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PART 1
SUMKARY

B. Metabolic itudies of Plutonium

additionul redioautographic studies substantiate
further the view that plutonium is accumulated principally in the
oBteo0ld matrix. The human excretory studies are now completed
through the E€7th dey, and the rate of elimination from the body
since the 20th day is reletively constant and averages approximately
+005% per cay. Pnralig% excretory studies in rats done at the same
time from the same Pu solution used in the patient indisated the
same rate of urinary elimination but fecal excretion in the rat was
mugeh greeter. The decontamination studies with plutonium have
shown that & decrease of surface alpha esctivity over the endostesal
region of the femur in rats of up to 30 fold has been achieved by
the dedeloification -~ re Calcification Cycle in rats. The uptaks
of plutonium by the cgallus following fracture of the tibile in rats
has besn found to ke at & maximum vefore calcificetion anéd decreuses
as the new bone 1is laid down, Tkis substentiates further the
opinion thet plutonium is not incorporeted to & significent degres
in the apatite structure of bone. The bloocking effect of carrier-
free radio-iddine by the thyroid glands of rats is not as greai as
had been anticipated. The metnbg%iam of plutonium in plants is
described. The isolation of Pe? for limited toxicity studies is
underway. The radiosutographic, tracer and human atudies are to be
continued.



SECTION A.

TECHNICAL PROGRESS REPOLT &' TH: METABULIC CTUDIRD OF PRODUCT

1. Radiosutographio Studies

Additional bone radicautograrhs from the normal caloium and
phosphorous deficient rats suostantiated further the oonolusion that Plutonium
is not deposited within the apatite structure of the bone but is tightly held
in the ostedd matrix. A group of represantative seotio:s and radioautographs
was forwarded to Doctor Bloom for his interpretation, Le concluded that, from
the spegimens, Plubonium did not precipitate in the cartilage in regions where
bone walds would be deposited, that osteoid matrix scoumulated more Plutonium
than sny other forms of collagen, sud that growing bone did not sake up mush
Plutonium, It is my impression that our findings agree in principle ratsher
sonolusively with the results at Chicago.

2. Tracer Studies

The following table (Table I) pressnts the results obtained for
the urinary and fesal exoretion of Plutonium in the humen subject who received
Pud38 over three months ago. The figures express exeretion in terms of the per=~
cent per day elimination of the administered dose. The feoal specimens were
colleohed for cne day out of every ten due to oertain praoctisal oonsiderations,
primarily those of the patient., For the purpose of oomparison, the data for the
entire period is presented below.

TABLE I
RE 16 H Table for Urine Samples
The Daily Rstes of Exoretion of Pu in a Human Subject Following
the Administration of 6 gms. by intravenous Injeotion

Aotivity in Welght Sample Vol. Activity Wweight Semp:
Sample Days % of Dose in Grams in M1, Sample Days in ZDose Gms. Vo;:pl

i 1
e 8'§2$ 8.0 1600 16=16 |0,0160 3.2 | 1500
28 o.lzs f:o 1500  16=17 | 0,00558 1.2 ‘' 60C
=4 0.03 1600 17«18 : 0.0002 2.6 1800
&=5 o.oség - 1600 18=1C | 0,00874 244 ==
b=7 0:0296 - - Pl 19w20 ' 0,0048 == 1500
7-8 0.0166 - " 400 42 20=21 10,0077 == 1500
9=10 0.0262 - 2000 S 54 2223 | 0,00805 - 1900
10=-11 0.0360 - 2000 #5  28=24 ! 040076 == 1200
1l-12 0.029 76 24=25 | 0,01056 == 1200
14=15 0.,0130 -— 4000 #6 26=27 - 0,00436. : 12%

500 s 27w26  0.00735

Tiote: Bample number 15 [Or LAGOrAtOry use.
P
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TaBLe I
{Contta.)
asctivity in weight Sample Vol. aCtivity in Welght Sample WVt

Deye % of Dose in Grams in 11l Deys 7 ©of Dose in Grams in ¥1.

