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1 Summary of Requests for Information Desired Concerning Plutonium

s,
i
~ : Dras, L. H. Hemplemann, S, T. Cantril; J. E., Wirth, J. J, Nickson
and ¥r, S. G, English wrote the letters on which this section is based.
! Immediate problems of importance agbout which further information is
needed are emphasized.
I Diagnosis and Estimation of the Amount of Plutonium in the Human Body
A. Detection of amounts in the body in excess of the permissible
level
. 1. Development of a satisfactory means of assay of urine and
: feces
a. Nced more information on elimination rate as a
> function of time
b, Need more information on elimination rate as= a
il function of route of intake
.. _ 2. Determination of percentage of plutonium excreted daily
- by hwnana '
3; Can blood samples be utilized for this purpose?
B. Detectiocn of plutenium in the lung
1. Development of a satisfactory means of estimation of the
amount of plutonium in the lung
2, Compounds of interest are+ 3, +4, nitrate in aqueous solu=
tion, +6 nitrate in ether solution, tetrafluoride, + 4 oxlde,
+ 4 oxalate; + 4 peroxide ss slurry
, C, Development of a method fér detection and quantitation of plu-
tonium in wounds
. I1 Absorption

A, Skin
1., Need more information on sabsorption rate on various plu-
tonium compounds through the intact skin

2. 1Is absorption influenced by use of potassium permanganate
solution followed by sodium hypo-sulphide solution on the
skin?
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Gastro-Intestinal tract

1. Need more information on abscrption rates of various
plutonium compounds. Specific information is desired
about those compounds mentioned under “diagnosis®.

2. Can the elimination of plutcnium be used in the event
of gross intake to detect the amcunt that will be fixed
in the bone?

Younds
1. The rate of diffvaion of plutenium from the wound area

2. The effect of different plutcnium compounds on the reie
of diffusion

3. How is the distriwutilon pattern ar. -~red by having dif-
ferent sorts of woands, e. g. panciiure wounds as oppose
to lacerations?

£xe

1. How rach of the arnount broathed is vetained in the human
lung?

2. Heow mach
and then

i
3
[»]
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o
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B.
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in the lung
In the bome
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Juat is the mininum asount neceoszry Lo }.TC:’}JCE'. CATAGST A TS

Are thaz alphe rays fron pluatonian capable of producling qamige
Lo the skin? ’

IV Hetabolizm

A,

Distrisuticn patiern as a funchlon of rate of ilatake
Distrivution paitern ¢5 a function of Jliet

'y

What iz the rabe of elimin lion of plubondum from bane?
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V  Psthology

A. TUhat is the nature of liver damage after intravenous adminis-
tration of plutonium?

s B. What is the nature of liver damage after sub-lethal doses given
. : through other routes of entry?

C. Does pre-existing kidney damage diminish the elimination of plu-

tonium from the body? Should persons with kidney damsge be
excluded from working with plutonium?

Y1 Therapy

A, Development of methods of increasing elimination from the body
1. Effect of diet
2. Effect of injection of complexing or other agents

B. Methods of covering up materlal depcsited in bone

- . C. Development of methods of therapy for plutonium in wounds

- (specific mentlon is made of those compounds mentioned under
" "diggnosis")

1. The effect. of suction
2. The effect of increased venous f{low

D, Formumlstion of a recommended procedure for treatment in case
of a known over=dosage by inhalation, by mouth, or by wound

E. How much time can lapsc before treatment rmst be instituted?

VII Protection

. A, Is inactive dust in a work arca an additional hazard in that
. it increases the probabliity of breathing plutonium?

B. Improvement of existing means of the physical protection of
g personnel from ingestion, inhalation or direct innoculation
of plutonium

T C. Development of a method for the rapid determination of the
quantity of piutonium in the atmospheore

D. Development of a continucus monitoring device for atrospheric
or dust borne plutonium which is effactive in concentrations
Just above or at tolerance levels
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E. Analysis of masks and respirators for percentage efficiency
in filtering out various chemical forms of plutcnium. Special
mention was made of +4 and +6 nitrate, +3 and +6 sulphate,
+3 and ¢4 chloride, +4, +5 and +6 carbonate.

F. Do various chemical structures play some part in the efficiency
of respirators or is particle size the important factor?

VIII Plutoniune-radium Ratios

A. What ratio for acute effects?

B, What ratio for chronic effects?

3389 06
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71 Distribution of Injected Pluton‘um

. D, Finkle

The distribution of plutonium in a dog 16 days after the adminis-
tration of a lethal dose of plutonyl nitrate is shown ir Table I. The
skeleton contained 44% of the injected dose, (assumed 178 of boly wgt.)
liver 31%, muscle 8% and spleen 3.5%; 10 was excreted. The table with
spleen at the top is arranged in order of decreasing amount of plutonium
per gram of tissue, except for the bones which are the last three entries.

Femur, sternum and rib were the three bones sampled and were found
to have the same concentrztion (0.033% of the injected dose per gram of
tissue) within 17%, while a tooth was about 1/9 as active as bene. Mar-
row from the femur was 13 times more active than an equal weight of
compact bone. 98% of the »lutonium in the marrow was feound in a frac-
tion containing the spicules (Table II).

Plasma contains approximately 80% of the plutonium in semples of
blood. Liost of the metal in the plasma was attached to the glebulins,
probably largely on the beta glebulin fraction.

elded

The intravenous injection of plutonyl nitrate into mice yle
livers which retained over 27% even after 64 days. {Table IIX) This
was not the case when plutonyl citrate was used. (Table IV} 7The liver

content fell from 36% to 14% on the 31st day and to 7% cn the 6hth day.
From the 4th to the 31st day the decrease was exponential with & half
time value of 20 days. Micz which received plutonyl nitrate, intra-
muscularly, had liver retention which decreased exponentially end with

a half time valus of 20 days. Very little differsnce in metabeolism at
33 days was found in the main series, with 0.5 mg/iilo erd 2 group of
four animals with 4.5 mg/kilo, excapl that the retention arcund the site
of injection was somewhat greater with the higher dose. Dr. Nardlton's
data (Tables VII and V11I} with plus 4 and plus 6 plutonium nitrates a
adiinistered intramscularly to ratz show relatively small concentration
of the absorbed fraction in the liver except with plus six at four days.

Plutonyl citrate was injected into the peritonesl cavity of mice
and was slowly absorbed in 4L days as indicated by the rise of the femur
content to a value equivalent to 4L5-55% in the entire skeleton (Table VI).
Thz livers contained over 30% of the dose, at first. Radio autographs
demonstrated that the material wos ¢istributed throughout the liver in
a normal manner rather than as a surface coating. Plutciyl nitrate,
intraperitoneally, behaved similarly bui was scmewhat meye slowly ab-
sorbed and, therctore, was retained longer by the liver,

The general biological rcaction to adrinistered plutouium appears
to be a deposition of 508 ¢l the material in skeleton and early reten-
tion of 20-40f by the liver. In most cases tle amount in the liver
decreases to 5-10% withir 64 days.
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Table 1
DOG #33 - [PATA FECH HUSSELL]
DISTRIBUTICH OF PLUTLNIUN (F~NITRATE)
' IN THo VARIGUS TISSUWS 16 DAYS AFTiR IRk JECTION (L.V.)
|
. T1S5UE COCENTRAT Per cent of Py ’{.rw ﬂi‘:,\;a
OF Pu/Gram Iniscted Pu
Spleen 6.16 iig 3.560
1 Liver 1,209 0.5 :
B. Lymph Hodes 1.17 5.6218 A
Gall Bliadder 0.93 0.031 5
Kidney 0.19 0.29 .2
Adrenal 0.153 0.3 .Q
Tooth 0.09 s 2
M. Lymph lodes 0.085 0.08% A
Huscle 0.0802 — TLEh
iung 0.08 3.126 S5
- S. Intestine 0.051 0.302 Frably
L. O’\TEX‘:} 0.051 0,009 .’.bf’)'}t
Ureter 0.039 C(OCJ? 3.55
) Blzddar 0.027 2,45
Parcresas $.027 2h5
. L. Intestines . 0227 L7
. Blood Qui2ik e 1.0
) Stcimach 0.0097 00503 ¢.89
- Peivis of Kidney 0.00¢ G. G002 (82
ileart 0.0087% G 0028 LT
Brain 0.80182 0.0CE5 3.7
Bile 0.0000 0,000 .10
Femur G.B2 e ;
sternum 1.07 .
it i dh T e i e A -
Table II
RIBUTION O P oriuTonTY:, Ih BOrs
TISSUE WILGHL TOTAL SONCENTRETION T Tiffrsn 7 7of 3njected
PLUTCLIUN Per Qrar. _ tulel.ilc : Dl
1. Femur 37.30 453 3G 40 pig 0,821 Mg V3.0 i.lg%
- (a} Periosteum 2.10 0.7% O 24 3.8
‘. {(bj Marrow 0.176 0.1l G 425 54,G
(m Hard Bone '
$rom Diaphysis 2.41 0.155 Q.054 5.8
(d) Karrow 0.343 0.3 } 930 8k .6
{Spicules) 0,310 rem -
{Cells) : - ot e e 5

o

Sternum
{Farts)
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Table III

The Distribution in Tissues Following an Intravenous
Administration of Plutonyl (+6) Nitrate to Mice

- % Per Crgen of the Retained Portions
Average Values From Four Mice at fach Time

ORGAN th Day 8th Day 14th Day 31st Day b4th Day
Liver 36.3 37.8 33.1 30.1 27.5
Spleen 3,27 L.LE 4L,07 2.36 2.32
Kidney 1.02 0.72 added 0.41 0.36
Lung 0.57 Q.52 to 1.01 - 0.72
Femur 1.33 1.6G carcass 1.69 2.21
Carcass 57.7 51.8 62.6 64.3 66.9
Tsebhle 1V

