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f ; I Sumnary of Requests for Infonnation h a i r e d  Concerning Plutonium 

*-> 

/ 
Drs, Lo H. Hcmplemann, So T, Cantrilo Jo E, Kirth, J, J. Nickam 

and Ur. S. C. &&ish rrzrote the lettere on which tma aection is  based, 
XnuedAate problapls of importance about which further infomation is 
needed ace emphasized, 

I M m o s i s  and Estimation of tha Amount of Plutonium in the Human W y  

A. Detection of amounts in the body in acesa of the pellrrissible 
leve l  

1, Development of a satisfactory means of assay of urine and 
feces 

a, Need more information on elimination rate as a 
function of time 

bo Need more iirformation 03 elimination rate as a 
function of route of intake 

I 
2, Determination of percentage of plutoniun excreted daily 

by h u m s  

I 

3. Can blood samples be utilized f o r t h i s  purpose? 

Bo Detection of plutoniup i n  the lung 
I 

1. Development of a satisfactory means of estimation of the 
amount of plutonium in the lung 

i 

2, Compounds of interest art+ 3, e&, nitrate in  aqueous sol+ 
t ion ,+6 nitrate i n  ether solution, tetrafluoride,+.& a d e ,  
+ 1, oxalate, t I peroxide as alurrg 

Cb Developmgnt of a method for detection and quantitation of plu- 
tonium in wounds 

11 AbsoGption 

A. Skin 

1. Need mor6 information on absorption rate on various plu- 
ton ium compounds through the intact skin ! 

f 



2. 

1. Meed more information on absorption rates of various 
plutonium comparnds. 
about those compounds nrentioned under Wiagnosis" . Specific Wornat ian 'is desired 

. 2. Csn the e m a t i o n  of plutmiwn be used in. the  event 
of gross intake t o  dstet t  the  amunt that w i l l  be fixed 
in t i e  bone? 

1. The rate of diffusion of plutonium f rom the wou& area 

. 2. The effect of difforont plutcnfura ccslpounds on the rete 
of diffusion 

3. How is- the distributkm pattern &it.%red by havhg dif- 
ferent sorts of wc~nds, e. g. gunctule wounds as opposed 
to laceratLons? 

! 

A. Distribution pattern as a S u c t i o n  or' rate of intake 

B. Distri3ution pattern as a function of Liet 

D. Are the differing diets in the different kihratories sffect- 
i n g  t h e  results of animl! c,-,r>er.b22nt.s? 

. .  
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VI 

C .  

. 

patholans 

A. a t  i8 the nature of liver dm&e after intravenous ddnqs-  
tratim of plutorduml 

B, What ia the nature of liver damage after arb-lethas doses given 
through other routes of en-? 

2, Effect of injection of o o m p l a  or other =en4& 

€3, tdethods of covering up mterial depcxited in bone 

C. Development of aettlods of therapy for plutonium in wuI?(l;e 
( s p e c i f i c  mentlon is macie or those cm@s msntioned under 

di&@lOd8"  ) 

1. The effact of auction 

2. The effect of increased venous flw 

U, ForolulatLLon of a recomaended procedure for treatxient in cam 
of a h o r n  over-doaage by Malation, by m t h ,  or by vc83rd 

E. How mch time can lapse before treatment nust be instituted? 

. .  vn Protection 

. A. Is inactive dust in a work area an additimal hazard in that 
I t  increases the pmbabi3ity of breathing plutonium? 

B. hprovement of existing mans of the physical protection of 
persamel from ingestion, inhalation or direct innoculation 
of plutonium 

C. Dewelopmmt of a method for t h e  rapid determbnation of the 
quantity of plutonium in the atmsphap 

D, Development of a continuous mnitoxdng device f o r  atmospheric 
OF dust borne plutonium w h i c h  
%at above or at tolerance levels 

.effective in COnCentPatiOnS 

.- -..I- - 



E. of and reqpirators for percentage efficiency 
, in filtering*att Yarloutr cherpical forms of plutonium. specm 

msntiOn was d e  of +4 snd t6 nitrate, +3 and t6 sulphate, 
i 3  d + 4  c h l d d e ,  +4, # and t.6 carboaate. 

F.** DO' various chemical strpctures play some part ~n the efflciencp 
of respirators or is particle size the important factor? t. 

A. hhat ratio far acute effects? 

8.'. Shat ratio for chronic effects? 
'). 
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I XI Distribution of Injected PlutonTum 

Y 

-=% 
' I  

&e distribution of plutanium in a dog 16 days after the adminis- 
tration of a lethal dose of plutonyl nitrate is a m  in Table I. The 
skeleton contained 44% of the injected dose, (aseumed 1% of b d y  we. ) 
liver 31%, macle 8% and spleen 3.5%; 1s was excreted. The table witk 
spleen at the tap i a  arranged in order of decrea8ing awunt of p l u t o ~ u m  
per gram of tlsme, k e p t  for the bones wMch 8w t h e  last three entries. 

Femur, sternwn and rib were the three bones 'sampled and were found 
to:have the 8am cmcentrstion (Oe033% of tho in,jected dose per gram of 

row from the femur w 8 s  13 times more active than an equal wei&ht of 
compact bone. 98% of t h e  plutmiua in the umrrow was f a n d  in a frac- 
tion ccntaining the spiailes (Table 11). 

. tissue) within 178, h i 1 e . a  tooth yw8 about 1/9 as active as bone. Mar- 

Plasma ccmtains approximately of the plutonium i n  samples of 
blood. 
probably Largely on the beta globulir. fra&.on. 

Most of the mtal in the plasma w a s  attached to the globulins, 

. 

The intraverioui inJection of pliitonyl nitrats into mice yielded 
Uvers nllch ret&d over 278 even after 64 days. (Table 111) This 
was  not the case when phitony1 citzate was us&. (Table IV) The Uver 
cantent fell from 36% to  34% on t h e  31st day and to 78 cn the 64th day. 
Prom the 4th to t h e  3bt day the decrease w a s  expmential w i t h  6 half 
time value of 20 days. 
mscularly, had liver r e t e n t i o n  which decreased exponentially md with 
a half time value of 20 days. Very little differsnco in rr~3tablism at 
33 days uas found in the =in series, with 0.5 mg@lo w.d a group of 
four animals u l t h  1.5 & U o ,  except that the retention axmid &he site 
of in3ociAcm was somerdiat craater xW-1 tiie hQ$er dose. 
data (Tables V I 1  and VlU) xith plus 4 and plus 6 plutonium nitrates a 
adrriinistered htrmscularly t o  rats show relatively small concentrat ion 
of the absorbed fraction in the liver except Kith plus six at four days. 

Mic5 which received plutot~yl nitrate, intra- 

Ltr, €kx?.ltonqs 

Plutmyl citrate.was injected into the peritoneal cavity of mice 
and was slowly absorbed i n  &+ dqys as indicated by the rise of the fenur 
cantent to a value equivalent to 45-55$ in t h e  entire skeleton (Table VI). 
The Uvera contained over 30% of the dose, at fisst, -0 autograpSs 
denonstrated that the material aas distribcted throughout the liver in 
a normal ndnner rather than as a surface coating. 
intraporitmeally, behaved similarly but vias somewhat mre slowly ab- 
sorbed and, therefore, was retained longer by the live?. 

The general biological react ion to adninistered plutonium a,npears 
to be a de.psition af 50% cf the m t e r i a l  in skeleton and early reten- 
t i on  of 2W0$ by the livc r. 
decreases to +lo$ kntfiir. 64 days. 

5 . 

Plutarqrl nitrate, 

I -41% : - 1 0  , 
0 
OD , 
W 
u? 

In most cases the amount i n  the  liver 

. . 3389 07 



c . .  

