REPOSITORY DOE-OHRE

COLLECTION PLUTONIUM INJECTION

ya

BOX NO.

FOLDER - (':Zﬂﬁ‘ag ,@?_/ W’z/

PWWZZ% (40-012)

80013b0



80013b I




PRIVACY ACT MATERIAL REMOVED > %
ve .

l M Wit B

I«\Oj(y{/"'a{ {J U Sﬂ‘[’, L ,\d ‘ \))\L . 25 (1 YA ) o 5 i
Lol } by

.

, ; ‘ , s i '.) -;;‘: 7 P b
fogil 7/ vyJ{ O N R EEIE B T G otk
/

Loy 7 L

C/ f’“ - ) .L{ - %/ /. :\/{{/,‘)«;r;r (o ./ 7[(1 Lo L{/éLl - -
] .
L !

Hp-6

This patient, a forty-five year old white male with a history of Addison's disease since
January 1945, was admitted to the hospital on December 14, 1945, for treatment of numerous
infected lesions of the eyelids and toes. He responded to conservative treatment and studies A SNy
began during convalescence. On readmission in June 1947, his condition was essentially un- ‘
changed. '
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January 4, 1972

TO: R. E. Rowland
FROM: A. F. Stehney
SUBJECT: Phone call from P. Durbin on 12-20-72

I've rewritten my notes of the above date when Dr. Durbin talked to
me after being unablée to reach you. A summary of the conversation
about some patients exposed to radioactive materials is given below

for your information.

I. Death certificates on 12 "HP" cases (11 at Rochester, 1 at

QOak Ridge.

Dr. Durbin has 5 DC's; 3 persons are living in Rochester;

2 persons died at home, probably in Albany County.

HP12, to be traced.

II. Clinical tests at Rochester.

1. Dr. Christine Waterhouse sees one man (HP6) and one
woman (HP3) regularly in her clinic. The other woman
(HP8) is in her 70's and lives crosstown; it may be
difficult to get her in for a metabolic study. The other
2 persons probably can be brought in anytime; if not, an

outpatient study might be tried.

15 years beyond expectancy.

Cress4
DATE

HP8 has schleraderma and has already
lived 20 years beyond expectancy.

HP3 is in normal health.
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1 person
is presently unknown, was in Monroe County Home, but no
record of his death in Monroe County to 1957. 1 person is

Note: HP6 has Addison's and has already lived 4[0 ~0 ) 2

2. The ward cost will be only $90 per day per person, because
of USPHS support for the ward. This includes routine
hematology, creatinine clearance and liver function.
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R. E. Rowland: -2- January 4,_ 1973

II. 3. Dr. Waterhouse wants us to provide the following:
a. A list of what we want done:

(1) Metabolic study.
(2) Medical exam.

b. Containers and shipping instructions for excreta.

c. A billing account number with the Strong Memorial
Hospital.

4. Possible medical procedures:
a. .Iliac crést biopsy for material for autoradiographs.

b. Blood chromosomes, Dr. Waterhouse may want to
do this study.

c. Skeletal X-rays - Dr. Waterhouse may want to do
only a partial survey. '

d. ' Correlation of enzymes vs. Pu in blood{(?). Dr. Durbin
will contact Utah; we may need 25 ml blood for study
“at Utah and ANL.

5. Other persons:

a. Dr. Newell Stannerd's secretary, Rose Steinberg, may
be able to help us as a day to day contact person at
Rochester.

b. We should contact Bill Moss at LASL to let him know
we may be sending samples for analysis soon.

(eselis

dk

cc: A. M. Brues, M.D. J. H. Marshall
P. M. Failla B. C. Patten
J. E. Farnham J. Rundo
M. S. Littman, M.D. H. A. Schultz
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Yaar Cetober 35, 1985, Preedom of jaferrelice requsrts (ooSies enclossd)
addressed to Lhe U3, Departzent of Energy sere reosived o Xovepker §, 1985
nn¢ bave hesnn asail Lo oor Freedom af I,., araxtion GMVicers gt wxae Chicmgo, Nk
- Ridee, Rianland and S8xn Frascizes Tuersticne {8Tiges ey will eorreanond
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ir: camplimase witd the Fraedey of Laformmilen Act, s 10 day respsnze psrict
will begin when the offices dasigeated shove bave regaived yowr regusets,  If
Yo need furiher sasisteess, please coclaal Jane Xoobert, Chlomgn &mrstzcr.:s
Trfiee, 98CU South Cmus Avenws, Rrgm'fae. L 60830, (N2) FT2-ZTE; wayne hange,
cak Ridge Cpereticas Office, P.0O. Bax E, Boom 012, Dai Ridge, TE 37831, (M5
£76-UE8S: Gall K. Rakkarn, Plchland ¢ Crerations Office, &% Jndwin Avenue, P.G.
Box 550, Rlehismd, WA ?8¥02, (30§) 374-807E; Elsls #uicbe, San Prancisen
Zperatltione OfT{ce, 1333 Brasduay, Wells Farvo Bulldineg, Oxbland, C4 %612, (414}
FT3-KE8,

e tave nosisned the &#hve referencyd numhers o VRIS reQuesis ahd a5k Liwmt yo
celer o thee 1o ary (ULule CUITraspondsnas.

Siocerely,

Origina) signed by John X, Carter
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THE UNIVERSITY OF ROCHESTER
SCHOOL OF MEDICINE AND DENTISTRY
AND
STRONG MEMORIAL HOSPITAL MICROFILMED

260 CRITTENDEN BOULEVARD
ROCHESTER, NEW YORK 14642

JUN 20 1978

CHR RECORDS
December 26, 1975

Pr, J. Rundo

Radiological and Environmental
Research Division

Argonne National Laboratory

9700 South Cass Avenue

Argonne, Illinois 60439

Dear Dr, Rundo:

Thank you very much for sending the pre-print of your paper
to me, as well as the results which appear in your ‘annual report.

Concerning our patients here, ___ expired in a 4%¥;~;g4ifam
Nursing Home here, within the past month. There was no autopsy.
She had metastatic carcinoma of larynx as well as the far-advanced
scleroderma. I think it would be possible to get further samples on
and , particularly if these were done on an
out-patient basis. o

Kindly let me know if and when and how you would like us to
do this. With best wishes.

Sincerely yours,

.',‘ ,//7 ? . -
/A R /) / 4
Vs - e b

M TEL L o L2 Lol onrie

Christine Waterhouse, M.D.
Professor of Medicine
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ARGONNE NATIONAL LABORATORY
October 18, 1974

Dr. G. W. Dolphin
National Radiological Protection Board STATUS VERIFIED UNCLASSIFIED
Building 556 %
Harwell, Didcot L e

: A et/
Berks OX11 ORQ , | SUTHORIZED DERVATIVE "‘D*““‘Zé
England : [ CLASSIFIER ATE

Dear Goeff,

My fascination with the urinary excretion {(and other) data from
40-009 and 40-012 also continues. In answer to your question, I can
only say that at ages 77 and 72 respectively, one would expect there
to be osteoporosis to some extent, and that it would be greater in the
female (40-009) than in the male. In addition, I believe that there is
evidence of clinical osteoporosis in case 40-009, i.e., it is considerably
greater than the average for her age, but I have not been able to confirm
this. You may remember that I mentioned at Seattle that the excretion
rates of the three subjects (these two plus 40-003 or Cal-3) decreased
in the same order as their expected degrees of osteoporosis.

Tony James" findings seem to be slightly different from Pat Durbin's
with americium, the excretion rate of which seemed to show a slow but
steady increase from about 400 days of age (290 days post injection) to
850 days of age. She also observed a decrease in ash weight of some
bones (tibiae, lumbar vertebrae) over about the same time range, and in a
recent phone conversation she described this as evidence of osteoporosis.

The importance of our results for-40-009 and 40-012 notwithstanding,
I do not think they tell us that we cannot use Langham's equations for the
case of, say, a 50-vear old man who acquired his plutonium at age 25, since
osteoporosis has hardly got underway at age 50. The urinary excretion rate
of plutonium by case 40-003 was not in violent disagreement (about a factor
of two lower) with Langham's prediction. This case was 62 at the time of
our study and he is black; negro males have very little osteoporosis.

I hope this helps, rather than confuses, the issue!

Yours sincerely,
, \ .
PRIVACY ACT MATERIAL REMAVED T S
o ./ I Y B —
T Rundo
hmb Center for Human Radiobiology

97C0 South Cass Avenue, Argonne, lilinois 80439 * Telephona 312-739-7711 - TWX 910-253-3285 - WUX LB, Argorne, lliinois
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Febraary 19, 1946

Dr. ¥Yrignt Lengian

% Dr. Towis Hempelmann
P. 0. Box 1663

Sants Feo, How Nexico

Dear Drs Longommi

There are a few correations whiah 1 regret to have o make
espacially sisse I faxl they ars the reeulé of inadeguata supsrvision

0B Ry parve ) .
-~
(1) 7he wrine specizem on H.7. 6 short 152 ml. during

the 24 hr. paried 2/11 - 2/12/ub6. Specisl renal
funation 3asis were perfsrmed on 2/11/U6 and
renmmen goeclinens used for the iest vyare 41scardaed.

% (2) Tvsniy-four hourspecimezs wsre collsated on H.d. Y -
i on tae followlag dntes.

" {a) 2/12 te 2/13

R (3) 2/13iw 2/1#

& (c) 2/1h to 2/23

5 (a) 2/1% te 216

(e) 2/16 to 2/17

e Specinens (a) to (4) imclmalive, wore ladeled
Py 1acorrsotly Hep. 3. You have not receivsd any urine

spscieens from Z.p. 3 since van. 11, 1946.

£ Dlood was taken from H.p. U on 2/11/%8.
hes Deen sent on H.p. I covering
2/13/%6, to B AK., 2/17/46. .

It may de of intersst G jou ta knnw that the ironm
deficlency anemis Zrom which E.2. 4 suffered when we
nade our prsvioue observaiions, was carrected while
qel 1 at home Dy ths adainistration of ferrous anl?hat.a.
(\\q\ " Ths hemoglodin on thils admisslon was 15 gz /100 ml.
3\3\\\ of blood. This sudjset received intrazuscular in-~
%Q\Oow\ Jjeesions of penicillin during this admisalon because

DEPARTMENT OF ENERGY DECLASSIFICTIC N REV: Ty

! SINGLE REVIEW AUTHORIZED BY:
Doz /Hglo Ly 1114

? Ons specimen o

One speaimen of fecas
the intezval 8 A.¥.,

c :
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of & urinary tracs infeation. Zne died was falrly
hizhn ia calcium dus not otharvise remarkable.

(3) Ve %11l bavs soxe trozdle ssparating the urine and
feces in $he cass of Hope 7. Small amounts of urine
ars sometines volded with the feces. It has besn
iopossidle to gest an accurate estimats of Just how
muoh is added to the stools but 1t prodadly =ay be
gstinated as from 40 $o 75 ml. a day.

1 axpest tn keve E.p. 8 wnderway scmetize this week
en1d d.2. 9 tha wask beginning Fed. 2H.

1 bave your receipt for recens lotter or cods, received by your
on Fade 8, 19h&, Havs also raturnad boans yhotos.

N¥o further infomation on P.n. 5 has coxs te my atteation. I
begin to think my orognoslis in this case was oo glooay.

Sircersly yours,

Samwel HB. Tansett

Pe 5w Youar lebtter mentioaing ths presscce ol flg skine in the
8tool specimens mrrived this morning. ZFoitbhsr patisant ls
receiving figs. The dlet of P.p. | coatalnc canned peas whish,
1f not well chawed, DAY appear Ln‘r.ha stools. Dnily menus are

aa follows?
It H.p. 6 _zms. Itsm Heoe 7 ons.

Banans 130 Zrapa frult Juice 23¢

Coranfliskes 15 ;- Qaimeal 20

Hilk 100 . Cream €0

Bread ko 728 50

Butter 20 Zanat 30

Cocon 10T Batter 15 ..
Teanderloina 129 Stmak 130 :
Fotmto 100 Yotato 100

Spindch 100 Paan 100

Carrots 50 Calery 30

Panchen 120 Cream chease 20 RECEIVED CHR
Ground meat 160 Zgnana . 100

‘Hagaroni 25 Fice 25 :
Tommtoas 100 Tosntoes 100 JUN VRIS
Orunge sections o10] Gromad neat 100

Lettuce 25 Canll flover 15 RECORDS ROQIM
Cup custard 100 Latturce Pl

Orange Juice 200 4Applessuce 10

Lactose 20 Orsnge Zections 100

Grahnm Ormckers 2 Sugar 15

In sach instance, diets havs beer given since Jan. 2i

8 D 0 I 3 -I 2 ' PRIVACY ACT MATERIAL REMOVED
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#3785 HP.l o -

- B, P.2 h?, 5

#235876 E.P.3 S el

F180331 . H.P.b. i 5l

#2024hh H.P.S5 o

#o39322. E.P.6 z

F230865 H.P.7 2

H.P.5 vas started at 1:#0 P.M. on 1 February 1546, and i

H. P.? at 2:00 P.M. on 8 February 1555,

E.P. 6 is a men of b4 years ofagsvithhddlm'smnoase.
He 1= 1n the hoep!taf bocause of a mild infectiom of the right great tose.
 His edrenal insufficiency 18 being countered in part by pellets of desoxy-.
corticoaterom acstate implanted sn‘bcntaneonnlm The olinical examimtion
oo of tha urins 1s norml. end the urea. olem'ance

’ Izthour-atandard ol.earance mﬁ‘iyof nm:ml
mmoatandardclearm ,9§$c£norml

R.B.c. « 3 98 nilllcm, Hb. 13 grsm .
W.B.C. . 3,000 to 3,300. - , -
mfrerentnp Polys. 5%. :Lmnocyteuks JON 91 CUE

Mcnocytes: 1
Total Serum Protein: 5.0 gm.% oS RC
AG.. 3.6/1h .3 RECOT

Fasting Sugar - 56 mg.%$
Chlorides: 595 wg.% (on serum)

H.P.R. 20 to 22 mg.%
Blood Pressure: Systolic 1].0-1.20; Dimstolic: 65 to 80.
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This is 3 Joint Report {rom (e Los Alamos Scientific Laboratory of the
Untversity of Californta and the Atorale Encrgy Project of the Unlversity
nf Rochester Schiool of Mredicine and Dentistry,

The Reporl covers & Cooperative Reseurch Projeet tnitlated under the
supervision of the Manhatian Engineer Mistrict and =9 wplcted under Contract
No, W-7401.Eng-49 and Contract No, T40S.Eng-36 for the Atomle Energy
Cammissjon.

September 20, 1850 . LA - 1151

' DISTRIBUTION AND EXCRETION OF PLUTONIUM

ADMINISTERED INTRAVENQUSLY TO MAN

Report Written By:

Wright H. Langham®
Samuel H, Lassettss
Payne S. Harrigse*
Robert E. Carter®
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11d and inicrest
Yo huted to the exec
ton of ther+ studies and the completion of i report.

The aulhors wish

Dr. 3uafford L. Warren was primarily responsibic for the instat o
of the program under the Manhaltan F Wineer Dastriet.

Dirs. W. S M:zCarn, >._/:. Dowdy, W. F. Bale, Haruld Hodpe at
L. H. Hempelmann pari.cipated fn the early planming of the work and
[requently made general and specific dect ¢ which contritated roch to
the success of the program.

Dr. Hymer Fricdelt and Lr. Fred Bryan wr of xreat assistance
as representatives of the office of Director of the M,
District.

Drs. 1. G Austin Droces

ced an s report

and In sume Fases royviewed ets or oafl

F.ClAuderson
utied many

Iroderick
Faepart

wn, TN Why

Drs. L. H.
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Nuclear Track Autoradiograph Showing
Localization of Pivtontum in the Bone
of the Rat, (A, Williams, J. Wellnitz;
Protomicrography by Tos Alamas
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DISTRIBUTION_AND EXCRETION OF PLUTONIU

ADMINISTERED INTRAVENQUSLY TO_MAN

It ax now a well extablished fact that the deposition of radiactive meterial (Ra, s

nd davghier products) in the skeletal system of sadivm dial painters was respon-
sible far the boae acerasis, radiation ostentis, ostesgenie sarcoma and other pathological
char.zes in bone which characterize the condition commuoniy known as chrunic radiua, paisoning,

Hamliton and co-workers (1) were the hirst to desnonstrate that plutapium, hike racium,
conrentrates in the skeletal sysiem of the rat. Numerous seports have »mphasized thal bone
Is 3 majer site of plutunium depnsition 1egardless of tie animal spectex, the valence state
of tne material or the route of administration (2}, (34. b, c). Auloradjographic siudies of
the mode of deposition of plutemium dn bone (4), (55, (6}, (T) ahowed that it was depusiled
fn a pattern qulte dilfereat from that of radiem The I2iter olement touds Lo be incorporated
Into the Lone sailx exclusively 4nd becomes buried w0 cacified stracture in the manncr {o
be expected from a member of the calelum famiiy e periedic ble, Plvlonum, however,
shows some deposition in solt Ussues {espectally i the lhiver v/u:n a romarkavle affinity for
the non-caleified, non-cartilaginous areas of bene. Tae materidl s highly ozatized 1n the
epiphyseal line, the prriosteumy and the endusteum su Lthal loralizatior. s predominately in
regions of trabecular bone {See Fig. 1. [ronipicce). The geaeral conclusion wis that the
mode of deposition of plutonium made it patentiatly mere hazardous than racium.  Although
there is anly himited proof that the above conclusion is justified, 11 must be ceisidered when
evaluating Lhe potential chronie toxicity of the naterial,

Subsinueat experimenty, with rodents by Brues, Lisco and Finkel (B) and athers (§)
have demonstrated that plutonium is guite cuective 1n produring pathological changes in bune
including osteogenic sarcoma (See Fig. 2).

Brues (10) compared the relative chronie Woxic.'y of equivalent microcuriz amuunis o)
clutonlum and radium Ly following 1000 rats, 600 nuce throughout life and 27 rabbits 1nr over
400 days, A comparison of survival time, vad:cgraphically determins! bone duraage, patho-
logical fracture; and bone tumurs In these animals apprared (6 bear out a plutanium-rad:
ehronic toxicity ratlo of 12-15/0 'n the basis of inj~cted dose or aboul 4-5/1 or {ne basis cf
reiained material,

The above observatinns and the eaperiences of the radium 2:al industry have emphasized
th* necessity of employing extremely rigid control over all plutonium operati as.  The major
heudth preblem associated with plutonium processing 15, of rourse, the possility that smatl
amounts of plutomin accumulated ap the skeletad systems of workers aay, ever a perind of
from tes to Harty yeass, ray bune Changes similar to those observed in chrome dadium
poisoning.  The possilnlily 15 Neryeus eaough b justily the adoptn o of 3 rigid maximum per-
missible body burden as s currentiy done with radem.

Only -ecently the subcomeantte e ananaternal - wdintion tolvsances of the Natnnal Bureay
of Standards estabhshed a it we muaxtiaun persissible dy content of 25,00 (0,032 ue)
for plutorium,  This value wans adopted immedistely by the Divison of Diolgy 3od Medicine
of the Atonue Energy Comnmisnaon o the officns] muovemum permussible tolerance for plant
personuel (1),

A cquate nlurniation as to of plutemum by man is essentual
to the evalvation and anterpretation of Gooomayimuem perpnssiith bordy tolerance
specifually sueh stugies scems he by ampeartant for e following purpases:

isale

Lo To naninnze the degres o uncortanty anherent an extrapolabieg o
amount of imal cxperimental daa G man,

SN
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2. To provide the best pussible quantitative basis fur the diagnasis of deeree
of expasure uf persornel (o plutomem.

3. To determine the degrer ol fixation of plutomum by man and establish
cruens for the peniod of retrement from further exposure of workers : .rv )
having receved 4 maxtmum pernussible dose, 3

4. To provide mure extensive and quantiiative data on the deposition and C
exeretion of plutueiem by mun as a busis lor fulure consideration of maxi- J.
mum pernussible body toleraace. : w 3

Need for the abuve informidion was recogr sed sevecal gears ago. .t was also recog- g R
nized that such information could be obtained only by admiristering smali tracer Yoo a b of : ’
plutbntum to persons with a2 relatively short Hfe expettancy,  The {irst tracer study was '
imtiated April 10, 1945 (12},  Shortly thereafter, both the Chicaga and Berkeley groups in-
fhated similar studies (13), (14). . N,

This report s the loal presentation of the results of twelve plutonium tracer cases ' -
studied a5 a joint project of the Lo Alamos Scientific Laboratory of the University ol .
California and the Atomic Energy Projoct of the Umiversity of Rochester School of Medicine h
and Dentistry. " 3

The reselts of the studies conducted Ly the Berkeley and Chicago groups are nozlu-na
with the present opes provading 3 culleetion of data from sixteen cases. g )

* Inad{ tion o the twelve tracer cuscs mentioned above, the Los Ajamos Scientilic w
Laboratory acs had approximately xix years experience with exposure problems associated . \ 5 ,v_f
with the processing of large amounts of platonium, g

Wherever applicable, the Laborat,=y's experiences with the erposure of personntl are

used to enlarge and suppicnient the data coliceted from the plutonium lracer siudies E.nrn::.u . . E

in this report,

R e e bacy+ T

1l METHODS 4

A. Sclectior and Deseription_of 1:;..2..

The lfe expeatancy of tae andividual was carefully considered as a basis of selection

of subjects for study.  As a rule, the subjects chosen were past forty-five years of age and
sulfering from chrome disorders such thal survival for ten years was highly improbable.
By adhesing to these criteria, the poxsibility of late radiation effects dueveloping would be
avarded.  Furihermore, an opportumily to obta:n post-mortem moterial within a fow nunths,
ar at most a few years, would be much greater.

