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PART 1

A. METALCLIC STUDIE: o » SSICT PHODUCTS

hoe soil and plant studies have been soncluded for the pressnt
and a finel report is being prepared. she lon; term aerosol studies are
being oomtimued, 4 special series of smoke studies ®ppear in a separate report,
A method for the isolation of Pa®33 free from fission produots, wranium, and
thorium is being developed,

Be METABOLIC STUDIES OF PRODUCT

ally inhaled sotivity, 256 days after exposures The rate of elimination of
the retained motivity in the lungs at the end of this 8% months interval was
spproximately 0.5% per day. Ihe behavior of both Plutanium and fisgian prod=
uotz following inhalation of PUQo smoke cantaining fission product wasg found
to be very similer 64 days after exposurs,

A patient sufferin; iram oaroinoma of the stomach, received,
by intravencus otim, approximately 5 s of plutonium as PUOCp (NOs )2,
euriched with Py 30 that the activity was equivalenmt to 50 ¢/ gms of 9,
Four days later, as a result of surgery, Specimens of bomng, spisen, tumor,
omentum, and skin were obtained., lne distribution pattern of these tissusg
were very similar to that obsorved in rats, ihe highest degres of deposition
within the bone was present in the trabesular portion of the marrow, The
rate of urine olinination was low fallin: beiow (.1 percent per day at the
end of 16 days.,

A new method for the ralatively rapid analysis of large
Specimens of urine angd feces has been devsloped, whersby it would be posaible
to deteot 5 x 106 gns of plutenium in eagh days output of urine or feoos,
A detailed description of this methol it bein; forwarded to the appropriate
Parties in gl ocperating areas.
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SECTION A.

TECENICAL PROGRESC REPORT OF THY IMETABCLIC STUDIES OF PRODUCT

l. Hadioceutosraphic Studies

Additional bone radicautopraphs, including samples from a rib
of a human subject, are in various states ci preparation. A large series of
specimens from animals subjeocted to the desaleification=oalcification oycle
of treatment will soon ne available for radioautographic studye.

2. Tracer Studies

The two animals exposed to PUQ2 smoke were sacrifioed
286 days later and the results obtained with these two snimals appear below.
More snimals exposed both to PUQp smokes and FUO2(NOz )z aercsols are being
earried along.8ince with anly two animale, these results can ouly bs considered
qualitative in oharaoter,

TABLL I

The Pesrcent Distribution of Plutcnium in Two Rats 256 Days
After Inhalation of PUOs Smoke

Tissus Rat 11 hat #2 Average
Lamngs 0418 SeBE 4478
Liver <014 <042 «028
Eidney «0015 . ¢0005 +001
Sploen #0023 +003¢ «0031
G Is «022 <0070 +016
Head < o085 < «05 < «08
Skeleton 16 < 420 ayis
Balance « 032 o014 o023
Urine 2ed4 S e4dr 238
Feceas Gle2 8348 92,5

In Table II there is presented the rate of exoreticn per
day of the activity remaining in the enimals &% the indioated time intervals.

TABLE I3
R —————

(see followin: page}

————-
——
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TABL: I1 (oon .

The Peroent ixoretion of hetained Flutonium From the kats
at the Indisated Time Intervals.

Total Perosnt

Exoretion lLang Exareted

Day Per Days Activityv* Per Day
8 (4=16) 138465 2604 5426%
16 (8«24) 595 1896 3e14%
32 (24=40) 1l.% 1831 «78%
64 (40=80) 10,77 1244 «87%
96 (72=112) 753 918 «82%
128 (103-144) 7420 737 «98%
192 (144=224) 2447 446 «55%
256 (200=256) 1.26 362 «36%

*Indicated ae the average number of oounts per secand
for the two animals,

The three most signifieant facts to be noted in this experi-
ment sre as follows: First, a very signifiocant amount of the originally
inhaled PUOp is retained by the lungs after eight and one~half months in
the rat. Second, there is only a very slight degree of absorption from the
lunga, with deposition in other tissues. Third, & very significant rate of
loss of materisl from the lungs continued at a diminishing rate for the
266 day interval. More precise evaluation of the wveluee for lung retemtion
and ratez of exoretion at this prolonged interwval will be awvailable later.
However, 1 doubt if the present figures for the rat will have to be revised
at that time by more than a fastor of two.

L The results are now available from & group of three rats
sacrificed 8< days following exposure to PUQO2 smoke prepared from neutron
irrediated plutcnium metal and the salient faots are summarizsd in the
following tabls,

IABLE III
The Distribution of Plutonium eand Long-lived Fission Produets in
the Same Rats 61 Days after Lxposure to PUO2 Smoke Prepared from
Neutren Irradiated Plutonium Metal.

" N 1 1~ a8sion Froducts

L\mgﬂ 838 4] 05121
Liﬂr < .01".. 0028;;
Kidney < 0L 0385
Ge 1. Irsct 08 +088:
Spleen ¢ «OL. <04,
Head < «20. .20‘,0
Skeleton < #80. 275
Balance < 20 o12,.
CT Urine 1.20.. 3.09;«
i Feces 90640 87.60..




