. - jﬂsz"r@

- ARGONNE NATIONAL LABORATORY

Contract No. W-31-109-Eng-38

W. H. Zinn, Director

THE DISTRIBUTION AND EXCRETION OF PLUTONIUM

IN TWO HUMAN SUBJECTS

E. R. RUSSELL AND J. J. NICKSON, M.D.

Assisgted by

W. Monroe, R. Lesko, L. O.- Jacobson

Report Received: August 29, 1946
Figures Received: September 13, 1946
Issued: October 2, 1946

800bLBY



Table of Contents

Page No.

I. CASE HISTORIES . v v ¢ « o o o o o o o o o o o o o o o o o oo 1
Case Nou L & v v v 4 o o o ¢« o o s o o o o o o o o o o o o oo 1
Case NO. 2 . v v v « o o o o o » o o o s o o o o o o o s o o 2

II. METHODS . . & ¢« ¢ « o s s s s o o s o o o s o o o s o o o o = 2
Specime;s e

IIT.RESULTS . . . . . « » I .‘. .« o e 3
Case No. L v v v o o o o o o o o o o o o o s a6 s o s s oo. 3
Excretion of Plutonium in the Urime . . . . . . . o ¢ o« o .4 3
Fecal Plutonium Excretion . . « « ¢« ¢ « ¢ ¢ « ¢ o« ¢« o o » o o b
Clinical Studies of Peripheral Blood . . . . . . « o ¢ « ¢ o & 7
Pogt Mortem Findings . . . . ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o ¢ o ¢ o ¢ s o =« 9
Case NO. 2 vv ¢ v v ¢ o o o o s o o s e o o s o o o s« 0+« 10
Excretion Studies . . . . . ¢ ¢ o ¢ s o o s o o o o ¢ o o o o 10
Studies of the Peripheral Blood . . . . ¢« ¢ ¢ ¢« ¢« + « o« « » . 10
Distribution of Plutonium in the Tissues . . . « « ¢« o &+ & « & 12

IV, DISCUSSION . . . ¢ « o o o o = o s ¢ o o o o o o o« o o o o« » 13
Clinical Picture . . ¢« o o o o o o o o o o o o o o o o o « o « 13
Haemotological Studies . . . . . . ¢ ¢ v ¢ v o v o e v o oo . 14
Case MOu L v v v v o v v o e o o o o o oo s o s aeaees. 1&
rExcretion Studies . . . ¢ e e 4 o o o s 6 s s e o s e . . . 14
Distribution of Plutonium in the Body . . + « « « « « ¢ « « «» 15

Summary and Conclusions .A. Gt e s o s s s v s s e e s e s e o 17

800b8S



Since people were of necessity exposed to some degree to plutonium and since
plutonium is known to be very radiotoxic it was obviously desirable to have
some method of determining whether or not a given person had any plutonium in
him. It was equally desirable to be able to estimate as accurately as possible
how much was deposited in any person. Animal experiments were used to procure
as much data as possible. Some human studies were needed to see how to apply
the animal data to the human problems. Hence, two people were selected whose
life expectancy was such that they could not be endangered by injections of
plutonium.

I, CASE HISTORIES

Case No. 1 -
A sixty-eight year old white male was admitted to the Billings Hospital in March,
1945 for surgical treatment of a recurrent epithelioma of the buccal mucosa.

Upon admission to the Billings Hospital in March, 1945 the abnormal findings on
physical examination were limited to the findings in the face and neck. The
anterior portion of mandible and contiguous area of the sub-mental triangle

. showed a large infected ulcerating area approximately seven centimeters in di-

ameter., The anterior portion of the mandible was exposed in the depths of the
lesion. The margins of both the buccal membrane and the cutaneous portions of
the lesion were raised and hard. Bone was exposed in the central portion of the
buccal and cutaneous surfaces.

X-ray examination of the chest revealed a metastatic lesion in the left upper
lobe. The laboratory examinations were essentially negative except for a mild
hyperchronic anemia. The Wasserman and Kahn were negative., Studies of histo-
logic reactions from the excised tumor were diagnosed as epidermoid carcinoma.
Definitive local surgery was performed on April 11, 1945 and April 28, 1945. On
April 26, 1945 at 9:17 AM the patient was given an intravenous injection of 6.50
micrograms of +6 plutonium as a citrate salt in 0.9 per cent salt solution at a
pH of 7. The volume of the injection was 8.05 ce. The patient remained in fair
condition until August, 1945 when he complained of pain in the chest. X-ray evi-
dence of extension of the pulmonary metastases was found. He expired on October
3, 1945,

The autopsy findings were weight, 168 pounds (76.4 kg). An extensive post-
operative recurrence of the epidermoid carcinoma of the mouth was found. There
was extensive carcinomatous invasion of the structures of the sub-mental aand sub-
maxillary traingles. Bilateral pulmonary metastases were present. Associated
findings of vascular thromboses, cavitation and abscess formation were noted.

There was an acute bronchopneumonic process in the lower lobe of the left lung.

