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- 1 Suemary of Requests for Information Desired Concerning Plutonium

: Drs. L, B, Hemplemann, S, T. Cantril, J. E. Wirth, J. J. Nicksen
and Mr. S, G. EBnglish wrote the lettere on which thia section ie based.

- Immediate problems of importance about which further information ia
needed are amphasized.

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, Developmant ¢f a satiafactory means of assay of urine and
feces

a. HNeed more information on elimination rate as a
function of time

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

2. Determination of percentage of plut.omum excreted daily f
by huaans

3. Cen blood samples be utilized for this purpose?
B, Detection of plutonium in the lung

i. 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,
+ L oxalate, + 4 peroxide as slurry

C. Development of a method for detection and gquantitation of plu~
tonium in wounds

I1 Absorption
A, Skin

- 1, Need more information on absorption rate on various plu~
tonium compounde through the intact skin

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

K
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4. Gastro-Intestinal tract

1. YNeed more information on absorption mﬁs of wvarious
plutonium compounds. Specifie 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 amount that will be fixed
in the bone?

C. Wounds

1. The rate of diffusion of plutonium frem the wound area

2. The effect of different plutenium compounds on the rate
of diffusion

3. How is the distrituiian pattern 2i.-red by having dif-

ferent soris of woundy, e. g. punciLre wounds as opposed
to lacerations?

1. how muchk of the amount breathed is retsined in the humen
lung?

2. Heow much materiel) is abscrbed from the lung to th2 blood
- and then te the skelelon®
111 Permissible levels of Pluteniva
A. ln the lung
B. In the bone

C. vhat is the minirum zxcunt necessary to preduce damage in the
"w')
L -

D. - Are the alphe rays frau plutopnlum capable of producing damage
Lo the zkin? :
IV Metaboliasm
A. Distribution pettern as a function of rate of intake
B, Distribution pattern &s a function of diet
C. what is the rate of elimination of plutordum from bans?

D. Are the differing diets in the differeni laboratories =ffect-~
ing the rezulis of anims)l experimentg?
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¥ Pathologvy

A.

B,

That is the n'atnm.of liver damage after. intravenous sdwinis-
tration of plutonium? :

twhat is the nature of liver damape after mb-lethal doses given .
through other routes of entry?

C. Doss pec ealsting kidney damage diminish the elimination of plu-
tonium from the body? Should persens with kidney damege be
excluded from working with plutonium?

¥l Therany
A, Development of methods of increasing elimination from the bedy
1. Effect of diet
2. Effect o.t‘ inject.ion of complexing or other agents

B, Methods of covmng up materlal depcelited in bone

C. Development of methods of therapy far plutonium in wounde
(specific mentlon is made of those compounds mentioned under
"disgnosis")

l. The effect of suction
2. The effect of lincreased venous {low

D. Formlation of & recommended procedure for treatment in case
of & known over-dosage by inhalatlion, by mouth, or by wamd

E. How much time can lapse before treatment mist be Instituted?

VIi Protection

A,

B,

Is inactive dust in & work arca an additisnal hazerd in that
it increases the probability of breathing plutonium?

Improvement of exlsting aeans of the physical protection of

personnel from ingestion, inhalation or direct innoculation
of plutonium

Development of & niethod for the rapid determination of the
quantdty of plutonium in the atmospheare

Development of a contimuous monitoring device for stmoapheric
or dust borne plutonium which is effective in concentrations
Just above or at tolerance levels
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E.. 'Analyﬁia of mesks and respirators for peréezitage efficiency
in filtering out various chemdcal forms of plutonium. -Specisl
mention was made of ¢4 and +6 nitrate, $+3 and +6 sulphate,
43 and #4 chloride, $4, +5 and 46 carbonate.

F." Do various chemical structures play some part in the efficiency
of respirators or ie perticle size the important factor?

VIII Plutonium-radium Ratios
A. What ratio for acute effects?

B." Whet ratio for chromic effects?
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i1 Distribution of Injected Plutondum

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 ALY of the injected dose, (aseumed 1% of body wgt.)
liver 31%, muscle 8% and spleen 3.5%; 10% was excreted. The table witl
apleen at the top ie 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 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 femr was 13 times more active than an equal weight of
compact bone. 48% of the plutonium in the marrow was found in a frac-
tion containing the spicules (Table 1I). :

Flasma contains approximately 80% of the plutonium in szmples of
blood. bMost of the metal in the plasma was attached to the globulins,
probably largely on the beta glebulin fraction.

The intravencus injection of plutonyl nitrate into mice ylelded
livers wlich retaived over 278 even after &4 days. (%able IXI) This
was not the case when plitonyl citrate was used. (Table IV) The liver
content fell from 36% to 1L% on the 31st day and to 7% cn the 64th day.
From the 4th to the 31si day the decrease was expcnentizl with a half
time value of 20 days. Micz which received plutonyl nitrate, intra-
mscularly, had liver reteniion which decreased exponentially and with
a half time value of 20 days. Very little diffeirznce in metabolism at
33 days was found in the main series, with 0.5 mg/i-ilo ard & group of
four animals with 4.5 mg/kilo, except that the retenticn around the site
of injection was somewhat proater with thie higher doze. Dr. Hardlton'e
data (Tables VII and V1II} with plus 4 and plus 6 plutonium nitrates a
administered intramuscularly to rats show relatively small concentration
of the absorbed fraction in the liver except with plus six at four days.

Plutonyl citrate wae injected into the peritoneal cavity of mice
and was slowly absorbed in &) 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 autopraphs

demonstrated that the material was distributed throughout the liver in
8 normal manner rather than as & surface coating. Plutanyl nitrate,
intraperitoneally, behaved similarly but was scmewhat more slowvly-ab-

- sorbed and, therefore, was retained lonper by the llver.

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

1"*
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Table 1
DOG #33 - [DATA FROM RUSSELL}
DISTRIBUTICH OF PLUTLEJUM (+-NTTRATE)

IN THS VARICUS TISSUSS 16 DAYS AFTER INJECTION (I.V.)

.‘ TISSUE CONCENTRATION. Per Cent of Py /Grar T1SSLE
QF Pu/Gram Injected Pu . Pu/El. BLOCD
Spleen 16,16 ug 3.560 560.
Liver ©3.209 20.6 2Ci.
B. lymph Hodes 1.7 0.0218 106.4
Gall Bladder - 0.93 0.031 84.5
Kidney 0.19 0.29 17.2
Adrenal 0.153 0.0034 3.9
Tooth 0.09 — . G.2
Y. Lymph licdes 0.085 0.¢85 T.7
Muscle 0,0808 —_— LS
lung 0.06 0.129 5.5
S. Intestine 0.051 0.302 il
L. Ovary 0.051 C.009 fobiy
Uretier 0.039 C.0003 2,55
Bladder 0.027 3.002% 2.45
Par.creas 0.027 0.0037 2.45
- L. Intestines v. 0227 : 0.02453 2.0
Blood Q.01 e 1.GG
Stomach 0.0097 0.0308 €.89
- Pelvis of Kidney 0.009 0.0002 G.82
lleart 0.00E7% 0.00285 CLTS
Brain 0.00182 0.C0LS 0,17
Bile 0.0000 0.0000 3,00
Femr 0.821 - 7.0
Sternum 1.07 e .
Rik 114 — wEE
Tabie II
DI.:TRIBUTIU& OF PLUTCUTUN IN B-..I‘I"‘
TISSUE WRIGHT TOTAL CONCENTRATION  PofGraz £ of Injected
] PLUTCLIIUM _ Per Grac Pu/ml.Rlood  Plutoriun
1. Femur 37.30 s 3C.40 Mg 0.821 Mg 75.0 1.14%
» {a) Periosteum 2.10 0.7 0.3% 32.8
(b) Marrow 0.176 - 0.1l 0.625 556.9
_mic) Hard Bone S :
S Piaphysis 2.4 - 0,155 0.064 5.8
- {d) Karrow 0.343 = 0,317 0.930 8h.6
(Spicules) . 0.310 — —
(Gells) 0..0(371 . — ] _-::--: —
2. Sternum 7.80 £8.32 L 1,07 97.3
(Parts) ‘
3. Rib 3.56 b7 1.4 1073 3389 €38
(Genmgnt) 0000 88 b =
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The Distribution in Tissues Following

——— SFURET

Table 11X

an Intravenous

Administration of Flutonyl (#6) Nitrate to Mice

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

Lth Day  Bth Day

ORGAN 14th Day  31st Day  &4th Day
Liver 36.3 37.8 33.1 30.1 27.5
Splean 3.27 L.48 L.07 2.36 2.32
Kidney 1,02 0.72 added 0.41 0.36
Lung .57 0,52 to 1.01 0.72
Femr 1.33 1.69 carcass 1.69 2.21
Carcass 5.7 51.8 62.6 64,.3 66.9
Tgble IV
The Distributlon in Tissues Following an Iniravenous
Administration of Plutonyl {#6) Citrate to Mice
£ Per Organ of the Retained Porticns
Averagze Values Fram Four Mice at Each Time
ORGAN 4th Day 8th Lay 16th Day 31st Day &4th Day
Liver 36,3 28.8 23.8 | 4.2 7.13
Spleen 2.78 2.93 S.45 244 1.52
Kidney 0.48 0.61 147 0.60 0.28
lung 1.09 - 0.76 .71 0.63 0.22
Carcass 60.4 65.7 68.1 79.6 87.$
3389
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The Distribution in Tissues Following an Intra Muscular
Administration of Flutonyl (#6) Nitrate to Yice

% Per Organ.of the Absarbed and Retained Portions

CRGAN
Liver 19.4
Spleen 0.59
Kidney 0.81
0.68
Remnining N
Viscera —
Femur 1.97
Carcass 73.9

Injection 65.4

L ~
5. -
Sxuiew s
-—‘---_-_‘-

Table V

Average Values From Four Mice

b2.4L

15.2 7.90
1.01 1.10
0087 - —_——
0.69 —

— 10&3
4.03° 2.98

- T0.2 76.6

57.9 63.6

Table V1

3.92
0.87

1.29
3.59
8,.8

. % of Totzal Retained Dose

45.2

_Lth Day 8th Day 16th Day 33rd Dey 64th Day ey, JegiciLo)

13 7
2.25

2.
2.68
4.3

The Distribution in Tissues Following an Intrsveritoneal ]

