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Since people were of necesslty exposed to some degree to plutonium and since
plutonium is known to be very radiotoxic it was obviously desirable to have
sone nethod of determining whether or not & given person had any plutonium in
hin, It was equally desirable to be able to estimate as accurately as possible
how much was deposited in any person. Aninal experinents were used to procure
as nuch data as possible. Some hunan studies were necded to see how to apply
the anical data to the human problens. Hence, two people were selected whose
life expectancy was such that they could not be endangered by injections of
plutonium° ‘

I. CASE NISTORIES

Cage llo, 1 -

4 sixty-eight year old white male was adnitted to the Billings Hospital in Lerch,
1945 for surgical treatnent of & recurrent epitheliona of the buccal mmcosa.
Upon admission to the Billings Hospital in lerch, 1945 the abnormal findings on
physical examination were limited to the findings in the face and neck. The
anterior portion of the mandible and contiguous orea of the sub-mental triangle
showed a ldrge infected ulcerating area approxinntely eseven contimeters in di-~
aneter, The anterior portion of the mandible wmg exposed in the depths of the
lesion., The margins of both the buccal menbrane 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 netastatic lesion in the left upper
lobe. The laboratory exanminations were essentially negative except for a mild
hyperchronic anemia, The Wiassernan and Kelin were negative. Studies of histo-
logic reactions from the excised tumor were diagnosed as epidermoid carcinoma.
Definitive locel surgery was perforued on April 11, 1945 and April 28, 1945. On
April 26, 1945 at 9:17 All the patient was given an intravenous injection of 6.50
nicrograns of ¢6 plutonium as a citrate salt in 0.9 per cont salt solution at a
pl of 7. The volume of the injection was 8,05 ce. The patient recained in fair
condition until August, 1945 when he cooplained of pain in the chest. X-ray evi-
dence of extension of the pulnonary netastaeses was found. He expired on October
3s 1945,

The autopsy findings were weight, 168 pounds (76¢4 kgZ.). An extensive post-
operative recurrence of the epidernoid carcimoma of the nouth was found. There
was oxtonsive carcinomatous invasion of the structures of the sub-pental and sub-
paxillary triangles. Bilateral pulronary rietastases were prosent. Associated
findings of vascular thromboses, cavitation and abscess formation were noted.
There was an acute bronchopneuncnic process in the lower lobe of the left lung.

No abnormality was noted on gross exanination of the kidneys. Licroscopic ex-
anination revealed "a nild focal interstitial nephritis, probably a pyelonephritis,
as the arteries are only noderately sclerotic. Parenchymatous degeneration of the
tubules is fairly merked and a few hyaline and calcified casts are seen®.
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Cage Mo, 2

A fifty-five year o0ld white foernle was adnitted to the Billings Hospitel in
Decenber, 1945 for diagnosis and treatoent, Six nonths previously (Jums, 1945),
she had noted generalized lymphedenopathy. Two months later (August, 1945),
pain, eggraveted on motion, developed in the trumk. On zdnission to the Billings
Hospital in December, 1945 the essential physical findings werc the presence of
bilateral non-tender, moderately enlarged lymph nodes in the cervical, axillary,
and inguinal regions and generalized tenderness to pressure over the ribs. IX-ray
exanination of the chest, pelvis, skull, and spine revealed nany small, rounded
areas of decreased density scattered throughout the bones exanined, In addition,
partial collapse and wedging of the last thoracic and first and second lumbar
vertebrae with sone associated calecification was noted.

laboratory examinations were essentially negative except for a moderate .. hyper-
chronic anemia and leukocytosis. Wassernan end Kehn were negative. Study of
scctions of the tumor excised fronm the skull and left axilla revealsd carclnoma-
tous tissue. It was felt that the carcinoma probebly originated in the left breast.

The patient's general condition was poor at tic tine of admission and deteriorated
steadily throughout the period of hospitalization, On December 27, 1945 at 9:(2 Alj,
94.91 nicrograns of +6 plutopiunm citrate were injected intravemously., The salt was
contained in 4.4 cc of an isotonic saline solution 0,01 I in citrate at pH 6.5.