Of tweive patients chasen, ten were past the age of forty-five. One was only cighteen
yrars old, and har sinee died of Cushing’s Syndrome.  Up to the time of this report, and
e malely five years since the wnitiation of the first study, five subjects are known to have .
dicw uf thewr diagnoned illness.  Autopsies and tissue <amples were obtained from only three :
of the five lerminited cases,

Bricl summaries of the medical histories of the subjects of these studies are as follows

Hp-1

This patient, a sixty-seven year old white male with a nine yeur histgrv of peptic uleer, . .
waii adnntted to the hospital following a severe gastroinlestinal hemwocrhage, The preseace
of a duodepal virer was conlirmed by x-ray examination and a tract'on diveritculum of the
aphagus was niked. Climeal diagnoses included duodenal uleer, gastrointestinal kemorrhage
with secundary anemia, and phageal diveruculum.

- 10 -
L1 -
nozqunrq_>r .
- . COQNFIDENT 1AL

8001319 , | ; | -



8001380

Lp-2

This patient, a forty-nine yoar old White male, was a knuup Eemaphiliae and entered
the hosplial on this occasion fur the thirty-eighth time, Symploms referable to hypeitension
had been presem for three years, Clinteat diagnosec oh this 20mission included hemophilta,
essential hypertension with & periensive cardiovascujar dise. ~e and coronary insulficiency, and
chronie arthritis,

Hp-3

This patlent, a forty-nine yetar oid white female, way admitted to the hospital with com-
plaints of pigmentatinn of the skin, pruritic dermaltitis and dependent edema. c.dal clinteal
st: Jies were carried oyl tn Novambe - and December 1045, at which time diagnoses of hepa -
titis of unki.own etiology and hyjoproicinemia were made. She was admiited for follow-up
examination in Oclober 1846, when she appeared in good health,

Hp-4

This patient, gn eighteen year old white female, had - history of Cushing's ndrome
since 1941, Her admission I O2'ober 1947 was the Nifth peslod of hospitalization, Chief
rumplaints on this oceaston were rererable o hypertension and osteoporasis.  The ¢iinical
Clagnoses were basopiile adenoma of the nitultars gland with hypertansing, hyrortensive heart
disease, rephropathy wity uremia, 051e0porosts, ind 3 staphylococeie Iufection af the urinary
tract.  The patient ran a2 Jdown hill course uLlii death in uremiy eccurred in April 1947,

glang, hypertrophy of the adrerals, E.no_.:..ov_é of the left ventricle, hvpoplasiy of the uterys
ind ovaries, osteoporosis of the spine and pelvis, and ehronle nephritis,

Hp-$§

Tz matieat, a Oty -six year ald white male, was admilted 0 the hospitai in November
1945 with complaints ¢f gereralized weakness and q:.:ac_: in walking and sw awing of three
years duration. The clinica ‘agnosis was amyotrophic lateral sclerosts, Daath occurred
in April 1946. ‘The diagnoses at Autpsy included amytrophic lateral sclerosis, bronchupneu-
monia, generailzed arteriosclerosis, renal eysts and adenoma of the right kidney,

This patfent, a forty-five year ol white male with 3 history of Addison's disease since
January 1945, was admitted (v the hospital on December 4, 1945, ror treatment of numerouys
infreted lesions of the eyelids and toes. He vesponded to conservative treatment and studjes
began during convalescence, CGn readmission in June 1947, his condition wag exseniially un.
changed.

Hp-7

This patient, a fifty-nine year old vhie female who had Leen previously treated for
heart disease ang 5.#2..:459.33. was nuspitalized on January 2! i946, for cardiac decom-
pensation, -The chinical diagnoses were rheumiatic heart dyspase With mitra) insufficiency and
auricular hibrilation, and toxic nodular goiter,  She Cxpived in Octaber 1946, Pernnssion for
avlopsy was witaheld, b the proalde cavse of death wac Iobar pnewmonia.

lip-8

Thiz pativat, a forty-ape ¥
January 1645, and a dundena) vleor first diigpased
admission were selernderma and daodenal ulcer,

r ald white femaie, had 3 history of scleroderma since
1340 The elymyeal dagnoses on thyy

.13 .
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Hp-9

Thix pattent, 2 SIXU5 512 year uld white male, was adinitted to he hespital in March
i94E with i history of Ecneralized dermstitis and weakness of eighlcen maonths duration, A
dlagnnsis of dernatomyositis was made, The patient cxpired {n July 1947, Dixgnuses at
auvlopsy laclydad feneralized munculay alrophy, dermatitts, purulent bronchitly and Vroncho-
pneumounia, hypertropay and Ailatanon of 1he heart, and chronje passtve congestion of the liver
and spleen,

Hp-10

Tals patient, fifty-two year oid negro male, was admitted 10 the hespital on March 24,
1946, in aryte Congextive heart fajlure. A histary of heart disease mince 1928 was nbtained,
And his history incladed both rheumatic fever and lyatye infection,  The ¢liniea) dlagnoses on
this aduttssion included rhevmalic heart discase, latent Lreated syphilis and c¢thmoldal and
fromal <inusiti

Hp-11

*This patient, a sixty-eight yeur old white male with h “tory of alcoholisni and dictary
tnadequacies for many years, was admitied 1o the hospilal on December 12, 1945, with com-
plaints o' dyspnea and abdominal swelling, M expired on February 28, 1946, and diagnoses
a1 autopsy wore clrrhosis of the liver, ascit.s, and thrombusis of the portal vein,

Hp-12

Thiz patient, a fifty-three year nlg colored male, wax hospltalized on March 25, 1949,
following an sutomobyte accldent in which ha Fustained comminuted fractures of the left lemur
and right patella and a ansverse fracture of the right radius and ulna. Physical {indings
O ke tncludeq a Jeft lenticufar calaract and marked :.,Avn:_.cu:_n and atrophic arthritle
changes in both knees » logether with osteochondromat-sis of the left knee,

fs. .»?u:un_..B..ﬁw‘&:mnﬁ:.a_m and Collection of Sampies
Ten of the twelve patients were cared for in the spectal metzholic ward of Strong
Memorial Hospital,  The Reneral management of the ward palients was as foljows;

A comtrol pericd of about ten days was utilized 1o Instruet the patient in the quantiiatjve
collectin of urine aad frea) tpecurens. During (hix period all nege “3ry adjustments to
wattd rosting ang apy necessary muificatioon in div, wer, “ompietrd.  Alter tae patien had
Bresen himisel! capable of conperation, 3 series of control urine ang fecal samples were col.
levted for the rpese of “blank deicrminations by te method of plutonium analysis, Pre.
ceding W Jnjaction of pitonsum und Again at ternuration, thysical and laboratory examinat.ons
were condut ted an each hubject

Bloud sampley wepe drawn into dry sodum citrale an anticoagulant, Samples of
15 mi were (aken owore admaistranan of plutonium and at four hours, one day, three days,
& davs, ten days, {iftepn days, ete | post injection,

Urme ._.n.:.:_. . e roiiveted directly inte half-galtun tryj: Jars and preserved with
Ereaiddehyde.  The urine Was usualy collecied jn 24 heur o oeriods cxcept on the day the
Flutonium was giver, Duriae the first day )t was cullected In (wo {2 hour perinds,

Fergl samples wepe collectzd sn three-titer beakers,  The patlent was Instrucled o
Py the bladder betare defecgion I avord admixture of urine and foces  As a ryle fecos
were pooled duning antervals of four dayy, CAL ammediately after the plutonivm was given
Whet Chue PR two siouls wers Coliected separately. Al samples were preseryved by boiling
for ter: minute:n with 8 N HC. . .

Tiisue vamples of {rom 20 1o 050 g were oiteined 4t autupsy and preserved in R0 per
cent alcahol,

800138 .

C. Adminisiration of_Plutoniuny
=200 of Plutani

The plutonium solution used in these studies was prepared by diss,ly 5.0 mg or
Spectrogvaphically pure plutontum meta] o f0ml of 2N HNO3. The rolution was assayed

for plutonjum by alpha counting.  An appropriate aliguot™of tpe ptitantum solution was placed
in 2 10 ml volumetrjc flask and diluey to voluine with sterile 04 per conmt sodtum
n_:,u.n.n:.noA The solution Prepared in the above manner had a pH of Approximately 5.5 arg
e pliloniun was In the form of Pu*4.complex,

The technique of infection and the method of assay of the Injected dese were ag fallows:

One syringe was filleg With sterile saline and R 22-gayge ficedle attached, Tte other
Syringe was fillcd with 0.5 mi of the plutontum salution and the ncedle used for Uiling the
syringe was discarded, The needle of the syringe containing sterile salipe wis Introduced
nlo a cubital vein and the saline slow.y in,ccted to Insure unrestricred eatry into the vein,
The syringe was then cancrully detached from the roedle, which was st} inthe veln, and the
syringe contalning the n_c,_/oicg Injection solution Was substituted. The Plutontum solution
Was infected rapldly alter which the Syringe was ringed once by drawing it ful] of the patient's
blood ang discharging the bloud back into the vetn,

The same Syringe and necdle used to infect the patient was vsed o measupe 0.5 ml
aliquots of the plutonfum solution intu each of {yur volumetric fiasks, The washing of the
syringe and the other essential steps of the trection technique were dupltcated, Tne eontents
of each flask wag diluted to volume with 2 N KHC1 and 2 suliable aliquot of each avaporated
directly on Platlnum discs and \sfayed for lpha activity. The aversge of tha four assays
was taken as the amount of plutoniyn adninistered 1o the Patlent. The average stundard
deviation for each ¥t of four resulls was 3.0 per cent,  The amount of material recefveg by
each subfect and the datec o injection are oresented (n Tahle 1,

TABLE }

AMOUNT oF PLUTONIUM ADMINISTERED 1o SUBJECT™ via
INTRAVENOUS INJECTION® s nD THE DATE OF AOMINISTRATION

T T L
Designation of Subject , Date of Injection i “& Py Infceted J
- fl!.mw 1 T Octover 16, 1945 ! $.C i
Hp- 2 October 23, 1945 5.1 *
Hp- 3 November 27, 1945 49 _
Hp- 4 November 27, 1545 . 1.9
Hp. 5 November 30, 1945 5 |
Hp. ¢ Folbriany 1, 1348 5.3 |
Hp - Feluuary 8, 1946 6.3
Hp. 8 March 9, 1946 6.5
Hp- 9 ' April 3, 1946 ' 6.3
Mp-10 Tuly 16, 1948 6.1
! Hp.1} Fetruary 20, joq6 G35
Hp-iz April 10, 1945 47
B et SO el L
._vc was administered ax qv:l..,:z.:; n 0.5 mt _
Of 0A4TE solution neatium curate- 28,0,
..>E.2£_. standard deviggon of Selermination of _
une was 2.0 per cem, _H
——— L I P e e e e )
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D. Analyi._al Procedure

All urine suinpies wore anslyzed for plutonium using the cuplerron entractivn procedure
doveloped at the Loy Alamor Scientine Latnratory for yre determination of exposure of labory-
tary persunnei (15),

Feeal samples were daralyzed &y g nmodification of the cupferron procedure published
carhier (16).

Plood and other. tissue samples webe “asghod™ cither in a muffle urnaee or with conc. 1INO3
ans H202. The ash solution was analyzed for »lutonium by the cupfer-, s extractlon procedure
fn exactly the sane manner employed for the analysiz of urine ash solutions,

. RESULTY
A, Clinica} Observations

Acute toxiz effeeys frocy the small doses of pletarium Administered in these studles
were neither expected nop observed,

As aeen from the summaries of case histories (Pag s 10 - 1), the subjects used i
this s#tudy were suffering  frony a variety of conditions. In must cases, however, kidney and
liver furction appeared (0 be es sentially normal. There were two notable exceptions.

Hp-4 was sulfering from Cushing's Syndrome and chronie nephritis, The highly abnor.
mal condition of thyy subjeet was dccempanied by higher plutanium cuntent {n blood and urine
and auarent'v a slower rate of plutonivm fixation in Lone.  In faet, several of the Grine
araiyses were ruled fem-representative on the lasts of the Chauverct eriterion,

Hp-)t was nwosiund ac the tiie plutomum was adpsin stered. Threfore, no plutoniuem
CRCTebon values weore uitained, ical diagnosis revealed cirrhusis of the llver wi,
avseoated aseites, whiel arked imparrioent of liver {unetion,

Theodate an Tarde 2 nommorze same of the clinegl laboratory observati There
Aabit chow nn eone gatent trend;, swenlobing red blaod eell count, white blood cell count ;nd
Ailferential count us a result ol the injectinn of ARrrvintely S e oof plutonium. The rise in
hemelotin and red Llood cel) coum Hp-12 probably wiyr result of therapeutic measures,
The ohervations in Tatje 2 Were quite i accerd with those Mmade by Risuell and Nickson f13)
Who collveted excelion chinicat [ats, STy daia from twy cases fullow g ~Aministration of
i individual recejved 6.4 ool aetnnium and was fallowed for 155 days,  Another
C G plutomiun, and was foltowed for w0y, ng dzy No alterations attrb.
atabde b protonium were found I the constityents of the peripheral blood of either patient,
the presest —eries elgeal rVidenee suggestive of byver damage did agt appear.  While
S bt of liver funetion weps BOU AN 2 v lisued i ghe protorals, the poxsiindity that
PR Yo the s sadan gt Appedr wie. consydeeed,

Adnitiedly the obrcrvations gngde dorimg th,, study provide g ovidence of what May
happe-n .30 yeqr:, 1t may e naid, however, tha these <tudien and those of o' r invest-
Radars indicate that e antravenoys miechon of a sicele dose of 5 o 100 juz of plutonium wa,
WIthemt aeute sGbgective op shiretive climical effeeys.

B Doposittion of Flutamium an the Body

Since the beginning of (s sudy, four of (he subjects (Hp.4, 5, 7 and 9) have died
s d e uiv of therr diagnosed jne - Another sub)ert, Hp-11, was in the (erminal phase at
e time of inge etion, Atopny g gy Samples were obtinned jp anly three of the five
Twn lone cpecimpens o whned gegy Hp-2 during upen reduction of fractys oy and
3 ngicles of Bn (eeth wese bR gty Liter date, Wood samples were obtaned {rom all

8001382 T
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TABLE 2

CLINICAL DaTA ON stmJECTS RECEIVING INTRAVEXNOUS INJFCTION OF
APPROXIMATELY S OF PLUTONIUN AS p,<4 CITRATE

Py ADMIN J_y ’

[

{PaTient
teepy

LABORATORY §1{piFe® ’ T 3

Y=g
- ’ S,
S AMT DAY H FAYMINS e [RASD oy,
[ K Loaiol e 3] i ol

R e S G
LU )
w0 E”: ;

61

(LAY

Hp- 2 _ M
[T T
R - .
| e
1 12 18

I wpas

e

h e 4
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subjects before plutonium injection and 3t freguent intery thereafter, ay
were analyzed for plutonium by the cupferray extraction procedyre subseguent

The data in Table 3 show the results of analyses of the YASIOUS samplen by
The resuylts obtined by Russell ang Nitkson (13) (referree to as Chyo1o, B
el al (14} {refer-(g to as Cal, 1) are Presecied also. Tw trportant ot
mind wh-n considering these data: (1) The Samples of iwman tssue
sons, rather unsatisfactory,  In most Cases they werp 100 small,

Visl be kepr
Wele oy o

Potrly 1 e g d
were usually what could he ob "d under (he CIrcums@ances rather than what cired
(2} The subjeets were chronically il and,'or clderly and e FESUlS may oy LOREosent caactly

the distribution of plutonium in tissues of healthy persons of average RAPKING age,
data, :ai?...._., are all that gare avatlable and, _:3102.. MURL provide tne bas. for aur
ent concept of the distribution of Plutenium a (he OTEans and tirsues of man. They noga
also provide a basis for Comparison with the results obtained from the numieroys Studies of
plutontum depasition (n experimenta: amimals,

. Deposition ia the Skeletor.
=< P2R22on 1a the Skeletor,

Thaesae

Animal experimerts T 12) reveal 11y APETexinately 60
as PuOj«s and py+4. citrate 's Jocaliznd 4y ¥
ER

rocr

. Hothe vertebra

THUR Grd ow
VAS TOPresertdive bhunes of the frl.:F and the ayer,

sotanteny o«

R S
.
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TALLE 3

DISTRIBUTION OF PLUTONIUM IN HUMAN TISSUES FOLLOWING
INTRAVENOUS INJECTION OF PLUTONIUM SALTS

Subeet’ '] gttt Ineciad Dose g ol Tiaagr | new ot Cate,
Tivan '3 j._ﬂ_..ccl_ .4:..'- Tt -1u..u_|~.._..,0_ﬂc._ co 3 [ar e | atmn!? ] va 1 organ
o Marrow - v | owee | 013 | o210 ~ ] ou | ol e . 15 1%
Hadius 1 ¥esg bead) | . . . - . ale . . . . .
Licer 0320 | 0144 | cas3 | o1 | oon . . I [ I 1.1
Rali (Crrtend . . co | oois | e .|t | o X . .
Pa‘riia P . o .. . 0Ie . .. . . "
Veotebrs 0071 | 0uho | 0070 " . . . ) L2 _ .
Sirrnum o010 © .. | oo | o4 |* .. - . w? s K00 - et
Ml (Whide ) wsa | 003 | coss | .. . . . 0082 11 E -
Peridhnir. m (R .. - o1 ooa . codr | 18 oo .
Epiren 0007 | 0018 | 0048 | .002¢ oo |00 | oen 13 100 v
Kirlrry oo | ovoz2 | ons | 000 . . 0018 1o a0 0.4
Thyrod 0001 wo | 000w . . . M 10 ") .
Adrenal 24 | v . . . 0013 10 " .
Laing 0003 - | o | ooos . . 001t 03 950 1o
Panrresn 0002 | oY . - . ] 0c o .
Conads 0003 R YT I A _ - 007 0.4 . .
Lympis Nede . . B . . %67 23 100 03
Treth (Ay ol T) . U R . ) . - . . .
Heart nvo | o000 v ] o001 own . . 0003 na 30 0l
Cargs tntenting 0o . 0004 o 00} .. ! 0012 2 ,2.300 LR
} malt Irteatine o0ut | | w | e . . 0001 0.1 . .
M cie amd St oo v | oo0a | ez | oom . 0001 X 38,500 w
Visot - . . .. .. . .. . .. 5,400 EYAL
Fatanes . . - . . oot 71 . ¥.600 vy
Teaal . . . . . . . . oW e
1 .
' f Hiw varims aubjesin rresived (he vt 5 dames il plut m: Hp-% S.g. Hp-#.83 g
! Hp 1) 85.€. Ch §-85ug, Chi 114 949 .. Hp 12 45 ,@. Cal. ). 103 ug
N e vrre Saaised ot the Gollowing Simes alter imecten Wy 5 1% deyn, Hp-® 454 days.
Mpe L1 5 days, Cin | 195 days, Chi 1] 10 days, Hp-12 § days, Cal 1 4 dayu
CVICui tated 1y diniding g ol B ey E kol Ity veigh il s unit dast f Py was equaliy
diatr, in & 10 Kg. man,
) e mann fiser, Memorandum o ARC, July 21, 1947, Project Standsrd Man
:_>1!::.-.:.. Made shal verices, sirenum and whole ik represent wveragr bune o aleicls! system.
8 e muarrow md inciuded tn Ldal rerwery tecause lone samples rce md (reed bl marruw be. ;
fure analyats _
..::._-1. ssvumed 1o have ranw I confent sa muscle _
_-.<:r- Inr biliand taden 21 30 day pam, Fig ‘.. . _
. e e e v ———— e a e o)
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injected dose por eram of marrow. On the bhasis

inultiplied by tic skelotal welghn of “he “Stundard Mun" (17}, ther 65,7 per cont of the njue
dose is Lie cos'imated amon t of pletunivm :n the skxleton of a 70 A oman, A
valte was established rather arbitrarily, ttisn good agreement s
anmal experimmnts,

The data - Table 3 indicale a rather h o plutonium content in bone Barrow,  Tne
average of four determinations [rom three dilferent labararoiies was 0.0i87 jier cent ol the
13000 g of bune marrow, there would be
56 per cent of the injected dose concentrated 10 the marcow of a 70 kg man,  Animal
do not show appreciable concentrations nf phutomives in the marrow, The major arcay of
plutonfum concentration in rats and inice are the endosteum, periosteam and the ephvaeal
line,” It §s quile possibie that the samples of human marrow were oo small to be representas
tive, contained endosteun: ur spicules, or thal the high deposition was an indication 1 an age
factor related 1o the fact that the rpiphyses of man unlike those of the rat un:te al maturity,

d
agh the datler
ith the value cxpoeted {ram

Ha

2. Depasition in the Liver
The averzge piutantum deposition in the liver for the five cuses was 9.0i36 per
cent of the injected dose per gram, which corresponds to 23. perocent of the dose inoa 1700
gram hver (Standard Mar). ‘Tullr 4 presents the hwer data o more detarl, aincludirg the two
cascy reported by the n_:nu.“:/ nvestigators (13).

TABLE 4

LIVER DEPOSITION OF PLUTONIUM ADMINISTERED INTRAVERNOUSLY TO MAN

Y : - e
. Days Alter Tiver Wi, T of Dase Toof Dose
Subject ¢ Injection ivour per Gram per Organ
B U N - . '
Hp-$ ! 151 1340 L0320 124
Hp-9 i 448 1600 0144 23.9
Hp-u't 5 , 2325 0053 12.3
chiat® . 155 2050 0139 26,9 i
(2,3)
Chi. ll 16 1119 L0024 2.7
AVERAGE 156 164 136 21 i
e - : !
n . i
Hp-H wis an ternminad phave of Hinessy pratomum doposition T Caara .
of severe cirrhotis of the hiver, |
|
A:0_:. -1 was n termnal mase of adenocarcing vay plutaniume deposation pro B m
low because of metastases to the hver. N
i
(3) '

E.