Administration of Plutonyl {46} Solutions to MNice

Plut.onyl Citrate
16th Day 64th Day

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

ORGAN  4th Day

Liver 33.8 41.7
Spleen 3.30 3.87
Kidney 0.98 0.66
Lung C.17 0.24
Femar Q.66 .23
Carcass 58.7 51.9

Plutonyl Nitrate

8.70" 32.4
1.78 1.22
0.64 0.18
0.22 0.27
l.81 0.48
Q0.4 65.4

Lth Day 16th Day 6&4th Day

21.5

1.
1.49
0-15
0.65
1.72
75.0
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. Table Lpty

ﬂmmm" nxsmmmn OF ‘34, PLUTONTUM IN BATS FOLLORING mmsmn ADMINTSTRATION
(rmm Hauﬂ_lton)

% Per % Per -

‘ -Orgen Gram -
Liver 3.52 .0.30
Kidney 1.39 0.74:
Testes . o
Spleen 0.39 0.42 -
lascle 1.36 0.015 -, .
Skin 9.23 0.22 -
Stomach o 0.098 0.061
Sm & Lrg I.ntest.. 2.43 .24
Bone 70.7 3.42
lungs . 0.17 0.1,
Brain 0.037 0,028
Rlood 2.38 0.17
Urine 0.65
Faces .12

FOUR D&!S'

Unab in Left Leg 95.7

% Per % Por
" Orgen Gram

5.24 G.20
2,16 1.18
.32 0.10
0.39 0.72
2.76 0.036
2.28 0.055%
0.097 0.061
1.24 0.12
59.4 2.76
0.17 0.14
0,019 .016
0.16 0.011
1.05

1.9

87.6

Table VIII

SIXTEEN DAYS - -

‘SIXTY-FOUR DAYS

% Per ¢ Per
Organ Gram
2.62 0.3%
Q.51 0.26
C. 14 0.31
2.81 0.032
Q.79 0.029
0.065 0.035
0.5 0. 04,
0.12 Q 098
0,012 0.0089
0.25 0.015
3.23
22.0 -

&.l

"CORRECTED" DISTRIBUTICE CF +6 FLUTONIUM IN RATS FOLLOJING . INTRAMUSCULAR ADVINISTRATION
{from Hamilton)

—_

-

0050889

?}ﬁﬁ 2L,

FCOUR DAYS SIXTEEK DAYS
& Per % Per % Per % Per
Organ Gram Organ Gram
Liver - - 14,0 1.83 2.72 0.49
Kidney 1.95 1.13 0.68 0.40
Testes T 0.14 0.051
Spleen 0.37 0.63 0.32 0.58
HIIBCIB N 2-57 00028 1080 ! 00023
.Skin 2.61 0.093 0.87 0.033
St.omach 0.66 0.19 0.082 0.042
. Sm & Lrg Intest. 2.30 0.11 0.72 Q.078
_apBONS 66.5 2.96 6.9 3.30
Py ungs 0.33 0.25 . 0.14 0.12
) Brain. 0.031 C.023 0.012 0.0049
Elocd 4.58 0.28 0.32 0.023
Urine 0.38 7.98
Feces 7 58 18.3
Unab in Left Leg 703 28.8

H

SIXTY-FOUR DAIS

¢ Per % Per
Organ Gram
4.18 .58
1,70 C.90
0.52 0.88
1.56 0.019
1.1k 0.043
Q.15 0.07%
001}9 OQQB(J
58.3 3.82
0,16 ¢.11
0.11 0.12
0.32 0.021
L.4L8
26.3
34.6
3388~ 11
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IIT RETENTION OF INHALED PLUTOHIUM
- By Richard Abrams

.

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

Table XX is largely self-explanatory giving the typea of com-
pounds uzed, 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 fractior of
what is iphaled 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 50% and 90% elimination. The
last {wo columns indicate the aites of greatest deposition. The liver
reaches its ma¥imm in 1 day and may then decrease somewhat. For the
skeleton we have indicated what fraction of the originally retained
dope is deposited and the time after exposure requived to reach this
maximum,

The final Table (XI) summarizes results 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, followeZ by a sudden change
to a slow rate {the latter presumably teing characterdistic of Pu I¥).

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

3389 12
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INHALATION OF PLUTONIUM ABROSOLS

v TABLE IX
— COMPOUND TYPE AEROSOL PRODUCER PARTICLES
NITHATES fgueous atonizer Spherical, all below 0.2 p
OXIDE. B¢ Carbon arc Filamentous agpgregate of $.1 u units
‘ {C1 te 1.0p)
CUPFERRIDE Freon boxb )
TABIE X
FOUND LUNG LUNG LIVER SKELETON
RETENTION EXZMINATION TIHE HAXIMUYM DEPOSITION TIME  DEPOSITION
S0% Q0% (1 paY)
1Y) nitrate — 12 day 100 day 3% 720 day  25%
I11) nitrate 74 5 40 13 > 20 20
VI) nitrate ) 6 52 i > 20 20
wide E 20 -— p— — —
IV} cupferride -_— 8 10% 1 ->10d 3
' " TABLE XI |
TRACHEAL INTUBATIOR OF PLUTONIUM SOLUTIORS
OMPOURD LUNG ELIMINATION LIVER DEPUSITION SKELETON
HALF - TIME (DAYS) 1 DAY 15 DAYS TIME  {JEPCS1TION
i A '
(1¢) nitrate 12 - 1% 1% 15 dags  L.5%
{VI) nitrate 1.8 20 5 2.5 15 20
(1v) citrate} 0.7 15 20 7 >1 30
{V1) citrate 3]
000889/ _ -
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IV THE METABOLISY OF TISSUES OF FLUTORIUY TREATED RATS

E. 8. (uzman Barron

It has beem pointed out by Dr. Murey and by Dr. Brues that platonium
treated animals show great irregularity in their response to toxic doses
of this substance. This irregular response might be due to the double

action of plutonium as a heavy iwetal and a&s & radiation emitting substance.

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

The most constant effect of plutonium seems to be exerted on the
blood-forming tissues. The spleen is considerably reduced in size in
rate treated with intravercus injeciicns of 2 mg plutonium per ¥g. In
these animals the size of the spleen has diminisghed by 70 per cent st
the end of the 7th or Bth day after the injection (Figure III,-1). The
diminution in size is accompanied with a diminuticn of the Oy uptake of
the tissue, (Figure III, 2) an indication that the substance has rctually
inhibited some mechsnisms-concerned with respiration in the spleen.

Another tissue in the rat constantly affected by plutorium is the
thyms., The gland is considerably diminished in cize and the GOy values
go dowa day after day so that at the and of 9 te 10 days aftsr injection
they sre only one third of the normal values (Figure IIZ, 2).

The adrenals seem also Lo be profoundly affected by plutonium. On
measuring the Op uplake, there is at first a sudden increase which sub-
sides sbout the 5th cay after injecticn 1o be replaced by extremsly low
values, In faet, 6 days after injection the Q0o valucs decreased to 2.1
(forty per cent of normal) and remain=d constenily around this low value
{Figure I1I, 4). _

The inhiblition of tissue respiration is not a general phenozenon.
Thus, for example, the Q0o values ol the submaxillary glands remszined

little effected throughout the duration of the experiments (Figure I1I, 35).

The szme thing occurred on the respiration of heart muscle.

- The response of the kidney to plutcnium is variasble. In some rats
the kidneye were obviously damaged as shown by gross appearance and ele-
vated blood PN, In 31 rats trested with 2 mg of plutonium per Xg intra-
venously, NPN walues from 50 to €0 ng per cent wers found in 1é per cent;
values from 60 to 80 in 20 per cent; Tinally, values sbove 80 in 16 per
cent. Since normal NPN values in rats oscillate betwecen 30 and L0 mg

per cent, definitely high values {above 60) were found in 30 per cent of
the treated rats. This kidney demsge was confirtied by determining the
rate of oxidation of glutamate (GO, glutamats) und of NHy formaticn. The
K, glutamte wae generally lower than in control rats (Figure 131, 6).
The Q3 values were about half of the normal vaives (Figure IV, 73.

In the first experimenis on tissue mstebolism of plutenium treated
rats we were siruck by the remerkablie appearance of the liver, which
was yellow and quite frisble. These tissues had aimost lost the power
of oxidizing pyruvic acid {(marked with a cross in Figure IV, B and 9).
These findings failed to appear in 23 rats treated in the sezme mammer
with pluteonlum, Yowever, itliere wie wdformly soe inhikiticn of the
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Q02 pyruvate values (Figura 1V, 8) as well 23 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 QOp butyrate values and the Q acetoacetate values
(formation of acetoacetic from butyric acid) (Figure IV, 10) while in
other animals these values were normal. There wss also an inhibition
of the ansercbic glycolysis (Figure IV, 11). If to these findings we
add the changes observed in the electrophoretic pattern of the plasma
proteins~low albumin and increased globulins it must be concluded that
plutonium definitely produces liver lesions.

We have not yét determined the part played by the heavy metal and
by rediation itself in these alterations.
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V Gross and Histopsthology of Animals Treated with Plutonium
B. Murray

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

(a) Rats inhaling plutonium: Beyond changes in the lungs charac-
teristic of scute pneumonia, there were no unusual effects.

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

(c) Mice and rats with intramuscular treatment: Those receiving
high doses (2~12 ug/gm) of plutonium citrate had yellow, degenerated
areas and punctate iiemorrhages in the kidneys, pariicularly in the
region of the cortico-medullary junetion., All animcls showed dry,
ulcerated loczl lesions, waich grew deeper with the duration of the
experiment, in some cases reaching to the baone. The epitheliiim was
proliferated at the margin of most ulcers. There were no other gross
changes.

{(d) Mice and rats with intraveinous treatment: Spleens were no-
ticeably emaller, weighing less than 50 ;g in half the Carworth mice
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In the bone, there were two generally perallel changes: 1) The
normal process cf bone growth by cartilage hyoertrophy storped a fow
days after injection, when cartilage cells swelled z2bnormally, sane
ostesocytes and osteoblasts died, other ostecblasts became inactive, and
& 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 O-wesk interval, there
was still practically no evidence of new interdigitation of bone and
cartilage.

In the pastro-intestinal tract there wac only very slight debris from
occanional dead epithelial cells in the amall intestine.

