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- 1 Summary of Requests for Information Desired Concerning Plutonium

A

: Drs. L. H, Hemplemann, S, T. Cantrxil,; J. E. Wirth, J. J. Nickson
and Mr, S. G. English wrote the letters on which thia section is based.

- Immediate problems of importance about 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, Need more information on elimination rate as a
function of time

b. Need more information on elimination rate as a
function of route of intake

f

2. Determination of percentage of plutomum excreted daily
by huzans

3. Can blood samples be utilized for this purpose?
B, Detection of plutonium 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 agueous solu=
tion, +6 nitrate in ether solution, tetrafluoride, +4 oxide,
+ 4 oxalate, + 4 peroxide as slurry

C. Development of a method for detection and quantitation of plu-
tonium in wounds

11 _Absofption
" A. Skin
1. Need more information on gbsorption rate on various plu-

tonium compoundes through the intact skin

2. Is absorption influenced by use of potassium permanganate
solution followed by sodium hypo-sulphide solution on the
skin?
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Gastro—-Int.est,inal tract

1. Need more information on absorption 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 detest the amount. that will be fixed

in the bone?
Wounds
1. The rate of diffusion of plutonium from the wound area
2. The effect of different plutenium compounds on the rate
of diffusion
3. How is the distrituiion pattern a2i.2red by having dif-
ferent soris of woundy, e. g. punciure wourdis as opposed
to lacerations?
lung

1. how much of the amount breathed is retained in the humen
lung?

2. How much material is abscrbed from the lung to the blood
- and then tc the skeleton?

III Permissible levels of Plutenivs

in the lung
In the bone

what is the minirur amcunt necessary to preduce damage in the

body?

- Are the alphe rays fran plutonium capoble of producing damage

to the skin? .

IV letaboliam

A.
B'
C.

DG

0000882

Distribution pattern as a function of rate of intake
Distribution pattern &s a function of diet
vhat is the rate of elimination of plutonium from bane?

Are the differing diets in the different laboratories =ffect~
ing the reszults of animal experirenia?
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VY Pathologvy

A. That is the nature of liver damge a.fter intravenous Rdwinis—

tration of plutonium?

B, that is the natnre of liver damage after w.b-lethal doses given .

through other routes of entry?

C. Doss prc ealsting kidney damage diminish the elimination of plu-

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

¥1 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 material depcsited in bone

C. Development of methods of therapy far plutonium in wommds
(specific mention is made of those compounds mentioned under
"diggnosis")

1. The effect of suction
2. The effect of increased venous flow

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

E. How mach time can lapse before treatment must be instituted?

VII Protection

A, 1s inactive dust in a work arca an additional hazerd in that
1t increases the probability of breathing plutonium?

B, Improvement of existing means of the physical protection of

personnel from ingestion, inhalation or direct innoculation
of plutonium

C. Development of a method for the rapid determination of the
quantity of plutonium in the atmosphere

D. Development of a continuous monitoring device for atmospheric

or dust borne plutonium which is effective in concentrations
Just above or at tolerance levels

,,0060£83 'p‘~;$¥%$, R
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E. -Analysis of mesks and respirators for peréer{tage efficiency
. in filtering cut various chemical forms of plutonium. -Specisl

mention was made of ¢4 and +6 nitrate, $+3 and +6 sulphate,
43 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 Plutonium-radium Ratiba
A, What ratio for #cute effects?

B.” What ratio for chronic effects?
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i1l Distribution of Injected Plutonium

R. D. Finkle

. The distribution of plutonium in a dog 16 days after the adminis-
tration of a lethal dose of plutonyl nitrate is shown in Table 1. The
skeleton contained LL4E of the injected dose, (aseumed 178 of body 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 emount of plutonium
per gram of tissue, except for the bones which are the last three entries.

Femr, sternum and rib were the three bones sampled and were found
to have the same concentration (0.033% of the injected dose per gram of
. tissue) within 17%, while -a tooth was about 1/9 as active as bone. Mar-

row from the femur was 13 times more active than an equal weight of
compact bone. G8% of the plutonium in the marrow was found in a frac-
tion cotaining the spicules (Table II). :

Plasma contains approximstely 80% of the plutonium in samples of
bleod. Most of the metal in the plasma was attached to the globulins,
probsbly largely on the beta globulin fraction.

The intravenocus injection of plutonyl nitrate into mice yielded
livers wlich retained over 27% even after 64 days. (%Table IXI) This
was not the case when plutonyl citrate was used. (Table IV) The liver
content fell from 36% to 4% on the 31st day and to 7% cn the 64th day.
From the 4th to the 31si day the decrease was expcnential with a half
time value of 20 days. Micz which received plutonyl nitrate, inira-
miscularly, had liver retenition which decreased exponentially and with
a half time value of 20 days. Very little differznce in metabolism at
33 days was found in the main series, with 0.5 mg/i-ilo ard a group of
four animals with 4.5 mg/kilo, except that the retention around the site
of injoction was somewhat groater with tie higher dose. Dr. Handllton's
data (Tables VII and V1II) with plus 4 and plus 6 plutonium nitrates a
administered intramscularly to rats show relatively small concentration
of the absorbed fraction in the liver except with plus six at four days.

FPlutonyl citrate. was injected into the peritoneal cavity of mice

_and was slowly absorbed in &4 days as indicated by the rise of the femur
content to a value equivalent to 45-55% in the entire skeleton (Table VI).

‘The livers contained over 30% of the dose, at first. Redio autographs

demonstrated that the material was distributed throughout the liver in

a normal manner rather than as a surface coating. Plutanyl nitrate,
intraperitoneally, behaved similarly but was scmewhat more slowly-ab-~

- sorbed and, therefore, was retained longer by the. liver.

The general biological rcaction to adrinistered plutonium appears
to be & deposition of 50% ¢l the material in skeleton and early reten-
tion of 20-40% by the liver. In most cases the amount in the liver
decreases to 5~-10% within 6 days.

Note: The con:entraticn of plutonium in widle Plos? is orerentad
o . in Teble XIX.
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Table 1
DOG #33 - [DATA FROM HUSSELL)

DISTRIBUTICH OF PLUTLXNIUX (F-NITRATE

* ‘ IN THS VARICUS TISSUSS 16 DAYS AFTER INJECTION (I.V.)
o TISSUE NCENTRATION. Per Cent of PafGrar TISSLE
‘QF Pu/Gram Injected Pu . Pu/sl. BLOCD

Spleen '6.16 g 3.560 560.
Lliver ©3.209 20.6 2Ci.
B. Lymph Hodes 1.17 0.0218 1044
Gall Eladder 10.93 0.031 84.5
Kidney 0.19 0.29 17.2
Adrenal 0.153 0.0034 3.9
Tooth 0.09 —— - 8.2
M. Lymph liodes 0.085 0.085 7.9
Muscle 0.0808 — 7.5
Lung 0.06 0.129 5.L5
S. Intestine 0.051 0.302 AR
L. Ovary 0.051 ¢.C09 Y6
Ureter 0.039 C.0003 3.55
Bladder 0.027 3.0C2% 2.45
Parcrecs 0.027 1.0027 Q.45

- L. Intestines 0.0227 . 0.02563 2.7
Blood 0.0x1 — 1.00
Stomach *0.0097 0.0308 C.89

A Pelvis of Kidney 0.009 0.060062 G.82
ileart 0.00875 £.003s3 ¢.79
Brain 0.00182 C.C0L5 0.7
Bile 0.0000 0.0C00 .00
Fegur C.B21 -—— 7.0
Sternum 1.07 rem 7.0
Rih 10.114 —_— e .}:g':ué —

Table 11

DISTRIBUTION OF PLUTCHIUHN IN BCNE

TISSUE WRIGHT TOTAL  CONCENTRATION ~ Pa/Graz £ of Injected

] PLUTCHIUM Per Gram Pu/ml.Blood _ Plutorium
l. Femur 37.30 uz 30.40 g 0.821 ug 75.0 1.14%
» (a).Periosteun 2.10 0.7 0.3 32.8
. (b) Marrow - 0.176 - 0.1 0.625 585.9
c) Hard Bone . L :
7 Diaphysis 2.1 - 0,155 0.044 5.8
. {d) Marrow 0.343 -+, 0.317 0.930 84.6
(Spicules) - 0.310 — —
(Cells) 0.0071 | — S == ) _
2., Sternum 7.80 8,32 ©L1.07 97.3
: (Parts) ‘
- 3. omib 356 L17 1.0 378 3385 €S
o emet . 000088h o
B S et - ey e ———— =~ A== e - i e AT S
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Table III

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

. % Per Organ of the Retained Portions
Average Values From Four Mice at Each Tims

ORGAN Lth Day  8th Day  14th Day  31st Day  &4th Day

Liver 36.3 37.8 33.1 30.1 27.5

Spleen 3.27 L.48 4.07 2.36 2.32

Kidney 1.02 0.72 added .41 0.36

Lung 0.57 0.52 to 1.01 . 0.72

Femur 1.33 1.69 carcass 1.69 2.21

Carcass 57.7 51.8 62.6 64,.3 66.9
Teble 1V

The Distribution in Tissues Fcllowing an Iniravenous
Administration of Pilutonyl ($6) Citrate to kice

€ Per Organ of the Retained Portions
Averaze Values From Four Mice at Each Time

ORGAN 4Lth Day 8th Day  16th Day  31st Day 64th Day

Lliver 36.3 28.8 23.8 , 14.2 7.13
Spleen 2.78 2.93 3.45 24ds l1.52
Kidney 0.48 0.61 147 0.60 0.28
lung 1.09 . 0,76 0.71 0.6%9 0.22
Femur 4.36 L .29 2.48 2.48 3.05
Carcass 60.4 65.7 88.1 79.6 87.9
3389
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Table V

The Distribution in Tissues Fonawing‘an Intra Muscular
Administration of Plutonyl (¥6) Nitrate to Yice

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

RGAN  A4th Day G8th Day 16th Day 33rd Day 64th Day (3 Jefiilo)

Liver 19.4
Spleen 0.59
Kidney 0.81
Lung 0.68
Remeining -
Viscera —
Femur 1.97
Carcass 73.9
Sites of

Injection 65.4

62.4

15.2 7.90 3.92 13. 7
1.01 1.10 0.87 2.25
0.87 . — — ——
0.69 — — ———

———— 10‘&3 1029 2-06
4.03° 2.98 3.59 2.68

' 70.2 76-6 &08 7[}.3
. % of Total Retained Dose
57.9 63.6 45.2 8.1

Table VI

The Distribution in Tissues Following an Intrzoeritoneal 1
Administration of Plutonyl (#6) Solutions to Mice

# Per Organ of the Retained Portions
Average Values From Two Mice

Plutonyl Citrate Plutonyl Nitrsate
ORGAN 4th Day 16th Day 64th Day . 4th Day 16th Day  64th Day
Liver 33.8 41.7 8.70" 32.4 37.4 21.5
Spleen 3.30 3.87 1.78 1.22 4.13 1.49
Kidney 0.98 0.66 0.64 0.18 0.7 0.15
Lung 0.17 0.24 0.22 0.27. 0.36 0.65
Femr 0.66 1.23 1.81 0.48 1.00 1.72
Carcass 58.7 51.9 Q0.4 65.4 56.2 75.0 _

- 0000888
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-mmmw DIS'EIBUTION oF -H. P‘LUTONIUI& IN BATS pon.ormc mmmscm,m ADI[NIS'IRATION.
(from Hami.lton)