Russi . and Nickson, J,1, (13)

Two cases (Hp-)l and Che -1i) were m the fernimal Phiaee
s administered  Both shewed advam od bvog disegor,  The vt
in the hiver of these cgnes s huyhly queshonalde,  The e
however, were rather riking., Ao ponted oue by Russa bl and Ny

chssn (13,



plutuzium an the ver was much gher thia wan L e oxpected from resul’s in experimental
animals,  Even though one of their eates survived 155 du s after avceiving Patonium in the
W6 valenee stz Ca farm known to give Jow hiver deposition in rats 1) (2, ' 28.5 per cent
of the anjected m ¢ was fouset an the hiver. Subjest Hp-3 hod 42,8 per cent af the plutonium
ved as Pu'toesteate depusited in the liver aftor 150 days. The tnird case (Hp-9) survived
1:f daye and hud 23.0 per cent of the injected material depasited in the hver.  Considering
the lapssd 1 ater injection, the plutonium content of the hiver in the two lalter cases
was even highes chan that obrerved by Russell and Nickson (13). ‘The apparenst Righer depa-
Gtien 1a the latter cases nught andicate te destruction of the mthciteate complex Ly the
human lver. The results compare favoranly with thest oltained when rats were Injected with
uneomplexed quadrivalent plutonivay won (1), (2), (3). The linuted date presented tn Table 4
tndicated rather stresgly that the retentinn of plutonium by the liver -y e much greater lor
man than {or rats and miee, and may be of the order of 20 -40 per cent of the injected dose
during the first year. A compurison of the survival tim nd the amounts of pluti nrum de-
posited an the divers of Hp-S .nd Hp-9 seems to ndicate a “plutonium retention half«time” &y
the Liver of une year or greater for man as compared 1a 40 - 60 days for rats.

3. Concentration in_Blood

.
The data on Table 5 show the conceniration of plutonium ih blood at various times
alter the ntravenous njection of approximately 5 pg ol plutonium as Pu*d.citrate.  The re-
aults are expressed inoper cent of the injected dose n the total bloud volume.  The bluod
s assumed to be LT per cont of the (etad boedy weight {17).
The sndovidual obacrvations varied widely, especially during the first four days, The
nwean values, hawever, (e on g sieath curve {shown in Fig, 3),
The drap ta bleed plulonium content was very rapid at first, and reflected the very
papd rate of [ixabon of the matertal an the body,  The muan blood concentration 4 hours
Wrer ampeetum 238 157 peroeent, at one day 15.7 per cent, at 10 days L2 per cent, irty
Aer anp e the biosd concentration of pivtonium read from the curve in Fip, 3 was
only 0.3 per con. ol the aingected dose n the totad hload volumie,  The extreme', small amount
A pluteaian o the -culating blood elimnates bleod anialysis by the usval eounting procedures
4w 4 means el we the degree of exporure of personnel, ‘the application of technique:
employime the counting of alpha tracks regasiered by wipha seasitive nuclear track phatographic
cinulsins may prove paestble,

. 4. Deporstien an Other Organs

Thw aniunts ul plutomum deposded anorgans and fissues other than skeleten, tiver
aod were rallnr smail, When the per oeent per organ was caleulated, based on the organ
weeghl of e “Standard Man®™, e resulls weee ain feany »agreement with what was antici-
pated fron. anneal Sape yrment, T he wing the per eent of dose per gram of organ
And JreT LEGE T G BRdn e Rien an Tabhe 3 (Page I4),  The kadoey und spleen cach had an
eotimate 4 oaverace putonivig conlent of 0.4 jer cenl of the snjected duse per organ,

Tl sebatinve off af the varmmus bissues lor plotomum wies calculated by daviding the
puer vent b oo peiopram ol ergan by per ocent of the dose por gram of body weight
when the material was assumed o be cqually distrstuted o a0 70 kg man,

The bone, 12 ¢ matros snd Liver were the only tissyes that showed a relative platumum
sty wppte crabiy cieate e than umty, Tin L5, all other tissues and samples
were L ar jens, Qbvannsly the skeletal cystene and Divea are the tissues of majes anterest
cenany the nlutemum tolerance, these 1w oy account fur 90 per coent
feal plutoraum in the entire body,

and b
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PLUTONIUM CONTENT OF HLOOD SAMPILFES®

TABLE 5

FOLLOWING INTRAVENOUS

INJECTION O APPROXIMATELY 5 iy OF PLUTONIUM AS Pu'd L CITRATE
free s mememagee e e e . o e e o s e e v e -
DAVS ¢ PATIFNT CODE AND PER CFNT OF INJFCTFD Disy P VOLUNE. ! i
AFIER et S hnaa R B | ‘ |
INIFCTION | _:...A_ 4 a ! i AVEIRA
: ’ red
18 i LR : 3.1
| .23 Cindo ! X
2 . : . . ol
H 204 GO 4620 | 2006 a.ne
N - . . < B . .
s "ee T R ] )
] 1 2,90 2.7 29 v ' 14
[} B . L
9 - : !
w o, oo I La Lo 172 2 _
. i \
n - , i m
" O 0 B Y [XE) ! O
1" o A | L
: ~ 4 !
2 Lo Lo S
2 b . ' oo
23 b ! _ : !
1
30 - _ - i 030 | .
L Pl ,
3 D . i ) :
* . _ Lo o0 naz _ i :
i I | i
a2 Lo . WL .
_ i ! . _ , ,,
46 - <o . P AT
de ol e
Woot Filiewd Taken as T3 of Totad Bely Wegt “
2. . Excretion_of Plitonium
L Urmary Excretion
The urinary exere Sf plutenium was coadied an .._..f% ef the ~ubye
ntravens ngection of approa Iy Sy of plotomum an ' 1 0.4 per
of sodey citrate 21150 . Wath e exceptien f the Iir y, uriae from ah

collected 1o 24 hour samples through 22 days pust njection,

not vossible o re

the subpects as |

resules 1 the xhart Gome anterval ov which the

followey 22 days, ane for 23 day
jeetion,  The Chicago cases 113 were folbiawed for

¢ for 27,

case (1) was followed Tor g ja wi oot 341 days,

menls al longer L ervals,

CUNFIDENTIAL

1wags and Ca

Becaus

of the gzreal nmpsrtanc e of n
ni tata

were
remander (o

anty

hawe

Alter 22 davs L
24 hour urine samples was contiaued as Jong as the patients were gvinlabie for study
@ as was desired and Lthe major w
studies

4.1

W
30 dav o
140, and 186 dayy. and the

o fd

ben anvoa parated woth
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Uit data from thes sudiey
tamoare given i Tabile i, ite
day.

Urie

e~ throygh 1ag Avs postang .
CUXpreseed Ay er cent of ingreted dose eaerercd per

The mcans, revied o, decand standard deviations for the dayy UFinary exeiction of
PUtOIIEm (rom O o (I8 davs Postamjecton are piven g Table 7. The eqration of best it
for the observed Means s o lagarithmge funetion:
-b
Y aX o
. Where F ik the amaunt of plutamigy fexpressed as per cemt of dnjected doset eacroted in a
Stgle dav, X in the time of observatiin ju d VN sstanjechion, and aand boare constants deo
rived fram the observed dati by the sethod of least Muares. Bolution wivies the foll swing
CXEFEsSn for the st curve of 1t for the urimary oxcrenon of platanium wtilizing g avaf.
able data from 0 1 134 days Postamnjecting

Y, - 623 x"01 |2}

The agreement between rryved novalues and the derieed vXpres:
UXCretiom ol plytonam tirougl: 134 dave st mjechon s ustratea graphie
. In this graph the eir. | Norepresent the ubeerved wad the wolid hipe
rived expressaon, The Rrevment g fasrly kond, The averal)l standarg Crrur of
Syx . (d termaned by the weual methods of orrelation analysis) wan ¢ 32 per e
Largest contr it rons to e standard erpor uf estumate copg- frem 1 Mta o day
ol e curve and feam the Bbee portum wiweree there B obareased seauer of PNty be s
vAvse ol he decrease i numbeer of ol vations, Actually, Sempts at curvy X
: e Bt et g e tunctom ¥ 4X-1 4 e DS uEve e g, 10 ey perind
Fathes than the logar:ty VLTYE praes ed. We hedioye thes differcnen o funetional rotanion.
sy e due G e clearanes of (e wjerted plulonium fram he wd durun gy rarly
’ Pervad alter inpeetion,
Fatiapdation i tie derived expression in
. WHD vrreasing valyes of X Mnoarder o

Jary

M. the de.

TRT s gy

ond 138 days antroduees tnereaing rlainty
Merpret the exeretion resulls i standard terms,

Ve Cmohaniead hall e desprte the faeq that the data are fitted by 4 aynele eaponential
Curve, we hayve cho to diterny Ty 2 by ANSUBMAR CXPone it exepogyon beyand the innts
of observatig and stk Ty g from the Iast poaet on the vXerel curve faosingle vylue

. vEthe araanate ;. One may thep ume the slage of g CXCEOLON L 0rve 16 ke gy, this
Pl and catenlate an ahinoluty mmimum value fop e - el half<gmu For the ahwan
Feasans s nbportenl g supplepient the UPIArY exerction data beyond 138 daye 4oy
Rrcateat ooss Yhe extent,. Theyee additiona) Rroepe of sqmples were ned fr o0 the
cases after the Sose of the CXPURInent, One Kroup of foyr Fanseeutive Ay gy e samyr!
Wi ablasied from Hp-# bepann Gnothe 523rd ¢ W oand ancther pr, ip ol WK Gy It
day after vpectnm, The Werage dinly uranary  xeregon o Petomium at 523 duy - wa- 1,062
Peroeset, and at 1610 days 00011 per el (he wyected dose,  Fayr syl wiple rolected
from 3ip.3 edinmng w1545 d, LRI S TTYPY fan average anly WAL eXerelnn
OF 00008 ) copt o g, mneete fdooge,

I adhinion to e thi Brouwrs of camples mentyoed ALOYe a number of gy ply
AnRAYn Wele made on workers gy the o Alvmies $aix Alary L
acveumulited pueasurahle amounts of plotonpam Auring wart;ne operatiog, They wepe remiced
fron. further . Iheure Yo plutang, st nith urine 3 AVS were pgde oy a perind g
the aoxt wargd o the, The VAhrCE e mitweps of thyy KFoup wre iy
Talble 8. Sowee the (LI TET) IS DI UBKEOW  xpure dosts v the r
O nver an e )y B the reac . Wl e d nele gnlegy M hyedty
of a b wa ansou of putescam sy Nl the e andividua) bas bwen at-
trmpte o vrbe L extnd the ek E] AR Nt hae een prad toontepprot th

um
Sl hene andividaite.

ey
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. IABLE . TADLE 6 (Coma)
) " ) . INDIVIDU ’ XC
INDIVIDUAL URINARY EXCRETION VALUES OF PLUTONUM FOLLOWING IFTRAVENOUS ADMisTRATION!" A A MG ACIETION YALUES OF PLUTONIUM FOLLOWING INTRAVENOUS ADMINSTRATION'D
TO HUMAN SUBJECTS (EXPRESSED AS PER CENT OF DOSE EXCRETED PER DAY) ! . b SUBJECTS (EXPRESSED AS PER CENT OF DOSE EXCRETED PER DAY)
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TABLE 7

MEANS®, REVISED MEANS, AND STANDARD DEVIATIONS OF URIMARY, FECAL,
AND URINARY PLUS FECAL EXCRETION OF PLUTONILM FOLLOWING INTRAVENOUS

ADMINISTRATION TO HUMAN SUBJECTS [EXFRESSED AS PER CENT OF INJECTED VOSE)

URINARY EXCRETION FECAL EXCRETION URINARY &
Revised Revised CAL EXC,

DAYS POST| Mesn Mean Standard Mean Mean Standard Mean

INTECTION |9/ Day q./Day | Deviation | %/Day %./Day Deviation %,/ Day

1 5178 .3628 614 .1553 L1988 L1168 L5616

2 L1874 . 070 L2458 - L1230 4252

3 L1266 - .052 .2275 . 0805 3541

4 .0962 - 04l . 1842 - 1S ,2804

H .0652 . 030 11582 - .0857 L2204

e L0540 A0 .026 L1096 - .0440 ,1588

7 .0501 - 022 0756 . L0401 1287

[} L0440 - .022 0717 - 0412 L1157

9 0424 .0384 023 0647 - 0415 1031

10 .0355 L0341 018 .0538 . 6385 .0BED

1 L0350 L0319 018 0566 - .0380 ,0885

12 0300 L0270 018 .0588 . L0351 ,0838

19 .0307 0270 013 0512 . L0354 0791

1’ 0274 .0250 0M L0453 .0386 020} 0638

18 .0253 - 012 .0438 L0370 0236 0623

16 L0218 0198 011 0817 0296 .1020 L0495

i 0236 - .0092 0402 ,0205 KN L0521

18 0219 - LUTR L0371 0268 .0394 0487

1% .0190 - .0084 .0278 - L0168 0486

20 0200 - L0101 0274 - 0168 0474

21 0185 - 0083 L0263 . .0183 0458

22 .01Bb - .0083 L0243 - 0182 0431

23 © 0203 - L0108 0224 . 0156 0427

. 24 L o . .0077 0211 0167 011 0346

28 0210 | L0159 0142 0199 L0145 L0180 L0304

H 0172 - .0088 0211 0160 L0158 .0332

27 0178 0149 0128 .0163 | 0119 L0128 L0268

28 .0180 - ,0092 0153 ¢ 0122 L0140 L0302

] L0153 - .CoT4 .0180 - L0146 L0333

30 0154 - .0072 L0179 - .069 .0333

31 0150 - 0088 0181 . ol 0341

32 .ul28 . L0087 L0188 - .21 L0316

33 L0158 0128 .0l02 .0192 - il 0317

M L0125 - .0056 0192 - 011 0317

35 ni3e - .0083 .0201 . 012 .0339

30 L0143 - .0058 L0151 - 0001 0294

37 014 L0001 .0082 .0183 . .0119 L0274

Poe) a8 0138 - L0043 L0181 - L0121 0319

39 0l - .0055 0079 . L0044 0108

o 40 018 | - L0058 .0088 - L0031 ..0207

41 0120 0 - L0044 .oce” . .0032 0207

o 42 .0120 - L0027 .oce2 | . L0040 .0202

—_— 4 L0130 . .C040 0079 | . .0031 .0209

4" L0094 ~ . 0059 o004 . L0015 0188

aJ 45 0135 4 . 0050 0087 | . .0049 0222

44 014 - L00di o083 ! . .0053 .0202

<o 41 0131 ~ . 005t 0064 | - 0012 0221
(@)
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TABLE 7 (Contd)

MIANS®, REVISED MEANS, AND STANDARD DEVIATIONS OF URINARY, FECAL,
AND URINARY PLUS FECAL EXCRETION OF PLUTONIUM FOLLOWING INTRAVENOUS
ADMINISTRATION TO HUMAN SUBJECTS (EXIPRESSED AS PER CENT OF INJECTED DOSE)

cEz>ﬂ< EXCRETION FECAL EXCRETION URINARY 8
eviged Revised FECAL EXC.
DAYS POST| Mean Mean 3tandard Mean Mean Standard Toan
INJECTION | %/Duy %/Day Deviation | %/Day %./Day Deviation /Dy
3 .0108 - 0058 .0087 . 0018 6175
49 0l - 0002 L0064 - .0028 0170
50 olis -\ 0059 L0060 - 028" 017
51 0084 - .0032 .008 - . 0172
52 0173 - L0154 019 - - 0278
53 L0104 - 0074 010 - - 0704
54 0212 - .0189 .0088 . 0041 0281
55 .0178 L0115 0144 010 - - 024t
56 0148 - 014D 010 - - 024¢
57 0106 - 0058 .0070 - - L017¢
88 01681 - .0136 L0057 - 0019 021
38 .0109 - 010 .0070 - - 0176
60 L0115 - .0074 .0070 - - 0185
(3] ,0085 - .0029 ,0080 - - 0185
82 .0083 - .00z1 0064 - 0003 0147
83 L0387 - .0007 008 . . 0167
84 0072 - 0041 ,008 - - 0158
[1] ,008% - .0028 U063 - . 0152
70 0120 - .0028 .0045 - - L0185
(L 0080 - 0022 0050 - - 0140
8 0107 . .0050 0033 - - 0140
7% .0059 - .0022 .0055 - 0007 014
80 L0111 - 0110 .0055 - L0097 .G 166
81 0048 - L0010 0085 - 0067 0103
82 0003 | - L0061 0031 - 0009 00144
B3 0085 1 - .0022 .0000 - - 0115
84 0028 1 - .0010 .0080 - - L0084
85 .0070 - - .008¢ - . 0130
86 .0073 - .0036 .0050 - - L0123
20 0083 . L0071 .0042 - - L0133
04 0071 . [ 0040 - - ol
38 :.0101 - 0044 0050 - - 015!
100 6079 - .0028 0056 - - L0135
bH .0070 B .28 ,0038 - - 0108
106 U8l - 0022 L0043 - . ,0104
108 0066 ,0021 .0038 - - 0108
12z 0101 - .007) .0021 - A 012¢
3] 0047 - - .on2g - |- 0076
120 ,0039 - .0029 0032 - P 0071
126 .0035 - 0010 0030 _ . — 0085
130 0034 - | cozs 0037 L - U7y
138 o041 b i onz? .0034 _ . , . 0075
138 0ot 1 - | ov2 o0z b : 0083
.nnw; of Russels and Nickson and Haiatlton, et ) used in tomputing
means where applicahls, ;_
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‘chronic varlable exposure dose I terms of an gffective single duse given at some effectiye
’ time between the Himits of exposure. This interpretation was accumplished by fitting the
slupes of the urlnary excretlon cusves of these individuals to tae slope of th: 138 day curve
. In the following manner: If ¥y« 0.23%-0.77 gives the per cent (Yy) of & single dese excreted
' on dry X, then 0,002) Ux.a.# I8 the expression for the moacured activity, 1 e, county per
minute, txcreted on day X when the single dose (D) i1s expressed n the s.me units, 1If the
' assumption is mede that a_chronie variabla 2xposvre dose may be represented by & single
' effective dose (DEg ) then the activily :av in the sample excreted f.effecuve days after this
single dose is given by the expra65ion

' -0.77 . [

. w.a « 0.0023 Um q A ,
The activity (Y .-u of the sample exereted on Q+A days 2fler the single dose (there being
no exposure Tknr

ten q and g+a) is givea by the expression

: -0,77
“ <n¢-.o.oonucn20wv (4] _
. Dividing 3 by 4 and solving for q gives \
qes ..I'I.-'_.lmdl Huu_

: 9 ther {5 the effective time of exposure and its substitution in [3) gives the effeciive dose
. . Dgp, as follows:

o

-0.77

.o Y -0.0023D [__a
, q . E !ﬂlulml!
: 3__\om A
) . Af- ”
; - 8
: r a 10,77
. ﬂlul .1

. : g2 .

This expression gives an approuximation of the total body burden of a person chroalcally ex-
posed to plutontum. The body burden is expressed in terms of a single effective dose as
determined Irom two urinary excretion measurements Qn ard *oonw taken sufficiently far
apart (with no cxposure between) so that the two measurcments are significantly diffcrent,
The method of interpretation given above was applied to the yri 'ary plulonlum excretion

data from lhree los Alamos personnel and their average total piutonium body cortent appsux-
N imated {2 terms of an effective dose at some effective time (a). The cifective doses for

. W.B.G, W.A.B, and D.I.. W, were estimated at L3 g, L2 g, and 1.0 ug respectively at re-

: spective elfective Umes of 37, 53, and 42 days before the lirst vrine assay used in the calcus
lation., Assuming the above doses, all urinary cxcretion data (Table 8) collected from these
pergons were used lo adjust the experimental uripary excretion curve [2) extending t tn
1750 days aguin using jeast squares analysis,  The adjusted expression is

-0.74 .
Y, * 020X 7]

8001390 —
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TABLE B
PLUTONIUM URINE ASSAYS ON LOS ALAMOS PERSONNEL AFTER REMOVAL
FROM FURTHER PLUTONIUM EXPOSURE

w.8.G. © W.AB, D.L. W,
U:-E a\i\!.?.s U:.E n\s\u..vq.ﬁv _v.n:oux O-«.E u\n.f.(.i_ v.u:ic_
1 [X] i EI% ) 0.60 ] 5.4 0.9
1 30 iLe 0.4 11 (X} 0.5
104 38 48 43 0,52 L) bX | .43
n sd 19 .1 0.84 1 3.8 0.48
t 33 4.4 310 ' [ R} 0.5 193 LB ) 043
318 ER] a0t L2 6.
L LI 38
430 1.2
i 14
52 (¥ |
mwm Ly
™ L4
wm b0 .
2] L3
M7 b 8}
22 0.9
104 Ly
187 L3
208 L1
120 L
1822 0.’
143 o
i o7
M4 ('8
5% 0.3
18 [X}
1698 L
) R
WBG «rvevescsrrecnonrnenncenns ~e+-+-. Dp JLig
DLW «coveermegonoocnaeeenauanaaaae. Dy olbig
:_U-N- Afler removal from further plulcnlcm exposure,
S;_v:- counts per minute per M-nour urine sample at 30 per cont
runting grometry,
..sv_‘ou-v: error ealcuiried from emplrical formula derlved
specilically for the cupferran extraction pracedure for determining
plutonive tn wrine (15).
2::-:: due to K. M. Parker in private communieation to N.L.Bradbury,
doly T, 1040,
Bl sumatea by equation [6) Page 29,

Figure 5 shows the adjusted curve through 1750 days represented as a heavy broken line.
The points representing the three sets of data collected from Hp-3 snd Hp-8 beyond 138 days
zlter infection are shown on the graph as triangles. Points originating from the urine assays
of the three Los Alamos workers are shown as circles and the theoretical curve [2] sarourh
137 days is given as & heavy solid line for comparison. The standard error of estiaswute for
the adjusted expression is 42 per cent due largely 1o the poorer fit during the first few days
and to the small number of obsercsations during the later time period,

Integration of the expression Y, = 0.20 X-0.74 between the liaits of X « 1/2 and
X e (ne+l/2) gives the arez (Aya) E:wo_. the urinary excretion curve which represents the total
per cent cf the .njected dose of plutonium vxcreted in the urine up to and including the nth
day afler injection,

- 30 -

8801391 T

n+1/2
0., 0.20 0.2 93_
>=nuo.~o.\\.x =078 (n+1/2) -(1/2)
172 J
*0.77(n+1/2)%2% 064 O

Whea n s 1750 days, A, (the to'al amount of plutonfum excreted In the urine through 1750
days) i3 only 6.3 per cent of the total Injected dose.