Tae clinical course was not visibly altered following the injection. The patient
expired on January 13, 1945,

The major autopey findings were: (1) en adenocarcinoma probebly arising in ectopic
left axillary breast tissue with netastases to the Ifver, nesentery of the small
intestine, lumbar vertebrae, ribs, skull and pelvis. [unerous healing pathological
fractures of the ribs were found. (2) A lymphoblastona involving the axillary,
inguinal, peribronchial, periaortic, and pelvic lymph nodes. Thus the patient had
two co-existing presumably independent tumors, an unusual finding. The weight at
autopsy was recorded as 85 pounds (38.6 kg.).

Histologically, the bone marrow in all places exanined was almost entirely replaced
by tumor. The spleen showed a marked nmycloid nmetaplasic. The kidneys showed many
convoluted tubules filled with hyaline casts. The tubular epithelium showed evi-
dence of degeneration and repair. Comparison of the biopsy sections with the post
morten sections shows no evident differcnce in the charscter of the tumor following
the injection of plutonium. The cells characteristic of lymphoblastoma are also
present in the biopsy sectlons.

II, [LETHODS

The control period in Case I was one week long and was used priparily to determine
the spproximate daily urinary output available for analybtical purposes. In Gase
II the control period was somewhat shorter and was used for the same purpose.

In both cases the spacinens were collected in the usual urinals and kef pans, the
meterial being transferred in the case of the urine, to a gallon bottle to which
5 ee of concentrated hydrochloric acid had boen added, The addition of the aclé
niniwines the liklihood of adsorption of plutenium by the container. The fecal
snecinens wore tranpferred to Fseal=-Twet® coxdboard sontelnsra.
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In Case II because of the condition of the patient, adequate separation of the
urine and fecal specimens was not always possible. As a result adequate fecal
excretion deta could not be obteined., °*

Hematological studies made at frequent intervals in both cases included: hemo=
globin in graos per nl; erythrocytes, leucocytes, platelets per cubic mmy
roticulocytes in per cent; leucocyte differential; sedimentation rate (esiergren;;
and hematocrit reading. Liver function %tests were perforued in Case II by S.-
Schwartz using the cephalin flocculation and thymol turbidity tests and bilirubin
detorninations.

Speeimeng: The autopsies were perforned by meubers of the Pathology Department
of the School of Lisdicine of the University of Chicago. Tho specimens were
placed in 95 per cent alcohol as experience elsewhere had shown that the ususl
ten per cent formalin preservative tends to leach plutonium out of the specimen.
Insofar as possible the specimens were placed in individual conteiners.

RESULTS
Cags I

Excrotion of Plutoniupm in the Uripst For forty=eight hours following intravenous
injection of the plutonium solution, each specimen of urine was collscted and
anclyzed separately. The first voiding was approxinately six hours after the
injection. The results of the analyses are given in Tables I, II and III and
Figure I, It is interesting to note that there is very little difference in the
percent of the plutonium excreted in the third through the twelfth specimens
though the unit concentration of plutonium in the urine varies widely. After
forty-eight hours, the specimens voided in each 12 hour period were pooled for
six days, followed by pooling of specinens for each twenty-four hour period for
the duration of the experiment. The results are given in Tables III and IV,

The twenty~-four urine volunes ranged from 1500 nl to 3600 ml. There was little
correlntion between urinary volume and quantity of plutonium excreted.

The urinary excrebtion of plutonium in the first 24 hour period is very nearly

50 per cent of the total excreted in the urine throughout the entire period of
observation, and is 36 per cent of the total excreted in botir urine and feces,
The rapidity with wiich the rate of excrction dininishes is remarkanble. Uithin
2/ hours, the excretion level had fallen to approximately one~hundredth of that
noted during the first six hours. In approximately two weeks the excretion rate
had fallen to approxinstely 0.004 tines the initial rats.

e
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Table I.

Percent. of Plutonium Exereted in Urine in the First 38 Hours.
(Individual Specimens)

Specimen No, Volume of c/m per 100 ml urine % of injected

Specimen plutonium
(ec) excreted
1 (6 hours) 152 6550 2.23
2 218 355 0,175
3 325 45 0,023
4 245 65 0,036
5 414 37 0,035
6 (24 hours) 1% 78 0.032
7 108 138 0,033
8 122 137 0,022
9 13 95 0.Q20
10 o7 R 0,030
11 148 67 0,024
12 (48 hours) = 160 100 0,024
Table II.