The Distribution in Tissues Fcllowing an ‘niravenocus

Administration of Plutonyl {$6) Citrate tn Mice

% Per Organ of the Retained Portions
Averaze Values From Four Mice at Lach Time

ORGAN Lth Dsy 8th Lay 16th Day 31st Day bLth Day
' Liver 36.3 28.8 23.8 14.2 7.13
. Spleen 2.78 2.93 3.45 2.4, 1.52
- Kidney 0.48 0.61 .47 0.60 0.2¢
lung 1.09 0.76 0.71 0.69 0.22
Fenur 4.36 L.29 2.48 2.48 3.05
Carcass 60.4 65.7 58.1 79.6 87.G

: T
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Table V

. The Distribution in Tissues Following an Intra lMuscular
. Administration of Plutonyl (+6) Nitrate to Mice

£ Per Organ-of the Absorbed and Retained Portions
Average Values From Four Mice

o0 mp/Kilo

ORGAN 4th Day  8th Day 16th Day 33rd Day th Day (L3§r§géay !
Live!‘ 19-1& 20.9 1502 70% 3-92 13«' 7
Spleen C.59 1.59 1.01 1.10 0.87 2.25
Kidney 0.81 3-L5 0.87 -— - -
Lung 0.68 —— 0,69 o — —— ————en

- Remsining
Viscera —— — — 1.43 1.29 2.06
Femur 1.97 2.80 4.03 2.68 3.59 2.68

- Carcass 73.9 68.1 70.2 76.6 8.8 74.3

. % of Total Retained Dose

. Site of

Injection 65.4 62.4 57.9 63.6 L5.2 £8.1
Table VI
The Distribution in Tissues Following an Intraveritoneal
Administraticn of Plutonyl (F6) Sclutions to Mice
% Per Organ of the Retained Portions
Averags Values From Two Mce
Plutonyl Citrate Plutonyl Nitrste
ORGAN kth Day  16th Day  64th Day . 4th Day  16th Day  64th Day
‘ Liver 33.8 41.7 8.70 32.4 37.4 21.5
‘Z: Spleen 3.30 3.87 107 1.22 54.13 1.46

Kidney 0.98 C.66 0.64 0.18 0.74 0.15
Lung 0.17 Q.2 0.22 0,27 0.56 0.65
Femur 0. 66 1.23 1.81 0.48 1.00 1.72
Carcass 568.7 51.9 G0.4 b5.4 56.2 15,0

- T U e e
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Table VII

R

9a

"CORRECTED“ DISTRIBUTION OF 44 PLUTONIUM IN RATS FCLLCWING INTRAMUSCULAR ADMINISTRATION

Unab in Left Leg 95.7

. FOUR DAYS
= % Per 4 Per
Organ Gram
Liver 3.52 0.30
Kidney 1.39 0.7
Testes :
Spleen 0.39 0.42
Muscle 1.36 0.015
Skin 2.23 0.22
Stomach 0.0%8 0.061
Sm & Lrg Intest. 2.43 0.24
Bone 70.7 3.42
Lungs 0.17 0.14
Brain 0.037 0,028
Blood 2.38 0.17
Urine 0.65
Feces 5.12

{from Hamilton)

SIXTEEN DAYS

% Per % Per
Organ Gram
5.24 0.80
2.,1¢ 1.8
0.32 0.10
0.39 0.72
2.76 G.036
2.28 0.055
0.097 ¢.061
* 0'12
59. 2.76
.17 0.14

1 0.016

.16 0.011

5

°

-3 HHHOOOWH
o \OOHOHP?
0

]

<

o

SIXTY-FOUR DAYS

% Per % Per
Organ Gram
2.62 0.35
0.51 0.26
0.14 .31
2.81 0.032
0.79 0.029
0,065 0,035
0.51 0,044

6,.0 4L.31
0.12 0.098
0,012 0.0089
0.25 0,015
3.23

22,0 -

68.1

Table VIII

ONIUM IN RATS FOLLO.ING INTRAMUSCULAR ADNINISTRATICON

"CORRECTED" DISTRIBUTICH CF +6 FLUT

(from Hamilton)

FOUR DAYS SIXTEEN DAYS SIXTY-FOUR DAYS
9 FPer ¢ Per % Per % Per g Per % Per
Organ Gram Organ Gram Organ Gram
Liver 4.0 1.83 2.72 0,49 4.18 0.58
Kidney 1.95 1.13 .68 0440 1.70 Co9U
Testes : 0.14 0.051
Spleen 0.37 0.63 .32 0.58 0.52 0.88
Nuscle 2.57 0.028 1.80 0.023 1.56 0,019
Skin 2.61 0.093 0.87 0.033 1. 0.043
Stomach 0.66 0.19 0.082 0.042 Q.15 0.075
' Sm & Lrg Intest. 2.30 0.11 0.72 2.078 0.49 0.139
e B0NE 66.5 2.96 6l,.9 3.30 58.3 3,82
M ungs 0.33 0.25 - 0.14 0.12 0.16 0.11
Brain- 0.031 0.023 0.012 0.0C39 O.11 0.12
Blood 4.58 0.28 0.32 0.0623 0.32 0.021
Urine .38 7.98 L 48
Feces 7.58 19.3 26.3
Unab in Left Leg 70.3 28.8 3 6
. e s e 33890
3008213 R st 3388 13
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11T RETENTION OF JYNHALED PLUTORIUM

= By Richard Abrams

The pertinent data are summarlzed in the accompanying tables.
Tables IX and X apply to inhaled aerosols, and Table %I to intubated
solutions,

Table IX is largely self-explanatory giving the types of com-
pounda used, the methods of aeroscl produetion, and the propsriies of
the particles as observed in an electiropn microscope.

In Table X an attempt is made to indicate the fate of inhaled Pu
aerosols. The column headed lung retention indicates the fraction of
what is inhaled that deposits in the lung. Since the Pu in the lung
is eliminated at a continuously decrsasing iate il is impossibla to
give a single constant indicative of the rate; instead we have arbi-
trarily indicated the time needed for 50% and 90% elimination. The
- . last {wo columns indicate the sites of greatest deposition. The liver

reaches 1ts maximum in 1 day and mey then decrease somewhat. For ihe
skeleton we have indicated what fracticn of the originally retained
dose is deposited and the time after exposure reguited to reach this
maximum,

The final Table (XI) summarizes resulis on inhalation-of sclutions
through tubes inserted in the trachea. For ¥u (VI) and for Pu citrates
elimination from the lung was rapid at first, followed by a sudden change
to a slow rate (the latter presumably teing characteristic of Pu JV).

The half-times are given for each of these processes, It might be pointed
out that the liver reaches a maximwt in 1 day and may drop considerabtly

thereafter, especially with Pu citrzte. Alsc the fact is roted that

c¢citrate enormously accelerates the rate of transfer from lung o ckelston,

P,
=
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INHALATION OF

PLUTONTUM ARROSOIS

L TABLE TX

()

-t

=
. COMPOUND TYPE ROSOL PROLUGER PARTICLES
NITRATES fgueous atonizer Spherical, all below 0.2 b
0¥IDER 20 Carbon arec Filamentous aggregate of .1 U units
' {1 to 1.0p)
CUPFHERRIDE Freon bomob
TABIE X
COMPOURD LUNG LUNG LIVER SKEIETON
. RETENTION ELINMINATION TIKE  AaXIMUM DEPOSITION  TINE EPOSTTION
£0% 0% {1 pay)
6 ( 1V) nitrate — 12 day 100 day 2z > 20 day 25%
w (I11) nitrate 7% 5 LO 33 > 20 20
w (V1) nitrate & & 52 7 = 20 20
1 oxide & 20 . i e e
v {IV) cupferride S 8 105 i =10 d 3
' TABLY X1
TRACHEAL INTUBATION OF PL 'I‘ONIU‘:“ SCLUTICHS
COMPOUND LUNG v IMINATION LIVER UDEPUSITIOH £} SARNLY
. HALF -~ TIME {DAYS) 1 DAY 15 DaYS TIME  IRPOSITION
T A B
Ea -
s (Iv) nitrate 12 . 1% i% 15 days L.5%
'u (VI} nitrate 1.8 20 5 2.5 15 20
: {IV) citrate) 0.7 x5 20 7 >1 3G
e {VI} citratef
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IV THE METABCLISM OF TISSUES OF PLUTORIUM TREATED RATS

E. S. Guzman Barron

It has been pointed out by Dr. Murrey and by Dr. Brues that plutenium
treated animals show great irregularity in their response to toxic doses
of this substance. This irregular resoonse might be due to the double
action of plutonium as a heavy wetal and &s a radiaticon emdilbing substence.
The radiation effects furthermore will be deternaneﬁ»by the site of dep-
osition of plutonium in the tissues.

[0
A
]
*
joo
5]

The most constant effect of plutonium seems to b
blood~-forming tissues. The spleen is considerably re
rats ireated with intraverocus injections of 2 mg ol
these animals the gize of the spleen has diminic He?

b

oot
2]

ce in
. In
toat
. The
cake of
sotually

the end of the Tth or Bth day aftar the 1nj»ct*o‘

3
(4

Another tissue in the rat constantly affectsd by plutorium is the
thymus. The gland is considerably diminished in ¢ize and the &,? values
go down day after day so that at the snd of ¢ te 10 days aflter Injection
they are only ane third of the normal values (F*« e I1II, %),

The adrenals sgeem also Lo be ,“o foundly affscted by nlu mniumc On
measuring the Oy upleke, there is at [irst a swldien incr
sides about the 5th day after 'ajeciicn Lo be replesed b
values., In fact, 6 days aifur injecticon the Q0o velucs
(forty per cent of norssl) and remain:d constanily aroun
(Figure 11X, 4).

The inhibition of tisaue regriraivion b
Thus; for example, the Q0p values of the kdbmaylilaAV glands reru
little effected throughout the duraticn of the experimenis (U3

The same thing occurred on the respiration of hearl musclc.

