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The fats of plutonium injected Intravenously into a hurmsn auBJect and 

The dietxibution of plutonium in to  pate was followed in paspallel etu8iea. 

among the tissues of the body the average dally rstS Of excretion Of 

%hlS €&Yi?Emt &r9 '30-d in  EitUl and h 1%%6. fn @El9M, E ) 8 d t 8  Of 

them experilnsnte ehav a high degree of prololnged retentian of plutoniun 

in the body, with eeleccive depoeition In the skeleton, eepscially l n  the 

region adgscmt to the bone m m w  fn the endcstc and trabecular bone. 

The elimination of plutcmium &.am tha body, o c c u k  at hi&r rates in rate 

than ~n men. 

the plutonium edminietered, vhersas in the prallel exprimant in rrisn, 

only about ma excreted. Tho elhibat ion of plutonium ie primarily 

via the feces in rata, whe-e in re~lpl the major eliolnation of plutoniwn 

occure via the urine. 

DW- the course of thaee s t ~ M e e ,  rate elfminated 5@ of 
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Resultex Tile maJor part of the data i n  thio report concernis% the 

plutonium content of the tieeues of man mi9 collected four b y e  aftar 

the i n t r amow inJoetian of plutonium. 

tion of Tablo X that the ekeletan and Ita hemspoetic eysbm are the 

primry reglone for the depositton of plutonium. 

It can be m0n frat 813 o-- 

From the rib emriplo aawyed, it would appar tkat the mJor portion 

of plutonium depoelted in the ekeleton ie to &e found in *e bone mamv 

and trabcular’bone. It can be ~ e e n  khat relatively W l  awlunta we= 

deposited In a0 pgrlosteum and the cortlcal %one. If one aseuma that 

the skeleton of I D  1% of tha bOdJ tSef@, f t  S a  be =lCldlat& that 

87.?#1 of  the plubnim administered ttaa depoaifxd in the &eletan, pro- 

vidlng the rib wimple l e  repreambtive  of the d-eletan generally. 

Of the tiseuee taken in the hurnsn study, mceasmble amounts of 

It c m  be 88811 activity 8- found In the tumor, apleen, and blood. 

that the re8 blood cell13 contatn 63met  ten t3me ae mch plutcmlum as 



0,000lqb of the doee, for p cc. of blood. 13 can be seen that the subcu- 

taneoua tissues and omentum a8 w e l l  (98 the &fa did not contain any m a t  

percentage of the plutonium four b y e  after inJectian. 

The plutonium content of the tlesuee of the :.ab used to parallel the 

human experiment are glven in Table I for one day a8d ?96 daye after injec- 

tion of plutonium. It can be seen that the ntsjor part  o f  the plutonium hae 

beu? depoeitud in the skeleton one day after I t a  adninietnztim. The lnador 

portion of the plutonium not deposit& In tha skeleton wae found In the 

blood of the mts, 

b l o d ,  the high percentage of plutonium In balance is a h 0  due to the blood 

content of muscle, 

and epleen than in livwr. 

admlnlcrtration, the elenrrsnt remainlxq tn the rat wae found prinrarlly in 

the ekeleton. 

anmu 296 me after injection. 

Since tiseuee euch aa 1~ and musrc1e contain eons 

On a per g r m  basis mom plutanlum w e  found In kidney 

IVo hundred ninety-six b y e  aftsr plutonium 

The amounte of p l u W m  found in blood a m  exceedingly 

~ a a ~ r a b l s  anounta of plutonium were de- 

tected In liver, M&ey, and epleen. Of the soft  tlrPJauea, epleen had the 

m e t  activity. 