29 0.0043 - 1200 62 .00584 1.2 800

30 0.0069 - 600 L3 . 00177 Te 1000

31 0.0077 - 1000 b4 .0042 11.5 1000

32 0.0063 - o0 65 . 0042 5.2 1000

33 0.0073 - 700 66 .0047 347 400

34 0.0084 - 500 €7 ., 0064 7.2 1700

35 0.0065 - 1000 6t . 0068 3.7 600

36 0.00786 -- 1200 b . 00170 12,3 500

37 0.0063 - 1300 7¢C ,00999 13.42 600

38 0.0085 7.0 1900 71 . 0072 8.5 300

39 0.0064 5.8 1400 72 .00652 13,3 700

40 0.00719 5.4 1200 13 .00688 11.9 400

41 0.007%5 4,5 1400 174 «007% 7.72 800

42 0.00805 9.5 600 15 .00512 4,8 800

43 0.00764 12.0 1300 76 .00414 5.8 800

44 0.00550 7.8 1200 11 .0065 11.1 800

45 0.0063 8.5 500 178 . 0074 11.9 1700

46 0.0073 16.0 1700 7% . 0066 4.5 700

41 0.0058¢ 5.0 1100 80 0.004¢ 5.9 300

48 0.0058¢6 6.0 500 81 0.0055 10.9% 1100

49 0.0063 10,05 900 g2 0.00795 6.92 1200

50 0.0078 11.45 Boo 83 0.00675 .44 1200

51 0.00815 10.8 1500 84 0.00222 5.8 1500

52 0.00658 © 14,2 1400 85 0.00926 5.92 900

53 0.0074 6.7 80O Be 0.0101 10,36 1000
54 0.0077 Ge 5 1100 817 0.007¢ 10,68 1000

55 0096 11,8 1400

56 . 0064 5.1 1500

57 . 00495 10.2 1200

568 «0058¢9 4.1 1800

59 0098 el 1000

60 .00674 6.2 400

61 .00655 4,1 800

T&BLE II

RE 16 H Table for Feoes

dctivity in Weight in

Days % of Lose Grams
l-2 | - -
2-3 0.300 2.0
-9 . 0.00852 -
17-18  0.0165 2.0
18«19  0.0105 2.4
29=30 0.00218 -
136-40 0.0032¢ -
M49-50  0.00143 -
i5$=-60 ; 0,C0Ll3 -—-



i3 oan be seen from Table I, the urinary excretion rate leveled off
about the 20th day and showed very little change thereafter. It ranged from .004
to +01 percent per day of the administered dose. The rate ot fescal elimination
averaged from one=third to cne-eighth the urinary exsretion.

Table II presents the rates of urinary and feoal exoretion
of Flutonium in three rats which were given Pu?®8 at the same time this material
was administered %o the patient,

TABLE II
The Daily Rates of Urinary and Fecal Exoretion of P8

in the Rat Following I.V. Administratiom
RE 16g Parallel Experiment to RE 16H

Jays (average per day) ., Urinary cxoretion % Fesal Lxoretion

O=1 0.323 1,38
1-2 Q.152 2,83
23 0,087 1,84
3=4 2.0325 1.92
4=8 0.0230 1.36
lost 0.0507 0.74
16«22 0.023 Do P4
22=32 04062 0.46
32«40 0,018 0,04
40=50 0.0086 L

B0=68 0.,0039 -

5848 0.00886 -

It will be noted that the urinary exoretion paralleled quite
closely that of the humsn subject. However, fecai exoretim in the rats was
very much greater.

3¢ Desomtamination Studies

Flu¥emium: and ocertain other radiocactive slements present a
hassrd froa ohronis radiation toxisity anmlagous %o that from redium pelsoning,
This is due to loealization in the akeleton as a very stable depcsit whiash is
slirinated extremely slowly.

The [ollowing iz a survey oI work oarried out during the past
year to further elucidate this problem. A more detailed report will follow,

as, Iffect on olimination of Phatonium of the standard
treatment uged in radium poisoning.

Adult rats were injeotea with Plutonium intramuscularly.
Six weeks later, they were placed on a low calcium diet to whioh 2% ammonium
shloride had been added. IThey also received 40 umits of parathormone subsute
ansoualy eaoh day. After four weeks on this regimen, they were ochanged to a
high oalcium diet (Stock diet suprlemented with 5% caloium carhonate). Fouwr
weeks later, they were smorifiosds ‘o sisnificant decontamination of *lutomium
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was obtained by this treatment.
be. Faotors Modifyin; sonc Metaoolism,