2, Fecal Exeretion

The same cases used for urinary excretion studles were used for the study of
facal elimination of plutontum following Intravenous administrution of Pu*d - citrate. Fecal
simipies were collected daily for the first few days. Later stoals were nooled at four dav
intervals oecause of the unccrtainty of obtaining representative 24-hour camples.  Plutonfum
analyses were made on aliquots of each specimen using methods described rarlter, The re-
sults of analysts of fndividuai fecal specimens are given in Table 9. Results are expressed

© a8 per cent of the administered nOma‘quaﬁnn Fer day.  Fecal excretion data ceuld be oitained

fur only one of the cases (Chy. -1) reported & Russcll and Nickson (13). The original data
were no longer available and It way necessary to rcad individual values from the graph given
in their report. The original fecal excretion data were not available for the one case studied
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TABLE §

INDIVIDUAL FECAL EXCRETION VALVES OF PLUTONIUM FOLLOWING
iNTRAVENOUS ADMINISTRATION(Y TO HUMAN SURJECTS

(EXPRUSSED AS PER CENT OF DOSE EXCRETED PER DAY}

418

C CREIBERTIAL

—— -

O ——— hapyed
—

8001392

DAYS POST PER CENT OF INJECTED DOSE EXCRETED PRR DAY T
INJECTION| Bp-1{ Wp-2 | Bp-3 | Hp-4 | Hp-5 ] Bp-8 [ Bp-7] Ap-8 | Fp-9 | Iip-10 [Fp-B | CRL 1D
1 |.052¢] 204 | .018%) .134 | ,004%] 085 | .1d7 | .17a | .33 | .0e1 | .310 | 2%
g |21 | o206 |87 | 274 |osun | Joas | 120 |28 | .38 | .37 | .370 | 0%
s |i2an | 204 foasr | zne { Dsu | Dive | coe7 | 210 | .ame | o7 | 297 | (704
4 [.os0 | 317 .05 | 2306 |.ues [ i17e | 080 | 080 | o131 | cuio | .207 { (380
5 (.08 | .17 [oose | Jso8 { o110 | J11e |loss |.oso | .13 ) uio | liss | 229
8 |loes |- [loto | 126 |10 | ate |loss | ioso {131 | Cvio | oims | 1ls
v ot | - |.oro | 28 | .at0 | Jod7 [oss |.oso |.131 | o110 | .oz0 | .oas
s |01 | 120 [loto | J1zs | oac | 031 !loss |lom | o151 | losd | 020 | 118
$ |.021 |.120 {.070 | .128 |.0s1 | .037 [.033 |.070 |.131 | .o | .o%0 | -
w o1 | .osa [.oar | 117 [Tost | 037 o3 |om0 [lia1 | lod4 | lo20 | .02
1t Jioss | o84 |02 | a0m jyss2 [ loza {032 [o70 {.:18 | .04 | .o%0 | -
12 |.o46 | o084 |.027 | 117 ;.052 | .028 |.032 | .04 |.118 { .03 | .o20 | .083
1 Jiods | .on4 |.027 | .17 [losz | loas {033 [o4s [T1as | Jom | 020 | 045
u 046 | .062 |.023 | 085 | 032 | 028 |.023 |.o45 |.1180] .02z | 020 | .08
15 |.035 | .082 [.028 | .085 |.032 | .015 |.028 |.o48 |.12ee| i022 | 033 | 043
15 |.035 | .0s2 |.023 | .040 {.017 | .015 {023 |.022 |.414e | 022 | .03 | .64
17 |.035 | o8z |.028 | ‘o4 |.017 | .015 |.om8 |.031 |.as7e| 022 | 023 | -
18 |95 | .055 |.018 | .040 | 017 | 015 {.ote |.035 |.157¢ | .022 | 023 | .081
1 |05 | 055 |oue | .08 {.017 | 015 |01 |.025 |.036 | .om | 053 | .02
20 .15 | .055 |o18 | .028 {020 | .05 |.018 |.025 |.055 | .01z | .os3 | o1s
21 [.o1s | 055 |08 | 0z8 | 020 | .010 |.008 |.025 |.055 | 012 ! 053 | .om
22 |los | .022 | 0% | .028 |.020 | .010 |.008 |.045 |.055 | o1 |.0o58 | .08
38 J.o17 |.022 |00 [ 038 | - | - |.o08 |.085 |.052 | owr | 028 | 010
o ot ez - |7 | - | - |loos |.o0e |.osae| iz |.oze | oas
25 < Jwza| - | -] - | - l.oil |.008 |.052%| (006 |.028 | .0u
28 <oz - | <0 -1 - [lon {oos |losas| Jooa | .08 | .0%3 .
21 | - | -] < | - |lon oos-| 043¢ | ‘o0n | ip1s | Gras
28 < o | -] - - |iexl 00w |lo4se ] Joos | o1s | owde
20 - - - o] - TS s Lioey | soos | lous { .ose
30 ol s - -] - | - |ies [loas | oos | o8 | o053
31 I N I P O A DU BPTER BrEY I I BTV et
31 <l - - e -t -] - |ew |less | - e | ocez
n el - e - - - | - Joms {ioss | - .o | come
M - - b b o o - tew e | - Lo | oo
35 |l -l - - | < - o e | - 702z | .oos4
n I R O T R T 07T I R SR R eri Bt
pot e - e ot o - e | - | - |2z |lo0s0
28 I DO D N N O RO 172 U R Bt Reee
SN AU I I AR AR DA R BT R DO R Bredy
40 U R I R S A (YO U [ IR DO T
41 SO T P P T N (YU U S BN 4%
43 B O R P R L P YU DA E B 41
a3 N RO DA U U DU SR DS THN N DA VTR B eet
“ N N P P S et . 1« |loos | .ooez
4 N P O T A R SR 1o B N - *H v
" N R P R O D I 0077 N I R B i BT
47 - - - - - - - |.0M4 - . - 0028
.32

AL

TABLE_# (Contd)

INDIVIDUAL FECAL EXCRETION VALUES OF PLUTONIUM FOLLOWING
INTRAVENOUS ADMINISTRATION(D) TO HUMAN SUBJECTS
{EXPRESSED AS PER CENT O} DOSE EXCRETED PER DAY)

DAYS POST|

PER CENf OF INJECTED DOSE EXCHETED PER DAY .
ISJECTION (ipoT THp 2 T Hped T fin-4 THF-5 T Hp-6 T wip-1 ™} Hip-A T Hpid T Hpnto,) ip 12| GRS
" - R . . - Slom oo - o
o . . - . b - |.008 B 12
50 by . . . . - < 1.008 - ST leme
51 . - - - - - - 1,008 - . . .
€2 - . . . . . - 1.ow . - - -
58 - . . . . . - | .00 - - . -
LX) - - - - - - - .010 - - . 1
55 . - - - .. - 4.0l - . - -
58 - - - - A - - 1.010 - - .
57 - - - - - - - .007 . . . )
58 - . . . . -1 - e - - - | o042
59 - - - . S .007 . - . .
60 - . - - N - . . -
81 - - - - - - 1. ) .008 - - - -
82 - - - - - - b~ 1008 - N - .6048
63 - - - - . - 1 - ] .068 . - - -
64 - - - . - B - - - -
88 - - - - N - - - - - - 0063
10 . - . . . - - . . < | .0045
14 . . . . . SR - -} L0050
78 - - -1 [ - - - | 0038
9 . e L L - - - - - -
a0 R R R B S T
8l - - - 1.006 | - . - - . -
82 - - - oost oLl - - - RN}
83 B R S
85 . - - - - M - - - . u - _ -
a8 - - - S - - - -t oes0
20 . - - - ro. . - . L . L0042
4 B T T e e T D B o
98 . . - - ” . . - - ‘ - - _ .0050
100 - - - - S - < f e ouss
102 - - - L T | - _ - ” - . H 0038
108 . . . - * - - B} - o043
108 - - - - . N _ - - . ” 0038
12 : - - T . - f o oo
116 - . - - - - - - - - : - * L0029
120 - - - R Pt - B _ . .0032
126 . . . N - - - - - oo
130 - . . - _ - . ﬂ . - e Y
136 - . - _ AT _ -y - - - * - .0034
- - - - - H - - - ] - - - - N 3
-t i Lo | _ J oo

.
Values eliminaied from revised mean on tasis of the Chauveret Criterion,

(n

All cases except Chi-l reccived Pu

o4

in 0.4 per cent znunm:uo.u. 2d

)
nc Solution,

Anvm:mmcc. E.R., Nickson, 1.71., Argonne Yatienal Laburatory Report CH-3607.
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by Hamilton and co-workers (14) and it was not feasible 9 include thelr results, The present
report of the fecal elimination of plutorium Is, thurefore, confined to twelve cases.

The means, revised means, and standard deviations for the dally fecal excretlon of plu-
tonivm from 0 to 138 days post injection are given in Table 7 {Page 26). The best curve of
it for the observed means was cstabiished by the method of !cast squares and was found to
be: -1.09

<~u 0.63x {e) .

with a standard error of estmate of 28 per cenl. In the rbove cxpression Yy is the umount
. of plutonium excreted in Lhe feces on a specific day (cxpressed as per cent of the injecied
dose) and X is the day of measurement In days after injection. The agreemen! between the
observed values and the derived expression is shown graphically in Fig. 4 (Page 28). Inthis
figure he derived expression is represerted by a heavy broken line and the observed points
are represented as open triangles. The (ecal excretion of plutonium in per cent of the in-
Jected dose excreted per day is plotted against time in days.

No representative {ecal excretion data beyond 138 days were avalluble from Los Alamos
personnel because of small bul significant rontamination of feces from swallowed matarial
vemoved from the lungs of the workers by ciliary action. One may ask why the small amount
of lung tontamination does not prevent the use of the urinary excretinn results from these
workers to adjust the 138 day urinary excretion curve 1o 1750 days, This material does not
reach the absorbing arca of the lung and is not absorbe.’” appreciably from the gastrointestinal
tract {probably less than 0.01 per cent). The small amount of raterial which has reached
the alveoli is being absorbed into the blood at an infinitesimal rate. Of the amount absorbed
only a {raction of a per cent contributes to the daily urinary excretion.

Studies of the excretion of plutonium hy mice, rats, rabbits and dogs (1), (2), (18), (18)
showed the urinary excretion ¢f all species was quite uniform. The plutonium excretion in
the urine thirty to fifty days after injection was 0.0) - 0.02 per cent of the adwinistered dose
per day. The urirary/fecal excretion ratio varied widely, however, for the varinus species,
The ratio was 1/10 - 15 for the rat and anly 1+2 - 3 for the dog.

Russel) and Nickson (13) reported a plutonjum urinary/fecal excretion ratio of 3/1 in
man based oa u.> obscrvation of one case through 140 days. The California group (14) re-
purted ap excretion ralio of 3-4/1 by one subject followed for 341 days,

The adjusted urinary excretion curve for 0 to 1750 days and the fecal excretion curve
for 0 to 138 days n.ay be solved for the urinary to fecal excretion ratio:

.

Yua oz20x ™ o0
Y T osax 1O

The urinary/fecal ratio is 18/1 at 133 days post injection and 4.4/l at 1750 days when
calculated from the above expression.  Unfortunately no applicable fecal excretion data are
available from the Los Alamos personnel to permit adjustment of the expression for fecal ex-
cretion beyond 138 days. If the urirary/fecal ratios at 138 and 1750 days are calculated from
the unadjusted expressions (Y, and Yy) for bath urinary and fecal excretion, the values are
L5/1 and 3.9/1 respectively, Although extrapolation brvond 138 days is subject to increasing
uncertainty with increasing values of X, the above values lead to the conclusion that the
‘urinary/fecal plutonjum excretion ratio is not constant, over .he range (0-138 days) u.:.u»mE,on.
but approaches 4/1 25 a Limit at soma later time. The results oktained by Hamilton (i4) on
the case followed for 34] days seem to support ihe above conclusion.

The expression Y¢ « 0.€3 x-1.09 gives the amount of plutonjum (expressed as per cent
of Injected dose) excroted {n the feces on a particular day (X) after injection. Integration
of the expression between the limits of X « 172 and X = n+1/2 gives the total per cent (Ag)

35 f10)

c‘x... - @O

8001393
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of the injected dose excreted through day n: :
n+1/2
A= .63 ,\ x40 4y« 21,00 T:\E.o.s.:\n.,c.o&
172
. T.00 (ns1/2)"00% 945 (1)

FYrom the above expression Ag = 2,88 ner cent through the first 138 davs,

3. Total Excretion (Urine plus Frees)

From the practical polint of vicew the total uripary plus fecal excretion rate of pia-
tonjum i5 extremely Important, The summed elimination rate determines how long a worker
should avoid furtler exposure to plutonium after having reached an accepted mardmum permis-
sible body level, .

The observid mean urinary pluz fecol plutonlum excretion values are given in Table 7
{Page 26). Results are expressed as per cent of injected dose excreted per dzy. The means
were obtained from the individual urirary excretion data from fifteen cases and tbe {ndividual
fecal excretion data from ‘eleven. The resulls reported by the Chicago and Call‘ornla groups
were used when avallable and applicable.

Appllcation of the method of least squares glves the expression
-0.94

Y £ 0.79 X

us{ :mW

as the best curve of {It for the urinary plus fecal excretion data for 0 to 138 dayn. The stand-
ard error of estimate of the computation i3 17 per cent. Y, ¢ i3 the total plutenfum cxcreted
in feces plus urine on a particular day {rexpressed as per cert of injected doze) and X Is the

time after injection in days.

The observed means and derived expressions are compared graphically in Fig. 4 ( Page 28).
Observed values are represented by squarcs and the derived expression by the heavy broken
lne designated Y, .

The expression Y,,71=078 X-0.84 represents the total excretton of plutonfvm only through
the 138th day. Adjustment can be made, lowever, for urinary xeretion measurcinents throsgh
1750 days by summing the expression for iccal elimination {0) and the adjusted expression for
urinary excretion [7).

-0.74 -1.09 |

Yiaer® Tua ¥y = 020X +0.83X 13)
This equativn is adjusted to include a2l urinary excretion results from Los Alamos Laboratury
personnel through 1750 days, and gives the total per cent of an injected dose of plutonium
wnich may be excreted on a given day (X)) after the time of injection,

The adjusted cxpression {or tcial ellwination rate (Yya, ) through approximatcly five
years and the observed mcans are prescet:d graphically in Fig. 5 (Page 31) for comparison
with the adjusted urinary cxcretion rate {Yya)lor the same time interval.

- Integration ol the adjusted expression for total elimination rate betuwven £ = 1/2 and

X = n+l/2 days, gives the tolal amount of plutonium expected 1o be excreted up 13 and Including
day n nel/2 n+l/2
A = 0.20 \. x O Max, 63 ,\. x0% ox
ua+f
172 172
0.77(n41,2)%% 7.00(n.1/2)°0%, 5.5 NTH
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Table 10 commres the ebierved and calculated values of tota) plutonlum excretion Jor varicus
time intervals using the t.tegrated exgression [14) .

These results emphasize the relatively slow rate of elimination of Systemically depas.
fted plutonium by man, According 1o these data only 8.7 Per cent of a single {njected dose is
excreted in 1750 days ?uv_.ox_:s_nc $ years).

TABLE 10

OBSERVED AND DERIVED TOTAL URINARY PLUS FECAL PLUTONIUM
EXCRETION VALUES FOR VARIOUS TDJ:s AFTER ADMINISTRATION
OF A SINGLE DOSE OF PTUTONIUM TO MAN

. TIME AFTER | PER CENT OF INJECTED DOsE
INJECTION Observed ) Calculated® :
10 days 2.43 2.56 J
20 days 3.08 LY
30 days 341 153
40 days 3.70 3.81
50 dayg 3.90 4.0
80 days 4.1 .21
. 70 days 4.27 4.38
80 days 4.42 4,50
80 daps 4.54 4.02
100 days 4.87 4.74 -
120 days 4.87 4.83
140 days 5.01 5.10
1 year 8.28
2 vears 7.22
3 years 7.83
4 years 8.30
3 years 8.88
10 years 8.96
20 years 12,17
‘ Calculated from the Integrated expression for adjusted urinary nlyg
fecal excretion [14) . The calculated valyes appear higher thas
the observed values by 2 constant amount because of the decision

0 aceept @ poor curve 11t during the !irsi ten diys [See page 23},

V. DRISCUSSION :

A. Distritution ¢f Plutonju

in Tissues and Organs of Map

Organs of man. These data were the results of
ected from seven human subjecta, The aub.
persons suffering from an incurable chronic disease, The sam-
mall and poorly Tepresentailve ard not abtained from the seven cages at
commrable timen after injection of the Plutonium, Thege unsvoidable difficulties must be
recognized and accepled when consldering the resulis, Desjpite 1he above difficultles, the data
are extremely valuable ag 3 suppleigent to a much greater and more reliable mass o! data .

-3 .
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concerning the distribution of plutonfum in the tissues and Organs of Laboratory animals, The
data on man are in good agreement with resy)s of sinitlar studies in rats, mice, rabbits, and
dogs. The §00d agreemeny Permits the conclusion that there are no major differcnces in the
quantitative distributlor, of plutonium in the tissues and organs of man angd those of tommon
laboratory animals with perhaps one exception - the lyver, The results indicate that the reten-
tion of plutoniym in the liver lollowing itg intravenous injection as v:&.n::S coriplex and
25 plutony} ton may be 20 - 4p Per cent for man as compared 10 10 per cent or less for rats,
The "biologica) hall-time* of plutonjum in the liver of man is Probably muych Ereate: than that
for rats.

The average amount of Plutonfum foynd in vertebra, sterpum and rib was 0,006 Per cent

sentative of the entire skeleton, 86 Per cent of the injected dose woyld be deposited 1 210 kg
skeletal system (T kg of bone, 3 kg of ‘marrow) of a 70 kg man,

The observad concentration of plutonfuny 1n bone may be used tg estimate the radiation
dose recejyed Per gram of skeletal system when a "standard map* has accumulated the official
maximum permizgible plutonium hody content of 0.5 ug (0.032 HE). Using the dosage rate for.
mula; rep/day = 54 Cg {(where ¢ - ¢encentration of radioisotope i ue/g, E = erergy of the
radiation {n Mev, and the rep = 93 ergs/g), the radiatlon dosage recelved Per gram of skejeton
from 0.032 pe of Plutonium ¢ 3¢ follows-

then approximately 15 Mey of &2.5. Wil be releaced gy the body by the alpha particles per
decay, If 100 ber cent of the radium (g deposited in a 10 kg skeleta) system, then tre radiz.

rep/day = 54 x 1x 10”5 x 15 . 0008,

According to the above calculation, the radlation dosage Per gramn of skeleton delivered by
0.1 ug of radium would be 14 times that deliverad by the maximum Permlssihle dose of platen-
fum if the 1wo materlals were distribated tn a comparatle manner {n the skeleton, Autoradio-.
grashic studies ghow conclusively, however, that radlum and plutenium do not distridute 1y g
comparat!¢ manner, Plutonfum s more localtred and concentrates {n the endosteal and pert.
osteal surfaceg, Ths chotce of & more conservative body tolerance dose for Pivtornlum wan
made to allpw for 1t8 more specisia localization in the skelety] system, It should te noted,
however, thyt radium does not disiribute unifermly threughout bone and Evgng {(20) 2% reported
that analyses of bone samples from radlum cascs showed the radivm to be unevenly cisir'iyied
by a5 mueh 28 2 factor ~f J0, It may be hecessary, therefore, for Plutontum to e tonCentrated
by & factor of 149 over radlum {n grder that 0.3 g wiy give radiation intensities comparable
to that which may occur with 0.1 ug of radjym, Evans (21) hag al30 pointed oyt that the pres-
énce of mesothorium in the radium responsible (or the early radium Polzoning cases may
account for an additional salety fscior of 5 yp the 0.1 g radium tolerance.

The above discussion supports the POSSIbllity that the 0.5 HE MBXIMum permissiple toler-
ance doss for plutontum s extremely conservative, .