Percent of Plutonium Excreted - 2nd to 8th Day.
12 Hour Urinary Output Analyzed

Days after Volume of ¢/ per 100 nl urine % of Injected
Injection Specinen Plutoniun
(ce) Excreted
2.4 258 s 0,045
3 415 4 0.139
3.5 630 54 0,085
4 540 39 0,048
Le5 515 10 ~,012
5 430 7o 0,020
545 - 660 15 ' 0,012
6 485 16 0,017
6.5 600 10,5 0,014
7 380 11 0.0094
'éo5 920 6.5 0,013

895 5 ‘ 0,0095
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Table III,
Percent of Plutonium Excreted - 9th to 155th Day.

Days after Volume of ¢/m per 100 nl urine % of Injected
Injection Specinan Plutoniun
(ce) Exoreted
9 2510 5 0.027
10 3250 4e - 0,034
1 3275 6.6 0,047
b V] 2320 502 0,047
i3 1490 5.4 0,018
14 2635 5.7 0.034
15 2480 FAN | 0,026
16 2520 2,1 0,012
17 2650 4o 0,028
18 2920 40 0,026
19 3300 2.1 0,015
20 3060 5.6 0,038
2130 avg. 2723 8.2 0,045
31«40 avg. 3018 1.9 0,012
4160 avg. 3346 2.2 0.017
61=80 avg. 3020 3.3 0,021
81-100 avg. 2505 2.9 0,015
101~125 avg. 2125 1.7 0.008
126-138 avg, 2,0 0,010
139-155 svg. ———— 1.7 0.008
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Figure 1

l}rinary excretion of plutonium in a sixty-eight year old white male following the
injection of 6.50 micrograms of plutoniwa citrate.
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Fecal Plutopiun Exeretion. During the first four days after injection seven
individual fecal specinsns were collected and anmalyzed for plutonium, Follow=
ing this period the sanples were collected at 2/ hour intervals for several
months and then 2/ hour specimens were talken every four days until death, The
results are given in Trbles IV and V and Figure II.

Table IV,

Pocal Flutonium Excretion
Individual Fecal Speeinens Collocted in First 96 Hours.

Sample Time of Collection Weight of <c/mper gn @ of Injected

after Injection Specinens of faces Plutoniun

(gos ) Excreted
1l 6 hours 13,0 26,0 0,076
2 28 hours 189.5 3.7 0.157
3 40 hours 45.5 16.2 0.161
r's 51 hours 106,9 11.2 0,270
5 not record&d 14105 6.2 00195
6 not recorded 318.7 3.7 0.264
7 % houra 7602 901 Oalslb

Table V.

Fecal Plutopium Excretion
Daily Specimens from the 5th to the 138th Day

Days after Weight of c/m per % of Injected Plutonium
Injection Speciren gram Exereted
{eme ) fegon
5 49.5 19.3 0.21,
6 57.0 8.7 0.109
7 54,02 6.3 0.076
8 &4 7.3 0.105
10 278.3 3.2 0,200
12 129,9 2.8 0.082
13 144,.7 1.2 0.040
1 70,1 2.8 ‘ 0.044
15 1667 1.0 0,042
11-‘ ]22@7 lcl OO(R9 )
18 T 232.1 0.6 0,031
19 128.9 0.9 , 0,027
20 136,90 0,53 0,015
21=30 avg, 1124 0.59 0.0345
31-40 avg. 115.5 0.29 s 0,0068
41-60 avg. 23,0 0.12 0,0038
60100 avg, 143.6 0021 6,0043
101=138 avz, 83.2 0,16 0,0931
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Figure IT

Excretion of plutonium in the feces of a sixty-eight year old white male following
intravenous injection of 6.50 micrograms of plutonium citrate.
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Total excretion of plutoniun for 138 days is estimated as 8.18 percent of the
injected dose. The urinasry excretion is estimated as 5.24 percent of the in~
jected dose, the fecal excretion as 2.90 percent of the injected doss. The
average excretion figures are mltiplied by the appropriate factor in arriving
at the above estimates, since average figures only are given throughout mach
of the period of study.

