6

v.J.i I
41-F! 60 351 f63

! f

H.L.!
25-Fi 25-30

i

2.

AVERAGE 41.1 24.3 142.4 111.25 12.83 7.28 5867 60 12
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THYROIDITIS

I
'v....

lj

No symptoms of hyper or
hypo. function of thyroid.

-~-l~"""- l ....._ ... __ •• _. •.••_ .••• •

111000) . 3.5
11

11 500} 4.5
i
I
Ii 1000 I 5
I

II 84D I 6.2
rl

,4

I
I

!
...._._~~.. "L __ _

4..8

N.A1IE THYROID ViJEIGHT I TIJ:YROm; EONTI-!j
AGE Grams BlIffi. PBI % i Cl;IOL- II DOSE UPTAKE until

. After Before After. Before After IESTEROL 'lie % Normal RE1:'.:ARKS

D.ll ~~ I 5.8 I 170

A.B. 1

I~.G

V n• v

2.

3.

1.

4.

AVE...B.AGE

TOXIC NODULAR GOITER

I! !THYROID lMONTH~
DOSE 'UPTAKE i untilj

lie I .k 1No:r'lIlall
BMR

efore Afte

NAME I THYROID WEIGHT
AGE I Grams

,--_s~l Before After

L.E.\,
i
I

/13
-31

!
PBI % '1' CHOL-

Before After ESTZROL

I 10.7 I II 220__L12.7---L 148 Ii
55.4

:_----~--,.

RElIARKS
?5
~
+:­
f-'
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HYPOTHYROIDISM

REMARKS

i I >

NA~~ ITWmO:D'f.EIGHT I . . ',TrlYROID I MONTH~
AGE! lJ-rams I BlJlR i PBI % ICHOL- IDOSE I UPTAKE I untill
SEX IBefore After Before Afte:rf Be:fnre After I ESTEROL! uc I % I Norrr,a"

j I Ii . i I1. A.C. I I ,I 250 I 8.1 I

I' 250 I a I
I

I
I

12. D.C. i

SPECIAL CASES

1
I·~.AI~ THYROIDdEIGHT THYROID MONTHS. V1• r0
.AGE i Grams 1 BMR PBI % CHOL- DOSE I UPTAKE I until I 1

ii'y I Before After Before After i Before After- i EST'~ROL,! uc I % !No~ REEARKS
I II .

L N.H.I I I I ii 5751 33 I !PurUlent thyroiditis -I I;! I Stitch abscell. Normal, I' 'I \ I ! thyroid function clin.
2. A.J.j -13 I . 7.9 I 118 I! 250 I 46 I !Adolescent goiter.

I I!i!
3. G. I I I 7.0 I' 161 II 230 i .5. 6 1 I Progressive exophthalmos.

! 1 1 i Post-Qp.thyroidectomy;_ I II ! I ! on thyroid 0/26 daily.
4. H'P'I I f16 I 4.4 ,2CO II 257! 78 I I Non-toxic goiterI I 5 ~1 I 229 .1 230! 71 I c:::I I ! I ! 0

5. R.D·I I -16.7 I 5.4 I 11 250 j 13.71 iChildhood hy-"othyroidism - ~
.j::-i I j l I ! on thyroid. now normal funct. 1-'

6. s.L'1 f79 1 13.5 I 129 II 250; 12 I 'Graves Disease, on iodine Rx
I 9-24-46 thyroidectomy I! Low uptake

I -10 I 4.2 I 233
I
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IV • m~ALTIt CHEMISTRY

N. B. Garden

Over the past three months the development in equipment and
technique indicates that a policy of absolute control over radioactivity
can justifiably be set as an:ultimate goal. By this it is meant that
radioactive material can be stored and processed llnder such conditions
that virtually all escaping 01'\ waste particles are trapped and held in
absolute control, and any cont~ninated equipment can be cleaned or dis-

I
posed of also under absolute cOlitrol.

\
, I

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 becon~ 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 worl<:ers 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 outstancJ,ing points which have contributed so greatly toward
gaining the confidence of those working with radioactivity are:

1. No contamination.
2. Successful remote process control and manipulating devices.
3. Workable 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 elinLi.nates floor, clothing 1 and air contamination with a
corresponding elimination of personal hazard. The resulting vaJ..ues of
mental relief to the worker .. the saving in area monitoring and air
monitoring, as well as clothes lau.ndering 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 usually 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 ~quipment and technique 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 thiq report progress
has been made in development and standarization of eq1,lipment. Particular
sucess was achieved with gloved boxes and these have been largely

j
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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 appreciable amounts of a
alpha activity is involved. Of most recent development, however, is a
beta-gamma box, with laminated lead glass window, equivalent in absorptive
capacity of 2~ inches of lead.

With the acquisition of a truck for the Health Chemistry
Section, the transportation of radioactive rnaterials, 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 ChemistJry truck, thereby elimina.ting the
pO'3sibility of indiscriminate leaks or spills ~.n other project automobiles.

LMB/2-2....4f3
Information Division ,,,;"'"
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