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

" The gplean showed marked extramsdullary erythropeiesis and some gran~
ulocytopolesis, apparently in compensation for the dapleticn of bope marrow.

Changes after the intramuscular injection of 1.5 47 /pm appcared some-
what wore slowly and were less severe than the otherudsz very similar
changes seen zfter the 1.25 ug/pm intravenous irjection. At the injection
site, the inflammatory cells pouring out from thc vessels either were
killed off or remained szall and degunerated, thus inhibiting recovery by
preventing the full course of inflammaticn. HMuscle cells and tissue mac-
rophages were killed alsc. Fibroblasts; though few were desiroyced, be-
came large and stained more deeply blue at late intervals.

In the few rats injected intravenously, the depletion of lymphatic
Lissue was garked at 2.0 yg¢/pm: thyms, node, znd splenic white Zulp were
sericusly depleted of lymphocytes, and peculiar changes were found in the
reticular cells.

Perhaps the changes in the liver and adrenal of rats constitute the
most striking difference betaeen rats and mice in this experiment. In the
liver, effacts of treaiment were observed as early as two wecks, and after
gseveral months were spparent even with doses as low &s 0.5 az/pm. The
outer and wmiddle portions of the lobulc azppeared to be the most scverely
damagred, contalning swollen liver cells with nuclel many times enlarged.
There were many adioses and wany dezd cells, and the bile duct underwent
intense hyperplasia. Some specinens ot late intervals contained sherply
demarcated sreas of necrotic cells.

The variability of these findinpgs should be especlally noted. At the
6-neek interval, for example, depletion of -msrrow in sacrificed enimals
ranged approximately from 30% to 95%, and the size of the testis varied
fram nearly gormel to some A0% of normal. Similarly, livers in some rals
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VI. Clinical Picture Following Plutonium Administration
‘ . Austin M, Brues

This is a sumaarized account of the clinical picture of acute, sub~
acute, and chronic plutonlism as seen in snimgls,. It includes data and ob-
servations from & large number of the investigators in the diviaion, and
includes observations on dogs, rats, rabbitas, and mice.

The clinical picture of acute plutonium toxicity is best exemplified

by the cbservations made in the dog given a lethal dose of the plus 6
nitrate intravenously (#33). Superficially at least, it is quite similar
to the affect of a single lethal dose of total body x-ray. The initial
x-ray sickness (depression snd vomiting) ordinarily seen 1} 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 dzys before death (around the tenth day) the dog entersd the final
“shock” phase, showing a rise in temperature (2°C), a corresponding rise in
pulse rate, labored diaphragmstic breathing, salivatioun, hemorrfages into
the skin and aubcutaneous tissues, and evidence of alight bleeding from the
bowel. The most marked clinical pathologic fimding was the drop in white
count, involving heterophiles and lymphocytes about egually. This began
within: the firat two days and a level of about 500 white blood cells per
mn3 wes reached at the end of the first week, A progressive anemia was ob-
served t{hroughout the courss 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 riss in sedimentation rate, a de~
cline in plasms protein, end an increase in plasmac{ 2 and beta globulin.
Certain findinzs relative to the pigments of blood and bile origin have
bean noted; the urinary urobilinogen risss in the ecrly days, due probably
to hapat.:.c dysfunction; a green pigment occurs late i~ the course of acute
toxicity in the urine, and ic 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 findinge, it js not yet
posaible %o say cateporicelly which are characteristic of plutonism as
against acute x-ray toxicity.®

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

# Termivally, & sharp d wop in platelets hag been oboerved and a further
decline in the white sount, with a terminal count below 100, Autopsy

shored hemorrhages jate many lymph nodes and hypereaie of certain parts
of the gastrcintest: nzl tract; the spleen was smaili, the liver and ciher
organs appeared no.gmal grossly and microscapically.
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In the case of mice dying acutely (i.e., withln two to four weeks),
one strain (Carworth) showed only slight anemia, but one-hslf of the livers

were ‘grossly abnormal, being yellow and friable in consistency; many of
these were entirely normal microscopically. aSC mice, an the other hand,
.-ghowed profound anemia, with hemoilobin concentration doewn to 2 or 3 grams
percent terminally. Spleens were all small and in many cases markedly
atrophied, Gross examination showed the livers to be wniformly normal.

Although microscopic evidence of liver damage was not seen in the acutely
puisoned dog, changes have‘been observed in rats and mice within the first
month, but this has not been an entirely consistent observation. It has aiso
been found that gross liver changes cnnnot consistently be obtained in suc-
cesaive expemments°

Gross renal damage also occasionally occurs follow1nb lethzl doses of
plutonium, Thie 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 coritug and medulla, with ycllow
streaks extending down into the medulls, snd with punctate hemorrhages in
this area. No microscopic obsarvations.are yet aveileble. .

The acute lethal dose has varied between 0.4 mgz/ikilc (dog) and 1 mg/kilo
{rodents}, vhen nitrate and citrate were given intravenously. It is probpably
glightly higher when citrate is given intramuscularly. ©Bith intramuscular
nitrate the acute lethal dosz is above 4.5 mbs/kilo {mice) and with suo-
cutaneous nitrate {mice) at about thzt level, aithough acute dealh has been
seen in a few mice given 1.5 mgs/kilo.

in sunmary, ecute plutonism is 3n many respects similar o a2cute total
body radialion toxicity. In addition, Lhe observaiions sugyest that danuge
- may occur more specifically in the liver, kidneye, und spleen and to
erythropoiesis. These specific lesiors have been extremely varianie and dif-
ficult to reproauce., Their probable relaticrn to the distribution of pluo-
tonium in the body is obvious,

Subacute plutonism might conveniently be defined es the state in which
an animal gradually declines over a puriod of monthaz, perbaps following
eviaence of recovery from acute intoxicstion. This was observed in ancther
dog (#39) which survived 3 months after the injection intravencusly of about
0.3 mygs/kilo of plus 6 citrate. This snimal presented an acute picture
siwilar to that following an acute lethal dose, except that 1i was im 21}
respects less severe. Between the 10Lh and l6th day there was 2 slirht rise
in temperature and pulse, the dog was letharzic, and slight rectal bleeding
occurred. The white count fell to 300 during this peried and orogressive
anemia was cccurring, At about the sixteenth day the symptoms improved
rapidly and the white count began tu increase. fThe white cell recovery was
striking in the case of the heterophiles gnd only moderate in the lguphocytes.
However, weight loss progressed steadily and the -nimal becsme gradually more
aneric and emaciated. Buring the second month the ~hite cell level again
began to decline. Between the 75th diy and death at 90 days thers wis a
progresgive incressec in heart rale amd body teuperature. The gross Mindings st
autopsy were similar to those seen ze sly except thal cmaciatior. and anemiz
were much more maried,
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Pathologic observaticns on other znimals dying within four months ine.
dicate that we may expect damage to the blood-foming elements, liver, and
bone, 7The commonest {inding in the groups of rats dying in this period has
been ascites ard subculaneous edema, nodular iiver with necrotic arsas, or
with areaz of hyperplasla of biliary tissue and, ccessionally, hepatama-
like nodules. '

~Dr. C. J. Watson suzpgested in discussion of this point that siadlar
hepatic lesions are known to occur in choline deficiency and allied states,

_and that methionine might be of therapeutic value. e peinted out that

part or all of this picture might be secondery to the inanition which occurs,
with resulting dietary deficiency., It seems importcnt to investipgate this,
since liver car¢inogenesis by azo dyes can be crovented by dietary means.

it is worth pointing out that these regencrative processss might render ihe
liver more liable to radiation damage.

Hiematologic changes in the subacute range heve been somewhat variable
in the animals studied so far. When leuvkopenia occurs, it is usually most
noticesble in the first few days, and this initisl Jeukopernia js oflen s=us-
tained over a long period. In scme rroups of animnla 81l dozes down to 0.05
mg/kilo have resulted in 2 decrease in the white cell count to 23 to 50 per
cent of normal; in other pgroups the firct hlaflflﬁnﬂb chanzes nave occupred
between 0.1 and 0.25 miy/kilo,

A third dog (#38) resceived 0.4 fz/kilo of plus 6 citrate intramuscularly

and showed relatively milcer acute ard subacute chanzes, lieight loss has, however,

continued through the thied month, The laboratory dnt
been carufully tsbulated by Dr, Frosssr gad is =pponds
{Teble X11)

on the three dcgs has
LY
U

a
d this report.

Since little or no experimentzl vwerk has extemwisd ever a porioad of nore
than six or seven months, cne can only atterpt to predict the piglurs of
chronic plutonism on the basis of such cata., Three bone tumsis heve bo2n secn
g0 far in rats and mice, two following inlravenous and one {o>locing intre-
muscular tresiment with plus & nitrate. 1In the laiter case the tumor
occurred in the fenur near the site of the injeclion. In cne inslance ex~
treme thinning of bone has been seen, with associated pathologic Fracture, It
remains to be seen Lo what extent thesz effects, and ths snemia, leukopenia
ard hepatic changes, tend to be progressive or to extend to loner desage
levels.

Greying of the hair in broun ALC mice treated intravenously with plus 6
nitrate, hae appeared progressively ati lower dosss; it was first noted at
twc montha in the group given 0.5 mg/kilo; it was ssan at titree montks in
those given 0.2, at four monthe in those given 0.1; and is just noticesble at
that time in those given 0.05 my/kilo. This haa been most noticeabls around
the thorax and has in all cases progressively intensified.

Testicular atrophy has been watched for ir rats given intravenous
gitrate, It was observed six weecks after admb istration eof 0.1 mg/kilo, but
had not become c¢linically noticeable at “hat t oe after 0.05 mg/kilo.

Frem what we know al the present time, i scems reasonpble to supact
malignancy to occur following the adidnictrat o of pluloniwm, ss is suen
after prolonged radiation in gernersil, ana te incel that Lane awy be a Pavc.u
able sile for plutonium czrinopenenis, rreehoxda for bhds fod otast Jofms
of chropic damege czonol Le entdiied At -Lhe peezent Lime axcert uy aﬁ;- ¥
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with radium, which of course presents certain difficulties.