TISSUE 

Spleen 
Uver 
8. Lymph Uodea 
Gall Eladder 

Adrenal 
Tooth 
td. Lymph liodes 
Muscle 
Lung 

L, ovary 

Kidtlt3y 

' S. Intestine 

Ureter 
Bbdder  
Par.cre&s 

.- L. Intestines 
Blood 
Stomach 

iletrt 
Brain 
Bile 
F€%Cl.W 
Sternum 
Rib 

- 
- Pelvis of Kidney 

COXCaTRATI C3U 
'OF PU Gram 
. ,6.1 d ,.ug 
. 3.209 
1.17 

,om93 
0.19 
0-153 
O*W 
0,085 
0,0808 
0'06 

0.051 
0.039 
0. a7 
0.027 
3,0227 

0,051 

0.Oil 
'0.W97 
0.09Y 
o.Oos75 
0.513182 
O,ooO3 
0.621 
1-07 
l e i 4  

Tablo 11 

TISSUE 
- 
1. Feaiur - (a) . Periostea 

- (b) Marrow 

-:-4MJn Diaphysis - (a) krrow 
(spicules) 
(cells) 

c )  Hard Bone 
508 

84.6 
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Table  III 

. - .  

-e* 

ORGAN 

Liver 

The Distribution in Tissues Following an Intravenous 
Adminiatration of Plutonyl ( i 6 )  N i t r a t e  to Mice 

. % Per Orgen of the Retained Portions 
Average Values From Four Kice a t  Each T i m  

4th Day 8th Day U t h  Day 31st Day 64th Day 

36.3 37.8 33.1 30.1 27.5 
spleen 3.27 4.4s 4.07 2.36 2.32 
Kidnay 1.02 0.72 added 0.U 0.36 
Lung 0.57 0.52 to 1.01 . 0.72 
Ft3JLW 1-33 1-69 cmcass 1.69 2.21 
Carcass 57.7 51.8 62.6 64.3 66.9 

The Distribution in Tissues Following an :ntravonaus 
Adniniatration of Pluknyl (%) Citrate to &ee 

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

ORGAN 

Liver 
Spleen 
Kidney 
Lune 
Femur 
carcass 

4th Day 

36.3 
2.78 
0.48 
1.09 
4.36 
60.4 

8tb Cay 16th Day 31st Day 64th Day 

28.8 23.8 , 4.2 7.13 
2-93 3.45 2.44 1-52 
0.61 1 .&? 0-60 0.28 
0.76 0.n 0.69 0 -22 
k-29 . 2.48 2.m 3 -05 
65 -7 68.1 79.6 87.9 



_. 

. 
Table  V 

Liver 
Spleen 
Kidney 
Lung 
R-4 ni 
Viucera 
FerrPYr 
carcass 

site of 
Injection 

ORGAIN 

The Distribution in Tiam- Foflowhg an Intra Muscular 
Adminiatration af mutony1 (%)'Nitrate to flice 

% Per Organ-of the Absmbed ond Refalned Portions 
Average Value3 From Four biice 

4th Day 8th Day 16th Day 33rd Day &th Dqtr %F4$lo' 
19.4 20.9 15-2 7-90 3 0% 1% 7 
0.59 1.59 1.01 1.10 0.81 2.25 
0.81 3 -45 0.87 
0068 - 0.69 -. - IC- 

- - Il.L 

7 -_. -- 1043 1.29 2.06 
1.97 2080 4.03 ' 2.98 3.59 2.68 

73 -9 68.1 ' 70.2 76.6 84.8 74.3 

. % of Total Retained Dose 

Table VI 

The Distribution in Tissues Following an Intreoeritoncal 
AbPinistration of Pluton71 (+6) Solutions to Mice 

3; fer &gan of the Retained Portions 
Average Values From Two Mice 

Plutmyl Citrate plutoml Mitrste 
4th Day 16th Day 64th D a y  . l+th Day 16th Day 64th Day 

32 -4 37.4 21.5 
1.22 4 013 1.49 

33.8 41,? 8.70' 
3.30 3.87 1.78 
0.98 0.66 0.64 ' Q.1F 0.74 0.15 
0.17 0. u, 0.22 0.27. 0.36 0.65 
0-66 '1 . 23 1-81 0.48 1.00 1-72 

58-7 51-9 90 .I+ 65.4 56.2 35 .O 

- *  

I._ . 
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. 0.30 5 .us 0,80 2.62 0.35 - 0-26 
3.52 . 

. 2.16 . . 1-18 0.51 

- Unab in Left Leg 95.7 

0.32 
0*39 
2.76 
2 0 2 8  
0.097 
1 .a 
0.17 
0,019 
0.16 
1.05 

59.4 

u . 9  

87.6 

. 
- Table WID 

FCUR DAYS 
% Per % 

Liver u.0 
Kidncry 1.95 

0.37 Spleen 
Wacle 2.57 
-skin 2.61 - stomach 0.66 
Sm Q Lrg fntest. 2.30 
Bone 66.5 

Brain. 0.031 
Blood 6.58 
Urine 0.38 
FeiXl?! 7.58 

Teste8 

: j t u n e s  0.33 

0.10 
0.72 
0.036 
0.055 
0.m 
0.12 
2 076 
0.14 . 
0,016 
0.011 

0.14 
2-81 
0.79 
0.065 
0.31 

0.12 
0.012 

3.23 
22.0 - 

64.0 

0.25 

68.1 

0.31 
0,032 
0-029 
o m 5  
0.044 
4-31 
0.098 
0.0089 
0.015 

Per 
Cram 

1.83 
1.13 

0.63 
0,028 
0.093 
0.19 
0.11 

; 2.96 
0.25 

- 

0.023 
0.28. 

Unab in L e f t  Leg.70.3 

SIXTEEX DhYS 
;6 Per % Per 
i&!S - Gram 

2.72 
0.68 
0.14 
3.32 
l e 8 0  
0.87 
0.082 
0.72 

&.9 
. 0.3.4 
0,012 
0.32 
7.98 
19.3 

28.8 

f 

SIX!fY-FOUR DAYS . 

% Per % Per 
Gram OrEan - 

b.18 0.5s 
1-70 00% 

- -  
34.6 
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The pertinent data are summarized in the accompanying tables, 
Table8 3X and X apply lx inhaled aemaols, and Table X I  t o  intubated 
uolutions: 

Table lX is'largely self-explanatory giving the typem of coxi 
.pounds used, the.methoda of aerosol pduction,  and the properties of 
the particles aa observed in an electron microscope, 

In Table X an attempt La made t o  indicate the fate of inhaled Pu 
The column headed lung retefition h&c&tes the fractior! of aerosols, 

what i a  inhaled that deposits in the lung, Since the Pu i n  the lwg 
is SliminatSCi at a continuously decreasing rzte it i t 3  impossible t a  
give n single constant indkative of the rate; instead we have arbi- 
trarily indicated the time needed for fsag ard 9% elimination, The 
last ~ W Q  columns indicate the sites of greatest deposition, 
reaches I t s  m=+nl\* in 1 dqv and nay then decrease somewhat.. 
skeleton re have indicated u b t  fraction of the originally retdmd 
doe8 is deposited and the time after exposure requimd t o  reach tMs 
mrutimurp. 

The liver 
For the 

The final Table (XI) summarissa msvlts on inhdation-of  soht ions  
For Pu (VI) and for Pu citrates thmugh tubes inserted 5x1 the trachea, 

elimination fmn the lung was rapid at first, follow& by a sudden change 
to a slow rate (the latter presumably being characteristic of Pu I V ) ,  
The half-times are &ven for each of these Dmcessesa 
out that  the l iver reaches a maxfmus in 1 day nnd may drop considerably 
thereafter, espuchlly with Pu citrsto. 
citrate ewnnouly  accelerates the rate of transfer fmm l u g  

It adght be pointed 

Also the fzct is  rated t h a t  
&eliston, 

- 
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=c, 
C O M W W  TYPE 

NfTU?% Spherizal, ali belm 0,2 p 

.OXIDE* CC CarSon arc F i l m e n t m s  aggxgate of C.1 9 uni ts  . 