) . .o FOUR DAYS - - SIITEN'DAYS CT ’ SIXTI-FOUR DAIS
T . % Per € Per ° § Per % Per % Per ' Per
: : Organ Gram -~ Organ - Gram ~ Organ Gram
Liver C3.52 . 0.30 5.2l 0.80 2.62 0.35
Kidney 1.39 0.74: = = 2.6 - 1.18 0.51 0.26
Testes - s - 0J32 0.10 .
Spleen 0.39 42 0.39 0.72 0.14 0.31
Muscle 1.36 0.015-. . 2.76 0.036 2.81 0.032
Skin . 9.23 0.22 .. 2.28 0.055 0.79 0.029
Stomach © 0.098 0.061 0.097 0.061 0.065 0.035
Sm & Lrg lntest 2.43 0.24 1,2, 0.12 0.51 0.044,
Bone 70.7 3.42 59.4 . 2.76 64.0 L.31
L‘mga - 0.17 0-11& 0.17 0.1 0.12 0-098
Brain 0.037 0.028 0,019 0.016 0.012 0.0089
Blood 2.38 0.17 0.16 0.011 0.2% 0.015
Urine 0.65 1.05 3.23
Feces 5.12 1.9 22.0 -
Unsb in Left Leg 95.7 _ 87.6 68.1
Table VIII )
"CORRECTED® DISTRIBUTICHK CF 46 PLUTONIUMK IN RATS FOLLO.ING . INTRAMUSCULAR ADNINISTRATION
. {(from Hamilton)
POUR DAYS SIXTEEN DAYS SIXTY-FOUR DAYS
4 Per % Per % Per % Per € Per ¢ Per
Orgen Gram Organ Cram Organ Cram
Liver - = 14.0 . 1.83 2.72 0.49 4.18 0.58
Kidney : - 1.95 1.13 0.68 0.40 1.70 C.90
Testes . ' T 0.14 0.051
Spleen 0.37 0.63 0.32 0.58 0.52 0.88
Muscle - 2.57 0.028 1.80 - 0,023 1.56 0.019
_Skin 2.61 0.093 0.87 0.033 1.3k 0.043
Stomach 0.66 0.19 0.082 0.042 0.15 0.075%
) Sm & Lrg Intest. 2.30 0.11 0.72 Q.078 0.49 0.72%
Bone 6.5 2.9 6L.9 3.30 58.3 3.82
Mungs 0.33 0.25 0.14 0.12 0.16 0.11
Brain- 0.031 0.023 0,012 0.0039 0.11 0.12
Bloed L,.58 0.28 . 0.32 0.023 0.32 0.021
Urine 0.38 7.98 L.48
Feces 7 58 19.3 26.3
Unab in Left Leg 70 3 28.8 34.6
=~ 0000884 — : 3389~ 11
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III RETENTION OF INHALED PLUTONIUR
' By Richard Abrams

.’

The pertinent data are summarized in the accompanying tables.
Tables IX and X apply to inhaled aerosols, and Table XI to intubated
solutions. ' ‘

Table IX is largely self-explanatory giving the typea of cox~
pounds used, the methods of aerosol production, and the properties of
the particles as observed in an electron 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 decreasing rate it is impossible to
give a single constant indicative of the rate; instead we have arbi-
trarily indicated the time needed for S50% and 907 elimination. The
last {wo columns indicate the sites of greatest deposition. The liver
reaches its maximum in 1 day and may then decrease somewhat. For the
skeleton we have indicated what fractiocn of the originally retained
dose is deposited and the time after exposure requived to reach this
maximum,

The final Table (XI) summarizes resulis on inhalation -of solutions
through tubes inserted in the trachea. For Pu (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 IV).

The half-times are given for each of these processes. It might be pointed
out that the liver reaches s maximum in 1 day and may drop considerably
thereafter, especially with Pu citrate. Also the fact is noted that
citrate enormously accelerates the rate of transfer from lung to skeleton.

3389 12
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INHALATION OF PLUTONIUM ABROSOLS

¢ TABLE X
— COMPOUND TYPE AEROSOL PEOGUCER PARTICLES
NITHATES igueous atomizer Spherical, all below 0.2 p
-OXIDE LC Carbon arc Filamentous aggregate of T 1 4 units
‘ {C.1 to 1.0 p)
CUPFERRIDE Freon bomb )
TABLE X
FOUND LUNG LUNG LIVER SKELETON
RETENTION EXZMINATION TIHE KAXIMUY DEPOSITION TIME  DEPOSITION
S0% 90% {1 paY)
1V) nitrate —— 12 day 100 day 3% > 20 cay 25%
I11) nitrate T4 5 40 33 > 20 20
V1) nitrate 6 é 52 7 > 20 20
wide g 20 —— - — —
IV) cupferride — 8 105 1 =104 3
' " TABLE XI ‘
TRACHEAL INTUBATION OF PLUTONIUM SOLUTIORS
OMPOUND LUNG ELIMINATION LIVER DEPUSITION SKELETON
. HAL®F - TIME (DAYS) 1 DAY 15 DAYS TRIE  {EPOSITION
- _ A . :
S
(Iv) nitrate 12 --— 1% 1% 15 days L.5%
(VI) nitrate 1.8 20 5 2.5 15 20
(Iv) citrate) 0.7 15 20 7 >1 30
{(VI) citrate 3
. 0008891 .- 3389 13
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IV THE METABOLISM OF TISSUES OF PLUTORIUX TREATED RATS

E. S. Guzman Rarron

It has been pointed out by Dr. Murrey and by Dr. Brues that plutonium

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 &s a heavy wetal and &s a radiation emitting substance.

The radiation effects furthermore will be determined by the site of dep-
osition of plutonium in the tissues.

The most constant effect of plutonium seems to be exerted on the
blood-forming tisaues. The spleen is considerably reduced in size in
rates treated with intraverous injectiocns of 2 mg plutonium per ¥g. In
these animals the size of the spleen has diminished by 70 per cent at
the end of the 7th or 8th day after the injection (Figure I1I,-1). The
diminution in size ie accompanied with a diminuticn of the Oy uptake of
the tissue, (Figure III, 2) an indication that the cubstance has ectually
inhibited some mechanisms- concerned with respiration in the spleen.

Another tissue in the rat constantly affected by plutorium is the
thymis. The gland is considcrably diminished in size and the @0 values
go down day after day so that at the and of ¢ to 10 days after injection
they ecre only ane third of the normal values (Figure IIZ, 3).

The adrenals seem also to be profoundly affected by plutcnium. On
measuring the Oy uplake, there is at first a sudden increase which sub-
sides about the 5th day after injection Lo be repleced by extremsly low
values. In fact, 6 days after injecticn the QDo vwaiucs decreased to 2.1
(forty per cent of normal) and remain=d constantly around this low value
(Figure II1, 4).

The inhibition of tissue respiration is not a general phenoazenon.
Thus, for example, the Q0 values of the submaxillary glands remzined

little effected throughout the duration of the experiments (Figure II1I, 5).

The same thing occurred on the respiration of heart muscle.

. The response of the kidney to plutoniunm is varisble. In some rats
the kidneys were obviocusly damaged as shown by gross appearance and ele-
vated blood NPN. In 31 rats treated with 2 mg of plutonium per &g intra-
venously, NPN values from 50 to 60 ng per cent wers found in 16 per cent;
values from 60 to 80 in 20 per cent; finsdly, values above £0 in 16 per
cent. Since normal NPN values in rats oscillate between 30 and 40 mg
per cent, definitely high values (above 60) were found in 30 per cent of
the treated rats. This kidney demage was confirwed by determining the
rate of oxidation of glutamate (GO, glutamate) und of NHy formaticn. The
X, glutamate was generally lower than in control »ats (Figure IiI, 6).
The Gl values were about half of the normal vaiunes (Figure iV, 73.

In the first experiments on tissue metebolism of plutonium treated
rats we were struck by the remarkabic appearance of the liver; wlich
was yellow &nd quite frisble. Thess tissues had zimost lost the power
of oxidizing pyruvic acid (marked with a cross in Figure IV, & ani 9).
These findings failed to appear in 23 rats treated in the seme mamer
with plutonium., However, there was wdformly sor= inhiblticn of ithe

--0000392

o

sSmes 3389 14

PSS T~

fron sy v

ra s bk eppeud e



T eabEeL

Q0> pyruvate values (Figure IV, 8) as well es of the Q pyruvate values
"(Utilization of Pyruvate) (Figure IV, 9). The effect of product on the
metabolism of fatty acids was irregular. In some cases there was an
inhibition of the Q0o butyrate values and the Q acetoacetate values
(formation of acetoacetic from butyric acid) (Pigure IV, 10} while in
other animals these values were normal. There was also an inhibition
of the anserobic glycolysis (Figure IV, 11). If to these findings we
add the changes observed in the electrophoretic pattern of tha plasma
proteins-low albumin and increased globulins it must be concluded that
plutanium definitely produces liver lesions.

We have not yet determined the part played by the heavy metal and
by rediation itself in thesec alterations.

-~ 00638493
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In the bone, there were two generally parallel changes: 1) The
normal process ¢f bone growth by cartilage hyvertrophy storped a fow
days after injection, when cartilage cells swelled sbnormally, some
osteocytes and osteoblasts died, other osteoblasts became inactive, and
a loss of interdigitation between cartilage and spongy bone resulted.

- 2) At the same time, a little farther from the cartilage plate, the

osteoblasts were over-active and laid down broad bands of hyperbasophilic
bone without cartilagencus centers. Though this excessive bone=forming
activity had apparently subsided somewhat at the 6-week interval, there
was still practically no evidence of new interdigitation of bone and
cartilage.

In the gastro-intestinel tract there was only very slight debris from
occasional dead epithelial cells in the amall intestine.

The lymphatic tissue of nodes, srieen and gastro-intestinal tract
showed only mild muclear chenges, with no marked depletion of cells. The
testis lost a considerable part of its sparmatogenic elements at 6 weeks,
though there was no change in the interstitial cells. —

The spleen showed marked extramsdullsry erythropciesis and some gran-
ulocytopolesis, apparently in compensation for the depleticn of bone marrow.

Changes after the intramuscular irjection of 1.5 Le/em  appeared some-
what wmore slowly and were less severe than the othervwisz very similar
changes seen after the 1.25 ug/gm intravenous ivjection. At the injection
site, the inflammatory cells pouring out from thc vessels either were
killed off or remained small and degenerated, thus inhibiting recovery by
preventing the full course of inflammatica. Muscle cells and tissue mac~
rophages were killed alsc. Flbroblasts; though few were desiroyed, be-
came large and stained more deeply blue at late intervals.

In the few rats injected intravenously, the depletion of lymphatic
tissue was gmarked at 2.0 ug/pm: thyms, node, and splenic white Tulp were
sericusly depleted of 1lymphocytes, and peculiar chenges were found in the
reticular cells.

Perhaps the changes in the liver and adrenal of rats constitute the
most striking difference between rats and mice in this experiment. In the
liver, effects.of treatment were observed as early as two wecks, and after
several months were apparent even with doses as low as 0.5 uz/gm. The
outer and middle portions of the lobulc asppeared to be the most scverely
damaged, containing swollen liver cells with nuclel many times enlarged.
There were many aitoses and many dezd cells, and the bile duct underwent
intense hyperplasia. Some specimens at late intervals contained sharply
demarcated areas of necrotic cells.

The variability of these findings should be especially noted. At the
6-week interval, for example, depletion of -msrrow in sacrificed animals
ranged approximately from 30% to 95%, and the size of the testis varied
from nearly normal to some 40% of normal. Similarly, livers in some rats
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damaged, though doses and intervals

were the same. Many ancontrolled variables have not yet been t.aken

into account.

Obseﬂationa on antographic distribution' will be jncinded in &

gubsecquent report.
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VI. Clinical Picture Following Plutonium Administration
. . Austin M, Brues

This is a sumarized account of the clinical picture of acute, sub~
acute, and chronic plutonlam as seen in snimgls, It includes data and ob-
sarvations from a large number of the investigators in the diviaion, and
includes observations on dogs, rats, rabbits, and mice,

The clinical picture of acute 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 least, it is quite similar
to the affect of a awingle 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 water began within a few days and progressed steadily until death. A
few days 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 rate, labored diaphragmstic breathing, salivation, hemorrhages into
the skin and subcutaneous tissues, and evidence of slight bleeding from the
bowel. The most marked clinical pathologic finding was the drop in white
count, involving heterophilea and lymphocytes about equally. This began
within the first two days and a level of about 500 white blood cells per
mu3 wes reached at the end of the first week. A progressive anemia was ob-
served throughout the course of the experiment, with an eventusl 33% de-
crease in the red cell count. Albuminuria and microscopic hematuria were
noted from the fourth to the seventh day. Other findings included a
prolongation of clotting time, a sharp rise in sedimentation rate, a de-
cline in plasma protein, end an increase in plasmac{ 2 and beta globulin,
Certain findinzs relative to the pigments of blood and bile origin have
besn noted; the urinary urobilinogen risss in the ecrly days; due probably
toxicity in the urine, and is probably biliverdin. In addition, a decline
in urinary coproporphyrin (isomer not yet determined) was seen during the
irat ten days. In the case of many of these findings, it is not yet
possible to say categorically which are characteristic of plutonism as
against acute x-ray toxicity.®

Certain findings made on other animals indicate (1) that there are cer-
tain dissimilarities botween acute plutonism and the effects of total body
x~ray, and (2) that there is great variability betwecn the findings in one
group of animals and in another.