B. "Biological Half-Time" of Plutonfum in Man
The “biol-gical half-time" of plutonium in man can be estimated frow the exrretion
ented 1 this report. Althvugh the adjusted urinary plus fecal excrtion curvs g
cally at least) logarithmic ir, nalure, {t appearsg that the cupye approaches an ‘aponen-
Such an cexponential curye would be in Keeping with the ASsumption that
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metabolic processes ave primarily first order reactiuns. Whatever the true process is, {rom
the data and curves given in this report, it {s possible to calculate the absoluts minimum
half-time of plutonfum in the body. It 15 assumed (not unrearonably) that the excrelicn of the
plutonium nieasured in terms of the amount in the body at a given time does not tncrease at
some time. 1f one takes the last po'nt on the combines urinary plus fecal excretion curve

(a single value of the ordinate In Fig, §) and assumes exponential excretion thereafter, an
absolute minimum value is obtained for the blological hall-time. On this figure, which is a2
plot of AC/C, versus at exponential excretion would be represented by a straight line with
zero sloje. Examination of the adjusted curve shows that 0.001% .00033 per cent per day is
excreted at 1750 days (approximately § years) after exposure. Up to five years 8.7 per cent
of the total has been excrated. The time required to excrete an <23itional 41.3 per cent (as.
suming exponential excretion beyond 1750 days) (s

41.3
0.001 X 0.00033

Thus, the mean minimal biological half-time estimate is 118 years, From the above, one may
cor~tude that the excreticn coefficlent Is too small to be of any practical significance in elevat-
ing the oiaximum permissible dose of plutonfum or in pernitting the return to work of an
individual who has reached the maxinum permissible body burden. Onte a2 worker is retired
from work with plutonium because of a maximum tolerance exposure, it musl be assumed that
he 16 retired from such work for the balance of his lifetime, S

= 41,300 days = 113 years with limits of 84 and 175 years.

C. Determination of Plutoniuin Body Burden {rom Urirary. m»n.,n:oav

In the determination of exposure doses by the use of excretion data, one is primarily
concerned with three different situations. First is the case of s single acute exposure dose
occurring at a known time, Second is the case of 2 variable chronlc or sutacute dose with
only the total exposure time being known. Third s the case of a chreufc Invariant {usually
low level) exposure dose with the time limiws known.

The evaluation of the single acule exposure ¢ose occurring at a known time is the basis
of this paper. A urinary excretion curve through 138 days after a single acute exposure is
given in Fig. 4 (Page 28). This curve has been extended beyond the observation Umit to
1750 days (Flg. 5) Ly applying data collected on exposed personnel {rom the Los Alamos Lab-
oratory. The method used to apply these data was cxplained earller (Pages 23 snd 28),

It 1a worth noting that the difference ketwean the adjusted curve and the extrapolated 138-day
curve at 1750 days is less than the stand.rd error of estimate of the former. This finding
allows more confidence in {urther extrapolation beyond 1750 days post exposure. The calcula-
tion of the body burden from a single acuic exposure is stmple,

8ince ot
-0.74
Y, (%)= 020X
¥(c/m)s 0.0020 Dy x"0-74
Then
D, = 00Y (¢/m) x% [1s)

_. n9._3<B»anx&uu:onE.c:xsocﬂm,aw:noﬁuoavom::.o.
M«:ﬂﬂ.an,anwsmvm __ﬁ_wwci- v.a_. .9:_...:. .;w exposure dose in uc or pg 15 easily nznaaman i
the counting geometry, etc., is known,

in the Los Alamos exposures, we have an {llustration of {%e variable chronie exposure
case with known time of exposure. Only under conditions of stress when safety ?npm; of
design may be excecded will this type of exposure be see:n. There are three inethods of
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estimating the total exposure # se under such corditions, Past practice at the Los Alamnos
Laboratory was to assume thm an individual contracted his total exposure dose cn (he last

day of the exposure period. His to'al body burden was then determined by substitution in the
urinary excretion formula as shown above, In this case, zero time is the last day of ecposure.
Obviously this method gives too low a value for the exposure dose as the estimated dos> is
directly proportional to time. A second meth( 1 which has becn used is exactly the same as
the previous onc except that zero time is taken as the {irst day of exposurc which assuTes
that all of the dose was accumulated on exposure cay one. It Is evident that this estimate of
total exposure is too high. The third methed, which was used in this paper to determine the
adjusted urinary excretion curve, ts believed to mere closely appreximate the true situation,
In this method it has been assumed that the toal exposure dose may be reprecented by single
gifective dose occurring at some effective time intermediate to the lraits of exposure. The
equations and steps to be followed with this methed are shown on Pages 23and 29, Grdirarile
the first urine count is used to cdetermine whether an individual should or should not be with-
drawn from exposure. It is not used as one of the two significantly different dose determining
counts. This is duc to the fact that the initial will:drawal counl may reflect the high urinary
excretion resulting from the previova ten days exposure, and !0 the relatively high perocent
excretion during the first 10 days post-exposure pariod. The high rate of elimination resulting
therefrom may relatively obscure any exposure doses accumulated previcus to that time.

The case of chronic invariant cxposure is probably of primary tnterest. This is tie type
of exposure (within limits) that occurs in processing procedures in the plutenium {ndustry in
which als concentratiuns, etc., are rigidly controlled and the work is rrutine, An analysis of
the general case {s presented as follows: -

I m=time of exposure in days, and

n = days from the heginning of an exposure to the time a urine analysis is made
with n > m (preferably by more thar 10 days)
then the counts per minute in the urirz cxcreted on day n is:

-0.74 -0.74 -0.74 -0.74
<=uo.oo~cT~= +U~A=.: *ou;-uv +..:.¢D=_ [a-(m-1)]
where v~ is the exposure dose in counts per mirute on esposure day J,
U» is the exposure dose in counts per minate on exposure day 2,
UB is the exposure dcse in counts per minute on exposure day m.
Corsidering the case in which we are interested, namely, c~ © UN veene =Dy Uh (the constant
dally exposure dose), then
| -0.74 -0.74 -0.74 -0.714
xauo.cchT st M 2] 0T ()
Thus Y
D, = . D -
P 0000 [n M (ML L ne(me2) 0L e (me)) 0]
Considering the bracketed term in the denominator:
. :-o..:‘:_..:-o.:v...... ﬁv.:s-:w .o..:u
T_.E..:.o..z +{n-m+2) RIAIN e an 0T
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rny, term ls similar to the infinite series rl where r has the liiniting values (n-mel) and
(n) 2nd t = -0.74, The sum of the serics =074 ;may be written:

. qwm 1 1 1 1 \
Iotw-'-.a -Jo.a Qld!.n- oﬂ.a §.....4|Iolﬂl.
r«t 1 2 3 R
Thus we may wrlte: rwn
;.805-0.21?303.0.3......4:.9.2- M I%ﬂ.
re(n-mel) T
rsn rs{n-m)
. M -7 - M Al._ﬂ.a:ra:.i
_‘-_w rel r

and on substitution

Y
n

L3
17 0.002 [o(n)-0tn-m)
1.¢ [ollowing empirical fermula® Is good to
tn 1000 for r+5:

2 parts in 50 for re 1 and to better than L part

o(r) = 3.8462 (s ot/ 22080 16)
, Thus, on substitution we have:
D, s ¥
1" 9.002 7.2,.,::.:29”@.u.asn?.a:\:o.ﬁ
or
130 Y
D n

1" 20 (e me /22

Since the total exposure dcse = BU~ = .ﬂo
m

130 mY,
9,38 0.25] )

T s
Do linen2)

In addition to the empirical for
for vaives of ¥ up to G ddys has been inc
may be read directly.

In the equation for ._.ua seven cxposure days per week are assumed,

may be adjusted for six cxposure days per weck ag follows:
We assume Lhal exposure beging on the first working day of a weck for simplicity.

Obvivusly the only days not contributing lo exposure are those on which Dy = 0. Inthe
six day week, therefore, D7 = D4 =D2}=..... D72 = 0 where 2 = number of weeks worked by

the subject. Thus, the terms corresponding to Dy, D4 D2 eer-e eic., must be subtracted
{rom the dose equation,

-{n-msl/2)

mula for o{r) a plot of the real values of g{r) versus (r)
luded (Fig. 8) from which the values of the sums

The formula for

._.c_.:

.Uﬁu_.:.:aam by Bengt Carlson of the Los Alamos “heoretical Division.

. . S0 . . .
P ——
e
. na..\;. CEEIIDENTIAL
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800139b

r/m:r

ﬂ |
_ | “ A
1 - H P l_ {
. 11 T
) FIG & - PLOT OF ofr) + 38462 (r +iF™5.2980 T :LJ
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Hence:
D ¥

074 T

) o_.oouﬁq?v.i:-am-?,3 TS AL PP L b

c4(p-Tasl) i v
And designating the total exposure dose for the six day week as Tp then
U.SS«: e

Tp
0.25 5 T

0.76
-{n-m+1/2) w.h.:.mv +(n-13) +{n-20) L

L n-Tae1) 074 .

Similarly for 5 exposure days per week

T8 38462 w:. 1/2)

Dy«D <D, «D, «D, =
801D =Dy Dyg=Dyy =+« Doy y2Dgy =0
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the total ecposure dose Tp =

ms
500 mY .
- =R S AL
30462 [r e 1/20 P (n-me /2 2] i 8) 0 T (0 8) O (12 e a1
. e ;An-quouvvo.:oﬂu-quosuo.:u_

eceding formulae exposure conditions were assumed to consist of an equal and

no:mh.pwm:wn nnxvouw_,n dose D, equivalent to a cingle injected dose. Also, the constants .
0.0020 and -0.74 were empiricdlly establisied c._nnvo ”m: of n»%ﬁwﬁsugn at the time n

. These values may change as more data become ava . .
i _.M.duw»nn:.o cxample of SM -uv—.wmu:o: of the above dosage calculation is glven vaou. cu.F
{ng the expression for scven exposure days per week. In fact, the seven day nuvoucnono_.ac
may be valld for cither the five or six day week, Such would Le the cuse if one nosurﬂ n..,n
that absorption from the lung s the primary source of contamination and that the .an; ibrivm
between the alveolar and blood plutorlum concentration is not radically altered by 'ne one or

da riod of no exposure each week. . )
ke m.w..«.nv..:.vomea of presenting & specific example we may assume the following conditions:

Duration of exposure {m) = 330 days

Duration of time from beginning of exposure until urine

sample taken (n) s 360 days

Counts per minute of urine sample (Yp) =2 ¢/m

The total body dose ﬂUB may be caiculated {rom the formula:
130xm x <=

T -
o [n2)

On substitution;

~(n-m-1/2)*)

8.58 x 10°

130x 330 x 2 .
o.nJ 200

D [(260.5)"% - (30.5) .
Assuming & 50 per cent counting geometry was uged (1pg = 7x10%¢/m)
T « 0.58 pg

«30x10 ¢/m

T

HV.B

Y. SUMMARY

r 4 Intravenously to man has been
he distribution and excretion of plutonium adminislere
unca:“. The data {rom twelve subjects have been correlated with similar data collected by
other »rcanzmﬁo;. making a total of sixteen cases considered. The data have been supple-
mierted furt ner with observations made on three Los Alamos Laboratory pcrsonnel who ab-
sorbed measurable amounts of plutonium in the course of their work, The results of these
studies may be summarized as {ollows:

s : d on the various subjects indicate
1. Cliaical observations and clinical data collecte
that the tntravenous :njection of a aingle doge of 5 to 100 ug of rlutonlum is
without acute subjective or objective clinical effects.

tion of plutonium showed
. The analysis of tissues following the intravenous injec
? that :..2.“ was little differcnce in the mode of deposition of plutonium In man
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and n the common laboratory anfmals, As In the case of rats and other
laboratury anlmals the skeletal system was the major site ol plutonium
deposition. Retention of plutonium by the liver of man seemed to be higher
and the “blolcgical half-time" in siver longer than for the more con.mon
laboratory animals.

Concentration of plutonium in the btlood following Intravencus injection drops
very rapidly; only 0.3 per cent of the total Injected duse was fixed in the
total blood volume thirty days after (njection.

The nrinary excretion of intravencusly administered plutonium was nol ex-
ponential, Curvilinear regression line fitling showed that the urinary ex
cretion through 138 days was best expressed by the fractivaal logarithmic
function

v, = 023x707

In this ex;.ression Y, Is the per cent of the injected dosz excreted in a
single day and X is the time of observation in days post-infection. The
standard error of estimate 1s 32%.

The above expression for the urinary cxcretion through 138 days wis ad-
justed by Including data collected on Los Alamos Laboratory personnel,
This adjustment permitted the development of an expression for the urinary
excretion of plutonium through 1760 days. The adjusted expresston is:
-2.7

Y =020X
ua

The standard error of estimate of the adjusted cxpression is 42 per cent,

The excretion of plutonium in the feces likewise was rot exponential.
Application of the method of least squares showed the best curve of 1t for
the fecal excretion of plutonium through 138 days was:

v, = 063 x0
In this expression Yy is the per cent ‘ the irjected dose excreted on a
specific day and X is the time of measurement In days post-injection.
The stardard crror of estimate of the above expression is 28 per cent,

The urinary to fecal plutontum excretion ratio obtained by solution of the
above expressions for urinary and fecal excret.on showed the urinary to
fecal ratic was not constant. It was essentially L:l at 30 days and ap-
proached 4:1 at approximately five years,

The total (urine and fccal excretion) theough 136 days wee best expressed
by the equation: ’

Y =079 x 0%

u+f

The total urine plus fecai excretion through 1750 days could be approxi-
mated by adding L expresston for the fecal excretton thicugh 138 days
and the adjusted expression for the urinary cxcretion through 1750 days.
The expression for the combined excretion is:
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Y. . =020%x %M, 063 x 1%
ua+f .
in which Mcul represents the per cent of Wie fnjected drse excreted
in the urine plus feces on » specific day, and X %,ﬂnﬁ.nu the time
of observation in days nost-injection, 4

10, Integration of the above expression between the lLimits of i/2 and nel/2
days post-injection gives the following expcession!

0.26 .09

A = 0.77 {n+1/2) -7.00(n+1/2) 4081

ua+f
which represents the integraled amount of plutonium in per cent of the
injected dose (A, . 1) excreted up to and Including the pth day after
tnjection. Substiwtion in this expression showed that only 8.7 per cent
of a single Infected dose was excreted in appraximately five years,

1L Application of the data of this report to the calculation of the "blological
half-time" of plutonjum in man gives a mean minimal "biological half-
time" estimate of U8 years, with a varlation of from 84 to 175 years,

12, The urinary excretion data of this report were applied to the dlagnosis
ol exposure of personnel to plutonium. Three sets of exjzosure condi-
tions were considered:

{a) The application of plutonium urine Bnalysis to estimate the total body
dose following a single acute exposure occurring at a known time,

(b) The application of plutonium urine analysis to estimate the total body
burden of plutonfum following variable chronic or sub-acute exposure
with only the total exposure time being known ang,

{e) The application of urine analysis to estinate the tatal body burden
{ollowing chronic Invarlant exposure (such 48 may occur in a care-
tully controlled routine plant process) with time of exposure known.

Expressions for the calculation of body dose under the conditions set forth
in (a), (b) and (c) arc included in this 1eport.

8001398 _,
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ARCONNE NATIONAL LABORATORY ooz

9700 South Cass Avenue, ArGonne, llinois 60429

Telephone: 312-972-7678

February 27, 1986

Dr. Robert G. Thomas
ER-72

GTN

Mail Stop G236

J.S. Department of Energy
Washington, D. C. 20545

fol
Dear Dr. Thomas:

With respect to your telephone inquiry relating to plutonium studies in
the Environmental Health Section (previously Center for Human Radiobiology), I
refer you back to the factsheet furnished Dr. Thiessen in 1984 (copy
enclosed).

I had follow-up completed on cases Cal-III and HP-6. Case Cal-I1II died
in 1984 of causes not reasonably relatable to plutonium. Case HP-6 is living
as of several days ago. Both the interviewer who contacted the household, and
a review of the case file, suggest that the functioning of this subject is
such that direct contact is contraindicated. 1 hope this is of some
assistance to you.

Best personal wishes.
Sincerely yours,
./'// IR /5‘/'/( [ /bv/v

James H. Stebbings, Sc. D.
Epidemiology Group Leader

JHS: 11 f
Enclosures
cc w/enc.: H. Drucker, BIM

E. Huberman, BIM
D. T. Goldwan, DOE-CH F=2 o sy
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ARGONNE NATIONAL LABORATORY

9700 South Cass Avenue, Argonn, ilinois 60439

Dr. Jacob Thiessen

Mailstop E-201, Human Health Studies

Yo -0 )2

Telephione 312/972 4146

3 i T v s f B
July 23, 1984 oV ED
JUL 2 51884

hJAAEQA

Office of Health and Environmental Research
Office of the Environment
U.S. Department of Energy
Washington, D. C. 20545

SUBJECT:

Congressional Investigation into Health and Safety Policies of the

Department of Energy (DOE)

Dear Dy. Thiessen:

In response to Dr. C. W. Edington's memorandum of June 27, 1984, on the
above subject, I have enclosed a factsheet on “Plutonium Studies at the Center

for Human Radiobiology (CHR}."

Dr. Edington.

The factsheet is in the format requested by

Please let me know if you need more information or documentation.

AFS:pat

Enclosures

¢cc: H.
H.
P.
P.
E.
Je

Drucker

J. Rauch
Failla

F. Gustafson
Huberman
Rundo

8001400

US Deparrvent of Enercy

Sincerely yours,

A. F. Stehney
Environmental Resé&arch Division

MAR 05 1986

The UMvaes"ry of Chicago



Project Name: Date Started: 2 January 1943
Plutonium Studies at the Center for Date Terminated: Ongoing
Human Radiobiology {(CHR)

Principal Investigators: R. E. Rowland, A. F. Stehney

Objectives of Test:

1. To determine the excretion rate of plutonium 27 years after injection.
2. To determine the retention and body distribution of plutonium.

Short Description:

In 1945-1947, 18 hospital patients of limited life expectancy were
injected with plutonium in order to obtain information about the retention and
organ distribution of plutonium. An important objective was to determine the
relationship between the body content and the rate of excretion in order to
provide data for estimating the body content of plutonium from measurements of
pPlutonium in excreta (p%?assay). The results of this study were described in
Report LA-1151 (1950).'*"

The data in LA~1151 were reviewed in a manuscript prepared by P. wj
Durbin for publication in the 1972 volume, Radiobiology of Plutonium.
Tissue and bone samples had been obtained at autopsy from six of the cases at
times ranging from 5 days to 456 days after injection, and the longest
collection time for excreta was about 5 years. In addition to preparing the
manuscript, Durbin traced the later history of the cases and discovered that
four were still living in 1972.

The Center's direct knowledge of the plutonium injection cases dates from
December 13, 1972, when Dr. Durbin brought her records to CHR for possible
further follow-up. The Center then undertook to determine excretion rates in
study subjects who were still alive and to exhume deceased subjects in order
to determine the amounts and body distribution of plutonium. During 1973, CHR
obtained metabolism samples from three living patients, obtained permission to
exhume from next of kin of three deceased patients, and disinterred and
transferred to CHR the remains of one of these deceased. The metabolism
samples {blocd and excreta) were taken at'Strong Memorial Hospital (SMH),
Rochester, New York.

In 1974, the U,S. Atomic Energy Commission (AEC) reviewed the origins and
subsequent follow-up of the plutonium studies. On December 31, 1974, the AEC
authorized CHR to proceed with the program of study of the living patients who
were injected with plutonium during 1945-1947 and of the bodies of deceased
individuals from that group for whom legal consent for examination is
obtained.

Follow-up Data:

Table 1 summarizes CHR follow-up activities and last known status (July
5, 1984) for each of the plutonium injection cases.

CHR personnel have published 10 reports on results obtained by study of
these cases. 3712 Copies of these reports are attached.
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Table 1. Plutonium injection cases: Summary of CHR activities and last known
status (July 5, 1984).
0ld Case CHR Case CHR Activities Status
Number Number
Cal~1 40-001 10/16/75: Exhumed cremains Died 1/9/66
Rug 78: Returned ,
Cal-II 40-002 No contacts; said to have Died 1/6/47
died in Australia
Cal-III 40-003 6/11/73: Examined at CHR Living 10/19/83
: 6/23-26/77: Metabolism study
at SMH
Chi-1 40-004 6/10/75: Exhumed Died 10/3/45
Apr 78: Returned
Chi-2 40-005 No contacts; cremation ashes Died 1/13/46
scattered
Chi-3 40-006 No contacts; case unidentified Lost to study,
1946
HP-1 40-007 1973: Next of kin refused Died 1/12/60
permission to exhume
HP-2 40-008 1973: Next of kin refused Died 4/4/48
permission to exhume
HP-3 40-009 1/28-2/18/73: Metabolism study Died after 6/5/81
: and radioactivity measurement
at SMH ’
1/23-24/79: Metabolism study
at SMH .
HP-4 40-010 9/24/73: Exhumed Died 4/29/47
Jul 75: Returned
HP-5 40-011 1973: Next of kin refused Died 4/29/46
permission to exhume
HP-6 40~012 2/14/73: Metabolism study Living 12/30/74”
at SMH :
6/21-7/1/73: Metabolism study
at SMH
HP-7 40-013 1973 and 1977: Next of kin Died 10/27/46
refused permission to exhume
HP-8 40-014 No contacts Died 11/22/75
HP-9 40-015 5/18/78: Exhumed Died 7/2/47
Jul 81: Re turned
HP-10 40-016 No contacts Died 6/2/57
HP-11 40-017 No contacts Died 2/26/46
HP~12 40-018 No contacts Died 4/13/53
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. N : ) Argonne Area Office REC'—!VED
9800 South Cass Avenue
Argonne, lllinois 60439
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lg) kpfy‘
Dr. Alan Schriesheim, Director ’ \pﬁ“
Argonne National Laboratory - j Kfi
9700 S. Cass Avenue \V“

Argonne, Illinois 60439

Dear Dr. Schriesheim:

SUBJECT: FREEDOM OF INFORMATION ACT (FOIA) REQUEST DATED OCTOBER 30, 1985,
DOCKET NO. 11048504D

The enclosed FOIA request is for a copy of a memo from R. E. Rowland to

H. A. Schultz dated December 21, 1972, which discusses records of 18 plutonium
research subjects. The requestor is also asking for any supporting
documentation and any subsequent memos regarding the subject.