I4 is interestin: to compare these results with the corres-
.ag data for the 0, 4, and 16 day intervals which eppear in tho April 1945
.thly Report. Onme inconsistency appears in tho relativel;y lower akeleteon
4lues at the 64 day interval for fission product depcsition. Otherwise the
pattern is consistent and the distribution of the two types of active material
remsined quite similar. The rates of excreticn (chiefly lung activity) per
day were .29% for plutenium and 1.90); for fission products of the corres-
pending materisl remaining in the body at the end of the 64 day interval., 1lhe
plutnium excretion rate, at the amme.interval, was greater in the other
exporiments noted above. Those figures in Table III indisate the similarity
between the two types of active material but oertein gualitative differences,
such as the greater degree of absorption through the lungs, and more ranid
axoretion of the fission produots are evident,

Longer terrm snimals exposed to this type of PUOp smoke are
on hand and will be saorificed at the mppropriate intervals.

May 14, 1945, a human subject, suffering from a oaroinoma
of the stomach, received approximestely & - gm of plutonium as PUO2(NO3)2 by
intravenous injection in & solution of isotonic NaCl at Phd. This sample
of plutenium sontained suffisiemt Pu238 to inorease the apescific astivity of
the injeoted material to the equivalent of 50 gus of g, Four days
later, the patient was opersted upon and specimens of rib, spleen, tumer,
omentum, subsutaneous tissue, and skin were obkained, At the same time, e
sample of bleod was also secured. Unfortunately, the surgean falled to secure
a specimen: of liver. The patient is a 50 year old male, weighs 58,1 kilograms,
and is in good general physiocal sondition, aside from the tumor., A4ll exorets
has been sollected at dally intervals since the time of injeotion of the
plutmc

The content of plutonium in the different tissues in terms of
pereent of the sdministered dose is given in the following table together
with the exoretion per day. Due to the surgiocal prosedure, the patient was
on & very resiriocted diet with the result that for the first two and one=half
weoks, little fecal elimination toek place. The per organ oomtent of skeletan
an¢ blood were taken cn the basis of these structures, representing 15% and
10% respectively of the patient's weight. *he sampls of rib was earefully
slit open, the marrow removed by gentle washing with normal saline and then
the trabecular bone and endosteum werc scrapea eway from the cortex, The
perlosteum was likewise removed from the ocortical bane and all four ocmpoments
assayed for their pluteanium content.

The relatively high ocontent of plutonium in the sepsrated
trabesular material from the spesimen of rib, which also contained the endosteal
tissue, is correlated with the radioautographic studies in snimals. It will
be resalled that bcne radioatttographs showed the bulk of the plutonium to be
ooncentrated in the endosteal region and about the traveculer bone. The
relatively low values for cortioal bone anc periosteum likewise folleow the
pattern indioceated by the animal studies, However, the high plutonium content
of the marrow in man was surprising since nc indioation of this feot was ev~
ident from our animal studies. The possillity of entrepment of plutonium
in the colloidal state by the phagooytic cells in the marrow is ruled out in
our opinien for two ressons. First, animal studies done conocurrently by
intravemeus injection of aliquots from the ssmo soluticn of plutonium given

',3 ~
o
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, patient showed no excessivel- hish cancentratian in either the liver
+.me spleen. Vhen the material is colloidal in charaocter, very high uptake
Zues for these two organs have been consistently observed. Seoond, the
lutonium emtent of the spleen of the petient was quite low.

The possibe
1ity of leamching of the pluteonium from the endosteum, when the marrow was

washed out from the bone, is very unlikely due tc the faot that under the far
more rigorous sonditions surroundin; decalcificetion of bome with dilute
acid, very little leachiny takes place. Vis have not received radicautographs
from rets receiving plutonium by intravenous injection and further more,

all bane madioautographs available at present from Berkeley have been fron
animals that had reoeived the ~mterial two months or longer before they

were sasrifioed. During this interval, the plutonium mey have migrated from
the marrow to the trabesular bome and the endosteum. because cf these two
zaps in the pieture, we omnnot state that under the oonditions of this human
study, the same type of wmarrow ooncentratioci does not exist in the rat.

are now going to seoure bons radioautographs from rats under comparable
conditions in an attempt to settls this point,
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TABLE IV

The Distribution of Approximately ©
Hhamen Patient, 4 Days Following the
of the Material as PUOz (NOg)s. The
18 Days Following Administration is

gms of Plutonium in a
Intravenous Administration
Exoretion Data for the First

Inoluded.
% per (rgan # per gran
Cortex « 0072
Marrow +01%
Spioules «082
Periocateun «0048
Whole Bone E7 o2 «010
Spleen 022 «0019
Tumor «0011
Omentun 00043
Bkin + 00048
Suboutanecus Tissue +00037
Blood Tedl «0013
Plasma <0023
RBC +00028
Lxeretion Date
L P4 A & < [ i ) & 40 di
Urine 20 eIl e1T <081 W05 o0IL W0l1. .0IC LOBL .L08C 036
Faoes o33 « 0092
17 1% 17 B KR 1 17 s 15
Urine 4029 o017 4017 o013 .016 +005¢ oO1C 0067 A
Feoss - «017 010
AR

