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A COMPARISON OF Tili METABOLISM
OF PLUTONIUM (Pudo8) 1 DAN AND THE RAT

J. Crowley, H. Lang, K. fcott, and J.G. Hamilton

ABSTRACT

The fete of plutonium injected intravenouely into a human subject and
into rats was folloved in parallel studiea. The distribution of plutonium
among the tissues of the body and the average de’ly rate of excretion of
this element are compared in man and in rats. In general, the results of
these experiments show a high degree of prolonged retention of plutonium
in the body, with selective deposition in the skeleton, especially in the
region adjacent to the‘ bone marrov in the endcst um and trabeculsr bone.
The elimination of plutonium from the dody, occuie at higher rates 1n raf,s
than in men., During the course of these stuiles, rats eliminated 50% of
the piutonium sdministered, whereas 1n the parellel experiment in msn,
only sbout 5% was excreted. The elimination of plutonium is primarily
via the feces in rats, vhereas in man the major elimination of plutonium

occurs via the urine.

o



SEORTT

Introduction: Parallel svudies on the fete of plutorium in man end in

rate were initiated by the intravenous injection of plutonium nitrate. A
solution ves injected which conteined primarily 9hPu?38 1n preference %o
o4Pu23? in order to avoid the msos effecte of plutonium and at the eame
time to maintain counting accuracy (See Footnote 1). The plutonium, as
Puly (NC)})?, was in solution in isotonic scdium chloride et pH 5.5. One
miililiter of the plutonium solution smitted 60,000 c/s. The human subject,
who had a gantric necplssm, received 2 millilitare or 120,000 c/s intraven-
ously.

Five rata vere given 0.1 ml. or 6,000 c/s i:traveaously at the game
time the humen e“%udy wes initiated. One day after injectionm, two of the
rats vere sacrificed and the distribution of tre sdwinistered plutenium
1s summarized in Table I. The otfs. three rats were allowed to live for
the duration of the experiment and their urinary end fecal excretion of
plutonium was measured and 1s preosented ae a parallel experiment with the
humen urinary and fecal excrstions.

Four days efter the plutonium hed boen administered, epecimens of rib,
blocd, spleen, tumor, omentun, and subcuteneous tissue were obtained from
the petient. The red blood celly of the citrated dlood semple vwere edpa-
rated from the plasms by centrifugation end these two fractions aspayed
goperately. The rib epecimsn vwas geparated into (1) periostewum, by
scraping the outer area of the rid with a gherp instrument, (2) mexrov,

by splitting the rid longitudinally and washing ths marrow out with a

Footnote 1: The plutonium solution conieined eppioximatsly 5 micrograms
of Puf39 and 0.20 micrograms of Pu238,
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stream of isotonic ealine solution, ( z) spicules, by scraping the tradecu-
lar bone awey from the corticel beme. The rexeinder wag conaldercd to be'
(4) corticael bons. These tiznusa were ashed and eseaysd for plutonium by
the T.T.A. method (See Footmnote 2). The results o thece essays es vell as
those of the rats, aro to be found on Tuble T.

Urine was collected at daily intsrvala for the duration of the expseri-
ment. Seversl ton-day fecal collecticne were made and in eddition, fecal
samples were collected at weekly intervale. Results of tha plutonium
assays of the excreta of toth man and rat are pressnted In Tables 1I, III,
and IV, and in Figure 1.

The remaining three rats which were run as a parallel experiment
to the human study, were sacrificed for aeeay of their tissues 296 days

aftor receiving the Pu”33. This data 1s proscnted in Teble I.

Footnote 2: (1) Anslytical Procedure for Plutonium: The use of
thiophenyltrifluoroacatone (T.T.A.) in the extracticn of plutonium from
biological material was found to offer a rapid and relisble method, de-
acridved in detail velow.