No .abnormality was noted on gross examination of the kidneys. Microscopic ex- .
amination revealed "a mild focal interstitial nephritis, probably a pyelonephritis,
as the arteries are only moderately sclerotic. Parenchymatous degeneration of the
tubules is fairly marked and a few hyaline and calcified casts are seen".



“

A fifty-five yeer old white fornle was adnitted to the Billings Hospital in
Dececber, 1945 for diagnosis and treatoent. Six conths previously (Jums, 1945),
ghe had noted generalizod lymphadenopethy. Two months later (Aujust, 1345),
pain, aggravated on notiom, doveloned in tho trunk, On oduission to tho Billirgs
Hospital in December, 1945 tho essontial plhysical findings werc the prssence of
bilateral non-tender, noderately onlerged lynph nodes in tiie cervical, axillary,
and inguinal regions and goneralized tendernsss to prossure over tic ribs. X-ray
exanination of the chest, pelvis, almll, cwd spine revealod cany suall, rounded
areas of decreased density scattered thirouchout tho bonss exnnined. In addition,

 partial collapse and wedging of the last thoracic and first and second lumbar
vertobrae with sone aasociated calcification tas noted,

Iaboratory exaninations were essentially negative except for a noderate = hyper-
chronic anenis and loukocytosis. iassérton and inhn wore negative. Study of
sections of the tunor excised firon tho skull end left axilla revceled carcincma-
tous tissue. It was folt that the carcinora probably orizimated in the left breast.

The patient’s goneral coadition was poor at tho tiue of adnission arnd dsterioreted
stoadily taroughout the period of hospitalization, On Docouber 27, 1945 at 9:G2 Al
94.91 picrograus of +6 plutoniun citrate verc injocted intravopously, ¥The salt wes
contained in 4.4 co of an isotonic saline colution 0,01 I in citrato at pI 6.5.

.The clinical cowrse was not visiily alterad following the injection., Ihe patient
expired on Jamwry 13, 19835. '

The major autopsy findings weres (1) an adonocarcinora nrobably arising in ectoplc
lef't axillary breast tissue with setastases to tlic {lwver, nesentory of the arall
intestine, lunbor vertobrae, ribe, siull and polvis., ilmorous heeling pathological
froctures of the ribs vers found. (2) A lymphoblastora involving ths axillery,
inguinel, peritronchial, porins » and pelvic lymph rodes. Tiwus the ratienv had
two co~existing presumably imdependont tumors, an unurual finding, Tae woight at
autopsy was recorded as 85 pounds (38.6 kg.). . '

Histologically, the bone marrow in all places cunnined was alnoot entirely replaced
by tunor. The spleen shoved & parked noyeloid notaplasia. IThe kddaoys chowed reny
convoluted tubules £31lod with hynline casts. The tubular opitholiun showod evi-
donce of dogoneration and repeir. Ccoparicon of the blopsy sections with tie post
portem sections shows no ovident differcnce in tie sharactor of tho twwor followizyg
Jatoaimn. The colls charactoristic of lympuoblastocs are also
y sections. .

II. LETION

 in Cane I wos ons wook lonz and was useigrlnaﬁily to detercine
the approximte daily wrinary output avnilablo far analytlcal purposes. In Case
II the conirol period was sopevhat shortar and was used for the sano purposd.

In both ccses the specinens were collected in the ususl urinals and %,af pans, +he
patorial boing transferrod in thae case of tie urino, to a:zalloa Lottle to wiich
5 cc uf concontrated hydrocliloric acid had 5eca sdded. The additlea of tho acld
mdniplzos thn liklitood of adsarption »f plutonduvn by tho cuntalsor. 1 fseald
g Ipons vary Grarslerre ] v fsoels Do’ G il wnitilive.
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In Case II because of thic condition of tho paticnt, adequate scperation of the
‘urinc and fecal specinons was not always possible. As e result adequate fecal
excretion data could not be obteined,

Hematological studies rade at fraquent intervals in both cases included: hemo=
globin in grans per nij erytlirocytos, leucocytes, platelets per cubic Lmi
reticulocytes in per cont; leucocyts difforcatial; sedinentation rate N 1 T
and hematocrit reading. Liver function tosts were perforued in Case II by S.
Sehwartz using the cephalin flocculation end thymol turbidity tests and bilirubin
deterninations,

Specimeng: The autopsies wore perforuad by moubers of tho Pathology Department
of tlie School of Ledicine of the University of Ciulcago. Tho cpocircns wars
placed in 95 por cent elechol as experienco elsowiere had siovm that the usml
ton per cont formalin prescorvative teads to leach plutoniun ouv of thw speciceu.
Insofar as possible tiuc specimens were placed in individual coateoiners.

RESULIS
Cage I
Exerotion of Pluﬁonig. ip the Uripst For forty=cisht heurs following intravenous

injection of tiie plutoniun solutios, each speecipon of urinec wag collscted ard
analyzed separately. The first voiding wes acproxinately six hours after tho
injection. The resulis of thc analysos ero given in iables I, II cnd III ard
Mouwre I. It is interesting to ncto that thero is very little differonce in tre
percent of tie plutonium excroted in the taixd througlh the twelfth specirsus
though the unit concentration of plutonium in the urine varies widely. Aftar
forty-eight hours, the specimans voidad in caci 12 aour period were pocled for
six days, followed by pooling of zpecinens for cach twenty-four hour period for
the durntion of the experinent. Tue resulis ero glvsn in Tables III arnd IV,
The twenty-four urine volunes ranged fron 1200 ol to 3000 ml. Thero was littls
correlation between urinary volume and quantity of pluScnium oxcrsted.

