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I Summary of Requests for Infomution Desired Concerning Plutonium 

Drs, Le H, Hempleumn, So T, Cantril, J, E, Rirth, J, J, Nickson 
and Mr, S. G. Ehgliah wrote the letters on which this section is based, 
Immediate prpblsms of importance about which further infoneation is 
needed are amph~sieed, 

I Magnosia and Estimation of the Amount of Plutonium In the Human 8#tp 

A, Detection of amounts the body in aces8 of the permissibh 
level a 

1, Development of a satisfactory means of aseay of urine d 
feces 

a. 

b, 

Need more infoxmation on elidnation rate as a 
function of t2au, 

Need amre information on elimination rate as a 
function of mute 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, Development of a satisfactory means of estimation of the 
amount of plutonium in the lung 

2, Compounds of interest are+ 3, t4, nitrate in aqueous solu- 
tion, +6 nitrate in ether solution, tetrafluoride, t 1, dde, 
+k oxalate,+lr peroxide as slurry 

C, Development of a method for detection and quantitation of plu- 
tonium in wounds 1 

IX Absorption 

A. Skin 

1. Need more information on absorption rate on various pl* 
tonium COmpoundb through the intact skin 

2. Is absorption influexxed by use of potassium pernangsnate 
solution followed by sodium hypsulphide solution on the 
skin? 



3, 

tratiar of plutonium? 

B. Tihat io the nature of liver damage after rublethal dose8 @van 
thraugh other routes of entry? 

C. Does grs-sldstbg kidney damage Wsh the elidnation of plu- 
tordun from the body? !%culd permmu with kidney damge be 
excluded fran working dth plutcdnn? 

n Thema 

A. Dwolopmnt of methods of increa- elizdnation fm the body 

1. Effect of diet 

2. Effect of injection of amplering or other agents 

, 3, Wods of covering up material depeited in bone 

C, Developarnt of methods of tkerapg far plutmium in loMda 
(rpodfic mention 18 made of tho- campounds mtimed under 
*dwosisN ) 

1. The effect of suction 

2. The effect of increased venous Row 



4. 

E. Analydcr of masks and-respirators 
in filtsring at varioua chemical 

for percentage efficiency 
form of olutonium. Special 

mention'ras--de of t4 and t6 nitrate, +3 &d +6 sulphate, 
t3 andt4 chloride, +4, fr end t6 carbonate. 

F. Do various chemdcdi structures play some part ~ the efficiency 
of recrpiratorr or is particle she the iqmrtant factor? 

VI11 Plutoniuntradium Ratios 

A. Mhat ratio for acute effects? 

B. Rhat ratio for chrOnic sfhcta? 



5. 

ZI Mitributiar of Injected Plutdm 

<’. 

R. D. PWe 

. The diatributfon of plutcnim in a dog 16 days efter the adndnis- 
tration of a lethal dose of plutcnyl nitrate is pbwn in Table I. The 
skeleton contished 4416 of the ia$ected dose, (assumed 17% of body w&.! 
liver 3l%# nuecle 8% and eplesn 3.5%; 10% was excreted. The table with 
apleen at the topi8 arranged in order of decreasing amount of plutonium 
per gram of tibme, except for the bones which are the last three entries. 

Femur, etamum Md rib ware the three bone8 ampled and wm found 
to have the mm cancaatratioa (0.0338 of the InJected dose per gram ab 
tiasue) within 18, *ile a tooth ua8 about 1/9 as active 88 bone. 
row from the fernrr was 13 tbs more active than an equal might of 
compact bone. 
tion ccntaining the spicules (Table 11). 

Mar- 

of the plutcnium in the mow was f arnd in a frsc- 

Plasma ccntains approximtdy 80% of the plutonium in samples ai 
blood. 
probably largely on the beta globulin fraction. 

b8t of the metal h the plasma was attached to the glous, 

The intravenaua Injection of plutonyl nitrate into mice yielded 
llvers rldch retained over 27% even after 64 days. (Table 111) “hi8 

was not the case when plutonyl citrate was used. (Table IV) The lirer 
content fell frca 36% to 14% on the 3lst day and to 7% on the 64th day. 
Pram the 4th to the 31st day the decrease was expoiimtial with a half 
time value of 20 days. 
mrscularly, had liver retexLion ubdch decreased exponentially and with 
a half tiare value of 20 daye. Very little difference in metabolism at 
33 days logs found in the main series, with 0.5 &kilo and a group of 
four animals dth 4.5 mg/kilo, except that the retention arotinr? the site 
of injoction Has sodat greeter dth  ti.^ higl.cr dose. 
data (Tables VI1 and VlII) nitn plus 4 and plus 6 phtoriiun nitzztes a 
adrrinistered intrairmscularly to rate s?,ow relatively sdl concentrat icn 
of the absorbed fraction in tke liver except with ?ius six at four dsp. 

Mice rihich received plutonyl nitrate, intra- 

Dr, IfuJ.ltonqe 

Flutonyl citrate was injected into the peritoneal cavity cf rnice 
and was slowly absorbed in 64 dzys a indicated by the rise of the fern 
ccntent ta a value equivalent to 45-558 in the entire skeleton (Table VI,. 
The livers contained mer 30% c;f t!! dose, at first. Fadio autographs 
demonstrated that the material NES distributed throughout the liver in 
a nod manner rather than 8s a surface coating. 
intraperitoneally, behaved sirnilzrly but was scmewhat mre slowly zb- 
sorbed and, therefore, was retained longer bjr the liver. 

Plutwiyl nitrate, 

The general biological reaction to &,inistered plctoniurn appears 
to be a deposition of SO$ of the mterial in skeleton and early reteri- 
tion of 23-40$ by the liver. 
decreases to 510% Within 6$ bys. 

IE .wst caes tl;e anount in the liver 

Note: Tkje concentyation of plutaniun in whole blocd is pxsented 
in Table XIX. 



Per Cent cf %/Gram TISUE 

Injected PU 
CO!;CENTRATIOI.; 
OF Pu/Gran hi./.?rl. BCSD 

560. 
281. 

3 560 

105. rl 0 C218 
84.5 0.021 
17.2 0,29 
13.9 0.. 0034 
8.2 
707 0.085 -- 7.35 
5.45 0.129 
4.64 
4.64 0.009 
3.55 0.0003 
2.45 o0W25 
2.45 0 e E37 
2.07 0.0253 -- 1.00 

0,89 0 0308 
0.82 0.0002 
0.79 0 ., 0088 
0.17 0 0045 
0.00 O,OG30 

75 -0 -- 97.0 
L- 103.6 

TISSUE 

30.6 
Spleen 6.16/- 

3 209 Liver 
B. Lymph Nodes 1.17 
Gall Bladder 0.93 

0.19 Kidney 
0 153 Adrenal 
0.09 Tooth 

O.o&os' lluscle 
0.06 
0.051 0.302 

Lung 
s. Intestine 

0.051 L. ovary 
Ureter 0.039 
Bladder 0.027 
Parxreas 0.027 
L. Intestines 3.0227 

0.011 Blood 
0.0097 Stomach 

- 
E. Lymph Nodea 0.085 

- 
pelvis of Kidney 0.009 
Heart 0.00875 

0.00182 
o.oO0o 
0.821 

Brain 
Bile 
Femr -- 
Sternum 1.07 
Rib 1.14 

Table I1 

(C j Hard Bone 
from Diaphysis 
(d) Marrow 0.3,43 0,317 0.930 

(Spicules) 
( Cells 1 

2.w 0,155 0.954 5L.8 

84.6 - 
-- 0.310 --- 0 0 @71 

2. Sternum 7.80 8-32 47.3 



7. 

Table 111 

The Distribution in Tissues Following an Intravenous 
Administration of Plutonyl (i6) Nitrate to Uice 

Per Organ of the Retained Portions 
Average Values Fmm Four Kicc at Each Tb 

Liver 36.3 37.8 33.1 30.1 27.5 
Spleen 3 .a 4-46 4.07 2.36 2.32 
Kidney 1.02 0.72 added 0.U 0.36 
Lung 0.57 0.52 to 1.01 0.72 
Femu. 1-33 1.69 CBF-8 1.69 2.21 
CaI'Ca88 57.7 51.8 62.6 64.3 66.9 

Table XV 

The Distribution in Tissues Fcllowing an Intravenous 
AWstration of Plutonjrl (t6) Citrate to 18ce 

- ~- 

% Per Orgvl of the Retained Porticns 
Average Values Prm Fou~ Mice at lhch Time 

ORGAN 4th Dey 8th Dag 16th Day 3lst Day 64th Day 

Liver 36.3 28.8 23.8 14.2 7.13 
Spleen 2.78 2-93 3 045 2.44 1.52 
Kidney . 0.48 0.61 1.47 0.60 0.28 
Lune 1.09 0.76 0.71 0.69 0.22 
F0!UUX 4.36 4 029 2 .a 2.48 3.05 
Carcass 60.4 65.7 &.l 79-6 87.9 



Table V 

The Distribution h Tissues FolloP*ing an Intra kscular 
Administration of Plutonyl (+5) h'itrate to fice 

~ 

% Per Organ of the Absorbed and Retained PorWons 
Average Values From Four Mice 

0 
mGhN 4th Dag 8th Day 16th Day 33rd Day 64th Day "3&#@- 

Liver 19.4 20.9 15.2 7.90 3 .92 1% 7 
Spleen 0.59 1.59 1.01 1.10 0.87 2.25 
Kidney 0.81 3.45 0.W - 0.69 -I Lung 0.68 

- - - 1.43 1.29 2.06 
Reining 

P- 1.97 2.80 4.03 2.98 3.59 2.68 
Carcass 73.9 68.1 70.2 76.6 84.8 74.3 

-- .--- -- -- - 
Viscera 

% of Total Retained Dow 
site of 

it h jection 65.4 62.4 57.9 63.6 45.2 88.1 

Table, VI 

The Mstribution in Tissues Following an Intraperitoneal 
Administration of Plutonyl (+6) Solutions to '&ce 

B Per Organ of the Retained Portions 
Average Values Frcm ho &co 

Plutonyl Citrate Plutonvl Nitrate 

ORGAN 4th Day 16th Day 64th Day 4th Day 16th Day 64th 

Liver 33.8 41 .? 8.70 32.4 37.4 21.5 
Spleen 3.30 3.87 1.78 1.22 4.13 . 1 e49 
Kidney 0.98 0.66 0.64 o.1e 0.74 0.15 
Lung 0.17 0. u, 0.22 0.27 0.36 0.65 
Femur 0.66 1.23 1.81 0.48 1.00 1.72 
Carcasa 58.7 5.9 90.4 65 *4 56.2 75.0 



