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I Sumeary of Regggsts for Informatlon Desired Concerning Plutonium

Drs. L. H. Hemplemann, S, T. Cantril, J. E. Wirth, J. J. Nickeon
and Mr. S, G. Engliash wrote the letters on which this section is based.
Immediate problems of importance about nhich further information is
needed are emphaaized.

I Diagnoais and Estimation of the Amount of Plutonium in the Human Body

A. Detection of amounts in the body in excess of the parmiesible
level

1. Development of a satiafactory 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

2, Determination of percentage of plutonium excreted daily
by humans

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

1, Develeopment 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 axide,
+4 oxalate, + 4 peroxide as slurry

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

I_.'L Absorption
A, Skin

1. Need more infermation on abaorption rete on various plo-
toniun compounds through the intact skin

2. Ie absorption influenced by use of potassium permanganate
solution followed by sodium hypo-sulphide solution on the
skin? '
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tmtim of plutonium?

Wwhat ie the nature of liver dannage after sub-lethal doses given
through other routes of ent.ry"

Doea pre-existing kidney damge diciniah the elimination of plu-
tondum from the body? Should persae with kidney damage bs
exciuded fraom working with plutoninm?

VI ZTherapy

B.
C.

Development of methods of increasing elimination from the body
1. Effect of diet

2, Effect of injection of complexing or other agents

Methods of covering up meterial deposited in bone
Developmant of methods of therapy for plutcnium in wounds
{specific mention is made of those compounds rmentioned under
disgnoais”)

1, The effect of muction

2. The effect of increased venous flow

-
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E. Analysis of mmsks and-respirators for percentage efficiency
in filtering cut various chemical forms of plutonium. OSpecial

mention was made of +4 and +6 nitrate, +3 and +6 sulphate,
+3 and #4 chloride, ¢4, +5 and +6 carbonate.

F. Do various chemical structures play some part in the efficiency
of respirators or is particle size the important factor?
V1II Plutonium-radium Ratios
A. VWhat ratio for acute effects?
B. What ratio for chroniec effects?




11 Distribution of Injected Plutonium
R. P, Finkle

. The distribution of plutenium in a dog 16 days zfter the edminis-
tration of a lethal dose of plutonyl nitrate is shown in Table I. The
skeleton contained L4F of the injected dose, (assumed 17 of body wgi.)
liver 31%, muscle 8% and spleen 3.5%; 10% was excreted. The table witl
spleen at the top is arranged in order of decrearing amount of plutonium
per gram of tissue, except for the bones which are the last thres entries.

Femur, stermum and rib were the three bones sampled and were found
to have the seme concentration (0.033% of the injected dose per gram of
tissue) within 17%, while a tocth was about 1/9 as active as bone. Mar-
row from the femur was 13 times more active than an equal welght of
compact bone. 98% of the plutonium in the marrow was found in a frac-
tion containing the spicules (Table II).

Plasms contains approximstely 80% of the plutonium in samples of
blood. Most of the metal in the plasma was attached to the globulins,
probably largely <on the beta globulin fraction.

The intravenous injection of plutonyl nitrate into mice ylelded
livere wiich retained over 27% even after &4 days. (Table I1II1) This
was not the case when plutonyl citrate was used. (Table IV) The liver
content fell from 36% to L4% on the 31st day and to 7% on the &4th day.
Prom the 4th to the 31st day the decrease was expoinontial with & half
time value of 20 days. MUice which received plutonyl nitrate, intra-
mscularly, had liver retention which decreased exponentially and with
a half time value of 20 days., Very little difference in metsbclism at
33 days was found in the main series, with 0.5 mg/kilo and a group of
four animals with 4.5 mg/k1lo, except that the retention arocund the site
of meocﬁm was somewhat groater with the higher dece. Dr. Harflton's
data {(Tables VII and Vill) with plus 4 snd plus 6 plutonium nitretes =
adninistered Intramuscularly to rots show relatively smell concentraticn
of ihe absorbed fraction in the liver except with plus six at four dsys.

Plutonyl cltrate was injected inte the periteneal cavity cf mice
and was slowly absorbed in A4 days as indicated by the rise of the fean
cantent to & value equivalent to 45-55% in the entire skeleton (Table VI, .
The livers contained over 30% of the dose, at first. Radio autographs
demonstrated that the materia)l was distributed throughout the liver in
a normal manner rather than as a surface coating. Plutoenyl nitrate,
intraperitoneally, behaved similarly but was scmewhat mere slowly ab-
gorbed and, therefore, was retained longer by the liver.

The general biological reaction to administered plutonivm appears
to be a deposition of 50% of the mterial in shkeleton and early relen-

tion of 20-40% by the liver, In most cases tle amount in the liver
decreases to 5-10% within &) days.

Note: The concentration of plutonium in whole blocd is presented

in Table XIX, '




DOG #33 — [DATA FHCK RUSSZL]

DISTRIBUTION OF PLUTCHNIUE @ =NITRATE)

IN TE. VARIUUS TISSULS 16 DAYS AFTER Ihd-"TI(N (I.V.)

TISSUE COLCENTRATION Per Cent of Pu/Grar 115SU2
OF Pu/Cram Injected Pu Pu/ml, BLCC
Spleen 6.16 g 3.560 550.
Liver 3.209 30.6 281.
B. Lymph Lodes 1.17 0.c218 105.4
Gall Bladder 0.93 0.031 84.5
Kidney 0.19 0.29 i7.2
Adrenal 0.153 0.0034 13.9
Tooth 0.09 — 8.2
¥. Lymph Nodes 0.085 0.085 7.7
}-fuscle OOM. —— 7.35
Lung 0.06 0,129 5.45
5. Intreatine 0.051 . 09302 }-lvo&l
L. Ovary 0.051 0,009 IARA
Ureter 0.039 ' 0.0003 3.55
Bladder 0.027 0.0025 2.45
Parcreas 0.027 G,0037 2.45
L. Intestines v, 0227 0.8253 2.07
Blood 0.011 —_— 1.00
Stomach 0.0097 ¢.0308 0.89
Pelvis of Kidney 0.009 0.0002 0.82
Heart 0.00875 £.0088 C.79
Brain 0.00182 G.004L5 0.17
Bile 0.00C0 0.0C00 0.00
Fequr 0.821 —_— 75.0
Sternum 1.07 - ¢7.0
Rib 1.14 — 103.6
Table 1T

DISTRIBUTIUN OF PLUTCIIU. I FoNE

T1SSUE Wl GHY TOTAL CCRCETRATILY Pu/Gram % of Injected
PLUTCLIUM Fer Graim o/l B ood Pictoniunm
1. Femur 37.30 42 30.40 ug 0.821 &g 95,0 1.14%

(a) Periosteun 2.10 0.73 0.25% 32.8

(b) Marrow 0.176 0.11 ¢.625 56,9
{c) Hard Bone

from Diaphysis 2.4 0.155 0.0484 5.8

{d) Marrow 0.343 0,317 0.930 84.6

(Spicules) 0.310 _— —_—

(Cells) 0.0071 — ——

2. Sternun : 7.80 8.32 1,07 97.3
{Parte) '

3. Rib 2.56 Lol 1.1 RERCI!
{6th Right)

e = e 1 N —— i " S - ——
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Table 111

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

£ Per Organ of the Retained Portions
Average Values From Four Kice at Each Time

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 C.41 - 0.36
Lung 0.57 0.52 to 1.0} 0.72
Femr 1.33 1.69 carcass 1.69 2.21
Carcassa 57.7 51.8 62.6 6,.3 66.9
Table IV
The Distribution in Tissues Fcllowing an Iniravenous
Administration of Plutonyl (¥6) Citrate to Mice
4 Per Organ of the Hetained Porticns
Average Values Frox Four Mice at Each Time

ORGAN 4th Day 8th Day 16th Day 31st Day é4th Day
Liver 36,3 28.8 23.8 14.2 7.13
Spleen 2.78 2.93 3.45 2.4 1.52
Kidney 0.48 Q.61 1.47 0.60 0.28
Lung 1.09 0.76 0.71 0.69 0.22
Femur 4.36 4.29 2.48 2.48 3.05
Carcass 60.4 65.7 6e.1 79.6 87.9

1625621
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Table V

The Distribution in Tissues Following an Intra luscular
Administration of Plutonyl (#4) Nitrate to Mice

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

8,

RGAN  4th Day Bth Day 16th Day 33rd Day 64th Day = '33rdDey
Liver 19.4 20.9 15.2 7.90 3.92 13.7
Spleen 0.59 1.59 1.01 1.10 0.87 2.25
Kidney 0.8 3.L5 0.87 —_— — -——
Lung 0.68 ——— 0.69 -_— -_— —
Remaining
Viscera —— 1.43 1.29 2.06
Femur 1.97 2.80 4.03 2,98 3.59 2.68
Carcass 73.9 68.1 70.2 76.6 84.8 Th.3
% of Total Retained Dose
Site of
. Injection 65.4 62.4 57.9 63.6 L5.2 88.1
Table VI
The Distribution in Tissues Following an Intraperitoneal
Administration of Flutonyl {#6)} Solutions to Hice
# Per Organ of tre Retained Portions
Average Values Frcm Two ldce
Plutonyl Citrate ut Nitrat
ORGAN 4th Day 16th Day 64th Day 4th Day  16th Day  &Lth Day
liver 33.8 41.7 8.70 32.4 7.4 21.5
Spleen 3.30 3.87 1.78 1.22 4,13 1.45
kidney 0.98 0.66 0.64 0.1 0.7, 0.15%
Lung 0.17 0.24 Q.22 0.27 0.36 0.65
Femur 0.66 1.23 1.81 0.48 1.00 1.72
Carcass 58.7 51.9 90.4 65.4 56.2 75.0
L V025573
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Table V11

#CORRECTED" DISTRIBUTION CF 44 PLUTONIUN IN RATS POLLCW ING INTRAMUSCULAR ADVINISTRATION
_ (from Hamilton)

FOUR DAYS SIXTEEN DAYS SIXTY-FOUR DAYS
Par Per Fer Per & Per 3 Pap

Organ Gram ~  (Organ Grag ~ Organ Gram
Liver 3.52 0.30 5.24 0.80 2.62 0.35
Kidney 1.39 .74 2,16 1.18 0.51 0.26
Testes : 0.32 0.10
splem 0039 0.1.2 0.39 0.72 Oou : 0-31
Maacle 1.36 0.015 2.76 0.036 2,81 . 0,032
Sxin 9.23 0.22 2.28 0.055 .79 0.029
Stomach 0.098 0.061 0.097 0.061 0.065 0.035
Sm & Lrg Intest, 2.43 0.24 1.2 0.12 0.51 0.04L4
Bone 70.7 3.42 59.4 2.76 64.0 4.31
Lungs 0.17 .14 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 11.9 22.0
Unab in left Leg 95.7 87.6 68.1