The valuae obtainbd oh tihe axcmtiarl cf plutoniun in lllan and In ra% 

In them stublee, is pmsentsd in Flgure 1. 

it can be emri that the psim3ry route  of axcretlom; of plutonium 1s vfa the 

urine, The values obtained for feces are Power. On rsb, however, the re- 

veree ie obeemed, 

urlne.. 

than in menc 

ten 

W l ? A  reawct to the humsn e’cu&g, 

more phtonlux  barn excmted vta the fecse t han  via the 

It aleo sppeare tihat plutonium 10 more readily exoretad In rata 

Tce t o m  excretion i n  rate i~ greater by a factor of a b u t  

The data taken from both these etutlies was obtained Fkom em analyele 

o f  the entire esmpPe eollecteci for m y  one perlod., 

rate plutonium f r o m  Parge  amounts of mass In them samples tbrou@ *&e w e  

of the T,T,A, mathod which l e  described In Footnotg 2, 

It w e  poesible to eepa- 

IMecueeIang The depoleitlon of plutonium in mm an& in rate appgare to 

follov the a m  pattern, the largeat  mount of plutonium gob4 to the ekols- 

ton. 

hundred daye, However, in my1 it vas obaarved that t’ufe exsmtlon I s  of a 

much lover order. Only about sd, wa8 excreted truring We perpod of ti- 

thsee atudies vem followed in mn- It; woad a p p r  that the retention 

of plutonium in thie eubJect l e  eo gmnt that the loae of tplls msterlal  

can be conrridwed negligible. 

probably greater than fifQ para, 

In the c81e of rcrte, it l e  excrated with a half tima of aMut three 

The half time of plutonium arcretlm I s  
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Data from the Medical Induetrial Bazarda Section Report Ibnbre MUC-EO- 

1194 and ravc-~0-1203 presents higher values for the average daily rate of 

excretion than ule values found in these stu4iee. 

in the two report6 ehowe that at the mth day aftar iajactim, their ~ i l U 0 0  

for the average daily rate of uriaary ercratian f e  roughly tvice that found 

in these lnveetigationa. 

drape off until the 70th day, and i e  t h n  1.5 time thb figure found in 

A cornparlean of the figurae 

Their valuea for dally rate of urinary excretion 

a080 0tUdbe.  

These etudiee on the fate of plutonium in mn anU in rate show 8 de- 

gree of retention of plutonium by the rsksleton which is far p a t a r  than the 

retsntian of other elements known to becum eelectlvalg depoeitad in thio 

ekeleton, notably the alkaline earths, lncludtng radium, the mire earths 

such ae lanthaotna, cerium, yttriuan,  and pmieodymlum; anb n;lrconium an4 

coluapbium . 
This hl@ degree of prolonged latention, together with thb eeadsncy 

of plutonlum to becam dopoeited &&csnt to the bone marrow in the d o -  

a t e a l  and trabaaular mgiane, laekee the pmbhra of chronic plutonlura pol- 

eaning a matter of serloue concern for thoegt who corn in contact with this ’ 

.material. while no direct huntan radiosutomphia data are available, the In- 

fornation ,lorn an- atudise together w i t h  the high d u e s  la the trabecular 

an4 marrow A9ctlone in this subject indicatse that the principal am- of  

localization of plutonium in bone for rats and mn ere probably vary alrailar. 
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totion After In 

Doae Doee 
per ger 

Gram Organ 

-46 . 14 
.14 1.01 
.M .m 
0.45 -21 
2,18 382 
0.14 1.40 
0.76 ,003 

‘W -$3- 

0.14 .lo4 
021 53 

ction 
I of 
loae 
psr 
:ram 

- 

-05 . 10 
15 

0 3 4  
3.52 
.01 

.004 
-013 

t i 1 ! i 

(808 skeleton) 

.) 11 007 
31 0 12 

* The balance of the sat ia compos& of the tiscluee not lleted atom, and con- 
taine primarily niuecle. 
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A t  End 

of 

10 Days 

20 Days 

40 Daye 

80 Daye 

160 DEL- 

m5 -ye 

296 -8 

820 Day# 

Rat mn 

0 069 0.96 

0 -97 1 -11 

1.68 1.25 

3 .oo 1.53 

2 *92 1*& 

3.06 1.94 

SeS6 

2 011 

15 e 7  2.18 

26.4 2.31 

41 -9 ?*38 
46.1 2.45 

5 p  -3 2 3 6  

533 2-59 

s4.8 

2 0 6 4  

16,4 3.14 

n.3 3.42 

43.6 3.63 

48.1 3 a 9 8  

55.2 4.40 

56-5 4-53 

58.4 

4975 



Days 

1-1 
L-3 
2- 3 
3-4 
$-5 
5-7 
7-8 
8-9 
9- 10 
10-11 
u-1? 
1P-14 
14-15 
13-16 
16-17 
17-18 
18-19 
19-30 
20-91 
31-32 
33-33 
23-?4 
?4-?5 
25-36 
26-27 