¥* Termipally, & sharp d op in plateiets has been obscerved and a further
decline in the white count, with a terminal count below 100, Autopsy
showed hemorrhages jato many lymph nddee and hypereaia of certain parts
of the gasircintest: nzl tract; the spleen was smaii; the liver and ciher
organs appeared no.mal grossly and microscopically.
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In the case of mice dying acutely (i.e., within two to four weeks),
one strain (Carworth) showed only slight anemia, but one-half of the livers

were grossly abnormal, being yellow and friable in consistency; many of
these were entirely normal microscopically. aSC mice, on the other hand,

--showed profound anemia, with hemogzlobin concentration dewn to 2 or 3 graums

percent terminally. Spleens were all small and in many cases markedly
atrophied. Gross examination showed the livers to be uniformly normal.

Although microscopic qvidenbe of liver damage was not seen in the acutely
poisoned dog, changes have been observed in rats and mice within the first
month, but this has not been an entirely consistent observation. It has aliso
been found that gross liver changes cannot consistently be obtained in suc-
cessive experiments. :

Gross renal damage also occasionally occurs following lethzl doses of
plutoniun. This has occurred with intravenous citrate and nitrate (plus 6)
and after intramuscular citrate., The lesions have been observed in rats, and
mice consisting of a yellow area between the cort.og and medulla, with yellow
streaks extending down into the medulls, and with punctate hemorrhages in
this area. No microscopic observations are yet available.

The acute lethsl dose has varied between 0.4 mg/kile (dog) and 1 mg/kilo
(rodenta}, vhen nitrate and citrate wcre given intravenously. 1t is probably
slightly higher when citrate is given intramuscularly, #ith intrzmuscular
nitrate the acute lethal doss is above 4.5 mgs/kilo {mice) and with sub-
cutaneous nitrate {mice) at about thct level, although acute dealh hias been
seen in a few mice given 1.5 mgs/kilo.

In summary, escute plutonism is 3n many respects similar to acute tctal
body radiation toxicity. In addition, Lhe observations sugpest that damage

- may occur more specifically in the liver, kidneys, und spleen znd to

erythropoiesis. These specific lesions have been extremely varianle and dif-
ficult to reprouuce, Their probable relaticn to the distribution of plu-
tonium in the body is obvious.

Subacute plutonism might conveniently be defined as the stzte in which
an animal gradually declines over a period of months, perbaps following
evidence of recovery from acute intoxication. This was observed in ancther
dog (#39) which survived 3 months after the injection intravencusly of about
0.3 mys/kilo of plus 6 citrate. This enimal presented an acute picturs
similar to that following an scute lethal dose, except that it was in =211
respects less severe. DBetuween the 10th and l6th day there was o slisht rise
in temperature and pulse, the dog was letharzic, end =light rectsl bleeding
occurred. The white count fell to 30C during this periocd end nrogressive
anemia was occurring. At about the sixteenth day tihe symptoms improved
rapidly and ths white count began to increase. The white cell recovery was
striking in the case of the heterophiles end only moderate in the lymphocytes.
However, weight loss progressed steadily and the -nimal became gradually more
anerdic and emaclated. UBuring the second month the ~hite cell level again
began to decline. Between the 7Sth div and death at S0 days therc was a
progressive incressc in heart rate am! body tewperature. The gross findinge at
autopsy were similar to those seen ze dely cxeept that emaciation and aneria
were much more marked.
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Pathologic observations on other znimals dying within four months fn=-.
dicate that we may expect damage to thc blood-forming elements, liver, and
bone., The commonest finding in the groups of rats dying in this period has
been ascites and subcutaneous edema, nodular liver with necrotic areas, or
with areas of hyperp1331a of billiary tissue and, occasionally, hepatoma-
like nodules. , .

~ Dr, Co J, Wiatson suggesied in discussion of this point that simdlar
hepatic lesions are known Lo occur in choline deficiency and allied states,

_and that methionine might be of therapeutic value, lie peinted out that

part or all of this picture might be secorndery to the inanition which occurs,
with resulting dietary deficiency., It seems importznt to investigate this,
since liver carcinogenesis by azo dyes can te crovented by dietary means.

It is worth pointing out that these regenerative processes might reader ihe
liver more liable to radiation damage.

Hematologic changes in the subacute range have been somevhat variable
in the animals studied so far. When leukopenia occurs, it is usually nost
noticeable in the first few days, and this initial leukopernia }s often sus-
tained over a long period. In scme rroups of arimals sll dozes down to 0.05
mg/kilo have resulted in 2 Gecreass in thc white cell count to 25 to 50 per
cent of normal; in other groups the {irct sigmificanl changes nave occusred
between 0.1 and 0.25 mi/kilo.

A third dog (#38) received 0.4 rz/kilo of plus é citralo intramuscularly

and showed relatively milder acute ard zubacutz changes, ‘ieight loss has, towever,

continued throush the thivd month. Ths luboratory datz on the three ic3gs has
been carufully tabulated by Dr. Froaser and is zppendsd to this raport.
{Teble X11)

Since little or no experimentzl verk has extendsd over a period of aore
than six or seven months, cne can only attecpt (o predict the ricture of
chronic plutonism on the basis of such cata, Three boeie tumcrs heve bo2n secn
so far in rats and mice, twc following iniraverous and one {o:lovuing intre-
muscular treatment with plus 6 nitrale. 1In the latter case the tumor
occurred in the femur near the site of the injeclion, In cne instznce ex~-
treme thinning of bone has been seen, wilh associated patholoygic fracture, it
remains to be seen to what extent thesz effects, and tha snemia, leukopenia
and hepatic changes, tend to be progressive or to extend to lomer dosage
levels.

Greying of the halr in brown ALC mice treated intravenously with plus 6
nitrate, has appeared progrecsively at lower cdosess; it was first noted at
twc months in the group given 0.5 mz/kilo; it was ss2n at tiree months in
those given 0.2, at four months in those given O.1; and is just noticeabie at
that time in those given 0.05 mg/kilo. This has been most noticeable around
the thorax and has in all cases progressively intensified.

Testicular atrophy has been watched for ir rats given intravenous
citrate., It was observed six weeks after admi istration of 0.1 mg/kiis, but
had not become clinically noticeable at %hat t ae after 0,05 mgz/kilo,

Frem what we know al the presenl time, i'. scems reasonsble to expect
malignancy to occur following the adainistrzt .on of pluvon.um, g2 is seen
after prolonged radiation inm gerersl, ani tc «@icct thzt bone ey be g faver-
able sile for plutonium carcinopenenis, Prrechelda for Lls 707 OL4ST JULRY
of chronic damage czanol Le estir i~ at-Lhe piesent Limw &RCET§E:F,3;§10d'
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with radium, which of course presents certain difficultiés.

The best information regarding the production of local damage by plu-
tonium 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 the
injection of 1 microgram; ulceration of the skin has occurred 20 days after
the subcutaneous injection of 4 microgzrams and 40 days after the intra-
muscular injection of 10 micrograms. It is reasonable to suppose 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, Kerztotic overgrowths have occurred but no malignancies have been
seen within the first five or six months. This is interesting in view of
the great susceptibility of mice to sikin carcinogenesis by hydrocarbons.
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CLINICAL PICTURS GF Pu TOXICITY IN THREG DUGS

Dose mg/kg
Salt

Route
Sm_'vival
Pu in Blood

33

0.36

' 4 6 nitrate’

1. V.
Died ‘16 days
90% drop in 30 mim.,

.after 10 days 0.0

P1l. protzin plc-
ture

v g/ml

low albumen, very
higheX 2 globulin,
high 8 globulin and

- fibrinogen

Pu localisation
in blood
Urine albumen

Urine sp. gr.
Urine pH
Urinary Cl

Gross changes

Heart rste

Rect. temp.

El. Press.
Pl. Vol

mostly on £ globulin

no systematic change

constant

38
0."’01‘ .
4+ 6 citrate
I. U,

Alive 3 months

1.2 ¢g/m., 3} hrs.
0.5y g/ml 2} hrs.
0.01 yg/ml 14 4.

some increase in
3 globulin.

on € globulin

++ on 5-7th days
~thereafter

no change

normal until fd;ad cons.

dropped.

emaciated, weak

+37% 12-16 Gays

+2°C 12-16 days

~16% (13th d.)
+23% 8th day

0000303

no significant
change

no significant
change

£3.18 12th day

2.1 36th day

.39 .

0.286
+ 6 citrate
I. V.

Died 90 days

60% drop in 1 hour,
0.005 & g/ml 1 d.

high ~< 2 and @
globulin

z2inly 8 globulin
+ 5-Tth days
~thercafter

no change

emaciated, lumps
outside abdomen
80-05th days.

trd asitory rise

0-16 days; progres—

sive increase 79-
90 days

same as heart rate

#14.6 12th day

#16.2 36th day
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H. Vol

Vieight

Food Cons.
Histamine

Plasan
protein

Serum protein

Hematocrit
control

migim:m

change
RBC

control -

minimom

Hemoglobin

control

-~ 000390

33 38
414.7% 8th day ~26.5% 12th day

© lost 11.67% wt.. ih

16 days

* declined to few
gns/day

decreased

287 increase by
15th day

20% increase by
15th day

Lo

32 on i5th day,
~20% '

terminal hemozon-
centration

6,000,000

1,100,000 on 15th
day

4,890.000 on day
of death

U, gms %

11 gms & 15th Say

-25.0 36th day

slow decline, 17.5%
loss by 79 days

slightly below con~
trol level continually

high 8 days, declining
thereafter

slow increase, + &7
50th day .

slos increace, + 19%
50th day

LE
2% on 29th day, -373

37 on 72rd cCay

6,850,000 .

4,300,000 on 20th day

recovered to 6,050,000
on 5ist day

2?27
Vot

39

-15.1 12th day
-~20.0 36th day

slow cecline, 203
loss by 2: months

lov 12 days;
nearly nermal
afterward

high ¢ dsys,
declilinzd there-
after

+427 on 12th &
50th days

+ 137 on &0th
Gaay

45

17 oa 72nd dgry,
627

i3 on 83rd day,

-z

6,000,000

2,5¢6,000 on 4Oth,
lst days

2,200,000 on T2nd
day

15 gxs %

£€.9 pus ¥ on
15tk day

6.0 saz B oon 7200

Goy

-
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WBC
g control

—

Recovery

Hetercophiles
control
minimum

change

Iymphs
control

minioum

Reticulocytes

Platelets

|+ Sed. Rate

o~ra s
-
————ew.