Table VIII

"CORRECTED® DISTRIBUTICL CF 46 FLUTONIUM IN RATS FOLLC.ING INTRAMUSCULAR ADIINISTRATICN
(from Hamilton)

POUR DAYS SIATEEN DAYS SIXTY-FOUR DAYS

¢ Per { Per g Per 4 Per ¢ Per 4 Per

Organ Gram Organ Gram QOrpan Gram
Liver 14.0 1.83 2.72 D.49 h.18 0.58
Kidney 1.95 1.13 0.68 0.40 1.70 0.90
Testes 0.14 0.051
Spleen 0.37 0,63 G.32 0.58 0.52 ' 0.88
Muscle 2.57 0.028 1.80 C.023 1.56 0.019
Skin 2.61 0.093 0.87 0.033 1.1 0,043
Stomach Q.66 0.19 0.082 0.042 0.15 Q.075
Sm & Lrg Intest, 2,30 0.11 0.72 0.078 048 0.Mn30
Bone 6.5 2.96 6.9 3.20 58.3 3.82
Lungs 0.33 0.25 0.14 6.12 0.16 0.11
Brain 0.031 0,023 0.012 C.0089 0.1y 0.12
Blood 4,58 0.28 0,32 . 0.023 0.32 Q0,021
Urine ¢.38 7.98 I
Feces 7.58 19.3 26.3
Unab in Left Leg 7C.3 28.8 34.6
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111 RETENTION OF INHALED PLUTOHIWN

By Richard Abrams

The pertinent data are summarised in the accompanying tables.
Tables IX and X apply to inhaled aeroacls, and Table XI to intubated
solutiona. :

Table IX is largely self-explanatory giving the types of com-
pounds used, the methods of aerosol productlon, 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
aeroscls. The coluun headed lung retention indicates the fraction of
what is inhaled that depoaita in the lung. Since the Pu in the lung
is eliminated &t a continuously decreasing rate it is impoasibls to
give a single constant indicative of the rate; instead we have arbi-
trarily indicated the time needed for 50% and 908 elimination. The
last two columns indicate the sites of greatest depocition. The liver
reaches its maximue in 1 day and may then decrease somewhat. For the
skeleton we have indicated what fraction of the originally retained
dose 1s cdeposited and the time after exposure recuired to reach this
maximum.

The final Table (XI) summarizes results on inhalstion of solutions
through tubes inserted in the trachsa. 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 thlese processes, It might be pointed
out that the liver reaches a maximum in 1 day and may drop considerably
thereafter, eapecially with Pu citrate. Alsc the fact is noted that
citrate snormously accelerates the rate of transfer from lung to skeleton

Cr
P
P
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1l.
INHALATION OF PLUTONTUM AERUSULS
TABLE IX
COMPUUND TYPE AEROSOL PRUDIXCER PARTICLES
NITHATES . Aqueous atcmizer Spherical, all below 0.2 B
OXIDE DC Carbon arc Fllamentous aggregate of 0,1 i units
' {C.1 to 1.0 p) '
CUPFERRIDE _ Freon bamb
TABLE X
SOMPOUND LUNG LUNG _ LIVER ' SEEILETON
RETENTION ELIMIKATION TIUE MAXINMUM DEPOSITION TIME DEPOSITION
50% 90% (1 DaAY)
g (I?) nitrate R— 12 day 100 day *. 3% 20 day  25%
1 (III) nitrate % 5 L0 33 ¥ 20 20
o (vz) nitrate b 6 - 52 7 > 20 20
v oxide 8 20 —_— - —m —
2 (IV) cupferride - 8 105 1 > 10 d 3
TABLE X1
TRACHEAL IKTUBATIOR OF PLUTONIUE SULUTIORS
SOMPOUND LUNG ELIMINATION LIVER DEPUSITION SKELYTON
HALF - TIME (DaYS) 1 DAY 15 Da¥s TIME  DEPOS1TION
A B '
2 (IV) nitrate 12 - 1% 1% 15 days 4,58
- (V1) nitrate 1.8 20 4 2.5 15 20
- (I¥) citrate) 0.7 15 20 ? S 30

{vi) citratef

L.

¢ 1025026
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IV THE METABOLISM OF TISSUES OF PLUTCNIUM TREATED RATS

E. 8. Guzman Barron

It haz beem pointed ocut by Dr. Murrsy and by Dr. Brues that plutonium
treated animals show great irregularity in their response to toxic doses
of this substance. This lrregular response might be due to the double
action of plutonium a» a heavy metal and as a radiation emitting substance.
The radiation effectes furthermore will be determined by the site of dep-
omition of plutonium in the tissues.

The most constant effect of plutonium seems to be exerted on the
blood-forming tissues. The spleen is considerably reduced in aize in
rats treated with intravenous injections of 2 mg plutoniua per Kg. 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 III, 1). The
diminution in size is accompanied with a diminution of the O, uptake of
the tissue, (Figure III, 2) an indication that the substance has actually
inhibited some mechanisms concerned with respiration in the spleen.

Another tissue in the rat constantly affected by plutonium is the
thymus. The gland is considerably diminished in size and the Q0, values
go down day after day so that at the end of 9 to 10 days after injection
they are only one third of the normal values (Fipure III, 3).

The adrenals seem also to be profoundly affected by plutonium. On
measuring the Op uptake, there is at first a sudden increase which sub-
sldes about the 5th day after injection to be replaced by extremely low
values. In fact, 6 days after injection the Q0p velues decreased to 2.1
(forty per cent of normal) and remained constantly around this low value
(Figure III, 4).

The inhibition of tissue respiration is not a general phenomenca.
Thus, for example, the Q0p values of the submaxillary glands remained
little effected throughout the duration of the experiments (Figure III, 5).
The same thing occurred on the respiration of heart rusecle.

The response of the kidney to plutoniuz is varisble. In some rats
the Kidneys were cbviously damaged as shown by gross arpezrance and ele-
vated blood NFN, 1In 31 rats treated with 2 mg of plutonium per Kg intra-
venously, NPV values from 50 to 60 mp per cent were found in 16 per cent;
values from 60 to B0 in 20 per cent; finally, values above £0 in 16 per
cent. Since normal NPN values in rats osciilate bt tween 30 and 40 mg
per cent, definitely high values (above 60) were found in 30 per cent of
the treated rats. This kidney dammge was confirmed by detercining the
rate of oxidastion of glutamate (QO, glutamate) =nd of NHy formatien. The
Q05 glutamate was generally lower than in cantrol rats (;igure 111, 6).
The NH3 values were about half of the normal values (Figure IV, 75.

In the first experiments on tissue metzbolism of plutonium treatzd
rats we were struck by the remarkable appearance c¢f the liver, which
was yellow and quite frisble. These tissues had slmost lost the power
of oxidizing pyruvic acid (marked with & cross in Figure IV, 8 and 9).
These findings failed to appear in 23 rats treated in the same mamner
with plutonium. However, there was uniformly some inhibition of the

025521 A
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pyruvate values (Figure IV, 8) as well ss of the Q pyruvate values
(Utilization of Pyruvate) (Figure IV, §), The effect of product on the
metabolism of fatty acids was irregular. In some cases there was an
inhibition of the Q0 butyrate values and the Q aceic-acetate values
(formation of acetoacstic from butyric acid) (Pirure IV, 10) while in
other animals these values were normal. There was also an inhibition
of the enserobi¢ glycolysie (Figure IV, 11). If to these findings we
add the changes observed in the elettrophoretic pattern of the plasma
proteins-low albumin and increased globulins it must be concluded that
Plutmnium definitely produces liver lesions.

We have not yet determined the part played by the heavy metal and
by radiation itself in these alterations.
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V‘ Gross and Histopathology of Animals Treated with Plutonium

R, Mirray

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

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

(b) One dog treated intravencusly with 0.36 «g/em: The animal
died after 16 days, but showed only pale bone marrow and hemorrhagic
nodes.

(c) Mkice and rates with intramuscular treatment: 7Those receiving
high dosea (2-12.ug/gm) of plutonium citrate had yellow, degenerated
areas and punctate hemorrhages in the kidneys, particularly in the
region of the cortico-medullary junction. All animeis showed dry,
ulcerated local lesione, which grew deeper with the duration of the
experiment, in some cases reaching to the bane. The epithelium was
preliferated at the margin of most ulcers. There were no other groes
changes.

{d) Mice and rats with intravenous treatment: Spleens were no-
ticeably smaller, weighing less than 50 mg in half the Carworth mice
which died in the first 4 weeks after receiving 1.0.&/gm, as compared
with a normal range of 100 to 200 mg. A range of up to 500 mg or more has
has been noted in the untreated mice of our stoek. In addition, many
mice dying after 1.0g/gm and 0.5u42/zm had scft yellow livers at
autopsy. Rates with comparable doses had nodular livers with necrotic
areas.

Belew 0,5 ug/em there was no gross pathology excect for two lympho-
mas and one bone tumor among the mice at O.5.ug/pm, and one ostecgenic
{spine) tumor aspearing with a fractured femur in & rat at 0.25 ug/pm.
Thers was also an osteogenic {spine) tumor, with concwrrent decalcifica-
tion of the femur, in one mouse treated intramscularly with 4.5 .p/ga
of plutonium nitrate. The incidence of these tumors is suggestive but
not statistically significant.

Histopathiology

In the first series, 1.25 ug/mm was injected intravenously into
the tail, with serial sacrifices from 6 hours to 6 veeks. Studlies made
up to this time, principally on ABC mice, show changes only in the bone
and bone marrow, nodes, spleen, testis, and gastro-intestinal tract,

In the merrow, changes were most prominent in the epiphysis and
metaohvaiz. but in some cases were aonvarent also throughout most of
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In the bone, thers were two generally parallel changes: 1) The
normsl process of bone growth by cartilage hypertrophy stopped a few
daye after injection, when cartilape cells swelled sbnormally, some
osteocytes and osteoblasts died, other osteoblastz became inactive, and
& loss of interdigitation between cartilage and spongy bone resulted. -

- 2) At the same time, & littls farther frcm the cartilage plate, the

osteoblasts were over-active and laid down broad bands of hyperbasophilic
bone without cartilagenous centers., Though this excegsive bone-forming
activity had apparently subsided somewhat at the &-week interval, there
was still practically nc evidence of new interdigitation of bone and
cartilage.