In general, the method consists of ashing ths blological material
to be studied, performing e lsnthemea fluoride precipitation, extracting
the Pu from the dissolved LaFx wlth & solution of T.T.A. in benzens; and
a re-extraction of the Pu frok the T.T.A. golution with 8M HNO.. ILow
counts ere essily odtained on Plark runa, since slpha-emitting contemi-
nents pressent in the resgeats, in partisulisr the lanthanum, ere not
carried sglong with the Pu by the T.T.A. DBecause of thls esbsence of
incidentsl contamination, & backzround aa lov as 0.004 counts per sec-
ond 1s poesidble, this belng tas backgrouvnd of the measuring instrumsnt
1tself. Negilgible maes is ctinined on extracting es much as five granms
of bone, urine, or focss ash. %hs only cloment pressnt in animel ash which
appeare to be carried by T.7.4. in lerse concentrationz at the EY concen-

tration uzed is iron. / , /
1025981 N ( )



Results: The major part of the data in this report concerning the
plutonium content of the tissues of man wes collected four days after
the intravencuas injection of plutonium. It can bo seen from an examina-
tion of Table I that tho skeleton and 1ta hemopoetic syatem sre tho
primary regions for the deposition of plutcnium.

From the rib gample essayed, it would appsar that the major portion
of plutonium depositad in the skeleton is to be found in the bone marrow
end trabecular bone. It can be esen that relatively small amounts were
deposited in tho periosteum and the cortical done. If one assumes that
the skeleton of man i1a 15% of the dody weight, it can de calculated that
87.2% of the plutonium administered was depoaited in the sxeleton, pro-
viding the rid semple 1s reprecentative of the s'relston generally.

Of the tissues taken in the human study, measurable amounts of
activity are found in the tumor, apleen, and blocd. It can be seen
that the red blood cslls contain elmost ten timss as much Plutonium as
the plasma fraction of blood. An additional dlood sample was odtained
296 days after inJection of plutonium. This sample was separated into
plasma and red blood cells and plutonium assays showed that the rela-

tively high dlood value obsgerved at four dsays had dropped to less than

Footnote 2 (Cont.): (2) Mothod: The blological materisl is sshed
¥y the wet or dry method although it has bezn found that a comdination of
the two appears to be best for feces or urine. This is done by placing
the ssmples in an oven at about 200°C until all of the water ie driven
off, cooling, adding concentrated HIi0x to the residue and again evepor-
ating to drynees in the oven. After all of the scid has been driven off,
the eamples ere placed in a muffle furnace got at 5000C. Four hours of
mffling appears to be sufficient to produce & white, soluble ash. Such
an ashing procedure requires a2 minimum of attention and is more rapid than
the usual dry-ashing technique. It alsc eliminstes the formation of the
difficultly eoludle ash which often results when "Super-oxyl" (%0% HnOp)
is used in the usual wet-aghing techaique.
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0,0001% of the dose, for S50 cc. of dlood. It can be seen that the sudbcu-
taneous tissues and omentum as well &8 the skin 4id not contain eny great
percentage of the plutonium four dsye after injection.

The plutonium content of the tissues of the ratls used to parallel the
humsn experiment are glven in Table I for one day and 296 days after injec-
tion of plutonium. It can be seen that the major part of the plutonium has
ber~ depogited in the skeleton one day after its administration. The major
portion of the plutonium not deposited In the skeleton was found in the
blood of the rats. Since tissues such as lung and muacle contain some
blood, the high percentage of plutonium in belance is also due to the dlood
content of miscle. On a per grem baszis more plutonium was found in kidney
and spleen than in liver. 7Two hundred ninety-six daye after plutonium
administration, the elemsnt remaining in the rat was found primsrily in
the gkeleton. The amounts of plutonium found in dlcood are exceedingly
small 266 days after injection. Measurable amounts of plutonium were de-
tected in liver, Fidney, and spleen. Of the soft tissues, spleen had the

most activity.

Footnote 2 (Cont.): The ashed material is now dissolved in o
wvhich contains 0.1M of hydroxylamine hydrochloride per liter. A volume of
50-100 cc. is sdequate for a 5 gm. ash sample. After standing 12 to 24 hours,
to allow the Pu to be converted to the +4 state, the ash solution is divided
between two 90 cc. centrifuge tubea and 20 mgs. of La(N0sz)s is stirred into
the ash soclution of esch tube. This is followed by enough 1M HF to render
the resulting mixture 1.5 M HF. The precipitate formed is sopasrated dy cen-
trifuging for 5 minutes at 2000 RPM, washed in 10 cc. of 1.5 M HF, and
recentrifuged.