33

20,000
200 on 1l6th day

none

11,000
900 on S£th day

nocne seen on 15th
day

no racovery

7,000
180 mx> on 7th day

0.1% on 16th day

decreassd

increased 5x

fed cell fragility unaltered

- 0005905

_ Npfrewyp

38

9,500
190 on 13th day

racovered to %,500
oa 51st day

decreased to 2,600
ca 66th day

7,200

15C on 13th dzy

racovered to 3,600
on 5ist day

1,500

00 cn 13tk ard
2Cth day

vacovered to 600

~ on 51st dey

decreased from lith
to 29th days

cecreased in early
czys -~ recovered
late

control lmm/hour,
in: eased to 52 on
291 1 gay recovered
to , cn 8Clh day

39

11,700
300 cn 13th day

800 on LO- Slst duys

500 on 72nd dey

8,500

&
120 on 12th day

1,650 on 25th day

455 on S1lst dey

ry e -y *
3180 on 20-51st

2o

decreased from
3rd to iith doy

decreaced in late

days

control Gmn/hour, in-
creogsed to 60 on 10th
day, 75 on 72nd day.
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Clotting

- Proth, time

. Pigment exc.

fecal urobi-
linogen

urine urobi-
linogen

urine copro-
porphyrin

green urinary
- pigment

N. P. N. (blood)

anino N
creatine N
creatinine N
urea -

Autopsy

unaltered

norml

. terminal rise

mederate riss
terminally

unchanged

38

no significant change

no samples 1lst 2 wla.,.
3rd & 4th wks.

possibly =zurly sizc;
irregular. ) '
. _ o
50% decrease 2-Lth -
wks., normal 5th-6

viks., below normal
thereafter

F ¥

maintained LO%
) dacresse

507 decrease
50% decrease

'defihite_ rise

hemorrhaglc cerviecal )
lymph nodes & kidney
liver, etc. grosaly

norm:1

increased by 13th

day

decreased 15-65ta

days

increased 85th day

normal values

elevated first
{few days; irregu-
lar thereafter
SOSi_decrease

thereafter

T

slight decrease
second month only

60% decrease
607 decrease

questionable rise

hemorrhagic nodes,

marrow; small
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. VII E:cretion Studies
Wright i;angham

- The primary interest of our heaith department is the immediate
development of a method of monitoring personnel for internal bedy
contazination with plutaniium. %he obvious purpose of a monitorirg
plan is to enable us to retire individuals from further contact with
the material before they have abscrbed harmful amounts. The execu-
tion of such a plan depends cn the establishment of a rumber of factors
airong which are the following:

1) The development c¢f a method of determining exceedingly small
amounts of plutormium in some body fluid or excrement;

2) The esteblishnent of the relationship between the body fluid
or excremsnt and i.:e amount of plutonium ccntained in the hyman body:;

.‘:ﬁ 0
3) The development of a sampling system which excludes thg;%ossi-
Hility cof estternal contamination of the sample.

This report summarizes our atitempts to establich some of the above
factors. The urine his been chosen as the source of the sample for study.

¥ethod of Sampling and Analysis:

Because of the cittreme difficulty of detecting small amounts of in-
terral contamination with plutonium, and because of the great possibility
of external contamination of the sample, the practice has been to collect
2L4-hour samples under very srigo:ous conditicns. The subject is directed
to stay away from work and preforably away from the Site for a 48-hour
period preceding the period of collection of the sample to be analyzed.:
A1l persons are asked to wear {:reshly laundered clothing during this
preliminary period and.to bothe and wash their hands frequently.

The subject i#® asked to renort ito the hospital at eight o'clock in
the morning at the close of the 4B~hour preliminary period. He is given
hospital clothing and after taking a shower, is admitted to & special room
provided for collecting the 24-hour urine sample. He is asked to remain
in this room for the entire 24-hour period. It is regquested that the
subject restrict his fluid intake to one cup or glass of fluid per meal
to avoid an asbnormally large saaple.

A hand counter is avallable in the rocm and a note is made as to
whether or not the individual has a hand count. The subject is instructed
to wash his hands each time before he voids and to wear white cotton glovas
during voiding, tius preventing epithelial scales of the hands from falling
into the flask and contaminating the sample. The voidings are collected
in a 2 liter erlenmeyer flack which is placed at such a height that it
is not necessary for the person to touch the flask or the funnel vhile
urinating. ‘then the collection is completed, the subject dresses and

;@é 3368 29
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LITIES Wi .:,S,J,.V.l lesvang Mis speciaen whare it was collectzd. The
¢3ﬁ13)a.9 1s picked up and de 1\ ¢rei Lo the labcratoery by a rember of the
roup oving the amaliyses. .

Rigid adherence to tha procadure described above should permit the
collection of a 24{~nhour urine sawple as nearly free frem exterral con-
tamination as possible.

The effectiveness of the zbcve method is indicated by the date in
Table XIIT which gives a comparizon of the analyses of samples consist-
ing of two overnight specimens cnllected in the individuals' homes with
24=hour samples collectied from tiie sawme individuals by the above hospital
methed. The averzgs counts per minute obtained in the samples collected
at home was 20 as compared to 2.2 counts per minute per sanple when
collected under hospital conditions. The most probable explanation of

this great difforence is that external contamination was avoided in the
latter case.

The samples cullecied in the hospital are analyzed by the following'
method: The entire 2)-hour specimen is evaporated almost to_gryness and
the residue wetashed using cne &aiddition of conc. HCl1 and repeated'—add*tims
of conc. HNO3 and 3G% 11,302 The ashing is ccatinued until a whit _} solid
almost completelv free of organic metter is all that remains. The residue
is tzken up in 2 K KHCL and a comvlete hydroxide precipitation carried out.
Tne hydroxide precipitate is dissolved in 2 N HCl, the solutiun is adjust-
ed Lo a pil = 0,3-0.5 and the Pu, plus 1 mg. of ferrlc iron as 2 carrier,
is extracted intc chiicroform using cupferron. The chloroform is evaporated
off arnd the cupferron residue dilested off with nitric and perchloric acids.
The Fau is then carrisd out of the perchloric acid solution with lanthanum
fluoride. The laqthanum fluoridza. precipitate is transferred to a platinum
céisc and counted for 30 minutes in an alpha counter.

The data repcried in Table xIV give some idez as to tiie performance
of this method when applied tc soiked urine samples snd to mock urine ash
sciutions. Blank determiraticns were made on 24 samples of urine from
persons never heving worked with Pu. These sanples ranged in size from
800 to 1200 md, Tue average of all blank determinations was 0.5 c¢/m per
sarple with a spread of 0-1.2 ¢/m.

Results of Pereonnel Monitoring:

it K

Thirty-six members of the staff were chosen for the first test of the

above ronitoring method. These becple were chosen to represent high, moderate,

end low or no exposure groups. ‘The number in each group was too few to
give any definite significance tc the classification. The resulis are in-
dicetive, however, and are summarized in Table XV. It may be significant
thet all individuals showing a positive count in the urine had had one or
more nigh nose counts on record since joining the project. A high nose
count is rscorded against an individual when a moist filter-paper swab

inserted into the nostril and roiated shows 50 ¢/m or greater when counted
in an alpha counter,

Urinary Excretion of Flutonium by the Human:

If urinary excretion values are to be used to establish the actual
amount of internal body contamination it is essential to know the relation

T 0030908 ~ - —
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'i'The Effect of Size of Dose on Urinary Excretion of 49:

3000509

’ ':3" ot . e ’ » i “ WH.T‘/? 31"):1:, . .:‘5':?»
e 2 . < -— : . ."f.

- . Mhm-——-—' :.“)'.

_—e T

-;.be'meen the ac.ount of f‘u in the human syst.em and that ext.retea in the urine

per 24 hours. On April 10, 1945, an attempt was made to establish this re-
lationship by injecting a t‘uman suhject intravenaus"y with L.7% of 44 Pa
which was complexed with sodium c .Lt-ate(o 3% solution) and adjusted to a

‘pH of 6.0.

"The subject was an elderly rle whose age and general health was such
that there is little or no possitility that the injection can have any
effect on tie normal course of his life. The patient might not have teen
an idezl subject in that his kidiey function may not have been completely
normal et the time of injection zg indicated by slight albuminuria and a
low urine spscific gravity.

Tre &4 citrates complex was used in order to produce the maximim dep-
ogition in the bors. This preswably would produce en excretion rate
comparable to that of & worker huving absorbed the material at a slow
rate thereby depositiang a maximui amount in the bone where it is probably
the most damaging.

. ' > &
The results obtained for the first 18 days after inéectioﬁ&&e pre-
sented graphically in Figure 1 by blocking in the per cent of iha-total
injected dose excreted per day.

These data show the excretion during the first day was surprisingly
low and that the leveling off of the excretion rate was much slower than
with rats. The most probable explanztion of these observations is that
they represent some metabolic abnormality of the subject. It is possible,
however, that the stability of the 4L citrate complex is a factor. A
blocd sample taken 4 hours after the injection showed that about 50 per cent
of the injected dose was still ir the circulating blood. The calculation,
however, wes based on the assumpliicn that there had been a complete mixing

of the naterial througiout the tctal blood voiume.

A rather favorable excretion rate is indicated by the observation that
the leveling off point seems to Y about 0.02 per cent instead cf 0.0l per
cent as observed for rats.

>~

a number of fundamental assumptions mist oe made in regard to *':.l'xa
‘metabolism of Pu if a limited amount of human tracer data are to form
the basis of d method of diagnosing internal body contamination. {1) - It,
is necessary 1o assume that, once absorbed, all valence states and all '
compounds of Pu are metabolized br the anrnal organism in essentially
the same way. {2) It is nece'ss:u-y to assume that Pu is metabolized in
the seme-way regarcless of the route of absorption or administration.
(3) It is alsc nececsary to assume that the fraction deposited and
therefore the fraction excreted m mdependent of the size of the dose

F

"ﬂ&}viﬁ.«

" administered or sbsorbed.

Hami 1ton (CN-2383) has reported a limited amount of information in

) subport of the validity of the first two assumptions. The followmg
- experiment was perfeormed to test the validity of the third.

-
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Five grcups of meture mele rats were injected with £.032¥ (2250 ¢/wj,

1.1%, 5.3%, 15.04, and 52.0F of Pu respectively. The naterial was admin-~
istered as ¥4 citrale complex in a solution 0.5 per cent with respect tc

* sodium citrate. The pll of the solution was 6.0. The urine znd feces
were collected daily for five days from each group and analyzed for 4G.
The results of the urine anzlyses are given in Table XVI. These date
show rather conclusively that the per cont of the total injected cose
excreted in the urine of the rat under the above conditions is independ-
ent cf the size of the dose administered.

2000040 | <3332
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Table RIIX

Effect of Hethod of Collecting
Sample on Counts Found in the Urine

Person . c/m and Place of Collection of Sample
At Home® In Hospital®
D. %, 10.1 2.2
w. A. Bc hl.6 h.a
¥. 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 .
* Se.inples collscted at home were two overnight voldings collected by
the individual after thorough bathing and washing of hands.
#% Samples ‘coll.ected in hospital were 2i-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 flegular and Mock Urine Samples
No. of Nature of Ant. of Recovery Spread
Detns. - Sarples Spike ¢/m y 4 y
2,  Blanks (reg. urine) 0. (ave. 0.5 ¢/m) (0-1,2 c/m)
L mock urine sol, 29.2 9, 88-100F%
- 11 R wooe ©10.C 93 85-101%
=
12 reg. urine 10.0 8s 73-104%
3 reg. urine 4.5 95 81-105%
.. -0 L~ -~ - . _ N ? q Iv] 9
- 000 ot T2 eemerre SRS 3& —
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Table XV

" Results of Monitoring Site Personnel

Classification

Highly exposed
Moderately a":pbaed

- Low or no exposure

Those having hipgh rose

counte®t recorded

Those having no high

nose counts

recorded

4

No. of
Persona

5
23
8

AT

2

Ave. c/mf24, hr.

urine sample*

2.2

: o

0.2

1.2

0.2

* 0.5 ¢/m was subtracted from each value as a blank.

®% A high noge count is recorded against an individual when s moist
awab inserted into ihe nostril and rotated shows a count
grealer wher counted in an 2lpha counter.

£ ter-paper
of 50 ¢/t or
Pericd after
Inj. - Days:

st

2nd

3rd

Lih

5th

Table XVI

Effecl of Dosage on Per Cent Exeretion
of Pu (#4) Citrate in the Urine of the Rat

0.032

0.72
0.27
0.22
0.15
O.M

# of Ini. Dose Excreted per Day

l.l

0.72
0.22
0.12
0.11

-~

SCRBT

Dosage &~
5.3

0.73
0.31
0.18
0.13

S ————

3328

52

0.77
0.26
0.19
0.17

34
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Tebles showing the excretion of product by various animals
ere presented, The question was reised as to what value could be
set as the probadble minimum daily urinary product excretion from this
data, ' 0,01% of the material retained in the body would a gpoar to be
a fair estimate, The question has arisen .as to why dog 30 {table on
page 2) showed a much lower excretion than 0.01% per day. Om the besis
that only 65% of the material is absorbed from the muscle and thet 20%
has been excreted, the 0.01% would also apply to this animal. The data
in the tebles for all animels, rats,dogs, and rebbits, show from 0.01% to

0.03% daily ezcretion whan constancy is resched.