The urinory excretion of plutouiun in thie first 24 lour psriod is very nearly

50 per cont of the total excretod in the urine tiroughout tue entire porled of
observaticn, and is 35 per cont of the tobul excrcizd in botit urino and feces.
The rapidity witi wiich tiwe rato of esxcretion dininiches is rerarinble. lilthin
2/, hours, the excretisa level had fallon to gprreximnbely ono-hundredti of that
onoted durinz tho first six hours. In approsimately tuo weelks tle szcretica rats
had fallon to epproximately 0.004 tines the initial rat,,

(&)
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Table I.

RN Percent of Plutonium Excreted in Urino in the First 38 Hours.
L | (Individual Specinens)

.- Specimen lo. VYolune of c/m por 100 ol urine % of injected

Specinen plutonium
(oc) excretod
1 (6 hours) 152 6550 2,2
2 218 355 0.175
3 325 45 0,023
4 245 65 0,035
5 414 . 37 . 0,035
6 (24 bours) 18 - 78 0.032
7 108 138 0,033
g 122 137 0,022
.9 73 5 0.0=20
10 /i R 0.020
11 18 67 . 0.G24
- 12 (48 houra) 160 100 0.024
Table IIQ
Percent of Plutonium Excrotad - 2nd to 8th Dmy.
12 Hour Urinery Jutput Analyzed
Days alter Volume of ¢/n per 100 ot urine % of Injected
Injection Speclnan Plutoniun
(ce) Excrotoed
2.4 258 i 0.045
3 415 41 0.139
. 3.5 630 54 00085
4 . ) 54’0 39 00048
Le5 515 10 ™,01R
5 430 =0 3,0
- 55 660 15 0,012
6 485 16 0.017
6.5 600 10.5 0,014
7 380 1 0,009,
7.5 © 920 6.5 0,013
8 895 5 0.0095

B00bY8Y Sl Us




'5-

-

Table III.
Percoant of Plutonfum Excreted - 9th to 155th Dey.

Doys after Velume of ¢/o per 100 nl urine & of Injected
Injection Specinen Plutoniun
{cc) Exurotoed
9 2510 5 0.027
10 3250 4e7 0,034
n 3275 6.6 0,057
12 2320 5.2 0.047
13 1490 54 0.018
7 A 2635 3.7 : 0.034
15 2480 LT 0.026
16 2520 2.1 0,012
17 2650 Lol - 0,02¢
18 ' 220 4.0 0,026
19 3300 2.1 0,015
20 3060 5.6 0.03%
21~30 avgz. 2723 8.2 0.045
31-40 avg. 3018 1.9 0,012
4160 avg. 3346 2,2 . 0.017
61-30 &avgz, 3020 3.3 0,021
£€1~100 avg. 2505 2.9 0,015
101-125 avg, 2125 1.7 0.003
26-138 svg. ———— 2,0 0,010
139155 avg, — 1.7 0.008
> ol
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DAYS AFTER INJECTION

Figure 1

Urinary excretion of plutoniun in a sixty-eight year old white male following the
injection of 6.50 micrograms of pl..toniuu citrate.
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Focal Plutopiwn Exprotion. During the first four days after injection seven
individual fecal specimens ware collsctod and analyzed for plutoniwm. Follow=

ing this period the sanplos were collected at 24 hour intorvals for eoveral
nonths and then 24 hour specimens were taken overy four days untdl dsath., Tho
rosults are given in Tubles IV and V and Figure 1I,

Tabls 1V,

Fecal Pluténium Excretion
Individusl Fecal Specincins Collocted in First 96 Howrs.

Sanple Tine of Collection VWeight of c/mper gn % of Injocted

Bo. after Injectlion Specdnens of feces Plutoniun
(cns ) Excroted

1 6 hours 13,0 25,0 0,076

2 28 hours 1589.5 3.7 0,157

3 40 hours 45.5 16.2 - 0,161

4 51 houra 106.9 11.2 0,270

5 not recorded 1.5 6.2 0.195

6 not rocordsd 318.7 3.7 . 0.264

7 96 hours 76.2 9.1 0.154

Tabla V.