The supernatant liquid is removed and 25 cc. of 1.5 M Al(RC3)s in
0.2M HNOx is added to the precipitate in each tube. The precipita
dlesolves upon stirring. The solutions from both tubes are combined,
0.25ce. of a oM nanof solution is stirred in, and the resulting solution
is allowad to stand 15 minutes, after which time, 1t is transferred to
a eultable size (100 - 150 cc.) seperatory furmel. Ten cc. of the
T.T.A. selutien {Sem, T T.2. uoy 100 es, honzeao) 13 sdded and the mix-

g g e &
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The values obtailnad on the excretion cf plutonium in man snd in ra’s
in these studies, ies presented in Figure 1. With respect to the human study,
it can be peen that the primary route of excretion of plutonium 1§ via the
urine. The values obteined for feces are lower. On rats, however, the re-
verse is observed, more plutonium dbeing excreted via the feces than via the
urine. It also appears that plutonifum is more readily excreted in rats
than in man. The total excretion in rats 1¢ greater dy a factor of about
ten.,

The data taken from both these gtudiss wes obtained from an analysis
of the entire ssmple collected for any one period. It was possidle to sepa-
rate plutonium from large amounts of rmss in these eampies through the use

of the T.T.A. method which is described in Footnote 2.

Diacussion: The deposition of plutonium in men end in rate appears to
follow the sam® pattern, the largest amount of plutonium going to the skele-
ton. In the csae of rats, it is excreted with a half tims of about three
hundred dsys. However, in man it was obssrved that this excretion is of a
much lover order. Only about 5% was excreted (uring tie period of time
these studies were followed in men. It would appec. that the retention
of plutanium in this sudbjact 1a so great that the loss of this material
can be considered negligible. The half time of plutonium excretion is

probably greater than fifty years.

Footnote 2 (Cont.):

discardsd sfter sllowing the T.T.A. phsse to separste out for thirty
or slxity minutes. The banzene solution is washed twice with adbout
25 cc. Hy0. Ten cc. OM HNOx are added and the mixture shaken for
ten minates. After allowing the phases to ssparats (sbout five min-
utes) the EFC, leyer is trausferred a Littls at 4 tims to a platinum
dige, standing w8 ot plefe at Low hend, znd evaporeted Yo dryness,
Tra ler 2 by Phoand Ty ooed beot et thg mugpla e oveaty to b



Data from the Medical Industrial Hazards Section Report Numbers MUC-HG-
119% and MUC-HG-1203 presents higher values for the average daily rate of
excretion than the walues found in these studies. A comparison of the figures
in the two reports ehows that at the 20th day after injection, their values
for the average daily rate of urinary excration 1s roughly twice that found
in these investigations. Their values for dally rate of urinary excretion
drops off until the 7Oth day, and 1s then 1.5 times the figure found in
these studies.

These studies on the fate of plutonium in men and in rate show a de-
gree of retention of plutonium by the skeleton vhich is far greater than the
retention of oﬁwr elements known to become sslectively deposited in the
skeleton, notadbly the alkaline earths, including radium, the rare earths
such ap lanthanum, cerium, yttrium, end preseodymium; and zirconium and
columbiuw . _

This high degree of prolonged retention, together with the tendency
of plutonium to become deposited adjacent to the bone marrow in the endo-
steal and trabecular regiocns, mskes the problem of chronic plutonium poi-
soning a matter of serious concern for those who come in contact with thie
material. While no direct human radiosutographic data are evailable, the in-
formation from animal studies together with the high values in the trabecular
and marrov fractions in this subject indicates that the principal areas of

localization of plutonium in done for rats and man are probably very simllar.
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TABLE T

DISWO!OFMIKRATANDEMAIHPRBSEDIR

TERMS OF PER CENT OF ADMINISTERED DOSE

S ————————————-.

RATS HUMAN TISSUES
TISSUES o Animals | 3 Animsle 4 Days | 290 Days
- 1 Day ye After After
After Injection | After Injection ection| Injsction
4 of Fof | pof |%of %of ¢ of
Dose Doae Dosge Dose Dose Dosge
per per per per per per
Organ Gram Organ | Gram Gran Gram
unge 1.62 R .1h .05 no sample
iver 1.7% .1k 1.01 .10 no sample
1dney . 1.16 Db .25 .15 no sample
leen 0.3% 0.45 21 3h .0019
eleton 7.7 2,18 | 8.2 3.52 (see Yone)
lance 28.8 0.14 1.0 .01 no sample
lood 0.76 003 ————
Plagma .0073% .0001
Red Blood Celle .00038 .0001
G. I. Tract 3.86 0.14 .10k .00k ———-
Elﬂn 10.9 21 53 .013 .00058
one Whole (Bee Skeleton)
Cortex 0172
Marrow | .0290 -
Trabecular | .0319
Periosteum ! .0048
oy ! .0011
ntum i 0004
Subcutaneous Tissues .000k
eart .11 07
Testes ; 31 .12
[ !