Clinical Studies of Peripheral Blood. HNo changes wers observed in the hemo=
tological constituents of the peripheral blood which could be attributed to the

action of the isotope adninistered. These data are recorded in Table VI and in
Figures III, IV and V,
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Figure 111

Total white blood cell, polymorphonuclear cell, and lymph cell counts per cubic
millimeter, in Case I.
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Hematocrit reading, red blood cell count, hemoglobin determination in Case I. The
injection was given on April 26, 1945.
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Platelet and reticulocyte counts in Case I.
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Pogt lortenm Findingg. The patient died 155 days after the injection of plutoniun.
The apalytical data is recorded in Teble VII, The specimen of merrow and spicules
showed the greztest activity per gram of tissus, The plutonium content per gran
of liver was nearly as great., The activity of the cortex of the rib was ane~tenth
that of the bone marrow. No activity could be detected in the sample of bile ana-
lyzed. The effects of plutonium on normal end tumor tissue was looked for in the
post porten material by H. Lisco. He found no changes which he felt could be
attributed to the action of the plutonium,.

Table VII.

Distribution of plutonium in tissues of Case I, 155
days after the injection of 6.5 nicrogram of plutonium. -

Tissue Weights of Gms of |Observed |Cts/gm |ug/gm | Relativei

Organs (gms )| Tissus Counta of of Affinity
. Analyzed | ‘var/min. { Tissue | Tissus for

per/mn} (x 107%) Plutonimnj'-
llarrow @ Spicules 0. 82% 58,8 70.9 1,043 10.13
Liver 2050 34.11 2040.0 59,8 0.880 8.54
Sternun 4038 111.1Y | 20,6 | 0.303 2,9,
Puriosteun (rib) 0.1215 2,12 | 20.0 0.299 2,86
Spleen 260 32,12 33..9 1.1 0,164 1.59
Iung Tumor 2.03 14.8 T4 0,109 | 1,06

Cancer Tissus 2.87 20,9 7.2 0.106 1.03

Rib (cortex) 1.0125 6,06t | 7,0 | 0.103 1,00 |
L. Nodes (aortic) | : 0,63 4,17 6.7 0.099 0.95
Lungs 1950 15,39 40,7 2.6 0.038 0,37
Testicle (gl. portion) 43425 10,0 2.3 0.034 0.33
Kidneys 340 27,35 5303 1.7 0,025 0,24
Heart 409435 6.0 | 1.2 0.018 0.17
Diaphragn 35,73 33.3 1.0 0.015 0.1,
Fat (abd.) 17,05 - 3.4 0.2 0,003 0,03
Bila i 8 [+ 4] 206 00000 { htechn i

! 1 . : 1

#* Counts per gram/counts par gram assuning uniform distribution of _plutonitm}
1 90% correction factor applied to observed counts to give actual counts/gm.
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Sage 11.

Egcrotion Studieg. The urinary excretion data is listed 1n Teble VIII and plotted
in Figure VI, Unfortunately no comparison of fecal and urinary excretion can ba
mede in this case. The collection of separate urine and stool sanples was impos=

sible. In fact the graph of urine excretion in Figure VI night with greater truth
be called the graph of total product excretion.

The 2/ hour excretion rate was 0.152 percent of the amount injected. This repre=
sents an excretion of 0,144 micrograns cf the 94.9 micrograns injected. Following
the initial 24 hour period the excrotion rate was comparable to that in the other
cages studied. The total known excretion was 0,63, percent of the amount injected,
or 0.9 micrograms. .

Table VIII,
Daily Plutoniunm Urinary Excretion, Case 1I,

Days after 2/~hour Alpha Counte/min/ % of Injected
Injection Volune 100 ce, Dose Excreted
1 1660 ml , 99, 0,152
2 1725 622 0,167
3 1750 250 0,067
4 1150 186 0.033
5 2020 134 . 0,042
6 1300 - 207 0.042
7 1190 132 0.0243
8 1500 110 0,025
9 1400 89 0,019
10 1280 154, 0,030
11 1120 108 0.019
12 940 : 100 0.014
13 &715 251 0.034
14 630 2 0.009
15 830 12 0,016
16 150 164, 0,004
Studies of the Peripheral) Blood: No alterations in the hematological constituents

of the peripheral blood occurred following the administration of 97.2 micrograms
of plutonium which could be attributed to the presence of the element, The inter--
pretation of changes in the thymol turbidity and cephalin flocculation tesis, and
in the emount of bilirubin in the blood serun was not possible because of the
terminal state of the subject. These data are presented in Table IX and in
Figqure VIL, : ‘
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Excretion of plutonium in the urine following the injéction of 94.9 micrograms of
plutonium citrate. :
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Figure VIi