In the gastro-intestinal tract there was only very siight debris from
occasional dead epithelial cells in the small intestine. :

The lymphatic tissue of nodes, spleen and gastro-intestinal tract
showed only mild nuclear changes, with no marked depletion of cells. The
testis lost a considersble part of its spermatogenic elements at & weeks,
though there was no change in the interstitial cells.

" The spleen showed marked extramedullary erythropoiesis and some gran-
ulocytopoiesis, apparently in compensation for the depleticn of bone marrow,

Changes after the intramuscular injection of 1.5 4 /gm appeared some-
what more alowly and were less severe than the otherwliss very similar

changes seen after the 1.25 u4g/pm intravenous injection. At the injection
site, the inflammatory cells pouring out from the vessels either were
killed off or remained =suall and degenerated, thus inhibiting recovery by
preventing the full course of inflammation. Xusele cells and tissue mac~
rophages were killed also., Fibroblasts, thowgh few were destroyed, be-
came large and stained more deeply blue at late intervals.

In the few rats injected intravencusly, the depletion of lymphatie
tissue was marked at 2.0 ug/ca: thymis, node, and sglenic white pulp were
seriously depleted of Iymphceytas, and peculier changes were faund in the
reticular cells.,

Perhaps the changes in the 1jiver and adrenal of rats constitute the
most siriking difference batuecen rats and mice in this experiment. In the
liver, effects of treatment were ctserved as early as itwo weeks, and after
several months were apparent even with doses as low 2s 0.5.u3/gm. The
outer and middle pertions of the lobule appeared to bas the most severely
damaged, containing swollen liver cells with nuclel many times enlarged.
There were many nitoses and rany dead cells, and the bile duct underment
intense hyperplasls. Some specimens at late intervals contained sherply
demarcated areas of necrotic cells.

The variability of these findings should be especlally noted. At the
b=-wneek interval, for example, depletion of marrow in sacrificed animals
ranged approximately from 30% to 95%, and the size of the testis varied
from nearly normal to scme 40% of normal. Similarly, livers in some rats
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17.



1029633

ware normel but in others severely damaged, though doses and intervals

were the same. Many uncontrolled variables have not yet been taken
into account.

Observations on autographic distribution wlll be included in a
subseguent report.

18,



vl. Clinical Picture Pollowing Plutonium Administration
Austin M. Brues

This is a summarized account of the clinical picture of acute, sub—
acute, and chronic plutonism as seen in animals. It includes data and ob-
servations fron a large number of the investigators in the diviasion, and
includes observations on dogs, rats, rabbits, and mice.

The clinical picture of acute plutonium toxicity is best exemplified
by the obssrvations made in the dog given a lethal dose of the plus 6
nitrate intravenously (#33). Superficially at least, it is quite sixilar
to the offect of a aingle lethal dose of total body x-ray. The initial
x-ray sickness (depression and vomiting) ordinarily sesn 13 to k4 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 entersd the final
wshock® phase, showing a rise in temperature (2°C), a corresponding riss in
pulse rate, labored disphregmetic breathing, salivation, hemorrhages into
the skin and subcutaneous tissuea, and evidence of alight bleeding from the
bowel. The most marked clinical pathologic finding was the drep in white
count, involving heterophiles and lymphocytes about equally. This began
within the first two days and a level of about 500 mhite blood cells per
ma? was reached at the end of the first week. A progressive anemia was ob-
served throughout the course of the experiment, with an eventual 33% de-
crease in the red cell count., Albuminuria and microscopic hematuria were

¥ noted from the fourth to the seventh day. Other firdings included a

prolongation of elotting time, a sharp rise in sedimertatlon rate, a do-
cline in plasma protein, and an increase in plasma<{ 2 and beta globulin,
Certain findings relative to the pigments of blood and bile origin have
been noted; the urinary urobilinogen rises in the ecarly days, due probably
to hepatic dysfunction; & gresn pigment occurs late in the course of acute
toxitity in the wrine, and is probably biliverdin. 1n addition, a decline
in urinary coproporphyrin (isomer not yet determined) was seen during the
first ten days. In the case of many of theso findinge, it is not yet
possible to say categorically which ers characteristic of plutonism as
against acute x-ray toxicity.®

Certain findinge made on other mnimals indicate (1) that there are cer-
tain diasimilarities between acute plutonism and the effects of total body
x~-ray, and (2} that there is great varigbility between the findings in one
group of animsls and in another,

# Tecrminally, & sharp «rop in platelets hes bsen observed and a further
decline in the whits count, with a terminal count below 100, Autopsy
showed hemorrhager into many lymph nodes and hyperemia of certain parts
of the gastrointestinal tract; the spleen was smzli, the liver and other
organe appeared normal grosaly 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 aneaia, but one-half of the livers
were grossly abnormal, being yeilow and friable in consistency; many of
these were entirely normal micrvscopically. a mice, on the other hand,
showad profound anemia, with hemoglobin concentration down to 2 or 3 grams
percent terminally. Spleens were all small and in many cases markedly
atroohied. Gross examnination showed the livers te be uniformly normzl.

Although microscopic evidence 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 aleo
been found that gross liver changes cannot consistently be obtainad in suc-
cessive experiments.

Gross rensl damage also occasionally occurs following lethel doses of
plutonium. 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 cortex and medulla, with yellow
streaks extending down into the medulla, and with punctate hemorrhages in
this area. No microscopic opservations are yet availzble.

The acute lethsl dose has varied between 0.4 mz/kilo (dog) and 1 mg/kilo
(rodents)}, when nitrate and citrate were given intravenously. It is probably
slightly higher when citrate is given intramuscularly, WUith intramuscular
nitrate the acute lethal dose is above 4.5 mgs/kilo (mice) and with sub-

. cutaneous nitrate (mice) at about that level, although acute death has been
seen in a few mice given 1.5 mzs/kilo.

In summary, acute plutonism is in many respects similar to scute tctal
body radiation toxicity. 1In addition, the observations suzgest that damage
may occur more specifically in the liver, kidneys, ard spleen and to .
erythropoiesis. These specific lesions have been exiremely variable and dif-
ficult to reproauce. Their propeble relation to the distribution of plu-
tonium in the body is obvious.

Subacute piutonism mizht conveniently be definel -s the stats in which
an animsl gracually declines over a pcriod of monihs, terhaps fellowing
_evidence of recovery from acute intoxication. Thls sas observed in anasther
dog (#39) which survived 3 months after the inlection intrasvencusly of zbout
0.3 mgs/kilo of plus 6 citrcte. This enimal presented an scute picture
similar to that following arn acute lethal dosze, except that 1% was in al’
respects less severc. Beilween the 10th and 1bth day tnere was & slight r se
in temperature and pulse, the dog'was letharzic, and slight rectal bleeding
occurred, The white count fell to 300 during this period and progressive
anenis was occurring. At abeut the sixteenth cay the symptoms improved
rapidly and the white count began to increzse. The while cell reccvery wae
striking in the case of the heterophiles end only moiderate in the lymphoiitec.
However, weight loss progressed steadily and the sniszl becane gradually mors
anemic and emaciated. During the second month the white cell level zgain
began to decline, Between the 79th day and dezth ab SC days there was &
progressive increase in hearl rate and body tewscralure. The gross findinge =
autopsy were similsr to those seen acutely except thal emaclation and anemia
were much more marked, .
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Pathologic observations on other animals dying within four menths io-
dicete that we may expect damage to the blood-forming elements, liver, and
bone. The comwonest finding in the grougs of rats dying in this period has
been ascites and subcutaneous edema, nodular liver with necrotic areas, or
with areas of hyperplasia of biliary tissue and, occasionally, hepatoma-
like nodules.

Dr. C. J. Katson suggested in discussion of thi= point that simzilar
hepatic lesions are known to occur in choline deficiency and allied states,
and that methionine might be of therapeutic value. He pointed out that
part or all of this picture might be secondery to the inanition which occurs,
with resulting dietary deficiency. It seems importsnt to investigate this,
since liver carcinogenesis by azo dyes can be prevented by dietary mesans,

"It is worth pointing out that these regenerative processes might render the

liver more liable to radiation damage.

Hematologic changes in the subacute range have been somewhat variable
in the animals studied so far. When leukopenia occurs, it is usually most
noticeable in the first few days, and this initial leukopenia is often sus-
teined over a long period. ‘- In some groups of animals all doses down to 0.05
mg/kilo have resulted in a decrease in the white cell count to 25 to 50 per
cent of normal; in other groups the first aignificant changes have occurred
between 0,1 and 0.25 mz/kilo.

A third dog (#38) received 0.4 mg/kilo of plus 6 citrate intramuscularly
and showed relatively milder acute and subacute changes. ‘ielzght loss has, however,
continued through the third month. The laboratory data on the three dogs has
been carefully tabulated by Dr. Prosser and is appended Lo this report.
(Table XII)

Since little or no experimental vor: has extend:zd over & period of more
than six or seven months, one can only atisapl to predict the picture of
chronic plutonism or the basis of such da’z. Three bone tuwmcrs heve boan seen
so far in rats and mice, two following iniravenous and one following intra-
puscular treatment with plus 6 nitrate. In the latter cate the tumor
oscurred in the femur near the site of the injestion. In one instance ex-
tree thinning of bone has been seen, willi associ.ted pathologic fracturs. It
remains to be seen to what extent thess effects, arn! the anecia, leukopenia
and hepatic changes, tend te be progressive or to extend to lower desage
levels.

reying of the hair in brown ABC mice treated intravenously with plus 6
nitrate, has appeared progressively st louwer deses; it was first noted a2t
two months in the ygroup given 0.5 mg/kile; it was seen al three months in
those given 0.2; at four months in those given 0.1, and is just noticesble at
that time in those given 0,05 mg/kilo. This has besn most noticeable zround
the thorax and has in 2l cases progressively intensifled.

Testicular atrophy hes been watched for in rats given intravenous
citrate. It was observed six wecks after administration of 0.1 mg/kile, but
had not become clinically noticeable at that tizme after 0.05 mz/kilo,

From what we know at the present timz, it seems reasonable to expect
malignancy to occur following the sdrinistration of plutonium, es is ssen
after preclonged rediation ir genersl; ar-i to enpect thet tone may be a favor-
zble eite for piutonium carcincpermisiz.  Trreshclds for this anma othar [orms
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with radium, which of courss presents certain difficulties.