Dr. Stone has asked what comparisons have been made bstueen the
concentration of plutonium in the dblocd end the urinary excretion. Com=
parisons of 7-and 14-day blood concentrations and urinary excretion in-
dicate that 1little definite information can be gained. . risons of dogs
3 and 79 at 40 days after injection shows that while dog 3 hod a1 estimated

2.72 pg of plutozmm in the circulating blood the 24 hour urinary excretion
was only 0.123 r.lg. Dog 39 had but 0.2§5 ‘of Pu ir the circulating blood
and excreted 0,163 hg. Thus, though the ood level of Pu in dog 29 was 2
that of dog 38, the smount excreted in the urine was slightly greater.

The fecal pioduct excretion for ell snimnlg gtudied has been shown
to be from 3 to 4 times higher than the excretion from urine collected during
corresponding periods., (Tables XIV-XX). It was suggested that stcols be
assayed to establish the product content in lumans. The difficulties on-
countered in enalyzing stoocls and ths comperison of kimen focal product
excreticn to that of dogse would leasd onme not to rely on this prouvedurs, Dr,
Bamilton stated that he is working on a mothod for stool analyses that should
be published very shortly.

Table XVII is presented to show the value of dog excreticn studies
to the interpretation of data accumulated on humans., The excretion of Pu
for these dogs is campared with that of a single male human following IV
injection with 6.5 ng of +6 plutonium citrate,

Bmninl

006091y - 3128 _36-
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Teble XVIT

Period - % h:mret;dolian ) % Excreted-Man ‘% Fxereted-lian

% Excreted-rxz~33 % Excreted-Px-38 % Ixcreted«Px-39

URINE

18t 24 hra. " 0.4 0.3 002

e " 15" 0.44 0.3

2ra 2.6 0.38 0.6

4th *© 5.0 : 1.1 = 0.65

5th " 1.1 - 0.29 0.22

6th " 1.7 0.99 . 0.47

7th 0.99 0,63 0.47

8th ~ 1.6 0.92 0.59

qt, " 1.4 1.3 _ 0.99
FECES ' )

lst 24 hrs. 0.015 ' 0,0068 00032

2nd " 0.187 6.063 | 0,023

Frd " 0,062 0,073 0.053

If we are to place any welght on our animal studies it is quite clear
from the ebove figures that the urinary excretion of dogs and man is more
comparable than fecal excreticn. Data presented dy Mr. Langkan on a Inman
trager experiment uvsing 4.7 PE, of the <44 citrate shows good correlation
with cur results. @e aisc r'eported low fecal excretion., In his discussion
he also pointed out that H0% ¢f the injectad plutonium wes present in the
circulating blood four hours after the injection. Cur data shawed thaet at
the end of 4% minutes only 15% of the plutonium remeined in the circulating
blood. .

" It has been asked whether the IR-1 or the IR-4 resin adsorption method
would be mors sultable for detecting low activities in the urins, Since the
IR-1 column procedure was designed to detect epproximately 1 count per minute
in & 100 m} specimen and the tolerance has been set at a level approximately
- 10 times smaller, the mothod now being done ig certainly not adeguate for
0.1 count per minute., It is suggested that less frequent anclyses and larger
" volumes be used for each specimen. The IR-4 method which has been used for

- .. 9500 to 1000 ml specimens has shown considgruble variation and nesds further in-

e 33¢§ 37


http://exsretl.cn

.

SweHKr_ D, " ) TS

- g

vestigation., Specimens of 2 to 3 liters have been assayed by
evaporation and precipitation with LeF_. This is to be avoided
if possibvle because of the time co o

It was suggested 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 nas the difference betwsen dogs
38 and 39 was so great.

. It i3 felt that the rabbit fecal product excretion is much
closer than other animals studied to that of man for the period shartly after
injection. Data beyond four days sfter injection for man was not avail-
able, {(Tedle XXIII).

The guestion of controls was mentioned by lir, English, The
data 'cqlloct_e_g by our group bave slown very few controls. The wymlues rangs
from 0-1X 10 < ng per 500 ml specimens. It was suggested that future work
should include a number of control specimens.

In discussing a toclerance limit for plutopium contained in the
body the question agnin srose as to what fraction of a day's urine should
be analyzed in order to calculate the retained plutonium. lorning specimens
have always shown a higher unit activity and any retention calculated from
these analyses would tend to be too high. For accurate data, the entire 24~
hour specimen or a lerge fraction thereof rmst be assayed. If the tolerance
limit 18 to be set at 0.7 pg and 0.01% taken as the emount excreted then a
maximum 4.8 #{ counts per day must be detected. Detection of one count per
minute from the dog's excretion would indicate a depositior in the body of
0.6 pg. If we are to detect lower activities than the fracticn of the daily
urine to be assayed it should be correspondingly lerger. The discussion was
concluded with the following suggestions:

1, That larger volumes of urine be cssayed for plutonium,
prefaersbly portions of 24-hour srecimens,

2. -That a largs mumber of control specimens be rum,

-
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Table XVIII
Plutonium Excretion
HOMAR -

6,5‘Pg _‘£_6 Citrate I.V. pB=7.0

URINE ) FECES
l

Period % Excreted Period % Excreted
1st 24 brs, 2,540 1st 24 hre, 0.010

2nd " 0.153 2 0,103
Id ° 0.0 rd " 0.067
4tn " 0.133

th * 0.03§

th .

gth ] 2.823 1‘:100? Charges

t w
9‘2 - 3:822; After Conlyper mi % of
jotn * 0.034 Injection Ini*
1th * -

1oth " e 10 min, 3.2x 107%ng 201
13th " 0.018 45 m.ina 2@51 10 15%
14th " 0.0
15th " 0.02

16th " .

1@“’ . g g;g * pssume 4000 ml blood
18th .

19th " g.g§6 1l. of amount hjectod.
20th » 0.03
2lst " 0.034

From the above data we should expect higher urinary préduct‘
excretion from humans than from dogs.

-.0009917 T - —
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Dog Px-33
) +6 N:}tmte -
' Time Aftor |.ug Pu/ml
Injection | Whole Blood
0.5 hrs  0.56
2 . 0.193
72 0.039
. 168 n i 0.016
1 240 n ( 0.011
336« | 0.0
384 n ! 0,010
(4
[Ani_mal
Px=33
Rl . Px-38

Fx-39

.- - 000G918g

_mable XIX

Plutonium Corcentration Changes in Blood

-

A

. Dog Px=38 .

o Dc;g Px~39 , '
I.H. Injection-2963 ug  I.V. Injection-1630 ug:
+6 Citrate +6 Citrate
| Time afterjug Pu/ml Time Afterjug Pu/ml =
1 Injection|{thole Qlood - Injection{Whole Blood *
3.5 hrs 1,20 satnl 137
5,757 0.9% . ?or 20y
24 om0 80 %, 1086 |
72 n 0.08y 24 hes  0.106
168 n  0.023 . 168 @ I 0.008 |
336 n 0,010 336 = | 0,005 }
6% *  0.005 %6 v 0.002 ~
960 v 0.074 960 ® I 02,0015 '
Ca7s2 w' 00057 1752 % L 0,006
1848 0.0031 1848 *® . 0.0005
. I
- R 3
Injecfion'baig ‘ - 2
Blood Volume Vol. of Pu g Pu/l(ilo] .
Soluticn ‘ :
483 ml ' y.eyoml ' 0,358 ;
680 m1 1.118 ml ooy |
450 ml 0.615 ml 0.29 |
RSB 33:9 40
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) Flutoniws Excretion
\}:‘ghhits

E 6‘}1 - (0.1 mg/f¥g)

Period ! % in Urine { % in Feces
i

let @ay C.21 l - C.84

Gh n 0.0y ! .17

{

, l4th = 0.026 *€.053
st ® 0.029 ' e.028
28th " 0.021 0.0563

: 35th ¢ 0.027 .10

 Y2ra « 0.630 . GOy

000094

Table XXIII

!.
|
|

1794 (0.02 me/Kg)
€ in Urine | % in Faces

.18
0.01
0.20
0.17
0.06
0,02

0.05

Animal

“0.82
0.12
0.19
0.14
0.02
0.10

0.10
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Table XXIV
Rats~-Accumulated Exoretion

9 of Totsl Dose

| pertoa _ 0,125 mg/Kilo 0.50 mg/Kilo R
v | owes  woe. | w0 | wes | w6 | uwew |
U F v F ' U F U F U F ' U t
3 2.8 5.1 57 3.5 7.9 4.5 6.8 3.0! 9.0 2.5 7.0 3.6,
7 3.0 9.6 59 7.2 8.3 7.9°7.0 81! 9.5 6.2 74 7.8
i 3.3 17.3 ) 6.2 123, 8.7 13.0 7.3 12,0 9.8 9.3 7.6 1L.&
26 3.7 20.9 6.6 163 8.2 16.5 7.5 12.5 10,0 10:1 7.7 1!;.2}
Y2 3.9 30.6 6.8 187 9.1 19.8 7.6 13.1 10.2 10.5 7.9 17.2}
57 4.2 3L.5 l 6.9 19.9’ 0.1 20,9 7.7 1.7 10.3 11.0 8.0 17 9i
.\ l Average deily excretlon after 1i days z E
%/asy ! o2 .33 |06 7] om ass ) o0 0w | on Lo ¥ .010 .18’
Period ! é.O mg/Kilo
oeys |owsl |owse bows | ows }owm
| v P | v F i v Flu F uw FI
3 1.5 Wl 2.7 W7 2.0 4.6 2.5 2.7 W1 3.7
7 1.6 93 2.8 89 31 69 2674 W2 7.1
9 - == 3.2 9.5 3.7 9.8 2.7 9.7 --= -—,
10 eem mem mem mem me e mee eee W6 9.o§l 3
i T 281211 mm- wmm  cem cme eme mee ee- --%
T ooocdzo Beiep e 77345
| —

gl
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IT Exrerimenis
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Flatoniim Sxcereted Per tiouse

1. V. Injection-0.25-1 ug/em

Period | 1] 2] B!T 5% |7 s 9 i |
. Groups -+ { P |
. 2 days - | .- { Edad 'l bt hd i batad 305 1‘?‘2 607 500 - -
. , )
T T PR AT IS BCR R B B
! { . ,
U B . £ -
7 " 17.8 -~ A A 10,2 "3.3; 7.5 7.3 1 7.8 11,3 €,6f 9.5412.6
| T
0" - ~— i - - - i 6.5 — § - .- _— - -
‘ P ;
11 . — ] e- i TTR * S 2 SOOI RS U .
i
12 u —— — i —— 100 o § oo, = 1 oae - - - -
' lur fi - Raiiad - Latd 3.9 - l 9‘Ll» ! 9.6 20.6 [ 12.3 15:2 1802
< \ { » . i ’
22 i —— - ll - : - - b ‘ 995 21055 23-2 * 13.7 1749‘ 21-‘) §
£ ; ' .
i
24 n - — -— i —_— — e em f;c";' S I i -
! : | .
28 ® - - - bt T e - :1153 } - ‘.2‘).3 lsoo 190“" 2"4'(.7 {
R e IR RSP ER X '16».2" 21.8 268 '
Y ' : ." {'* Jﬂ:i
36 n - - ) - - - L2 4 ' 12 . 1 i -—as - R d - e -—a
\ ! !
56 % e ee i em oo el e ae | e- 20,7 166 2337 293
72 ® e e ce e e e s e 29.0_.17.9! 21,0 30

.“.BC‘ CFl!I AEC

ABC!

. | :
cFy | aBo| cpy | e | s crll ez, !