NG,
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The response of the kidney t¢ plutonium is varizble. In some rats
the kidneys were obviously damaged as shown by grocs aypsarance and elo-
vated blood NPN. In 31 rats tﬁeatbu with 2 mg of plv*onlum mer ¥g o intra-
venously, NFW walues from 50 to GO ne psr cent wers found in 1€ par cend;
values from 50 to 80 in 20 ger Vern” Alﬂ&li?, values gbeove &0 in 16 per
cent. Since normal NFE values in rats cgeillate bebeoen 32 aad 40 mg
per cent, definitely high values (sbove 60, were found in 30 esv cent of
the traated rats. This kidney dewmznge was confira:d by de y

rate of oxidation of glutawate (004 Tutamate) wod

QO glutamate was generally Jower fren in control -
The (Mily values were aboul half of the normal valves

matebolism of rlubonium U
a £ the Ldver, wi
ui lost tre

TY. oo
iv, ¢

was ycilow and qaltc % ~bla,
of osidizing pyruvic acid ivwr“ﬂd‘rW
hese {indings failed to appsar
swith plutoeonimin, Howsver,

o o €y e
A LTosY
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Q0, pyruvate values (Figure IV, 8) as well &s of the Q pyruvate values
‘(Utilization of Pyruvate) (Figure IV, 9). The effect of product cn tiie
mestabolism of fatty acids was irregular. In some cases there was an
inhibition of the Q0, butyrate values and the Q acetcacetate values

. (formation of acetoacetic from butyric acid) (Figurs IV, 10 while in

= other animals these values were normai. There wses also an inhibitlon
of the angerobic glycolysis (Figure IV, 11). If to thesz findings we
add the changes observed in the electrophoretic patt-rn of the plasm
proteins~-low albumin and increased globulins it must be concluded tnat
plutanium definitely produces liver lesions.

We have not yet determined the part piayed by the hsavy metal and
by radiation itself in thesz alterations.

3389 15
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V Gross and Histopathology of Animals Treated with Plutonium

R. Murray

Animals autopsied after administration of plutonium fall into four
groups, which showed the following gross pathological changes:

(a) Rats inhaling plutonium: Bayond changes in the lungs charac-
teristic of acute pneumonia, there ware no unusual effects.

(b) One dog treated intravenousiy with 0.36 ug/gm: The animal
died after 16 days, but showed only pile bone marrow and hemorrhagic
nodes.

(¢) Mice and rats with intramuszular tréatment: Those receiving
high doses (2-12 ug/gm) of plutonium sitrate had yellow, degenerated
arezs and punctate liemorrhages in the kidneys, paiticularly in the
region of the cortico-medullary junction. All animels showed dry,
ulcerated local lesions, wiich grew dz2eper with ths duration of the
experiment, in some cases reaching to the bome. The epithelium was
proliferated at the margin of most ulcers. There were no other giess
changes.

(d) Mice and rats with intravenous treatment: Soleens were no-
ticeably smaller, weighing less than 50 mg in half the Carworth nice
which died in the first 4 weeks after recoiving 1.0.4/em, as compared

(SN

with a normal range of 100 to 200 mg. A range of up to 500 mg or more has

has been noted in the untretted ndce of cur steck. In addition, many
mice dying after 1.04p/gm =nd 0.5 4e/zm had soft yellow livers ab
autopsy. Rats with comparable descs had nodular livers with necrotic
areas.

Below 0.5 ug/sm there was no gross patholepy except for two lympho-
mas and one bone tumor among the mice at 0.5 4/, and one csteogenis
(spine) twmor appearing with a fractured femur in a rat at 0.25 ./ gm.
There was also an osteogenic (spine) tumor, with concurrent decalcifica-
tion of the femur, in one mouse treatoed intramusculariy with &.Siug/gm
of plutonium nitrate. %he incidence of these turmors iz sugzesitive bub
not statistically significant.

Histosathology

In the first series, 1.25 yg/pm was injected intrsvencusly into
the tail, with serial sacrifices frcr 6 hours to 6 weeks. Studies mads
up Lo this time, principally on ABC mice, show chanres cnly in the bone
and bone marrow, nodes, spleen, testis, and gastro-intestinzl tract.

In the marrow, changes were most prominent in ‘he epiphysis and
metaphysis, bul in some cases wers anosarent also throuphout oot of
the shaft. OSinuses were widered, and areas depleted of 2ells were
occupled by fatty or gelatinous marrow, thus giving effects cimilar
to those ;roduced with 5trontium59, tnough progressing more slomly,
and requiring a large percentage of the median lethal dese Lo brd
aboutl comparable damage. AL the G-waek inberval, rores er, |
#bich was first to be depleied of besabonoieosic {4he o
bo the cartilage nlote)  ohowed delind
activity.
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In the bone, there were two generally parallel changes: 1) The
normal process of bone growth by cartilage hypertrophy stopped a few
days after injection, when cartilage cells swelled sbnormally, some
osteocytes and osteoblasts died, other osieoblasts became inactive, anc
a loss of interdigitation between cartilage and spongy bone resulted.
s - 2) At the same time, a little farther from the cartilage plate, the

osteoblasts were over-active and laid doan broad bands of hyperbasophilic
bone without cartilagenous centers. Though this excessive bons-forming
activity had apparently subsided scmewhat at the 6-week intervsl, there
was still practically no evidence of uew interdigitaticn of bone and
cartilage.

In the pastro-intestinal tract there was only very slight debris from
occasional dead epithelial cells in %he small intestine.

The lymphatic tissue of nodes, spleen and gastro-intestl T
showed only mild nuclear chenges, with no marked depletion of cells, The
testis lost a considerzble part of its spormatogenic elements at
though there was no change in the interstitial cells.

The spleen showed umarked extrumedullary erythropoiesis and some gran-
ulocytopoiesis, apparently in compensaticn for the depleticn of bone marrow.

at
Changes after the intramuscular injection of 1.5 4e/pm appeared some-
- what more slowly and were less severe thzn the otheridsz very similar
changes seen after the 1.25 ug/em intravenous injestion. At the injection
site, the inflammatory calls pourirg oué from thc vessels elther were
killed off or remained stall and degenerated, thus inkibitirg racovery by

preventing the full course of inflammatica. Musele cells and tissue mice
rophages were killed alse. Fibroblasts, though few wore desiruyod, beo-
same large and stained more deeply bluc at late intervals.

In the few rats injected intravenously, the derletion of lymphatic
tissue was marked at 2.0 wg/pm:  thyias, node, end splenic while mlp were
sericusly depleted of lymphocytes, and peculisy chenges were fuend in the
reticular cells.

Perhaps the changes in the liver avnd adrenal of rats constitute the
most striking differcnce batae2n rats asnd nice in this sxperiment. In the
liver, effects of treaiment were obscrvad as enarly as two wecks, ard after
several ronths were apparent even wilh doses &3 1

ew 28 0,5 47/ pit.  The
cuter and uiddle portions of the lobule appearsd to be the ost severely
damaged, containing swollen liver cells i

wi clel many btimes enlarged.
. There viere many nitoses and many dozd celis, and Lhe bile duct undevrwent
, intense hyperplasia. Some specimens ot Zete intorvals contained sherply

demarcated areas of necrotic cslly.

PRI

o —— e S o

b-week interval, for example, depletion of murrow in
ranged approximetely froum 30% to 90%, aund thw siz
from nearly normal to zone 40% of roriasl. Similoy iy

8008223 T 333 13
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were normal but in othere severely damaged, though doses and intervals
were the same. Many uncontrolled variables have not yet been taken
into account.

Observations on autographic distribution will be included in a
subsecquent report.
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¥1. Clinical Picture Following Plutonium Administration

Austin M. Bruea

This ia a summarized account of the clinical picture of acute, sub-
acute, and chronic plutonlsm aes seen in animals. It includes data and ob-
servations from a large number of the investigators in the division, and
includes ohservalions on dogs, rats, rabbits, and mice.

The clinical picture of scute plutonium toxicity is best exemplified

by the observations made in the dog given a lethal dose of the plus 6
nitrate intravenoualy (#33). Superficially at lsast, it is quite similar
to the affect of a single lethal dose of total body x-ray. The initial
x~ray sickness (depression and vomiting) ordinarily seen 13 to 4 hours
after total body x-ray, was lacking, but weight loss and refusal of food
and walar began within a few days and progressed steadily until death, A
few deys before death (around the tenth day) the dog entered the final
"shock" phase, showing a rise in temperature {2°C), a corresponding rise in
pulse rata, labored diaphragmztic breathing, salivation, hemorrhages into
the skin and subcutaneoue tissues, and evidenca of slight bleeding from the
bowel, The moat marked clinical pathologic finding was the drop in white
count, involving heterophiles and lymphocyltea about equally. This began
within the first two days and a level of about 500 white blood cells per
mml wzs reached at the end of the first wesk. A progressive anemia was ob-
served throughout the course of the experimsnt, with an eventual 33% de-
crease in the rad cell couwnt. Albuminuria and microscopic hematuria were
noted from the fourth to the seventh day. Other fincings included a
prolongaticn of clotting time, a sharp riss in sedimentation rate, a de~
cline in plasma protein, and an increase in plasma«{ 2 and beta globulin,
Certain findings relative to the pimuwents of blood and bile origin havs
bean noted; the urinary urobilinogen rdgss in ths ecrly days; due probebly
to hepatic dysfunction; a greon pigment occurs late i the courss of acute
toxicity in Lhe urine, and is probably biliverdin. In additien, a decline
in urinary coproporphyrin (isomer noi yet dstermined) was seen during the

irst ten days. In the case of many of ihese findinge, it is not yet
possible to zay cateyorically which are charecteristic of plutonism as
against acute x-ray toxicily.#

Certain findings made on other znimalz indicate (1) that thers are cer-
tain dissimilarities botwesn acute piutonism and the sffects of total body
x-ray, and (2) that thers is great variability beiwecnn the findings in one
group of animales and in another.