Table VI1 

WXW%XHl" DISBUBUTION OF +4 PLUTONIUY W RATS pGIlx;;RIRC IN'IRAMUSCULAR ADMNISTRATION 
(from Hamilton) 

POUR DAYS sxxm DATS SIXTY-FOUR DAYS 
% Per 5 Per X Per I Per % Per $ Per 

fiver 3-52 
Kidney 1-39 
Testes 
Spleen 0 e39 
Wrcle 1.36 
Skin 9.23 
Stomach 0.098 
% 6 hg Intwt. 243 
Bone 70.7 
Lws 0.17 
Brain 0 037 
mood 2 -38 
Urine 0.65 
Fecsr 5. 12 

0.30 
0.7h 

0.42 
0.015 
0.22 
0.061 
0.24 
3. 42 
0.14 
0.028 
0.17 

5.24 
2.16 
0.32 
0.39 
2 -76 
2 -28 
0.097 
1.24 

0.17 
0.019 
0.16 
1.05 

59 .r, 

11.9 

0.80 
1.18 
0.10 
0.72 
0.036 
0.055 
0.061 
0.12 
2 -76 
3-l4 
0.016 
0 . 011 

2.62 
0.51 

0.3.4 
2-81 ' 

0.79 
0.065 
0.51 

0.12 
0.012 
0.25 
3.23 

64.0 

22 .0 

Unab in Left Leg 95.7 87 96 68.1 

0.35 
0.26 

0.31 
0.032 
0.029 
0.035 
0.044 
4.31 
0 . 098 
0.0089 
0.015 

<- 

Table VI11 

"CORREcTEDn DISTHIBUTICf CF +6 PLUTO<IL'H ;IN UTS FGUG.;ING IKTRAIRI.CCULAR AD?.'INISTRATIC'N 
(from Hamilton) 

FOUR DAYS SIXTEE; DAYS SIXTY-POUR DAYS 
g Per % Per S Per R Per % Per % Per 
OFRan 

Liver u.0 
Kidney 1.95 
Testes 
Spleen 0.37 
kscle 2.57 
Skin 2.61 
Stomach 0.66 
Srn 6: Lrg Intest. 2.30 
Bone 66.5 
Lunes 0.33 
Brain 0.031 
Blood 4.58 
Urine G.38 

Feces 7.58 

-0rp;an Cram 

1 .a 
1.13 

0.63 
0.028 

0 093 
0.19 
0.11 
2.96 

0.023 
0.28 

0.25 

2.72 
0.68 
0.14 
3.32 
1060 

0.87 
0.082 
0.72 

0.14 
00012 
0.32 . 
7.98 

64.9 

19.3 

- Gram - OrEan 

0.49 
0. I+o 
0.051 
0.58 
0,023 
0.033 
0.042 
0.078 
3-30 
6.12 
O.OO89 
0.023 

it.18 
1070 

0052 
1.56 
1014 
0.15 
Oa49 

0.16 
0.11 
0.32 
4-48 

28.3 

26.3 

Gram 

0.58 
00% 

- 

0088 
00019 
0 043 
00075 
0‘c?5 
3.82 
0.11 
0.12 
0.021 

- Unab in Left Leg 70.3 28.8 34.6 



Ilf RETENTION OF INHALED PLVTOWIUI 

By Richard Abraam 

The pertinent data are rdred in the acctmpqdq~ fableao 
Tables fx and X 
solution 8 

to Inhald 8emwls~ and Table XI to intubated 

Table IX is largely self-explanatory giving the type3 of com- 
pounds uhed, the methods of aerosol production, Bnd the properties of 
the particles as observed h an electron dcmscop. 

In Table X an attempt ir =de to indicata the fate of inhaled Pu 
The colmu headed lung retention indicates tho fraction of aerosols, 

what is Inhaled that deposits in the lung. the 1~ 
is edbhated at a ConthuouSly decreadng rat0 it is Impossible to 
give a singlo constaat indicative of the rate; instead we have arbi- 
trarily indicated the time needed for 50% arrl elinlnation, The 
last two column8 Moate the sites of greatest depo,cition. 
reaches its maxirmP h 1 day and may then decrease somewhat. 
skeleton we have indicated what fraction of the originallt retained 
dose is deposited and the time after exposure mqubd to reach this 
maximum, 

Since the Pu 

/ The liver 
For the 

1:' 

The find fable (XI) s~umarizee results on inhdletion of solutions 
For YU (VI) and for Pu citrates thmugh tubes inserted in the trachea, 

elmation from the lung was rapid at first, followsd by a sudden change 
to a slow rate (the latter presumably being characteristic of Pu IV), 
The half-times are given for each of these pmcesseaa 
out that the liver reaches a naxbnm 5x1 1 day and may drop considerably 
thereafter, especially with Pu citrate. 
citrate enormously accelerates the rate of transfer fmm lung to skeleton 

It might be pointed 

Also the f&ct is noted that 



NITKATES Aqueous atdzer Spherical, balm 0,2 p 

OXIDE DC Carbon am' Filamentauo aggregate of 0,l p units 

CUF'PEiWDE Freon bod 
(c .1 to l.0p) 

TABLE X 

u (n) nitrate - 12 day loo day 3% 720 &y 25$ 
\ *- 

2 (XU) nitrate 7% 5 40 33 920 20 

Y (VI) nitrate 6 6. 52 7' 720 20 

ZOWOUND LupiG ELIMINATION Lxvz3 DLWSITIOH SKELYIO?? 
HALF - TIKE (DAYS) 1 DAY 15 DAYS TnE DROSlTION 

u (IV) nitrate 12 lg lss 15 dass L5% 

- (VI) nitrate 1,8 20 5 205 15 20 

_-- 

._ (TV) citrate] OC7 15 
A (VI) citratej 

20 7 71 30 



12. 

IV THE METABOLISM OF TISSUES OF PLUTCEiIUY TREATED RATS 

E. S. Gu!man 

It has bcnm pointed out by Dr. Muray and by Dr. Brues that plutonium 
treated animals show great irregularity in their resmse to toxic doses 
of this substance. 
action of plutonium 88 a heavy metal and 89 a radiation 6tti.q substance. 
The radiation effects furthermore rill be determined by the site of dep 
odtion of plutonium in the tissues. 

This irregular response might be due to the double 

The mat conatant effect of plutonium seem to be exerted on the 
The spleen is camiderably reduced in siee in bl&forming tismres. 

rat8 treated with intravenaus in;)ectionr of 2 ag plutaniun per Kg. In 

the md of the 7th or 8th day after the in3ction (Figure 111, 1). The 
diminution in rize is accompanied with 8 diminution of the 0, uptake of 
the tissue, (Figure 111, 2) an indication that the substance has actually 
inhibited some mechanisms concerned with respiration in the spleen. 

thew -8 the 6%- Of the 8pl-n ha8 dioinished 70 per cent 8t 

Another tissue in the rat constantly affected by plutonium is the 
thyma. The gland is considerably diminished in size and the Q% values 
go down day af‘ter day so that at the end of 9 to 10 days after injection 
they are only one third of the normal values (Figure IIX, 3). 

The adrenal8 -0 also to be profoundly affected by plutonium. On 
measuring the % uptake, there is at first a sudden increase which sub- 
sides about the 5th day after injection to be replaced by extrenely low 
values. values decreased to 2.1 
(forty per cent of normal) and remained constantly around this low value 
(Figure III, 4). 

In fact, 6 days efter injection the 

The inhibition of tissue respiration is not a general phenomncri, 
Thus, for exanpie, the Q% values of the slr53axillary glan3s re,mined 
little effected throughout the duration of the experinmts (Fizdre 111, 5). 
The sam thing occurred on the respiration of heart FASZ~~. 

The response of the kidney to plutonia2 is vasisble. In sone rats 
the kidneys were obviously damaged as s,,own by gross ape&z-ace and de- 
vated blood NPN. In 31 rats treated ?dth 2 % of plutoniua I~CP Kg intra- 
venously, NPN values from 50 to 60 D-? per cent were found in 16 Fer cent; 
values from 60 to 80 in 20 per cent; finally, values above Kl in 16 per 
cent. 
per cent, definitely high values (above 60) were fond in 30 per cent of 
the treated rats. 
rate of oxidation of glutslnate (Q% glutamate) ad of NH foraticn. 

The W3 values were about half of the normai values (Figure ZV, 7). 

rats we were struck by the remkatle appearance cf the liver, which 
was yellow and quite friable. These tissues had alm,& lost the power 
of oddizhg pyruvic acid (marked with a cros8 in Pigwe IF, 8 and 9) 
Them findings failed to appear in 23 rats treated in the sa- manner 
with plutonium, 

Since normal NPN values in rats oscillate t .tween 39 a-id 40 mg 

“his kidney damage gas cdirrocd by deternining the 
The 

q02 glutamate wad generally lower than in ccntrol rats ( a ipre IiI, 6). 

In the first experiments on tissue metsbolim of plutonium trsatz3 

However, there was mifornly some inhibition of the 
i, 



I 

t 

Q4r pyruvate values (Figure IV, 8) as well as of the Q pyfuvate values 
(Utilization of Pyruvate) (Figure IV, 9). 
metaboUsm of fatty acids was irregular. 
inhibition of the 002 butyrate values and the Q scet2scetate values 
(formation of acetoacetic Prom butyric acid) (Fibwe XV, 10) uhile In 
other animals these values were normal. There ms also an inhibition 
of the anaerobic glycolysis (Figure IV, 11). If to these findings we 
add the changer observed in the electrophoretic pattern of the plasma 
protshr-lor albudn and increased globulins it mist be concluded that 
plutcnium definitaly produces liver lesions. 

The effect of product on the 
In some cases there was an 

Ws have not #, determined the part played by the heavy metal and 
by radiation 1tWl.f ba these alterations. 

. 

10251328 
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R. kmay 

Anhals autopsied after administrntion of plutonium fall into four 
emups, which rhored the folhuhg gmss pathological changes: 

(a) Rat8 inhaling plutonium: Beyond changes in the lungs charac- 
teristic of acute pmmonia, there were no unusual effects. 

(b) One dog treated intravenously with 0.36 &@n: The animal 
died after 16 days, but showed only palo bone matTow and heaPfih@c 
nodes. 