Hematocrit, hemoglobin, red blood cell and reticulocyte findings in Case II.
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analyzed is listed in Table X.
specific activity, as would be expected from the animal work.

tho

The Plutonium content of the tissues

The plutoniunm

The marrow and rib specinens showed the highest

content per gram of liver tissue was roughly one~tenth that of the bone marrow,
The specific activities per gram of musecle and fat were respectively one-twentieth

and one-thirty-fifth that of the bone marrow.

H. Lisco reviewed the histological

material for evidence of changes similar to thot attributed to plutonium in the

experinental animals.

No such change was observed.

It should be pointed out

that the amounts per gran of body welight were greater in the animals in which

changes were sesn.

Table X.

Plutonium Distribution in Tissue 16 Days after Injection.

Tissue Weight | Weight of | Total Countsl| Countel/| iierograms | Relative
of Sampls in Sample | gm of | Plutonium/ | Affinity
Organ {ems ) Tissues | gram of for
(ems ) : » tiesug Plutoniun
(x 10™3)

larrow (Rib; 0.2065 289 1399 20 8.49
Rib (Cortex 00430 558 1299 18.6 7.88
Callus and Bone 0,1933 160 838 11.2 5.02
Callus (bone free) 0,262 140 %34 77 3.17
Kidney ' 190 6,00 2162 360 5.1 2,18
Thyroid 2,64 597 226 3.2 1.37
Contents (lower

bowal) » 10,05 1823 133 2.6 - 1.11
Liver 1110 8.70 14,05 162 2.3 1,00
Pancreas 60 6.045 893 18 2.1 0.90
Pariosteun 0.461 57 123 1.7 0.75
Lung 490 | 14.40 1533 107 1.5 0.65
Fat, liesenteric 5,850 560 g6 1.2 0,58
Spleen 25 | 10.850 1021 9, 1.2 0.57
Tumor (Liver) 1.970 140 71 1.0 0,43
Heart 250 9,40 660 70 1.0 0,42
Ovary, L. 1.975 122 63 0.S0 0,33
Iyuph Node: gabd.) 1.53 73 48 0.70 0,29
Intestines (small) 3.40 151 45 0.64 0,27
Intestines (large) 6.87 291 43 0,60 0.26
lnscle (Str.) 15,32 613 40 0.57 0024
Blood (Heart Clot) 1.835 40 22 0.31 0.13

1 - Alpha counts per minute from plutonium,

2 = Counts/gram found divided by covnts/gren assuming equal distribution of the

plutoniumo



DISCUSSION

It must be emphasized that the data discussed above, while obtained on humans, may
not be applicable to the population with which we are mostly concernsd. The major-
ity of occupationally exposed persons are in the 20-40 year age group and are in
good general health. The persons discussed above both had carcinomas, one of which
had widespread metastases. In case #2, the injection was made but seventeen days
before death and the terninal state rmy have influcnced the metabolic behavior of
the element. In case #1 no gross ovidence of other than local diseass, except for
the petastasis tc the lung, was noted at the time of injection. Thus, barring
alterations due to age, the early distribution of the plutonium was presumably a
fphysiological® one. However, it must be pointed out that we have no information
on the early distribution pattern of the plutonium in thias case. The data given in
TableVII represents the distribution of the injectate 155 days later, after profound
netabolic disturbances, causing his death, had occurred. It is impossible to say
what influence this may have had in altering the early distribution pattern.

As is well-known, the bioclogical behavior of a given agent varies greatly from one
apecies of mammal to another. Hence, experience with humans injected with plutonium
was vitel to any interpreta ign of the data obtained from anijmls. The rate of
plutonium exeretion in rats{?), mice(2), rabbits(3) dogs \4) varies widely. The
route of excretion varies from species to speciea'd,4), Since our estimate of the
body content, and hence ultimately of the desirzbility of removing a givem worker
fron his job, depended upon the excretion rate of plutonium in the humen, it becane
necessary to determine that rate directly in the species concerned, Enowledge of

. the distribution of the element as well as its rate and route of elimination from
the human body provided information which could be correlated with the more exten~
sive expsrimental investigation in endmals and providecd information which mede pos-
sible the estimation of the amount of plutonium already deposited in the workers by
the deterninetion of the daily plutonium excrotion rate of the individual concerned.