Feeal Plubopnliun Excretion
Daily Specimons frou the 5tk to the 138th my

Days aftar Height of c/o per % of Injectod Plutonic:
Injection Spacinen Zran Ezcretcd
{zs ) fooon
5 475 19.3 ’ 0.2
6 57.0 8,7 0.109
7 5402 0.3 ' 0,076
8 YA 7.3 0,205
10 278.3 3.2 0,2C0
12 129.9 2.8 . - 0,082
13 VAT 1.2 0,040
X 70.1 2.8 0.054
15 166.7 1.0 o.02
prE 122.7 1.1 0.X&x9
18 - 232,.1 0.6 0,031
19 128.9 0.9 0.027
20 130.0 0.53 0,015,
21-30 avg., 132.4 .59 0.CC45
31-40 avg, 125.5 0.29 0,0058
L1060 g7z, 23,0 0.18 0,0038
60100 avp, 3,6 0.21 0,003
101138 wyp, a3.2 Q.26 : G203,
.o 03
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‘Figure II

Exerotion of plutonium in the feces of a sixty-eight year old white male following
intravenous in)ection of 6.50 micrograms of plutonium citrate.
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Total excretion of plutoniun for 133 days is esticated as 8,18 parcent of the
injectod dose. The urinsry excretion ic estimnted as 5,24 percent of tio in-
jected dose, the fecal excretion as 2.90 percoent of tue injectcx dose. The
average axcretion figures are multipliod by tae uppmprmte factor in erriving
at thio above estimates, since average fiqures only are givea tiuroughoub roweh

of the period of study.
Clinical Studles of Periphoral Plood. UNo changes were observad in the heno=

tological constituents of tha peripieral blood wiich could bo attributad to the
action of tiie isotope aedninistered. These date ars rocorued in Table VI and in

Figures 1II, IV a.nd V.

11
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Figure III

Total white Blood cell, polymorphonuclear cell, and lymph cell counts per cubic
millimeter, in Case I.
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Figure IV

Hematocrit reading, red blood cell count, hemoglobin determination in Case I. The
injection was given on April 26, 1945.
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Figure V -
- Platelet and reticulocyte counts in Case 1.
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0 Morten Findi .

Tho patient died 155 days after tae injection of plutoniun.

The apalytical cata is recorded in Table VII,

ghowed the groatest activity per gran of tissua,
of liver was nearly as groat.
that of the bone norrow.

lyzed.,

post norteu mterial by H. Lisco,
attributed to tlhe actlion of the plutonium,

The specisen of merrow end spiculas

Table VII.

Distribution of plutonivm in tissues of Caso I, 155
days oftor tie injection of 6.5 nlcrogram of pluteniwum,

The plutonium content per Jran
Tho activity of tho cortox of the rib wos one~teath
tlo activity could be detected in the scrple of tile ana-
The effects of plutoniun on normnl and tutior tissuo was looked for in tue
He found no changes which he felt could bo

)
Tigsue Weizhta of Gzs of | Obcervsd {Cts/zu | ug/em Relative |
Orgens (gos ){ Tissuo Counta of of ASTinity
Apalyzed | nar/min, |Tissue | Tissud for -
por/r_d_ni {x 1073) Flubonima
larrow » Spicules 0,2 53.8 70,9 1.043 10.13
Liver 2050 34,11 2040.G 59,8 0,880 8.5
Sternun 4038 112.2 1 20,6 1§ 0,303 2,9
P.rissteun {rib) 0.1215 2.32 1} 20.0 0.299 2,8 |
Spleon 260 32,12 3% 9 1.1 | o 1.59 }
Lung Tumor 2.03 1.3 744, 0,107 1.6 !
Cancer Tissus 2,87 20,9 7.2 0,106 1,03 .
Rib (cortex) 1,0125 c.0r | 7.0 | 0,107 1,00 |
L. Nodes (aortic) 0.63 417 6.7 £.099 0e9%

3 S 1950 15.39 40,7 2,6 0,023 0.37
Testicle (z1. portion) 4.3425 10.0 2,3 0,034 0.33
Eidneys 340 27,35 53.3 1.7 0,225 0.2
Heart 459435 6.0 1.2 0.018 0.17
Diaphragn 35.73 33.3 1.0 | c.015 0.4
Fat (abd.) 17.05 3o 4 0.2 0.003 0,03 3
Bile {3 e 2.6 ? 0,000 | —-- ;

N - §

e

sk

* Counts per gram/counts paw gran sestaing wuifora distributicn of plutoniun,
1 90% correction factor a2pplied to obssrved counts to give aciml counts/gm.

g00b498
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Case II.

on S . The urinory excretion data ig listod in Tuble VIII and plotted
- 4n Pigure VI, Unfortunately no comparisoan of fecai and urinary excretion can bo
pmade in this case, The collection of separate urine and stool samples wis inopose
sible, In fact tie greph of urlne excretioan in Figure VI right with grsater truth
‘ba. called the graph of total produst excretion,

The 2/ sour excretion rete wes 0.152 percent of tho auount injected. This raepre-
sents an excretion of 0.144 nicrograns cf tie 94.9 picrograos injected, Following
the initial 24 hour period the cxcretion rotce was comparcble to that in the othor
cages studied. Tue total known excretion was 0.68/ percont of the amount irjoctsd,
or 0.9 micrograns.