(c) Uce and rats with htranumlar treatmentr Those' recefvfng 
high dosea (2-l2ue;/sm) of plutonium citrate had yellow, degenerated 
areas and punctate hemorrhages in the kidneys, particularly in the 
region of the cortico-medullary junction, All animals ahoutxi dry, 
ulcerated local lesione, hich grew deeper with the duration of tho 
experinrent, in mme cases reaching to the bane. The epithelium was 
proliferated at the margin of most ulcers. 
change& 

There were no other,groas 

(d) ace and rat8 with intravemous treatmnf: Spleens were no- 
ticeably umaller, weighing less than 50 mg in half the Carworth &ea 
which died in the first 4 weeks after receiving l.O.ug/p, a8 canpared 
with a normal range of 100 to 200 mg. 
has been noted in the untreated ndct of our stock. 
mice dying after l.O&g/grn and O.Swg/gm had scft yellow livers at 
autopsy. 
areas. 

A range of up to 500 mg or mre has 
In addition, my 

Rate with comparable doses had nodular livers with necrotic 

Below O.5u/fim there iras no gmss ijntholo except for two 1,ppho- 
nras and one bone twaor amng the mice at 0.5m Y gm, arw! one osteogenic 
(spine) twr asparing with a fractured few in a lrdt at 0.25,ug/@. 
There was also an osteogenic (spine) twr, with coneurrsnt decalcifica- 
tion of the fe,mr, in one muse treat-2.d intranusmlarly dth 4.5~.~&/gm 
of plutoniun nitrate. The incidence of these tumra is sqgestive but 
not statisticau significant. 

His to pat holoey 

- 
e3 
fi3 

0-2 

cs- 
CIJ 
"-- 

In the first series, 1.253g/gro was injected irrtrsvenously into 
the tail, with serial sacrifices fro3 6 hours to 6 r-zeks. Studies made 
up to this time, principally on @C mice, show changes only in the bone 
and bone mow, nodes, spleen, testis, and gastn>-intestinal tract. 

In the marrow, changes were mst prominent in the epiphysis and 
metaphysis, but in some cases were a??arcnt also thm&out mst of 
the shaft. 
occupied by fatty or gelatinous marrcrv, thus ~lving effects similar 
to those goduced with strontium89, though progressing mre slowly, 
and requiring a large percentage of the mcdian lethal dose to bring 
about comparable damage. kC, the 6-week interval, moreaver, the area 
which was first to be depleted of heaatopoiesis (the netaphgsis next 
to the cartilage plate) 
ac t iv i t y . 

Sinuses were nidw'ed, and areas depleted of cells wwe 

. 
showed definite si,ons of ranemxi hen\atopietic 
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i 

i, 

~n the bone, them were two generally pardlel changes: 1) The 
normal process of bone growth by cartilage hypertrophy stopped a few 
days after injection, when cartilage cells swelled ahorrally, some 
osteocytes and osteoblasts died, other osteoblasts became inactive, and 
a loas of interdigitation betueen cartilage and spongy bone resulted. 
2) At the rrame time, a little farther frcm the cartilage plate, the 
osteoblasts were over-active and laid dom broad bands af hgperbasophilic 
bone without cartilagenous centers. Thouch this excessive bone-forming 
activity had apparently subsided aorredat at the &week interval, them 
was still practically no evidence of new interdigitation of bone and 
cartilage. 

.. 

In the gastro-intestinal tract there wa8 only very alight debris from 
occasiaml dead epitheUal cells in the small intestine. 

The lymphatic tissue of nodes, spleen and gastro-intestinal tract 
showed only mild nuclear chqes, uith no marked depletion of cells. The 
testis lost a considerable part of its spermatogenic elements at 6 reeks, 
though there was no char-ge in the interstitial cells. 

The oplcen showed =ked extramdullarJ: erythropoiesis and some pan- 

Changes after the intranuscular in.fectim of 1.5 XR/~ appeared some- 

ulocytopieslu, %apparently in compensation for the depleticn of bone narrow. 

what more dorvly and were less severe than the otherwise very similar 
changes seen dter the 1.25 &/ern intravenous injection. 
site, the inflamnatory cells pouring out from tho vessels either were 
killed off or remained mall and degenerated, thus inhibitinc recovery by 
preventing the full course of inflamtbonl hscle cells and tissue mc- 
rophages were kl.lled also, 
cam large and stained more deeply blue at late intervals. 

At the in&ction 

Fibroblasts, though few lrzre destroyed, h- 

In the few rats injected intravencusly_, the de2letion of lymphatic 
tissue was rrarked at 2.0 ,ug/p: thpis, node, and s;:lenic wk,ite ;alp were 
seriously depleted of lyrrphccytas, end amctilipl- chenges wre found in the 
reticular cells. 

Pernaps the changes in the Use? and adrenal of rats cmstitute the 
most striking difference b9tkeeii rats arid rrdce in this ex3rirnent. In the 
liver, effects of treatnent bere observed as early as two wee%s, and after 
several rmnths were apparent even xith doses as lon as 0.5~7/gn. 
outer and middle portions of the lobule appeared to be the .?lost severely 
damaged, containing suollen liver cells with nuclei rany times enlarged. 
There viere many nlitoses and ar~y dead. cells, and tho tile duct underwent 
inteiise hyperplasia. some spechens at late intervals contained sharply 
demrcated areas of necrotic cells. 

The 

The variability of these findings shxl.? be es;xxially noted. 
&Reek interval, for exanple, depletion of rarrow in scicrificed aniroals 
ranged approximately frcm 30% to 95%, and the si15 of the tcstis varied 
from nearly normal to mme @% of norm1. 

At the 

Similarly, livers in some rats 

f Q2*5b32 
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ware normal but in other8 severely damaged, though doses and intervals 
were the aam. 
into account. 

kny uncontrolled variables have not yet been taken 

Observations on wtoRraphic distribution rill be included in a 
subsequent report. 



VI, cunicrl Picture pol lo^ Plutonium Mminiatration 

This is a a-aed account of the clinical pict- of acute, sub- 
acute, and chronfc plutorkhn as seen h antnals, 
servations fmn a large number of the investigators in the diddon, and 
includes observations on dogs, rata, rabbits, and ndce. 

by the obsarvatiam made iD the dog givm a lethal dow of the plus 6 
ll%tl'atO btmVurorrdy (#33)m 
to the sfft of a aingla lethal dore of tot.l body x-ray, 
X-rw EiCkn.88 (dOp~lr&Il Wld VWdtw) Old- 

after total body X-W, was lacking, but weight 1088 md mfusd of food 
and rater beean mithin a fen clap and progresred stoa- until death, 
fen days before death (around the tenth day) the dog entered th8 final 
"shock" phase, sharring a rise in temperature (2OC), a corresponding fib8 in 
pulse rate, labozul diaphragmatic breathing, dvation, hsmorrhages into 
the ekin and rubcutansow ti88UO8, and evidence of agbt bleeding from the 
banel. The mort marked clinical pathologic finding was the dmp in *hits 
COUU~, involving hetemphilss ad lymphocytes about eqw. m8 began 
within the fir& two ckqm and w level of about 500 &its blood cell8 per 
mid raa reached at the end of the fimt reek. 
served throughout tho course of the experiment, uith ~LI eventual 33% de- 
crease in the rd cell count. 
noted from tha fourth to the seventh day. Other fk.Etings included a 
prolongation of clotting time, a sharp rise in sedimtPrtation rate, a de- 
cline in plasrna protein, and an increase in plaamad. 2 and beta globulin. 
Certain fin-8 relative tn the pi.gmnts of blood and bile origin haw 
been noted; the urinary urobilinogen rl888 in the early dayr, due probably 
to hepatic dysfunction; a green pigment occurs late in the course of acute 
todtiity in the urine, and is pmbably biliverdin. In addition, a decline 
in urinary coproporphyrin (isomer not yet detelmingd) ma8 aeen during the 
first ten days, 
possible to say categorically which 8rz chsracteristlc of pluLo.dsm as 
against acute x-ray taxicity,* 

1% indudes data and ob 

The clinical picture of acute plutoniura toxicitp: ir best ax-flcd 

StAPOX'fiOhl~ 8t lOaOts it 18 qate Bidla 

The Initial 
14 t0 4 how8 

A 

A pmgrsssive anda waa ob= 

Albwd.nuria and clicrpscopic hematutia rrem 
>- 

In the case of many of theee findinge, it is not yet 

Certain findings made on other animals indicate (1) that there &re cep 
tain dissimilarities between acute plutonism and the effects of total body 
x-ray, and (2) that there is great variability between the findings in one 
gmup of animals and in mother. 

* Texlmindly, a sharp t mp in platelets has been obeemed and a further 
decline in the whit3 count, with a terminal count below 100, Autopsy 
showed hernormet into mtrriy lymph.n3de8 ar.d hyper6d.a of certain parts 
of the gastrointestinal tract; the spleen was smali, the liver and other 
orgas appeamd normal grossly and micpscopically. 



' ,; ... 
20. 

In the case of mice dying acutely (ioeo, within two to four seeks), 
one strain (Cnmorth) showed only slizht anezda, but one-half of the livers 
viere grossly abnormal, being yellow and friable in consistency; nany of 
these Rere entirely normal microscopic all^. 
shvcad profound anemia, with hemoglobin concentration dovin to 2 or 3 grms 
percsnt terminally. 
otro$deu. 

ndc: mice, on the other hand, 

Spleena viers a3. small and in many case6 Rarkedly 
Gross examination showed the livers M be dfonriy namzle 

Althorn dcroscopic evidence of liver damage was not seen in the acutely 
poisoned doGI changes have been observed in rats and mice within the first 
month, but this has not been an entirely consistent observation. 
been found that gross Uver change8 cbnnot consistently be obtained in suc- 
cessive experiraentr. 

It ha6 also 

Cmaa renal damage dso occasio~ occur8 folld.ng lethcl doses of 
plutonium. 
and after intramuscular citrate. The lesions have been observed in rats, and 

mice consisting of a yellow area between the cortex and medulla, with yellon 
streaks extending donn into the medulla, and kith pulctzte he.mrrhages in 
this area. 

This has occurred dth intravenous citrate and nitrate (plus 6) 

No microscopic ooservations are yet aveilzble. 