The best information regarding the production of local damage by plue
tonium has been obtained in the course of experiments on mice receiving
plus 6 nitrate intramuscularly and subcutaneously. ‘Occasional brown mice
have shown local greyingz 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 micrograms and 40 days after the intra-
muscular injection of 10 micrograms. It iz reasonable to suppose that these
effects have beun 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 overgrowthe have occurred but no melijnancies 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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Table AXI.
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CLINICAL PICTURE GF Pu TOXICITY IN Thaik DUGS

Dose mg/kg
Salt

Route

Survival
Pe in Bliood

Pl. protzin ple-
ture

Pu localisation
in blood
Urine albumen

Urine sp. gr.
Urine pH
Urinary Cl1

Gross changes

Heart rate

Rect. temm.

El. Press.
Fi. Vol

33

0.36

' 4 6 nitrate-

1. v.
Died 16 days

90% drop in 30 miu.,
.after 10 days G.01

o g/ml

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

- fibrinogen - :
mostly on ¢ globulin

no systematic change

constant

normal until fd;xl cons.

dropped.

emaciated, weak

+374 12-16 days

+2°C 12-16 days

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

38

Ochoh‘ I
4 6 citrate
I, W

Alive 3 months

1.2 ¢g/m, 3% hrs.
0.5y g/ml 2 hrs.
0.01 yg/mi 14 d.

same increase in
3 globulin,

on & globulin

#+ on 5-7th days
~therezter

no chang;a

po significant
change

no signilica=nt
change

#3,16 12¢h day

#3.15 36th day

o

T

- 0000903

%

3309 25

S 39

0.286
+ 6 citrate
I. V.

Died 90 days
605 drop in 1 hour,
0.005 & g/md 14 d.

high =< 2 and {5 '
globulin

=

rgainly & globulin

+ 5-Tth days
~thercafter

no change

emaciated, lumps
outside abdomen
80-L5th days.

transitory rise

10-16 days; progres-

sive increase 79-
90 days

sawe as reart rate

2246 12th day

+16.2 36th day
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ﬂl. Vol
Tielght
Food Cons.

Histamine

Plasmn
protein

Serum protein

Hematocrit
centrol

mi pimm

change

HiC

control -

Hemecglobin

control

-~ 00004904

T
33 38
+14.7% Bth day ~26.5% 12th day

" lost 11.67% wt.. ih

16 days

* declined to few
grs/day

decrezsed

287 increase by
15th day

20% increase by

15tk day

Lo

32 on i5th day,
-20%

terminal hemozon-
centration

6,000,000

4,300,000 on 15th
day

4,890.000 on day
of death

1, gms %

11 gme % 15th day

-25.0 36th day

slow decline, 17.5%
loss by 79 days

slightly below con-

trol level continmually

high 8 days, declining

thereafter

slow increase, + 80
50th day .

slos increace, + 19%
50th day

4L

2C ca 29th day, -2T%

37 on 72nd day

6,850,000 .

!'13300,@ on 20th day

recovered to 6,050,000

cn Sist day

39

-15.1 12th day
-20.0 36th day

slou decline, 20%
ss by 2« monthe

lov 12 days;
nearly normal
aftervari

high ¢ days,
decliinad there-
zfter

+-&27 on 12th &
50th days

&5

17 on 72nd d=y,
{£ZE

i3 on 23rd day,
g

6,000,000

2,506,000 on LOth,
5lst days

2,200,000 on 72nd

dzy

15 gas &

£.0 pms ¥ on
15tk day
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WBC
2 control

minimun

Recovery

Heterophiles
control
minimom

change

Iymphs
control

minirmm

Reticulocytes

Platelets

| n Sed. Rate

-
-
e vien.

33

20,000
200 on 16th day

none

11,000
900 on Sth day

ncpe seen on 15th
day

no reeovesy

7,000
180 o on Tih day

0.1% on 16th day

decreased

increased Sx

fded cell fragility unaltered

- 0005905

UM R

38

9,500
L0 on 13th day‘

racovered to },900
ox 51st day

decreased to 2,600
¢ 66th day

7,200

150 on 13th day

rsvovered Lo 3,600
on 5lst day

1,500

200 on 13tk and
ZCth day

raeovered 1o 600
on 5lst day

decreased from 1Lith
to 29th days

cocreased in early
£rys ~ recovered
late

control lmm hour,
in: ‘eased to 52 on
291 1 day recoversd
to ; cn 8Cii day

39

11,700
300 on 13th day

800 on LO-~ Sist duys

500 on T2nd d2y

8,500

1720 on 131k day

1,650 on 25th day

455 on Slst day

A,
Lgonais
-y - -y
180 o 20-Sist
Guys

dacreased from
3rd to iith doy

decreacsed in late

days

control Ymm/hour, in-
croesed to 60 on 10tk
doy, 75 on 72nd day.
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Clotting

eekiy

- Proth, time
. Pigment. exc.

fecal urobi-
linogen

urine urobi-
1linogen

urine copro-
porpiyrin

green urinary

- pigwent

P. N. (blood)

anino N
creatine X
creatinine N

urea N -

Autopsy

B00099b

wks., normal Sth-6
vwke., below normal
thereafter

F ¥

poderate riss maintained 402

termivelly _ decrease second month only
unchanged
50% decrease 60% decrease
50% decrease 607 decrease
- ‘defihite_ rise questionable rise
hemorrhaglc cervieal - hemorrhaglic nodes,
lymph nodes & kidney marrow; small’
liver, etc. grossly hemorrhages in
normel duodenum and
myocardium.
/ %378 _28 3
q&l/ k-

‘_'-‘_'.._JI-" -
33 38
o significent change
unaltered
normal no samples 1lst 2 wks.,‘
3rd & 4th wks.
possibly surly sizo;
irregular, .
) _ e
. terminal rise 50% decrease 2-4th B

increased by 13th
day
decreased 15-65ta

days
increased 85th day

normal wvalues

elevated first

few days; irregu-
lar thersafter

505 decrease
2-4th wks., normal

thereafter

T

slight decrease
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. VII Eccreiion Studies
Wright iangham

~ The primary interest of our heaith department is the immediale
development of a method of monitoring persennel for internal body
contazination with plutaiium. 7“ne obvious purpose of a monitoring
Plan is to enable us to retire individuals Crom further contact with
the materizl before they have abscrbed harmful amounts. The execu-
tion of such a plan depends cn the establishment of & rumber of facters
agong which are the following:

1) The development of a method of determining exceedingly srall
emounts of plutonium in some body {luid or excrement;

2} The estenlishment of the relationshic between the body fluic
or excrement and %.:= amount of plutonium ecntained in the hyman body:

g 2
3) ‘The development of a sampling system which excludes thg;$ossi-
Hility of external contanmination of the sample,

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

Method of Sampling and Analysis:

Because of the extreme difficulty of deteciing small amounts of in-
ternal contamination with plutonium, and because of the great possibility
of external centemination of the czample, the practice has been to collect
2L-hour semples under very rigo-ous conditicns. The subject is directed
to stay away f{rom work and prefurably away from the Site for a 48-hour
pericd preceding the period of coliection of the sample to be analyzed.-
A1l persons are asiked to wear {reshly laundered clothing during this
preliminary period and te bothe and wash their hands frecuently.

The subject is® asked to renort to the hospital at eight o'clock in
the morndng 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 colleciing the 2h~hour urine sample. He is asked to remain
in this rocm for the entire 2h-hour period. It is requested that the
subject restrict his fiuid intake to one cup or glass of fluid per meal
to avoid an abnorwally large sauple.

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 iz 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
ln 3 2 liter erlenmeyer flask which is placed at such a height that it
is nol necessary for the person to touch the flask or the funnel while
urinating. Vhen the collection is completed, the subject dresses and

N *
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1IICE hat fospital leowving. “is apeci gen wherc it war coilectsd.  The
sasple 1s picked uwp end dellverel to the laberatory by a rember of the
grovp duing the analysoes. .

Figid adhierence to tiie procadure described above should permit the
collection cf a 24-rour urine samwple as nearly free frem exterral con-
tamination a3 possible.

The effectiveness of the zbove method is indicated by the date in
Table XIIT which gives a camparizon of the snalyses of samples consisti-
ing of twe overnight specimens enllected in the individuals' homes with
2h=hour samples collectied from the sawme individuals by the above hospital
methed. The avarsge counts per minute obtained in the samples collected
at home was 20 as compered to 2.2 counts per minute per sample 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 coulle¢ied in the hospitel are analyzed by the following'
methed: The entire 24-hour specimen is evaporated almost to_grymess and
the residue wetashed using one zddition of conc. HCl and repeatediadditions
of conc. HNO3 and 302 !1,302 The ashing is continued until a whitd solid
almost cumple.t.elv free of organi: maetter is all that remoins. The residue
is tzkes up in 2 B HCL and a complete hydroxide precipitation carried out.
The hydroxide precripitate is dissolved in 2 N HCl, the solutiun is adjust-
ed to & pil = 0,3-0.5 and the Pu, plus 1 mg. of ferric¢ iron as a2 carrier,
is extracted inte chicroform using cupferron. The chloroform is evaporated
off art the cupferron residue dissted off with nitric and perchloric acids.
The Fu is then carrisd out of the perchloric acid solution with lanthanum
fluoride. Tne lanthapum fluorids precipitate is transferred to & pletinum
gisc and counted for 30 minutes in z2n alpha counter.

The data repcried in Table XV give some idez as to tie performance
of this meihod when applied tc soiked urine samples and to mock urine ash
sciutions. Blan« determirations were made on 24 samles of urine from
persons never heving worked with Pu. These sanples ranged in size from
80 to 1200 rd, lhe average of all blank determinations was 0.5 ¢/m per
sarple with a spread of 0-1.2 ¢/m.

Results of Pereonnel Menitoring: . . >y
Thirty-six members of the staf{f were chosen for the first test of the
above monitoring method. These pecple were chosen to represent high, moderate,

end low or no exposure groups. ‘The number in each group was too few to
give any definite significence to the classification. The resulis are in-
dicziive, 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 racorded against an individual when a moist filter-paper swab

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

Urinary Excretion of Plutonium by the Humen:

If urinary excretion values are to be used to astablish the actual
amount of internal body contaminmation it is sssential to know the relation

ey LR
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-_;be‘wean “the amov.mt of Pu in the human syst.e.m fmd that em.reteu in the urine

‘per 24 hours. On April 10, 1945, zn attempt was made to establish this re-

lationship by injecting a ruman suhject intravemcus"y with 4L.7% of 44 Pu
which was complexed with sodium itrate(0.3% solution) and adjusted to a

‘pH of 6.0.