* Terminally, & zharp d vp in plabeiets has been oburived and a urther
decline in the white :ount, with a terrinel couvat below 100, Aulonpsy
showed hemorrhages Fato many lympiy nsder and hypereasle of certain parts
of the gastroinbest: 1l tract; the snleen was snzll, the liver apnd olher

organs apresred no mal grogaly and sicroseopic

80082235 3228 21

iy

19.




gy
~;

20,

In the case of mice dying acutely (i.e., within two to four weecks),
one 3train (Carworth) showed only slight anemia, but one~half of the livers
were grossly abnormal, being yellow snd friable in consistency; many of
thesa were entirely normal microscopically. a3 mice, on the olher hand,
showed profound anemia, with hemoglobin concentration dewn to 2 or 3 grams
percent terminally. Spleens were all small and in many cases markealy
atrophied. Gross exwadnation showed the livers to be uniformly normal.

Although microscopic evidence of liver damage was not seen in the acutely
poilsoned dog, changes have been observed in rats and mice within the first
wonth, but this has not been an entirely consisteni cbservation, It has also
been found that gross liver changes cinnot consistently be obtained in suc-
cessive eXperiments,

Gross renal damage also occasicnally occurs following lethel doses of
plutonium, This has occurred with irtravenous citrata and nitrate (plus 6
and sfter intramuscular citrate. The lesions have been observed in rats, and
mice consisting of a yellow area between the cort.:k and mecaulla, with ycl‘
streaks extending dewn into the medulls, end with Pxnctatn hemorrhages in
thig area., No microscopic opservations are yet available,

The acute letlial dos= has varied be etween O h nb/lilo (dogz) and 1 mz/kilo
{rodentsj, when nitrate and citrate were Znousl It orﬂuably
S

slightly higher when cilrate is given int am Larly AE! nbrarussular
nitrate the acute let%al dosz is gbove 4.0 3
cutaneous nitrate {mice) at zbout thol tlev
seen in a lew mice given 1.5 i

respecta sindla:

In summary, escute plutcenism is ¢ »
body radiation texicity. In addition, Lbhaz cbservatingg sy,
may cccur more specifically in the liver, kidneys, ¢
erythroociesis., These specific lesicras hove beo
ficult Yo reprcouce, Their probsble relai
tonium in the body js cbvicus.

Subacube plutonism wight convenicnily be
an animal gradually declinss over a poriod of mont
evidence of recovery from acute intoxication. This
dog (#29) which survived 3 months after the inloctio;
0.3 inge/kilo of plus & citrate. This animal pres
similar to that focllowing an zcutes Iethal doze, ox

respe scte less severe. DBetucen the 10Lh and 16th da
n temperature and pulse, *he dog wew letborzle, and

e

oceurred . The white count fel A00 duidng Lhis
anemis was o ca"’lng, At ‘,out the azxtﬁvnth day G

Jtr¢k1nb in Lhe casea
However, weight lcus
aneric and emacleted. Dur
began Lo decline. Bebwosn the 7ULh
progresgive increase in heart rate an body teaporalues.
autepsy wers similar to those seen an o Lo
wWere nuch mors meried .

5 2 tnt ulm&l
ng the sacond mu,,tn the ~hile
dootln an 90

and

oz 2197 22
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Pathologic observations on other animals dying within four menihg ine
dicate that we may expect damage to the blood-ronalig elements, liver, and
vone, The commonest {inding in the groups of rats dying in this period nas
been ascites and subcutaneous edema, nodular liver with necs rotic areas, or

. with areas of hyperplasia of biliary tissue and, occasionallys hepstomsa~
B like nodules. '
.

§ : Dr. C. J. Watson suggested in discussion of this point that uvimd

1s
hepatic lesions are known L occur in choline deficiency and allied tztcs,
and that methicnine might be of therapsutic value. le peinted oul that
part or all of this picture might be secondery to thoe inanition which cecurs,
with reswlting dietary deficiency. It seczws importsnt to investijgate thls,
since liver carcinojenesis by azo dyes can be preventsd by dietary means.

it is worth pointing out that these regencrative processcs might ronder the
liver more Jiiable to radiation damags.

Hematologic changes in the
n the animals studied so far,
notlceaole in the {irst few days,
. tained over a long psriod. In so
mg/kilo have resulted in a de“r=
cent of normal; in othear groups
i between 0.1 and 0.25 my/kilo.

a3
it
<3
[0}
o9
(]

2) reced ol 1ozt
and showed relatively silcer aculbz ard subacure
continued throuch the thied month., The loboralsry
been carsfully tabulalad by Froaoor ;

{Teble X11)

iio of ph

A third g0y {(#3
1

ittle or no experimentzl
than six or seven months, cne can onl
chronic pluvtomism on the basis of such datz
so far in rabts and ﬂlre, two following intyaven
muscular treatment with plug 9 nitrate. 1
occuvrcd ip the femar nesr the site of the injec
trame thinning of bone heaw been seen, with aszgonis
remains te be seen to what extent thecz effectz, an
and hepatic changes, tend %o be pregiessive or Lo aiisw
levels, -

In ong
patholo:

Greying of the halr in brown AKX wice Lrealed

nitrate, has aypedred prograssively ol lover douns;

. wwe monthe in the group given 0.5 sap/¥ilor oL »as wax

those given 0029 al four mopths inm those given UL

b, that time in those given 0.05 my/kilo. This bas b
——— the thorax and has in all cases

oba civen intraveanous
en of 0.1
r 0.0% mr/l

Testicular abrophy hag bee
citrate, It was chserved aix wed
had niot become ¢linically nclliceabls
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L
I
1 80)
IR
o




o

g 1

T SECTET 2.

with radium, which of course presents certain difficulties.

The best information regarding the production of local damage by plu-
tonivm has been obtained in the course of experiments on mice receiving
plus 6 nitrate intramuscularly and subcutaneously., Occasional brown mice
have shown local greying of hair at the injection site 100 days after th
injection of 1 microgram; ulceration of the skin has occurred 20 days after
the subcutaneous injection of 4 micrograms and 40O days after the intra-
muscular injection of 10 micrograms, 1t is reasonable to sunpose that these
effects have been produced by the local presence of a fraction of these
total doses, and that ulceration might under favorable condilions be caused
by amounts near 1 microgram deposited locally. Ulceration has been dry,
indolent, and has become progressively wider and deeper over periods of many
weeks. Keratotic overgrowtha have occzurred but no melignanciss have been
seen within the first five or six monihs, This is interesting in view of
the pyreat susceptibility cf mice to s'in coarcinogenesis by hydrocarbons.




R—

B e (Y AR

Table AII. 23.

: CLINICAL PICTUis OF Pu TOXICITY I T DUGS

3 38 39

Dose mg/kg 0.36 0.404 0.286
. Salt 4v6 nitrate + 6 citrate + 6 citrate

Route I. V. I. M. I. V.

Survival Died 16 days Alive 3 months Died 90 days

Pu in Bioed 90% drop in 30 min., 1.2 e g/mk, 2t hrs. 607 drop in 1 hour,
after 10 days C.0L 0.5 «g/ml 24 hrs.  0.005 & g/mi 14 C.
c/g/ml 0.01 L4g,m1 LR/

Pl, protzin pic~ low albuamn, very some increase in high »< 2 and 8
ture higheX 2 globulin, & globulin. siovulin

nigh & globulin ard
fibrinogen

Pu localisation mostly ¢n f globulin  on & glebulin m2inly @ globulin
in blood
Urine albunen . ++ an 5-Tth dnye 44 5~Tth d@vs
. ~therealiter -thereafte
Urine sp. gT. no systematic changs no change ns enange
’ Urine pii constant
Urinary Cl pormal until food cons.
3
dropped.
Gross changes enaciated, vieak eunciated, lumps
cuteide abdomen
Zu-Lhth days.
Heart rate #5370 12--16 Cays po sloniiicant Lransitory rise
aRGE 1006 daysy progras
sive jncrease T9-
Q0 duvs
Teet. tem 109 ~_ : - $ egn s o4 .
Hatt. TemDd. +2°C 12-16 deys ne signilicary ez as heart rete
chonge
. Bl. Press. 168 (33tk 2.
Pi. Vol +23% 8th day ~3.1% 12th day #1406 12th day
E t-fﬁ
T 43005 :‘,“r{ﬂ,h day +15.2 }fféh day
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Plasmna
protein

Serun protein

Hematocrit
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minimam
changa
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control
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s, Hemoglobin

conbrol

+14.77 8th day

lost 11.675 wt. in
16 days

declined to few
gms/day

decrezced

287 increase by
15th day

~

5 incrcase by
15th day

'3
L0

32 on 15vh day,
~20%

terminal hemosdir-
centration
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7%

sl increace, + 19%
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I
control 20,000 9,500 11,700

P . minimure 200 on l6th day 400 on 13th day 300 cn 13th day

fecovery none rocovered to 1,900 &C0 on L0~ Slist cuys
' o3 5lst day

deereased to 2,600 500 on 72nd day

Hetercphilos
conirol 11,000 7,500 &,500
minimum 200 cn Sth day 1530 on 13th day 120 on 13th day

change none seen o 15th

PR PN Corn &% Ve
zunvered to 5,000 1,050 on 25th day

I S S i P e
L5 on Slst dey

{ Lymphs

« ) e o < PaYal - LT
contrao] 7,000 1,500 3800

: 3 e N .
minimum 180 w on Tih day 200 on 13tk ond
Pl it AN U
PR TR FY )

roncrered o £00
on 51lst duy

7
oy g e A
CECREs

Reticulocyies Q.17 on 16tk dzy

s s
ST UG

Platelets decreased
.

T . e f e -
o Sed. date Increased &x C Oendhone, e
T

o G0 on 105
o 720d day.