Cliniecsl Picture. Insofar as can be determined the clinical course in nelther of
the two cases was influenced by the injection of plutonium, In Case #l, the con-
centration of ‘that material was 0.085 nmicrograns per kilogram of body weight immedi-
ately following the injection. In the second case the concentration of plutonium
was 2.46 microgramns per kilogram of body weight.

That the anount of plutonium injected in these subjects produced no appreciable

clinical effect is likely in view of the fact that the amount of plutonium necessa‘g

to produce darege is far greater., Table XI lists some of the experimental values'\*/.
Table XI.

Comparison of Dose Levels of #6 Plutonium in Anirals and Their Effects.

ve/kg Effects Time
Rats 700 = 1000 1D 50%4n 30 Daya
ta 200 = 600 1b 50%in 150 Daye
Rats 10 Nons 420 Days
IH 12 o o33 that the lerel of IC ~Sapegmanc »er ilocwron is approxiately 117

ras i

<l o
blomes vhe cosage level in Coge I and 4 oines Wlo Juscpe level in Cass U1
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Hoemptolopical Studieg. No hematological changes of the peripheral blood were
observed in either subject. In view of the very slow excretion rate and long half-
life of deposited plutonium it might be assumed however that a condition coaparable
to that described by liartland(5), Cestle(8) and Bomford and Rhoads(9) in individuals
vith chronic radium poisoning (severe anemia, leukopenic and thrombocytopenia with or
without bone sarcomag night well develop in either case were 1t possible to observe
subjects over extended periods of time, The difficulty which arises in attempting
to extrapolate from the radium demage data on the human to the expected effect of
plutonium is, among other things, due to the difference in the excretion pattern and
the impossibility of estirmting what the ingested dose might have been in the
individuals who have succumbed to rodium poisoning. Uhile bone sarcomas have been
reported in individuals with a total of 0.5 pg of radiunm in the body at death, little
information is available as to the amount which was in the body initially and this
initial dose may be the criticel amount,

Coge 1

Excrotion o The fact that the rate of exeretion of plutonium apperently had
not reached a constant even 100 days after injection deserves emphasis, The rate of
fall is slight but definite., This point deserves emphasis as it mny indicate that

the excretion rate 1000 days after exposure may be even less than the average of 0,012
per cent found after 150 days in this ease. Evidence for contirued diminution in the
cxcretion rate of plutonium 228 (isotope of plutonium 239) is found in the patient
studled by the University of California group which is deseribed in the biology volumos
of this report. In this patient, 158 doys after injection, the daily excretion rate
is approximntely 0.0015 per cent of the injoeted doss(6), a figure definitely lower
than our figure of 0.012 per cent one hundred and fifty days after injection,

Should the lower figwre prove to be the more correct ons the difficulty of detecting

tolarance concentrations of pliutonium by means of the urimary excretion of that element
is moterially increased. v

It is interesting to note the totals of wurinary and fecal excrotion for the time

periods of 0-24 hours; 2-10 days, and 11=100 days., Table XII gives these data for
Cose I in terms of per cent of the injected dose:

’ Ioble IIT
Summry of Plutoniun Exeretlion for Indicated Time Perlods, Cose X

Time Urine Stoal Totel
0=2/, houra 2.53% 0.233% 2.764%
2=10 days 0,638% 1. 748% 2.386%

11-100 days 1.9m% 0.767% 2.,669%
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It is apperent that the total excretion is roughly equal for each of the various
periods. One might speculete that the next ordsr of magnitude, that is 101-1000
days, night also show a total plutonium excretion of approximately 2.5 percent.

If this percentage excretion for the 101-1000th days periocd is subsequently borne
out by exporimental observation, it would paint a rather discouraging picture from
the point of view of the normal exeretion rate for plutonium.

The fecal excretion pattern is sinmilar to that described for the excretion in the
urine. No sharp early peak in the cxeretion rate is noted however. On the other
hand, the rapidity with which the rate falls is not so morked. Indeed, the total
plutonium excreted from the second to the tenth day is greater in the feces. How-
ever, as pointed out above, the feeal excretion after the twentieth day is distinctly
less than the urinary excretion.