The acute lethal dose has varfed betkeen 0,4 m&lo (dog) and 1 &kilo 
It is probably (rodmts), when nitrate and citrate were given intravenously. 

slightly higher when citrate is dven intramuscularly. 
nitrate the acute lethal dose is abovc 4.5 ngs/,kilo (nice) and with sub- 
cutaneous nitrate (mice) at about that level, although acute death has been 
seen in a few Mce given 145 ngs/kilo, 

Fiith intramuscular 

In sunrmary, acute plutonism is in many respects similar tci ecute tctal 
In addition, the observations swgest that damage body radiation toxicity, 

may occur more specifically in the liver, kidneys, ar?d spleen and to 
erythropoiesis, 
ficult to reproauce. 
tonium in the body is obvious 

These specific lesions htve bee2 extremdj. variable and dif- 
Their ;robable relation to the cistribution cf plu- 

Subacute piutor-Asn! night con*..er,ieni,ly be define4 -8 the sttte, in wiZ5:k 

25s ,.$LS obrarveci in i?r_r.,thsr 
an animal gradually declines over a pcriod 01 ;r?01;tb, ;,arbape foiloRin,: 
evidence of recovery from acute intox;cLtix, 
dog (/!3Y) which survived 3 months aftcr t!;e injectio:! intrivcn3xsQ of dxut 
0.3 qs/kilo of plus 6 citwta, 
similar to that following ar acute lethal cioze, excc?t that i'; was in al: 
respects less severe, Betnee? the 10th and lbth day ::ere MS E alight r se 
in temperature and puloe, the dog'was letl?nrsic, and slight recta bfeeiing 
occurred, The white count fell to 300 during this pcr',od uld progressive 
anemia vias occurring, 
rapidly and the white count b$Ga!! %o incre~se, 
striking in the cirse of the hetemphiles ad ody mierite in thr lpqhoc:-tcs. 
However, weight loss progressed steaday and the mi-& becam drhditdlly mre 

anemic and emacieted, 
began to decline, 
progressive increase In heart pate mr. body te+;Tratuz-c,. 

autopsy were similsr to those sem eciitely exce;:t thzt emciation .mi a~erLa 

were ffiuch more marked, 

This mind prrsentzd an ticute picture 

At abcut the sixteenth Cv ;!?e symptoms k.?roved 
The ,:kite cell reccvec was? 

hhng the SeCORd month t!ie vhite cell level zgah 
Betwen the 79th tlq ami dct!~ 2% $2 days the;.e %as B 

Tiit; gross findin2: E', 
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Pathologic observation8 on other animals dying nit.* four wnthrr b= 
diczte that we may expect damage to thc blood-fo-g elments, liver, and 
bone. 
been ascites and subcutaneous edema, nodular liver with necrotic areas, or 
with areas of hyperplasia of biliary tissue aid, occesismlly, hepatom- 
like nodules, 

The co.mnest finding in the gmups of rats dFing in this period Pis 

Dr, C. J, Katson suggested in discussion of thi- point that sidlsr 
hepatic lesions are known to occur in choline deficiency and allied states, 
and that methionine midht be of thtraFsutic value. 
part or all of this picture dght be secondery k, the irkdtion which OCCUPB, 

with resulting dietary deficiency. It aeem important to hve8tigate this, 
since liver carcho~onesis by am dyes can be prevented by,dietarg means. 
It is worth pointing out that these regenerative processes might render the 
liver more liable to radietion damage, 

He pointed out that 

Hematologic changes in the subacute range have been somewhat variable 
ii'heii leukopenia OCCWG, it is usually most in the animals stdied so far. 

noticeable Ln the first fa days, and this initial leukopenia is often sus- 
thed over a long period: In some groups of anbuds dl doses down to 0,05 
&kilo have rerrulted in a decresse in the white cell count to 25 to 50 per 
cent of normal; in other groujm the first significant changes have occurred 
between 0.1 and 0025 dkilo. 

A third dog (#38) received O,& &kilo of plus 6 citrate intranuscularly 

The Lboratory dgta on the three docs has 

' 
and showed relatively milder acute and subacute changes. 
continued throqh the third nmth, 
been carefully tabulated b; Dr. Prossor x.d is a?pended to this report;, 
(Table XXI) 

i',ei:;ht loss has, howeler, 

Since little or no experimental work hzs e:rtend$d over a pcriod of mre 
than six or seven months, one can only ztt.zi,-$ Zc predict the pitttrrt? 0; 

chronic plutodsn OP the basis of such ds'.~.~ 
so far in rats and mice, tEo fo?Js%ing in'-rz-<$r.J:s ZIZ me fc)Lh-AnS intrz- 
muscdar treakent with plus 6 nitrzte.. 

o=currec! in the fmur netir the site of ti,c injr:~lon, Zn one insienee ex- 
~IWIG~? thinnind of bone has been seen, xitii ass2ci- ?.e4 pathologic fracture, 
rernalns to be seen to Khat extent tRes,o effects, ar.? ths meda, leukopenia 
and hepatic changes, tend to ba progressi-,-e or b extend to Lovier dcszge 
level 6 E 

'Ih~ee bone turccr-5 heve bcsn SEW 

;n the lattir ca5e tt.e txor 

it 

Greying of the hair in bovn ALK: inice trezted intravenously kith plus 6 
nitrate, has appeared progressive1:r et 1o:;er doses; it was first noted at 
two months in the group Given 0-5 &kilo; it *as 98831 8t thren, mxitkzs in 
those given 0,2, af, four mmths in thse gi-.-en O,l, and is just noticeable at 
that time in those given 0,OS dkilo, 
the thorax and has in dl cases progressively intensified. 

' 
3iis ha been most noticeable zmud 

Testicular atrophy hes been i:,itcheb for in rats &ve,? intravenous 
citrate. 
had not becone clinically noticeable at that the after 0,35 q/LAlo. 

It was observea six weeks after aipinititretion of 0,1 r&kilo, but 
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with radium, which of course presents certain difficulties, 

The best information regardind the production of local dnmge by plu- 
tonium has been obtnineu in the course of experiments on mice receiving 
plus 6 nitrate intramuscularly and subcutaneously. Occasional brown mice 
hsve shown local greying of hair at the injection site 100 day8 after the 
injection of 1 micropxn; ulceration of the skin has occurred 20 days after 
the subcutmoous injection of l+ micrograms and l+O days after the intra- 
muscdar injection of 10 micrograms. 
effect8 have beun produced by the local presence of a fraction of these 
total doses, arrd that ulceration might under favorable conditions be caused 
by amounts near1 microgram deposited locally, 
indolent, and has become progressively wider and deeper over pefiods of q 
weeks, 
seen within the first five or six months. 
the great susceptibility of mice to skin carcinogenesis by hydrocarbons, 

It is reasonable to suppose that these 

Ulceration has been dry, 

Keratotic overgrowths have occurred but no malignancies have been 
This is interesting in view of 
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0.404 

+ 6 citrste 

I. ll. 

Alive 3 months 

1.2 qg/aIl34 
0.5 qg/d 24 hrs. 
0.01 ygk It d. 

stme increase in 
@ globulin. 

0.36 

4 6 nitrate 

Dose %/kg 

salt 

Route 

Survival 

PuinBlOod 

I. v. 

Died 16 days 

after 10 days 0.01 

lou albumn, very 

high @ glotulin and 
fibrinogen 

9s drop in 3O &*a 

Y g/ml 

high& 2 gloSUlin, 

on@ globulin 

, 

high~2 and e 
globulin 

P1. prot..in pic- 
ture 

Pu localisation 
in blood 

Urine albumen 

on globulin mainly /3 dab- 

++ 57th days 
-thereafter 

no change 

++ on 5-7th days 
-thereafter 

no chahge no systynatic change 

constant 

Urine sp. gr. 

Urine pH 

Urinary C1 nom1 until food cons. 
dropped. 

emscisted, seak emiciated, lqs 
outside abdonen 
€?,?-t?:th Gays. 

no sfigrif icant trsncitorj rise 
Ch2L&& 13-56 days; progres- 

sive increase 74- 
, $0 days 

no sigYicL-,t 
change 

Sane as heart rats 

Gross changes 

+3i$ 12-16 clays %art r?te 

$2OC 12-1.5 cays Rzct. temp. 

-16% (13th d.) 

i23Z 8th dq-. 

El. Press. 

F1. Vcl 

;3 .l$ 36th day i16.2 36th day 

a 



33 38 

-~ 

a. Vol +U.% 8th day 

-20.0 36th d2~ 
, 

-26.0 36th day 

slow decline, 17.55 slow decline, 
1025 & 79 days loss by 2$ months 

Yieight 

slightly below con- low 12 days; 
trol lavel contirrually nearly normal 

af%enmA 1 

I 
hlgb 8 days, declining high 8 cl8y8, 
thereafter declined there- 

after 

Food COM. decuned to fen 
kms/day 

decreased 

alrrr increase, + 8,% C on 12th 4 
50th day 30th day8 

2s increase by 
15th day 

slow increase, t 19% 
50th day day 

+ ll% on 5Oth 20$ increase by 
15th day 

46 45 40 

29 oil 29th day, -3% 17 on  de^, 
-6s 

32 on 15th day, 
-2s 

teminal hernocon- 
centra tion 

6,ooC,ooO 

4,iOO,cOO on 15th 
day 

4,890,030 on day 
of death 

control 

lxLdmJz &,303,0Co on 2Cth day 2,500,000 on hOth, 
51~t ~WS 

recovered to 6,050,oOO 2,200,000 on 7M 
on 5bt dsy day 

Hemoglobin 

c ont r 31 

6.0 % on 72nd 
dzy 
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33 38 39 

Heterophiles 

control 

minimum 

chance 

mvb 
control 

mini3um 

20,030 9,503 11,700 

200 on 16th dsy 400 on 13th day 

mn8 recovered to 4,900 800 on 40- 5lst days 
on 51st day 

decreased to 2,600 500 a 7- day 

300 on 13n day 

on 66th day. 

900 on 8th day 

none seen on 15th 
day 

no recovery 

7,000 

7,200 8,500 

150 on 13th day 120 on 13th day 

recovered to 3,600 1,650 on ath dY 
on 513% day 

1,500 

450 on Slst day 

I, 800 

Reticulocytes O,l$ on 16th day 

Platelets decreased 

Sed. Rate increased 5x 

decreased in early decreased 5n 1et.d 
days - rsccvered days 
late 

control ~mn/ioll-r, control 9m/hour, in- 
increase? to 52 OE creesed to @ crn lGth 
29th day recovered dsy, 75 on 72nO day. 
t.o 4 on 80th dag 

;ied cell fragilit;r unaltered 
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Clotting 110 significant change increased by 13th 
dey 
decreased 15-65tli 

days 
increased 85th dq 

Proth. time unaltered 

Pignent exc. 

linogen 
f&l mbi- nod noropal values 

elevated first 

lar thereafter 
feu days; 

305 decrease 
24th wb., normal 
%th rpks., lcnr 
thereafter 

urine copro- terminal rise 

Porprnb 
5C$ decrease 24th 
wks., aolpIBf, 5th-6 

thwafter 
Wb., belarnolmal 

ii ii 

moderate rise mintained 40% 
terminally decrease 

N. P. N. (.blood) alight decrease 
second month only 

anino N 

creatine N 

creatinine N 

urea 11 

Autopsy 

5G decrease 6U# decrease 

5% decrease 6C$ decrease 

definite rise questionable rise 

hemorrhagic cervical 
lymph nodes & kidney 
liver, etc. grossly 
normal 

henorrhagic nodes, 

hemorrhages in 
duodenum a& 
a4JToCdium. 

lnarrm; small 



VI1 EsccretAon Stx5ies 

Wright Langhm 

The primary Fnte~est of our health department is the immediate 
developent of a ~ethod of uionitoring perscarre1 for internal boiy 
contanination uitf; plutonium. 
plaq is to enable us to retira individuals from further contact with 
the mterial before they have absorbed harmful munts. 
tion of such a plan depends on the establishment of a number of factors 
among which are the following: 

The development of a method of deternining exceedingly snrall 
amounts of plutonium in 8ome body fluid or excrement; 

The establishmnt of the relationshi3 between the body fluid 
or excrcrngnt and the amount of phtonium contained in the human bdy; 

The obvious Wrpose of a mnitorinp 

The execu- 

1) 

2) 

3) The development of a smpling sjrstern nbich excludes the possi- 

This report suLmarizes our attempts to establish some of the above 

bility of externel contanination of tbe sample. 

factors. The urine has been chosen as the source of the sample for study. 