# The balance of the rat ia composed of the tissues not listed above, and con-
tains primarily mscle.
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TABLE II

A SUMMARY OF THE TOTAL PLUTONIUM EXCRETIOR

AT END OF VARTOUS TIME INTERVALS

(As % of Administered Dose)

Urine Feces Total
At End :
Rat Man Rat Man Rat Nan
of

10 Days 0.69 0.96 15.7 2.18 16.4 3.1h
20 Days 0.97 1.11 26.4 2.31 27.3 342
40 Days 1.68 1.25 1.9 2.38 43.6 3.63
80 Days 2.00 1.53 46,1 2.45 48.1 3,98
160 Deys 2,92 1.84 59.3 2.56 55,2 L.4o
205 Days 3.06 1.9% 53.5 2.59 56.5 4.53
296 Days 3.56 54.8 58.4
$20 Days 2.11 2,64 4.75
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TABLE III

URINARY EXCRETION OF PLUTONTOM IN MAN EXPRESSED IN PER CENT

OF ADMINISTERED DCSE FLIMINATED PER DAY

Sampls

Activity we;ght Tol.
Excreted Grems in M.
0-1 18 3.0 1500
1-2 15 3.0 1500
2-3 .12 . 15C0
5.1 .031
k-5 037
5-7 .0%0
7-8 .016 %00
8-9 .069 1800
9-10 L0%6 . 2000
10-11 .0%6 2000
13-17 .079 2400
12-14 .034 %000
14-15 .013% 500
15-16 .016 3.0 1500
16-17 .0056 1.2 600
17-18 .010 2.8 1800
18-19 .0060 2.4
19-20 .00k8 1500
20-71 L0017 1500
21-92 .0050 1800
20.0% .0091 1900
o304 .0076 1200 ;
o405 .011 1200 ;
25-26 .0092 800 t
26-27 .00LL 800 ;
o7-78 .07k 1200 ‘
°8-29 .0043 1200 §
29-30 .0069 600 §
30-31 0077 1000 §
31-32 .0063 i 8co :
30-33 .0073 ' 760 ;
3%-34 .0084 z =50 {
3h-35 0069 | 1500 !
35-36 .0079 a 1700 o
26-37 .0063 ; 1%00 t
37-38 .0085 ; 7.00 1900 !
: 38-39 .0064 3 5.8 1400 !

025995




TAZLE IIT

(Comntd
Days in Jol.
» Excretsd Grema_ in M.
3940 L0072 R 1200
Lo-41 .0080 4.5 1400
41-42 ,0081 9.5 600
42-43 .0076 12.0 300
k3-Lh L0055 7.8 1200
Lk -45 .0063 8.5 500
4546 .0073 16.0 700
u6-47 0059 9.0 1100
47-48 .0059 6.0 500
18-49 ,0063 10.05 900
49-50 .0078 11.%5 800
50-51 .0082 10.8 1500
51-52 .0098 14,2 1400
52-53 L00Th 6.7 800
53-5h L0077 9.5 1100
5455 .0096 11.8 1400
55-5 .006% 5.1 1500
56-57 .0050 10.2 1200
57-58 .0058 L.1 1800
58-59 0098 6.1 1000
59-60 .0067 _ 6.2 400
60-61 .0066 g S ! 800
61-62 .0058 i 1.2 800
62-63 L0077 : 7.7 1000
63-64 L0042 i 11.5 1000
64-65 ,00k2 ¢ 5.2 1000
65-66 .00%7 : 3.7 400
66-67 { .006k : 7.2 700
67-68 : .0068 : 5.7 600
68-69 .0070 ! 12.3% 500
69-70 3 .0100 § 13.42 600
70-T1 : .0072 ‘ 8.5 500
T-72 1 .Q092 § 13.% 700
T2-73 i .0069 ! 11.9 %00
75-Th i .0079 : 7.72 800
75 { .0051 . 4.8 i 800
75-T6 .00k : 9.8 i 800
T6-T7 : .00€5 11.1 ! 800
T7-18 ! L0074 : 11.9 : 700
78-79 ! .0066 4.5 i 700
79-80 : .00k8 5.9 300
44b T
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TABLE TIT