'fbe-subject was an elderly rixle whose age and general health was such
that there is little or no pessitility that the injection can have any
effect on tie pormal course of his 1ife. The patient might not have teen
an ideel subject in that his kidiey function may not have been comrletely
normal et the time of injectlon 5 indicated by slight albuminiria and a
low urine spsecific gravity.

The +4 citrate complex was used in order to produce the maximim dep-
ogition in the borz. This preszwawbly wmld produce en erxcretion rate
comparsble to that of & worker having absorbed the meterial at 3 slow
rate thereby depositiag a meximuii amount in the bonu where it is probably
the nost damaging,

. ’ e - )
The results obtsined for the first 18 days after injectioﬁi&e pre-
sented graphically in Figure 1 by blocking in the per cent of thee-tolal
injecled dose excreted per day.

These deta show the excrelion during “he 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,
hewever, that the stability of the ¥4 clitrate complex is a factor. A
blocd sample ilaken 4 hours after the injection showed that about §0 per cent
of the injected dose was still irn the circulating blood. The caleculation,
however, was based on the assumpiicn that there had been a complete mixing

of the naterial throughout the ftoial blood voiure,

"_'The Effect of Size of Dose on Urinary Exeretion of 49:

»

A rather favorable excretion rate is indicated by the observation that
the leveling off poinl ssems to Y about 0.02 per cent instead of 3.0l per
cent as observed for rats.

ﬂﬁ}rh'u

LR

A nunber of Iund&mental assumptions mast oe made in regard to t.hn

‘getabolism of Py if a limited amount of hwmn tracer data are to form

the basis of d melhod of diagnosing internal body contamination. (1) It
is necessary Lo assume that, once absorbed, all valence states and all '
compounds of Pu are rnet-abolized br the am:nal organism in essentially
the same way., {2) It is nece'ssary to essume that Py is metabolized in
the seme way regarcless of the route of absorption or administration,

£3) It is alsc nscessary to assume that the fraction deposited and

therefore the fraction excreted is J.ndependent of the =ize of the dose

" administered or absorbed.

Hamilton (CN-2383) has reported a limited amount of information in

) suf;port of the validlity of the first two assumpticns. The followlng
- experiment was performed to test the validity of the third.

'yﬁﬂﬂﬁwﬂq
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Five grcups of meture mele rats were injected with 0.032¥ (2250 o/xj,

1,15, 5.3%, 15.0%, end 52.0F of Pu respectively. The nmterial was admin-
istered as 44 citrale complex in a solution 0.5 per cent with respect ic

© sodium citrats. The pHl of the solution was 6.0. The urine znd feces
were cocllectsd daily for five days from each group and analyzed for 49.
The results of the urine anzlyses are given in Table XVi. These czte
show rather conclusively that the per cont of the total injected dose
excreted in the urine of the rat under the above conditions is independ-
ent of the size of the dose administered.

8000040 | <3332

=0



L e oages
- R

—— e ——

Table X1IX

Effact of ¥ethod of Collecting
Sample on Counts Found in the Urine

= Person . e/m and Place of Collection of Sample
At Home® In Hospital®®
D, %. 10.1 2.2
W. A. B, 4.6 4.3
%. B. G.. 16.1 3.4
‘1. G- T. 2.8 0.1
Jo Po 1?.8 —
- P. D, 30.6 2,2
Averapge: 20.0 2.2 .
* Sainplea eollected at home were two overnight voldings collected by
the individuesl after thorough bathing and washing of handa.
#% Samples ‘coll.ec‘bed in hospital were 24-hour samples collected under
the rj.gomus Lhospital plan after a two day leave from the Site,
Table XIV
- Racovery of Known Amocunts of Pu
y From fegular and Mock Urine Samples
No. of Nature- of Amt.. of Recovery Spread
Detna. - Sarples Spike ¢/m b4 y 4
2;  Blanks {reg. wrine) 0. (ave. 0.5 ¢/m) (0-1.2 ¢/m)
L mock urine sol, 29.2 oL, 88-100%
- 11 i toon © 10.C VX 85-101%
=
12 reg. urine 10.0 es 73-104%
3 reg. urine L.5 95 81-105%
o 60009y e o e 339 33 —
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Table XV

" Results of Nenitoring Site Personnel

Classification

Highly exposed
Moderately exposed

- Low or no exposure

Those having YWgh rose

counte®t raecorded

Those having no high

nose counts

recorded

Ke, of
Persons

5
23
a2

1,

2

Ave. ¢/m/24 hr.
urine sample¥

2.2
0w
0.2

1.2

0.2 J

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

¥% A high nose count is recorded against an irdividual when s moist

£ Yer-paper awab inserted in

of 50 ¢/t or

Pericd after
Inj. = Days:

3nd
4th
Sth

Yo Lhe nostrii and rotated shows a count

greater wien counted in an 2lpha counter.

Table XVI

Effect of Dosage on Per Cent Fxeretiom
of Pu (#4) Citrate in the Urine of the Rat

0.032

0.72
0.27
0.22
G.15
2.1

#» of Inji. Dose Excreted per Day

Dosage 5~
0.7 0.73 0.57 0.7
0.22 0.3} 0.20 0.26
0.12 0.18 0.16 0.19
0.11 0.12 0.13 0.17
—— — 0.12 oo
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E..R. Russell

Tables showing the excretion of product by variocus animals
are prosented, Tha question was ralsed as to what value could dbe
set as the probable minimuem daily urinary product oxcretion from this
data,  0,01% of the material retained in the body would appear to be
a fair estimate, The question has arisen as tc why dog 33 {tablie on
page 2) showued a much lower exeretion than 0,01% per day. (m the besis
that only 65% of the material 1s abscrbed from the muscle and thet 20%
has been excroted, the 0,01% would also apply to this entimal. The data
in the tebles for sll animsls, rats,dogs, snd rebbits, show from 0.01% to
0.02% deily ercretion when constency is reeched.
7" Dr. Stone has asked what comparisons have bean made bstusen the
concentration of plutonium in the dlood end the urinary excretion. Con-
parisons of 7-and l4-day blood concentrations and urinary excretlon in-
dicate that little defintte informaticn can be gained. . Comparisons of dogs
%8 and 39 at 40 days after injection shows thet while dog 30 had ea esiimated
2,72 pg of plutonium in the circuleting blood the 24 hour urinary excretion
wag only 0.123 pz. Dog 29 had but O, cg'or Pu ir the circulsting blood
and excreted 0,103 pg. Thus, though the blood level of Pu in dog 39 was 3
that of dog 28, the smount excreted in the urine wans slightly grester.

The fecal pi-oduct excrefion for ell sanimnlg studied has bLeen shown
to be from 3 to 4 timee higher than the excretion from urine collected during
corresponding periods. (Tables XI¥-XX)., It was sugpested that stools be
asseyed Yo establish the produot content in bumans. The difficulties on-
countered in snalyzing stools and the comparison of humsn focal product
excreticn to that of dogs would lesd onme not to rely op this procvedure., Dr.
Ramilton stated that he is working on a mothod for stool anslyses that should
be published very shortly,

Teble XVII is presented to show the value of dog excreticn studies
to the interpretation of deta sccumulated on humans. The excretion of Pu
for these dogs is compared with that of a single msle duman following IV
injection with 6.5 ug of +6 plutonium citrate.

- 000091y - 3129 _ 36
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Tedles XVII
Period - % h:mret;d-ﬁan ) % Bxcreted-Xan % Fxereted-lMan
% Excreted-rx-33 % Excretad-Px-13 % Exereted-Pr-39
URIRE
1st 24 brs, . 0.4 0.3 0,2
2ra " 1.5 0,44 0.3
Ira " 2,6 0.38 0.6
4tn " 5.0 : 11 P X<
5th " 1.1 . 0.29 0.22
6th * 1.7 0,99 _ 0.47
7th " 0.99 0,63 0.47
8th * 1.0 0.92 0.59
at:, * 1.4 1.3 ' 0.99
FECES )
lst 24 hre. 0.015 ‘ 0.,0068 0,0032
2ng ° 0.187 ;::.063 | 0,023
Ird " 0.0b2 0,073 0.053

If- we are to place any weight oD our enimal studies it ia quite clear
frou the ebove figures that ths urinary excretion of dogs ari man is more

comperable than fecal exsreticn., Date presented by Mr, lLarngbam on a human

irager experiment wsing 4.7 pg of the 44 citrate shows good correlation
with our results. IHe aise reported low fecal excretion. In bis discussion
he also pointed out that 50% ¢f the injectad plutonium wes present in the
circulating blood four hours after the injection. Cur data showed that at
the end of 45 minutes only 15% of the nlutonium Temsined in the circulating
blood. :

" It bas been asked whether the IR-1 or the IR-4 resin edacorption method
would be mors suitable for detocting low mctivities in the urins, Since the
IR-1 column procedure was designed to detect spproximately 1 count per minube
in e 100 ml specimen znd the tolerancs has been set at a level approximately

- 10 times smaller, the msthod rnow being done iz certainly not adaeguate for

0.1 count per minute, It is suggested that less frequent analyses and larger

" volumes be used for each epecimen., The IR-4 method which has been used for
. 500 to 1000 ml specimens has shown copsidcrable variation and needs further in-

AHQ _— 338§ 37
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vestigation, Specimens of 2 to 3 liters have been essayed by
evaporation and precipitation with La¥F.. This 1s to be avoided
if possible because of the time co .

It was suggested during the digcussion that the plutonjum
blood concentration be followed more closely and compared with urinary
excretion to sse if there is sny definite reletionship, A minimum
of two animals should be studied inasmich as the difference beiwsen dogs
38 and 39 was so great.

: It i3 felt that the rabbdit fecal product excretion is much
¢leser than other animale studied to that of man for the period shortly after
injection. Data beyond four days sfter injection for man was not avail-
able, {(Teble XXTIII).

The question of controls was mentioned by Mr, English, The
data 'collaotg% by cur group bave slown very few controls. Tbe ymlues range
fram O=1X 10 per 500 ml specimens, It wap suggested that future work
should inclnde a number of control specimens.