Method of Sarr~linn and Analysis: 

Because of the extreme difficuky of detecting small amounts of h- 
tend contarination with plutonium, and because of the great possibility 
of external contmination of th? sa%;:=, the ?Factice has been to collect 
212-kour sagles under very rigorous mnditions. 
to stay away frca work and prefarablu away fron: the Site for a k8-hour 
period preceding the period cf collection of the sanple to be amlyzed. 
All pzrsons are asked to wear freslilj- leundered clothing dulinz this 
preliminary period 2nd to bathe and Icsh,their bands frequegtiy. 

The subject is directed 

Tk,e subject i8 asked to re-prt :c the hospital at eight oscl.ock 5. 
tt,e xorriing at the clcse of tne 48-hccr prelhinary period. 
hosgital clothing and after taking a ~ho.ruer, is adzitted to a spcizl room 
provided for collect-kg the 2f+-.?ow -ame szmple. 
in this room for the entir-e 24-hour .perio5. 
subiect restrict his fluid intake to one cu; or glass cf fluid per mal 
to avoid an abnormally large saxple. 

He is given 

He is asked to re-? 
It is requested that the 

A hand counter is available in the ronand a note is nade as to 
whether or not the individual has a ha,d c;st. 
to wash his hands each tins before he voids and to viear white cotton glov3s 
during voiding, thus prGventing epithelial scales of the hands from fa1lir-q 
into the flask and contaminating the sample. 
Lq a 2 liter erlenmeyer flask which is placed st such a height that it 
is not necessary for the person to touch the flask or the funnel vhile 
urina%ing. Khen the collection is cmpleted, the subject dresses and 

The suSject is bstr-icted 

The voidins are collected 

I 
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leaves the hcs2itc.l leaving his specicm nh;r? it was collected. 
sample is picked up and delivered to the laboratory by a member of the 
group doing the analyses. 

collection of a 24-hour urine sample as nearly free Prom external con- 
tamination as possible. 

The effectiveness of the above method is indicated by the data 
Tabla XIII Wfiicl.1 gives a comparison of the analyses of samples consist- 
ing of tm overnight spechens collected in the individuals' homes dth 
24-hour samples collected from the same individuals by the above hospital 
method. 
at home was 20 aa coupwed to 2.2 counts per minute per aanple when 
co~tcted Under hospital conditima. 
tMs great difference iu that external contadnation was avoided h tbs 
latter case , 

The 

Rigid adherence to the procsdue described above should prdt the 

The average counts per minute obtained in the samples collectsd 

The mot probable explanation of 

The sanples cclllected in the hosgital are analyzed by the follbg 
The entire 24-hour specimm is evaporated almost to dryness and 

The ashing is continued until a white solid 

method: 
the residue uetashed using one addition of conc. HCl and repeated additions 
of conc. HN9 and 30% H2Q. 
almost completely free af organic matter is all that mmi.ns. The residue 
is taken up in 2 K HQ. and a conplete hydroxide pyipitetion carried art. 
The hydroxide precipitate is dissolved in 2 N HC1, the solution 5s ad&~at- 
ed to a pH = G.3-0.5 and the Pu, plus 1 mg. of ferric iron a8 a carrier, 
is extracted into chloroform ushg cupferron, 
off and the cupferron residue digested off with nitric and perchloric acids. 
The PU is then carried out of the perchloric acid solution with 1anthanum 
fluoride. 
disc and counted for 30 minutes in an alpha counter. 

The chloroform is evaporated 

The lanti-mum fluoride precipitate is transferred to 8 platinum 

The data reported in Table XIV give sone idee as to the performance 
of this mthd when applied to spiked urine sanples and to mck urine ash 
solutions. 
persons never f.aving worked with PU, 
803 to UOCI d. 
saqAe with e speed of 0-1.2 c/m. 

Blank detcminations were made on 24 sznples of urine fran 
These sa-Fies ranged in size frm 

'l'lie avecege of all blank deterrLxtions was 0.5 c/m per 

Results of Personnel Uonitoring: 

Thirty-six menbers of the staff were chosen for the first test of the 
above rnoxdtodng nethod. Tiieao *@e chosen to represent high, moderate, 
and low or nq exposure groups, 
give any definite significance to the classification. 
dicative, however, and are smmarized in Table XV. 
that all individuals showing a positive count in the urine had had one or 
mre high nose comts on record since joining the project. 
co'nt le recorded against an individual when a moist filter-paper swab 
inserted into the nostril and rotated ahom 50 c/m or greater when counted 
in an alpha counter. 

The number in each group WBS too few to 
The results are in- 

It may be significant ' 

A high nose 

Urinary Excretion of Plutonium by the Hum: 

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



between the arcount of Pu ia tke hum s:Jstaz and that excreted in the urine 
per 2i+ hours. &-I April 10, l4&5, as, ntteL?t vDaE rade tc establis3 this re- 
laticjnsnip by injecting a t,- ru5;ect in;ravancusly with 4.78 of t4 Pu 
which was coiaplexcd xith scdiur, citrzte(O.j% solution) and adjusted to a 
pH of 6.0. 

The 8ub:ect was an elderly Tale whcse age and general health was snch 
. that there is Uttle or ~3 possik-ility that the injection can have any 

effect on tLe norrral COUFM of his life. The patient might not have been 
an ideal subject in titat his kidney function may not bave been coapletely 
normal at the time of injection as indicated by slight albuminuria and a 
low urine rpecific gravity. 

The 4-4 citrate compler was used in order to produce the maxi mu^ dep 
oaition in the bone. Tois presumably mmld produce an excretion rate 
comparable to that of a nrker having absorbed the naterial at a elm 
rate theroby depositing a nwdmm mount in the bone where it is probably 
the most damaging. 

The results ol+&,ed for the first 18 days after injection am pre- 
sented graphically t. Figure 1 by blocking in the per cent of the total 
inject& dose excreted per day. 

These data show the excretion during 5he first day was SUrpriSingly 
low and that tbcr leveling off of the excretion rate was mch slawer than 
with rats. 
they represent some metabolic abnormality of the subject. 
however, that the stability of the +4 citrate cmplex is a factor, 
blood sample taken 4 hours after the injection showed that about 50 per cent 
of the injected dose was still in the circulating blood, The calculation, 
however, was based on the sssum?tion that there had been a complete nrixing 
of the mterial throughoat the total blood volu,m. 

The most probable explanation of these observation8 kt that 
It is pssible, 

A 

A rather favorable excretia. rate is :Lndicated by the observation that 
the leveling off poirit EW~ tc '.e about 0.02 per ce:?t instead 
cent as observed fcr rats. 

The Effect of Size of DGS~ on Ur.'nazy &c.?tion of lt4: 

ffietabvlism of PJ if a Wted mount of hum tracer data are to fxn 
the basis of a methcd of aiagnoshg internal body contadnation: (1) 
is necessary tG assme that, Once absorbed, all valence states and all 
compounds of Pu are !rietsbrlized by the animl organism essentially 
the same nay. 
the same way regardless of the routo of absorption or iid:dnistration. 
(3) 
therefore the fraction excreted is iridependent of the size of the dose 
adnhistered or absorbed. 

3.01 per 

A number cf fur.dmer,tal azsimptions ~1st be mde in regard to the 

It 

(2) It is necessary to ass-- that Pu is metabolized in 

It is ahs necessary to asskme that the fraction deposited and 

Harmlton (CM-2323) has rewrted a limited amunt of information 
The fol1or;ing support of the validity of the first taci assum2tions. 

experiment yas prfcmned to test tho validity of the third 



Five grcups of .nature mile rats were injected with 0.03211(2250 c/m), 
loll$, 5.3X, 15.0% and 52.0a of FL respectively. The mtcrial wa~ adruin- 
istered as t4 citrate complex in a scjluticn 0.5 per cent with respect to 
sodium citrste. The pH of the solutisn was 6.0. 'h urine and feces 
were collectei daily for five days from eech group and analyzed fcr 49. 
The results of the urine analyses 2% give2 in Table XI. These data 
show rather conclusively that the per cent 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 adnihistered. 



Sablt XI11 

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

Person c/n and Place of Collection of Sample 
At Horn* In Ho8pital+* 

10.1 
41.6 
16.1 
2.8 
17 .I3 
30.6 

2.2 
4 .3 
3.6 
0.1 

2.2 
.- 

Average : 20.0 2.2 

* 
the individual after thorckugh bathing and washing of hands. 

-lea collected at home were two overnight voiding8 collected by 

* Samples collected in hospital were 2iphour sample8 collected under 
the rigorour liospital plan after a two day leave from fhe Site. 

Table XN 

Recovery of Knom Amounts of h 
From Regular and Yock Urine Samples 

No, of Nature of Amt. of Recovery spread 
Detna . Samples Spike c/m % % 
P 

U, Blanks (reg. ivine) 0. (ave. 0.5 c/m> (0-1.2 c/m> 

4 nock urine sol. 29 .2 94 8&100$ 

I, 1 n 3-7. 1030 93 85-1019 

I2 reg. urine 10.0 88 73-1048 

3 rag. urine 4- 5 95 81-105s 
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Table XV 

baulta of Uonitoring Site Personml 

t 

T 

Class if ica t Lon No. of he. c/m/24 hr. 
PeFSOna urine sample* 

wm @=Pad 5 2.2 

Moderately exporaj. 23 0.4 

Low or no axpoaum 8 0.2 
I 

Those having Mgh nose 
counts+rt recorded 14 1.2 

Those having no high 
nose counts recorded 22 0.2 

* 0.5 c/m was subtrscted fran each value a8 a blank. 