Differences in ags, ealoium dificiency, and phosphorus
defioiency were all found to have a profound effect on the abscorption, excre-
tion, and deposition in bome of radio-strontium sud radio=phosphorus. ihey
had only minor effects, if any, on the deposition of Plutonium, radiocoerium
snd radio-yttrium in bone. This suggosted that the depositicn of these latter
elemants might not be related to the leying down of bone salts,

¢s Severe Phospherus Deficiency

With the exosption of on experiment reported by Day and
MoCollumg there has been almcst no work on severe phosphorus deficiency,
besause of the diffisulty in obtaining a souroce of protein free of phosphorus.
By using oarefully washed blood fibrin as protein source, it was posaible to
prepare a synthetic diet extremely low in phosphorus. This diet produced
extrems deficiensy symptoms in young animals within two or three weeks. In
such young animals, almost no bone salt was left in the long bones, and even
in adult acimals, extensive decaleificsticn took place, partioularly if
aluminus sulfate were added to the diet. _Bvidently, the phosphorus esasential
for the soft tissue wes obtained by decaloifiostion of the skeletme This
was ecanfirmed by the negative caloium balsnoce associated with phosphorus
deficiengy. In this way, it was posaible to obtain extensively desalaified
bane in young rats, and to preduce decaloification in adult animale.

d. Deposition of new bone over deposits of Plutonium to
shield tissues from its rediations.

Beosuse exoretion of Plutonium is very limited, experimsuts
were earried out to determine whether, following deealeificaticon, new noneradio~
sotive bane might be laid down over the deposita of Plutonmium, tius effectively
soreening the living tissues from the short range alpha particles. Rats
containing Plutonium were desalcified by lastation on a calcium or phosphorus
defiaient diet, or by simply maintaining for six weeks on a phosphorus defident
diet. They were then placed on stook diet supplemsnted with 2% dicaloium
phosphate and 2% eod liver oll, Six weeks later, they were sasrificed,

Dises were out from the femur in a standardiged procedure, with s 9.140 inch
trephine, Shielding of radiation was determined by oomparing the alpha radiation
from the periosteal and endosteal surfaces with the total radicastive material

in the disc. Measursment of disc thiokness and ash weight of tibia gave an in-
-ax of the extent of resaloificstion. The reducticn in surfaoce radiatian rangec
from 2 to 3 fold, o 10 to 30 folds In the former, Wery little reoaloiflostion
had oseurred. Fer this reasocn, the results were inoonolusive. This problem

is being inveatigated further in rats, particulsrly to determine moans of
producing more effective deposition of new bone and recalcification. Expsrimsnts
are also being carriec out in pigeoms, in which the very rapid and intense

bons formetion and resorption a.socisted with eg; laying shoul: give a quick
answer as to the feasibility of this method for covering the deposits of
Plutonlium,

6, Site of Deposition of Plutonmium
The faot that the deposition of plutoxmiumioes not follow the

behavior of strontium, phosphorus or calcium, suggest that it may not be
deposited with the bone salts. This has been substantistec for Piutoniuem
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by radiocautographs of bones of rachitic and phosphorus defiocient animals, in
whioh very little bone galt is present. The Plut nium was foumd prinoipally

in the uncalcified ostecid matrix, and was deposited most intensely in the
newly rormed matrix below the epiphyseal plate. It did net deposit in ocart=
ilage. This was furthor supported by a study of stendard fractures of the
fidbula in the rat, Intense deposition of “lutonium in the csteolid matrix of the
oallus ocooured several days before active calcifiocation of the callus had
commenced .

f« iork projected or in progress

further investigations of fundamemtals of bone metabolism,
with special attention to deocaleifying ana calclfying mechanisma, to the
effeots of aevere phosphorus deficienoy, and to the actimm of parathormone and
vitamin D,

Continuation of the studies on means of shielding the tissues
fron rediztion by deposition of new bone over the deposited Plutonium, These
oxrarimats will he carri:d out on rate and pigeons.