Due to statutory time limitations for responding to FOIA requests, we must
have your response no later than December 2, 1985.

Sincerely,

[}

féyi David T. Goldman

Area Manager

Enclosure:
As Stated

cc: A. Zilberstein, ANL, w/enclosure
R. E. Rowland, Princeton, KY, w/enclosure <9072 —-3p3 — 9\0( 7C/
SRR/ ear ol Eh

s
T
g
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Mr. Ronald Turner

MA-232.1

U.S. Department of Energy

Freedom of Information and Privacy Act Branch
1000 Independence Ave. S.W.

Washington, D.C. 20585

To the FOI Officer:
This request is made under the federal Freedom of Information
Act, 5 U.S.C.'552.

Please send me coples of . Memorandum, dated 12-21-72, from
Dr. R.E. Rowland to H.A. Schultz, senior staff assistant, Records and
Data Processing, Center for Human Radiobiology, Argonne National
Lab. Memo discusses instructions from Rowland to Schultz on records of
18 plutonium research subjects. Records were transferred to Schultz for
his disposition. Please include any supporting documentation and any
subsequent memos regarding this subject.

As you know, the FOI Act provides that if portions of a document
are exempt from release, the remainder must be segregated and disclosed.
Therefore, I will expect you to send me all nonexempt portions of the
records which I have requested, and ask that you justify any deletions by
reference to specific exemptions of the FOI Act. I reserve the right to
appeal your decision to withhold any materials.

I promise to pay reasonable search and duplication fees in
connection with this request. However, 1if you estimate that the total
fees will exeed $50, please notify me so that I may authorize expenditure
of a greater amount.

I am prepared to pay reasonable search and ‘duplication fees in
connection with this request. However, the FOI Act provides for waiver
or reduction of fees if disclosure could be considered as “primarily
benefiting the general public." I am a journalist employed by The Knoxville
Journal and intend to use the information I am requesting as the basis

~ e -~ for a planned article. Therefore, I ask that you waive all search and
duplication fees. If you deny this request, however, and the fees will
41955 exceed $50, please notify me of the charges before you fill my request
DEC G4 19 so that I may decide whether to pay the fees or appeal your denial of my
request for a waiver.

As I am making this request as a journalist and this information
is of timely value, I will appreciate your calling me by telephone, rather
than by mail, 1f you have any questions. Thanks and I will look forward
to your reply within 10 business days, as required by law.

Sincerely,
800140b -y YWM

Randell B «, reporter '
(615) 522-4141, Ext. 423 . Y
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U.S. DEPARTMENT OF ENERGY

November 13,955 memorandum
MA-232.1 —000n Qf{aaz%h;

Freedom of Information Request#// 04 85050

Jane Moenbhact, CH Dpa,raifbw«.s Slce
Bernle  Puss

The attached Freedom of Information (FOI) reguest is being sent to you for
action as the records requested appear to be principally within the purview
of your organization. If our determination is incorrect, please inform me
immediately to wham you are forwarding this request.

1f other divisions, offices or field organizations also have records relevant
to this reguest, you as the appropriate FOI Office are responsible for request-
ing their participation and for coordinating the response. It is important that
an appropriate response be forwarded to the requester within 10 worklng days as
failure to act can be deemed a denial.

On the reverse side of this memorandum, a& "Reminder of Procedures for Handling
FOI Requests” should assist your staff. If you have any questions, I can be
reached on FTS 252-5955, -

A
John H. Carter

Chief of FOI and Privacy Acts
Activities Branch
Division of Reference and

Attachment Information Management

DEC (4 1985
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INTRA-LABORATORY MEMO

July 3, 1984

TO: G. J. Hamilton

FROM:

A. F, Stehney

SUBJECT: Updates on Series 40 Cases

Please try to get an
cases 40-003, 40-009, and(40-0123
information by July 10.

AFS:pat

cc: J. Rundo\////

8001408
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ate on the current status and whereabouts of

I would appreciate receiving this
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LABORATORY INTRA-LABORATORY MEMO

November 27, 1985

TO: E. Huberman

rab

SUBJECT: Freedom of Information Act Request

FROM: R. A. Schlenker

We have been unable to locate the memo from Rowland to Schultz dated December
21, 1972 which you requested about 5:15 p.m. yesterday following the receipt
of a letter from D. T. Goldman to A. Schriesheim concerning this matter. As
today is the last business day before the deadline, December 2, further search
is not possible without missing the deadline. Locating this memo is
complicated by the fact that Rowland retired about two years ago and Schultz
is dead.

Other intra-laboratory memos on the 18 plutonium research subjects referred to
in the Goldman letter, mention them by name and give personal information
about them. The release of such documents would be a violation of the
patients' privacy and the right-to-privacy is protected by law. It would also
constitute a violation of normal ethical practice in the handling of patient
medical records.

The subjects referred to have been studied by several organizations since the
mid 1940s. Non-personal information can be found in the scientific
literature. A good review and guide to the literature up to the time of its
publication can be found in Patricia W. Durbin, "Plutonium in Man: A New Look
at the 01d Data," pp.469-530, Radiobiology of Plutonium, Edited by Betsy J.
Stover and Webster S.S. Jee, Published by the J. W. Press, Department of
Anatomy, University of Utah, Salt Lake City, 1972.

1w bevs e
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PRIVACY ACT MATERIAL REMOVED

CENTER FOR HUMAN RADIOBIOLOGY
Operated for The U.S. Departvent of Enercy by ARGONNE Nartional Laboratory

September 10, 1984

Mr. Joseph Dehring, Staff Assistant

Research Projects, Bureau of Vital Records
Corning Tower, Rockefeller Empire State Plaza
Albany, New York 12237

RE: Project 80-194
Dear Mr. Dehring:

In conjunction with our ongoing radium study, we are again requesting a
copy of your original vital records. May we please have a copy of the

death certificate for the participant listed below? )
7y
NAME : 75 2
DATE OF DEATH: Search 1974 to present 7é7 2
SPOUSE: 7 4 /
ey %:9
BORN: about 79 7 27
LAST RESIDENCE: 717
PLACE OF DEATH: University of Rochester Medical Center (77)

Rochester New York

We are enclosing our check for $6.00, the initial fee for this service;
please bill us for your search efforts. All records received at the Center
are used for scientific research. We are enclosing a self-addressed, pre-
paid envelope for your reply. Thank you for your cooperation.

Sinterely,

-

) . /4557 { /(‘\%§€;1$494é0
- E) a2
REC’? %\] E Gail L. Knasko, ART, CTR
Supervisor, Records

coo b 13Eh D e e
/glk AN ECO'{DA Vst e nliﬁm‘u;‘;;a
Enc. Check #058psoyiT\L RELURL? N
BGS&%@T,OF HEALTH 0CT 251584  Recewep cHR

CHR RELGROS  OCT 2 1
ORIVACY AGT MATERIAL REMOVED o 2 1984

RECORDS ROOM

0 / ARCONNE NATIONAL LABORATORY
800 114] 9700 South Cass Avenue |
Ar we llivois 60439 Telephone 312./972-4

T
—_—



STATE OF NEW YORK

DEPARTMENT OF HEALTH .

4] OFFICE OF PUBLIC HEALTH

CORNING TOWER ® THE GOVERNOR NELSON A. ROCKEFELLER EMPIRE STATE PLAZA © ALBANY, N.Y,. 12237

DAVID AXELROD, M.D.
Commisaioner

N

A %ZZ;w%
7T Lot3s

WILLIAM F, LEAVY
Exocutive Deputy Director

o g0 7

We have completed your research project.

/ Uncertified copy/copies enclosed.

Request(s) not filled - no record(s) on file for name(s) submitted.

Additional Information and Comments:

The Public Health Law requires a fee of $5.00 per hour or fractional
part thereof for a search of each name submitted, and a fee of $1.00

per uncertified copy provided.

$-g.ac> Total fee

$ 620 Will be retained from your advance fee

Receipt # 1 2/587C

Amount $¢ -c0

$ ~ Balance due

$ Refund in process from our fiscal office

If a balance is due, please send usfgbur check or money order, payable
to the New York State Department of Health, as soon as possible so that

we may credit your account.

Thank you.

RECEIVED CHR
JD/jes o
Enc. OCT 2 1984
(0883) RECORY ™ ROGM

8001411

Return this letter with your payment.

Sincerely,

Rt

O

Joseph Dehring

- - 2 ! -l‘: - ;
S Bk ames U e

Staff Assistant CCT 251584

Research Projects

Bureau of Vital RecordEJ‘h p s
7’) ‘-3 ?/ g1 a I LER TN SO0



1@ TO: Gail L. Knasko PRIVACY ACT MATERiAL REMOVED 6 w Date
CHR Records Room s
N N
I\ 203-3160 i i W -
, T e B
: )
FROM: Q\M\m %Y -
YI
. D
! (]
Death Certificates to be Ordered from States Or Provinces
pate of Place of Death
CHR # Name Last Residence peath (include town, county, state)
) cavan =) F 7L Z PPp ~N =
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ARGONNE
NATIONAL
LABORATORY INTRA-LABORATORY MEMO
PRIVACY ACT MATERIAL REMOVED
July 6, 1984
TO: File
FROM: E. E. Adams
SUBJECT: (40-012)
7/5/84 EEA

7 {(40-012) We were referred to Medical Records, Strong Menmorial
Hospital, for information about this man. However, they require us to write
to them and will give out nothing over the phone.

EEA/md

cc: A. F. Stehney

. T AAATEIIA]
PP\‘VI’-\\QY /‘\’\/T I‘-'i.[\‘.l CriiAL

LHCROFILME
RECEIVED

JUL 1384
gogoluLl3 Crife wCORDSHR RECORDS

ity E

1 ~r
Ll Lo !:‘C,jv



ARGONNE — /
NATIONAL f}Q? @13
LABORATORY INTRA-LABORATOR‘( MEMO

June 8, 1981

TO: CHR Records Room
FROM: Nancy A. Leventry

SUBJECT: Location of Dr. Christine Waterhouse

Christine Waterhouse, M.D., once physician to 40-009 and _40-012, has left
Rochester, NY. The 1979-1980 Directoryof Medical Specialists lists her birthplace
as Kennebunk, ME. Directory assistance for Maine (207) lists the office of a
Christine Waterhouse, MD, in Biddeford, ME (about 10 miles from Kennebunk), as

207/283-0255.

md

- | MICROFILMED
JUR LS s

CHR RECORDS

RECEIVED CHR

JUN1 0 1981
8001yl | RE_UADS ROOM

ANil =728 (11-€R1}
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ARGONNE

NATIONAL
LABORATORY INTRA-LABORATORY MEMO

SRIVACY ACT MATERIAL REMOVED
June 5, 1981

TO: CHR Records Room

FROM: J. Rundo

SUBJECT: Current status of 2%°Pu injection case 40-009

1. Mrs. Leventry obtained the current telephone number (207/283-0255, via FTS
operator 833-3131) of Dr. Christine Waterhouse, who is now living in Maine.

2. I called Dr. Waterhouse on June 3 and asked if she knew if the two patients
( , ) were still alive and if so, in whose care. I told
her of the negative response to Dr. Adams' letter of April 3, 1981, to
Dr. Robert Heinig, and she replied that the patients were in the care of
Dr. Hornick, Chairman of the Department of Medicine at the University of
Rochester. She said she would make enquiries and would call me back.

3. Dr. Waterhouse called me on June 5; is alive and is in a nursing
home in Canandaigua, NY (about 30 .miles from Rochester) in the care of Dr. Joseph
Guattery (335 Parrish Street, Canandaigua, NY 14424) who knows about her back-
ground. The University of Rochester is paying the nursing home and Dr. Guattery.

4. Dr. Waterhouse thought that we stand a good chance of eventually getting some
material for examination. is almost certainly not able to will
her body. An eventual autopsy might be permitted by the son and his wife, whom
Dr. Waterhouse knows well.

5. Dr. Waterhouse is still trying to find out the status of o 40-012. —
md
cc: R. E. Rowland

AL F. Stemney VIICROFILIVED

E. E. Adams

B. C. Patten

R. A. Schlenker JUN L6 ooy

R. P. Larsen

PRIVACY ACT MATERIAL PE3I0VED CHR RECORDS

RECEIVED CHR

JUN 9 1981

RECORDS R0Uwv

800ILITD
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CENTER FOR HUMAN RADIOBIOLOGY
Operated for The USS. Departmvent of Energy by ARGONNE Narional Laboratory

April 7, 1981

American Medical Association
Membership Information

535 N. Dearborn

Chicago, Illincis 60600

Dear Sirs:

In order to follow up subjects in our radium research project, I am
anxious to contact Dr. Christine Waterhouse who was formerly at the

University of Rochester Hospitals.

I would appreciate your help in obtaining a current address (and
if possible, a phone number) for her.

Sincerely .

W;// é&f/’ A7 »5)

Evelyn E. Adams, M.D.
Medical Director

EEA /Ilw

SIS R

,’: Z
CrR RIZOTC
R: 7073 OoR
_ APR Q1981

~ ARCONNE NATIONAL LABORAIORY

goolulb O «‘ RECORDS ROOM

( 9700 South Cass Avente

Anronne Mivoie 040 Tlenlinae 319 7079 .415%



\ - CENTER FOR HUMAN RADIOBIOLOCGY 7
Operared for the US. Deparmment of Energy by Argonne Narional Laborarory

‘__,-.iv_f’*i*fV:ACfﬂ\'CTMATERfAL mfoxm SR

‘ LT "April '3, 1981

" Robert E. Heinig, M.D.

" " Department of Medicine

Strong Memorial Hospital
.Rochester New York 14620

| Dear Dr Hemlg

’ Some years ago ‘we collaborated with Dr. Chrlstme _\"aLerhoa:e in
a study of two patlents of hers.

-0 born and 5/0 Oo?

. born 1/0 —o/J-

~and for the sake of completeness of our records we should like to know

if they are still alive, or, if dead, what the causes of decath were. 1
understand that since Dr. Waterhouse left Rochester, most of her patients
are now in your care. Does this apply to these two and if so, are you
able to give us any information about their present statu“? We should be
most grateful. N

Sincerely,

G 7 ///m, /z/,a
E"913(“ E. Adams' M.D. ' E _
Medical Director - o ) -

o . ‘5/7/8’/ /3 30,05»’ B R

EEA/md Q 4o
R. E. Rowland MW"“’V : M Coateo,
A. F. Stehney ‘ . | ) : : .

¥ ?'"\"Yl\f‘] MATER:AL RLMG"ED

CHR RR . ST 2
cewed O
I PR 198\
BOOHIYI11 ARGONNE NATIONAL Lf\\BOlATO | | ecoRs oM

9700 South Cass Avence
Auconne flixois 60459 Flepho~e 312 /9077 A157
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PRIVACY ACT MATERIAL REMOVED

Qo€ -ARAETIE

ARGONNE NATIONAL LABORATORY 1/31/80

Gail:

Dr. Rowland was in here this morning and
was looking at the charts listed below:

40-003
40-009
_40-012

They are the only Pu cases which do not

have a code in SAC to indicate whether they
are living or dead, except for CHI/3 Unknown
which was lost and which we can forget.

(We lost track of person-~we have the file.)

He would like to have you code in the following
for these people:

40-003 ) 178 (Brues memo)
40-009 L75 (Her signature)
40-012 L74 (His signature)

SRIVACY ACT MATERIAL REMOVED

ANL-352 (11-77)

800148
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Center for Human Radidbiology '
Peripheral Leucocyte Chromosome Analysis

Case # Yo -cia Sample date %,/’ ’FSPTE

A sample of peripheral blood was drawn from the patient into a sterile )
heparinized tube «£7° 5'7’0;7 Alerm o s pr ;’/7/'73/, Aocibros 7o Lol ees SR
Leucocytes were cultured, using standard culture techniques including PHA
stimulation. The cultures were terminated after 50-53 hours. Slides were
examined following standard Giemsa staining. Slides were scored on
3//¢/73 and a sample of /o0 cells was obtained. The sample
consisted of sufficiently well spread cells with 46 or more centromeres. A
copy of the cytogenetic unit's score sheet is attached.
TRIVALY ACT MATERIAL HEMOVED

Results were as follows:

Number
Cells with 46 centromeres 2,_,
Cells with > 46 centrométes X
% hyperdiploid cells ¥
Rings + dicentrics (and associated fragments) ¢
Chromosome minutes v
Acentric fragments Z
Total chromosome aberrations per cell &
Chromatid deletions /
Gaps /
Total chromatid aberrations per cell L2
Total aberrations per cell s O

RIVECY ACT MATERIAL BELOVED

Date of report 7///79‘ Submitted by /g%mw
T 4

8001420
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TABLE 5

PLUTONIUM CONTENT OF BLOOD SAMPLES* FOLLOWING INTRAVENOUS

INJECTION OF APPROXIMA‘II"ELY 5 pyg OF PLUTONIUM AS Pu+4—CITRATE : 5
5 A = \“‘Lv‘ \ - ;
DAYS PATIENT CODE AND pmsz:N'r OF LyfECTED DOSE IN TOTAL BLOOD VOLUME*
-INI.‘T::‘EE?ON Hp-1 Hp-2 Hp-3 | BHp- -4 ;1 Hp-5 (Hp 6 V Hp-7 Hp-8 Hp-9 Hp-10 Hp-I"ZJ AVERAGE '
1/6 46,02 4> - 28.32 | 83.31 | 3151 @) @82 57) 37.64 | 40.83 | 51.57 5.3‘21{ —85% |44.2 ]
1 21.83 | 19.35 | 151 - 6.23 | 10,97 | 16.40-| .14.51 12.38 | 24.68 | " 15.7
2 - | 838 | mse| - - - - - - - 9.97
3 - 10.03 - 1664 | 116 | 2.94 | 6.97 | 4.94 | 6.22 | 20.06 gs’-'jl 8.62 L
4 . - a2 - - - - - - - 4.q
5 - - - - 0.66 - - - - - - - e
6 3.30 [ 4.25 | 217 ] 6.14 - .00 | 296 | 207 | 391 | 491 - 3.4 , 5
8 - 2.32 | 142 - - - - - - - - 1.9 r:
9 - - - 4.60 - - - - - - - - i 5
10 L42 - - - 030 | 038 | 13| 137 221 | L72 - L2 i
13 - - 0.61 | 2.3 - - - - - - - 15 4
15 - R - o.11| 02 | 066 | 071 142 | 102 - .70 s
17 - - 0.51 1.45 - - - - - - - L0
22 - 0.70 - - 0.18 | 0.25 - - - - - .38 :
23 - - 0.25 | 0.72 - - - - - - - " 48
29 - - - - - - 0.37 - - - - -
30 - - - - - - - - - 0.36 - -
31 - - - - - - - - - - 0.51 -
36 - - - - - - - - 0.42 - - -
42 - - - - - - - 0.17 - - - -
16 - i - 1 - et B ) I I -
*Total Weight of Blood Taken as 7.71% of Total Body Weight., . o
C.- Excretion of Plutonium

)

the intravenous injection of approximately 5 pg of plutonium as Pu

of sodium

collected in 24 hour samples through 22 days post injection.
24 hour urine samples was continued as long as the patients were available for study.
not possible to retain the subjects as long as was desired and the major wealmess in these

resulis is

followed 22 days, one for 23 days, one for 27, and the remainder for 30 days or longer after

injection,.
case (14)

ments at longer time intervals, the Chicago and California data have been incorporated with

Urinary Excretion

The urinary excretion of plutonium was studied in eleven of the subjects following
in 0.4 per cent solution
With the exception of the first day, urine from all subjects was
After 22 days the collection of
It was

citrate - 2H9O .

the short time interval over which the studies were continued. Two subjects were

-The Chicago cases (13) were-followed for 16, 140, and 186 days and the California
was followed for a period of 341 days. Because of the great importance of measure-