It will be noted that throughout this paper the exeretory rate is given as ®percent
per day of the injected dose". It would bs more accurate to speak of the percent

per day cf the amount in the body. Becauss of the low rate of exeretion of plutoniua
the correction factor is small and it is folt that the small inaccuracy introduced
by this practice is justifiable, particularly in prelinmincry studies.

igtribution of to in the Body. It mey be useful to compare the relative
concentrations of plutoniun in the various organs in the two cases. It is recog-
nized that such comparisons cannot be pushed tco far because of the many unconbrolled
variables.

For ease of comparison, the valuss from Case I in Table XIII are adjusted to an in-
jection arount of 94.91 micrograns, the anount injected in Case II, assuning the
sane distribution would occur with the larger doss,.

In both cases the bone marrow shows the greatest ccnmesntration of plutoniunm per
gren of tissue. On the besis of animal experinentation it is felt that the plube~
niun probebly indtielly localizes in the ostecblastie and collagenous tissus
surrounding the spicules, forming the endosteum. Since the proportiom of this
tissue is greatest in the marrow specimen, it shows the highest activity, X ia
of interest also to note the much higher propertional activity of the bone cortex
in Case II, vhere the cortexz shows cluost as much activity as the marrow. The de=
caleification of the bones noted in this case would result in & greater proportion
of plutonium-contalning tissuc then found in the comparable specinons in Cese I,
where the calciunm conbent of the bones wus appereabtly nortal. The specinmen of
eallus from the rib in Case II Gid not shcw as high concoatration as the cortex or
marrow specimens do. Since the callus represents a healing pathiologic fracture, it
is entirely possible that the uptake of plutonium was abnormslly low.

3003uu1l
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Zablg XIIT

Comparison of the concentration of plutonium per gram of tissue. For
ense of comparison the values from Case I asre adjusted to an injection
amount of 94.91 micrograms, the amount injscted in Case Il.

Tissue : Case I Case I1
Gn Pu/gr tissue Gn Pu/gn tissus
‘ (x 20°2) (x 10~3)

Bone lsrrow ¢ Spicules 15.2 20,0
Bone Cortex 1,59 18.6
Kidnﬂy 0936 51
Iiver 12»8 203
Lung : 0,55 1.7
Fat <04 1.5
Splsen 2,39 1.2
Tumer 1.59 1.0
Heart 0,26 1.0
Ovary ' 0,90
Tosticle 0.50

L. Nodes 1.4 0,70
lascle, striated 0.22 0.57

The amounts in the livers are o considerable interest. The reasons for the wide
discrepancy shown are not known at the present time, In Case I the liver content
at death, some 150 days after injection, constituted approximately one-third of
the injected amount. This velus is far higher than the data fron experimental
animnls would lead one to anticipate(2). It is true that early values comparable
to thc one listed here may be found in the experimental snimal. Amost uniformly,
however, the initial high value has dropped by a factor of five or ten by the
hundredth dey(2). Why, in this instance, the liver chould have reteined plutonium
so topaciously is not understood. Indeed, it must bo admitied that we cannot rule
out the possibility that the amount in the liver was at one time lower than the
final value. Iiver biopsics would be extremely useful in following tho plutonium
content of that orgon over a wids tinme rangs.

In Case II the content of plutonium in the liver wos opproximately one-sixth of the
amount noted in Case I and comstituted approximptely one porcont of the amount injectod
This figure is, if anything, somcwhat lower than one would expect the concentratian

in the liver to bs on the 16th doy after injestion, judging sgain from the results of
aniral experiments. (2)

The concentration of plutoniun in the spleen in Casa I,uhich showed sonme congestlon

but no other evidence of pathologic change, was distinctly groster than the concen-
tration in the spleen in Case II where a marked mycloid metaplosia was observed.

The relotive concentration of plutonium in the spleen cbserved in theso two cases glven
herc arce distinctly less than thoso observed in oxperimontel anirnls, particularly in
dogs{4). In most instances the plutoriwn concontrution in the sploem compares fevorably
with that of the bono marrcw. Certeinly the difforence ncted betwsen the results in
thoe two human cases are far less than the differcnce betwoea spocies(2,4). Again

no explanation for this foeb can bo given at this tims.