In discussing a toclerance limit for plutoplum contained in the
body the question agnin arose as to what fraection of & davy's uwrine should
te anrlyzed in order to calculate the rstained plutonium. Lorning specimens
have miways shown & higher unit activity and any retentfon caleulated from
thesse apalyses would tend to be too high, For accurate data, the entire 24«
hour specimen or a lerge fraction thereof rmust be assayed. If the tolerance
limit is to be set at 0.7 ug and 0.01% taken as the amount excreted then a
maximum 4.0 #{ counsts per day rmst be detected. Detection of one count per
minmte from the dog's excretion would indicate a depositior in the body of
0.6 pg. If we are to detect lower activities then the fracticn of the daily
urine to be assayed it should be correspondingly lerger. Ths discussion was
con¢luded with the following supgestions:

1. That lerger volumes of uripe be cssayed for plutonium,
prefarsbly portioms of 24-hour specimens,

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

Poariod

4th
th

h
gth
th
9th
oth

11th
12th
13th

14th
15th

1bth
17th
26
15th
20th
21st

2 2 3 2 233 3 23 3 3 32 3 3 3233313

prggnd L
Table XVIII
Pilutonium Excretion
BOMAR

6,5 pe ,;,6 Citrate I1.V. pB-7.0

FECES
1

% Exerated Period 4 Excreted *
2,540 18t 24 hre, 0,010
0.153 2na ° 0,103
0.0 I " 0.067
0.133
0.032 —_—
g:ggg ¥lood Changes
8'2‘237 After Conloper ml % of
0:034 Injection Inj*
o 10 mn, 3.2x 107%g 207
0‘018 45 m?-nv 2051 10 ﬁ 15%
0.0
0.02
g'g;g % assume 4000 ml blood
g:g:is 1. of amount injected,
0.03
0.034

From the above data we should sxpect highar urinary prdduct '

- 0000917

excretion from humans than from dogs.
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. Table XIX |

Plutonium Cor centration Changes in Blood

L]

Dog Px-33 . . Dog Px-38 . .+ Dog Px~39

LV. Injection-2669.7 vg  LM. Injection-2963 ug  LV. Injection-1630 ug:
+ Nitrate T +6 Citrate +6 Citrate
{ Time After =.ug Pu/ml | Time A:L‘te:-;ug Pu/rl " Time after;ug Pu/ml
injection | fWhole Blood l Injection|Whole Blood - Injection{Whole Blood "
0,5 hes  0.56 3.5 brs 1,20 ' .Sminl 1.371
L 0.193 5.75 % 0.9 -. 20 - 1.204
72 = 0.039 - TR 1 | g0 ", 1086 |
168 = 1 0.0 72 m 0.08y 24 hrs  0.106
240 v o.om 168 0.2 L 168 | 0,008 |
0336 = | 001 .- 336 ot 0.010 33 v | 0,005 }
38y n [ 0,010 66 * 0,005 696 " 0.002
%0 v 0.0% % = | osoms I
ws2 e 0.0057 752 * L 0.0006

18 v 0.0031 1848 *  0.0005

. oW
Injection Date B -2
1 3 1 . 1

Animal Blood Volums Vol. of Pu g Pu/kila]
Solution )
Px=33 483 ml ' y.gyom | 0358 |
N 3
 Pxa32 1 680ml 1118 m1 0,40y i
1

Fx-39 450 ml 0.615 m2 0.29

®
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T_tqﬁle XIII

9

. Plutonium Excret..‘s.on
 gabhits
: I ) Avdmal f Animal
| & _ (0.1 mtg?:g) i 1794 (0,02 ne/¥g)
Period | $inUrine { % inFeces | % in Urins | % in Faces
ist day’  C.31 I C.8 E 0.18 | 0.2
6th v 0.0l ! .17 : 0.01 0.2
L lgth * 0.026 °  C.053 0.20 0.19
2Ast ® 0.029 ' .028 0.17 0.1Y
28th v 0.021 0.0%43 0.06 0.02
;: 35th ¢ 0,027 G.10 0.02 , 00
Y2nd 0,030 oo 0.05 0.10
; 1 a ,
00009 2979 44

7*}“1{}9

IF



Table XXIV
fats--Acemmiiated Exoretion

4 of Totsl Dose

g S RLIRT ) AR o e ATt -

]

| period 0,125 mg/Kilo 0.50 mg/kilo
Days | uu3s weo . | wwoo | wes | w6 | s
w F U _F v F U F ’ ¥ F L P
3 2.8 5.0 57. 3.5 7.9 4.5 6.8 3.0! 9.0 2.5 7.0 3.6
7 3.0 9.6 595 7.2 8.3 7.9'7.0 81! 95 62 7.4 7.8
iy 3.3 17.3 6.2 12,3, 8.7 13.0 7.3 12.0 9.8 9.3 7.6 11.6
28 3.7 20.9 6.6 163 8.2 16.5 7.5 12.5 10,0 10.1 7.7 k2
42 3.9 306 6.5 18.7 9.1 19.8 7.6 13.1 102 10.5 7.9 173
L 42 35 6.9 19.9 02 209 77 BT 10.3 11.0 } 8.0 17.
. l Average deily excretion after 14 days !
%/day ! o2 .35 |06 am ) wom as3 ] .00 .ou0 | o Low ! .010 .1i8
Period l :é.O mg/Kilo
Days | W1 | ws2 |owss ] owsy ] owmn
" v rluv Flu F I ¢ F u FI
3 1.5 4l 2.7 W7 ! 2.0 4.6 2.5 2.7 Wl 3.7
7 1.6 9.3 2.8 8.9 31 69 2.6 74 k2 7. N
9 cem m= 3.2 9.5 3.7 9.8 2.7 9.7 —-- e,
10 U PP Y
11 T 28121t am e mem amm cme —ma ——- —--E
- - 00006920 3228245
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22
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24 =n

.35 .n
36 ©
56

Tanase

k-4

¥T Eaxperimenis

averase 2 Flutonlum Sxceretecd Per liouse

1. V. Injection-0.25-31 ug/em

112] 3|T‘i’“§"“’a l’? i"s "¢ jwi ]
Groups - . §_
o e ] e ae o e 3.8 w2 67 5.0 - e
- ¢ o - b - - 5-”— ! 603 9-5‘ 6.7 - -
. I ' ! 1 . £
17.8) -~ 1.2 10.2 3.3 7<‘] 7.3 17,8113 £.6f 9.512.6
1 ]
S I E L S P R
1 H i
i, | f |
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- bt - i - 3.9 -— t 9&'-!- ! 9.6 2016 ; 12.3 1552 ‘ 1-802 )
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SO RNPUN E SV S i 9.% ;10=5I23.2 113.7 17.9 ' 21.5 ;
g ; S
; ! i ¢
e e R el B
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- - - i -~ — —_— g - ab.s i
ce }oee b e el e em 1133 ] e= 25.3 15.00 15.4 2"-:.':-;'1
bt - - ll ———-— .— _—— = -_ 26.5 .16_021 21.8 26'5 '
. ’ ! 3 f - N I e
e e ee | am ee T12,1 0 en e em e -
] | !
e e mm e e ae e | -= 2707 16,6 23,3 29.3
om  ee em es | ce e ee e 29.0,.17.9! 240 300

esc| or| amc| cry | ancf

Aversge daily excretion
!

— -
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22 days to

0.18 0.2

— -
— -— - —— — - — —
. |
"
SFAIHR
. o © o
il \ e
A — !

0.11

I

0.25 0.19 C.30 o.4

0.08

<

0.12| 0.18

oy



- 0000922

"-—--..--T"E_: 'r'hj_:?_"::—:."‘ B 5?
Table XX
o Dally Urimary Fiutaaly : Exeretion
= Deg
1.V. 5 Ntrate I.K. +6 Citrate I.V. b Citrate
] Px-33 A Px-38 Px-39 |
1Senple | % Exereted ' _Semple | 7 Exereted sample | % Exoretad
}
1 6.37 1 3.5 i 12.66
2 0,094 ! 2 0,343 2 0.195
3 0.0325 | 3 0.219 3 0.139 1
b 0.027% | & 0.116 . 4 0,20%
5 0.0292 | 5 0.109 5 0.y |
& 0,0022 : 6 0.039 6 - xo.08r |
7 0,024 | 7 0,037 7 = 0,049 i
g 00225 | . &8 0.025 , 8 * 0,039 |
9 G.0192 ? g 0.020 _ 9 0,034
10 ! oc.asr | 10 0,015 10 6,032
11 35.0187 .11 b o.09 11 0.029
12 0.036¢ i 1z . 0.011 12 0.025
13 0.0067 13 0.0112 13 0.017
1l 0.02%6 1 ' 0.0105 b1 6,020
15 1 c.o292 15 .01 15 o.022
1 e018 ] 16 ¢ 0.0 . 16 0.613 |
{ &verege d2ily excretion for & dgy iatecvals |
17 fe 0,009 17 02,0143 !
1 | 0,005% 18 0.010
19 0.0047 19 0.0075
20 0,0053 .20 0.0068
21 0,0042 2 0.0052
! 22 0.00Yy7 Average 14-dayv
’ *  Average daily intervals
_durding orsl citrate 22 0,003
10 days - 0,0057 23 0.00%1.
Averapc Gaily “ '
| during I.V. citrete |
7 days 0.0063 .
t Aveorage daily £
after citrale
‘ 7 daya,l 0.0042
£
| TSECRET T S N
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- wadle XXII
ﬂ : Coaperative Plutonium Excretion
R Total
_ Serles fmiwﬂ Dose Period & Product Exqreted RBich i low i
‘ {ug}‘ ' Uurins  Feces &ninsls Brine‘i‘ecas Urimi?eaes!
i \ ‘ t - { [ t
Fa | jats 8.4 days, 5.7 71 S 7.25\ 7.8% 3.3%, 6.15 |
. ' " ' i . H
) } v ) " ’ ! - ‘ «I g"ﬁ Z-
. PP Rats 50 (b L3 | L1 | -
. L] dn-._
b pats (50 |1 dsys Wb | 204 I .
] ! _ 3 o i i i |
| | i
Fa, Yice 11 II7 hrs ’ ¥ 13.5 10 3 ! ‘ l
p - . i
ox ¥ice w- '_6 wks B 10.5 ‘1 - 12% - ll %
| - f T
£X Rats -- 'B&aya: ¥ 8.5 - i 14 ! %
i I H
Fhe~ 46 1.Cos FC~ #% and 46 Oral FP and FAy~- +6 1.V.
3\_ ?,‘.—M-%‘

Y
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Tae VT
zrt:rm:m'a Concentratiion in Shole Bliood

J "x

. Rebbit 302 ug | Rabbly 37,4 ug_ ) F G , ;
Time af'ber’i IPime after wg/ml} Rat | Dese Time aftes | up/wt |
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K. E. Pink
‘Data on acms prelfminavy Fro.nge~finding® experiments in progress
concsrbing the scuts toxicity of radiuve. piutoniua, sxd pclonium in
rets are prencnied in thoe fons of dosage~survival time cherta. Thess

data are combinsd on & senilegeritheic scsle in Figme 11,

The poloni'm was adpirpistered intwavencuely ss Vhe chioride in

- approximetoely wrufrzl isolon.c dafl. The dogsage level reanged froz

170 to 50 microcurios (0,0375 to 0,0085 nicrograna) ner kiiogram Sody
welght, and killed all enjmsls In frem 5 to 20 days. Four eldzals
which reseived 15 uc/ig Cor iracer stvdien vexre nacrificed &% 50 dayu.
Yo desths cecwryed in the contz=ol group.