Red cell frapgility unsitered
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Clotting

Proth. time
Pigment exc.

fecal urobi-
lincgen

urine urobi-
linogen

urine copro-
porphyrin

green urinary
- pigment

N. P. N. (blood)

anino N
ereatine N
creatinine N
urea N

Autopsy

8008232

unaltered

normal

. terxwinsl rise

moderate riss
terpinaily

wnchanged

hemorrhagic cervical =~
lymph nodes & kidney

liver, etc. grossly
norm:1

39

A

no significent change

no sampies 1st 2 wks.,

3rd & Lth wks.

possibly zuviy 2iz;

irregular.

50% decrease 2-4th
wks., normal 5th-6
vks., below normal
thereaiter

maintained 40%

decrecse

50% decrease
50% decrease

definite rise

inereased by 13tih
day
decreased 15~65ta
aays
increased 85%th day

normal values

elevated first
few days; irregu-
lar thersafter

505 decrease

2-4th wks., normal
5-5th wks., low
thareafter

T

»1ight decrease
sesond month only

6C0% decrease
603 decrease
guestionable rise

hemorrhagic nodes,
marrow; small
hemorrhages in
duodenum and
myocardium.




Hi1ity of external contamins

. Vil Hugeretion Studlies

hirisnt Laaghsm

The primary interest of our healilh department is the immediate

4 of monitoring personnel for internal bedy
contaxination with plutonium, -uc obvious Duroos; of a _mnltoring
plan is to euable us Lo ruuﬂre ingividualis $r.m further contact with
the material vefore they have abscrboed harmful qmounts. The execu
tion of such a plan depends on the establi quent of a number of ﬁactors

P v

aeonyg which sre the following

i)

velepment of a method of determining exceedingly small

1 ,\l The do
atsg teaium in gome bedy fiuid or excrement;

(o4
Iu

Q
~
'CS 3

2) The ezte™lishnent of the relationshin between the body fluic
or excrament and L= amount of plubtonium centained in the hwran body:
3) The development of & sampling system which excludes the posgi-
Lion of the sample,

Y

4]

This report summarizes our attempls to establich scme of the above
factors, The urine hon heen chos:r as the source of the sample for study.

Hethod of Sampling and Anclvsis:

8008233

Becouse of the entreme difliculty of deiecting emall amounts of in-
erral contamination with plutonium, and Lecause of the great possibility
of external ccnis dnation of tha cawnle, the practice has been Lo collect

b

2h~hour samples under very rigo-ouz conditicns. The sudb act is directed

to stay away fr oulﬁc*k and nre“~ﬂb!v eway iyrom the Sits for a gawhour
ericd preceding the period of ellcibtion of the sample to be ralyzaed.

All persons are ssked Lo wesr 1*eoulf lezundered clothing dUi¢n& this

preliminary periocd Lnd.bo bothe and wash_ their hands frequently.

The subj ect i asked to resort Lo the hos pltal at eight o'clock in
the morning at e close of the gf=hour preliminary veriod. He is given
hospital c_otnlna and after teking a shower, is admitted to & spzcial room
provided for collecting the 24-nour urine sample. Ye is asked to remain
in this room for the entire 2&“)0U? veriod. 1t iz reguestad that the

£ flui?d ver meal

subjact restriet his fluid intake tc one cup or glass o
to avold an abnorwally large saxple.

A hand counter is available in the ro:mand a note is made zs to
whether or not the individual las a hand count. The subject iz iunstructed
to wash nis hands each time before he voids and tc wear white cotton glovas
during voiding, tius preventing epithelial scales of the hands from [alling
into the flask and contaminatineg the sample. The voidings are collected
in a2 2 1iter erlenmeyer flack which is placed at such & height that it
is not necessary for the person to touch the flask or the funnel while

urinating. ‘Vhen the ccllecticn is comnleted, the subject dresses and

2
o
]
w

{
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teid adherence to bha precdure described above should permit the
‘I

colischion of 2 Zi~hour urine saaple as nearly free from external con-
- taminat.lon as possible.

. The effectivenuss of the above method i indicated by the data in
. : Tabla XYY which pglves a ccmadw zon of the unal rses of samples consisi-
' Y pomes with

ing of twme overnight specimeons &w*lnrubd i the individuals
2h=hcur samples collecied Irom Lne gaae individuals by Lhe above hospital
methed. The averzge counts per ainats obtained in the samples collected
at home was 20 as rﬂﬂy;;ed t: 2.2 counts per sinube per sawple when
collected under hospital conditione, The wmost nrobable explanation of

tris pesst difforence is that external covtamination was avoeidad in the
latter case.

4 in thz hospital ars analyzed by the following
hour 3D@c’nfn is evapaorated zimost to drymess and
uf .onc. Cl and repeated additions
JEOQQ The d»&ing is ccntinued until a white sclid
cf organiz malter iz all that vemcins. The residue
HE D tng a comnletbe hydroxide precipitation carried out.
o The droxdd arisitate 1s dissolved in 2 N HCY, the solutiun is adjust-
s .. and the Pu, pius 1 we. of ferric iron as a carrier,
is extracted intce ¢ croform using cugferron. The chloroform is evaparated
off on the cunferren residue dl‘:st?* off with nitric and perchloric acids.
The 1 1g thon carviad cut of the perchloriec acid solution with lanthanum
flucride. The lanih {luocrids precipitate is transferred to a platinum
dize and cowabed minutes n an alpha counter,
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Thirty-six mesbers of the siaffwere chosen for the first test of the
above mopitoring method., These weenle wers chosen 4o wepresent high, roderate,
end low or no exposure groups. LThe numbsy in each group was too iew Lo
give any definite significunce t, the classifieation, The resulis are in-
dxoa-zv,, however, and are somrasized in Tdble ¥, It may be significant
thet all individuals showing a paisitive count in the urine had had one or

e more nigh nose counts on record since joining the preject. £ high nose
count is racordsd against an individual when a moist {ilter-paper swab
juserted into the nostril and rotated shows 50 c/m or greater when counted
in an alpha counter.

Urinary Excretion of Plutonium by the Human:

If urinary excretion values are to be used to establish the actual
amount of internal body contaminition it is essential to know the relation
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. betwuen the amount of Fu in the juran system and thet excreted in i
per 24 hours. Ca April 10, 1945, & atiomnt was nade o e*u(olif

- lationsinip by injecting 2 hupen surject intravencusly wit W 478 of ;
which was complexed with scdivm oliiabelG.5% solution; ,nd adj:ated bo a2
pH of £.0.

L fhe subject wes &7 eldevly rale whose zge and general healll was such
B , _ that there is little or no poaeitility that the injection can have any
effect on Lle pormel course of his life. The patient might not have Cfeen
an idszl subject in thed his xidiey function msv not have been comnletely
normal ¢t the time of injsciion os indicatad by slight alzuminuria and 2
’ low uvine spzeilic graviiy.

Tre +4 citrat: conplex was teed in omder to produce the maximam dep-
ogition in tha bera. This presuisbly wauld produce an excretlon rate
comparshle Lo that of & worker hoving absorbed the mterial at a slow
rate +>@rabv depositoas a maximn anounl I thc bone sheje it is probably
ths nos ddmaglnbo

[
-

The results obtained for trse flrst 18 days of T

. sented graphically in Figure 1 by blocking in the per
injected dose excreted per day.

. These data show the excretion during “he first day was surprisingly
. low and that the leveling off of the excretion rate was much slower than
: with rets. Trhe most probable explanziion of these observations le that

they represent some me*aboWic sbrorrality of the subject. It —e possible,
however, that the stability of the ¥4 citrate complex is a facror A

blood szmple taken 4 hours after Lhe injection showed that abon, 51 per cent.
of the injected dose wrns still irn the circulating blood. The salculabion,
however, was based on the assuy ;fﬂcn that there had ba2n 2 complichs mixing
of the naterial throughour the toial blood voiume.

o B vy

A rather favorable exerctior raie is indicated by the observation that
the levelins off point seems to L« 2bout 0.02 per cent instead of 2,01 psr
cent as ¢bserved feor rats,

The Effect of Size of Doze on Urinary FExerellion of 49:

A number cf fundznental assumptions must oe made in regard to the

metabolism of Fu il a limited amount of human tracer data are to form
. the basis of a method of diagnosing internal body contamination. )y It

is necessary ic asaume that, once absorbed, all valence stetes and all

compounds of Pu are metabolized Lv the animal organism in essentially

the same way. (2) It is necessiry to assume that Pu is metaboliized in

the same way regarciesa of the rcute of absorption or administration,
. (3) It is alsc nsceu.sary to assvme that the fraction deposited and
therefore the fraclion excreted is independent of the size of the dose
administered or absorbad.

Hamilton (CN-2383) has reported a limited amount of information in
support of the validity of the {irst Lwo assumpticus. he following
experiment was performed to test the validity oif the third

8008235 =




Five groun
1.1%, 5.3%, 15
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were collectsd dally for five days
The results of the urine anelyses
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are given in Table XVI.
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Table A111

Jiffect of Method of Collecting
Sample on Counts Found in the Urine

Person c¢/m and Place of Collection of Sample
At Home¥* In Hospital®*
D. V. 10.1 2.2
W. A, B, 1.6 4.3
Y. B. G.. 16.1 3.4
w. G. T. 2.8 0.1
Jo Po 1708 —
D. D. 30.6 2,2
Average: 20.0 2.2
* Saﬁples collected at home were two overnight voldings collected by
the individual after thorough bathing and washing of hands.
#%  Samples collected in hospital were 24-hour samples collected under
the rigorous hospital plan after a two day leave from the Site.
{ : Table XIV
- Recovery of Known Amounts of Pu
From fegular and Mock Urine Samples
No, of Nature of Amt. of Recovery Spread
Detns. Sarples Spike ¢/m Z %
24 Blanks {rzz urine) 0. (ave. C.% e/m) (0-1.2 ¢/m)
L mock vrine sol, 29.2 18 BE1 007
- 1 g S 10.C 93 85~101%
g.’z':w\v'
T 12 reg. urine 10.0 88 73-1063
3 reg. urine L.5 95 81-105%
e 217 33

8008237 gt .
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Table EV

Results of lonitoring Site Personnel

Classification ~ Ho. of Ave. c/m/24 hr.
Persocns urine sample®
Highly exposed g 2.2 )
—&oderately exposed 23 - 0.4
Low or no exposure 8 0.2

- Those having high rose
counte** recorded 14 1.2

Those having nc high
nose counts recorded 22 0.2

<

# 0.5 ¢/m was subtracted from each value as a blank.
%% A high nose count is recorded against an irdividual when a moist

filter-paper swab inserted intc the nostril and rotated shows a count
of 50 ¢/m or greater when counted in nn alpha counter.