The best information regardin, the production of local damage by plu-
tonium has been obtained in the course of experiments on mice receiving
plus & 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; uleceration of the skin hes occurred 20 days after
the subcutaneous injection of 4 micrograms and 4O days after the intra-
muscular injection of 10 micrograms. It is reasonable to suopose that these
effects have been produced by the local presance of & fraction of these
total doses, and that ulceration might under favorable conditions be caused:
by amounts near 1 microgram deposited locally. Ulceration has been dry,
indolent, and has becoms progressively wider and deeper over periods of many
weeks, Keratotic 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 skin carcinogenesis by hydrocarbons.

1025631 '
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CLINICAL PICTUy

Table !! ..
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33 38 39
Dose mg/kg 0.36 0.404 0.286
Salt 4 6 nitrate 4+ 6 citrate 4 6 citrate
Route I.V. I, M. I. V.
Survival Died 16 days Alive 3 months Died 90 days
PuinBlood_ 90% drop in 30 min., 1.2 wg/ml 3% hrs. 60% drop in 1 hour,

Fl. protzin pile-

ture

Pu localisation

in blood
Urine albumen

Urine sp. gr.
Urine pH
Urinary C1

Grossg changes

Eeart rate

Reet, temp.

El. Press.
Fi. Vel

1025038

after 10 days 0.01
v 8/ml

low alburen, very

high=X 2 globulin,

high € globulin and

fibrinogen

moatly on$ globulin

no systematle change

constant

normal until food cons.

dropped.

esnacisted, weak

AL 12-16 cays

o
+27¢ 12-1£ Qays

=16% (13th é.)
+23% 8th day

0.5 y g/ml 24 hrs.

0.01 yg/ml 14 d.

some increase in
& globulin.

on § globulin

++ on 5-Tth days
~thereafter

no change

ne sigrificant
chengze

ne siznifieant
change

+3.1% 12th day

+3.1% 36th day

0.005 & g/ml 14 d.

high o< 2 and @
globulin

minly @ globulin

++ 5-Tth days
=thereafter

no change

exnciated, l:zps
outside al_:damen
80-85th days.

trzncitory rise

10-16 days; progres-

sive increase 79-

© Q0 days

same as heart rate

- #14.6 12th day

+16.2 36th day
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33 38 39
El. Vol +14.7% 8th day ~-26,5% 12th day =15.1 12th day
=26.0 36th day -20.0 36th day
weight lost 11.675 wt. in glow cecline, 17.5% slow decl}ne, 20%
16 days loss by 79 days loss by 23 months
Food Cons. declined to few slightly below con- low 12 days;
gos/day trol level continually nearly normal
o afterward
Histamine decreased high & days, declining high & days,
thareafter declined there-
after
Plasma 281 increase by slow increase, + &% + 12% on 12th &
protein 15th day 5Cth day 50th days
Serum protein 20% increase by slow increase, + 192 ¢ 11% on 50th
15th day 50th day day
Hematocrit
contrel 40 Lé 45
mind{mim 32 on 15th day, 2% on 29th day, -37% 17 on T2nd dey,
-20% —52%
changs terminal hemozon- 37 on 72nd cey 13 on 83rd day,
centration e
control 6,000,000 6,855,000 6,000,000
mininem 4,100,000 on l5th 4,300,000 on 2Cth day 2,500,000 on 40th,
day 51st days
4,890,000 on day recoverad to 6,050,000 2,200,000 on 72nd
of death on 5lst day day
Hemoglobin
econtrol 1 gms % 1 gms E 15 gzs %
11 gmz % 15th day 0.8 gms & 15th cay 8.9 gns % on
15th day
o 6.0 gns % on 72nd



33 38 39
WBC
control 20,000 9,500 11,700
minimum 200 on léth day L00 on 13th day 300 on 13th day
Recovery none recovered to 4,500 800 on 4O- Slst days
on 51st day .
decreased to 2,600 500 on 72nd day
on 6bth day.
Heterophliles
control 11,000 7,200 8,500
minimem GO0 on 8th day 150 on 13th day 120 on 13th day
change none seen on l5th
day
no recovery recovered to 3,600 1,650 on 29th day
on 5lst day
450 on 5lst day
Lymphs
control 7,000 1,500 1,800
minioum 150 mm3 on Tth dey 200 on 13th ané 150 on 20-5lst
2Gth day days
recoverad to (20
on 51lst day
Reticulocytes 0.1% on l6th day decreased from 1ith decrecsed from
to 29th days 3rd to l4th day
Platelets decreased decreased in esrly decrezssd inm late
days - reccvared days
late
Sed, Rate increased 5x control lmn/nour, control 9mm/hour, in-

ded cell fragility

| GZ5b40

unaltered

increased to 52 on
29th day recovered
to L, on &0th day

creased to 60 on 10th
day, 75 on 72nd day.



33 38 39
Clotting no significant change increased by 13th
day
decreased 15-65tu
days
increased 85th day
Proth, time unaltered
Pigment exc,
fecal urobi- normal no samples 1st 2 wks., pormal values
linogen | 3rd & Lth wks, '
urine urobi- posaibly sorly sise;  elevated first
linogen irpegular. few days; irregu-
g lar thereafter
urine copro- terminal rise 50% decrease 2-4th 50% decrease
porphyrin wks., normal S5th-6 2-4th wks,, normal
wks., below normal 5-6th wks., low
thereafter thereafter
green urinary v T
plgument
N. P. N, {blood) moderate rise maintained 407 slight decrease
terminally decrease second month only
anino N unchanged
creatine N 50% decrease 60% decrease
creatinine N 50¢ decrease 607 decrease
urea ! definite rise cuestionable rise
Autopsy hemorrhagic cervical hemorrhagic nodes,

1p2508 1

lymph nodes & kidney
liver, etc. grossly

normal

marrow; small
hemorrhages in
ducdenun and
myocardium.



-

‘ 2‘:‘

Vil Excretion Studies
Wright Langham

The primsry interest of our health department is the immediate
development of a method of monitoring perscnrel feor internal bedy
contamination with plutonium. The obvious purpese of a monitoring
plan is to enable us to retirs individuals from further contact with
the material before they have absorbed harmful amounts. The execu-
tion of such a plan depends on the establishment of a number of factors
among which are the following:

1) The development of a method of determining exceedingly small
amounts of plutonium in some body fluld or excrement;

2) The establishment of the relationshis between the body fluid
or excrement and the amount of piutonium contained in the human body;

3} The development of a sampling system which excludes the possi-
bility of externel contamination of the sanple.

This report suumerizes our attempts to establish ﬁome of the above
factors. The urine has been chosen as the scurce of the sample for study.

Method of Sampling and Analysis:

14250412

Because of the extreme difficulty of detecting small amounts of in-
ternal contaminetion with plutonium, and because of the great possibility
of external tontamination of the sample, the practice has been to collect
24=rour samples under very rigorous conditions. The subject is directed
to stay away from work and prefarably away f{rom the Site for a 48-hour
period preceding the period of collection of the sample to be an2lyzed.
All persons are &sked to wear freshly leundered clothing during this
preliminzary period end to bathe and wash their hands fregquently.

The subject i# asked to repert io the hosgltal at eight ofclock ir

the morning at the clese of the 48-hcur preliminary period. He is given

hospital clothing and after teking a chower, 1s adnitted to a special roonm
previded for collecting the 2L-nour urine sample. He is asked to remain
in this room for the entive 24-hour perdiod. It is reguested that the
subject restrict his fluld intake to one cuc or glass of fluid per meal

to aveoid an sbnormally large sample.

A hand counter is available in the ro.mand a note is made as to
vhether or not the individual has a hand ccunt. The subject is instricted
to wash his hands each time beflore he voids and to wear white cotion glovas
during voiding, thus prsventing epithelial scales of the hands from falling
into the flask and contaminating the sample. The voidings are collected
in a 2 liter erlenmeyer flask which is placed at such & height that it
is not necessary for the person to touch the flask or the funnel while
urinating. Vhen ihe collection is campleted, the subject dresses and
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leaves tha hespitel leaving his specimen where it was ccllected. The
sampls is picked up and delivered to the lstoratory by & member of the
group doing the analyses.

Rigid adherence to the procedure described above should permit the
collection of & 2i~hour urine sample as nearly free from external con-
tamination as possible. :

The effectiveness of the above method is indicated by the data in
Tsble XIII which glves & comparison of the apalyses of samples consist-
ing of two overnight specimens collected in the individuals® homes with
24=hour samples collected from the same individuals by the above hospltal
method. The average counts per minute obtained in the samples collected
at home was 20 as compared to 2.2 counts per minute per sanple when
collected undsr hospital conditions. The most probable explanation of
this great difference is that external contamination wes avoided in the
latter case,

The samples collected in the hospital are analyzed by the following
method: The entire 24-hour specirmen is evaporated almost to dryness and
the residue weteshed uaing one addition of eonc, HCl and repeated additions
of conc. HNO3 and 30% H202. The ashing is continued until & white solid
almost campletely free of organic matter is all that remains. The residue
is taken up in 2 N HCl and & complete hydroxide precipitztion carried out.
The hydroxide precipitate is dissolved in 2 N HCl, the soluticn is adjust-
od to a pH =~ 0.3-0.5 and the Pu, plus 1 mg. of ferric iron as a carrier,
is extracted into chloroform using cupferron. The chloroform is evaporated
off and the cupferron residue dizested off with nitric and perchloric acids.
The Pu is then carried out of the perchloric acid sclution with lanthanum
fluoricde, The lantranum fluoride precipitate is transferred to & platinum
disc and gounted for 30 minutes in an alphs counter,

The data reported in Table XIV give some idez as to the performance
of this method when applied tc spiked urine samples and to mock urine ash
solutions. Blank determinations were made on 24 samles of urine from
persons never having worked with Pu. These sa-ples ranged in size from
800 to 1200 rl. The averege of all blank determinzticns was 0.5 ¢/m per
sarple with e spread of 0-1.2 ¢/m.