M A high no88 count is recorded against an llndiridual when a mi& 
filter-paper swab inserted into the nostril and rotated shows a cotmt 
of 50 c/n or greater Jim counted in m alpha counter. 

Table XVI 

Effect of Dosage on Per Cent Breretim 
of Pu (1-4) Citrate in the Urine of the Rat 

Z of Inj. Dose Excreted per D~P 
Period after Dosarre ir 
Inj. - Dayrs: 0.032 1.1 . 5.3 15 52 

1st 
2nd 
3rd 
kth 
5th 

0.72 
0.27 
0.22 
0015 
0.u 

0.71 
0.22 
0.12 
0.11 
--L 

0.73 
0.31 
0.18 
0.13 - 

0.57 OeT7 
0.20 0.26 
0.16 0.19 
0.13 0.17 
0.32 - 
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E, Re Russell 

Tables shouing the excretion of product by various animals 

0.01% of the meterial retained in the body wid a pear to be 

ere presented, 
set 88 the probable minimum daily urinary product excretion from this 
data. 

page 2) showed a much lower excretion than O,Ol$ per day. 
that only 65% of the material is absorbed fcarn the oyscle and that 
has been excreted, the O.Ol$ muld also apply to this anlmel. 
in the tablea for all enimale, rata ,dog@, ard rabbi- 
0.09 daily excretion when constancy b raachod. 

concentration ot plutonium in the blood ard the urinary eruretlon. 
pari8ope of ?-emd +day blood eoncentrationa and urinary excretion in- 
dicate that little definite infomation can be &nod. 

2.72 
wa8 only 0.123 . Dog 3 had but 0, & p of Fu in the circulating blood 
and excreted O0P3 )IS. T~us, though the lood level oi Pu in dog 3 waa 3 
that of dog 38, the knout excretal in the urlm ma el-tly @eatero 

to be tram 3 to 4 tlmm higbar than the axemtion fron urlne collected duriag 
correepondi~ pe~lode~ (Tablee Xn-n). It was eugessted tht @too& be 
essayed to oetablleh the produot eontent lo. Immnllcr. T&o dlfflcpltJ~ en- 
countered in analyaiw stoola am3 the canperison ob human fecal product 
excretion to that of dogs would lead om not to rely on thb procedure. Dr. 
€lamilton 8tated that he le rrorking on a method tap. stool aaalyses that should 
be publlahed verg shortly, 

The question was raised aei to what value could be 

a rair estinate, The question haa arisen a to w4 dog 3 B (table on 
On the baie 

Tho data 
shm fhxu O.ol$ to 

Dr, Stone has a&& rrhat eanpwlaom hr, been -6 betwem the 
Com- 

38 end 39 at 40 days after injection ahous' that while 
of plutonita in the cireulati blood the 24 hour urinary excretion 

The fecal produat excretion tor all anlmla studied ha8 been shown 

Table I[vII is presented to ehou the value of dog excretion 8tudI.a 
to the interpretation of data accumulated 03 bunram. 
for these dog8 is conpared with that of a single mele &man fo1lo;Ping I? 
injection with 64 uc: dr 96 plutonium citrate, 

The excretion of Fu 

I 
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In dtscurrilrg 8 tolerance limit tor plUtOILhm contained in the 
body the question -In m6e ea to @at fraction cif a deyta urine abould 
be aanlyzed la ordw to ealmleto the retained plutonium. UxmlaI: spechen8 
hem dwaym &own a higher uait activity and any retention CalOUrated fran 
these Uy8t)~ would tend to be too high, For accurate data, the eatire q- 
hour speointm or a large fraction thereof nust be assayed. u the tolerance 
limit Is to bo set at 0.7 pg a O,Ol$ taken 8s the emaunt excreted then a 
meixlmum 4.8 O(count8 per day wrst be detected. htection ob one cant per 
minute from the dog's excretion would indicate a deposition in the body of 
0,6 v. 
urine to be aasayed it should be carreapondlngly lergar. 
concluded with the tollowing swestlons: 

If we are to detect laver actlvitiee than the fraction of the daily 
Tbs diacdsslon 09- 
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Table XVII 

4th " 

2,6 . 0.38 

1.1 

0.6 

0~65 

5th " 1.1 029 . 0022 

7th 0.63 

FECES I- 

let 24 brs. 0.015 0,oM 0,0032 

2nd " 0.187 0.063 0 .oq 

0,on 00053 0,062 - n 

If we &e to place my weight en ow nnimAl studies it la quite clew 
fran the above figures that tta urinary excretion of doge and mazl le more 
_comparable than fecal excretlon. Data prrtsented by a. Law on a hunar! 
trepr experiment wing 4.7 pg of the +4 citrate shows good correlation 
wlkh our results, ne also r'epxted low fecal excretion. In his discussion 
he also pointed out that 50;6 of the inject4 plutonium was pre, rent fn the 
circuletin& blood four hours &tor the inJecrtlon. 
the end of 45 minutea only 15% oi tho plutonium remained in the ClrculatlDs 

Our data ehawed that at 

blood e 

" It ha8 been asked arhethar the IR-2 or the fRlQ resin adsozptlon mtba 
would be mare suitable for detecting low activities in the urine. Since the 
IR-1 column procedure was designed to detect approldnmtely 1 count per minute 
in Q 100 ml specinen aod the tolerance hns been set at a level approdmately 
10 times smeller, the method now being done Is certainly not adequate for 
0.1 count per minute. It is suggested that less frequent analyses anb larger 
rolumea be used for each specimen. 
500 to lo00 ml specimen8 has ahm considarable variation and needs further in- 

* 

The IR4 method which &a8 been used for 
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Plutonltnn Eroretion 

mwitl 

(6 Citrate I.v. -7.0 
6*5 P y 

l8t 24 bra. 

YW 
2rd" 

4th 

2:: 
E: 
9th = 
10th 
llth 
l2th 

uth 
13th 

19th 
20th 
21et 

2440 

0.133 

O*V 
0,038 
0.023 
082J 
0,027 
0.03 

0.02 
0.010 

0. 

0.q 

"*"3% 0.02 

ooolil 0.03 

0.012 
0.028 
0.026 

0.0% 

1st q m. 0.010 
2rd 0,103 
Fa 0.067 

* ~sms 4000 ml blood 

1. of emount lnjetted. 

Frau the above data we should sxpeut hl@w Urinary product 
excretion from fnunana than fram dogse 



?able XM 

Flutpium Concentration Change8 in Blood 

F%-3e 

h-39 

Dog pw-33 
I.V. Injection-2669.7 ug 

680 ml 

430 

24 

72 

168 

2w 

336 

384 

date 

Ifhole Blood 
ug pu/ml 

0.56 

0 193 

0 039 

0.016 

0,011 

0,011 

0.010 

2& 

72 

168 

336 

696 

960 

1'7 52 

18IQ8 

W 

n 

I- 

I) 

W 

II 

n 

n 

+6C 

Time After 
Injection 

3.3 hra 

5-75 " 

- 

,rate 

s wa 
bole Blood 

1.20 

0.N 

0.54 

0.084 

0.323 

0. olo 

0.095 

0.004 

0.0957 

0.0031 

&,faction Data 

Dog Px-39 
I.V. fn;lection-1630 ug 

1.118 la 

0.615 ml 

0.w 

0.29 

- 

hte 

#hole Blood 
rg wa 

1,3n 

1.204 

1.086 

0.106 

0.008 

0.005 

0.002 

0.0015 

O.Oo06 

0.0005 



Table YX 

1.V. t6 Mtrats LE* +5 Citrate 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

333 
5 Excreted 

6.9 
0 Dm 
0.0325 
0 0274 
0.0292 
0.0022 
0.024 
0.0225 
0.0191 
0.0187 
0 00187 
0 . 0165 
0.0067 
o*o* 
0.0292 
0 . 0180 

-Ole 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Aver€ 
17 
18 
l? 
23 
21 
2;: 

K-38 
IGPcreted 

8. pc 
0.343 
0 ,219 
0.U 
0.109 
0.039 
0.037 

0.020 
0.w 
0. ol9 
0.W 
0.0112 
0.0109 
0.012 
0.0125 

e daily excrel 
0.009 
0.0059 
0,0047 
0.0053 
0. Kdl2 
o*mtri 

00 025 

1,v. +6 Cftmite 

SlUBD,e 

1 
2 
3 
k 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
l6 

CmforSdi 
17 
18 
19 
20 
21 
3verag 

22 
23 

12.66 
0.495 
0.139 
0.m 
0.147 
0,081 
0.a9 
0.039 
0.031 
0.032 
0.029 
0- 025 
0.017 
0.020 
0.022 
0.013 

' fnte-Fvab3 
0 . 0143 
0.010 
0.0075 
0.0088 
0 .ow 

in*A&:: 

0.0063 

14+g 

0.0075 
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Table )[XI 

Daw Fecal Plutcnim Excretion 
Dot3 

sample 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
u 
32 
l3 
14 

-- 

3izE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
u 
14 
15 
16 
17 
18 
19 
20 
21 
22 

%-38 
s ucrated ZSE 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
u. 
12 
l3 
14 
u 
16 
17 
18 
19 



Table XXII 

Cmpzytive Plutonitm Excretion 

I 

I 

0.11 1 85.2 

Y 10.5 

M 8.5 
- --I -1 5% I 



Table XXIII 

Plutonitan Brcretian 

$inIh.iw, $ in Yeces 

Om31 0.84 

0004 Om17 

0.026 1 0 e053 

0 .m 0.028 

0.021 0 0063 

0.027 om 

0.030 0.04 

AB& 

1m (0, 
$inurine 

0.18 

0*01 

0.20 

0.17 

0*06 

0002 

0.05 

-- 

$ in Fecerr 

00 82 

0.12 

0.19 

0m14 

0.02 

0.10 

0.10 

. 



?able XXIV 

Rats-dccunulatd Excretion 

5 of Total Dose 

Period 

U P 

0.125 mf 

4439 
U F 

5.7 3.5 

5.9 7.2 

6.2 12.3 

6.6 16.3 

6.8 18.7 

6.9 19.9 

Kilo 

A 
U P 

7.9 4.5 

8-3 7.9 

8.7 13.0 

8.2 16.5 

9.1 19.8 

10.1 20.9 

w5 i 
U P U P 

6.8 3.0 9.0 2.5 

7.0 8.1 9.5 6.2 

7.3 12.0 9.8 9.3 

7.5 12.5 10.0 10.1 

7.6 13.1 10.2 10.5 

7.7 13.7 10.3 11.0 

4433 I u34 I 4441 

9437 
U F 

7.0 3.6 

7.4 7.8 

7.6 11.6 

7.7 14.2 

7.9 17.3 

'8.0 17.9 



. 