Averege daily excretion

22 days to

36 days - --

T 000692y

-

“- -—a

- Jo.18 0.2 0.25 0.9

o.11 0,08

0.30 0.41

0.12' 0.18

-
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Table XX

Duily Grimary Flutooit : Excretion

1.V. 45 Kitrate

1 Semple

Ll E B vavemeEwn e

Px-""3
| & Excreted

6.37
0.094
0.0325
0.0274
0.0262
0,0022
0,024
0.0225
G.0191
0.0187
0.0187
0.0165
0.0067
0.02%6
, C.C232
! 0,018

0000922

N

Deg

1K, 46 Citrate

I.V. 4 Citrate

=, ————

- A - fr A T

Ix-38 % Px-39 |
_Sample [ _% Excreted Sample | % Excretad
1 3.5% 1 12.66
2 0.343 2 0,495
3 0.219 3 0.i39
4 0.116 . 4 0,205
5 0.109 5 - 0.1y7
6 0.039 6 ¥ 0.081
8 ; 0,025 , 8 - 0.03¢
g ] 0.020 | 9 0.034
10 i 0.015 10 C.032
11 ' 0.019 1 0.029
1z 0.011 12 0.025
13 . 0.0112 13 C.017
iy 0.0109 iy G.020
15 C.012 i5 0.022
1€ i 0.0125 . 16 0.C13
avercge deily excretion for & dgy laterwals
17 Te 0,009 17 20,0143
18 i 0.005¢ 18 0.010
19 0.0047 -19 0.0075
20 0.0053 -20 0.0083
21 0.00y2 21 0.0052
22 0.00y7 Average li-day
Average daily intervals
_Guring orsl citrate 22 0.0083:
10 days - 0,0057 23 = 0.00Z:_
Average Gaily '
during I.V. citrete
7 days 0.0063
Average daily
after citrats
7 days.' 0,0042
:3;‘9'{221: -
3 3 2 8 41
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- Table XII .

" Datly Fecal Plutonium Excreticn
Dog. -

Fx=33 1T pxe38 © Pre39TC

“Sample [ % Excreted ,_Samﬁle i '¢ Excreted - Sample ’ ¢ Ezcreted
T 1. | 1 3.07
- v 2 529
3 1.080 3 .9532 i 1-«53
lé ‘2022' ‘; : .' 5 re ~1.OV
7200 | : "6 F Ilow
é 200 f; - iﬁg e i Eom
¢ | 'g@ 8 ; 104 g "} 7 .75
9 { .o81 9 | 132 9 | L101
10 056 ¢ 10. l — 16 | 187
i .03 | -
u .038 1 186 g 047

' o T 12 o 053 .

5 059 13 o, 13 070

1 057 iu ‘ '835‘; r 115; . gtéz :

' Pt o, 16 o
(17 057 17 13

i i 18 o028 ., 18 039

| 1 013 19 036

i 20 -y & 4

S A . - 1 .

2 { 21 ’ . 5

1, e ! i . . | }
. i cz@
= i L X

<
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' Pable XXII
Coapsrative Plutonium Excretion
it i Totsl
v ' { .- - ' b { |
Series{ansma) Dose Periodik Product Excreted: Number Birh i L?w
' (ug)® * ' Urime  Feces ‘animals. Urine‘i‘eces Urine {Feces
:.'47- ‘“- -\ . { ! ‘ ’ | v
FA ! fats, 8.1 4 days 57 71 5 7.2%‘ 7.88| 3.3, 6.1% ;
FC  Rats 13.5 5days! O.11 85.2 6 g
‘ [ : | ' ! - ‘ IR 2 N
Y ?P Rats 50 2& hl'! 1.3 i lol . ! ";éd' *» s
. ‘ — ‘ L
i FP Rats 50 {1k days, Y4 i 10,1 | l 1 ‘ , l
~ - - “ A } 1
Yice 11 117 hrs { ¥ 13. 10 \ !
Tz ST T l 13_5 R D !
| %
CX  Mice — 6wk ¥ 10.5 }t - 12% - | %
_ ‘ P B o
€X  Rats -¥6aaya;u 8.5 - 12%! % |
i t
FA"" *6 I‘CQ’ FC-— 4"'-‘ a!ﬂ ‘.‘6 Oral FP am FAZ"' 46 Lv—
RC S
d - )
oo heaszy 379~ 43 3
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Talle XINVT

i Plutcniun Concantration in Ghole Blood
. g x B
) . Rabbit 322 u;7 i Rabbit 7.4 ug_ ] P G g
- Time aft.er‘t iTime after ug/i| Rat | Dose | Time after| up/mi|
X i Injectioni W. B. ‘ Jnjection ‘H. B.i ‘ Ixnjeczion | K. B. i
PN P ¢ ; , ) '
" 22 hrs 076 1 23ars LOAY4 oy 12 ng/k ° 9days | .036 |
. i \
8 days b 7 days  .00) | 4433 " " 0Ll
15 " 051 {1yt 1.019 w1 e 1c ® , 025 ¢
2« 2L " L0012} A ‘1mg/k 17 ® | .019
29 v {.0067 128 1,003 yuee . L 16 017
36 " -C10 . ! 35 @© : L0007 . W‘ t.l25 m&’K‘. 18 = ?__ .005
43 s 001 y2 }.oon'wme; o 19 s3F ooai
' § — i e
i Plus 6 Nitoste LC. | Plus 6 Nitrate LV.
1387 i 2@1 l‘ uEs3  C X } ]
. Rabbit 20 ue | Rabvbit 20 um | Mouse 3.85 ug Kcuse 3. il
Time after | ugAdl [Time after |ug/ml 'ume after| uz/ml 'rme after -Eug/mll
Injectionl %. B. ¢ Injection IW, B, Injection! ®. B. Imect.;onh" E.
€ urs 005 } 8 hrs | me- lor | .,065 § 1bur
23 % 6007 ' 23t eem 5 u 066 5 00
] -
) 11‘-)"' " - lmiv n '00023 23 " .016 23 # 0011
SRR E Flus 4 Hitrate LC. 95" .00k omgngE LOOMS
' P BadY 1 197 " . .mz 197_‘_" .0'10\-.
i
Plus I} Nitrate I1.C. =

F-
S e ce T =
©= 0090425 . -
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VII1I - Re~Pa, Fo=Pu ketios
K. . Fink
"Data on soze preliminary Fr .nge~finding® experiments in progress
concerning the acuts toxicity of radiuvw. plutoniun, and pclenium in
rels are prezcvied in tha fons of dosage-~survivel time chorts. Thems
data are combinyd on 8 semilegerdthric scsle in Figwre II.

The poloni'wm was adpiritered ivteavencusly as the chioride in

- approximetely wsuizrzl isotonic dafl. Tne doszage level ranged fraz

170 to 50 microcuries (0.0375 to G,0085 nicrogratia) por kilogram body
welght, ond killed all enimsls ia from 5 to 20 days. Four zuinals
which received 15 uc/ig Cor tracer stufies vere nacrificed &b 50 dayu.
No desths cccurved in the contzoi group.

The plutoniz was prepezed far injection by neutrellizips the 1 N
HC1 stock solution with an cqual volume of 3 R sodium citrsks.snd di-
luting to isclonicitly. L1ovl 50 mcles of citrete were used+gor ezxch
zole of nlutcnivs present. Injeciions of 19 to 190 micrecuries (300
to 3000 microgwass) per kilegres of bady weight were made vis 2 tail
vein, The first Geaths occurred twelve dsys after the injection., A&
nunber at ths loccr dosages arce still living after 77 days. One cou-
trel enimal ¢led & few minutes arfter injection of the NaCl-citrate
solution, but the romainder are stlll alive and well.

Three separate experiments heve been cerried out with radiumm, In
the first experiznent the dosages rangec frax 20 to 200 microcuries par
kilogram, wail..” & preparatioa amut eeven ronths old, in which tks

. polonitm had re ~hed ebout 5.5% of its equilibrium value, i.e., one

nicrocuerie of polopium was injected witt each 200 micrcocuries of radi-
un. The amouni cf polonium in the preperstion was determined by the
method used regulerly in qur tioclogical tracer work, stirring &n HC1
sclution (C.1 t5 3N} of the preperation with a silver foil in s hot
water bath for two hows or mercs; then wsshing the foll with HC1 and
H50 and messuring the aciivity deposited. The radiwm was £njected
intravenously as the chloride in isotonic saline. The 20,440, and 70
uc/kg doses were made with glightly alksline reaction (pH 7-8), while

. the remainder ware slightly acid (pH 6-7). The majority of the ani-
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mals of this first radium grour are still living 170 dsys after the

injection though there were three early deaths at the 70 ard 110 uc/kg
lewrsla.

The seconc redimm experiment was carried oul in the sane menner
&8 the first ezcept that the dosages ranged fram 300 to 1UCC uc/kg.
The data show a wide scatter in this group, sc that there was no

* .marked difference in average survival time in ths range of 500 to

1400 uc/kg in this emall group of animels. The animal which died 9

. days after receiving 500 uc/kg apparently succumbed to an averdose of
<. ~TeDeT. used for controlling lice. These animals rsceived from 1.5 to

7 microcuries of polenium per kilogram as a contamination in the radi-
um preparation, and while those dosages of polonium are probably sub-
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legthinl tnsy may heve conatituted an edditionsl insult te the orgen-
Jex &a.‘.’fz.ﬂiem i3 caaplicate the :cesults of the experiment.

In the third radiwm experimeat the dosages were 1000, 2000, UOGO,

“ard 8000 mierocurdes per kg. For these Josages it waa necszasury to

remove the polenium £ron the preparation sven thougn its age wes only
& few months, for at the highest doseye levels tne polonlum p.rescat
would hsve bosn sufficient to kili the enimnls without any assistance

-from the massive dose of radium ypresent. The axount of poloniua pres-~

eat was lowmer=2d to 9.05% of its cquilibrium value by siirring the 1 K
K1 soluticn of the preparation {10 ml) with a cylinder of siiver £ail
in a test tube for six hours &t room temperature., The injectlons wore
pace in alightly acid (pH 6-7) isotonmic ssline as before, but in order
to avoid possitle cauplications ficr chemical toxicity the £00C cdose
w8 split into iur, snd the Y4000 dose into two equal daily injections.
The survival times shown on tha chart sre given as days after tne
first injcetion. The animals which received 8000 uc of radiwm plus &
uc of poleonium per kg both died in 11 days. Those.receiving 1000 ue
of radim ¢ 2 uc of polonium died &t 315 and 24 Gays, while thuse re-
coiving 2000 and 1000 uefig are still living 36 days after th» ip-
jection., It aseems likely at this stage of the experiment thsi thase
lower cosages will show the low-polonium preparation to be lsus toxic
than thot vsed ip the second experiment. The proklem of campering

the zcule toxicity of redivm in rets with ils long-term toxicity in
humans is considerably complicsted by the question of the sg: of the
preparation imvolved. The 20-day ILD50 {or radiwm in equilitriwm with
all its products is probably not higher than 50 uc/kg while wre figure
for freshly prepered radium is probably over YOOO us/kg. Or ihe other
hsnd, the long ters seffects might beax little or no relaticn ‘o the
age of the redivm prepasraticn &t the iime of iie incorporaticy into
the body. Ronz of the control animsls for the radivwm experimeris have
dled.

Insgmuch as the data collecied tc daie are rather scsnty for
standard LI5S0 calculeticns, thu toxicitien of the three subsilsacews
under stvrdy werz campsred roughly on the besla of aversge survival
curves drawn frse-hand as shown in Figwre 11, The nmumericel comphri-
son data tamken from the gsurvival curves are shoyn in ths 2ccorwanying

" table, which indicates that for short survival pericis poloniim may be

about three times as toxic as plutonium eznd that plutoniwm; ir turn,
mey be about thirty times as toxic &s radium when 21l are expressed in
terms of microcuries. The fact that nelther of the radiux animals at
the 2000 uc/kg level have died in the ten days since the survivel
curves wore dreim makes 1t eppear rrobable that the averags lethel

doce values showi. in the table for radiwe st the 30 snd Y0 day pericds
are too low viih respect to polonim-fize redim prepaurations, smi that
there ia accordingly e grester cifference between the toxicity of
radiuw end plutonium for 30 and 4O day periode tran is indicated in
the table,

4 rough calculation involving the lothsl dose data, the aree
under the reteuticn curves for plutonivm, radium snd the duughter ele~
ments of radium, and the relative energies of thc alpha particles in-
volvad indicatos that the plutopiim: adium toxicitv ratios bssed on
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the aomard O elphs YLy wuwazgy civenm off n the LiBzues sr3 o loubl the
aeme as thudt lnsed om the oxiginsl dwe2 noelcvosurics (Lhe ewoust of
Tzdiva evedgy logt dus to exnrctisa curlr | the €ivst few woeks being
approxizately telancedy in the rals; by th: erergy «f ths duunglter ele-
ments retaired in the body). Then pelend k and pl tonivm sre comperad
an he seme bagis Tae polopiun is found 1: be ebouw iwice as foxic s
plutorivm per wiit of elpha-ray emexrgy d: ssipated . n the body during a
ten day sueviva] period, about five time: as toxie for a 20-dsy period,
and perheps ac high as ten times for 30 <aay period..