Results of Personnel Honitoring:

Thirty-six members of the siafl were chosen for the Tirst test of the
zbove monitoring method. These pcople werz chosen to represent. high, modersate,
and low or ng exposure groupe. 7The number in each group was too few to
give any definite significance to the classification. The results are in-
dicative, however, and are summarized in Table XV. It may be eignificant
that all individuale showing & positive count in the urine had had one or
oore high nose eounts on record since joining the project. A high nose
count is recorded against an individual when a2 moist filter-paper swab
inserted into the nostril and rotated shows 50 ¢/m or greater when counted
in an alpha counter,

Urinary Excretion of Flutonium by the Buman:

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

|i""f _
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betwesn the amount of Pu in the human syst:=: and that excreted in the urine
per 24 hours. ©On April 10, 1945, an attem»t was rade tc establish this re-
laticnsnip by injecting a humar subject inuravencusly with 4.7¥ of +4 Pu

which was complaxed with scdium citrate(0.3% solution) and adjusted to a
pH of 6.0.

The aubiect was an elderly rnale whese age and general healtkr was such
that there ia little or no pussikility that the injection can have any
effect on ti.e normal course of his 1ife. The patlent might not have been
an ideal subject in thab his kidney function may not have been completely
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Five groups of mature mzle rats were injected with 0.032¥(2250 c¢/m),
1.1%, 5.3%, 15.04, and 52.0F of ru respectively. The material was admin-
istered as ¥4 clirate complex in a scluticn 0.5 per cent with resrect to
sodium citrate. The pH of the solutiszn was 6.0. The urine and feces
were collected daily for five days from each group and analyzed fcr 49.
The results cf the wrine analyses zre given in Table XVI. These data
show rather conelusively that the per cent of the total injected dose
excreted in the urine of the rat under the above condltions is independ-
ent of the size of the dose administered.



Tabls XIII

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

Person c/m and Flace of Collection of Sample
At Home+® In Hospital®*

D, ®. 10.1 2.2

B. A, B, Ll.5 L.3

%. B. G. 16.1 3.4

wo Gc To 208 0.1

Jo Po 1708 —

D. D' m.6 2.2

Average: 20.0 2.2

*  Samples collected st home were two overnight voidings collected by
the individual after thorough bathing and washing of hands.

*%  Samples collected in hospital were 24-hour samples collected under
the rigorous liospital plan after a two day leave from the Site.

Table X1V

Recovery of Known Amounts of Pu
From Regular and Mock Urine Samples

No, of Nature of Amt. of Recovery Spread
Detns. Sarples Spike ¢/m £ £
2,  Blanks (reg. wrine) 0, (ave. 0.5 ¢/m) (0-1,2 ¢/m)
I ock urine sol. 29.2 9l 88-100%
il & v r 10.0 93 85-101%
12 reg. urine . 10.0 88 73-104%
3 rez. urine L.5 95 81-~105%
F0Zoblb



" Table XV

Results of lonitoring Site Personnel

Classification No. of Ave. ¢/m/24 hr.
Persons urine sample*®

Highly exposed 5 2.2

Moderately exposed 23 0.4

Low or no oxposum 8 0.2

Those having high nose
countes*# recorded hY Y - 1.2

Those having no high
nose counts recorded 22 0.2

* 0.5 ¢/m was subtracted from each value as a blank.
*OA hi'gh nose count is recorded against an individual when & moiat

filter-poper swab inseried into the nostril end rotated shows a count
of 50 ¢/m or greater vhen counted in an alpha counter.

Table XV1

Effect of Desage on Per Cent Excretion
of Pu (#4) Citrate in the Urine of the Rat

% of in3, Dose Excreted per Day

Period after Dosage o

Inj. = Days: 0.032 1.1 ' 5.3 15 52
1st 0.72 0.71 0.73 0.57 .77
2nd 0.27 0.22 .3 0.20 0.26
3rd 0.22 0.12 0.18 0.16 0.19
4th 0.15 0.11 0.13 0.13 0.17
5th 0.14 — e 0.12 ———

1625§ts1 | g
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E, R. Russell

Tebles showing the excretion of product by various animals
are presented, The question was raised az to what value could be
set as the probadle minimum daily urinary product axcretion from this
data, 0.01% of the material retained in the body wouid appear to be
a fair estimate, The question has arisen as to why dog 30 (teble on
page 2) showed a much lower excretion than 0,01% per day. On the basis
that only 65% of the material is absorbed fram the rmscle emd that 20%
has been excreted, the 0,01% would also apply to thia animal. The deta
in tho tables for all enimals, rets,dogs, and rabbits, ahol from 0,01% to

0.0%3% daily excretion when eonatmy is reached.

Dr. Stons has aszked what comparisons have been mede between ths
concentration of plutonium im the Llood apd the urinery excretion. Come
parisons of 7-end 14-day dlood concentrations and urinary excretion in-
dicata that little definite information can be gained, C isons of dogs
3 end 39 at 40 days after injection shows that while dog 30 had an estimated

2,72 pg of plutoniia in the circuleting blood the 24 hour urinery excrstion
was only 0.123q.g Dog 39 had tut O, or Pu in the circulating blood
and excreted 0,103 pg. ' Thus, though the 0od level of Pu in dog 39 was %
that of dog 38, tho amount excreted 1in tho urine was slightly greater.

" The raeal product excretion for all animals studied has been shown
to be from 3 to 4 timee higher than the excretion from urine collected during
corresponding periocds. (Tegbles XIV-XX)., It was sugpgested that stools be
assayed to establisl the produot content in humans, The difficulties on-
countered in analyzing stools and the comperison of human fecal product
excretion %o that of dogs would lead ome not to rely on this procedurs, Dr.
Hamilton stated that he ia working o a mothod for stool amalysses that should
be published very shortly.

Table XVII is presented to show the value of dog excretion studies
to the interpretation of data sccumulated on mumans, The excretion of Pu
for these dogs 1s compared with that of a single mesle human following IV
injection with 6.5 ug of # plutonium citrate.
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vestigation. Specimens of 2 to 3 liters have been assayed by
evaporation sl precipitation with LeF_. This is to be evoided
if possible because of the time oousumid.

It was suggested during the discussion that the plutonium
blocd 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 ipasrmuch as the difference betwsen dogs
38 and 39 was so great,

. It is folt that the rabbdit fecal product excretiom is much
closer than cther animels studied to that of men for the period shortly after
injeotion. Data beyond four days after injection for man was not avail-
able, (Tadle XX11I),

The question of controls was mentionsd by Mr. Engliah, The
data oollectgg by our group have slown very few coatrols. The wnlues range
Tram 0«1X 10 per 500 ml specimens. It was suggested that future work
should include a number of cantrol specimeas.

_In discussing & tolerance limit for plutonium containod in the
body the question agaln srose ms o what fraction of 2 dey's urins sbould
be mnalyzed in order to calculate the retained plutonium. Narning specimens
have always shown a higher unit sctivity end any retention calculated from
these analyses would tend to be too high. For accurate data, the entire 24-
hour specinmsn or s lerge fraction thereof must be assayesd. If the tolerence
limit is to be set at 0.7 pg and 0.01% teken as the mmount excreted then a
ma ximum 4.8 # counts per day must be detected, Detection of one caunt per
minute from the dog'e excretion would indicate & deposition in the body of
0.6 pg. If we are to detect lower activities than the fraction of the daily
urine to be assayed it should be correspondiagly lerger. Tbs dimcussion wes
concluded with the following suggestions:

1., That larger volumes of urine be assayed for plutonium,
prefersbly vortions of 24-hour spocimens,

2. That a largs number of contrcl specimens be run,
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Table XVII
Period 7 Fxcreted- ian 3, Ezcreted-lan Exereted-Han
% Excreted~rx~33 % Excreted-Px-30 é Excreted «Px-39

JRINE v

18t 24 hrs. 0.4 0.3 0.2

2na ® 1.5 0.44 0.3

Irq " 2,6 . 0.38 0.6

4t2 " 50 1.1 0.65

5th " 1.1 0.29 - 0.22

6th " 1.7 S 0,99 0.47

7th * 0.99 0,63 0.47

Btn * 1.0 0.2 G.59

gt * 1.4 1.3 0.79
PCES

1st 24 brs, 0.015 0.0068 _ 0,0032

2na ° 0.187 0-063 0.023

Zrg " 0,062 0,073 0.053

If we are to place eny weight cp our enimal studies it is gulte clesr
from the ebove figures that tte urinary excretion of dogs and men ies more
.eomparable than fecal excretion, Dats presented by LMr, Langhern on a burar
treger experiment using 4.7 pg of the <-4 citrate shows good correlation
with cur results, Tle alsc reported low fecal excretion. In his discussion
he also pointed ocut that FO% of the injectsd plutonium was present im the
eirculating blood four hours after the injection. Our deta showed thet at
the end of 45 minutes only 15% of the plutonium remeined in the clrculating

bloed, y

" It hes been asked whether the IR-1 or the IR-4 resin adsorption method
would be merse sultable for detscting low activities in the urine, Since tha
IR-1 column procedure was designed to detect approximately 1 count per minute
in a 100 ml specimen and the tolerance hns been set at & level approximately
10 times smaller, the method now being done 1s certainly not sdequate for
0.1 count per minute. It is suggested that less frequent analyses and larger
volumes be used for each specimen, The IR-4 method which has been used for
KOG to 1000 ml specimens has shown considerable variation and npesds further in-
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Table m!l

Plutonium Exeretion

6.5 pe ,i,s Citrate I,V, pB-7.0

URIER FECES

Pariod at Perjod ) s Ezoroted 1
1Bt 24 h’ﬂl. 2.%0 lat 24 m. 0.010
2d " '0.332 2na * 0.103
3ra - 0. 3rd " 0.067
4tn ° 0.133

o v 0.3
g:: » 0:% Plood Changss

"

otn * 01007 After  Conlsper ml $ of
loth - 0,034 InjJecticn 1nj®
1ith " .
mh ] g.é 10 mno 392: 10 M
13th 0,018 45 min. 2.5x 10 15%
J4th © 0,0
15th * o.ogg

th ° 0.012
1gth " 0.028 * Assume 4000 ml blood
1oth © 0.026
1gth " 0.01 1, of amount injected,
20th ° 0,03
2lst " 0.034

125052

From the ebove date we should expect highar urinary product
axcreuon fron humana than from dogs,

3%.