.. . 

- 
Period 

2 daya 

4u 

5" 

7" 

10 " 

U" 

12" 

14 n 

22 

23 " 

2'.c 5 

29 n 

35 I( 

34 

56 

72 

36 days 

72 days 

! -- -- .." ! -- 

- 
9 

6.7 

9.5 

- 

00 

14.3 

-0 

-- 
-I 

20.6 

23.2 

-- 
I ._ 

25a3 

E* 5 

-- 
27.7 

23 .o 
- 
cF1 

Average aa4s exeretian 22 days to - 
0.39 

0.12 
- 



.076 i 28 hrs 
7 day8 

,031 14 

1387 I 2031 I 3 cxl 
Rabbit 20 ufz b5uuseL85w I MdcrJae 3.1 

Time after ug/nl Time aftev' w,/ml Time after 
Inktion 

1hr 

, Injection Ti. B. ,Injection 1. Be Injection I V. B. 
12 brs .OOj 8 hrs -0- 1hr ,065 

23 fi .GOO? i 23 --- 5" .066 SN 

144 'I ___ i la n .3c23 23 Ir . 016 23 I -- - 

21 

.0067 28 

@O1O 

,301 n I 35 

I 
Plus 6 N?.trate LC. 

IC 
Time after 

9 days 

n 

10 

17 0 

16 I) 

18 n 

19 

Plua 6 Nitrate I.V. 4 

1. B. 

03% 

0% 

, OX 

c 010 

-- 



The pluto,xLua sns ;rqxred for irjection by neutralizhg the 1 El 
SC.1 stock ealu*don with an equal volute of 1 N sodim ci+,rate gad di- 
luting to iscttcdcity. Aboiit 59 moles of citrete were used for each 
nole of plutonium resent. Injections of 19 to 190 microcuries (300 
to 3oCO Iticrogrsma P per kilogram of bdy mdght ware made via 8 tall 
vein. The first deaths occurred twelve d6p after the injection. d 

nunber at the lower doaages ere still living aPter 77 dsp. 
trol animal. died a fer lninutes after Injection of the NaCl-citrate 
solution, but the remainder are atill alive and well. 

Oas con- 

Three separate experiments have teen carried out with radiun. la 
the first exp,per'sent the dosages rangod frat 20 to 200 dcrocuriea per 
kilogram, t.,.i.ng a preparation about BWEC nonths 016, in rhich the 
polonhm hed mchd about 0.5$ af its guillbrium value, i.e., one 
nicroculde of pdorLm rae injected &-th each 200 microcuries of radi- 
MI. The smomt of Folonitn?! in the prqxczttion was determined by the 
nethd us& rcT:&sly In om k5.ologic;l trdcer work, stirring an HCI. 
solution (C.1 i,~ 33) of the Frepmtlca rith a silver foil in 8 hot 
Rater 'bath fo2 &bo hours or more, thsr, washing the foil with HC1 and 
H20 and aoas*;rbn;: tP.e activity depcsi"ki. 
ittzammsly 03 the chloride ixi isotonic saline. The 20, 40, and 70 
uc/kg aascs ?rwd nede lrith slightly a3ksSne rcaction (pH 7-8), while 
the rcreidcr Zt-e slightly acid (pH 6-7) . The majority of the ani- 
pals of this Sirst radium group are still living 170 days aftm the 
injection thc..z:? there were three ariy deaths at the 70 aad 110 uc/kg 
1ev.ll.a 

The radium  as injected 

The second radiun experiment -8 carried out in Lle arm8 manner 
as the first CXC~F~ that the dosages iwged frcm 300 to l40P uc/kg. 
The &ta oh03 p. ride scatter in this grc???, BO that there was no 
marked difference in average survival the in the range of 500 to 
lW uc/kg in this small g~rng of aniaak. The awl uhich died 9 
days after receiving 300 uc/kg apparently eucclsnbed to an werdose of 
D.D.T. used for controlling Uce. These enimral.8 received from 1.5 to 
7 microcuries of poloniUn per kilogram as a contamination in the radi- 
um Prepmition, and rhile those dosage8 of poloniun are probsbly sub- 



let;?riL the;; cay kt-e ccrzla-Lituted an additional irsult to the orgm- 
k? sufficient. to ccpljccite the reeults of t5a sxperiaent. 

In the t3xLrd r&im experboat the dosage8 were 1mt 2G'x), 4000, 
ard 8OOO rPlcrxurks per kg, For t!23ne dosages it WB neceaear~ to 
rame the polcnirnr fxm the prepratJcn even though its age was only 
a few moz%ha, fcr at the higheat dcssgc level8 the polonium F ?csent 
would hwe been sufficient to ku1 tho cnzmEls 8ithout any as ;ia&nce 
fmn ths masdre dceo of rsdirm pressut. The anom& of poloniu pres- 
ent -8 lozered to 0.0% of it3 equilibrhm value by eurrfng the 1 N 
tic1 soluticm of the prepsl.ation (10 d) with a cylider of eilver foil 
in a teat tube far sir houw at coaa tenperatam. The injections were 
made in slightly acid (pH 6-7) Isotonic MliM as before, but in oder 
to avoid possible cuaplications A.0 chSJ1 taxicity the 8OOO doao 
wa8 @put Into fer ard tho dose fnta two equal deUy 4ections. 
The surviwb times shown on the chart are@vsn as days af'ter the 
first injection, The animals which received 8000 uc of radium plus 
uc of ~olonium; per kg both died in 11 days, Those receiving WOO uc 
Df radim + 2 tc of polonium died at 15 and 24 days, while those re- 
ceiving 2030 1OW uc/kg are still living 36 days after the in- 
jection. It seam likely at this stage of the experiment that these 
lower dosages 
than thet used in the second experiment. The problem of canpring 
the acute toxicity of radium in rets with Its long-tern toxicity in 
humans is cowid8rabI.y complicated by the question of the age of the 
prepration incolved. 
all ita prujuctr, is probably not higher than 50 uc/kg We the flgure 
for freshly prepared radium is prohbly Over 4OOO uc/kg. On the other 
hand, the lor4 term effects might bear little or no relation to the 
age of the reaim preparation at the time of ftc incorporation into 
the body, 
died, 

show the low-polonl.um preparation to be less toxic 

The 20-day U50 for radium in equSlibrirn dth 

Note of the control animal€ for the radium erperimnts have 

Inesnuch 6s tAe data collected tc! dats &re mthrjr scanty for 
steriard LL53 csLcuht?.om, the toxicitigs 05' the three subahaces 
&er st.4 REPS caiyrsd roughly on th3 btsfa of average suzzmL 
CLVS &-m free=hnd as shm in Fip?e 11. The nusericel ccsperi- 
son data taken frm tile surrivsl curves are shown in the accoc~nping 
taae, which Wcatos that for Ehort survival perioiis polonim may be 
abctit three tbes &3 toxic a3 Flctodure and that plutonira, it turn, 
mry be ab& thirty tintes EB tdc as radiua 8hsn an are ex~ressed in 
terns of niicrocuries. The fact that neither of the midim aaimals ai; 
the 2000 uc/kg level have c3ed In the ten days since the survival 
curves =ere dram mekas it appear protxible Gat the average lethal 
dose values ehoun in the table for radim at the 30 and 40 day perioda 
are too lap rfth respect to polon3=-fsm radfuu preparetione, arb2 that 
there iE ecco&Lngly a graiter difference betmen the toxicit? of 
radiua and plntonim for 30 and 40 day periods than is indicated in 
tho table. 

A rough calculation involving the lethl dose datat the area. 
urler the retention curves for plutonium, radim alld the daughter ele- 
men% of radium, and the relative energies of the alpha .particles in- 
volved indicates that the plutonim: fladim tandcit;P ratios based on 



Data on tie effect of the three aubetancea on growth, heeratolagicalr 
axri pathological pictures are in the process of being analped and will 
be reported in detail Ut=. A prelimimry imspection indhcatea that 
the weight curves may be fairly sensitive indicators of toadcity in 
the we of low dosages snd that the hematological and pathohgkd 
data show an ovemhehiq insult to the white and red blood cell form- 
kg 6tmtue8b 



,- . .. 
.-, , 

Dags after Infection 

mito ' €%IO0 4000 2300 lW App-oxbn!te dose in micro- 
Plutoniura 200 140 110 90 curiea per kg required to 
Palonium 110 45 30(?) ? kill an 'average" rat at 

time indicated 

Radilrm 1/40 1/% 1/21 1/16 
PlUtoniUm 1 1 1 1 
Polanium 2.8 3.1 3.7(?) 1 

Radius 1/2*7 1/L8 lfi.4 l/LO 
Plutanim 1 1 1 1 
Poldm 120,000 220,000 260,0003 ? 

ApErroxippate relative tax- 
icfty in tenrs of micro- 
curies (no correction for 
deughter FrcdYcts of radium) 

Apprmtmate dose in micro- 
grana per kg require6 to 
kill M aaveragen ret at 
the indicated 

Approadmate relative %ox- 
icity in terms of micro- 

gr- 
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K. s. Cde 

The toxicities of pl~tonivs have been deter&& and are bbulated 
for som combimtians of: 

(1) 

(2) nitrates ad citrate compi=es; 
3 

intravenous ( Iv), iqtracxusc\&r (n) and subcutaneous 
(SC) admfnistrctiocs; 

Mice, rats, mbbit8 and do 8. 

acute and aeiia-acute 
hematological and weight effects. 

khbg {a), hisblogid, 

me plutonium toxicities are coapared with thoae of radium and X-v 
in an attaupt to utilhe both the expsriraental and clinical backgroutxl and 
the tolerance lem?ls which have been set far these older hazarde, 

It has been fotmd, in general, that for periods of less than thirty 
days the ratio cf s&inietered doses of plutonium to radium (pu/Ra - on 8 

wight basis) for abfiar effects is approximately UniQ. 
experiaPenta1 interval has bebn extended to 150 days at present tkae this 
ratio, pLI/RB, has ihcreased and reached a mnrimum value of beven in one 
case , 

ht as the 

risoa with the X-ray data It is seen that, although the re- 
tuntion 4Y in =- e body is high, the lethal effect of plutonium is similar to 
that of a shglc? irrsdiatfon bp X-ray, On the other hand, kr spite of the 
mre rapid elhiration of radiumthe lethal effect increases more rapidly 
with time for it thn for daily. irradiation ty X-ray. 
the direction to be expected from an incsGs- retention of disintegration 
products. 