(Con™t.)
Activity Weight Sample
Days in Vol.
Excreted Grans in ML.
80-81 .0055 10.9 1100
81-82 .0080 6.92 1200
82-83 .0068 8.44 1200
83-84 .0022 5.8 1500
85-86 .0100 10.36 1000
86-87 .0079 10.68 1000
87.-88 .0037 5.5 1200
88-89 L0071 4.15 1000
89-90 L0077 11.0 500
90-91 .0088 4.8 %00
91-9? L0071 7.0 1300
92-93 .0060 ksj 500 s
93-94 0071 1.8 1700 !
94-95 L0052 k.5 500
95-96 L0042 4.5 1600
96-97 0057 13.0 750
97’98 ° 0055 9 - 0 H 1100 ¥
98-99 0070 8.2 ! 1100 ;
99-100 .0061 10.0 500 ;
100-101 .0052 i2.0 1050 i
101-102 ooko 3.0 £000 :
102-103 .0070 9.0 500 ;
. 103-10L 0051 - 12.0 1200
104-105 0058 | 9.5 900 3
! 105-106 0046 11.0 800 ,
§ 106-107 .0060 16.0 i 700
! 10%-108 L0052 9.5 { 750
¢ 108-109 .00kY 8.0 ’ 1100 :
! 189-110 .0015 , 11.5 e 1950 i
i 110-111 % .00U2 : 7.5 ’ 400 ;
£ 111-110 .0051 :, 5.2 350 :
*112-113 . .0056 { 10.0 500 {
, L3-nh .0029 g 6.8 250 ‘a
¢ 11k-115 .0053 : 9.0 450 !
i 115-116 : 0047 10.0 800 !
:116-117 i 0023 ! 1.2 . 800 3
' 117-118 .0039 ; 8.4 ’ 550 :
. 118-119 .0036 5.4 2%00 !
119-120 .0075 : 6.2 650 ]
120-121 L0047 12.0 800 i
191-122 00%9 10.0 f 1100 :

1025997
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TABLE III

(Con's.)
Dave Activity Velant S$§§f°
J Excreted Grems in M.
172-123 .001kL L.8 50
123-124 .0039 8.0 900
124-125 .00%6 9.5 550
125-126 .0032 9.5 1650
126-127 .0040 9.0 650
127-178 .0019 2.5 1050
128-129 .00%k 4.3 500
129-130 001k 5.1 1600
130-131 .0011 2.7 800
131-132 .0038 13,00 550
132-133 L0037 9.0 1000
133-134 .0027 9.0 850
134-135 .0029 10.0 1450 |
135-136 .0026 10.0 1150 i
1%36-137 .00%2 6.0 1100
137-138 .0010 3.7 1200
133-130%
139-140%
1%0-141 .00ohLb 12,96 500
141-142 .0018 12.0 1100
140-143 .0038 7.0 400 ;
14314l .00k2 9.0 750 i
1bh-145 .0015 5.3 1850 g
145-146 ; .0015 5.3 950 |
146-147 .0018 6.0 350 i
147-148 .00038 7.0 650 ;
! 148-149 .00026 6.0 500 !
149-150 .00016 6.0 900 ;
150-151 .0016 7.28 ; %00 %
i 151-152 . .0011 7.3 § 650 !
| 150-153 l 0017 5.6 i 1050 §
P 153-15% .0029 12.6 i 1550 {
' 154-155 .0035 15.2 { 600 !
: 155-156 .0036 16.1 : 900 ;
£ 156-157 { .0018 9.1 § 1600 %
b 157-158 ; .0015 16.3 ; 750 i
P 158-159 ! .0028 i 10.0 : 2400 :
i 159-160 z .00k6 i 15.0 i 1350 '
~ 160-161 : .003%2 10.7 ] 2600 :
161-162 ; .00L? 16.0 i 1100 i
162-163 .0030 ; 1n.oe 650 '~
10236498
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TABLE ITI