~sble XIX

Flutonium Concentration Changea in Bleod

: Dog Px-33 Dog Px~=3¢ Dog Px+39
+ Nitrate + Citrate & Citrate
Time After | ug Pu/ml Time Afteriug Pu/ml Time After{ug Pu/ml
Injection | #hole Blood Injection|¥hole Blood InjectioniWhole Blood
0.5 hrs 0,56 3.5 hrs{ 1.20 5min | 1,371
24 0.193 5.75 % | 0.96 2 = 1.204
72 0 0,039 20 v | o.54 80 1.086
6 v 0.016 72 i 0,084 24 hrs | 0.106
24 v 0.011 168 n-| 0,023 168 « 0.008
336 w 0.011 336 » | 0,010 2% % | 0,005
a8y n 0,010 696 " | 0.005 696 = | 0,002
960 " 0,004 gD » 0,0015
1752 m 0.0057 1752 * 0.0006
1848 v | 0,0031 1848 ® 0.0005
Injaction Data
| animal | Blood Volume | Vol. of Pu | mg Pu/Kilo
Solution
Px=33 483 ml 4.840 ml 0,358
Px=38 630 nl 1.118 ml 0.404
Px-39 450 ml 0,615 ml 0.29
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Table XX

Dog

I.K. #5 Citrate

Daily Urinary Plutonlw Excretion

I.V. 46 Citrute

I Px-38

10 cey=
7 daye

7 daye|

3
g
g
g
B

7
:

e | EeretaT

z”.
i

-

CO00000CO000OO0O00OM
EEEEE8BRERER

Bg

OPOO
2288
23838

a.

Px-33 '

Sample % LExcreted Sanple % Exereted
1 6.37 1
2 0.0%4 2
3 0.0325 3
i1 0.0274 ! 4
5 0.0292 5
[ 0,0022 L3
7 0.024 7
8 0.0225 8
9 0.0191 9
10 -0,0187 10
11 0.0187 11
12 0.0165 12
13 00,0067 i3
1y 0.02%6 14
15 0.0292 15
16 g,0180 16
17
12
10
=

o
8
3

averzpe Saily
durring orsl citrate

0.0057

Average daily
- during I.V. eitrate

0.0063

Average daily
after cltrate

0.0042

| 12.66
3 0.139
i 0.205
5 0.147
6 0.081
7 0.049
8 0.039
9 0.3,
10 0.032
11 0.029
12 0.025 .
13 0,017
1y 0.020
15 0,022
16 0.013
cretion for 5 day intervals
17 0.0143
i8 0.010
19 0.0075
20 0,0083
21 0.0093
avarage li-cay
intervaln
22 0.0063
23 D0.0073

10250650
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Table XXI
Daily Fecal Plutcnium Excretion
Dog
Px-33 Px<38 T Exa3%
Sample % Excreted Sanple § Excreted Sanple ¥ Excreted

1 648 1 .48 1 3.07
-3 . «55) 2 1.64 2 4.39
3 1,090 3 +920 3 1.26
11 «299 4 «595 't ———
5 065 5 296 5 1.00
6 .100 6 129 6 Ol
7 003 7 148 7 —
8 +209 8 104 8 175
9 <081 9 o132 9 101
10 056 10 e 10 187
11 .038 11 .186 11 047
12 04l 12 .053 12 o113
13 039 13 034 3 070
1y 057 14 054 1y 043
15 '035 15 -%2
16 031 16 Oyl
17 067 17 134
18 028 18 .039
19 .013 19 036

20 PR

21 022

2 021

F0Z250!




Comparative Plutoniue Exeretion

Table XXI1I

Lotal

Series tuinal ?33 Feried W mﬂ Urine|Feces Urmm}ecu
Fao | Rats { 8.1 u.dnyn' 5.7 | 74 5 | nos| e 5. 6.15
FC Rats {13.5(5 days| 0.11 85.2 6

FP | Rats {50 |24 hrs| 1.3 1.1

PP Rats {50 {14 de bl 10.1

Fi, | Mice 111 !17 hrs: ¥ 13.5 10

cx Mice [-- |6 wks | M 10.5 - 1% %

qx Rats |-~ |6 days| M 8.5 -- ik, ]

FA-- b I.C.,

1625050

FC=- &} and 46 Oral

FP and FAy-- +w L.V.




Table IXIII
Plutoniunm Excretion

Rahbits

_ ) 179 (0,02 mp/ke)
Period g in Urine | % in Feces 4 in Urins | % in Feces
1st day | 0.31 0.84 .18 0.82
éth » 0.0 0.17 0,01 0.12
Ljth o 0.026 6.053 0.20 0,19
et * | 0.029 0.028 0.17 0.1%
268th * 0,021 0.063 0,06 0,02
35th ® 0,027 0,10 0,02 0.10
42nd = 0.030 0.0 . 0.05 0.10




T able XXIV

Rats~-dccurmilated Excretion

% of Total Dose

Period 0,125 mg/Kilo 0.50 wg/kile
| _Days 38 14439 4400 4435 4u36 Y37
U F U F U F U ¥ v F | U F
3 2,8 5157 3.5] 7.9 4.5]|¢68 3,0| 9.0 2.5} 7.0 3.6
7 3.0 9.6{59 7.2| 83 79|70 81 95 6274 7.8
i 3.3 17.3 | 6.2 12.3 8.7 13,0 7.3 1250 9.8 9.3 | 7.6 11,6
28 3.7 20.9 | 6.6 16.3 8.2 16.5| 7.5 12,5 | 10,0 10.1 | 7.7 14.2
y2 3.9 30.6 | 6,8 18.7 9.1 19,8 7.6 13,1 | 10.2 10,5 | 7.9 17.3
5T 4.2 3.5 | 6.9 19.9] 106.1 20,9| 7.7 13.7 §{ 10.3 11,0 | B.O0 17.9
Avarage daily excretion alter 1Y days
2/day { .021 .33 ,016 177 | 032 ,183 § .010 .Ou0 § ,01l1 ,O40 | .010 ,148

L
(3
L
e
or

Cio

Period 2.0 mg/Kilo
Days 4431 4432 4433 Y43y Hil _j
v F|l v Firv rlu F| OB FI
3 1.5 Yol | 2.7 4.7 | 3.0 %61 2.5 2.7 | .1 3.7
7 1.6 9.3} 2.6 8.9 3-1. 6.9 12,6 7.4 | 4.2 7.1
9 wmm mem 3,2 9.5 | 3.7 9.8 2.7 9.7 --; ——
10 coe mme | mme mem | ame mce | cem wee | 46 9,0
11 208121 | =am =ar | ;om eme | emm mem | coe aen]




IIIiiIIIIIiIIIIl
Toble AXV

¥o ixperimenis
evae e % Fiutoalun Exeretos Per house

I. V. Injection-0,25-1 ug/gm

Period 1 I"z | 3 i 5 6 |7 g8 19
: Groups -

10

2 d,ay's - - - - — - 3.5 li'cz 6'7
u ] —— -— - - - - 5.# 6.3 905

7 o 17-8 - 1312: lO=2 3.3 709 7:3 748 1”"3

12 * e | wat e | 20.9] == ] = | ae | e f -

Won oee | em | ee | e 1 39] - | 94| 9.6]20.6

an u — _-— | - -~ - - 9.6 110.5| 25.2

23 0 | ae | ee ) em l ee 62T e | em L oee | s

25 S RS D RO P LI I
f e ;

36 0 | oee | ee e e e e 28

36 0 | co foma ] ee §oew | oemme [1200 ] = | -

sb " - - - - — wmm - - 27-7

72 n g - - - -a : - - - 29 -0 ]

5.0
6.7
8.6

12,31

-
12.6

18,2

21.5

4.
26.0
29-3
30.4

AXC| CFy{ #5C] CFy | ABC| CFy | ABC | S50] Ry

CF;

Average cally exeretion 22 days to

36days | == | == | == | == | == = {0,138 | 0.2]0.25
72day8 | o= | ==} == | == | == ] w= | ~ | -= {0.02

6.19

0.08

0,30
0.12

0.41
0.18




Table XXV

Flutonium Concentration in TWhole Blood -

J_K
[ _Rabbit 302 ug | habbit 37,4 ug F G
Time after | ug/nl. (Time after] ug/®1| Rat | Dose ] Time after | ug/wl
Inicetdent . Be. * Inisetjopl @. B, irjectior | K. B
22 hrs .07¢ . 28 hrs Oy uyz2 12 mg/K Q@ days L0386
8 days | 7 daye |.000 |uwy23| w " .OL4
15 0 031 iy » 019 | Wi ® 0 025
22 0 21 " 0012 | 446l {1mg/K |17 v .019
29 n L0067 |28 .003 | 466 " 6 * 017
36 010 | 35 L0007 | 4406 |{.125 mg/K |18 .005
s .001 | Yz » L0023 | yyo2 " 19 0 .003
Plus 6 Nitrate I.C. Flue 6 Nitrate I.V.
1387 2031 yegs CcX Laol
Rabbit_ 20 ug Rebbit 20 ug Vouse 3,85 ug | _Mouse 3,85 uz |
Time after | ug/ml {Time after {u Time after| uz/ml | Time after | ug/ml
Injection ®. B. 1| Injection |K. B, | Injection! W. B. ! Injection|W, B.
8 'GI‘S nOOi 8 hI'S - 1 h!‘ 0065 1 hI' .336
L0007 23 * - 5% 066 5 & J058
1l ——— lyy n L0023 23 % 016 23 r LO011
L Plus Y% Nitrate I.C. 95 " Q042 95 " | L0045
97 0092 197 .010
Plus 4 Nitrate I.C. T

i G250b0
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R, M. Fing

Deta on cor: preliminary “range~-firding™ experiments in progress
concerning tho acute toxicity of rzdfiz, plutonium, and polonium in
rats are presented in the form of dosage-survival time charts. These
date are combinad oo 8 semilogarithmic scale in Figure II.

The polonium was administersd intravenously as the chloride in
approximately neutral isotonic NeCl. The dosage level ranged from
170 to 50 micro.mries (0.0375 to 0.0085 micrograms) per kilogram body
wveight, and kilied all animals in from 5 to 20 days. Four anisals
which received 15 uc/kg for tracer studies were sacrificed st 50 days.
No deaths occurred in the control group.

The plutoniun was prepared for irjection by meutralizing the 1 N
KC1l stock solution with an equal volure of 1 N sodiux citrete end di-
luting to iscicnicity. About 50 moles of cilrate were used for each
rnole of plutenium ent, Injections af 19 to 190 microcuries (300
to 3000 microgrezms) per kilogras of bady weight were made via a tail
vein, The first deaths occurroed twelve dsys after the injectlion. 4
mmber at the lower dosages are still living after 77 deys. Ons con-
trol animal dled a few minutes after injection of the NeCl-citrete
solution, but the remainder are still alive and well.