The piuntonivz was prepezred for 1n;ect.io; by noutralizips the 1 H
HEl stock golution with an equanl volime of 3 B sodium citrafe.snd di-
luting to isclonicity. L4Ldous 50 mcles of c:atrete were used<gor each
mole of nlutonivs present. Infeciions of 19 to 190 microcuries (300
to 3000 microprams) per Lilogres of bhody weight were made via a tail:
vein, The firsi desths occurred twelve dsys aftor the injsctlon, &
pumber at the lover dosages are siill living after 77 days., One cou-
trel endmal ¢led o few minutes after injection of the NaCl—citrat.e
solution, tut the ramainder are atlll slive and well.

Three soparate experiments Leve been cerried out with redimm, In
the first experinont the dosages Tanged from 20 to 200 microcuries par
kilopram, wai..” 2 preparation sbout seven wonths old; 1o which tke

. roloximn had re c~hed sbout 5.5% of its equilibrium value, i.e., one

mierocurio of polopium was injected with each 200 miecrccuries of radi-
um. The anouni of polonium in the preparstion was determined by the
method used reguierly in gur tiologleal iracer work, stirring &n HC1
aclution (C,1 to 3N} of the preperation with a silver foil in a hot
water bath for two hours or mercs then wsshing the foll wmith HC1 snd
Ho0 2nd mecsuring the sciivity deposited. The radiwm was injected
intravencusly as the chloride in isotonic sslins. The 20,340, and 70
uc/kg doses were mage with glightly alkaline remction (pH 7-8), wmhile

. the rewainder ware slightly acid (pB 6-7). The wajority of the ani-

mals of this first radium grour are still living 170 days after the
injection though: there were three early desths at the 70 and 110 uc/kg
ersls.

The second reditm experiment was carried oul in the same manner
gs the first except that the dosages ranged from 300 to LUCC uc/kg.
The deta show a wide secatter in thia group, so that there was no

* marked difference in average survival time in the 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 overdose of

.. ‘T.D.T. used for controlling lice, These animals received fram 1.5 to
. .7 microcuries of polenium per kilogram es a contamination in the radi~ . -

um preparation, and while those dosages of polonium are probably sub-
L o .7 3353 48
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leihnl tnsy may heve conalituted an edditiomsl imsult ie ithe orgen-
jgw sufficlent i2 camplicate the resulis of the experimant.

In the third radiwm experimont the dosages wei‘e 31000, 2000, 4005,

“amd 2000 mierocwdes per kg, For these Jdosnges it waa necsasury to

remove the polexdun froa the preparation aven thougn its age ws only
a few months, for at the highbest dosaye levels the polonlims prescat
would have boen sufficient to ki)l the enimnls without any assistence

-from the massive dowe of radium present. The amount of polonivm pres-

et mas lowmerzd to 0.05% of its cquilibrium velue by stirring the 1 K
K1 soluticn of the preparation {10 ml) with a cylinder of sidver fail
in a test tube for aix hours &t yom %Lempersture. The injections were
pace in slightly acid (pH 6-7) inctonic szline s3 before, but In order
to aveid possitle couplications fioe chemical toxicity the E200 dose
was eplit into iur, and the Y000 dose into two equal daily injections.
The survival %#imes shown on tha chart sre given as days afler tine
first injoetion. The animals which received 8000 uc of radiuwm plus i
ve of polenium per Xg both died in 11 days. Those receiving 1000 ue
of madim 4 2 uc of polonium died st 15 and 24 dayss while those re-
ceiving 2000 and 1090 uve/fig ere still living 36 days afier ih» in- -
jection, It secms likely st this stoge of the experiment thei, thase
lower Cozages will chow the low-polondus preparasion to be luus toxic
than thot vsed ip the second experiment,. The protlem of campering
the zeuie Lexicity of redivm in xets with its long-term toxicity in
humans is conciderably compliested by tbe questfon of the sgc of the
preparation involved. The 20.day LB50 for radiwm in oquilx'.:‘rim #lth
all its producte is probably not higher than 50 uc/kg while #ie figure
for freshly prepered rsdivam is probably ower YOOU uc/kg. On ihe other
hands the long térm effects mighi beur litile or mo rel&tien io the
age of the redium prepsraticn ot the iime of ile lncorporaticy inloe
the body. Rowr of the control animals for the radiuvm experiwents have
cied.

Inassmuch as the data eollectied to dote are rather scsnily for
standard LLUSO caleulztions, the toxicities of thc. ihrec gubcizacen
under study wers compeTed roughly on the beslas of average survival
curves drewn free-hand 85 shown in Figuwre II. The numericzl compari-
son data taken from the survival curves are shown in ths 2ccomnanying
table, which indicates that for sghort survival periolds polonium may be
about ithree times as toxic as plutoniur end that plutoniwe, ir turn,
say be about thirty times as toxic &s radium when 211 are expressed in
terns of microcuries. The fact that pelther of the redium animals et
the 2000 ue/kr level have died in the ten days since the survival
curves wore drevn makes 1t eppesr probable thst the average lethel
doce values showi. in the table for radiwe st the 30 &nd Y0 day pericds
are 0o low viih respect to polenim-fide radimm preparations, amd that
there is eccordingly e grester cifference between the toxlcity of
radiwe end plutoniua for 30 and YO day periods than is indiceted in
the table,

A rough caleulation involving the lethsl dose dats, the aree '
under the reteuiticn curves for plutonivm, radlum and the duughter ele-
mants of radiuvms and the relative energies of the ealpha particles in-
volved indicatos thati the plutoniva: HAadiuw loxicitv ration bazged on
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ths amord O alpbs vey wuwazgy given off n tee tiBgwes sr2 o loub ths
sgme a5 thuos lused on the originsl de2r noadevacurics (Lhe emoust of
Tzdiva evedgr loat dus to exnrotion durlr | ihe £irst few wceks dbeing
approxizeisly telancedy, in the ral, by 1@ energy «f Lhe dungd.ter ele-
ments retaiped in the Lody). Then pelend x and pl tonium are compered
an e sspe beRgis fas polopdun is found 1: be abow itwice &5 toxic ax
plutonive per wndi of alpha-ray emergy d° szsipated . n the body curing a
ten day suivivel paricd, about five tise as toxie for a 20-dsy period,
and perheps ac high as ten times for 30 «asy period..

Thue, even on the haslp of =quivilent slphz-rey eusrgies in ithe
tissués theve appesr to be resl diff cences of tha order of tenfoeld
and 1C0-folf buiween the scule toxlc: ties of t.e three substonces im-
der atefyr. The Lwost proleble explanuiion of there differencce: epnesrs
w s ir thaiy aifferent disizibetiors in the bedy, & large proportion
of the zadiur cpperently buryiag itself deep in homy strugtures where
it 35 melatively irnocuous from the stardpoint of goute indelty, the
pictornim concenirating in ithe endosteal layers of bone close Lo the
warvew and {ah leost to a grester exteni then radiim) In seft tisaves,
er? the poloniuwa concentwating in highly raéioesensitive soft tissves
such 25 the hoo=topoletd: erd iymphatic tissues tkhemsclves.

Data on wie effect of the three subsitences on grovth, hosalologleel,
ard pethologicsl wicbures are in {he process of veing analFwed and will
be reporte? im detsall leter. A prelimiuary inspoctlon indisetes Lhad
whe weight curves may ve falaly sonsitlse indicaltors of toxicity in
the czse of low dosapes and that the hesatolopgicul and pathelogical
date show an overvhielming insuii 20 the white and red blood ceil forn-
irg structures. ’
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Flutonium
Folonium
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Polonium
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Isthal Dese Studiss

beye afier Injection

10 2 30 ° 4o
€000 OO0 2300 1450
200 1o 130 %0

10 us 30{2)} %

M2 329 1 146
3 A
1.6 2.1 2.7(7)
8000 HED 2300 1400

3066 2KC 1700 1450
.02¢ 0.010 G.007 1

1!2-?. l{’lts 3-3,}-"‘; 1/3..'0
1 . 1

] i
120,000 220,000 260,000% ¢

approrinate dose ik microo
curisg per kg required ito
k11l an *aver=ge" rat at
time indicated

Approxirate relative tox~
icity In tsres of micro-
curies (mo cervecticn for
daughter products of radium)

Approxinate dose in micro-
ETams per kg required to
¥31) an "avarsge® rat at
time imdicated

Approxinete reiative tox-
icity in terns of miero-
grams
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K. 5. Gsle

The taxicities of pivhonium kowe been determised and are tubulated
for some coayhinations of;

(1) intravencus (IV), intramuscilar {IX) and subcutaneous
{5%) sdministrationa;

{2) niirates srd citrate compleces;

233 Y¥ice, rats, rebbiis and dags;

4} acute and zumi-acurve S50R l-:ilii.ng \MLD), histeloydeal,
hemntological znd welight effects.

The plutonivm texiclties are compared with those of radium and X-rays

. in an attempt t. utilime both the expzrimental and elinleal baskground and

the tolerancs la.—~1s which have been set for these clder hazards.