&
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. r/ DATE TABLE 6
Reynt W Mwﬂ&_ﬁb B) | TABLE 6
INDIVIDUAL URINARY EXCRETION VALUES OF PLUTONIUM FOLLOWING INTRAVENOUS ADM
TO HUMAN SUBJECTS (EXPRESSED AS PER CENT OF DOSE EXCRETE\D PER \P‘A
: ‘ \p- =
P payspost| ¢ 1 | PERy camjgakmmcmb DOSE EXCRETED PER DAY... PR
R . INJECTION | Hp-1| Hp-2| #p-3 | 5ip-4 | #pf | fitp-6 | Hp-7 | 1p-8 | Hp-9 | Hp-10] Hp-12 conkren, ki, 122 cal.- 1) -
4, v 1 as1o| a7z | seo | 4s0 |k - Aewn| 377 | e04 41 | w01 esv | 2531 | Lis2c | 480 ¥
; 2 .146-] .204 | .289 | 236 | .166 s 212 | 232 | .085 | .330 |-.103.| .182 L 153 167 | 150 %
3 L4 ) 174} 112 ] 221 | 077 | .127 | o137 | 128 | 069 | .218 | .088 | .083 184 .07 .120 i
4 .004 | .123 | .107 | .132 | .052 | .111 | .096 | .140 [ .066 | .170 | .078 | .077 .133 .033 .031 i
5 069 | .116 | .078 | .116 | .030 | .076 | .059 | .083 | .047 | .089 | .088 | .08 .032 .042 .037 R
- i .086 | .061 | .043 | .119+| .020 | .057 | .059 | .078 | .052 | .060 | .04¢ | .0256 | .G29 .042 - L
7 .062 | .062 | 043 § .077 | .033 | .044 | 045 | .066 | .050 | .079 | .069 | .0234 | .024 .024 - R ¥
R 8 .055 | .048 | .049 | .081 | .026 | .043 | .037 | .057 |.032 | .065 | .080 | .0227 | .023 .025 .016
‘ 9 .051 | .046 | .022 | 095+ .027 | .032 | .033 | .047 | .032 | .051 | .043 - .627 019 .069 L
;{ 10 .045 | 038 | .027 | .081*{ .022 | .031 | .023 | .050 | .035 | .044 | .038 | .cus2e| 034 .030 .026
) 11 .040 | .048 | .027 | .075*| 021 | - | .018 | .0%4 | .026 [ .041 | .038 | .0e37 | w7 .019 .036 2
12 .038 | .039 | .015 | .072+| .oz6 | .024 | .019 | .023 | .030 | .038 | .027 | .0u95 | 047 014 .029 E
13 .034 | .045 | .020 | .067+| .023 | .023 | .019 { .037 {.027 | .029 | .030 | .0236 | .G18 .034 - :
: i4 .035 | .036 | .020 | .058*| .018 | .020 | .013 | .035 {.030 | .029 | .033 | .007 034 009 -
15 .034 | .039 | .028 | .050 [ .015 | .022 | .012 | .035 |.030 | .025 | .02¢ | .0059 i .G26 | 016 .013
16 .026 | .024 | .024 | .033 | .020 | .0173] .012 | .036 | .049%{ .021 | .023 | .0109 | .01z 004 =| .016
4 17 .027 | .027 | .021 j.032 |.020 |.013 Y .01 | .032 |.038 | .023 | .029 - .028 - L0056
) 18 .028 | .020 | .01 | .037 |.020 | 015, o1l | .029 |.027 | .021 | .026 - .026 - .010
! 19 .025 {.019 | .018' ] .032 {.018 | .015/|.010 | .031 {.029 | .017 | .029 | .0022 | .0i5 - .006
1 20 .017 {.021 | 0124 .025 | .021 | .013' | .008 | .032 }.029 | .018 | .032 | owe3 | 038 | - | .0048
+ 21 017 {.017 | .019.(.029 | .020 { .012,{ 010 {.028 |.032 | .022 { .025 | .G076 | .032 - ‘o017
-4, 22 016-] .015-{ .014, [ .035 |.018 | .012 | .013 | .021 |.032 | .016 |.025 | .0i45 | .o27 - L0050
VE 23 025 | .018 | .014 | .014 - - }.008 |.021 |.032 | 019 |.039 | .015) | .029 " .0091
i 24 .021 |.0)4 - - - - J.008 |.025 |.032 | .06 |.c23 | .0128 | .020 e .0076
25 013 1.014 ) - .01l - - ].008 | .023 |.020 | .06 |.021 | .0128 | .m8* | % 011
28 - | .ou - j.on1 - - .1.007 |.022 }.032 | .016 |.023 | .0175 | .02¢ J- .0022 .
27 - |.o08 | - |.008 - - | .o08 |.028 }.032 [ .01 |.017 | 0151 | 043« | % .0044
28 - j.o0s | - - - - [.008 |.023 |.024 | .013 [.024 | .0097 | .034 - 0074
29 - 109 | - - - - }.o08 {.019 {.025 | .014 |.023 | .0138 [ .o022 - L0043
30 - | .008 - - - . 1.oo8 ].021 |.023 | 014 | 021 | 0151 ] .024 - L0065
31 - 007 - - - - .00S | .017 §.025 - 021 | 039 027 7 - 0077
32 - .07 | - - - - j.0075.016 j.024 |- - |.012 | 010 .620 - .0063
33 - | .009 - - - - 1.006 |.015 |.022 - | 0374} 017 .01t - .0073
3 - | .008 - - - - 1.006 1.015 [.020 | - {.02c | .0:139 | .ou3 - .0084
- 35 - - - - - - 008 | - |.022 - 1.z | et | o - L0069
38 - - - - - - [.006 |.015 {.022 - J.ow | owoies | .01 - .0079
37 - - - - - - }.006 {.011 - - | .bzzed ot | oLond - .0063
38 - - - - - - - Jow | - - J.is ) oama 1 003 - .0035
s 39 - - - - - - - 012 - - 02t L6112 .009 - .0064
40 - - - - - - - {on - - | i wovz | o090 - L0072
4t 41 - - - - - - - ].01 - - || ove2 | on - L0080
42 - - - - - - - .04 - - {013 | 027 - - L0081
43 - - - - - - - .o, - - bt | lovss | o017 - .0076
44 - - - - - - -1 .0M4 - - .01 | L0031 - - .0055
43 - - - - - - -l - - o) 013 .018 - .0063
e 48 - - - - - - - 1. - - - 012 . - .0073
! 47 - - - - - - - o] - - ].0i5 - .C20 - . .0052
= 48 - - - - - - - |.cu4 - - 017 | .0u64 - - .0059
49 - - - - - - - {.08 - - .05 | .0083 - - L0063
: 50 - - - - - - - .04 - = - ,0054 1,018 - .0078
1, 51 - - - - - - - 1013 - - - .007 - - .0082
: 52 - - - - - - - - - - 1.035 1 .0073 - - .0098
3 53 - - - - - - - jo -} - |.015, 0023 - - .0074 &
s 54 - - - - - - - pL03 - b - 3 - - - 0077 S;‘L
B ’ ’ 55 - - - - - - - 1.0i5 - b o ol ooia b ool - .0056 -
. 55 - - - - - - - {.013 - - L0235 | .003 - - 00564 LB
EEl 57 - - - - - - - o2 | - - b | oo |- - L0050 7
1 53 - - - - - - - .o} - - |oze poGons |- - L0653
1z 59 - - - - - - - 012 - - - o - - .0058
S I 60 - - - - - - - .ot} - - -} L0053 | .C22 - .6067
S 61 - - - - - - - oz} - - - 1 o058 - - .00C6
: 62 - - - - - - - }.000 4} - B S TP - - 0058
@ 63 - - - - - - - {.009 - - - 1 .cogs - - .0077
5, 64 - - - - - - - o2 ] - - - 0ot - - L0342
x €5 - - - - - - - l.on - - - {0098 | 024 ;0 - 0042 .
'y .. 68 - - - - - - - - - - -} 014 - - .0047 t
? .67 - - - - - - - - - - - |01 - - .0064 o
i 63 - - - - - - - - - - - .o - - L0063 Ea
,g . €9 - - - - - - - - - - - | .01l - - L0070 o
70 - - - - - - - - - - - 1o - - 0160 1 ¢
e § 71 - - - - S I - - - - oess T - - Lz b
- 52 - - - - /‘ - - - - - 1 .003% | .04 - oosz | ,
g 73 - - - - /{ - - \ - - - - }.0083 - - .6059 J’ ,
3 < 5% . LAR N Ch-
3 uﬁ‘/l“ Tyipro ‘ ven 24 CH-3ec? | 355
B }5 : Hv‘ﬁ . oo :
. %A
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Lo (ﬂémms W mm,/_e e B w??'_”& TABLE 9
el b INDIVIDUAL FECAL EXCRETION VALUES OF PLUTONIUM FOLLOWING
N INTRAVENOUS ADMINISTRATION(!) TO HUMAN SUBJECTS
= K : (EXPRESSED AS PER CENT OF DOSE EXCRETED PER DAY) PR
T ‘y’ b ) - g
. J L DAYS POST PER CENT OF INJECTED\DOSE EXCRETED PER DAY b o }5
INJECTION | Bp-1 | Hp-2 [ Bp-3 | Hp-4 | Hp-5'| Hp-6 |[/Hp-7 | Hp-8 | Hp-9 | Hp-i0 | Hp-12 t:‘m;j) ;,f
: 1 052+ | .204 | .018%| .13a | .obas] 147 | .178 | .333 | .087 | .370 | .250 g
f 2 221 | .204 | .157 | .274 | .311 { .085 | .120 | .268 | .389 | .087 | .370 | .4G5 2
’ 3 241 | .204 | .157 | .274 | .311 | .179 | .087 | .210 | .389 | .087 | .297 | .254 i
4 .050 | .317 | .095 | .305 | .185 | .179 | .080 | .080 | .131 | .110 | .297 | .380 E.
1 5 .105 | .317 | .089 | .306 {.110 | .179 |.055 |.080 | .131 | .il0 | .183 | .223 %
6 .046 - .07 | .126 |.110 | .179 | .055 |{.080 |.131 | .110 | .183 | .1I6 %
7 .021 - |.070 | .126 | .110 | .037 | .055 |.080 |.131 | .110 | .020 | .083 8
- 8 021 | .120 | .070 | .126 | .064 | .037 |.055 |.070 |.131 | .034 | .020 | .1i2 &
) 9 021 | .120 | .070 | .126 | .051 | .037 |.032 |.070 |.131 | .034 | .020 | - 3
: 10 .021 | .084 |.027 | .117 | .051 { .037 |.032 |.070 |.131 | .034 | .020 | .021 a
i ’ 11 .046 | .084 | .027 | .117 | .052 | .023 | .032 | .070 |.118 | .034 | .020 | - %}
1 12 .046 | .084 | .027 | .117 | .052 | .023 |.032 |.045 |.118 | .034 | .020 | .033 ;
1 13 .046 | .084 |.027 | .117 |.032 | .023 | .023 |.045 |.118 | .034 | .020 | .045 ‘
g 14 .046 | .062 | .023 | .085 | .032 | .023 | .023 |.045 | .118%| .022 | .020 | .044 4
i 15 .035 | .062 | .023 | .085 |.032 | .015 |.023 |.045 | .118%*; .022 | .023 | .642
13 16 .035 | .062 |.023 | .040 |.017 | .015 |.023 |.032 |.414*| .022 | .023 | .034 4
R ¥ 17 .035 | .062 | .023 | .040 |.017 | .015 |.016 |.032 |.I57¢| .022 | .023 | - 4
{ 18 .035 | .055 | .016 | .040 : .017 | .015 |.016 |.025 |.157*| .022 | .023 | .031 ;
4 19 015 | .055 | .016 | .028 |.017 | .015 ;.016 |.025 |.055 | .012 | .053 | .02V ]
14 20 .015 | .055 | .016 | .028 |.020 | .015 |.016 |.025 |.055 | .012 | .053 | .09 ;
21 .015 | .055 | .016 | .028 | .020 | .00 | .008 |.025 ;.05 | .012 | .053 .019 3
. 22 .015 | .022 | .006 | .028 | .620 | .010 | .008 |.045 |.055 | .012 | .053 | .018 &
ok 23 .017 | .022 | .006 | .026 - - |.o08 |.045 |.052 | .012 | .026 | .010 !
R 24 .017 | .022 - - - - 1.008 |.009 |.052*| .012 | .026 | .023 .
CT 25 - | .022 - - - - 1.o11 |.009 |.052%| 006 |{.026 | .013
Sk 26 - {.021 - - - - l.011 |.009 |.052%| .006 | .026 | .023
27 - {.021 - - - - }.011 {.009-].045%| .006 | .016 | .0083
R 28 - - - - - - 1.011 |.000 |.043*| .006 | .016 | .0089
. ; 29 - - - - - - 1 - |.008 !|.043 | .006 [ .016 | .0158
SRR 30 - - - - - - { - l.018 |.083 | .006 |.016 | .0063
B 31 - - - - - - i - |.018 .03 - ].016 | .0074
k 32 - - - - = b= ' - 1.0 |.035 - | .016 | .0062 4
1 33 - - - - - - 1 - |.o18 |.085 - {.018 | .0079
i 34 - - - - - - ' - ].0i8 {.035 - 016 | .00
35 - - - - - - i - |.om }.035 - 1.022 | 0054 X
% 36 - - - - - - . .08 - - |.022 | .0054
i 37 - - - - - N - - | .022 | .0050
it 38 - - - - - - 0 - |.cz8 - - 1.022 | 0042
T 39 - - - - - - .- j.ou - - - 1.0047
ek 40 - - - - - - i - l.olt | - - - |.0666 |
ot 41 - - - - - - - feenn - - - | .0064
E 42 - - - - - - i - {.o11 - - - 1.G053
43 - - - - - - 1 - lon - - 008 | 0047
] 44 - - - - - -1 - ton - - 1.008 | .c902
) . 45 - - - - - - - |04 - - l.008 |.6222 |
" ! 49 - - - - - e Q14 - - -.008 | .0833
ek 47 - - - - - - - ].0K - - - 1.0028 |
’ —
! - 32 -
1
¢
L Qs o
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DETAILED RESULTS:

wo-d2) 09

0 CASTB (NEW) 750529

PRIVACY ACT MATERIAL REMOVED
CALCIUHM
¥ R kX
NAME: %CASE NO.: 40-012 *SAMPLE NO.: 090
EVENT: COLLECTN *DATE OF EVENT: 730624 *LAB NO.: 1148
TYPE: U *SAMPLE DESCRIPTION: URINE -
ITEY UNIT -—---——=——-- ANALYSIS NOMBEP--—-------
1 2
1. SAMPLE SUB-NUMBER 090D 090D
2. METHOD CHA CHA
3. DATE REQUESTED 730815 73081¢%
4. DATE ANALYZED 741022 747210
5. SAMPLE SIZE DAY 1.000 1.000
6. ALIQUOT FRACTION 0.762 0.762
7. VCL. OF ALIQUOT ML 100.000 100.000
8. VOL. MEASURED ML 0.050 0.050
9. ALIQUOT FACTOR 3.812E-04 3.812E-04
10. SAMPLE SIZE MEASUERED DAY 3.812E-04 3.812E-04
11. CA IK ALIQUOT UG 36.400 36.200
12. STD. ERROR (SYS) - 2% UG 0.728 0.724
13. CA CONCN OR RATE MG /DAY 95.475 94.951
“4. REFERENCES~-CHR DOCS. RC30 RC30
ok o o ok % ok B ok ek K RECEIVED
*  PESULTS *
A e ok ok % Kok Rk ok Xk K " N
N1 BAREO)
1. CA CONCENTRATION OR RATE(WID. MEAMN) 95.212 MG/DAaY
2. STD.EPFRCR(EXTERMAL) 0.262 MG/DAY  CHR RECORDS
3. STD. ERROR (INTER¥AL) 1.347 XG/DAY
4. VARIAMCE RATIO,F 0.038
5. FRACTIONAL STD. ERROR 0.014
¢ e oA A0k ok ok kK _
Ca (MEAN) 1IN ALIQ #1 : 36.299 + 0.513 UG
CA CONCENTRATION OR RATE: 95.212 = 1.347 ¥G/DAY
A . ,. — J ne - it
ANALYZED BY: JS CHECKED: _X_ __ 7/ REVIEWED BY/DATE:£¥15E£!£L~””
COMMENTS_AMD REFERENCFS:
T0 (BY/DATF): CHP FILR:ﬂ?$ﬂ1g5H FOPM:____ Sk CARD:______ CETM FILFP:__
CH3 FORY 3/7/75
PRIVACY ACT mp

8001L43b
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NATIONAL B : (3‘
LABORATORY -

INTRA-LABORATORY MEMO

October 30, 1978 . : T

_TO: Records _ ' -
FROM: Robert Oldham

' SUBJECT: Sample Analyses Without Detailed Result Forms

The following analyses on the samples indicated do not have Detailed Result
Forms. - Results were entered directly into CHEM FILE from notebooks containing
the calculations using the CHEM Coding Form, CHR-ANL-12/18/73.

Nuclide Analyzed Sample ID ILAB NO
239Pu - 40-009.310 958
- 239
/ ,,;39Pu 40-009.320 959
S j Pu 40-012.010 960

] 239Pu 40-012.020 _ 961

cc: J. Plondke
R. Oldham

RO/ns

0014yl

-25 {11-63)



ARGONNE .
NATIONAL O
LABORATORY

Q

4o =0 | >

INTRA-LABORATORY MEMO

" October 4, 1978

TO: Records

FROM:  Robert Oldham > jé////,/m/

SUBJECT:

Sample Analyses Without Detailed Result Forms

The following analyses on the samples indicated do not have Detailed

Result Forms.

Results were entered directly into CHEM FILE from note-

books containing the calculations using the CHEM coding Form, CHR-

ANL-12/19/73.

NUCLIDE

r

-ANALYZED
AM241

L

PU239

PU238

"

cc: J. Plondke
R. Oldham

RO/ns

g001Lul

SAMPLE ID

40-004.010
40-004.E1C2

40-009.19

40-009.20
40-009.22 to 40-009.27
40-010.BS1

40-010.E14

40-012.08

40-012.10

40-012.11 -
40-012.13
40-009.01 to 40-009.28
40-012.07 to 40-012.23
40-001.BY1 :
40-003.04
40-003.11
40-003.12

1AB NO

2960
2966

946

947

949
1824
1877
1147
1149
1150
1152

930
1146
3006
1130
1137

to 954

to 958
to 1162

1138
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JETAILED RESULTS:

O

AT ATN A e
VALY AUT MAT

CALCIUM
& %k ko
NANE : #CASE NO.: 40-012 *SAMPLE NO.: 070
EVENT: COLLECTN *DATE OF EVENT: 730622 *LAB NO.: 1146
TYPE: U #SAMPLE DESCRIPTION: URINE -
ITEM UNIT ~—--====-= ANALYSIS KUMBER----------
1 2
1. SAMPLE SUB-NUMBER 070D 070D
2. METHOD CHA CHA
3. DATE REQUESTED 730815 730815
4. DATE ANALYZED 741022 741210
S. SAMPLE SIZE DAY 1.000 1.000
6. ALIQUOT FRACTION 0.818 0.818
7. VOL. OF ALIQUOT ML 100.000 100.000
8. VOL. MEASURED ML 0.050 0.050
9. ALIQUOT FACTOR 4.090E-04  4.090E-04
10. SAMPLE SIZE MEASURED DAY 4.N91E-04  U4.091E-0U
11. CA IN ALIQUOT UG 35.100 34.500
12. STD. ERROK (SYS) - 2% UG 0.702 0.690
13. CA CONCN OR RATE %G /DAY 85.808 Bu4.3u2
14. REFERENCES~CHR DOCS. RC30 RC30 RECEIVED
e A ook ko ok ok ok koK % N7 07G
*  RESULTS ~ * H i
* % % gk ok g o ok A ko Aok
CHR RECORDS
1. CA CONCENTRATIOX CR RATE(WTID. MEAXN) 85.062 MG/DAY
2. STD.EPRCR(EXTERNAL) 0.733 PMG/DAY
3. STD. ERROR (INTERWNAL) 1.203  MG/DAY
4. VARIAKCE BRATIO,F 0.372
S. FRACTIONAL STD. ERROE 0.014
ok e ok ok ko
CA (MEAN) IN ALIQ #1 : 34,795 + 0.492 UG
CA CONCENTRATION 0OR RATE: 85.062 + 1.203 ™MG/DAY
‘[‘ i;‘ tey - ~~y
ANALYZED BY: JS CHFCKED: X €57 PEVIEWED BY/DATE:3BA DEC1- "+
COMHENTS AND_REFERENCES: [/
70 (BY/DAPE): CHR FILR{fﬂE}uLSR FOPM: _ SA CARD:______CHEM FILE:_______
Ciz2 FORM  3/7/75

go0I4L3

TERIAL REMOVED

uo—(”} 07
\‘-- .

0 CASTB (¥EW) 750529



&/l\
30 hhh1008
OO\VV Q G2A0NZY TYIIIVIN LY A0YAHd
& e
AT »
@(, ,&O\v 'SjuaWwo)) [eUOCIIPPY
o
>
N,w ..,m\d\ M)\le\N\ nmn.ﬂvm.l\\ M_Q\l Jm.m M_D |Q.vm~m« &. \® \w
/ oy re + !
/ 46 24 Ly >d-8 /qm % digz
o111 YHD | PoY29YD | paiajug | sjusawnood suorldwnssy /yun a8 T juf) | sys&jeuy|-oriey 19
oL A103ei0qR] pUR SIU3WWOD 18 ¥ 29y Jo ordweg ajoym jo juswaly
aje(] pue sierjuj : UOoJ3IRIIUBOUOYD Uy unowy POUId N | ‘opPTIonN]

$/-57-4 \ ZZ o 2¥ed/stenul 4Aq

(luaas jo awry 3e) SITNSTY JO AUVIWINNS

‘ON ‘qe

=2l

O

110 palsanbay sasi mp
\:RwMN ] P31 bt AlRUY

Twayd

Shtet )

Qa'}

(itun) o218 ardweg

uofiIRWIOIUI 184310

NI Lsans0y Jo V]

La!

*oN ardueg

TN T HSE I

je pPajoalIon

uonjdriosa ardweg

aje( ‘awyl URAN mu.\‘\hu\w 0080 — x\.wYo 0dgo @1eQ '‘aull

NITLIIoX T wanld
pib .

e \Q.Q*\ *ON @seD

ABojojqoipey urwny 10j J8juUaD)

SASATYNY TYDINIHD - LHOddd AMVYWINAS

-

YA At

LERONTIE TY RN L0V ADVAIN O

sweN



el ddviby Lgy \/(..,.AQLUO

R
5 Shh1008
&
c\V 90& {SJUsWwo) [eUoTIIppY
& |
O
gefirtfey m.upm..m.nw\ £r-og-1 . . &4;0 'ﬁ\m.m ﬂ.o -~ mmrm ! &..1. \~R JQR
[ | P4 30| ELoett) sq-ge oy ; . od] ] »
a1l YHO | PeXoauD | peisjul | sjuswnoog suonjdwnssy /un 99 F wun | sysAjeuy| oriey 19
0], Aiojeroqey pue siuswuwo)d g9 F 8jey I1o aldweg sjoym jo juawaly
910(] pue S{BIu] UOTIRIIUIOUOD uf unouly | poule N |’ep11onN]
juaas jo auwrl 1e) SITNSIH 4O AUVININNS
( 3 ) @
&L \ 27y 2¥d/sTenul :4q MY pea O paisenbay saskieuy
LA//  TON ‘qRTWRUD SAt/Z ) ooy (wupn) ezrg ardweg

uorj}RWIoIU] 183430

YALEIHNIOY FT AIV] ¥R PRId3II0D

a7’

*ON oldweg

/0 Ot *ON @seD

S]] HEEZS

uonydyiosag ardwes

e ‘ow eF) _- 5z ajeq ‘suyl
ajeQg 1L ueaiy Mn\qw\a%,mq £2, 0080 91ed

(VOILIIIX]
—i

JuaAg

Abotorqoipey uewny JoJ 131U

SISATUNY A<OHZME@ - LTHOdIY JIVINNNS

N

d3A0WIY 7

JIIYINLDY ADYAIY

@

aweN



Ghh1008

0&& N GIACHIY WYIHILYIN L0V Anwan | .
SR 4
& < &,V
Qv /&0 +§USWWOD) [eUOTHPPY
S
b .