Attention will be directed to the nature of osteeid matrix,
the manner of oombination with Plutmium and possible mesna of releasicg it
fran this oombination, Fastors sffeoting the farmation or osteocid matrix and
the deposition of Plutonium therein will be investigated in normal and
deoaloified phosphorus deficient animels, and in the osteoid of the fracture
osallus, Iwo deficiencies in porticular will receive attentions Vitamin C
defioliensy, since in securvy formation of osteoid matrim is very defective,
and defioienoy of the sulfur containing aminc acids, sinoce they are precursors
of oertain essential oocmpoments of the osteoid.

ge Deposition of Phubtonium in the Callus of Healing Fractures

Previous experiments have indicased that Plutomium is probably
deposited in the ocsteoid matrim of the bone, and not with the bone saltss In
healing fraotures, the cateoid matrix whioh appears in the fi{gous callus does
not show active caloifioation until the sixth to eight day, snd the most
aotive oalcification ocours from eight to sixteen days after thei{rasture is
produwsed. The following preliminery experiment was underkaken to determine
whether plibnium would be deposited in th; osteold matrix of the callus before
aotive calcifiocatlion had ocormenced.

Standard fibular frastures were produced in rats which were
then injected intramuscualrly with Plutoniume The rats were saorificed at
4, 6, 9, and 13 dayse. Ihe ocallus and adjmoent bone were carefully removed and
the radiocactivity ocompared with that of a corresponding pieoe of bone from
the unbroken opposited fibula of the same animal, The results are g .un helow:

TABLE 1II
Days Following Fraoture Plutonium Activity caloifioation Activity
(sounts/minute) % Dose Srex 100
rraoture Unbroken “raoture Comtrol
callus 3one

4 500 624 72 30 22 17
3 340 360 156 105 23 10
3 200 215 80 100 36 16

4 NN kel o AR N
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There was a striking uptake of Plutonium by the callus,
which was marked even at 4 days, vefore active caloification had begun. This
lends further support to the view that plutonium is deposited in the osteoid
matrix, and not with the bone salts. It is interesting thast, in this small
series, the amount of Plutonium in the ocallus appeared to decregse with tiue.

Further investAgations are projected to determine whethor
Plutonium is actually removed from the oallus during oaloiflcation and
during the subsequent reorganization of the bone, ilealing fractures also pro=
vide a means for studying faocters which modify the formation of osteoid matrix
and the depostion of Plutonium in it,.

feferences: Lopp, {. ., and Greenberg, D. M,

Studies cn Jone Fracture lealing
Zffeots of Vitamins A smad D. J. Mutrition 29: 281 (1948)

4, Plant Studies

The preliminary studies of the absorption of Plutomium by
plants have been completed, Harley plants were placed in distilled water and
in olay suspensions, In emch treatmemt, six piants were immersed for 24 haurs
in 850 ee. of solution containing about 23,000 counts per sesond. Each treat=
ment was ocarried out in triplicate. All thres valence states were investigated,
The results for the leaves and roots are presented in the following table.

TABLE IV

4 Plutonium Taken Up /% Plutonium Taken Up

Valenoe States from Hp) (Aversge) From Clay Suspensions(average)
-~ Roots laaves Roots Leaves
+3 16.1 0,0014 20,3 0.00048
+4 24,2 0.,0087 24,6 0,0024
' % 29.4 0.0068 3748 0,010

The data show that Plutonium, as with the fission elements,
is fixed by the plant roots rapidly and in large peroentages of the amocunts
offereds This 18 true for all three valence states of Plutonium under the
sonditions of the sxperiments, “ery small amounts cf the element are found
in the leaves when present initially in the +3 and +4 statea. Somewhat more
astivity is found in the case of the +5 state, ampecially when the Plutonium
is initially adsorbed on olay.

General avsorption experiments would lead one to expeoct a much
sreater translooation tc the leaves or the +0 state than observed, owing to
its 30lubility propertiaes, It is;, therefore, nighly procablg that the +6
gtate i3 raduced by the roota.
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In general it appears shat tho behavior of Plutonium is similar
to that of the fission elements Ir ¢ Cb, Y, ani Ce. FPlants exposed tc these
radio-elements would be subject %o root injury. Because of the very pronounsed
ability of roots for the sssumulation of these radio-elissmts in trace amounts,
injury would be expected tc oscur at quite low lswels of aotivity. With Sre. and
presumably Cs, injury would also ocoour in thc tops.

b6, Radio=Chemioal Isolation

Additional studies were made on the separation of %2 from
Thorium and fission produsts. The results indioamte that the subskibtukion of
Y sarrier for Pe in the hyAroxylamine msthod leads to a more ecnvenient snd
satisfastory prosedure,

The isolation of Pa by the di~isapropyl ketone extrastion
mtthed has been investigated., It was found thet minute trases of flueride
samplekely inhibited the extractian. This effect may be onram by the
addition of large smounts of ziroomyl nitrate, A sample of P« has been
prepared in the oyelotron and is to be isolated shortly, Preparation of Putds
on an internal probe in the oyolotron is continuing,.