C LTFiL3RIL)E Freon bo& 
( c . 1  to L o p )  

Iv) nitrate - 12 day 193 day 3% 7 x )  d ~ v  25% 

IU) nitrate 7% 5 LO 33 7 20 20 

.VI> nitrate 6 6 52 7 7 2 0  23 

3389 33" - 
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It has beem pointed out by Dr. kmzq and by k. 3mes that plutonium 
treated animals show great irregularity in their reswae to  t d c  doses 
of this substance. This irregular res-mse might be due to the doubla 
action of plutoniun as a heavy iuetal and a a r&iation edt t ing  substance. 
n\e radiation effects furthermore nill be determined-by the site cf de+ 
ositlon of plutonium in the tissues. 

The mtst constant effect of plutonium seems to be exerted on the 
.blood-formirrg tisaues, The sgleen i s  considerably reduced in sizse in 
rats treated with intraver:o.;s Anjectiona of 2 mg plutonium re= Xg. Iri 
theae animala the size of tine spleen has dimin3&eci by 70 per cerk at 
the end of the 7th or 8th day after the ingection (Pigwe 111, -1). The 
diminution in size is accoz~anied with a dimlnutiu of the 02 uptake of 
the tissue, (Figure 111, 2) an indication that the m b s h c e  has E C t U 8 w  
inhibited'some mechdmns-cuncarneC with respiration in the spleen. 

Another tissue i n  the rat con&ant!y affect& by plutoriiuizis the 
thymuo. The glznd i s  consic?crabljr &*.ished in sizz sad t k c  G% valccs 
go d m  day after dzJ- so t k a C  at the snci of 9 to 10 Cays after 5iJottion 
they w e  only me t h i x l  of the  n0r .d  values (P5,y.e III, 3).  

The adrenals swrz also ';o be -pofo*udly affected by plutmi=\m, &I 
m~ssu~ ine  the 92 uptake, there is a% first a sudden hcrease which s u b  
aides 8bOUt the 5th day sfc;er injection to be replrced by ePwremal.y l o w  
values. In fact, 6 days Et'ter injection the e va3,ws clezressed tcr 2.1 
(for%y Fer cent of norm!.! arid remahzd constmL1y around this low value 
( P i s -  III, 4). 

The inhibition of t issue respirc%ion i s  not a gaera3. plienomnon, 
Thuss fur example, the Qo2 values 01 the sxbxsxiUnr,v glands reawiried 
l i t t l e  effected throughout tho dmation of the experiments (Figiire 111, 5).  
The 6- thing occurred on the rcspir;=tlon of he& musele. 

- 
the kidnsys were obv5owly damaged as shown by gross appearance and el+ 
vated blood NPN. In 31 rats trested +-th 2 mg of.plutonium pzr Xg intra- 
venously, NPW values from 50 to 60 xq psr cent.zwe fomd in 16 por cent; 
values from 60 to 80 i n  20 per cw,t; l i n U y ,  vahzs above 80 in 16 per 
cent. 
per cent, definitely U g h  values iabove 60; ware found F.1 30 per cent of 
the treated rats. 
rate of olddation of glutamate (Q% glut8Mte) a d  of NH formticn. 

Tne a33 values were about half of the n o m 1  vsiues (Figure ip, 75. 

The response of the kidnsy t o  p lu tdum is variable. In some rats 

Since norm1 NPN valiies in rats osc%Uts  bctwcer! 30 an6 40 ng 

This kidriey daiage v a s  cm.fir-wd by deternijining the 
The 

m2 glutamate was'generally lower than h cmtrol rat8 ( ~ i g u r e  a 1x2 6). 

% 

i 

f 

- -4 0 0 0 3 9 2 
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e pyruvate values (Pigum IV, 8 )  as w e l l  as of the Q pyruvate values 
-(Liti.Umtion of -mite> (Figure N, 9).  Tne effect of product on the 
metabUam of fatty acids was irregular. In some cases there was an 
inhibition of the a butyrate values and the Q acetoacetate v a l ~ c s  
(fomation of acetoacetic fram trutyric acid) (Pigwe fv, 10) while in 
other admals these v a l w  were normal. There s s  also 8111 inhibition 
of the anaerobic gI.yco~siu (Figure XV, 11). V t o  these findings we 
add the change8 obsemed in the ekctrophorotic pattern of t h  ulasxa 
p r O t e h S - 1 0 ~  alburnin and increased globulins it mist be coslcludad that 
plutonium definitely produces liver lesions. 

Ne have not yet determined the part played s4. ths heavy m e t a l  and 
by radiation itself In these alterations. 

_.  

. 
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V Gross and His&opatholaEv of Animals Treated with FlutonSum 

, 
B. Mumy 

s s  autopsied after administzation of plutonium f a n  into four 
groups, which showed the followhg gross pathological changes: 

(a) U t a  inhaung plutonium: Beyond changes 3n the lungs cbarac- 
teristic of acute pmunmia, there i.zre no unusual effects. 

(b) One dog treated intravenously with 0 , 3 6 ~ g / p :  The m h a l  
died after 16 days, but showed only gnle bone m9mu and hemorrhagic 
nodes. 

( c )  &i.ce and rats with  intmnusaxlar tkatmnt:  Those receivfng 
high doses ( 2 - 1 2 d g m )  of plutonium citrate had yellow, degenerated 
w L s  and p c t a t e  iiemorrhwes in the kidneys, pa~.Licularly in the  
region of the cortico-sledullary junctioa, AI3 a n i s 3 8  showed dry, 
ulcerated local lesions, vhich grew deeper y i t h  the duration of the 
experiment, in 80- cases reaching ti, the  bane. The e p i t h c l i h  was 
proliferated at  the margin of most ulcers. 
changea. 

There were no o+%her gross 

(d) a c e  and rats with  intmveiilow treatnzn'c: Spleens were no- 
ticeably d l e r ,  weighhg less than 50 ng in 1d . f  the Carworth d c e  
which died in the first 4 weeks aft= receiving l , O d g m ,  ap c w m d  
uith a normal range af 100 t o  203 mg. 
has been noted in the untre&ted mice of our stock, 
mice dying after l.O&/gm a d  O15&.g/grn had scft yellow livers a t  
autopsy. 
areas. 

A range of up to 500 mg or mre hzs 
In addition, m y  

Rats with  comparable doscs had nodular livers with necmtic 

Below 0.5ug/gm tkre iias r.o.groas p t h o l o  excecf for tm &mho- 
lpas and m e  bone tumr w n g  the mice at 0 . 5 ~  7 gu, and o m  osteogenic 
(spine) tuwr a?pearing a i t b  a fractured f e w  in a rat at 0 , 2 5 ~ ~ g / p .  
There was also an osteogenic ( sp ine )  t w r ,  with cor .wrent  decalcifica- 
tion of the femur, in one muse treated intramscularly with 4.5,ug/g~ 
of plutoniua nitrate. The incidence of these tumrs is suggesSit-e but 
not statistically sQnificant. 

Histoaat holoey 

In the first series, 1.25pg/gm rras injected intrsvenously into 
the  tail, with serial sacrifices frcn 6 hours to 6 weeks. Studiea made 
up t0 t1as tbm, principally on ABS Ipice, s h o ~  c h x q e s  only in the ~ G S ~ C  

and bone marrow, nodes, spleen, testis, a d  east=-intestinal tract. 