~ 8 - 3  
39 -30 
30-31 
31-32 
32-33 
33-34 
34-35 
35-36 
36-37 
37-38 
38-39 

27-98 

.--_̂ e ..- 

.48 

.12 

.031 

.037 

.030 

.016 
069 
., or6 
.036 
.OW 
,034 
.013 
, 016 . 00% 
.010 
.0060 
,0048 
,0017 
,0050 
0 0093. 
.0076 
* 011 
.00?2 
,0044 
.0074 . oops3 . 0069 
.eon 
.m63 
.0073 
.0084 
0 0069 
0 0079 
.0063 
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i 
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i 
I 1 

i 

1 
i 
i 

! 
I 

1 i 
i 

! 

! 
i 
t 

1 
! 
! 
* 
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3.0 
3.0 

3.2 
1*2 
?.O 
2.4 

1500 
1500 
3.50 

&Or, 
1800 
2000 
2900 
2400 
4000 

300 
1500 
600 
1800 

1500 
1500 
r800 
1900 
W O O  
1300 
$00 
800 
1900 
b200 
600 

i 
7.00 



p-40 
1-41 
LAP 
9-43 
3-44 
4-45 
5-46 
6-47 
7-48 
8-49 
r9-50 
9-31 
51-53 
52-53 
33-9 
54-55 
55-56 
56-57 
57-58 
58-59 
79-60 
60-61 
61 -62 
62-63 
63-64 
64-65 
65-66 
66-67 
67-68 
68-69 
69-70 
70-71 
71-72 
72-73 
73-74 
74-75 
n-76 
76-77 
77-78 
78-79 

5.4 
4.5 
9.5 

12.0 
7.8 
8.5 

16.0 
9*0  
6 -0 
10.05 
11.45 
10.8 
14.9 
6.7 
9.5 
11.8 

10-2 
4.1 
6.1 
6 3  
4.1 
3.2 
7.7 
11.5 
3.3 
3.7 
7-2 
3.7 

13-3 
13.4:' 
8.5 
13.3 
11.9 
7.72 
4.8 
9.8 
11.1 
11 09 
4.3 
5.9 

5 -1 

I 
t 
I 
f 

I 

i 
I t 

I 
1 

1 I 

i f 

! 
i 

I 
i 
! 
! 
I 

j , 



80-81 
a - 8 ~  
e-83 
83-84 
85-86 
86-87 
071 88 
88-89 
89-90 
9Q-93. 
91 -93 
92-93 
93-94 
94-95 
95-96 
96-97 
97-98 
98-99 
gg-loo 
100-101 
101-102 
102-103 
103- 104 

105-106 
106-107 
10:)- 108 
108-109 
log-110 
110-111 
111-112 

' 113-Il3 
113-ll4 

' ! 115-116 
; U6-13.7 
' 117-fl8 
, 118-119 
' ng4m 
190-1P1 
121-1w 

104- 105 

114-115 

Activl ty  
Excreted 

Height 
in 

GlXUB0 

10 *g 
6.92 
0 . a  
5.8 
10.35 
10.68 
5.5 
4.15 
11.0 
4.8 
7.0 
4.3 
1.8 
4.3 
4.5 
13.0 

0.2 
10.0 
12.0 

3.0 
9.0 
12.0 
9.5 
11-0 
16.0 
9.5 
8-0 
11.5 
7 -5 
5.3 
1060 
6.8 
9.0 
10.0 
1.2 
8.4 
3.4 
6.2 
13.0 
10.0 