Table VIII.
B ?Daily Plutoniu;;/Urinar;,' Excrotion, Czso II,

R

Days after . 2~hour Alpba Counte/min/ % of Injectsd
Injection Volurs : 100 ce, Dose Excreted
T 1660 ol . 594 0,152
2 1725 2 . 0.167
-3 1750 250 0,067
4 1150 185 0.033
5 220 134 © 0,042
6 1300 207 L 0,042
7 1190 132 ' QT-O.O.?IJ
8 1500 110 L 0254
9 1400 &9 v 0,019
10 1280 154 0,030
11 1120 103 - 0,019
h 2 940 100 0.01,
13 875 251 0,034
14 630 29 . - 0,009
15 830 ' 12, 0,016
16 150 164 0.004

Studies of tho Perirhers) Blocgs No altcraticns in the hemptological constituants
of the periphcral blood sccurred following the adsinisziration or 97.2 cdcrograns
of plutoniua wiich could bs etiributeld to tic presence of the elewons, The inter-
pretation of changes in the thymol turbidity and cephelin Ilocculation lests, and
in the amount of bilirubin in the blcod serun was not pessible becauss of the
terninal state of the subject. These data are presenied in Table IX arnd in
Figure VIL, |

800buqq | NN Y
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t tion of Plutoniun the Tiague:
amlyzed is listed in Table X.
specific activity, as would bo expocted froo the animal work,

The Plutonlun content of tho tissuss

Tus plutoniun

Tho marrow and rib specinens showed the highest

coatent per gram of liver tissue was roughly ono=tenth that of the boaes rmrrow.
The specific activities per gran of musclc ard fat were rocapectively cne-twantieth

and one-thirty-fifth that of ithe bone marrow,

mterial for evideance of cienges sinilar to thnt attributed to plutonium in

experinmental animale,

No such chango was observed.

H. ILisco reviewed the histologlical
the
It should be pointed cut

that the anounts per gran of body weight were greater in tiio enimels in which

chanses were seen

Tablo X,

Plutonium Distribution in Tissue 16 Deys aftor Injection.

i
N

|

Tissus Weight | Wolght of | Toal Countsl| Countsl/| Licrograns | Relativo
of Saerple in Sample gn of Flutoniun/ | AOfivity |
Organ {ens ) Tissue | gzram of for
(epe ) ' tisous Plutonivn
(x 1073}
L
|
Ihrrow (Rtb; 0.2065 289 1399 20 8.9 ¢
Rib (Cortsx 0,430 558 1259 13,5 7,52 |
Callus and Bone 0,1933 1 828 11.2 5.0
Callus (bone free) 0.262 10 5 7.7 3.1
Kidnoy 190 6.00 2162 340 5,1 2,18 |
Thyroid 2,64 597 226 3.2 1.37
Contonts (lower
bowel) - 10.05 1833 183 2,6 1.1
Liver 1310 8.70 1405 S le2 2.3 1.82
Pancreas 60 6.045 893 156 2,1 0.50
Pariostoun 0.461 57 123 1.7 0.75 !
Lung 490 } 14.40 1533 07 1,5 0.6 '
Fat, liesentarie 5.850 560 1943 1.2 0.58
Spleen 85 | 10,850 1021 9%, 1.2 0,57
Tumor (Liver) 1.970 0 71 1.0 0.43
Heart 250 9,40 650 70 1,0 0.42
1,975 122 63 0.90 0,03
I«Y'E'ph HOda (abio) .1.53 73 48 C0.70 0.2
Intestines (s=ell) 3.40 151 45 0,64 G2
Intestines (large) 6.87 201 43 0,60 0.25
Imscle (Str.) 15.32 613 40 0.57 0.2
Blood (Hoart Clot) 1,835 40 22 0.31 0,13

1 - Alpha counts per minute fron plutonivm,

2 - counts/gram found divided by comte/g.mn aoguning equa.l 41

plutoniun,

8006503

KY
At
- Vi

ibuticn of the

24




"IB‘“

-

[ S (LRI

L -~ DISCUSSION

N R _

~——

It must be emphasized that the data discussed above, whilo obtainod on hurens, may
not be epplicable to the population with which we are rmoatly concernsd. The major-
1ty of occupationally exposcd persons ere in tic 20-40 year age group and are in

_ good genmoral health., Tho persons discussed above both had carcinomus, one of whica
had widespread motastases. In casa #2, the injection vas made but ssvsalocen dags
before deatih and the terninal state ray have influcnced the netabolic tehavier of
the elenent. In case #1l no gross evidence of other than loeal disenso, excent for
the notastasis to the lung, wms noted at the time of injection. Thus, bturring
alterations dus to age, tho early distribution of the plutonium wes presumably a
®physiological® one, However, it must be pointed out that vo have no inforuation
on_the early distribution paticra of the plutonium in tids czse. Tho data givea in
TableVII represenis the distribution of the injectate 155 days later, aftar profounxd
netabolic disturbances, causing his death, had occurred. It is impossible to say
what influecnce tiuis pay have had in altering thse early distributicn pattern.

As is well-known, the biological behavior of o given agont varies greatly from ons
species of remmnl to another, Hence, experlonce with bhumans injected with plutoriun
was vital to any interprota*zign of the data obtainod {ron animels. Th2 rate of
plutoniun excretion in retsi®/, nica(2), sabbits(3) epd dogs'4) varies widely. UThe
route of excretion varies fronm species to species (2,43, sSince our esticuto of the

- body content, and hence ultipately of the dosirability of removing e givan woriexr
froo hia jcb, depended upon the excretion rcte of plutonium in the huxa, it tecaue
necassary to dsternine that rate directly in the spocies concarned. Znowladgs of
tho distribution of the elunment a3 well as its rate and routo of climination from
the human body providad infoiziction which could be corrolated witha the nove exten~
sive experimental investigation in anlrals and provide. inforuation whiclh: wads pos™
giblo the cstimation of tue encunt of plutonium alruady 'eposited in the workers by
the deterninaticn of tie daily plutoniun excretion rata of tho individual coacsrnod.