In the mrrow, changes were mst prominent in +he e9iphysis and 
metaphysis, but in sone cases were a?+rcnt a l s o  throughozlt mst of 
the shaft. 
occupied by fatty or gelatinous marre#, thus giving effects similar 
to those iroduced d t h  s t r o n t i d 9 ,  though progressing mre elonly, 
and requiring a larp percentage of L5e mdian lethal dose to bririi 
about comparable damage. kt the 6-week interval, nore:.--er, t h  zrea 
which was first to be d q h t e d  of hematopoiesis (the octaphyois n a t  
to the captilage plcte)  
aci iv  i ty  . - 

Sinuses were widened, and. areas depleted of cells x8re 

s )md dei'riaiie SJ gna r.f rc;,zv& ;-cx-tc;oietic 

t -  

I 
I 
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In the bone, the* uere two general ly  perallel changes: I) The 
normal process Gf h a  grp-&h by c-age hgpertro2hy stopped a fcn 
day8 after injection, when caFtilage cells swelled abnormally, scum 
osteocytea and osteoblasts died, other osteoblasts becane inactive, anC 
a loss of interdigitation between cartilage and spongy bone rcsaltzd. 

A t  the s ~ m e  time, a l i t t l e  farther frorr. the cartilags plate,  t h e  
osteoblasts were over-active and laid d m  broad bands af hyperbso?iilic 
bone uithout cartilagenous centers. Thmsh this excecsive ban-formhg 
activity had apparently.subsided =&at at the  6-wssk interval, there 
was st i l l  practically no evidence of nebv 5nterdi&itCthn of hone acd 
cartilage. 

- 2) 

In the. East-intestinal tract there was only very s l i g h t  debris from 
occasional dead epithelial cells in %he a d 1  intestine. 

The lymphatic tissue of nodes, spleen i d  gastro-intestina7, trsct 
shorsed only raild nuclear chmges, wi$h no marked depletion of cells. The 
teatis lost a considerable prt of its sp-maatogenic eLements at 6 necks, 

- 
' thaugh there was no ch&?ee in the interst i t ia lca l l s .  -- 

. _  
The spleen showed -ked extramdull=q- erythrowies is  and some grm- 

ulocytopolesis, apparently in conpenaatica for t h e  daplsticn of bone m 8 f i o y p .  

Changes after the intrmuscular icjacticn of 1.5 &/~m appeared some- 
w h a t  rnore d-owly . and were less severe t h n  the othcxwiss verj similar 
changes seen dter the 1-25 bg/~r~ intmveilms icjectiofi. 
s i te ,  the inflamatory ca l l s  pourirg out fron thc vessels eith, T we= 
killed off or remained a l l  and dcgrYlera%cd, tfius int?ibitir.E recovery by 
preventing the f u l l  course of ininamnr~7tic;;?- Euscle cells and tisjue mz- 
rophages nere ldlled Illso, 
came large and stained mre'deeply blue at late intcnrals. 

A t  the injection 

. 
Fikoblasts ,  though few wera desir;iyc.d, k- 

In the few ra ts  'izlectcd intravenously, t h e  depletion 03 lynphatic 
t issue was aarked at 2 .0&p:  
sericualy depleted of l;lrr.phocyf;es, ami ,peculiar &,en~3es ere farrd i n  t h e  
reticular cel ls .  

thyms, node, a d  s?lenic w h i t e  : a l p  aere 

Peshapa the changes i n  the l i ve?  and adrenal of rats cmstitute the 
' . . most striking difference batrueen rats ad d c e  in this e x p r i m a t .  In the 

liver, effects-of treatment were observed as early as two weeks, and after 
several mnths e r e  apparent even with doses as low as ~ ~ 5 ~ 4 g / g i n *  
outer and middle portions of the lobule zippeared to be the .mst severely 
damaged, containing swollen liver c c L s  with nuclei nany tines enlarged, 
There Kere many zlltoses and x&my dezl cells, and the b i l e  &act wdement 
intense hyperplasia. Som soecimcns at late inScrvals contained s!:arpIy 
demarcated &reas of necrotic cttlls. 

. 

The 

. .. 6 -- 

The variability of these findings shsuld be especially noted. 
&week interval, for example, depletian o f - m r c s  in sacrificed eni.llals 
ranged approxirately from 30% t o  95$, and the size  of the tcst3.v varied 
frclm nearly to s o m e  J+O% of r:omml, S ~ U L ~ ~ > I . ; F ,  livers sane rats 

At tfia 
. . 
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This is a suumar5zed account of the clirricel p5cturo of acute, sub- 

aervatione fxvm a l a rge  number of the imreatlgatora fn the division, and 
bcludea obaervatiom on doga, rata, rabbits, and mice. 

The clinical pictun, of acute plutonium toxicity ia best excnplifled 
by the observatbns &e 5x1 the dog gXvm a letbal dose of the plua 6 
nitrate intravenously V33). Superficfdly at leaat, it ia qate  uimilar 
to the affect or a single lethal dose of total body x-ray, The initial 

after t o t a l  bocly x-ray, nab bcking, but weight loss and refusal of food 
and water began within a feu days and pmgresrred stead i ly  until death, A 
few days before death (around the tenth day) the dog entered the final 
%hock" phaae, shordag a r ise  in temperature (*), a correspollding r i a s  in 
pulse rata, labored d i a p h r e t i c  breathing, aalivatlon, hanorrhkges into 
the skin and 8ubc1.&.~~1aoua tissues, and svidemce of alight bleeding fmm the 
bowel. Thu mst marked clinical pathologic fitpding was the drop in white 
count, involving hetemphiles and lylnphocytea about equally, This began 
w i t h i r i  t h e  firnt two d a p  Ahd a l e v e l  of about 500 white blood cells per 
mrd urea reached at the end of the first ua&. 
served thughout  the couraa of the expeflment, with an eventual 33% de- 
creauc in  the red cell count, Albwuinuria and Picrozcopic hematuria were 
noted from the fourth to the seventh day. 
prolongation of clotting time, a sharp rise in sediumtation rate, a de- 
cline in plasma pmtein, and an increase in plaemao( 2 and beta globulin, 
Certain findings relative to the pipmtts of blood and bile origin have 
bean mted; the urinary umbilinogen d s s s  in the ~ . l y  days, duo probsbl? 
to hepatic dysfunction; a green pigment, occurm late F-.tthe courae of acute 
t a d c i t y  in t h e  Utine, and i a  pmbably biliveniin, 'In addition, a decline 
in Urinary coproporphyrin (isomer not yet determinad) was seen during the 
Crat ten days, 
possible to say categorkelly w h i c h  are characteristic of prutotlisla as 
against acute x-ray toxicity.* 

**! 
-4 acute, and chranic plubnlaa aa seen 8 n 4 ~ 7 a ,  It includes data and ob- 

X - w  S f C k n O S 8  (depreSd0Il a d  V O d t h g )  O r d i n a r i l y  8- 15 4 hour8 

A pmgressiue a n d a  w a s  o b  

Othar findings included a 

Xn the casa of many of them findingu, it 3 8  nut yet  

Certain f indhga  made on other animala indicate (1) that them are cem 
tain diasimilsritics betmeen acute plutonism and the effects of t o t a l  body 
x-ray, and (2) that there i s  great variability between the findixga i n  one 
gmup of animals and in aot5ar, 

..-..., - 
. .. 
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SKI the case of dce'dying acutely ( i ceo ,  within two to four weeks), 
one strab (CarWorth) showed only s l ight  anemia, but one-half of the livers 
were .grossb abnonoal, being yellow anci friable i n  consistency; many of 
+he& were entirely normal~microscopically, 

.-ahowed profound anemla, with hemglobin concentration dcwn to 2 or 3 grams 
percent termiuolly. Spleens were all slnall and in rxmy =ses m r k d y  

iLac mice, on the other hand, 
' 

' atro?hhd. Cross  exmination showed the livers to be uniformly nomd0 

' i u t h o m  microscopic evidetice of l i v e r  damage was not seen in the acutely 
poisoned doj, changes havebeen observed i n  rats and d c e  Kithin the  first 
month, but t h i s  has not b e q  ab emti- consistent observatiofi, 
been ,found :that gross Ilver-changes cmnot consistently be obtained i n  suc- 
cessive experirqents, 

plutonium, 
and after intramuscular citrate, 
mice consisting af a yellow area betvceen the corts and medulla, with yellox 
stre&s.extending down into the medul l t i ,  and with puwtate hemrriiazes i n  
this area. 