9.0 



132-123 
1?3-124 
134- 195 
125-136 
126-127 
127-138 
128-139 
129-130 
130-131 
131-132 
133- 133 
133-134 
134-135 
135-136 
136- 137 
137-138 
138-139+ 
139-14W 
140-141 
141-142 
14% 143 
143-144 
144-145 
145-146 
146-147 
147-lb8 
148-149 
149-150 
150-131 
151-132 
152-153 
153-154 
154455 
1551% 
156457 
157- 193 

i 158-159 
' 159-160 
160-161 
161-163 
162-169 

Activity 
Excreted 

Weight 
in 

03Pams 

4.8 
8.0 
9.5 
9.5 
9.0 
3.5 
4.3 
5.1 
2.7 

13.00 
9.0 
9-0 
10.0 
10.0 

6 .o 
3.7 

12.96 
13 .o 
7.0 
9.0 
5.3 
5.3 
6.0 
7.0 
6.0 
6.0 
7.28 
7*3 
5.6 
12.6 
15.2 
16.1 
9.1 
16.3 
10.0 
13.0 
LO.? 
16.0 
11.@ 

1 Sample I 
Vola i 

I 

t 

i 
t 
f 

j 

i 
i I 
I .  
: 
, 

! i 
I 
1 
? 

i 
i 
i 
i 
I 
i 
j. 

i 

! 
i 
! 
i , 



Day8 

163-164 
1.64-165 
165-166 
166-167 
167-168 
168-169 
1%- 170 
170- 171 
171- 172 
173- 173 
173-1'14 
174-175 
175-176 
176-177 
177-178 
178-1'19 
179-180 
180-181 . 
181-182 
183-183 
183- 184 
183-Sg4M 
195-204 
205-214 
215-224 
225-234 
235-244 
r45-?54 
a5-* 
?65-??4 
275-284 
?85-?g4 
295-304 
305-314 
515-374 
325-334 
335-341 

.00~8 . ooP3 

.00?7 

.0048 

.0011 

.oo?l 

.OoP4 

.0018 
om29 
.0013 
* 0029 
.00n7 

0041 
. 0 3 7  
.m22 
,0035 
0019 
,0041 
.00081 
-0 
-0021 . 0013 
,0012 
Q 0012 
0010 
.OOl5 
OO13 . 0012 
"0015 . OO13 
00039 
.00069 
.0011 
.mi3 
y 0011 
0 0013 

O039 

Weight 
in 

GSmna 

16.0 
8.0 
12.0 
9- 5 
3.8 
9.3 
10.0 
0.6 
12.6 
12-7 
7.1 
4-5 
13.0 
8.3 
17.0 
9.0 

13.9 
14.3 

5.0 
3.4 
1997 
10.31 
8.44 
9.39 
8.18 

13 45 
10 39 
10,m 
13 2 6 9  

10.96 
so ,1g 
10 . gn 
3.0.27 
io. 18 
9-55 
10.69 
9.33 

* Ro sample8 were Wen for these day&. 



TABLE IV e-- 

. .  

FEChS 
% 

UAINE Average 
% per 

Average T b 6  % 

(Day 8 1 Dose Day (Days) Do SB D%- 

Time 
Interval of % per In t e rva l  of 

GJ36 
G , U O  
0.104 
0,080 
0 0080 
0,Wll 
0,GW 
0,086 
0 
0,&1 
06645 
0,047 
O J X O  
0 .- 070 
0,060 
0,062 
0,049 
0,059 

0,323 
0,152 
0,861 

0 023 
0,031 
0,023 
0 .Os2 
0.068 
0,009 
O,>oclh, 
0,Obo 
0 , 0 9  
0 *ou 
00005 
0009 
0 0,009 
O C O U  
G o G U  
0 0010 
0,008 
OvO08 
0 0008 
0 0009 
0,008 
0 :ma 
0 ,cu6 
0.004 
Q .oo$ 
0,Oob 
0,w 
0.004 
0 .LLJ? 
O,W5 
o,w6 

0 v 033 