Clinical Pictuxe. Insofar 2s can be deterpired the clinical course in nelthor of
the two cases was influsnced Ly the injection of plutoniun. In Case 1, tuo con-
centration of that naterisl wna 0.085 nicrograns per kilogram of body weight inacdi -
ately following the injection. In thc second case tha concentiation of plutoniun
was 2,46 micrograns per kilogran of bLody wzighit,

That the eoount of plutonium injectad in thoso snbjecte produced ne apprecliable

clinical effect ic 1ikely in view of tho fact that tlic amount of plutornium necossyzy

%o produco demage is far greater. Table XI lists sone of tho experimountsl values'®/,
Table XX,

Comparison of Dose Levels of +6 Plutonium in Animls end Thoir Effects.

ugig Effects Time
Rats 700 -~ 1000 LD 500%4n 30 Deys
Rats 200 = (OO 1D 50%4n 150 Doys
Rats 10 : lons 420 Doy
T a2 Ly oscon Bt Tr bresY a0 Sy e e T ge A gl mibe Ty 117
timos the Coooro lovai ik Jeul £ arad b DaEeid ula Coade o LGTTE i W3ow L.
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Hoomtologiceal Studies. Uo hematological chonges of tho peripherel blood were
observed in either subject. In vicw of tho very slow excretion rate and long half-
1lifc of deposited plutoniun it might be assumed however that a corndition cozparable
to that described by Lartland(5), Castlo(8) and Bomford aand Rhoods(9) in individuals
with chronic radium poisoning (severe amemin, leulkoponia and thrombocytopenia with or
wvithout bone sarcoma) might well develop in cither case were it possible to obsarva
subjects over extended periods of timo. The difficulty which arises ia atteopting
to extrapolate from the rediun demage data on the Inman to the ezpocted wlfect of
plutoniun is, among other things, dus to the difference in the exerotion pottern and
the impossibility of estimnting what the ingested dose might have been in the
individuals who hove succunbcd to rodium poiconing. \hile baoao sarcomos have been
roported in individuals with a total of 0.5 ng of radium in the body at death, littls
information is available as to tho amount whick was in the body initially and this
initial dose may be the critical amount,

' Case 1 -

_Exerotion Studies. The fact that the rate of oxcretion cf plutonium apperently had
not reached a constant even 100 days after injocction deservo: cmphasis, The rate of
fall is slight but definite., This point desorves emphasis es it may indiecate taat
the cxeretion rote 1000 days cfter cxposure may boe cven loss than the average of 0,012
por cent fourd after 150 days in this caso. EBEvidenzs for contimed cluinubtion in the
oxerotion rate of plutcaium 223 (isotope of plutontum 239) i3 found in the patdont
studied by the University of Celiformi:c group which is describod in tha bioclogy volunos
of this report. In this potiemt, 153 days cf{ier injection, thoe dally axcretion rate
is opproxddmtely 0,0015 per ceat of tha injocted doaa(5), a figure dofinltcly lover
than our figwe of 0,012 per cont ons hundred end fifty doys after injection,

" Should the lower figure prove to be tho moro corrcocet one the difficulty of detecting
tolarance concentrations of plutoniun by ooans of tho urinary excretioca of that elomsnt

. 13 mterially increansed. : .

It is interésting to note the ¢otals of winary cnd focal =xcrotlon for the tirs

periods of 0~24 hours, 2-10 dayn, and 11-1C0 duys, Mble XIT gives these data for
Cose I in terms of per cent of the injocted doco: '

Table 3IT
Summary of Plutorium Exeretien for Indicnted Tire Periods, Cuse X

Tina Uriro Stool Total
0-2/ hours 2.533 0.233% 2.764%
2=10 days 0.633% 1. 78% 2,356%
11~100 daye 109(2‘5 0;767:‘ 2. 669%
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It is apparent tia’ the total exeretion is roughly equal for cech of tho verious
© _periods. One mizht speculatc that the naxt ordsr of rmegnitude, that is 101-100D
---days, night also show a toual pluteriun oxcretion of cpprodmately 2.5 percent.
2. If thias percontage excrotion for tie 101-1CJ3%h days period is subsoquently btorns
~ - out by exporimontal observation, it would paint a rather discourzging pisturs fcon

ﬁ . the point of view of the nortal exeretion rute for plutoziun.