Thue, evea on the basis of equivilent alphz-ray euergies in the
tissués theve appesr to be resl diff rences of the order of tenfoid
and 1C0-fold b.tween the scute toxic: ties of t.e three subsiaonces m-
der stdy. The .est probsble explanction of these differencec eppesrs
tw 1is in their Gifferent distzibutions in the s & large proportior
of the radiu spperently oburyiug itself deep in homy structures whers
it is relativelyr irnocuons from the standpoint of gcute todielly, ths
pivtenim eoncenirating in the endosteal layers of bone cicse to ths
warrow and {ah lenst to a greater extent thesn radium) ir sefi tisaves,
en? the poloniua concentrating in highly racloesensitive scft tissues
such a5 the honstopoletds erd iyuphatic tissues themsclves.

Datas on wie effect of the three gubmiences on growth, houatologleal,
ardt pethologicrl pilctures are in ihe process of deing analyued and will
be reporte? in detsll leter. A prelimiovary diaspoction intizetes thal
the veight curves may te falaly sousitlse indicators of toxicity in
the czae of low dosapgss and that the hematologicul and pathelogical
datas show ac overvielping insuli 20 the white apd red blood ceil fora-
Irve structurss. )
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Substance

nediuz
Plutonivm
Poloniun

Radium -
Plutoniunm
Poloniuvm

1

Ladium
Pilatenim
Polonium

Radiwm
Piutonius
Folonium

Tsbie L¥IL

Ietha)l Dese Studiss

Peye after Injeciion
10 20 30 o
8000 4000 2300 1400
200 10 130 90
110 U5 20(z2)} ?
M0 329 121 116

3 h] 1
1.6 Z.1 0 3.7(%)

Ry

8000 wo0 2300 100
3066 2KC 1700 1400
8.C2¢ 0.030 G.CU7 3

1/2.7 /4.8 A0 11,0
; 1

l 1 1
120,000 220,000 260,0007 ¢

dpproximate dose it microe
curies per kg required te
kill an %aversgs" rat ot
time indicateo

Approxirate relstive tox~
icity in tsrmse of micro-
curies (no curvecticn for
daughter procducts of radium)

Approxinate dose in micro-
Ersms per kg required to
¥il) an %aversge® ret at
time indicated

Approxinste reiative tox-
icity in temts of wicro-
grams
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LETHAL DOSE STUDIES - - e =T
DOSAGE~SURVIVAL CURVES

o+ Radium
(@28 Plutonium
D 2 Polonium
(ARRORS INDICATE ANIMALS STILL LIVING OR 5/23/45)

({000, 2000, 4000, & GOOQ 4. DOSES OF Radium Coantains
0.05% PILSWIUM THE REST CONEAINED ABOUT C.S5% POLORIUR)
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The taxicities of pivioniom kive been determined and are tabulated
for some combinations of:

(1) 4ntravencus (IV), intramuscalar {IX) and subcutaneous
{5%) sdministrations;

{(2) »iirates zrd citrete complexes;

23‘ ¥ice, rats, rebblis and dogs;

I;S acute a2nd cuami-acure 500 kili.'mg \MLD), histolejdeal,
hematological and weight effects.

The plutonivm texicities are coxpared with those of raedium and X-rays
. in on attempt t. utilise both the exparimental and clinical backgrouad and
the tolerspes la.:ls which have been set for these clder hazards.

It has been found, in general, that for pericds of less than thirty
days the ratis of scdzlniztered doses of plutonium to raodium (PufRa ~ cn 2
weight besis) for zixdler effects is approvimstely unity. But as tae
experiwental intorval hes teen extsnded to 150 days at preseat time this

ratio, Pu/Fa, has ircreased and reacked o meximum value of seven in one
case,

By compariscz with the X.xay 2ata it is cesn that, slthough the re-
tention in the body is high, the lethal effect of plutoaium is similar to
that of a single Arrzdiation by X-ray. Oc the othar hand, in spite of the
more rapid elicination of radium the lethal offect incrcases more rapidly
with time for it then for daily irrzdisticn by X-ray. This effect is in
theOddiiecticn 0 Le expested frot sn increasing reienticn of disintegration
products, :
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Comamdeor of Pu, Ba i X-reyw Uvon Sumwixal . — T

Table XX¥11X

MDD L g/en Retention in % mp
. . #fc Retained/gm

30d. S0d. 150d. 35-90 day 30d. 90d. 150d.

Pu Mice IV. 1.0 1.0 1.0 60 - 0.038 0.038 0.038
da Mice IP. 1.00 0.35 0.20 L0 0.56 0.2 0.12
X Yice 8u¢ fday 4O /day 36 ¢/day———— .
X -« Single dose

CF. lMice 4L50r L25r 385r

ARC Mice 125  425r L4257
Pu Rats IV. 1.25 1.00 0.75 70 0.055 0.04L  0.033
Ra Rats IP. (&IV) 1.0 0.5 —_— 40 0.56 0.28  —s-
X Rats | 554«/day 35 /day 304 /day——
X - Single d

Rats ¢ dose 600.v

=5 ?
Po Rats IV. (?) o 90::10 2.2x10
Jg/% (IV or Sub Q)
3 511 v 0.1 pe/g)
or IP) (0.1¢ )xc/g)
Pu ~ Citrate - lice IV. 0.75 60 Probable
Pu- " -Rats IV 1.0 70 v
Pu - n - lilce 1M < 1.5 >50
Pu~- " - Rats I _ 1.0 M50 ¢
Pu ~ Nitrate ~ Rats T > 4.5 <20
" Pu - " - Mice Sub & _3.0 ?

® Pu-lmg = 0.063uc
Po -~ Lug = 4500uc

For rodium 1ugm = l.4tc, (207 retention of .2 daughters).
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. % Comparison of Effects of Pu and Ra Upor. Veight
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ABC Pu ! v
CFy Pu 3 f
, ABC Pu w
ABC i Ra IP
CFl Ra e
Mouse Ra S § -
Rat Ra B §
Mouse O (¢
Rat Pu IC
Rabbit {Ra
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(30-150 da.)

Levelling dose

?ﬂg/gm
f

——

>0.5(1.25 !

>0.5<1.25
1.0
0:25 0.5 |
>0.10<0.25
0.15
G.165 |

>0.2¢2.0 !
>0.25 —

100,4g Ra

Smw“*—-ﬁt‘.’:ﬂ.‘-’f"

}

arpoleted
Estggate

. Int

1.0
1.0
0.25

0.15
0.15
0.16

1.0

>

1000 g Pu

- et i 2 ani mwe ke s e . o g s

—r. s ——y b -

[T S,



-— -

SpeT s
Tl P
i L SRR : T, A - R .
P oV T T e
Tre aviers 130 . famiee Ir
- o A e A ki cee s N T - -
destruciicn,  AlL o e Ve s
sxt ot T rmoesiny U : :
catea coeniele racasoe . Vb v P83 ocs oy STKIEL T
~ F L -~ PR .- - . . e . oy - -
ave relabive auly asl o nct -, T feate cuitiales
urdex this reading LRSS SRR T FUL NSRS R N I
~ e m . N R I S o ot . Yy
Other signes nave the 0V ondeg woarsig:
s - e "\" - —. - - t . 3 g [ S .
< vt hwweroie of guettiitabion R B IA LA RV O A 5
+ crrchianitle chonve - ot oradnesd
e
0 no clange
= ] i - 2 ;
3 o g T A
ey = 2 Vi po Y
T SR T T L0
i LG il <G O
'.7 ) L - 1=
-~ [N e r.
M - -~ - !
" !‘j hh - ‘)
- . i~ =2 [ 2] (9} )
. . - ve
i A oo T oty A
~ H
° Voooe
= o
. ) .- Pons N o~ é
.. we i} - b 2]
.} N
Lo
-
3=t el -t v - o~ t t- t
= o =y - Toom .. .
- . - - - T - - .
e 3 AN Sy tEargsef Trd X
L-, I <. - e 8 W] ‘
<. i P o - -2 3 s
RR S e [
]
[
i‘; tre i [ ¢ :
R e T Q2 Bewe Forrse - e
[ N - e - I ;
&3 - 1
~3 - k‘
Ca % 5 N [N o D 55 N .
-, & ; . L] .
=24 J zt & v £ ow dune llapror - Uy
-1
= e
<

=3 [l 33 I~ ~ i~ 3] VoMo Mt
] 3 w ) = o ¢ g Doew Crowsh - Danyps

3 o

arvy any

0
<
v
1

]
(9]
£
X
(S
0

T
S

[ 8 3
w G

I N
8+

% & © @ ) ties. Lymrh Moae

J01

]
& t : H ' © |} Srin
n

o
ro
[¢]

* b 0o O = l Snlesn Lywepathic - Doy

Snle:n Lyelopoiesis - Dausgp:

LIOBLS CAvE=Y 30 XDOTOHIVIOL
U
0
0
q
0
M)

& & & | Sple:n Uyelopciesis - Stim.

nx
0 oY
5

£

& e v O I Testis

4

..36

Ovaryr

ay
0
0
t_}‘.r

Thymns
live:r

i Cthe» Orguns —~

0
0
o
0 0

<
[ afl]
o
[ owe ]
O
L’J
wn

0 0
S

- p——— N
—ayar wal N
FRaOR T



e o —— . . 4 | - ——— g
— e —— o e . —————“

n e e

--..--'-

Alidean dons
oi’ siwbonins &
30 day suryival nad
8::D8Lnell, the daz

sevarel tismog rrealcs

If2eis of varvdig sodaes of m,-—c tion of pu.»c-ziu:::
aiffer oply in uhcw s; 3 aza, oare a2 red pulr 1s
£ 3 3€/0

LR

RN PPy AN

red by 1=V tlarn by 1< admirtdsteation.

,.-, cursomita Lypunactivity is the
"o

. oy T MY \
o PRt I RN S
SEmer [0 Toln bt

bﬂ

e 1.0 4fafwe (A5 UL L. DY sy

- - . SR D S, o1
in a3 groal 4o 5’; o bl
ot e nElirn J.-‘ V) Soea

«SJE.ZF

800093b

2tium serdes '*eau]t.s
iz seen with plutond.

N e tmmmee e e S U me t

= s o ¥ i) o s A Tare e h

et AT B A AT Ll s A —

R T



- ar————
R R
- eve W=
fm e Wpa - e e

- - .-
o
- — om
. . kS . -
PR DO i ~ ! I t 3
—al . . - - PR
[} LIRSS %4

- . - B e ® Iyat - . gab- w
v e smohaslaod Lral ot vornaevs
)

. - te. . 3 - - J, o~ . ‘.3
ve Towtrdod Lo thy roaulie of angnid
33 e - 2 - - - . e - - -
Beither fims noy arsernel ks orar A

3 - 3 EA - LR - -
tative eviiuation o7 the wrohlemn oder

Tre piebleon of waund contaadn.ilon has bren one which his ex
) i s s DR ) s U
consivsritle Aizes - sion atoghort Lhe voorect.  Undarbtunabely fhe aaant
. BN .o e . LT e S o -3 . < - - PO SR Pagp
of ot widen ros arison cut of IR discucsion Is nst L. prosocilon e

-\ . ~e .- . e e e -~ : o w3, .
the velume oF wurde.  weasrous ind.vidrials lave awinted out Lial e v

O PR, - PR S A E 2PN

of platn s, coastiiuior 2 vy Leriovs
N .