. It has a la0  

Cx0ss"renal damage also occasionilly occurs follow5n.g lethal doses of 
This has occurred with intravenous citrate and nitrate ( p h 3  6 )  

The lesions have been observed 5n rati, and 

No microscopic ojservations. are yet avdl&le .  

The acute let]@ dose has varied betr;een 0,4 mg,6cSc (ciog) znd 1  kilo 
It is probably (rodents), when nitrate ad citrate wcre given intravenously. 

s l i ght ly  hizher when c i t ra te  is given intrsnusculci-ly, 
nitrate the  acute lethill dosa I s  al>ovc? Se5 .ws/kilo (nice) and wifh si?- 
cutaneous nitrate (mice) at abut tkt level, zltliough acute death ha8 b=en 
seen in a f e w  mice given 1+5 i~s/liiIo.. 

3ith Intrscscular 

ln summary, scute plutonism is 51: maray respect3 sixilar to accte t c t a l  
In addit ion,  Che obseriatli,ons swsest tkt, 32%;7e 3 body radiation toxicityo 

rnzy occur mre specifically i n  the E y e r ,  kidneye, 
erythropoiesis, 
f icult  to rcpmuuca. 
tonium in the body is obvious, 

spleen m d  to 
These specific 1esiur.s -&re bcc;! srtrcmelj- var5mie and elf- 

Their probab3.e relaticr. to the distr ibGt ion of slid- 

Subacute plutonism might convenirntly be defined 2s the skts i n  *?zic2 

'his was o b s e ~ m i  ir, zsncther 
an animaf gradually declines oYer a ycrfocl of 'mnthu, perhaps f @ l l s x i n ~  
eviaence of recovery from acute intox<cst,ion, 
dog (U3Y) which survived 3 months after thu indectian Lntravemusl-y of 352ut 
0.3 mgs/kilo of plua 6 citrcite, 
similar to that following an acute I e t h d  dose, accept that it was i n  GI 
respects l e a s  severc,' Between the 10th aqd 16th day there Vias a s l i z h t  rise 
in temperature and W s e ,  thb dog wau lethar,$c, sad zl ight  rcctd bleeding 
occurred, 
ZSWTL~ was occurring, 
rapidly and ths,white. count bogan to i.ncrease, 
striking in the  case of t h e  heterophil cs and only. n?ad&att: in thr lyqhoc>%cs - 
However, weight l o s s  progressed steadfiy m d  the -.nimal became gradually *wre 
anemic and emaciated, 
began to decline, 
progressive increasc h heart rate m l :  body teiapcratu1-e. 
autopsy were sinrilar to t b s e  seefi EC.I~A~ csuccpt xh;t cmciatior, a c t  ;xit.cii;- 
were rriuch more m.r:cd, 

. 

This m h a l  proseated acute picturti 

The white count f e l l  to 302 during Lhis period end ?mpsssive 
A t  abogt the sixtemth d w  tilt syaptons inproved 

1% white c e l l  recovery w8.s 

tlurisg the seconu manth the -?kite cell level  sgain 
Between t h e  7Yth d;,.y and death at; 93 clays t h e x  x i s  a 

The g z 5 s  .?ir;d:':cgs ti2 

3 3 8 9 '  22 
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Pathologic observations on other n-Ms dying w.it,%n four z~n*& fn=. 
dicate that we may expect damage tn L\c blood-fomhg elements, liver, afid 
bone. The cmmnest finding i n  the grOUp8 of rats d*ng in this perbd hris 
been ascites and subcutaneous edema, nodular liver x5th necrotic areas, or 
with amma of hyperplesia of biliary tissue ad, occcsiana33yt hepatos- 
l i k e  nodtiles, 

21. 
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'. Dro C, J. \<atson s ~ ~ ~ x I - L Q ~  i n  discqsssior? of t h i s  p i n t  that siidler 
hepatic lsaiona are known Lo occur in ciwl%r,e deficiency and a l l ied  statcs, 
and. that mthionine ai& be of therascuttc v.?lne. 
part  or all of this picture might be S ~ C G E ~ C ~ ; ~  to the 3 d t i o n  vihich occurs, 
with reeulthg dietary deficiency, It searis im?ork?t  to invsstigate this, 
since liver carcinogenesis by azo dycs can be ~rcvei i ted  1)y dietary means. 
St 58 worth pointin& out that these regenerative pmcesssa might rzadcr tire 
l iver  more l i ab le  t o  mdistlon damage, 

lle p i n t e d  O u t  that  

Hc&Lologic chaqges in the mbacuts ;.awe hme been sonmibat variahle 
Kheii feuko?cnia occurs; it I s  us.uallp mst in the animals st&& so far. 

noticeable in the first fetp days, aiid th5.s initial letkopier.ia_fo often =us- 
tabed over a long period, 
m&lo have resulted in 2 ciacreiiss in ttrc w h i t e  c.et:: comt to 25 to 50 -x= 
cent of nor&; ir. other grou?= tk 2xt sigcificaqt chair~ges have occwred 
between 0,l and 0,25 ra&ilo, 

In scne.cxmps of a r k & y  sll. dozes dowri to O,% 

! 

c 
I 

Greying of the hair in kmn mice trait& iatravmously with ylus 6 
nitrate, has appeared progrezsively at, lmer  ciosas; it was first note< at 
twc months Sn the g m ~ p  given 0-5 ng/Mlo; it wari s w z  at tkree mntks f!: 
those given 0,2, at four months in those given 0-1, a% is just fioticesbie at 
that t h e  in thoae given 0.05 agj'kilo,  
the thorax and has in a l l  cases progrossivaly F!tsnsifled, 

This  has been most noticcable around 

Testicular atrophy has been watciicd f o r  i:. ra?s given intraveno-as 
citrate, 
had not become clinically not~ceable  iit :hat t. ae after 0,35 d k . A l o a  

It was observed six weeks a f t e r  admil istratlon of 0,1 r id~Yio ,  but 

i 

1 

i 

j 
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. wi th  radium, which of coursu presents certain difficulties. 

The best information regarding the production of local damage by p l w  
tonim has been obtaineci in the course of experiments on mice receiving 
plus 6 nitrate intramuscularly and subcutaneously. 'Occasional brown mice 
have shown local greying of lair at the injection site 100 days after the 
injection of 1 microgram; ulceration of the sk5s has occurred 20 day3 after 
the subcutaneous injection of 4 micrograms and 40 days after the  intra- 
muscular injection of 10 tlicxograms. 
effects have besn produced by the local presence of a fraction of these 
total doses, and that ulceration 6 g h t  under favorable conditions be caused 
by amounts near 1 microgram aepoaitd locdly. 
indolent, and has become progressively wider and deeper over periods of inany 
weeks, 
seen w i t h i n  the first f ive  or six months, 
the great susceptibilitx of mice t,o sldn csrcinogenecis by hydrocarbons. 

r:- - 
It is reaaonabh t0 suppose that these 

Ulcsration has been dry, 

Kerntotic overgrowths have occurred but no'mali-cies have been 
"his is interestiw in viea of 

. _ .  - .  
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a. Vol tu(-% 8th aas -26.5% 12th dcy -15.1 12th day 
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-26.0 36th day -20.0 36th dqr 
7 -  

slow decline, 17.5% 
lops by 79 days 

slow declirii, ZOjj 
loss by 2; notithe 

Food Cons. '.' declined to few 
P h a Y  

. .  