~ 7 "Tho fecal excretion pattern is sinilcr to that descrited {or tiae excrotion in tio
- urine. Ilo sharp early pealX in tho cxcrotion rete is no'ed howevar. On tio other
.. . hand, the raplidity with wihich tho rote Jalls is not so ourked. Iudexd, the total
"~ plutonium excretaed from the second to tihe tenth day ia Groeater in thc rfeces. lHoww
ever, as pointed out abecve, the facnl excrotion after tie tweontioth day is distircily
"7 "less than the urinary sexcretica,

. It will be noted that tihroughout this peaper tiie excretory rate 1s Jjiven as ®parceud
"7 per day of the injectsd dese™., It wouwld be nmorc accurnto to speak of the percant
per day of the acount in the body. Bsgczuso of the low rete of exswotion of plutoriin
=-- thoe correction factor 13 smnll end it is fclt 4hot the small ineccuracy intrcduced
" . by this practice is justifiable, perticuwlarly io prelininary studles.

-~ Digtribution of rlutopiws n the Body. It oy be usaeful to couparc the relative

. “"concentrations of plutonlun in the varicus osrgaus in the two casss., It is reccge

"7 nized that such cocparisons cannct be pushicd %oo far tocauss of thc uany uacoatrolled
" - ' _varisbles.

. For ocase of comparison, tho valuos fron Caso I in Tablo XIIT ers adjusteld to ar in-
T Jection acount of ©4.91 wpicrogravs, tiie epomwnt injocted 1n Cese II, aessuuiny ihs
sane distribution would osccur with thoe larper dose.

[N

In both cases the bono marrow shows the greatest ccrseatrztion of plutoniuam oor
gran of tiseue. On tho besis of sninmal axperincniation it is felt tiel tho plrte~

T nium probiily induiell; loealizes in thy ostoobluntie and cclisgonous tissus

~ surrounding the spicules, Teruing the onisgioum, Siues tas procoriicr of this
tissus is greutest in the marrow speciuon, it shous tho bighoes activity, 2 i3
of interest also o note tie much Liguor proportiomal activity of thc boas cortsz
in Cass II, wners the cortaz chows elroat as nuch activity 2y the merow. The dos
caledfication of the bonos noted in this o would resulb in a gesater proportics
of pluteniumx-containing tissun ihan forod in tie coma mnle spacloens in Caso I,
vhere the caleiun contcat of tho bonss wus z:ppamntl& noroel,  The specicen of
callus from the rib in Zase II did .ot show ao high ecenceatration as tus coriex e
mrrov speclmens do. Sinco the callus reproscnts a healiag patiiologic fractw:z, 1%
is entiroly poasible thet thc wtake of nlutoniun ves abnorrally low,
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T Coma.ri.,on of the concentraotion of plutoniun par gren of tlsswe., For
-~~~ omse of comparison the volues fronm Caso I are adjusted to an injection
— - apount of 94,91 micrograms, the apocunt injected in Cass IX,

Tissus Cass I Case II
— Gn T’u/g t%aauo Go Pa/m tissus
(x2 (x 10~3)
Bone larrow ¢ Spicules 15.2 20,0
Bone Cortex 1,50 18,6
- Kidpey . 0.35 5.1
C .0 Liver 12,8 2.3
- - mng . 0.55 l°7
Tuner - 1,59 - 1.0
. Heart 0,20 1.0
- - ovnr‘f ) ‘ 0090
Testicle 0.50 .
L. Nodea 1.4 : 0.70
Mascle, stristed 0222 0.57

‘Thc amounts in the livors are o consideradble fnterest. Tho rcasons for the wide
diccrepancy sihown are not knowm at tha present time, In Coso I tix livor content
at death, soce 150 aays aftor injection, constituted approxdootely auo-talxd of
tho injected amount. This velus is far highsr thon tho data froa exparicontal
onimnls would lesd one to anticipate(2). It is true thet ocorly values cocpareble
to the one lsted here may be found in tiae syxparimental animel, ifucst unifornly,
howsver, the initin) high valuo hus drepped by a foctor of fivs o- ton by ths
hundredth day{2). Why, in thic inmstence, *he livor should aove rotoinad pivtonium
8o temcicmsly 1s not understocd. Im.oea, it oust ba adoitded thal wo cazzmos ruls
out the poasibility thot the amocunt in the lvor wes ab one tine lower tian tao
fina) valus. Liver biopsios would bo extrecely useful in follewing tho pluboni
content of that organ ovsr o wids tius raunge,

In Casa II the content of ovlutoniun in the Mver wes epprosdrctcly ans—sisth of thao
apount noted In Case I «nd coastitutcd usa:-u.\_.imtc.,y ons nercant of tha oocune injestod,
This figure i:,, if anything, somecwmualt lower than ono v sould oxpect the concentration
in the liver to ba on the 16th day aftor injoetion, julging again frea the resulta of
anirnl experiments.(2) -

Tho concantration of plutoniun in tho splcaa in Caso I,vhlch chowed sone congestion
but no other cvidence of path olobic change, was dlstinctly groatsr thoa tlhe cancan-
tration in the spleen in Case II whore a marked nyelold ootaplaata wag observad.