Table XVI

Effect of Dosage on Per Cent Excretion
of Pu (%4) Citrate in the Urine of the Rat

"% of inj. Done Excreted per Day

Poricd after Dosagae &
Inj. - Days: 0.032 1.1 5.3 15 52
1lst 0.72 0.71 -~ 0.73 0.57 0.77
2nd 0.27 0.22 0,31 0.20 0.26
3rd 0.22 0.12 0.18 0.16 0.19
Lth 0.15 0.11 0.13 0.13 0.17
5th 0.4 ———  —— 0.12 e
8008238 = ——
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Tebles showing the excroetion of product by varlous animals
are presented, The question was ralssd as to what value could bve
set as the probable minimum daily urinary product oxcretion from this
data. - 0.01% of the material retsined in the body would appear to be
a fair estimate. The question has arisen as to why dog 30 (table on
page 2) showed @ much lower excretion than 0.01% per dey. On the basis
that only 65% of ths material 1s absorbed from the muscle and that 20%
has besn excreted, the 0.01% would also apply to this enimal. Ths data
in the teblea for all animele, rats,dogs, and rebbits, show from 0.01% to
0.03% dally excretion when constancy &s resched.

Dr. Stone has asked what camparisons have beon made bstussn the
concentration of plutonium in the blocd endé the urinery excretion. Coun-
parisons cf 7-snd 14-day bloed concentraticns and urinary excreticn in-
dicate that little definite informaiicn can be gained. - Comparisons of dogs
38 and 79 al 40 days al'ter injecticn shows that while dog 30 hud as estimated
2,72 pg of plutonium im the circulating blcod the 24 hour urinary oxcretion
wea cnly 0.123 mg. Dog 39 bad but 0.605 ug of Pu in the circulating blood
and excreted 0,163 pg. Thus, though the blood level of Pu in dog 29 was
that of dog 38, the amount excreted in the urine wns slightly greater.

The facal nioduct excretion for ell enimels studied has been shown
to be from 3 to 4 times higher than the excretion from urine collected during
corresponiing periceds, (Tables XI¥-XX). 1t was suggested that stools be
assayed to establich the product content i mmsns. The difficulties on-
countered in enalyzing stouls and ths comperiscon of humsn focal product
excreticn to that of dogs would lead cme nct to rely on this provedure. Dr.
FPamilton stated that he 1s working on a mothod for stool analyses that shouls
be published very shortly.

Table XVII 1is presented to ghow the value of dog excreticn studies
to the interpretation of date accummlated on humans. The excretiomn of Pu
for these dogo 1s compared with that of a gsingle male humen following IV
injection with 6.5 ug of +6 plutonlum citrate,

SR T 1y g
3008240 -
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Teble XYiI
,,,,\ Poriod % Iereted-Man % Excreted-Man % Fxereted-lan
% Exereted-Px~33 4 Bxeretad-rx=38 & Txcretad -Px-39
__URIKE
1st 24 hra, 0.4 0.3 0,2
2nd " 1.5 0.ddt 0.3
Ira " 2.6 0.38 0.6
4t © 5.0 ~ 1.1 0.69
5th " 1.1 : 0.29 0.22
Gth " 1.7 0.99 ‘ 0.47
/A2 0.99 0,03 0.47
Btn - 1.0 | 0,92 059
gt._” 1-4 1:3 . 079
g FICES —_— e —
lst 24 brs. 0,015 0,0068 0,003%2
2nd " 0.187 0.063 0,023
Zrd_ " 0,002 0,07% 0,953

If we are to place eny welght on our animal studies it is quite clesr
from the sbovs Tigures thot tie urinary oxcretion of dogs and man ig more
comparsble than fecsl excreticn, DNata presented by Mr. Langhan on a uman
ireger experinent using 4.7 pg of the <44 citrate shows good correlatlon
with our results. Ie alse roported low focel excretion. Im his dlccussion
he also pointed oul thsat 50% ¢f the injectad plutonium was present in the
circulating blood four bours efter the injeciicn. OCur data shwied trhal ot

A, the and of 4% minutes only 15% of the plutonivm remeined in the circulating
e blood,

" It has been asked whethcr the IR-1 or the IR-4 resin adsorption method
would be mars sultable for detecting low activities in the urins. Since the
IR-1 column procedure was designed to detect approximately 1 count per minute
in & 100 ml specimen and the tolerance line beon set at a level approximately
10 times smaller, the mothod row being done i certainly not adaguate for
0.1 count per minute. It is cuggested that less frequent analyses and largsy
volumes be uzed for each gpscimen, The IR-4 method which has been used for
§00 to 1000 ml specimens has shown considerable variation and neods further in-
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veatigation. Specimens of 2 to 3 liters have been assayed by
evaporation and precipitation with LaF,. This is to be avoided
if possible becauss of the time consum éd

It was suggestad during the discussion that the plutonium
blood concentration be followed more closely and compared with urimry
excretion to see if there is any definite relationship. A minimum
of two animals should be studied inasmich as the difference between dogs
%8 and 39 was so great,

It i3 felt that the rabbit fecal product excretion is rwuch
closer than other animals studied to that of man for the psricd shertly after
injection. Data beyond four days efter injection for men was not availe
able. (Teble XXI1II),

The question of controle was mentioned by Mr. English. The
data collecteg by our group have slown very few controls. Thbe vmlues rangs
from 0-1X 10 pg per %00 ml specimens. It was suggested that future work
should include = anber of control specimens,

In discussing a tolerance limit for plutonium contained in the
body the question aghin srose as to what fraction of a day's urine should
te analyzed in order to calculate the retained plutonium. INorning spacimens
have always shown & higher unit activity and any retention calculated from
these analyses would tend to be too high. For accurate data, the entirs 24~
hour specimen or a lerge fraction %hereof must be assayed. If the tolerance
limit is to be set at 0.7 pg and 0,01% taken as the amount excreted then a
maximuum 408 & counds per day rmust Ye detected. Detection of one count per
minute from the dog's excretion would indicate a depositiorn in the body of
OQG»Pg, If we are to detect lower asctivities then the fraction of the dally
urine to be assayed it should be correspondingly lerger. The discussion was
concluded with the following suggeitlons:

1. That larger volumes of urine bs sssaycd for plutonium,
prefersbly »ortioms of 24-hour specincss,

2. That a largs number of control spscimens bs run,
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Table XVIil
Plutonium Excretion

6,5'fg %ﬁ Citrate 1.V, pH=7.0

URINE FICES
b ]
Period % EBxcreted Period % Excreted .
lst 24 hrs, 2,540 lst 24 hrs. 0.010
2nd " 0.153 2nd " 0.103
3rd " 0.0 Id " 0.067
Gth 0.133

th " 0.032

gzﬁ " g°gg§ Yilood Changes
[, ]

:g " 3’823 After Conl.per m¥ % of
gmh - 0. OBZ Injection Inj*
e oros 20 min, 3.2z 107 20/
lsth " 0:018 4—5 mino 205: lo ga\g 15%

th 0,0
loth 7 0,012 o
l'éth " 0.028 Agsume 4000 ml blood
[ o]
i.;}:i; " g:g§6 1. of smount injected,
20th " 0.03
2lst " 0,024

Fraom the above data we sliculd sxpect higher urinesry product
excretion from humans than from dogs,

gy AT
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“abls XIX

Flutonium Corcentrztion Cnanges in Blecd

fii
Doz Fx-33 Dog Px-38 Dog Pu~39
1 I.V. Injection-20669.7 vg I8, Injection-2963 ug I.V. Injection-1€30 ug
i +6 H}trate +6 Citrate +6 Citrate
pime after ug Pu/ml Time Afteriug Pu/ml Time Afterlug Pu/ml
injection | ¥hole blood Injectioniihole Blood Injection)hole Blood
0.5 hrs | 0.56 3.5 hrs| 1,20 5 ain 1 1.371
2 o 0.193 5275 " 1 0.95 2 1.204
72 u 0,039 24 n 0.5% @ om 1,086 :
168w 0.016 72 v | 0.084 24 hrs | 0.106
240 ® 0.01% 168 " 0,323 168 v 0,008
33 %1 0,011 326 ¢ | 0.010 336 * | 0,005 g
. . i
38y 0.010 656 v | 0,095 656 v | 0,002 ;
960 " | 0.0%4 60 ® 0.C015
1752 " 0.0257 w72 " 80,0006
| 1se 0| 0.00m 1848 0.0005
! ! :
Injsction Data
¥ 1 T i
Animsd Biosd Yolwez | Vel. of Pu | mg Po/Kilo
| Soluticn | ;
Fx=33 483 mi P 420 ml 0.358 |
- Px-38 680 ml | 1.118 ml E 0,404
Px~39 %50 ml i 0,615 ml } 0.29
§0082uY =
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P Tsble XXIII
Flutoniuw Excretion
_ o
Animal : Aniral
3L (0.1 pefka) . b 79 (0,02 meffe) ]
., ¢ 1 .
_5 Pericd | % in Urime | % ia Feces i & in Urlne % in Fuces |
i
: lst Qay .21 .84 | c.12 i .82
6th = Gl C.17 0.01 C.1z2
{ 1ith e 0.026 C.053 0,20 0,19
2ist * .02 C.028 0,17 E 0.1%
| 28th = 0,02 0,083 0.06 ! 0,02
i ' j
35th ® 0.027 P CJe 0,02 P cao
Y2rg = 0,630 GOt 0.05 3 ¢.10
H i
€ 2 L
! L 1. % |
oo
T e
o4 W