s l l g h t 4  bel- c ~ n -  h i  12 drrJrs; 
trol level continually nearly ncmal 

after& 

high 8 days, decUn5q high E days, 
thareaf'tsr dec?in& there- 

zftzr 

1li.s- decreased 

P l t m u a '  2@! increase 
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i 
1 Serum protein 20s increase by 

15th day 
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I 
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.... The primary interest of our heaith department is  the hed%a%e 
develci-_caacnt of a rcethod of monit.orhg persome1 for internal body 
contazhat ion  n i th  plutapiium. 
?Ian 5s to eaable us to retire Individuals f r o m  further crmtact w i t h  . 
the m z t w i a l  before they have alrscrbad h a m i l  aroounts. 
tion of such a plea deyenGs cn *e establishment of a mmber of factors 
e;rong which are the following: 

??IC obvious purpose of a m i t o r i r g  

The execu- 

. .. 
1) The develo?mart cf a method of deteminhg exceedingly small 

emounts of plutclsuwm in some b e  f lu id  or excrement; 

2) 

3) , Tho development of a sm91hg sjrstern which excludes t&$ossi- 

The este5lishwnt of the relationship between t h e  body fluid 
or excremmt end %::e amount of plutonium ccntained in the @an bdy; -. - :* ?.. 

,bi l i t j j  cf e;rtom.al ca;tai~imtioir of the sample. 

Thi s  report swrrarizss our at ten i ts  to establ ish some of t he  above 
. facto;.s. 

k t h o d  of San,pling and Analysis: 

The urine k ' ; t  teen chasen as tho source of the sample for study. 

Because of the uttrem difriculty 03 detectbg small amounts of in- 
t emal  c o n t d m t i o n  with _;>luto~.iun, and because o,C the great p s s i b i l i t y  
of extcrnal contaxina t ion  of t'n2 ran;?le, t h e  Trzctice has .been to collect 
24-hour earrrples mder very ?igcj:.-ms conditicns. The subject is directed 
t o  stay ac2y crox work and pref:mb?j amy from the Site  for  a 48-hour 
period preceding the jxriod of collection of the sample to be analyzed. .  
All persons are asked to wear f:-eshly leundered clothing during t h i s  
preliminary period and ,to k t h s  ani wash. their hands frequently. 

' 

The subject it5 asked to  rerxrt to the hospital at eight o'cl~k in 
the wrnhg at the close of the 4Shour preliminary period. 
hospital clothing and,after taking a shower, is adrritted to a s.pcia3. m o m  
provided f m  collecting the a-hol r r  urine sample. 
in this room for the entire 2&40ur period. 
subject restrict h i s  fluid intah to one cu? or glass of fluid -per mal 
t o  avoid an abnorEialljr larga s q l e .  

Iic is given 

He is asked to remain - 

It i s  requestedthat the 

A hand counter i s  available in the remand a note i s  made as to 
whether or not the individual haas a hand count. 
b wash h i s  hands each tb% before he voids and t o  wear white  cotton glovss 
during voiding, t i u s  preventing epithelial  scales of the  hands from falling 
i n t o  the f l a s k  and contaminating the sample. 
in a 2 l i t er  er'lemyer flask whlsich is placed at such a he ight  that it 
i a  not necessary for the  person to touch the flask or the funnel while 
urinating. :&ten the collection is complete&, t h e  subject dresses .and ' 

. 

The subject i s  instructed 

The voidin@ are collected 



Pdgid adherence t o  tJiS pmc.dure described above should Frz3.t the 
collection of a  OUT urine s~7p7,e cis nearly fiee f r c m  exterra1 con- 
tauination as possible. - .. .a . ~ - -r 

The effectiveness of the zbme method is indicated by the data in 
Table XXIZ uhich gives a conipiriscn of the analyses of sanples consist- 
hg til? two ov@rni&t specbekis cr)llected hi the indivLdwds' hores with 
2 4 - h ~ ~  samples collected Tram the sane indlividuals by the  abovz hospital 
mthcd. 
at home was 20 aa carpared t o  2.2 counts per .dnut,e per sanple when 
collected under hospital  mnditims. 
this @?sat difforwtcc it t h s t  esernal contamination vas avoided iD. the 
lattor case. 

The avarege c m t s  per m4nute obtain& in the samples collected 

The mst, probable explanation of 

The ss;-4les cullected jjl thz hosFital are analyzed @ the fonwing'  
mthcd: 
the residue %etashed using one a3liition of conc. HC1 and re$&xi&id6itioas 
of ccnc. 13403, me 305 IGQ. 
t h o s t  completely free d orgzniz mtt,er is all tha t  zwssins. The residue 
is We;, up in 2 €2 BCZ a d  a conplete hflroxide precipitation carried out. 
Tie tij.d?ro,.ide preci-pitate is dissolved i~ 2 N HC1, the solutim 5s adjust- 
ed t c j  s pi1 = G.3-0.5 and the Pu, plus 1 mg. cf ferric iron as r?. carrier, 
is extracted intc C t i i C r O f O ~  ushg cupfernon. 
off awl the cupfernon residue di.ysted off with nitric m.d perchloric acids. 
The h is then carried out of t he  perchloric acid solution with lanthanum 
fluoride. 
d k c  md counted f o r  3G &.utes in zn alpha counter. 

The ent i re  a-hour speclnren i& evaporated almost to .dq%ess and 

The asking is ccfiltinued unt i l  a"&i.i so l id  

The chloroform is evaporated 

Tie lanthantm fluorid? p e c i p i t a t e  is transferred to 6 pletinm 

2: <*- 
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Results of .Pereonnel Eonitorin,q: 

Thirty-six members  of the  staff were chosen for the first t e s t  of the 
above mnitoring mthd. 
end low or no exposura groups. 
give any definite significance tc tile classification, 
dicztive, however, and are smmcized in Table X V .  It may be sisqificant 
t i t  all individuals showing a positive cuunt in the urine had had one or 
mre nigh nose counts m record since joining the project. 
count i a  racorded against an indiv idual  when a moist filter-paper swab 
iriverted into t h e  n o s t r i l  and ro%ated show 50 c/m or greater when counted 
in an alpha counter. 

TIieae p c s e  sere chosen to represent high, mderate, 
'f'he n n d s r  in each group was too few to 

The results are h- 

i* A high nose -- 

Urinary Emretion of Plutonium b;r the Human: 

If urinary excretion values are to be used to establish the actual 
amount of internal hody contamimtian it i s  essential to know the re lat ion 

* 
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' .The. subject was as elderly nale whose age and general heal th  was 3uch 
that there i8 little or no pcscitility that the injection can have an). 
effect oh 'ti.e nom& cmrse of h5.s lire, The patient sight no% haye baen 
an ideel a b j e c t  in tibt his kidmy f'unctim may not kavc been ccx>leteb 
mi& et the time of injection e6 indicated by slight aEunin-.iria and a 
lw wine spscific g r m i t y .  

, Tfie'4-4 citrate conplex was Lsed in order t o  mute the mxirnun d e p  
asition in the bor?s. '&a13 preauw.bW would pmhace an amretian rate 
comparable to that of 8 worker hav- absorbed the imteriai at a $1- 
rate thereby deposit-, a maxiumi mount in the bonu -here it is Frobably 
the rtlsst damaging. 

sented graphically 5s Figure 1 b:? blocking in the p r  cent of *-total 
injected dose excreted per dxy. 