3003442
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It is interesting to note that in both cases the primary tumors, two carcinomas
and & lymphosarcoma, did not concentrate plutonium to a significant degree. While
it is impossible to generalize from two cases, it seems unlikely that plutonium
will be of any value in the treatmont of carcinomas in humans, A4s a general prin-
ciple any radioactive agent inje:rted for therapeutic purposes must concentrate te
a greater degree in the tumor than elcewhere.

There is a marked difference in the concentration of plutonium in the kidneys of
the two cases. The higher value is found in Case II, Two factors mey reasomably
be expected to operate in the direction of producing e higher concentration of
plutonium in this case., First, and probably more important, is the fact that the

" death occurred shortly after the injection. The data obtained from animel expegpiy
ments indleates that the kidney concentration is higher shortly after injection )o
In both cases evidence of degenerative changes in the tubules of the kidneys was
noted in the tissue sections. In addition, in Case I changes suggestive of a
pyeloncphritic lesion were noted. It is possible that the urinary excretion data
will be found subsequently to be too low because of the presence of diseese in ths
kidneys. £vidence obtained elsewhere, however, would ixgiea‘be that the figures for
urinary excrstion given here are not seriously in exror‘//.

The lack of plutonium in the bile is of considerable interest. Vithin the limite
of the method (approximately i07% micrograns of plutonium per gram of }igsus) nors
was found, Similar findings wore noted in the plutonium injected dogs l.

The reletive activity of the contents of the lower bowel in Case II are higher than
would be anticipated from the results of the analysls of the feces, Further, ths
wvalue is four %imes higher than that obteined for specimons of the tissue of ths
large and small intestine in this case, If the assumptica is pade that the amcunt
of plutonium in the bile was negligible as in Gase I, it would seem then thet plu-
tonlum is being excreted by the large or small intestine. Since other heavy netals
are excreted by the large inteatine it secns ressongble to tentatively assume that
plutonium is also excreted by this route. The cssumption cannot bs verified uatil
further experimental dela is aveilebls, ' :

In general the relative amcunt of plutonium per gram of tissus tends to be higher
in Case II then in Case I. It is poscible that the explanation lies in the compara-=
tive lack of fatty tissue in Case II so that the organs and tissues studled tend 6o
have a greater proportion of plutecnium theon was noted in Case I, The totel fat i3
difficult to estimate from the data at hand and therefore the total amount of plu=
toniunm absorbed in the fat. In spite of the lower unit concentration in the fat

in Case I, it may be that thc proportional anmount of plutonium in the total fat wae
greater in Cass I than in Case IT.

d Conclusions. Distribution and excretion studies have been made of plu=
+6 citrate in two hupan subjocts ziven botel intravenous doses of 5 and
94,91 micrograns of plutonium respectively. No clinical effect was noted which
could be attributed to the biologleel action of the elenent in 155 end 16 days of
observation respectively. Such changes as occurred in the hemotological picture
and in liver functions can be attributed “c the terminel state of the subject, to
the underlying diseass, or utoth.

It is difficult to make other than very tentative gensralizations because cf the

considerations menticned cbovae and heczuse of the fael that orly two casec are
ceported here. From wosS ig Imeve Tron the cases reported here {sind fron othar

3003443
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cases reported clsewhere) the following tentative conclusions may be drawn. It
must be recognized clearly that these are not in the true semse of the word con=
clusions but are only working hypotheses that must be confirmed and elaborated
upon by subsequent investigations. ’

(1)

()

(3)

(4}

3003444

The urinary rate of excrotion of plutonium in humans is
excoedingly low, The best evidence available at thls time
would indicate that the "chronic® (150th day) excretion
rate does not exceed 0,0l percent per day of the amount
fixed in the body.

The fecal retc of excretion of plutonium fixed in the body

is lower then the urinary rate by a factor of approximately
three. Uhat evidence we have would indicate that the rate

of fecal excretion does not excesd 0,003 percent per day of
the amount in the body.

The highest concentration of the plutoniun fixed in the
body is found in the bone marrow. The liver concentration
has varied so widely iun the two cases here reported that
it is impossible to predict on a reasoned basis what the
general picture might be,

The concentration of plutonium in the peoplastic tissue
of these cases was not high.
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