3%

- ] , s > L
With thes at aaproxinmalory
a2 . B T e -
el An cnsy laoen? afdagaent T
fer gie
1 . - .- ARTN & pye - -y - g
o be aparenchot from Lwo Toann L

Conatet Liw o aonts
COLONSuT ey T0n

arrzia ¢

3 - 010 PO - 4 . -t - v, e .
€ TSt A8 Lte ot LELZE VO 4t QO TIG 0

onzh Lhat ire najorits of Lo oware

s t. I S B . yeee 3% yer o) -
o Caarmy Stuitico were directed aooa
- P . e AT - .o - iess
soag, < ° oteoniva Yeos W LN I
T 3 LRy p e T age” A Y, sty han
B OV BTN tre muler. st oL 1'))1; &SVBL OV
s Se o o Lo abbasrl o S untosonoblior 2
LEOAR-F O Tohag LOOQGUURNTL WU D ontlnoiliv WAl
- & - Fallih ] . - I, a2 * . I - H
it ovas £lv LhoU it oz nesnunar, egtals ufoemntion
~ P P { - . e ’ - 4 wey .
befere otlior sourd -8 wers Gote. fo 2 bise lino for v Tee
S e T, 3 - R = T el * - a -- P . oy oy -
contarinotiny coeats 3L wns Joclosd Lo u3e ordinary diciils weTIr.

letiod cf Pexforniny the swnariveat

Rats were used. lacerations cne to two centimeters long were wade
in thc skin of either the thigh or upper lateral abdomen. FPregquently
two incisions wers andc con the same wmimal., The msnipulations wirs er-
formed under intra-psritoneal reurtutal anesthesia. The plutoniuw was
introcucesd into the wound as the 44 ritrate. Five pamma of a 2 g/l se-
lution, ph 2.0-2.5 wes uscd. The crnalyses werc done by members of
Dr. Cole'z section. 1Ir some of the experisents the residual badyr con-
tent of plutonium was not determined. Thus, in Figure VI the uwppermouat
1ine represents a differznce fipura ené no., a figure fixed by analysis.
This, of course, means that this parl of tie grach rust be considered
tentative.

The wash solution analyses were done in conjunction with weind site
analysis. The wash was done by placing the solutions in an ondinary
100 cc oburet. The time of washing was aooroximitely three sminutes in
most of the experimenis. Hesults of these exveriments are summarized:
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3} Ixaminaticn of the data iriicatez thed the time of wo ¢
efter the introduction of mlutoniuzm into the wound is cirliticll.
Approxiwately SGF of the nateriz] can te reuoved iF 4

one minise zfter confaldinumicn.

is weshed sdith plein water

The amount found in tho leg and abdemi~. X wound
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0s the plotoniam cen b poenoved.
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lanthenum nitrate sclivtiosms, 5.5% therium nttrate solut 1- I,

3% citrie c2id sclutscn zu 2 of 6.C5, cnd ,.29 p:.t- ‘oo
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fr1 cn‘.a-.-d the Lfirst 20 co
remainder of the wash. 29°f o

the 30 ¢c fraction.
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e

To investi -tz the possibilit

slayirg 2 lerse role in the »
wocund sites, #:veral inaineg)
:u:a.;s vino tad thigh laczzptis
<l 6 houes, 24 tewrs and ! do
percentage of activity o ibe
arount piacal in the wcad.

oms work on the rate of novenznt
nmscula. injecticn has been done. Tns

cuss in detail. Hewever, it would app
c‘q‘

toniun following intramisculer inje
mined by the connectite tissue surroun

no. The nodes were rend

performec? in which the wash sclubicn =oco

beinr kert separzte frorm w9
f the activity was present in

v thal lyrohallic drainage wis
emoral of plutonium tron Lo
nodes were renoved irox~~ “@
2ya. In rno insteance dicd tn;
nocea oxcead 0.°% of ths

¢f rlutonivm Zollcwing inira-
work 19 toc tentative to dis-
ear that the movement of plu-

ion is in large measure cdeter-

éding muscle fibers and ruscle

bundles. This alse wes carried out by "lJe\.tln[’ the material., it
is possible that the force necessary w <c the injecticn is in large
reesure rezpensible for the disposiZion of the material aleng thy

fzzcial planes.

Uiecussion: Insofar as one is pe

reiitted to evaluate preiiminary

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

1) Tize after the introduction of plutanium into a wound is per-
naps the most important single condition which affects the
ebility to rcmove the material. In consequence, any agent
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nation.

2) The upiversal pras e of =ater in laborztiries topeiie. with
ihe sbsence of zuy strillinoly betler o zrent sugresis Tie voe
of woter s the Je ontaminating alend of peference.

13 The slope of susorption of plutcniam from uounds in ~Toanb VA
would irdicals Lnx»w ira peoblen of excisior could te deiayed
for appraximately *./2 hovr sitbcut strlous nreju";cc o Lhe
patisent. IV 1is mygested that sore dctailed exparimsnis may
lengthen this tice interval.

i) It im emprscized that the shove conclusicens the followiny
sugpesied procedure for tandling c.mt.-i;.mated wourds is basd
on and appiied sol2ly ‘o lzcer ations. IJU Is not feit
finding or coaclasion dassd an lucerations have ngt
sny impdications Ior junclure wounds. 1t is ajss I
ancturas wonde 2 O far asee sorjoug grovlem ihen
atiany {run the deaontariastion woint of view.

Susreied Rowtire for tzndling Plvtratwe Sopteminatic acuags.

1) Pollcwing Mmoun <r suspucted ¢ ccntaminat ion wourn a’; shoulil te
:ca;-;hexi in z coreas strems of Tunning wetos for not loss the,
thowe sdnvbez. Meedins ol tho wotmnd exrea st.ould e encoul g,

A lirht tournigout righi be epolied Lo increzse vanous tlow.

o)
oy

% The firct 120 co ¢ su ol vound washinse stoudd bhe celle cte?
Jor fulirs gasloiiz in & artonpt Lo f-stis.'-;:.,e the amunt of

rlctoniun v sou g e i 2 wound.

1) ihne individuel, alver winhlag lne *n'o:mi_, stowid go o b3 talan
directly %o iue nearest re2lcal aid ctotior. A _' 1/- i s
ve infermed of tie fact (Lih a plut.an; s ecrntan
coming 1.

5) The cuestion of @hcther ¢r not to excise tie wmung arsz mas.
nature.Ly Lo left to tue prvsicien'z judsenent. Psreatnelic iy,
1t acould te extvaisly bzlolol to hava 1 ra ;m, meecl se 5 esn. oF

1¢ C
i plutonium ip T ML L TOE.

deberminin, ihe @wiRnt

During the courze of swudy of dogs injectsd with plubtonium, iue
cpportunily oresentad steelf in dose PX-33 and PX-39 te Inves
effect. of the citrate ich On pmvmu:.rr axcretion. This data & '~*e<::a=.,:;~3‘
in Fipure V. PR~38 received boti orwl and intravenous ci t,“a*;c The aver-
age excretion rate daving the intravencus citrate adrinistration <23 in-
creased froi a bas. of 0.0045% to zn average of 0.0C85% of the amiuat
injected. At the sise time the average amount of urine excreted ver day
alsc increased. To test whether or not tie slight incrsase in exarstion
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05 m‘r:.l; & TBEL OT t.-zr.‘ Irertazed arire volves, tng dog wa.o 0o
20 co of 0L podiun chloride eolublon Anticve daely aadldy for Ivs
The urine cxcretlion iucreased bul the goow:t of platondium excrelzgd
day won wialiered Thieg latier inoacation Ls not found in 2

it is empasiaed Lhat the effect of citrale adudaistration oo the
excretion of pluturlu* in the feces is not vaileble at this fiope. it
i3, oY course, p.selble that the fecs) excretion of plutonium wis ale
tered.

P ad

The gmouni of plutonivm in the blood ef ths twe snimals »: ~lue
given on greph V. 1t iz of intereel %o note that tire com entrs

per wit vclume in the two aninsle ig quite different yst the er:ount
baing exsrsted per day in the wrdne deoe mot. Ho axplanatioun o
this fast is avel lu-v’a atl, this tinwe.

;E;é'iié‘asr':;‘f”
00009y N



e bey RV §

N3
o
. . . - - - .
(A LA g = Y ¥y » . . . b . . .
) [ 6Ho &.. N "9 it [ ¢ y : ) -
RO PRIt o et ] fsl!.ﬂ:;.lr\hc.:;!zﬂggtrt;ﬁ PN LGNNI AN LN AN IY GBY par TobT IR ) N B T G R el PP RV R N SR BRI IRL L )
I Y
.._ 1 \.na )
B + 1} R M L 2 rd
" v
M T
E1S 43\ rvde « A «.l-)\(.rlc e ot et PR T Tl ol o ah e - e e TSN AR _-..dv«- CHAAL £ DB P AP BORE AR AR ey Avms  se cwwecwes S IR ..t_ e s - s
\ P
[ * ! £
N .
’ n “ _ s ~¥ !
4 1
. € ~ ) )
-1 L P R TR
. [T 1 ' .
o )\4-._,* - m ~!w (PR AN NPT .
P T R el taniated [ A L I S P PEPPOrE PERTL PN e v e avee SR, T ARSI W YA R ETROS A B VS 8 Tk P I P e E T [
. . - . £ .
4 ‘s z . - fals s . . v . El Y ~ - N g
¢ ¢ o4 9z .2 (O Lk it “ ] Z N e
[Tpapesp R BV SEIUNE Lt Lot b B S ISR SIPPROP TR L 1 S e e mea v e bad FUSTRIPE PR N o e .- -
o Locte
v, T o
[N ALY y . / \ L.“a’ & . -~
AC R (o A ~ " - e BTNt o T w ‘
I.\miu,ﬂ\ ~ P L F B, VP .t 7 7 - R
— \ \// T\ t.... R ) '
o - [P 2N O \ P ~— K f
P .. “ Oy \ .
] / ‘.. T L.’ s
+

' 5L
., . e, anp, . R .l 4
1L00C sl ared BOAITD TN Tt s
AR =) .2
§500°0  OANIRID AT -
5¢H°0 FOS LIRS NN :
R Te R4 ITOTST TEINLCN X, LRIPoCATUNA N R R T
M...CO 0 '.m. -.J...tn&.m ﬂ LN o.—P.c._u o ﬁ ¢l R v, N wr Pes
PR amiaaded . PErL | orrmm ety RIS & s L W e SN PRI S e T N P A A A AL R T RIMTRA FprenapRs IR PIS T LI R Rt I A et VR Y 85 Y TRMERS WL R
v
Y1) ) 1Tt - Rad hadd [ ad ) -~ ..”l ~ AR B
m N Q¢ ‘e O v r\: f ~..lr (4] m - i PR v Y.
aadasiihdad aah - ———e - B PR a & LTI T A B S e AT T AT AAr - P S et bl AR .
\l S
-
.. .\\J/ “ ~ . 4 ;
GL="d o . AN V4 » ‘
4 e 0% ’ v -

N, z

N - v/ \_.

LSRN aii s



pAYATT UT B4 3
oo,

Vi ns;)qul.'tl»l...,—'!.f!(

E!’ks-“quQSﬁ-A‘!I';s ———\ - b \ml ' _J s 2 IL A
.
", Ww.ls!!..(, .
e e 05 mpea -
NEUVAT ARy s s GAN N TS ey
}i.‘n’.ﬂd’l

b VoY o P T s e N

idy POSVBD sy wEn —u§

Q sesrsevdg] ~ BTELTVUD QOTGR[e8 YIBLH

& ** UoUoWIT = graf{oas COPRNTOS UGH!

Qe veenoBpy o VUG GU BLYS TR0

® T youopau = IeH 0w ety Luaek
LR

s T Bl e b o R 2R

..ll.(l!..r.'

AAAAA

v 1

A

/.WM.M.
)
by
;auw,
[ .f.
hd ,—\...
e N
i

o v e 3 e -

8800942