It has been found, in general, that for periecds of less than thiriy
days the ratis of sdzinistered doses of plutonium to rodium (PufRa - cn a
welght besis) for 232A3sr effects is approximstely unity. Det as iths
experiwental intorvsl hes been extanded to 150 days at present time this

ratio, Pu/Ba, has jrcrezsed apd reached 2 meximum value of seven in one
case,

By ¢ riscz with tha Z.xay Zdata it is rean that, slthough the re-
tention in the body is high, the lethal effect of plutonium is similar to
that of a single Arrzdiation by X-ray. Oz ithe othar hand, in spite of the
more rapid elicination of vadiuwm the lethal effect incrcases more rapidly
with time for it then for daily irrcdisticn by X-ray. This effect Is in
theoddi{ecticn 1o be expested frox sn increasing retentlon of disintegration
products, ,
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MDA g om Retention in & MD

i, - i #4/c Retained/gnm
A - - . -
30d. 60d. 150d. 1590day 30d. 90d. 150d.
Pu Mice IV. 1.0 1.0 1.0 60 - 0.038  0.038 0.038
fa Mice IP. 1.00  0.35 0.20 10 0.56 0.2 0.12
X Wice 834 /day LO/day 30, /day—mmmm '
X -~ Single dose
CF. liice 4,50r L25r 385r
ABC Mice L,25¢ 425r 425
Pu Rats IV. 1.25 1.00 0.75 70 0.055 0.04L $.033
- Ra dats IP. (&IV) 1.0 0.5 — 40 0.56  0.28  —weie
_ XRats | S54/day 354/day 30/ /dag——
X - Single a
Rats © Cove 6001
=5 ?
Po Rats IV. (2) 0.90610° —we  2.2x10
(0 40 Jg/% (IV or Sub Q)
v 0.1 pe/gl
°" ZP) (Q.16 Pc/g)
Pu - Citrate - M&ce IV. 0.75 60 Probable
Pu~ "  -Rats IV 1.0 7 @
Pu~ " - lice IN < 1.5 PSR
- Pu- ® - Rats It . Lo N5o oo
"7 Pu - Nitrate - Rats T > 4.5 <2 -

" Pu - u - Mice Sub Q 3.0 ?

® Pu-lug e 0.063uc
Po ~ Lug = 4500uc

For rodium 1ugn = 1.4uec, (20% retention of .2 dawghters).
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Metlod ¢f Performing the cwnarirent

Hats were used. lacerstions ons to two centimeters Jong were mude
in the skin of eitvher the thigh or uoper Int el‘d_l_ aliomen. Frogesantls

two incisicns wercs aads on the same nimal. Pe mapipplations wsrs per-
formed under intra-psritoneal reuncutal ancsthes,ia. The plutoniuy was

intrecuced into the wound as the ¢80 ritrate. Pive pamma of a 2 r /L 90
£ £/

lution, pii 2.0-2.5 weeg used. The ;rglyaes nare gone by werbers of

Ir. Colel's section. 1r some of the experisents the residual boll con-
tent of plutonium was not determined. T.rma, m Figure VI the uwpparmoat
1ine represents a differznce fipera ané no., a ffeoure fixed by analysis.
This, of course, means that Lhis pari of tie gwich rust be considered
tentative,

The wash solution analyses were done in conxjunction with werad site
analysis. The wash was done by placing the sclutions in an oxdinary
100 cc buret, The time of r.ashlng ..:5 aoovoximitely three minuies in
most of the experiments. HResults of these experiments are summarized:
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Tite amcunt found in Lho leg and a2bdoni~. L wound si
pzraistont differeaca 2% nld time inte .wls. The
for this ia oot Mowd. Tt has been $oreosted tiat
of bleeding in the tro areas may posr icly aceowit o
ference., This point haz aobl boen ested up Lo the poesint fige.

r I

"

3} Ixaminaticn of the data irlicater thst the time % wosnling
efter the introduction of mlutoniuzm into the wound is oriticll.
Approxiwaiely 308 of the natericl ean ba reuoved if 4
is weshed with plein waler one mioase efter contaninamion.
This percentaogs drons to cpproximbelr 30F five ninclas IV
cortaingtion wiv RuLonlnn., AU 5 geeonds appranirotelr 9Go
0l the plotonium coa be penoved.

Cinsr apenbe ther walcr w.o¢ investifatod. These arc 0.0 %
lantbenmuy nigrete schubisns, 5050 therium nitrate soluiiin,
57 citrie c2id slutics 2o 2H of 6,05, cnd 2.25 ¥ potassion
ti-sulnhlfe.,  Tiene of tmeno ngents gove as gpod dzcontenlis-
tion gt Lhx Ilve wloute intlorval as vater efives al the ore

oinute Intorval.

L} &n evperizart uas perfomecd in which the wash soluticn wio
fracticneied,; Tthe ficzt 20 co beinr kert sepzraite from o2
remainter of the wach., 95% of the activity was pregent in
the 30 ce frsetien,

L
R

5inility that lvrohatic drainase s
vlaylng z lerse role in the removal of plutonium fron Lhe
vcund siltes, woveral insilnsg] nodes were revoved from al
imals wio bLad Lhi aczrplions, The nodess were Tenoved
ab © houes, Z4 bewrs and ! ¢oys.  In no instance dicd She
percentage of oetivity i the nofea axceed 0,586 ofF ths
arownt piacad i the wcud.

To investi itz the no

Soms work on the rate of sove.znt of rlutonivm Zollcwing intra-
misculay injecticn has peen done. Tns work 1o too tertative to dis-
cuss in detall. Hewever, it would aprear that the movement of plu-

toniun following intremeculer injection is in large measure cdeter-
mined by the connectite tissue surrounding muscle fibers and ruscle
tundles. This alse wes carried oul by injezling the material., It
is possible that the foree necessary wo de the injecticn is in large
meesure rezponsible for the disposiiion of the material aleng the
fzzcial planes.

“hecussion: Insofar as one 3s permitbed to evaluate preliminary
results, it is felt thal the folliewing inferences can bs drawn:

1) Tice after the introduciion of plutanium into a wound is per-

haps the most important single condition which affects the
ebility to rcmove the material. In consequence, any agent
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e I
whleh i e s wred o d::-_:';i;:g:i: obe wowdr TasL e pioviean
wny latwore ’cz rin oloen pivioninm is 1o bs uoed, kSRRICT I A
a.“-:nl,.et‘. o & after Mmowa oy suspecled cootanm’ -
nation.

23 The univerpal prai e of mater in l h steries togenhel witl
the gbsence of .y strikinaiy tetter szunl sugre ests i voe
of water as the de ontlminabing '-'mi. oi‘ preference.

2} ‘The slope of zunoX praon of piutcniunm from ucunds in Toaph Vi
would irdicabe thst o yreblen of encision cm"‘ be lcinyed
for angro ,J.m 21y /2 hour sitrent serious prelutice t.: ihe
pdt.;mt. 14 is mypgested that sore detailed exporimonic @Ay
lengthen this tine intervnl.

53 It s empacized that the sbove conclusicns and whe fe
sugpested procecure for fandling contasinated woands i - 1
on znd apgiied solily ‘o locer aticns. It 1s not feit
Sinding, or cenclasion basel on lucerations have "ec-:;'-.".:'il}-
zny Lmedicaticons Ior 5&-. rure wounds. 1t is alsc feli that
smsturs Loncs o O fan nore soriong provlem than ore lasors
2tiane from the derotaniosatlion point cf VigWe

Sugres,2e Rowtine for ipndling etiatwn CopleminateC aowags.

1) Pollewing vroun o suspucted LC':uﬂTﬂlnutp¢0"'| pounds shoull b©e
washied in a4 streas strems o Tenning wetes for not less than
Prree sdovtoz.  Meedine ol thi wotng erex ah.ould Fo enoouragdt.

2Y A light tournlgast adghit be wpplivd Lo Insresse vancuo flow.

% The firct 100 co o su ol \ourid washinse s*culd be colleche’
Sor fubirs ganiveds in s atbenpl Lo estimete tho owomrt of
riubonium toan. fLwE DU LU WOURE .

) dms individuel, afuer widbhlag ne wouni, siouid go o W2 ralan
directiy to ilhe near—sl W a’lcal aic rt***on A ;hyai:L:n s 4
o infermed of Loe facl (L a plutonism acrtaninateld wund is
cozdng in.

53 The cuestion of whelner o not to excisme e amung area mas.
ﬂntﬂl"dl—.:’ Lo teft to tue prvaician's jpdzement,  Psredaine S «.1',‘?-,

1t meuld Te catvegnly belriol io have 2 i a
determinin, wie samRnt of plutonium ir © wOWL T2,

;'.‘.4

During the courze of svudy oF indecte=d with plubonium, ine
cppurtunily oresented jtself in dose P‘L--}._, and PR-39 to Investiqals
effect. of the citrabe iEh on plutoiine excrelion. Tris data I:
sn Fijure ¥. PX-38 received boti cral and intravenous ci ""u e aver-
age ereretion rate during the intravencus citrate adrinistralion <23 in-
creased frTor a bas. of 0.0045% to en average of O. GCh5E of the axmmuat
injected, At the giuge time the average swount of urine excr zted per day
alsc inereased, To test whether cor not tie s1izh4t increzse in exsration

(i

C L e - -
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ws marely L Toenit of the Tnertased anipe veiwvies, 108 467 wn. o0
20 ce of Of pogiun chloride solullinn Inhr-ys.oanly aaily for Dvs drys,

Tha urine sxeretlon iucregsed bul the caew:i of platorndin excroind pr
day wop waliered Yhis lalbler irro:cetion s nzt found in Fieoure V

it is empasized Uiat Lthe offect of titrale adidaistration oo the
axeretion of pluterive in the fecea is not mvaileble at thias tinme. it
is, o¥ course, pooselble thal the Fecal excretlon ol plutonindm =i wle
tered.

The goount of plutonivm in tlie blood ef ths twe animals xie ~lae
given on graph V. It ie of Inleresl %o nole that the com entrsiica
per uwnit vclume in the ten zninnle is quite Qifferent yst the srunt
baing exsrzied per day din the wdne dece not. Mo axplanation v

iy
thia fazt s avellalla al this tine.
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