E.\af L= EANELFEN| cp-G-0F S o2t b méﬂdv.ﬁ .Gn\. /Y .\W\m
ah| x| a4 /Y . | £Z
3114 HHD | PeX23uD vm%wmﬂ\m, sjuUBWN2 O suoridwunssy /ywun 39 F 1un | sisAreuy| oriey 19
ol fiojeioqeT pue sjusawwWoyd 18 F 910y IO ardweg ajoym jo juowald
21e(] PUR S[erjul uoJ1RIIUSOUOD uj junowy -| poulaN | 'opPIIoNN]

(juans Jo awrl 38) SITNSIY JO AYININAS

=7 x\n\‘h\\n\& ajeq/s1eIUl 4]

asl/

‘oN ‘qeT wayd

uoIjRWIoIU] 18410

Hysz

SAT )

Qoa/

s )

:103 pajsenbay sasAieuy

(3un) 9218 oldwes

NFLETH 20y I3 AW/]

/1

aje( ‘Bwyl uediN

‘oN orduweg

/0 Of

*ON 2seD

ZAY] HEF2A

1e pa3oalIoD

uonidriosag ojdwes

S/t 2/ BT — 72, 0020 @1ed ‘awil

NVOIEZIoxT  end
.

Abojorqoipey UrWNH 10] 13jUd)
QIS ATYNY TYOIWIVD ~ THOdI RYININAS

o

SISAMVAITIVG ™y g ey
(S Rech) ..Ce [iackal _Q,.KU.PQB.__ FQﬂ. \,Ur\:&
VAoyhagy

sweN



' .
o Lhh1008
S
A ,
&O (/ O& AnA A aY UL Loy v o>
w .7/& 'STUBWW O [BUOTIPPY
] of _
o
i
f
A2 O AT PP €0 0b b | £ 0%+ |od| /]| 7w
, - -9 + ! 1/
at TL Y 242 R % /'d LE2
2114 ¥HD |PA09UD | paisjuyg | sjuswnood suonidwnssy /yaun 3s ¥ jruny | sysAreuy) oryey 10
0J, Aiojeioqe] pue sjuswwod 35 ¥ 918y 10 mEEmm 3[0UM jo juswalg
910 pue s[erilujl uofjeIIUaDUOY uy junoury POYIdN | ’opIIonN
(Jueas J0 swrl 1) SITNASIY JO AYYWINNS @
.,m;\x-.ﬂ\-h\ 24 sje/steiiiul :4q AL bE2 :10] paisanbay sasAieuy
/.5/7 "ON ‘qeTuwsayy SAtez ) 2)7] Y (ytun) 8z1g erdwesg

uorjewIoyul 18Y3i0

BVIN] FEEA

A.w.\hﬂ\hh.n%\\p\\ﬁv\\ 47 v\\\‘\§ e p8ldsIioed
uornidriosa@ ajdwes

931e( ‘BwWIl Uea|

£4/g2,, OG0T~ L2y, 0080 P1RA 'BUWIL \WQ\kmm\uxm\

uaAg

WU

San

cr

RS
yvndd

T

LD sia LA
ALY LTV A9 JA5a

‘ON 9jdweg 3/ ,Qﬂw\ *ON 9sen

Abojorqoipey uewny I0j 19juan

SASATYNY Ad.O:“/E.mO - JHOdTd YIWINNAS

A

O

aweN



& | Bhn1008
E R Q3A0NTY THIILYIY 0% ATYAINA
&O A O\v
Af/\, 7/& {SIUSWWO) [RUOTIIPPY
&7
O
Q\\a\é S| £L-08N| oy _ga-2y L0 Re'S 03 55 GQ /d | 2
24 14Ny . 6E
ard mmu‘ padoeyn | peaisug | sjuswnoog suotydwnssy /nun 98 ¥ run | stsAteuy| ofiey I
o], Aiojeioqe] puUR SjuaWWOD) 98 F 93ey 1o ardweg ajouym jo jusway:
01e(] puR S[eTIU] UOJ}RIJUIDUOD) uj unowy POUIaN | ‘opIIonp
(Jusas Jo awr} 1e) SITASTY JO RUVNINNS Q
.mn.b\-%\«\&m& oie@/sieniiul (4q Ypeq O3 pajsenbay sasAieu
N\“\\ *ON "qeT waysH ( SA TQ ) QQ ~\ (tun) az1s ardwe:

uorjewiIolul 18430

FWA) HSZIT

X FLETFH 20y FO AN/ e parodliol
uonidriosag ardwes

ai1e ‘swy] uesy Mn\vw\rw 03¢ - mN\@ Oogo @ied ‘suiy NO/LAIOXS  IUBAL
=/ *oN ojdweg /0 Q\\ *ON @seD = - awep
Abotrorqorpey uewny 10y 1a3iuan
i SISATYNY TYDIWIHD - IHOdId AHVININAS -
B LY ERO :(I\/ W«Q A . Q



DETAILED RESULTS:

e a AT
'y ACT MATERIAL REMOVED
_caLcIos PRIVACY AC
o ok & K & ‘
NAME: *CASE NO.: 40-012 *SAMPLE NO.: 140
EVENT: COLLECTN *DATE OF EVENT: 730629 *LAB NO.: 1153
TYPE: U *SAMPLE DESCRIPTICN: URINE -
ITEH ONIT —=——=——=—=— ANALYSIS NUMBER-——~-—----
1 2
1. SAMPLE SUB-NUMBER 140C 140C
2. METHOD cda CHA
3. DATE REQUESTED 730815 730815
L. DATE ANALYZED 741022 741210
5. SAMPLE SIZE DAY 1.000 1.000
6. ALIQUOT FRACTION 0.793 0.793
7. VCL. OF ALIQUOT ML 100.000 100.000
8. VOL. MEASURED ML 0.050 0.050
9., ALIQUOT FACTOR 3.966E~04 3.966E-04
1C. SAMPLE SIZE MEASURED DAY 3.967£-08 3.967E-04
11. CA IN ALIQUOT UG 31.900 30.900
12. STD. ERXOR (S5YS) - 2% uG 0.£38 0.618
13. CA CONCN O RATE MG/DAY 80.423 77.9Q2
14. REFEZRENCES-CHR LOCS. 2C30 RC30
Aok kowk kK Rk KKK RECEIVED
*  RESULTS  *
ook ok ok ok Rk ok ok Rk kX JRH ]
1. CA CONCENTRATION OR RATE{(WTD. HEAN) 79.123 ™“G/DAY CHR R:CORD
2. STD.EEROR (EXTERNAL) 1.260 MG/DAY oAl
3. STD. IERECR(INTERNAL) 1.119 MG/DAY
4., VARIANCE RATIO,F 1.267
5. FRACTICNAL STD. ERRCE 0.016
A Aok kK Kok K K
CA (MEAM) IN ALIC #1 = 31.384 + 0.500 UG
CA CONCENTRATION CR PATE: 75.123 + 1.260 MG/ DAY
N .
ANALYZED 8Y: JS CHECKED: _-. - REVIENED BY/DATEipu nrn 1. 7
COMMENTS_ AND_REFEREFCES: T
TO (BY/DATE): CHR FILE;ﬂZlglgSR FOEM: SL CARD:___ CHE“ FILE:___
CHE FOrH 377,775

O

6001lbuqg

PRIVACY ACT MATERIAL 7

uo@u 140 CASTB (¥EW) 750529
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ROCHESTER, NEW YORK 14642

MEDICAL CENTER | RocuesTen, e

SCHOOL OF MEDICINE AND DENTISTRY - SCHOOL OF NURSING
STRONG MEMORIAL HOSPITAL

PRIVACY ACT MATERIAL REZAOVED ot ® . 2 3G322
A
Gail L. Knasli, ART Date: 8/3/84

Argonne National Laboratory
9700 S. Cass Ave.

Argonne, I11 60439 Re: :
SMH Unit Number: 27-26-05

Dear Sir:
7/5/84 _
This is in reply to your request of concerning
the above named patient.

We regret that we are unable to provide you with the infor-
mation requested as this patient's medical record is unavailable at
this time. Every effort is being made to locate this patient's re-
cord.

We will contact you again, in the near future, as to the status
of your request.

Sincerely,

-~

\L.//C;f RN \C‘(,Q, /iz CawCo-te 2700
Correspondence Secretary
T, Medical Records Department
s i e i Bt e Strong Memorial Hospital
e w1 erea ’)/J/ ST~ 5T
LUT o ues ARt
Chi Foin s 7
A0 SR s - 3 .
&//z" /g /KL/
MRD-23C Forvoss o 2t s O vt
oo 8/24/78 Aot /?_[‘1,(14_, o v ﬁA,/./,",_ ,
o o .. / .
= PRIVACY ACT MATERIAL B P i CAle i cbmman <on
= Z‘:Y ll—u}"\b ,
o it Vie)5 RECEIVED CHR
L T AUG 7 1984

23 73 22

) : : / RECCRDS RuX
D M«ZMJ,M-(, o/'z/f( Z’b /‘,M/«’ d,,_,z::,.c S & ¢ YoM
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PRIVACY ACT MATERIAL ReodeD) A

CENTER FOR HUMAN RADIOBIOLOGY
Operated for The U.S. Department of Energy by Argonne National Laboratory

e
Ak o j2l

7/4/9 I l’s/c/

PR GV A

July 5, 1984

Medical Record Department

Strong Memorial Hospital of the ’ e,
University of Rochester ’ ' i’ ’
601 Elmwood Avenue ' S a0

Rochester, New York 14642 ) P

Attention: Correspondence Secretary

RE:
Unit#: 27 26 05 —
DOB:

Dear Reader:

The Center for Human Radiobiology at Argonne National Laboratory is
engaged in an ongoing medical and scientific study of persons who
have been exposed to the internal deposition of radium and/or other
radioisotopes.

We are writing to request the most recent discharge date for the
patient listed above, . has been a participant

in this study for many years.

Thank you in advance for your cooperation. Enclosed is a self-addressed
pre-paid envelope for your reply. ~-

Sincerely,
Gail L. Knasko, ART, CTR
Supervisor, Records

GLK

Enc. S R

SRIVACY ACT MATERIAL REMOVED S A O o

CHR RECCROS

8001453

JRCONNE NATIONAL LABORATORY
9700 South Cass Avence
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GAVE RISE T0
INMEDIATE
CAUSE (A)
STATING THE
UNDERLYING
CAUSE LAST

ZHS
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DISPOSIT

RECORDED DISTRICT

X100

0
NEW YORK STATE "
DEPARTMENT OF HEALTH ;

REGISTER NUMBER

002265

CERTIFICATE OF DEATH

Cyn 0N 0% 2 5
ECV ACT MATERIAL REMOVED ¢ — or )

1 NAME FIAST

MIODLE LAST

3JA  DATE OF DEATH T38 HOUR

hMo.uom‘l—cunrj] vean | 30
S:6:9Y 6y

2 SEX

A

FEMALE

a

2

(IF NEITHER. GIVE AD!

4 AGE 1IF UNDER 1 YEAR (F UNDER ( DAY 5 DECEDENT BORN 6 VETERAN QF U5 ARMED FORCES? 7 SOCIAL SECURITY
. NUMBER
L monTHs | oavs HOURS J MINUTES | MONTH DAY I YEAR NO YES  (F YES. SPECIFY WAR OR DATES
1 ! 1 sa [] ©OF seavice
2. i t
veans : : ‘ ,
BA COUNTY OF DEATH 88 LOCALITY I[CHECK ONE AND SPECIFY} T 8C HOSPITAL OR OTHE :BO IFIN HOSPITAL OR TOE IF INPATIENT

RINSTITUTION
!

ORESS INSTITUTION (CHECK ONE) !~ ADMISSION D#

T
[ 1
« Qarvor 1 '1CJooa NTH [ DAY [ v
' D vownor ! !2 [J EMERGENCY ROOM :
! i 3 ] QUTPATIENT t '
Monroe « Bwueeor £ast Rochester 145 W. IV)’ St. 4 (] INPATIENT N ! !
A .
9 STATE OF BIRTH 10 CITIZEN OF WHAT Tt MARITAL STATUS (CHECK ONEF B 12 SURVIVING SPOUSE (IF WIFE GIVE MAIDEN NAME)
{COUNTRY IF NOT USA] COUNTRY? 1 [ NEVER MARRIED s ;] WIDOWED
2 MARRIED QR SEPARATED 4 OIVORCED
New York . a 0O
T3 RACE WHITE, BLACK. | 14 OF SPANISH ORIGINT 15 EDUCATION INDICATE HIGHEST GRADE COMFLUETED OMLY
AMERICAN INDIAN. IF YES CHECK ONE (] ves o{ ~no €
OTHER (SPECIFY) 1[0] MEXICAN 9 [J QTHER SPANISH ELEMENTARY HIGH SCHOOL COLLEGE
ZD PUERTO RICAN ORIGIN ISPECIFY) [ 1 2 k] 4 5 L] ‘7 L] 1 2 a 4 1 2 3 4 5
white JDEgz;:ﬂoﬂ DDDDDDDDQ OoOo0 oOoagot
"DsouTHAMERICAN 00 Of 02 03 04 O5 08 07 09 10 11 12 12 14 ts 18 1s
16A USUAL OCCUPATION (DO NOT ENTER RETIRED] 1168 KIND OF BUSINESS OR INOUSTAY T16C NAME AND LOCALITY OF FIRM OR COMPANY
] 1
1 |
custodian ! municinality '
17A STATE ||YB COUNTY ‘T|7C LOCALITY {CHECK ONE AND SPECIFY) | 1TE IF CITY OR VILLAGE IS RESIOENCE
. . Ocirvor . WITHIN CITY OR VILLAGE LIMITS 7
) + [] Town OF t YES NO
New York , Monroe . ‘
VILLAGE OF I . ;} () 1€ NO. SPECIFY TOWN
170 STREET AND NUMBER OF RESIDENCE (1M Last- Rochestex “

18A FIRST MIDDLE LAST Thas FIAST - MIDOLE LAST
NAME OF I MAIDEN
FATHER « NAME OF

L MOTHER

19A NAME OF INFORMANT

¥
t
1
'
"

198 MAILING ADORESS (INCLUDE ZIP COOE!

OTHER DISPOSITION (SPECIFY)

Burial .5 09 |84
I 1 (-

20A BURIAL. CREMATION. REMOVAL ORT MONTH | DAY [YEAEl 20B. PLACE OF BURIAL, CREMATION, REMOVAL OR
QTHER DISPOSITION

T20C LOCATION [CITY OR TOWN. STATE}
1
1

. Perinton,N.Y.

—

1
21A NAME AND ADDRESS OF FUNERAL HOME

1218 REGISTRATION NO

01075

22A NAME OF FUNERAL DIRECTOR

| 22B-S4GNATURE QF FUNERAL DIRFCTON

>

22C REGISTRATION NO

02270

1
[
'
[}
1
"

:3\015 'Mo~m] DAYI AR[24A BURIAL OR REMOVAL PE @M I UED 248 | WONTH | oAy | vE-
N ' EOQ t ' 1
' ' '8 18| OANDN

¥ :
TO BE COMPLETED BY _OR— TO BE PLE(AD BY
25 CERTIFYING PHYSICIAN ONLY 25, CORONER OR CAL EXAMINER ONLY
A TO THE BEST OF MY KNOWLEDGE, DEATH OCCURRED AT THE A ON THE BASIS OF EXAMINATION AND/OR INVESTIGATION.
TIME, DATE AND PLACE AND DUE TO THE CAUSES STATED IN MY OPINION DEATH OCCURRED AT THE TIME, DATE O coronen
MONYNLDAV YEAR AND PLACE AND DUE YO TH € DCORONEH
3 P SIGNATURE PHYSICIA:
[ ,’)" ' c : 4 AND [ MeDicaL
SIGNATURE P : -~ e P Sl EE N EXAMINEF
8 THE PHYSICIAM AfTENDED THE DECEASED Tc LAST SEEN ALIVE 8 PRONOUNCED DEAD | cC O DATE SIGNED
MoNV! 011 [ YEAR MONTH | DAY YEAR | MONTH lDAv TVEAR MONTH I} MONTH I DAY l YEAR
) L L - L Ll T
FAOM n 'y 10 YA () 1 G ON t i ' ' (
/94 S T UUIN nwl
1 1 'l 1 i — ' y
D NAME OF ATTENDING PHYSICIAN, IF OTHER THAN CERTIFIER € SIGNATURE OF CORONER OR C [ TR IRAN CERTIFiER

A
26. NAME AN?‘ RESS OF CERLIFIER (PHYSICIAN, COR

/ "Tnt,g_' Ko /M )

ER. MEDICAL EXAMINER, CORONE

3 LN .M

PHYSICIAN, MEDICAL DIRECTOR)

beeap Al up JHYST

27 DEA?% CAUSED 8Y

ENTER ONLY ONE CAUSE PER LINE FOR {A), (B).lND «)

{] APPROXIMATE INTERVAL
BETWEEN ONSET ANO DEATH

PART | IMMEDIATE CAUSE

1A) ( Cova 1 al //9

36 Lo

DUE TO. OR AS A CONSEQUENCE OF

o Atie b € ool Aeedie Dot

4
O LA gz - e
J

[y

CAUSE

DUE TQ. OR AS A CONSEQUENCE OF

(<Y

Cdr vl Ll ctol A borcien

/L7 Yy
7

l';“ e A

HER SIGNIFICANT CONDITIONS CONDITIONS CONTRIBUTING TO
ATH BUT NOT RELATED TO CAUSE GIVEN IN PART | (A]

(login ng clicet r Ccrele Ll paeficn

“PART 1l {

1

28A AUTOPSY?
YES

T26B IF YES WERE FINDINGS CONSIDERED IN
NO f DETERMINING THE CAUSE OF DEATH?

1 v (3 ves 2 O no

29 wAS CASE REFENRED
1O COHONER OR

MEDICAL EXAMINER?
1 (3 ves z,k«

30A SPECIFY IF ACCIDENT. HOMICIDE

1
T30€ HOUR OF

K4

SUICINE UNDETERMINED. PENDING

T308 BATE OF iNJuRY

INJURY

T'30D DESCRIBE HOW INJURY OCCURRED

INVESTIGATION

T MONTH l OAY YEAR )

i ¥ fl

' t '
1 n

]

1

'

1
30G

30€ INJURY AT WORK? | 30F PLACE OF INJURY HOME, )
EACTQRY € F 1

ves NO ) ORY OFFICE BLDG . ETC )

a O X X

| '

LOCATION (STREET A NO |

VRtV ACT MATERIAL R

8001455
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FANVACY ACT MATERIAL REMOVED Offer of Medical Care

I hereby acknowledge that Dr.'i2447é;€ézctfzzqq-, has advised me that

the Atomic Energy Commission has offered to me at government expense a program
of regular medical surveillance and care. I understand that the above program
. incurs no obligation whatsoever on my part including further research studies.

I have decided to accept (m=$xT) this offer,

Y ¢
Date /o"l/3 o) 7 / Patient's Signature
. , .

Witnessed by: N ) . Y

= - - -

CACT MATER4) REMOVED

RECEIVCD CHR

JUN 2 71977

RECORDS ROOM

8001451
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oRIVACY ACT MATERIAL REMOVED ‘ Acknowledgement of Disclosure

I do hereby acknowledge that I have been informed by Dr.

Zé/a&é;y’/i&ab/ ., on C&/ﬁ’; 2y , 197_%4f my participation

4
s
{

in a biological experiment undertaken by the Manhattan Engineer

District between 1945 and 1947 to determine how plutonium,
a man-made radioactive material, i1s deposited and excreted in
the human body. More specifically, I have been infcrmed that

—
I was injected with soluble plutonium on , 194_:1

4.

while I was a patient at XYl 4,00o - }/;’.;.;«,;47,‘14/ Hospital,

(City) 7 (St@fe)

Date ' ) Patient's Signaturec

. ! S -

Witnessed by:

SRIVACY ACT MATERIAL REMOVED

RECTIVIED  Chid
JUN 2 71377

RECORDS RCOM

8001458
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THE UNIVERSITY OF ROCHESTER

SCHOOL OF MEDICINE AND DENTISTRY

AND
STRONG MEMORIAL HOSPITAL

260 CRITTENDEN BOULEVARD
ROCHESTER, NEW YORK 14620

PRIVACY ACT MATERIAL REMOVE U

Juiy 13, 1973

Argonue National Laboratory
8700 S. Cass Avenue
Argonne, Illinois 60439

Billing for hospitalization of
Research Patient

June 21 to July 1, 1973
10 days at $132.29

Billing for hospitalization of
Research Patient

June 13, to June 26, 1973
13 days at $132,29
Shipping charges for frozen specimens
relating to these patients
Your Purchase Order #762107 dated 1-11-73

Send check to the attention of
Mr. David J. Fanning

PWVACYACTMATB%ALHEMOV&U

80014b0
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$1,322,90

1,719.77

71.58
$3,114.25
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