6. Radio~Iodine Traser Studies

In table V thare is summarized all the results to date obtained
in & ssries of experimsnis whieh were designed to ewvaluate ths possible
propjiylastic use of inert Iodine as a bloaking sgent to reduse the uptake of
radis-Iodine by the thyroid gland. Inesonslusive himan experiments done before
the war, indicated that the adminis:: ation of inert lodiwa prior to the giving
of sarrisr~fres radio=lodine very signifisantly redueed the uptake of
the latster by the thyroid, With this prem.se, a series of experiments on rats
was undertaken in which the snimals were given varying doses of lodine at
weoekldy intervals fer periods of fram four to six weeks. Ome week after the last
doss:of imert lodins, carrisr-free radic-iodine was administered and the uptake
of radio=lodine was determined in the thyroid fovr days later., As oan be sesn
from the ascompanying shart, the blocing asction was not as great as might be
ansisipated, Moreover, considerable variatiocs in the gmounts taken up by
the thyroids was observed in easch series and in the last experiment (RE 15g)

a much small amoun of active Iodine was emplyyed and a significatihly greater
ssoumulation of the mmterial in theythyroids of all four groups toek place.

This would suggest that at the ten and ane microourie dose lewel, the

uptake of the gland had been decrsazed as a result of radistion effects., We

are at a loss to give au adequate explanation g8 to why the bloeking effeet is

as small as it appears. However, there is sufficlient dats ssoumulated to indi=-
cate that, at least in the rat, the blooking sstion under conditions ef these
experimmmts was surprisingly small, when ane considrs that the normal ret thyroid
weighhe from 20 to 50 milligrams and blooking doses as large as 100 milligrams
per kilo, or approximately 25 milligrams per rat, were employed at weekly
intervals for wp to s8ix weeks. It would sappear thet further studies of this
charaster upon rats or other smimals should be abandoned in the favor of cirect
human experimentation which ca: be dane quite readily if it is felt thut the need
for such efforts still exists,

7. Projected Studies

Tracer, smoks radio-a(¥ographs and humsn studlies will be
eontinued for the next 2 mokths,.
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4 Uptake of I8l by whe Thyroic of the Rat

' ~controls U g
: Fo Nal 1 m;. Nal per kilo.
BN BT B Bl TN Bl B | Bl ©5
: | : 1
‘Dose I* i 10 o l1 ¢ 10 ¢ Oel ¢ 10 c 1 o | 10 o sl o
—_ ‘ T ! !
Ma® A | 4.5 s8¢  6.75 2404 | 1,81 3.86 5.74 21.0
l.‘.'.'.ﬁ;l 6ol | 8,9 6,29 2346 2.23 2,95 4456 % 17,2
&Lc 3.87 | 664 = 22,6 2415 2,95 - ‘ 23.2
Animal D -— — - 56,2 - - | - ' 14,6
Average 482 7,48 6.5 26,75 . 2,06 3,18 | Bul5 ! 10,05
L ; ‘» L
(Comtinued )
: 10 mg. Xal per Kilo | 100 mz. Nal per Kilo
Exp, Wee MI@,! RE Iby = XE 15g || RE 15 RE 16y | RE 1bp | RE Ibg
I E
Dose Is 1 o 1 o |10 o 0 0110010 o |10 0 1 o
: - :
Animal A e546 | 0,85 5465 ﬁ 16.2 2120 | .26 §a.18 z 6403
Animal B | 1.08 1,21 | 7.15 | 12.8 G a8 | .26 2.8 ! 5,30
Animal C 1.24 0.914 - 18,6 .16 52 L - | 6476
Animal D — - - 6.7 - - - 6426
Average | 0.855 0,991 6,40 14045 205 317 5,00 ' 640€

RE 16, 167 and 153 animals wesre "pretreated”

of

Is,

four weoks before adzinistration

RE 154 animal wazs "pretreated” six weeks before administration of I%,
At the end of the last 1 unjection, one week was allowed tc elapse before

radio=lodine injeotion.

injectim,

T g

Animels were killed four davs after redioeledine