{

(Cn%.)
Weight Sample
Days Activity 1 ﬁg;h Yol.
Excreted Grams in M1.
163-164 .0028 16.0 1200
16k-165 .0023 8.0 1850
165-166 .0027 12.0 1200
166-167 .00L8 9.5 650
167-168 .0011 3.8 1900
168-169 .0021 9.3 1350
169-170 .002k 10.0 450
170-171 .0018 8.6 1100
171-172 .0029 12.6 1500
172-173 .0012 12.7 1050
173-17h .0029 7.1 950
174-2175 .0017 4.5 1500
175-176 .00%9 13.0 2100
176-177 .0041 8.5 600
177-178 .0037 17.8 1150
178-179 0022 9.0 2700
179-180 .0025 13.9 750
180-181 .0019 1k.3 750
181-182 L0041 5.0 1400
182-183 .00081 3.4 650
183.184 .0030 19.7 150
185-19k#x .0021 10.%1 1445
195-20k4 .0013 8.k 1370
205-214 .0012 9.39 1165
£15..22) .0012 8.18 1155
025.934 .0018 13.45 1065
235.o4k - 0015 10,33 1045
245-254 .0013 10.90 950
255-264% .0012 11,69 1100
265-27h .0015 10.96 1335
275-28% .0013 10.19 1350
285-294 .000%9 10.51 1550
295-30k 00069 10.27 1235
305-314 .0011 10.18 145
315- 304 .0013 9.55 1305
325-334 L0011 10.69 1305
Po335-341 0013 9.33 1066

#*  No samples vere taken for these days.

#% Prom 185th day on, samples were run in ten-day lots.

are aveyrsyiy vor day.

1825949

Values given




AVERAGE DAILY RATE OF EXCRETION OF INTRAVLNOUSLY

TABLE 1V

ADMINISTERED PLUTQNIUM BY THE RAT

(3_Animals)
UNINE FECES

Time 4 Average Time 3 Average
Interval of g per Interval of £ per

{(Days) Dose Day (Days) Doss Day
0"‘1 Oo323 0v323 Oal l 039 l 5,39
1-2 0.152 0,352 1-2 2.83 2.83
2-3 0.061 0.061 2=3 L.54 1.54
3-4 0.033 0.033 3-4 1.92 1.92
48 0.092 0.023 4-8 5.41 1.35
8-16 0.246 0.031 " 8-16 1C.3 1.29
16-22 0.138 0.023 16-22 4.5 0.T4
22-32 0,517 . 0,052 22-32 9.4 0.94
32-40 0.150 0,018 32~40 468 0.468
4,0-50 0.085 0.009 40-50 R .
50--58 0.031 0.004 50-60
58-68 0.096 . 0,010 60-68
68-78 0,090 <7 0,009 68-78 0.89 . 0.089
78-88 0,110 7 0,011 78-88 C.95 0,095
88-96 0,049 0,005 88-96 0.69 0.088
96-105 0,081 .  0.009 96-105 0.76 | 0.084
105-115 0,068 0.007 105-115 0.82: 0.082,
115-226 C.136 0.012 115-124 O.4b 0.051
126-135 0.110 6.012 124-135 .52 C.04LT
135-145 0.104 0.010 135=-145 0-59 0,059
145-155 0,080 - 0.008 145-155 0,46 o 0.0ké
155-165 0.080  0.008 155-165 0O.43 = 0.043
165-175 0.081 0,008 165-175 0.47 0.0h7
175-185 0.090 . - 0.009 175-185 0.51 0.051
185-196 0.086 0,008 185-196 0.48 0.048
196-205 0.008  G.00L 196-205 G.h2 0.047
205215 0.061 0.006 205-215 0.127 0.0127
215-226 0:;0L5 0.005 215-226 0,138 0.0125
226-235 0.04L7 0.005 226-235 0.145 0.016
235‘21‘5 Onwo O—..OO6 235=2b5 001311' 00013
245-255 0.070 0.007 245-255 0,155 0,016
255-26¢ 0,060 0.006 255-26. - 0.148 0.016
266-275 0.062 0,007 266-275 0.142 0,014
275-285 0.0L9 0.005 275=285 0.235 0.024
<85-296 0,059 0.004 285-296 0,130 0,013