..- 
The results obtabed for the first 18 Cays after in;ectLori&p3 pre- 

mese data show the excretion during the fir=t day w a s  surprisingly 
low and that the leveling off of the excretion rate was much slower than 
with rats.  
they represent some metabolic abnorrmlity of the subject. 
hcwever, that  the stabi l i ty  of tl:e 4-4 citrate canplex is a fachr, 
blocd s a p l e  "&ken 4 hours afte-r t h e  kajection showed that aboat, 53 pi3r cent 
of t h e  injected dose xzs still 5.z the circulating b l o d ,  The calculation, 
however, WDS based cjn the assmp5icn t h a t  there had beem a completa m b k g  
of tire r a t e r i a i  throughout the tetal blood volume. 

The inost probable explan.=tion of these observations is that 
1% is pssible, 

A 

- A rather favorable excretioi; rate is indicated by t h e  observation that 
the leveling of€ point ssem to be about 0 . a  per ceat instead c,4 O.G1 per 
cent as observed for rats. 

. ..L 3 
. a  ' 

. -  . --- . " h e  Effect of Size of D o s e  OR Urinary Ebccretion of 49: 

A nubar of fundar;rental assumptions mst be made in regard to tho,  
;loetahUsrn of Pi i f  a W t e d  amount of hunm tracer data are t o  form 
t h e  basis of 2 'method Gf diagnosing hternal body conta&afAon, 
is necessary to assume that, oncc: absorbed, all valence states and all 
compounds of Pu are  metabolized b,rr the animal organism in essentially 
the 8 8 1 ~ ~  xsy, (2) 
the  same.way regaruess of the route of absorption or adruinistratijn. 
.(3) , It is alsc necee3ary t o  assme tha t  the fraction de-posited and 
therefore the fraction excreted is irrjependent of the  size of the dose 

. administered or sbsorbed. 

'. ..I.. . k n d l t o n  (CN-2383) has reported a W t e d  amunt of information in 

' 

(1) . 1%; ' 

It is necksq- t o  assame that h is metabolized in 

. . 

_ .  

support af the 
. - e x p e r h n t  Has 

validity of the-first two &mptiGns, ' The following 
,perfmed to t e s t  the validity of the third. . 

?, 
1. . 



B i ~ e  grc~ps of .mature d e  rats we= injceted with  ~,0322((2250 c/'rij, 
LlE', 5.3)1; 15.0& end 52.CLrof Tu respectively. 
istered as +& citrate complex iii e solution 0.5 per cent tdth respect t c  

. sodhn C i t m t s .  The of the solution uas 6.0, Ths urine znd feczs 
were collects3 daily for f2ve days from each group arid analyzed fcr 49. 
The results of the urine anel,yses are given in Table X V l .  lfiese &te 
show rathr conchsivdy that the per cant of the t o t a l  i n s c t e d  dose 
wccreted h the u~ine  of the rat under the above conditions is int iep-d-  
ent of the size of tho dose administered. 

'%e rsLt.cria1 was &&n- 

-+* 
--i 

, 
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Effect of Eathod of Collecting 
Samfle on Counts Famd in the Urine 

Person .. c/m h d  mace of Collection of Sample 
A t  Homes &I fb8piblRQ 

D; Flo 

W. A, B. 
W. B. G.. 
17. G. T. 
J, P. 
D. D. 

10.1 
W.6 
16.1. 
2.8 
17.8 
30.6 

2.2 
4 03 
3.4 
0.1 - 
2.2 

20.0 
-t 

2.2 Average: 

* Samples collscted at  home were tuo overnight voidings collected by 
the individual after thorough bathing and washing of hands. 

** Samples collected in hos2ital were a-haur samples collected under 
the rigorous hospjtal $Lan after a two dsy leave from the Site. 

Table X N  

! 

I . R O C O V ~ ~ Y  Of Of PU 
From Rewlar and b k  Urine -le8 

3 reg. urine 4- 5 95 81-105k 

. ? 

. -  



Those having no hi@ 
nose counts recorded 

b 

- 

5 2.2 

0.2 a 
-. 

4 1.2 

' 0.2 22 

* 0.3 c/m was subtracted frcn each value as a blank. 

Table XVI 

Effect of Dosage on Per Cent Excatian 
of h (%) citrate 5x1 the Urine of the Rat 

when a mist 
s b r a  a comt 

i6 Of h.A. Dose Excreted per Dm 
DOSaE6 Z r  Period after 

0.032 1.1 5 .3 52 
hj. - Days: 

* -  
3383 34 

. .  



" , I  I -  
D n ! '. 1 

a- n 

i 

M 
0 0  

c .* 

j 
i 
/I v 

1 

Q 

I 

i " -cy . .  -- 
- A  

3.323 35 
c -- 

. 



Tables shonlng the excretdon of product by various aninals 
are presented. The question was raised as to  ahat value could be 
set BB the probable m h l m m  daily urinary product accretion froin this 
data. 1 O,Ol$.of the material retained in the body would a ear t o  be 

page 2) shoFIed e much lower excretion than O.Ol$ par day. On tho basis 
that only 65% ai the material is absorbed fraan the m c l e  and that 2O$ 
has been excreted, tho O.Ol$ would also apply t o  this animal. The data 
In the tables for all anlxml8, rats,doga, a d  rabbits,  ahooo iran O,Ol$ t o  
0.03% daily excretion when constancy Is remched. 

Qr. Stone has asked uwt canparioona hnve bean made bstuesn the 
concentration af plutonium in the blood ana the  urinary axcretfon, hi 
parisom of 7-and 4 4 a y  blood concentrations and urinary excretion in- 
dlcate that l i t t l e  def la te  information can be gained. - 
2,72 gg af plutonium ia the cirrmletl  blood the Zq hour urlxikry excretion 
waa only Oe12j p. Dog 39 had but 0,  & 

Thus, t&oatgh the lood levol of Pu i n  doe 39 was 
that of doe 38, tb' amount excreted l n  t he  urine was slightly greater, 

a f a  estimate, The question has arisen -88 t o  ww dog 3 F (table on 

- -  

38 end 3 at 40 dxas &tar injection 8&w8' that w h i l e  

of PU ic the circuhtiog blood 
excreted 0,163 w. 

The fee& pxduut excretion for d l  nn*nasle etuiiied has teen shown 
t o  be fram 3 t o  4 tfwrs Wer than the excretion from urine collected duriw 
carrespondlng periods. (Tables XIV-XX), It was Bugeested that 8tooU be 
eSSayed t o  esteblioh the produut content &n lmmana0 The diPilcUl~b8 on- 
countered in e a a l y z l ~  8 t O O b  and the comperison of )e?rr,sn focal prcduct 
excretlcn t o  that of dogs muld  lead one not t o  rely on this  pxuedure. Dr. 
&milton atated thst he I s  mrkiag on a mothorl far stool andyses that shou3d 
be publlehed very shmtly,  

Table XVIX I s  presented t o  ahow the value of clog excretion s tudfse  
t o  the Interpretation of data accumulated on humans. The excretion of Pu 
for these ti& 
injection wlth 

is canpared with that of a single male tnuaan iolloaing SV 
6,5 of +6 plutonium citrate,  

- O O G O Q L 4  



Period 

ut 24 brs. 
2 n d "  

. 9 "  
4th 

5th 

6th 

7th 

8th 

st:: 

0 .om 
0.063 

0 .on 

f t .we ere t o  place any reieht on our studies It i e  qa t8  clear 
iron the ebove fl-es t b t  tke urinary excretion of dogs and mm 5 8  nore 
-Conparable than fecal exsretl.cn. Data prosented by Bo Langb on a human 
t r a .  eqeriment wing 4.7 pg of the -9-4 citrate shows good correlation 
#ikh our rasultu, In his  disc~ss lon  
he also pointed out that 5Cr$ c.r %he injoctad plutoni\rm was prenent in the 
clrahating blood tour hours after the LnJeation, 
the end of 45 minutea o w  15% of the ~utonium remained i n  the circulating 
blood 

E e  also r'cqorted l o w  recal  excretion. 