2773 44
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Table AXIV
Ratg~-Accimulated Lyrretion
% of Total Dose
I"Period 0,125 mg/Kilo 0,50 mg/Kilo !
 Days | 438 | W9 Wwoo 1 wss [ wie | sy ?
U ¥ v F § u F | U ¥ U F U F |
3 5.8 51157 3.5| 7.9 k568 3.0 90 2.5|7.0 3.6
7 3.0 96059 7.21 83 7.917.0 811 95 62|74 7.8
4 3.3 17.3 1 6.2 12,31 8.7 13.00 7.2 12,01 9.8 9.3 | 7.6 1L.¢6
28 3.7 20.9 | 6.6 16,3 | 8.2 16.5| 7.5 12.5| 10,0 10.1 | 7.7 12
Y2 3.9 30,6 1 6.8 18.7 1 9.1 19.8 | 7.6 13.1 | 10.2 10.5 | 7.9 17.3
57 4.2 315 | 6,9 19.9 | 10.2 20.9 i 7.7 13.7 { 10.3 11,0 | 8.0 17.9
Avaragea nd&il;" gxeretion aTter 1l days

#/day | .021 33 | .016 .177 | .02 .183 | .010 ,04O | .01 .OKO | .010 .18

Period ! 2.0 mg/Kilo jf

Days 3 %?4-3—1‘ F Y3z [ i L3y Yl )%

B u F | U F | U F | 4 F | U F %

3 1.5 2l | 2.7 W7 1 2.0 4.6 1 2.5 2.7 | Wl 3075

7 1.6 9.3 [ 2.8 8.9 [ 3.1 6.9 | 2.6 T4 | 42 7.1

9 - e f 3.2 9.5 1 2.7 9.8 127 9.7 --- .,,é

TR PYPRTSCEE INUN DU U DU

| |

2T 45
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Daily Urinary

""""

Tablae XX

Dor

Fiuteniy : Excretion

1.¥. 0 Hitrate K. +6 Citrate I.V. 40 fityate
i Px-33 b Txess A iy |
Semple % Bxereted ) bample | 4 hxcretec ! Sample | % nxoretnd «i
1 6.37 ) 8.5 i 11 12,66 |
2 : 0.094 : 2 0,33 ! 2 3 .L9%
3 1 0.0325 f 3 G.219 3 9.139 t
L 0.0274 : 1) 0.116 i 0,205
2 o.oege i 3 0,109 i 5 SRR
& 0,602z ; & 0.039 6 ¢.08L
7 0,024 | 7 0.037 7 0.049 i
8 o 0225 ;- g i 0.025 g ¢.039 |
9 G.019% 9 0,020 9 0,038
10 ‘ U,Olﬂ i 1 0.015 10 G.032 |
11 | o.87 . 1l 5.019 1 0,029 |
12 | 0,062 . 1z 0,012 2 0,02:3 }
13 : 0.0087 : 33 0.01:2 ! i3 ‘ C.017
BT 0.02%6 1T} 0,009 BATS G,.O?.C i
15 booC.0292 S . 0,022 15 0,022 ¢
16 ? 0,018 N T~ ru, 5 , i6 G.CL3 |
§ } averege ﬁa_ll',r cecretion for £ day intsowals
I ‘ 0,205 17 0.,0143
z’_ . 1g L owoie L 138 0.610
! (19 : 0.0057 . 19 5 0,0075
g i 2C ! 0.0053 P20 i 06,0084
g L2 0,0042 21 ? .00
i ? 2 i 0,000y § averags l-ga7r
| Average dail | intervals
drring orel citrate 22 : {l 0GH
| 10 days - 0.0057 Z | G.007) |
' Average daily ' i
| during 1.V. citiate !
i 7 days 0.0063 ¥
; Average daily
; after u trate
% 7 days| 0.00u2 %
N {
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Daily Fecal Pintoniun Fucretion
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Tablie XXII

Ccaparative Plutonium Exeretion

Total
Y { !
Series|animal Dose| Period 1% gg:gg'v,rﬁnr‘t_“g;ggg,re&g,_@il\lum‘cer High ¢ Loy {
(ug) Urins | Feces |animals| UrinelFeces|lirine Feces E
_ ! 1 o
FAo | Rats | 8.114 aays| 6.7 7.1 s | 7.28) 7.9 3.8 6,18
~
¥C Rats 113.516 dayst O 11 65,2 & ;
M-? - E
X FP | Rets |50 |2 hre! 1,3 | 1.3 | ;
FP Rats 50 }_){- days l#»oll— Z 10,1 { % i
| é i | i
T
Fa, | Mice {11 117 hrs | M 13.5 10 ‘ ‘ ;
' 7 — j
cx | ¥ice |- {6 wks | i 10.5 e 12f - ; % |
z [ § o | L I
| cx Rats |-- 15 dsys| % &.5 P e % i, S 5% !
i i t : i 1

FA-- 46 1.C., FC— 4} and +6 Oral FP and FA,~-- +6 L.V.
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— Rebbit 302 ug haloit, 9gei ug F & ... ,

K,
Time after| ug/ul |[Time alfter
!

7 TEERS i?.&'al liese Time afte~ | ur/m. |
Inigetiont ¥. B, ! Injeciioni %, Be ! ] —_— Tedecrios i b 8.
. at ey Ay, i P -
22 hrs LO7G 0 T hes R ng/R 9 Gays (36
: _ g ) §
& days L7 caye L0 % U3z | w " P .01y
i l | i !
15 313 NS CRE IR TITITS B S e © ;z 025
! | i i
H i : l L )
22 " copLom j #0012 i Y461 11 mg/X 7o bL.M9
: ! ' i :
\ - Fom o : i
29 ¢® | LOS6T7 1 28 F 1,003 %L}Y{»b ﬁ w ;16 P LOL7
; e ; ' ; |
H i ! ! :
36 0 L0 (350 R RiTie SN L wlre {005
! 1 { : ; i
. : . [P | . N P
Y3 = L1 2o i LO0L% § oL [ L1 = P 003
R i i ! ! 1
'N—-—- AT L AR --’4!..‘»4. u-—g:m | =
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Data on sous yr eliminavy Fr pge-finding® experizents in progross
concsrning the neute toxirity of vadiuw. plintoriuns axd peloniuve in

ats are presoneod in the foxa of dOSago~surerivsl churts, Thosa
dotn aro coml S on & gemilogorithnde scule in Plowe 11
was adaind st “he ehhorlde Lu

- ranges fran
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sear siuﬁie& e nseyiilosd

cowhiral gaup.
il was prepevon ; ; ; the 1L H
with on foaynnd T grldun oitrate and di-
Lo itrets were used Yor euch
L presont. Ing uid?ﬁ 6f 319 to 190 sderocuries (300

s ) per Ejlowrﬂa of body veight were made 7is g iall
“irol €eathn occurred twelve deys after the injecilon. &
opunber at the Lrwcr dnzapes are stvill liwving afier 77 deysx. 0Ons coun-

trel znimal cdad o few minutes syter Injection of the NaCl-cihrats
solution, i thie ramainder are 213il) alive amd well.
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Three separate experiments lave been cerried out with redium. In
the first experizcnt the desages rangec freg 20 to 200 mierocuries par
Kilogeam, uwal.’ & vreperation sbout seven wonths old, in whileh ths

~hed ebout 0.5% of ite eguiiibrium vaive, l.c., one
oplum wag xnjnc,ed with sach 200 micrecuries of radi-
u. JThe anouni cf polonium in the prepsretion was determined by the
method used resulerly Iin gur tlological iracer work, atirving en iCL
sclution (0.1 1o 5?; of +he preperation with a siiver foil in a hot
vater bath for two howrs or mores then waaning the foll with HC1 and
H50 end messuring lhe cevdvity deposilted. The radium was injected
intravencusly es the chloride in isoteonic saliine. The 20, 40, end 70
we/kg doaes wers made with sliphtly alkaline reacticn {p 7+8); whiic
the remainder wure slightly acic {pf 6-7). The majority of tue enl-

volowiwn had rs

malu cf this fivst radlwa grouy &rs ﬁti‘l living 170 dsys alter ih
ot ‘ . /5,
injzction thouzl: thers were ihrec early dsaths at g 70 and 110 we/zg

3_@".‘ 513 .

Phe second radius experiment was cayrled out in the same manner
&8 the first exzcept that the doasges renged Orom 300 Lo 1YCC ue/kg.
The deta show a wide scatter iz thia group, sc thet there was no
narked difference in sverage gurvival time In ths range of 500 1o
1400 uc/kg in this swall group of animeils. The animal which died 9
days after receiving 500 uc/kg apparsntly succumbed to an overdoss of
L.D.Y. uged for contrelling lice. These animsls received from 1.5 1o
7 microcuries of polenium per kilogrem as a contaminstion in the radi-
um preparation, and while those dosages of polonium are probably sub
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In the third sadliws experimosat the dosagss were 1000, 20006, 0G5,
ard S0X microcurdes per kg For these desnges it vas hecszoary to
ronovs the polendun from the precaratlion aven though its ege wesg only
g fow nonthka, for at the highest dozape levels the polondluwn proscat
woald heve bhesn sufficlent to kill the sninals without any assisiance
frow the massivi: dose of radium rresent. The zzount of ypoloulum pras-
cat was lowera2d Lo D.05% of ils cguilibriws veluo by Ju»rr the 1 4
HC1 soluticrn ol whe preparaticn ‘lO wi) with 8 cylinder of szilver f£ail
in a test tube for aix hours el xoon Lemperciure. The injections sare
padae in aligh*iw acid (pH 6<7) ismotonic salinre ss before, bui In oxdar
to sveld possi le camplications Irom cheuical toxleity tho £200 dos
wos aplit into Lour, and the W0 dose inte Two equal daily injarnxons.
The survival imesz ghown on the chart srao given as days aftey itne
first iajestlion.  The animals vhich recelved &X00 uc of radiun plus i
ve of polendus per Xg both died in 11 days. These receiving 1000 uc
of radivm ¢ 2 uc of poloalum died at 15 and 2L days; while Ulvse re-
colving 2000 end 1000 vefag ere ctill livieg 39 days alter i in-
Jestion, It seoms ilkely st this stoge of the experimant theyn thase
lower copnges will show the an~nolenj"n prepaxaslor +o be lueug toxic

tharn thot vsed in the zecond experiment. The proklsm of compiring
the ascute toxicity of redium ip rats with its long-term toxicity in
hunens is corwidcrably c ;mDIiC“fcd Wy the guestion cf the sgo of the
preperation irwolwed. Tha 20-dgy IN50 {or radiva in eguilioyd #ith

all its procusts is prabably not hlgnkr than 50 uc/ky while te fipgure
for freshly prspersd yadimm is provably over 400D usflg. On the othar
hand, the long tera effects might bear 1itile or no relatics o the
&ge of the recivm prepsraticn ot the iira ci Lus Incovporsblion into
the body. Howr of Che control animsl s the radiwn orperinents have
cled.