This effect ks in 
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DPg/g3 Retertion in % ?ILD 

*pc Retained/gm 

30 d, 90 d. 150 d. 15-90 day 30 d. 90 d. 40 d. 

66 0.038 0.038 0.038 pu Mice IV. 1.0 1.0 1.0 

X - Single do% 
CF. Mice 450r . 425r 385r 
ABC !,!ice 425r /25r 425r 

Pu Rats IV. 1.25 1.00 0.75 70 0.055 0.044 0,033 

- bo 0.56 0.28 - *?a iiats IP. (rn) 100 0.5 

X Rata 55/"/day 35P/daY 30A/dw-- --- --- --u 

X - Single dose 
Rats 6oo.,P, 

Pu - Citrate - Uce IV 0.75 60 Fmbable 

Pu- I' - Rats Iv 1.0 70 I' 

Pu - - 'ace IM < 1.5 )50 " 

Pu- - Rats I:: 1.0 >so * 

Pu - Nitrate - bts Dl > 4.5 .=a " 

Pu- -EiceSubG 3 -0 -? 

* Pu - lpg 3 O.o63/c 

Po - 1/ug = 4300,uc 
I025bb-i For radiun 1.ugm 1.4pc, (2C6 retention of 2 daughters). 
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%e nuhers 1-13 refer to degree of damsge frox IOZ to virtually 1W 
The letters a-e refer to the destructim. All are ve 

cates corc;lete recxely. Under nSpleen qrelopoiesia - stimulation" the figures 
are relative only and do not indicate nultiples ofthe r;ormai. The letters 
under thb heading ifidicate return to normal as in the regeneration from tiasage. 
Other sigrs have the following meaning: 

13' h ESTIUATS. extent of recovsrg fromt 73 e he gh% oi damge, 80; to la:. The letter n Mi- 

c darrage Incapable of quantitation ? insufiicient data 
+ questionable change - not Gxamined 

0 no change 

-. 
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- Interpretstion of Histolow Ti )le 

Altflough doses of 1.0 Ag/g of ita aad 1.25+g/g 
of phtonim are alike in their approximation to the 
3Way survival median lethal dose in mice for these 
substances, the damage to all organs is perhapa 
several ths greater with ib than with pluhnim. 

Eifects of varging @us of injection of plutonium 

more aever damaged b I-V than by 144 a stratlon . 
*en here, 
8ame for both methods. 

in the aplsen, where the red mia 

aever, su g sequent hyperactivity is the 

The 1.0 (1/5 M. L. D.) strontium series results 
in as great damage to bone marrow as is seen with plutoniua 
at the median lethal dose. 



IX Therapeutic ik&T.eP!ts wcl Swrestlons 

J. J. Nickson 

It is aphasizcd that the remarks and values given here are not to 
be regarded as th3 rosults of anshhing other tkn preUmbAary mrk- 
Neither time nor personnel has perraitted anfilling other than a very ten- 
tative evaluation of the problems under discussion. 

The problom df wound contamination has been one which ha8 excited 
considerable disc- sion throughout the project . 
of work rMch has arisen out of this discussion is not in proportion to 
the volume of words. Nwrous individuals have pointed out that the sn- 
trance of plutonium into the body, via wounds, cmstitutes a very eerious 
haeaFd. Eith the maxim per~issible level set at approdmtely 1 micro- 
gram fixed in the My, it would be quite easy in one accidznt to intro- 
duce a far greater amount. 

The problem of round treatment can be approached from two points of 
view. The first envisages excision of the possibly contaminated area. 
The axcision must necessarily include a margin of uncontaminated tissue 
if the treatmsnt is to be successful. For large, grossly contaminated 
wounds on the hand, the satisfaction of the dictates of this method of 
treatment might well necessitate the ampltation of the hand. 

Unfortunately the amount 

The second approach to the problem is to attempt to decontaminate 
the wound area. 
reported here has been done. Preliminary studies were directed at a 
study of the rate of absorption of plutonium fron the site of injury. 
It is obvious that if the mterial is 100% absorbed from the injured 
area in one second, no attezpt at decontaminstion will be useful. Hence 
it was Pelt that it was necessary to obtain information on this point 
before other studies were done. As a base line for evaluating other de- 
contaminating agents it was decicied to use ordinary distilled water. 

It is with this approach that the majority of the work 

Method of Performirz the Zxperiment 

Kats were uaed. Lacerations one to two centimeters long were de 
in the skin of either the thigh or upper lateral abdomen. 
two incisions wer: made on the same animal. 
formed under htra-2eritoneal neumbutal anesthesia. 
introduced into the wound as the +6 nitrate. 
lution, pH 2.0-2.5 was used. 
Dr. Cole's section. 
tent of plutonium was not determined. Thus, in Figure VI the uppermost 
Une represents a difference figure and not a figure fixed by analysis. 
This, of course, means that this part of the graph mist be considered 
tent at lve . . 

Frequently 
The manipulations were per- 

Five gamma of a 2 gfL so- 
The plutonium was 

The analyses were done by members of 
In some of the experiments the residual body con- 

The wash solution analyses were done in conjunction with wad site 
analysis. 
100 cc buret. 
most of the experiments. 

The wash was done by placing the soluti.ons in an ordinary 
The time of washing was a?proAmatelythree minutes h 

Results of these experiments are summized: 



1) The m,ount of plutonium fixed as tfe site of injury falls in 
24 hows to approximately 50$ of 'Le amount placed in the wound. 

2) The munt found in the leg ani aMo&nal wound sites shows a 
persistent difference at all ti w htervals. The ex9lanation 
for this i8 not horn. It has >een sqzested that the amount 
of bleeding fn ths two areas m: 7 psssibly account for the dif- 
ference. This pint has not bcen tested up to the present time. 

3) Examination of the data indicates that the time of washing 
after the introduction of plutoniu into the round is critical. 
Approxiraattly 80% of the material can be =moved if the wound 
is washed with plain uater me minute alter contamination. 
This percentage drops to approximtely 30% five minutes aft- 
contamination with plutonium. At 5 seconds approldmately 90% 
of the plutonium can be remwed. 

Other agents than rater were investimted. 
lanthanum nitrate slutiona, 0.5% tkrim nitrate solution, 
5% citric acid solution at pH of 6.05, and 1.23 M potassium 
bi-rdlphste. 
tion at the five 8dnute interval as water gives at the me 
minute interval. 

These are 0.5% 

None of these agents gare as good decontamina- 

4) An experiment war, performed in ddcb the wash solution ~a8 

fractionated, the first 30 cc being kept separate from fAe 
remainder of the rash. 95% of the activity was present in 
the 30 cc fraction. 

5) To investigate the possibility that lymohatic drainage was 
playing a large role in the removal of plutaniwn from the 
wound sites, several in&nal nodes were remved from an- 
imals who had thigh lacerations. 
at 6 hours, 24 hours and 4 days. 
percentage of activity in the nodes exceed 0.5% of the 
amount piaced in the wound. 

The nodes were removed 
In no instance did the 

Some work on the rate of mvement of plutanium following intra- 
The work 3 too tentative to dis- mscularlnjection has been dona. 

cuss in detail. However, it would appear that the mv'ement of plu- 
tonim following intrmscular injection is in large measure' deter- 
mined by the connective tissue surrounding mcle fibers and muscle 
bundles. 
is possible that the force necessary to do the injection is in large 
measure responsible for the disposition of the nnrterial along the 
f asci& planes. 

This also wa8 carried cut by injecting the material. It 

Escuscrion: Insofar as me is pernitted to evaluate preliminary 
reaults, it i8 felt that the following inferences can be dram: 

1) Tim after the introduction of plutcnium into a round is per- 
hap8 the most important single condition which affects the 
ability to remove the material. In emsequence, any agent 

1. e 2 5 b 1 3 
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rhich is to be uscd tc decontaenate wounds must be present 
any 1ab:Tatol.y in which plutonium is to be used. 
a?plied a:- soon as pcssible after known or suspected contami- 
nation. 

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. 

It must be 

The slop of absorption of plutcnium from wounds in graph VI 
would indicate that the problem of excision could be delayed 
for approlamotely 1/2 hour without 8erious p~egudice to the 
patient. It is sugeestedthat more detailed experiments my 
lengthen thir time interval. 

It ir emphasized that the above conclusions and the follarrlng 
suggested procedure for handling contaminated rounds is based 
on and applied solely to lacerations. It is nut felt thab my 
finding or conclusion based on lacerations have necessarily 
any implications for pmcture munds. It is also felt that 
puncture wounds are a far more serious problem than are lacer- 
ationa from the decmtamination point of Vim. 

SuaRested Routine for Handb Plutmium Contaminated iiounds. 

Following known or suspected contamination wounds should be 
washed in a strare stream of ming water for not less th8n 
three minutee. 

A light tourniquet lrdght be ap9lied to increase venous flow. 

Bleeding of the wound area should be encouraged. 

The firrt 100 cc or 80 of wound whines should be collected 
for future analysis in 8n attcrn2t to estimate the amunt of 
plutonha that could be in the wound. 

The individual, after washing the wound, should 80 or be taken 
directly to the nearest medical aid statiori. 
be informed of the fact that a plutonium contiurinated wcund is 

A physician shauld 

caming in. 

The q,uestion of whether or nut to excise the wound area must 
nbturally be left to the physician% judgement. 
it would be extremely helpful to hare 8 rapid, precise means of 
determining the armunt of plutonium in a wound area. 

Parenthetically, 

During the course of study of dogs injected with plutanium, the 
opportunity presented itself in dogs Px-38 and PX-39 to investigate the 
effect of the citrate ion on plutonkclm excretion. 
in Figure V. Px-38 received both oral. and intravenous citrate. The aver- 
age excretion rate during the intravenous citrate administration was in- 
creased from a base of O,oOrC5% to an averags of 0.00658 of the amount 
injected. At the 8- time the average amount of urine excreted ,per day 
also increased. To test whether or not the slight increase in excretion 

This data is presented 



uas merely a result of the irxreased urine volume, the dog was given 
20 cc of 
he urine excretion increased bEt the amo*ant of plutonium excreted per 
day muas unaltered, 

sodium chlorids eolution intravenously daily for ,five days. 

This latter infomtim Is not found in Figure V. 

It is empasized that. the effect of citrate administration on the 
excretion of plutonium in tke feces is not available at this time, 
is, of course, poeeible that the fecal excretion of plutonium wa8 al- 
tered, 

It 

The sPPount of plutonium in the blood of the two Uriplala is ale0 
given on graph Vp 
per unit volw la the two rninale io @to diifonat yet the Mount 
being excreted per in the doe8 not. 80 mcplaaation for 
this fact is avdlabls at thio the, 

It is of intereat to note that the concentration 

t 
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