Tho relative concontration of plutonium in the sploen obeorvod in thaso t3o cases Zive
-hero are distinctly locs thon thoco abserved in oxperinontal anizels, particularly Lx
dogs{4). In most instancos tho plutcniua cencoatration i the "r‘luur. sompares foven:Lly
wlith that of ths bous murrcw. Corteirly the differenee notsd botwoun the results in
the two Lwman ceses are far loss thma the difforcace bebicwa wpocice{2,4). Afain

a0 oxpluation faor tivis Jact can Lo ~lvaz o Skl tiro.

ja
[ ¥y
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Tt ig interesting to note that in Loth cases the primary tunors, two carcivome
and a lymphosarcom, did uot concontrate plutoniun to a si;nificunt dogreeo., iinile
1t is impossible to gencralize frou two cases, it s3oms uniilely that plutoaiun
will be of any value in tic treatmont of carclnooae in humans. As o genoral prine
ciple any radicactive agent inje:ted for therapcutic purposes must concertrate te
a greater degree in tho tunor than clsewhere.

Thore is a marked difference in the concentration of nlutonium in the kidnoys of
the two cases. The highoz value is found in Cose II, Two focters mey roasouably
be expected to operate in the direction of producing a Lighor concon’rution of

- plutonium in this case, First, cond probably core irpertant, is tae Zuct tiwt the
death occurred shortly after the injection., The date obtained froa animl ax'parv.ﬁ-
nonts indicates that tue Ilddney concentration is niglior shortly after injection's/.
In both cases ovidence of dereasrative clunges in the tubulss of the kidreyz wos
noted in the tissue sections. In addition, 1n Case I changes suggestive of a
pyeloncphritic lesion wore noted. It is possible that the urinery eceretion date
will be found subgsequently to be too-low tecause of ho proserce of discese in tha
kidneys. Lvidence obtaired elsewhore, however, would ix;fZi}cate that tuc figures f'cz
wrinary excretion given hore ctre not soriously in error 7,

The lack of plutonium in the bile is of corziderebls interest. lithin the ldmits
of the cathod (approximitely 1074 wlercgrans of plutoniwn per fren of t,is,suu) nens
was found., Similar findings wore noted in tho pluteniun injocted dogs ™),

The relative activity of the contents of the lower bowel in Cess IT are higher thaxn
would be anticipated from tho rcsults of the cnalysis of the foces, surther, tus
value is four times highe> than thut obieined for spaciims of the tissue of the
large and soell intestine in tils case, If tlie sssumpiion is node that the eround
of plutonium in the bile wes neglizible cs in Case I, it would zecm then thot slas
tonium is being excreted by the lawyge or sznll intestine, Siuca otlizw usavy ootals
are exersted by the large intestine it cociiz reasonnble to torictlvely assuse thet
plutoniun is also excreted by this route. The aesucpiion cannob bs verliied until
further experimental date is aveilable,

In general the relative asount of plutoniuvm per gran of tissue tends to Lo higher
in Case II then in Cese I, It is possiblae that tuc explanatics 1liss i the corpera-
tive lack of fatty tissus in Cago IT co thet the orgens ond tiscuss stulicd tord t2
have a greater proportion of plutoniun then was noted in Ceze I, Tha total 4% is
difficult to estimate frow the date at hand and therefcro the total cuount of plus
tonium absortad in the fat. In opite of tic lower unil comcenfration in tho fat

in Cage I, it may bs tiat tiw proportional asount of plutoniun in fix total fet vun
greater in Casc I than in Case II.

Sumpary angd Conclusions, Dictribution end cueroticn stulies have boon rzde of nlu~
tonium 239 o citrate in two hwran subjocts siven total intravenous dosoc of 5 and
94.91 cicrograns of plutonium respectivoly. lio clinical offect was potod widch
could be attrivuted to tac biological asetion of the elenant in 155 exd 16 days of
observation respectively. Such changus as cccurred in tiho hemotological picture
and in liver furctions cnn be attributed to tho terninal state of the subject, to
the underiying disecaass, or both, ‘

It is Qifficult to pake other tian very tontative puneralizaticns beccuzy of the

considerations conbionsd abere cod boccuss of the fael that anly (oS elzes ate

. - - . N L S M - LY. o e e Y e - IR S
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cases reported clsewhers) the i‘ollomn._, tentative conclusions roy bo drewn. It
nust bo recognized cleurly that tiiose are not in tiie trus sense or Lo word cone
clusions bub are only woridnz hypotheses tint nust be coafirnod ond slaborated
upon by subsoquent imvestigations.

Q)
@)
(3)

{4)

8005509

The urinary rate of excrotion of plutonivm in hitons is
exceodingly low, Tho bost uvldeace available at tuls tins
would irdicate thet the "chronie® (150th day) c:ereticn
rate does not exceed 0,01 porsont nNar day of the cmount
fixed in the body.

The farcl rate of excrotion of plutonlun fixed In the bocdy

18 lover than the urinary rote b\r a factor of amro.\.d.,_to_y
threo. Ulat evidence we have u\,uld 1ndiento that tiw rate

of fecnl excretion does not excesd 0,003 percent per <ay of
the anount in tho body.

The highsst concentration nf tho plutoniun fixed in tks
body iz Zound in the bope marrow, Tho ldver conzeniration
has varied co widely in the twe cases Leis reportsd uwet
it is impoasiblo to prodict on 3 reasonwud bosis viat tas
general picturc night be.

The concentration of plutoniun in the neo,plast:.c tizsw
of these czses was not nigh.
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