Insamuch as the datn collecisnd to deits are rather scunity for
standard LLSC calenlztlongs the toxiciilas of thoe tnree anbdpvﬂvew
wder study wer2 compsred roughly oo the basis of averege suiviva
curves Cpuwn § aand gs ghows in Figure I1. The nume wlosl compesry -
son dota nren feom the survival cwwer arve shown in the iocoruanying

abley which indlcztes that for short survival poriels polonivm nay he
&bout three times &3 touic a8 plutoniur end thet plvtoniue, ir turn,
may be aboubt thivty times as tovic as radium when 2l are expressad in
terms of microcuries., The fact that nslther of the rediuww animals s
the 20 )0 ue/ke level bave died in the ten days since the survival

carves wore dy. m makes b apnesy '“ob.nww qut whe averspe lsathel
dane 31u:s shok.. in the table for radimm st the 30 snd Y idaey perisds
cre too loa vith respect to po’nai"m~A13F raaiam preparations, amd thst
there 1a sccordingly & greater differsncs 0s%oeL wre toxdcity of
radium and ﬁlutonmum for 30 aad U0 day paricdes trap is indiceted in
the table,

A rough cslculation involving the loihsal dose data, the aree
wxler the retenlicn curves for plutonion, csdlwm snd Lhe dsuoihter oles
ments or »rediva, and the relative enerolos of the slvha perticles in-
volvad fndicatos that the plntonimm: indiim Loxdeite raticn Lused on
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" Deye after Injfection

Lo . Subgtance i 20 20 g
Ame i ECOD MG 2200 RHIEVY: srprograte dose in rdcro-
Prutonivm 200 a0 L8 o0 curisg per kg required to
Poloulum 110 a5 36(7) 7 kZ1Y an ®aversge" rat at
tize indicnte ‘1
nadium LS 3090 i/ Anproxirate relative toy-
Pintondana i + 2 fcity in lsrme of nicvo.
Polondum it Gal O D IINA curies {no corescticn for
davghter nrodunte of '-.'-ad?ﬁ.um}
idiim 8000 GOCD Mgty L Approviuate dose in ﬁ;icro-»-
Fiateniwm 3006 250G ?’OC: 10 graws per kg reguired to
Polond un 0,024 2,030 G.oa 9 kill an ®average" rei at
.. ' time indicateq
. wadiun I8 13,8 a/i 130 Approxinmeto vwolative tox-
Plu’( miwz i3 1 i 1 icily in texses of sicro-
Folonium 120,000 280,000 260,0007 ¢ L raps
o
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ihe boxiciiise of pivteniom Lowe been detewmtaed and are taibulate
for sorz corbinabions of:

'..0

(1} iviravencus (IV), intrammsoalar {I) and subeutancous
{57} sdninsstrationg:

(2) »itrites snd eltrats comple regsy

(3] itce, r ats, rabblis and do

(4} scute and Tasleacuis 58 X ka}ng WD), histolosd 8l
nemstologieal and velght effeciz.

The plultonivm texicities ape conpared with those of P"djum and X-rays
in an atlempt €. utilime hUuh tha CIFJ"l el and elinleal basikgrouad and
the towg-aacv 250 ds which have besn sel for ihose oldew hararia.

bewa feund, In geneval, that for pericis of less than thiriy
Lin of ﬁ(diﬂ etared doses of platoning to vsdium (Fu/Ra - on e
a) rllor effects 13 spprovimstely enity. Dot aa tae
hro ceen extsnded 4o 150 days ot rresent time this
creaned anpd reached o mexhimum value of seven in one

]
days %
welpht )
eX}‘ﬂi“lUf‘z}i SR
ratio, .L/na.
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Comonrigoe of P, Fn o orid Xeropa Ueon Swewival

Tahlo ALVIX]
MDA /g Betention in % MLD
e, #i¢c Retained,/gm
N
A 30 4 GG 4. 150 4. 15-90 day - 30 4. g0 d. 150 d.
. Pu Mice IV. 1.0 1.0 1.¢ 60 0.022 (.038 0.038
Ha Vice IP. 1,06 0.35  0.20 L0 0.56 0.2 0.12
X Mice 8..¢/day 4O /day 30 «/day——mmm e e e
X -~ Single do=an
CF. Mice L5y L25r 385r
ABC Hice L2555 L25¢ L25x
. Pu Rats IV. 1.25 1.0 0.%5 70 2.055  0.04L  0.033
. Ra ats IP. (&IV) 1.0 0.5 —— LG 0.56 0.28 e
X Rats 55/</day 35/ /day 30« /day——m- ———— e
X - Single dose
Rall'gg 600, v
( o =, “5 "‘-5 ?
Po Rats IV. (?) 0.20x10 °~  ——amu 2,2x30
(0.40 6:/e) (IV or Sub Q)
3.5x1077 {1V 0.1 pe/z)
cr IP) (Q.16 }m/g)
Pu - Citrate ~ Mice IV 0.75 _ 60 Probable
Pu - " -~ Rats IV 1.0 70 i
Pu - n - lice 1M < 1.5 >50 ¢
., PR- " - Rats IL 1.0 Nsg o
. .
Pu -~ Hitrate - Rats Il > L5 <20
Fu ~ " - Mice Sub § 3.0 ¥
co _
owe)
o % Pu-lpg = 0.063wc
Z?) Po ~ Lug = L500ue
- oo For rodium lugn = 1.4 ke, (20% retention of 2 daughters).
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FD ARC Pu 1v >0.541.25 1.0
CFy Fu A >0.5<1.25 1.0
FX ARC Put v 1.0 1.0
F7 ABC Ra P 0.25 0.5 b0.25
, CF, Ra IP >0.10€0.25 0.15
Ci Mouse Ra iP C.15 L 0.15
. ' |
c Rat fla i IP C.165 0.16
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lats Lacerstions cae o two centlimolers long Worr aude
in th @l t upper 3 1

two incisicns wers

ey L

formed under intra-par IV EG ] wbu%al anesthenia,

dntrocucesd into the as b

lution, pH 2.0-2Z.3% weg uszd.  The cralyses
=

‘.l_mdl

=,
e

2 !

Dr. Colals zection. Ir sume oF the exp
tent of plutonium vas notl debermined.
iine represents a differonce fipvra
This, of cours:, means that Lhia
tentative.

the resid con-

e ar,

A

<5

Migura Vi Lhe

poi
o
%

were dcme “n oconjunction with wouiad s

The wash sclution analys
& solutions in an erdinany
tes i

es
analysis. The wazh was done by p
100 cc buret. Tho Lime :
most of the experimenis.

o~

voximabely threc mlnute

QXD “menls are sumearlized:
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23 The apount § Jonas. L owound §i
- P . L3 .- TV oy
vrraistent, differcazs time inte .sls., The
for thids is not ki en o sted tiat

aceount fov

forence, 11 eobed wp o Lhe prusora

3 Ieamlinatic Lthet the time ~f wosnling
&iter tho i :mointo the wow RN IIEREN
foproxivatoly 265 *< ' can o ronoved BT TEely
ig wesbod wdth pl TR cne minise &f el
This percesiags 003 L P LrGR A el
contaainc lon wit AR RPELAS ot
of the pl T fereved.

inveshi Ja c ot are O, ﬁ
JWEZ Lhoring nitrats solutilon,
“y e
L) ant ¢ parformeed In which the W
é 2 first 20 co beines kert ti e
remains Ly of tha w&sh. 7% of the activity was ;reseﬂﬁ RS ¢
tne ©0 cc Drsction.
50 To daveastionate tha possidility thet Ivechatic dralnaru WS

playirg o lepse yole in dhe removal of plutonium
gound sites, soveral in. uineg] nodes were renoved
imale wio vad thigh lacerotions.  The nodes wers
abt & bhoursz, 24 ows and L doys. In ro insglance
pereentege of actlivity fn i nofeas axcecd 0.5
amcunt piacad in the woand.

o

Soms work o Lhe rate of aoveosnt of c2atonlum Joll
apscular injection has neen done. Ths work o tos ter
cuss in detsll. Fvwevc“, it would appeur that ths movens 5

i 1ur amasculor injecstion is in large measure dolter-
mined by i Live tissue surrounding mascle fibters and mos
bundlcs. This als- wes carr.ed oul v injecting the material,
is o lbi that the force necassary o Je the 1njecticn is in large

< )

tontun {ollowing i
n

1 t

&
8
ISt
3
OB
[l y\ -y

roasLs e regaonsiple for the ddspos’®ion of the material aslong *“has
f:sc;a; planes.

results, it is felt trhal the following inferences can be drawn:

Diecussion: Insefar as one s pernitted to evaluate preliminary
2
1) Tine after the introducticn of rlutonium into a wound is per=~
haps the most important single condition which affects the
ebility to remove the material. In conseaquence, any agent
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