Three separate experiments have been cerried out with radiwm, 1In
the first experiment the dosages ranged frae 20 to 200 microcuries per
kilogren, uvaing a preraration about smevec wonths old, in which the
polonium hzd roached about 0.5% of its equilibrium value, i,e., one
nicrocurie of polonium was injoected with each 200 microcuries of radi-
wm. The amount of polonium in the prepsretion was determined by the
pethsd wsed rogpderly in our tlologleel tracer work, stirring an HCY
solution (C.1 13 3N) of ithe preparatics with a sllver foll in & hot
wetsr bath for two hours or more, thsern washing the foil with HCl and
Ho0 and measuring the activity depcsitec:d. The rediwm was injected
iptravenously a3 the chloride in isotonic sezline. The 20, 40, snd 70
uc/kg doses war: mede with slightly alksline reaction (pH 7-8), while
the rerzinder ware slipghtly acid (pH ©-7). The majority of the ani-
mals of this ficst radium group are still living 170 days after the
inje;:ion the."h there were three ear.y deatha at the 70 and 110 uc/kg

evela,

The second radium experiment was cayried out in the aams manner
as the first except that the dossges renged fram 300 to 1400 uc/kg.
The data show a wide scatter in this group, so thzt there was no
marked difference in aversge survival tize in the range of 500 to
1400 ue/kg in this small group of enimals, The animal which died 9
days after receiving 500 uc/kg spparently succumbed to en overdose of
D.D.T. used for controlling lice. These enimals received from 1.5 to
7 microcuries of polonium per kilogram as a contamlnation in the radi-~
um preparation, and while those dosages of polonium are probably sub-



162506

o

|

Sy

lethal they nay nzve conatituted an additional ipnult to the organ-
ico sufficlent to complicatie the results of tha experimsnt,

In the third radiun experiment the dosages were 1000, 2000, LOOC,
ard 8000 microcurles per kg. For thase dosages it was necesaary to
remove the polonium from the preparaticn even though its age was only
a few montha, for at the hiphest dosage levels the polonium prresent
would hsve been sufficlent to kill tkc snimsls without any as;istance
froo the massive dose of radiwm present. The amount of polonium pres-
ent wes louered to 0.05% of ita equilibrium value by stirring the 1 N
HC1l solution of the prsparation (10 ml} with a cylinder of silver foil
in a test tube for six hours at room temperature. The injections were
made in slightly acid (pH 6-7) isotonic saline as befare, but in order
to avold posaible camplications from chemical toxicity the 8000 doame
was split into four, and the 4OUO dose into two equal dsily injections.
The survive) times shown on the chart are-given as days after the
first injection. The animals which received 8000 uc of radium plus 4§
uc of polonium per kg both dled in 11 days. Thoae receiving 4000 uc
of radium ¢ 2 uc of polonium died at i5 and 2i days, while those re-
ceiving 2000 and 1000 uc/kg ere still living 36 days afier the in-
jection. It sesns likely at this stege of the experiment that these
lower dosages will show the low-polonium preparation to be lesz toxic
than that used in the second experiment. The problea of campzring
the acute toxicity of radium in rats with its long-tera toxicity in
humena is conciderably complicated by the question of the age of the
preparation involved. The 20«dey LD50 for raedium in equilibrium with
all its products is probably not higher than 50 uc/kg while the figure
for freshly prepared radium is probably over UY0OC uc/kg. 0On the other
hands the lorng term effects might besr little or no relation tc the
age of the redium prepsration at the time of ite Incorporation into
the body. HNore of the comtrol animele for the redium experiments havs
dled,

Inssouch ss the data collected to date &re rathsr scanty for
standard LLZ0 calculsationa, the toxicities of the three substences
unier study wers cozpared roughly on tha besis of aversge survival
curves drawn free-hand as shown in Figure 1I, The mumerical comperi-
son data taken from the survival curves are shown in the accocnenying
table, which lndicates that for ghort survival periods poloniuvm may be
about three times &3 toxic a3 plutonium and thet plutoniwm, ir turn,
may be about thirty times es toxic &s radium when all ere expressed in
terns of microcuries. The fact that neither of the redium animals at
the 2000 uc/kg level have died in the ten days since the survival
curves were drswn mekes it &ppecr probabls that the average lethal
dose values shown in the table for rediux &t the 30 and 4O day periods
are too low vith respect to polonim-fize radium preperations, and that
there ie eccordinzly & greater difference between the toxlcity of
radium end plutoniun for 30 and YO dey periods than is indicsted in
tho table. _

A rough cslculation involving the lethzsl dose data, the ares
uwxier the retentlon curves for plutonium, radium snd the daughter ele-
ments of radiuny and the relastive energies of the slpha particles in-
volved indicatos that the plutonium: Radiwm toxicity ratlos based on
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the amount of &ly=a 737 enirgy given off in the tissues are ebout tre
sexs as thosz brszd i the originel dase in sicrocuries (the amount of
radiun emergy lost dus to excretion during the first fow weekr belng
approximstely belenced; in tha ret, by the energy of the daughter ele-
ments retalped in the body). Fhen polonium and plutonium arc cempered
on the ssae besis the polonimm is found to te about twice &s loxic as
plutonium per unit of Zithe-ray epergy Gisclpated In the body during e
ten day survival period, sbout five times as toxic for a& 20«lay perixi,
and perhaps &5 high &8 ten times for 30-day perlods.

Thus, even on the basis of equivalent slpha-rsy energles in the
tissues there appear to be real differences of the orcer of tenfold
and 100.fold between the scute toxicities of the three substances un-
der study. The rost probable explanation of these differences sppears
to 1ie in their different distributions in the body, & large proportion
of the redium apparently burying itself deep in bony structures where
it is relatively innocucus from the standpoint of acute toxicity, the
plutonivm concentrating in the endostesal layers af bone close to the
parrow and (at lea=si tuv a greater extent than radium) in sefi tissues,
sm the polonium consentrating in highly radio-sensitive soft tissues
such as the hamatopsieilic and lymphatle tissues themselves,

Data on the effect of the three substances on growth, hematological,
and pathologirel pictures are in the process of being snalysed and will
be reported in detail late». A prelimipary inspection indicetes that
the weight curves may be fairly sensitive indicators of toxicity in
the case of low dosages &nd that the hematological and pathological
data show an overzhelrins insult to the white and red blood cell form-
ing ptructures.
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Substance

FRadimm
Plutonium
Poleniim

Radium
Flutonium
Polonium

Radimm
Fiutonlum
Polaonjum

Radium
Plutaniwm
Poloniim

e

Teble THII

Lethal Doze Studien

Days after Injection
10 20 30 40

8000 4000 2300 1400
200 140 110 90

10 §5 30(2) ?
140 1/29 1/21 /1€

1 1 1 1

1.8 3.1 3.7(2) ¢

8000 U000 2300 1400
3000 2200 1700 1300
0.024 0,010 0.007 ?
1/2.7 1.8 1/1.4  1/1.0
1 1 1 1

120,000 220,000 260,0007 7

Approximate dose in micro-
curies per kg required to
kill an ®average" rat at
time indicated

Approximate relzstive tox-
icity In terms of micro-
curies (no correction for
deughter producte of redium)

Approximate dose in micro-
grama per kg requirec to
ki1l an "average" rat at
time indicated

Approximate relative tox-
ieity in terms of micro-
grams
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K. S. Cole

The taxicities of plutonium have been determined and are tabulated
for some cambinations of:

(1) 4intravenous {IV), intramuscular (I¥) and subcutaneous
(32) administrations; .

(2) nitrates anxd citrate complexes;

3; ce, rats, rabbits and dogs:

ih acute and semi-acute 50% kilii.ng WMD), histological,
hematological and weight effects.

The plutonium toxicities sre compared with those of radium and X-rays
in an attempt to utilize both the experimental and clinical background and
the tolerance levels which have been set for these colder hazards,

It has been found, 1n general, that for pericds of less than thirty
days the ratio cf sduinistered deses of plutonium to radium {Pu/Ra - on &
weight basis) for similar effects is approximately unity. Dut as the
experimental interval has been extended to 150 days at present time this
ratio, Pu/Ra, has increased and reached a maximum value of seven in one
case.

By e rison with the X-ray data it is seen that, although the re-
tention in the body is high, the lethal effect of plutonium is similar to
that of a singl~ irradiation by X-ray. On the other hand, in spite of the
more rapid elimiration of radium the lethal effect increases more ra
with time for it than for daily. irradiation by X-ray. This effect is in
t.hgd d}{ection to te expected from an lncressing retention of disintegration
products,
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Table XAVILI

i

MDA g/em Retertion in % MLD
#/¢ Retained/gm

304, 904, 150d. 15-50day 304d. 90d. 1504d.

Pu Mce IV. 1.0 1.0 1.0 60 0.038 0.038 0.038
s Mece IP. 1.00 0.35 0.20 L0 0.56 0.2 0.12
I Mce B0x/ /day 404 fday 304¢/day————
X - Single dose
CF., Hice 4L50r . L25r a85r
AEC Mice L25r 4,25r 425
Pu Rats IV. 1.25 1.00 0775 70 0.055 O.QLL  0.033
Az Rats IP, (&IV) 1.0 0.5 — Lo 0.56 0.28 —
X Rats . 55,4 /day 354 /day 304 /day—ee——
X - Single d
Rats e dose 600w
- -5 =5 ?
Po Rats IV, (?) 0.90:0 ———— 2.2XY0
(0.40 ,;,ag./%) {IV or Sub Q)
3.5x107% (Iv 0.1 pe/z)
or IP) {0.16 }.u:/g)
Pu = Citrate ~ Nice IV 0.75 60 Probable
Pu - " ~ Rats IV 1.0 70 n
Pu- " - liee INM < 1.5 Nsg w
Pa- "  ~Rats IM 1.0 >sp »
Pu - Nitrate - Rats IV > 4.5 <20 o
Pt - n - Mice Sub § 3.0 -7

% Pu - lug » 0.063ue
Po - lug = 4500ue e s =
- 1025661
For radium 1l ugm = l.44se, (207 retention of 2 daughters).
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5.