The human exoretion data indicgtes that the reate ol urioary
elimination is almost the same for rats giveun a portiocn ¢f the same sclutian
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s
A Compariscn of the Kates of btxoretion of Piutonium in tk\w Rat and
Man Following the Intravenous Administration of PUOZ (NGS)2
RAT MAXN
Day % Dose per Day 5 Dose per Day
Urine Feoes Urine Feces
0D=1 325 1,39 «48%
1 - 2 .15/# 2.8591 .15% 0076;’5
2 -3 «061% 1.54% 125
5 - 4 .033% 1092/\. .051;9’
5 - 8 .023% 1t55,w .020;;

8 Also ingludes feses thrcugh 18 days.

The feoal exsretion in the patient was far less but perhaps
is related to his eperitiin and subsequent lack of fecal output. More speci-
mans will have to be asoumulated before any acnclusive opinion can be reached
in regard to the rate of feoal exoretion of plutonium by this patient.

It is plammed to ocntinue the daily colleotions of both urine
and feoes from this patient for an indefinite period. In additien, there 1is
enough PU238 for another human study when a suitablg gntien‘b is avalleble.

It should be pointed out that we feel the use of PuéSS as a tracer for a limited
number of zeleoted patients is desirable since it is possibie to use from

l %065 , gms of plutanium, which is tho range cf dosage in man that is of
grestest interest, due to the high aspecific activity of this material.

¥r. Ssott has recently developed a method for the resscaably
repid and quantitative extraction of plutenium from 24 hour oolleotions of
both urine and feces. The materisl is ashed and then the plutanium extracted
from the ash by means of Hexons. From 754 to BOY: recovery has been ccnsist-
ently obtained, The entire prooedure of ashing, extrastion, and esounting
can be dons with an average exvenditure of 2 hours per sample, providing ade-
quate fasilities for ashing are available. This method is resdily adapted
to handling up to ten days asoummlation of urine, The final precipitate is
mounted on platinum dishes 5 oentimeters in diameter to reduce self-absorptian
but even under these sonditions our background of the cownter is approximately
onge count per minute., On the baais of using 10 day urine samplea, it should
be possible to detect a daily exorstion of 2 x 10‘g . gms per days. Diffioulty
of securing alphe particle free reagents, perticularly giroonium and lanthsnum,
presents a serious problem ani must be kept in mind. Mackey's Lanthanum anc
Zirceniuwm are partioularly bad in this respeot. The alpha activity from these

1
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8 foalows very closely the chemistry of plutemium in this type of
| gearatiion,

Oyr work with plutanium has ceen greatly facilitated by the
extensive eooperation given to us by the difterent members of Dooctor latimer's
group and in pertiocular, by Doctor Conmnick who supervised the preparation of the
sample of 8 and assisted Mr. Scott in developing his method fer assaying
largs sauples of urine and feces.

3. Desmiamination Studies

Prelimingry results indicate that the technique of overlayering
ths sndosteal region of the bone by the decalsificatimmeocalcification oyecle,
desoribed in an emrlier report may be suscessful. Additiocnal data to either
substantiste or deny this most hopeful procedurs will shortly be available.

4. Soll Studies

Experimeniis were conducted to determine the degres of fixation
of produst in its three walenoe states, on claye. For preliminary experiments,
a hudrogen slay (Death Valley Bentauite) was suspended in distilled water
&t Ph 4.5, Although produot in the +3 and +4 states tends to precipitate
at the hydrogen ion oonecsntrations used, it is believed that the data.nome=
theless show pranounced adsorvtion of these stetes on the clay. Tho pore
contage adaorption of ihs three walencs states on hydrogen clay suspensions
of various strengths is givem in the following table:

Percoent Cens. Peroent Fixation FPerocent Fixamtion Peroent Fixation

of Clay of +% of + of 46
0L T [:{:344] 18.8
«05 9545 Hieb 6840
«10 88.7 — 95,0
«50 99,0 —— 85.1

1400 99.5 —— 9944

Additional experiments are bein; oarried out to determine the
fixation of product on olay under conditians ol groater acidity eund eleetro-
lyte ooneentration. It is of interest to note that a pronounsed difference
in the behavior of +3 and +6 plutonium exists in the higher dilutions of oley
which then vmnishes &% the higher elay concentratioms. JThe lower affinity of
nlw..::or +6 plutonium is probably due to she fact that +6 plutonium exists

in soltrtion as the plutonyl (PUOo**) ion whilc in the 43 state, it exists as
Pu"'*“‘ Tha affinity of elay for oations is proportional to the nmumber of
pesitive ohu'gas oarried by the lone in solution.

e

Experiments are in progres:c to ascertain the availability
or the #h:roc valence statar of product to ylmtu.
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be Prglectod Studies

The tracer, soil, plant, smokse, radiosutographic and human
studiss are to bs ocantinued for tho next two months,.