Cur data showed that at 
-. +. 

It has been asked whethcr the IR-f or the IR-4 resin adsorption metbad 
would be -8  suitable io?? detecting low activities in the UrinO. S h C e  the 
m-1 colucln procedure o p 6 3  design&. t o  detect approrimatoly 1 C m n t  per minute* 
In Q 100 ral specinen and the tohrance,hm been set at a 1-01 approximately 
10 times smaller, the n3thod cow being dune is certainly not adequate far 
Q.1 count per d n u t e .  It I s  suggest& that less frequent ruqlysas nnd lareer 
volumes be usad for each specimen. 

-- 500 to_1000 m l  specheno has ~.ho#n considorable variation and needs further ln- 
The IR-4 method which has bsen used for 

- 

http://exsretl.cn


.- .: i .  

--L 

oestigatlon. Specimens of 2 to 3 liters have been aasqved by 
evaporation and precipltritlon with Lap 
ir possihle beaause of the time consum%, 

TNs i a  to be avoided 

It 'kaa suggested asring tbe diecUssion that the plutonium 
blood concentration be iollopoed mare closely and compared with urixmry 
excretion to  see f i  there is any definite relatlonshfp. 
of two animale should be studied loasxuch PS the differonce between dogs 

A m l n l m u m  

38 and 39  rad SO great, 

It is felt that the rabbit fecal product excretion is much 
closer than other animRZs studied to that of man for the period shortly after 
injection. Data beyond four days aft= injection for 138n was not avail- 
able. (Table XmIJ),  

.The question of controls was mentloned by Ur. 1Engliah. The 
data colleat by our group have alum very few controla. 
rtram o-uc 10 
should Include a Ilumber of control specimens. 

'@e vdues range 
p per 500 ml apecime~~.  It urn -est& that tuture work 

' In dfscuasi.ng a tolmanbe limit for plutonium contained i n  the 
body the question Wi''ca arose as to  what fraction of a d<v% urine should 
be axmlyzed in order t o  calculate the retdned plutoaiun. IloFning spsclmens 
have ci lwaya shown a bigher unit actlvkty and any retention calculated from 
these analyses would tend to be too hlgh. For accurate data, the entire 24- 
hour spechen or Q lerge traction thereof nust be essayed. U the tolerance 
limlf is t o  be sot  at O,7 ys and 0,OIk taken as the anaunt excreted then a 
maldm~m 4-8 6counts  per day  nust be detected, one c a t  pes 
minute from the dog's excretion would indicate 0 deposition l n  the body Or 
0.6 p. Ir we w e  t o  detect  l a v e r  activities than the rrection of the d a i l y  
urine t o  be assayed It should be carreclpondin@y larger. Ths discuselon was 
concluded with the  f ollowlng suggz:rtlons: 

Detection 

2. .mt a largs nuriber of control SpeCinenS be mo 
.- 

. .  



Tbb1.e XVIII 

Th 1 th " " 
1 lrh th : 
I<)th 
20th " 
21st 

2.540 

0.0 "% 

0.023 
0.0% 

0.018 

0 . y  

0.02 O*oJ% 

O0O1;i 0.03 

0 -02 

o.ol2 
0.028 
0,026 

oooy. 

1, of CPiwlIlt injecteb, 

- -  
.. . 

3.1'3 33 
I- 



2tt 
I 

72 

1168 

! 2w 

4 336 

, 3-94 

. -  

~htoniura ,  Corcentration ciianges- in WOO~ 

n 0.039 

@ ! 0.016 

n 0. cs. I < 

24 

72 

16s 

336 

696 

.9@ 

1752 

18'@ 

Injection Data 

h-39 4% ml 0.615 ml 
! 

. . .  

3 

. Dog At-39 3 < 

I.V. Injection-1639 ugc i i6 Citrate . .  
i 

1,371 

1.2c.Q 

i ' 

I 

0,106 

0,008 / 
0.W5 f 

.* 



.'J .I; ' 1 .  I ,  

0,lU I 0.17 
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3 

7 

3.4 

28 

42 3.9 30.6.' 6.8 18.7 9.1 19.8 7.6 13.1 10.2 10.5 7.9 17,3f 
1 

6.9 19.9 10.1 20.9 7.7 13.7 10.3 11-O 8*o 17c91 I 

1 I I 1 I 
4.2 31.5 
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ir.. 
-+?t 

4 . "  -- 
, - -. I 

5 R .  I 

7 "  

10 -- 
I 

i 

, 
i 

12.3[ 15.2 
I 

I 

i3.7 17,9' 22 tl 

23 
1 

24 

16.2' 21.8 
:. 1 
'* 
e -- 

35 . @  

36 

56 

A: - 

t -- 



9 
10 

i g  
13 
n4 
15 
16 

*m. 
-+a. . . 

1 
2 
0- 

2 
& 
5 
6 
7 
8 
9 
11? 
11 
l.2 
3.3 
14 

s. 54 
0.3lc3 
0 -219 
0.U6 . 
0 .lo9 
0.039 
0,037 
0,025 
0.020 
0.015 
%a9 
0.011 
0 . 0 ~  
0,0109 
O.OL? 

I 
2 

E 
5 
6 
7 '  
8 
9 
10 
u, 

I 

l2 

I4 
IS I 

13 j 

12.66 

0,205 
O.l&? 1 

g o - O s 1  ! 
i O,Ol+9 
- 0,039 

0.034 i 0,032 1 

0.029 

0,017 
G,020 
0,022 

i 
0,025 j 
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,104 i 0132 

19 
23 
a. 
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Tbe secozk3 redim experbent was carried aut h the same manner 
8a the first except that the dwsges ranged fran 300 t o  1k.W uc/kg. 
The data show a wide scatter in thia group, 80 t?mt there was no 

. .nark& difference in average survival "&e in tha raage of 500 to 
1400 uk/kg' in th is  amall group of animelo. The animal whfcb died 9 

,.. 'days after receiving 500 uc/kg apparently succunbed to an merdose of 
--:-.' . - . G A T .  used for controlling l ica.  These animals received frntl 1.5 t o  

e .  . . *  ' 7 lnicrocuries of polcni\rrp per kilogram 8s a contmi,m%ion in the wdl-  
~ - 7' um prepemtion, and lahile %hose dosages of polonium are probably sub- 
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Ap~&t,e rcir t ive tox- 
icity In tsms of micro- 
curies (no ccrrecticz i"c.,r 
daughter pr&ur-ts of raeium) 
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Pu )dice XV. 1.0 1.0 1.0 60 . 0.038 0.038 0.038 

X - Single dose 
CF. mcb 45Or 4 . 2 5 ~  385r 
ABC Uice 42% 42% 425r 

40 .-.L iia ilats IP. (m) 1 .o 0.5 

X Rats  . 

0.053 0.OLC 0.033 

0.56 0.28 1- 

X - Shgle .  dose 
Rats 600. .b 

Pu - Citrate - &e D . 0.75 60 Prpbable 

.Pu - ll -Fiats Iv 1.0 70 " 



w w 
2 
0 
cl 

I3 

I 

4 

I 
‘ -i.----A 

I 

h 

k 

P i 

I 

c 



_..> -- I: : 
2- 

.. 

, -  

1.0 

1.0 

0-25 

I 

I 

Ra ' ZP , )0,10<0.25 , 0.15 CF1 
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3.i .cussion: lnsofsr as one is prr3tted to eraluatt! preiiminary 
results, 

1) 

- -  
0 0  

it is felt tbat the following inferences can be draw: 

Ti=;e a f t e r  the introductkm of plutcmium into a lpound is per- 
hapa the nos t  izprtant single condition which affects the 
e b i l i t y  to rcxovc the material, I n  consequence, any agent 
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