Comparison >f Effects of Pu and 3a Upon Weight

[ =
- ] 0 ~
: i | £ g 2
5 a
[ ] ‘g o -ﬂs
o | 3 o 5 2 i
] L] a
51 3 2 3% & | &3
» §. © - '§ w0~
3 & : 8 g
FD ARC Pu | >0.5¢1.25 1.0
cF, Fu w | >0.5¢1.25 1.0
FK ABC Pu v 1.0 1.0
FF ABC Ra P 0.25 0.5 0.25
CFy Ra 1P >0.10¢0.25 0.15
ci | Mouse Ra 1P 0.15 0.15
e | Rat Ra Ip 0.165 0.16
CcX Mouse Pu IC > 0.2<2.0 1,0
Rat Pu 1c >0.25 —
JK  Rabbit  [Ra 100 Ra > 1004 ¢ Pu
i Pu
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Tzble XXXI

Cocnariscn_of Hist-c_lc%igaj;jﬂggts of X-3qy_(Single Dose),
Radium, Plutoniuc and Radic-Strontium.

The nuabers 1-10 refer to degree of camige from 107 to virtually 1007
destructicn., All are very rough ESTILATES, The letters a-e refer to the
extent of recovery from the helght oI damige, 807 to 10%. The letter n indi-

cates coz;lete recovery. Under "Spleen myelopoiesis - stimulation” the figures
are relative only and do not indicate multiples of the normal. The letters
under this heading indiecate return to normal as in the regeneration from damage.
Other sigrs have the following meaning:

+ damage incapable of guantitation ? insufficient data

+ gquestionable change ~ not examined
0 no change
oy o o W
3 pE pE B "8%5'
E "5 "3 8 &
' | et
= & E E
= - F -y
e W oan N c o
SN
: g & & & L&
=3
E_ ? ] ! 7% "? Range of Intervals
8
- o
E g (3 My E s 8 Bone Marrow - rbe
g g k3 § & § ¥ 2 | Bone Uarrow ~ Gran.
-
E %; § & § & ¥ o | BoneGrowth - Damage
= '
g B ' © ©  © ° & |cut ipithelium
oo} (=]
g & & & % P ¥ |out yopathic
b
B g g Iy P 3 B o ¥ |es. lymph Node
g g-e 1 1 1 t ! o | Siin
E % % ¥ 5 o |Splees Lympothl - Daomge
%_’ o o o & o £ | Spleen Myelopoiesis - Damage
5 ® & § £ E g |spleen Myelopoiesis - Stim,
o
B b4 e © § ! © I Testis
¥ o o & o+ & | Toymus
o a o § 1 o j Liver
o o o © 1 o { Other Organs
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Interpretation of Histology T: e

Although doses of 1.0 «g/g of da and 1.25 «g/g
of plutorium are alike in their approximation to the
30-day survival median lethal dose in mice for these

subatances, the damage to all organs is perhaps
several times greater with Ra than with plutonium.

Effects of varying modes of injection of plutonium

differ o in the spleen, where the red gﬁgiia
more geverly damaged by I-V than by I-M a stration.
Sven here, however, subsequent hyperactivity is the

same for both methods.

The 1.0 ~te/egm (1/5 . L. D.) strontium series results
in as great damaze to bone marrow as is seen with plutonium
at the median lethal dose.

56.
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IX Therapautic fxcerirtents and Surcestions

Jo Jo Hickzoen

It is emphasized that the remarks and values given here are not to
be regarded as tha results of anything cther then preliminary work.
Neither time nor personnel has permitted anything other than a very ten-
tative evalustion of the problems under discussion.

The problem of wound contamination has been cne which has excited
considerable discussion throughout the project. Unfortunately the amcunt
of work which has arisen out of this discussion is not in proportion to
the vclume of words. HNumercus individuals have pointed out that the en-
trance of plutenium into the body, vie wounds, constitutes a very serlous
hazard. With the maximum permissible level set at approximately 1 miero-
gram fixed in the btody, it would be quite easy in one accident to intro-
duce a far greater amount. .

The problem of wound treatment can be approached from two points of
view. Tha first envisages excision of the possibly contaminated area,
The excision must necessarily include a margin of uncontaminated tissus
if the treatment is to be successful. For large, grossly contaminated
wounds on the hand, the satisfaction of the dictates of this method of
treatmant might well necessitste the amputation of the hand,

The second approsch to the problem is to attempt to decontaminate
the wourd area. It is with this approach that the majority of the work
reported here has been done, Preliminary studies were directed at a
study of the rate of absorption of plutonium from the site of injury.

It is obvious that if the material is 100% absorbed from the injured
area in one second, no attempt at decontaminetion will be useful. Hence
it was felt that it was necessary to obtain infermation on this point
before other studies were done. As a base line for evaluating cther de-
contaminating agents it vwas decided to use ordinary distilled water.

Method of Performinz the Zxperiment

Hats were uwssd. Lacerations one to two centimetars long were nade
in the skin of either the thigh or upper lateral abdomen. Fregquently
two incisions wer: made on the same animal. The manipuletions were per-
formed under intra-peritoneal neurnbutal anesthesia. The plutonium was
introduced into the wound as the +6 nitrate. Five gamms of a 2 g/ so-
lution, pH 2.0-2.5 was used. The analyses were done by members of
Dr. Cole's ssction. In some of the experiments the resldual body con-
tent of plutonium was not determined. Thus, in Figure VI the uppermost
line represents a difference figure and not a figure fixed by analysis.
This, of course, means that this part of the graph must be considered
tentative,

The wash solutjon analyses were done in conjunction with wound site
analysis. The wash was done by placing the solutions in en ordinary
100 cc buret, The time of washing was approximately three minutes in
most of the experiments. Results of these experiments are summarized:

-_—u—-
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1} The amount of plutonium fixed as tte site of injury falls in
24 hours to approximately 50% of ‘e amount placed in the wound.

fal

2) The amount found in the leg and abdominal wound sites shows a
persistent difference at all t: ne intervals. The explanation
for this is not known. It has >een surgested that the amount
of bleeding in the two areas m y pcssibly account for the dif-
ference. This point has not buen tested up to the present time.

3) Examination of the data indicates that the time of washing
after the introduction of plutoniuxz into the wound is critical.
Approximatcly 80% of the material can be removed if the wound
is washed witl plain water one minute &fter contamination.
Thie percentage drops to approximately 30% five minutes after
contamination with plutonium. At 5 seconds approximately 90%
of the plutonium can be removed.

Other agents than water were investigated. These are 0.5%
lanthanum nitrate solutions, 0.5% thcrium nitrate solution,
5% eitric acid solution at pH of 6.05, and 1.25 M potassium
bi-sulphate. None of these agents gave as good decontamina-
tion at the five minute interval as water gives at the one
minute interval.,

L) An experiment was performed in which the wash solution was
fractionated, the first 30 ce being kept separate from the
remainder of the wash. 95% of the activity was present in
the 30 ec fraction.

5} To investigate the possibility that lymchatic drainage was
playing a large role in the removal of plutonium from the
wound sites, several ininal nodes were removed from an-
imale who had thigh lacerations., The nodes were removed
at & hours, 24 hours and 4 days. In no instance did the
percentage of activity in the nodes exceed 0.5% of the
amount placed in the wound.

Some work on the rate of movement of plutonium [ollowing intra-
miscular injection has been done. The work is too tentative to dis-
cuss in detal)l, However, it would appear that the movement of plu-
tonium following intramuscular injection is in large measure deter-
mined by the connective tissue surrounding muscle fibers and muscle
bundles., This alsc was carried cut by injecting the material. It
1as possible that the force necessary to do the injection is in large
measure responsible for the disposition of the material along the
fascial planes,

Discussion: Inscfar as one is permitted to evaluate preliminery
results, it is felt that the foliowing inferences can be drawn:

1) Time after the introduction of plutopium into a wound is per-
hapa the most important single condition which affects the
abllity to remove the material. In conseguence, any agent
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which is to be used t¢ decontaminate wounds must be present in
any lab.ratory in which plutonium is %o be used. It must be
applied a- soon as pcssible after kmown or suspected contami-
nation,

2) The universal presence of water in laboratories together with
the absence of any strikingly better agent suggests the use
of water as the decontaminating agent of preference.

3) The slope of sbsorption of plutcnium from wounds in graph VI
would indicate that the problem of excision could be delayed
for approximately 1/2 hour without serious prejudice to the
patient. It is suggested that more detalled experiments may
lengthen this time interval,

4) It is emphasized that the above conclusions and the following
suggested procedure for handling contsminated wounds is based
on and applied solely to lacerations. It is not felt that any
finding or conclusion based on lacerations have necessarily
any implications for puncture wounds. It is also felt that
puncture wounds are a far more serious problem than are lacer-
ations from the decontamination point of view.

Suggested Routine for Handling Plutajium Contaminated #ounds.

1) Pollowing known or suspected contamination wounds should be
washed in a strong stream of running water for not less than
three minutes. Bleeding of the wound area should be encouraged.

2) A light tourniquet might be applied to increase venous flow.

3} The firet 100 cc or so of wound washings should be collected
for future analysis in an attempt to estimate the amount of
Plutonium that could be in the wound. N

4) The individual, after washing the wound, should go or be taken
directly to the nearest medical aid station. A physician should
be informed of the fact that a plutonium contaminated wcund is
coming in.

5) The question of whether or not to excise the wound area must
nsturally be left to the physiclan's judgement, Parenthetically,
it would be extremsly helpful to have & rapid, precise means of
determining the amount of plutonium in 3 wound area.

During the course of study of dogs injected with plutonium, the
oppertunity presented itself in dogs PX-38 and FPX-39 to investigate the
effect of the citrate ion on plutonium excretion. This dats is presented
in Figure V. PX-38 received both oral and intravenous citrate. The aver
age excretlon rate during the intravenocus citrate administration was in-
creased from a base of 0.0045% to an average of 0.0065% of the amount
injected. At the same time the averzge amount of urine excreted per day
also increassd. To test whether or not the slight incresse in excretion
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was merely a result of the ircreased urine volume, the dog was given

20 ce of 20 scdium chloride solution intravenously daily for five days.
The urine excretion increased but the amount of plutonium excreted per
day was unaltered. This latter inforcstion is not found in Figure V.

It is empasized that the effect of citrate administration on the
excretion of plutonium in the feces is not available at this time. It
is, of course; possible that the fecal excretion of plutonium was al-
tered. :

The amount of plutonium in the blood of the two animals is slso
glven on graph V., It is of interest to note that the concentration
por unit volumes In the two animals is quite different yet the amount
being excreted per day in the urine does not. Ko explanation for
this fact is available at this time.

10.25515- | -
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