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“ ARCONNE NATIONAL LABORATORY J—

9700 Soutt Cass Avenue, Arcosne, llinois 60474

Telephone: 312-972-7678
February 27, 1986

Dr. Robert G. Thomas

ER-72

GTN

Mail Stop G236 :

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

(A
Polr
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-111 and KWP-6. Case Cal-III died
in 1984 of causes not reasonably retatable to plutonium. Case HP-6 is living
as of several days ago. UBoth 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. I hope this is of some
assistance to you.

Best personal wishes,
Sincerely yours,
I//,“ )-/'//(Zlh-j/ﬁ

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

JHS: 13 F
Enclosures
cc w/enc.: H. Drucker, BIM ~ICROFILMED
. E. Huberman, BIM
B. T. Goldman, DOE-CH - A

SR FSLIY

CHR RECORDS
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ARGONNE 7

NATIONAL
LABORATORY INTRA-LABORATORY MEMO

November 27, 1985

TO: E. Huberman
FROM: R. A. Schlenker

SUBJECT: Freedom of Information Act Request

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 scientifie
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 Old Data,” pp.469-530, Radiobiology of Plutonium, Edited by Betsy J.
Stover and Webster 5.S. Jee, Published by the J. W. Press, Department of
Anatomy, University of Utah, Salt Lake City, 1972.

1w
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September 11, 1973 Please reply to:

Sauthwesl Field Station

M.LT. Radiooctiviy Canlar

; ] 5619 E. Montarosa Straet

. - PRIVACY ACT MATERIAL REMOVED Phownix, Arizono 85018

MEMO T0: Jan Lieben, M.D. Tel. 602-949-5600

F RO M: Mary Margaret Shanahan

SUSJECT: . 40-005
We have chacked with the undertaker { . and - _

. Service, Inc.) re . but with little or no success. The
same applies to the Cemetery - they had a fire some
time in the past and they are not sure whether they still have
any record on - They agreed to look and let us know.

Today I called telephone information in OChio and obtained
the following information:

In Davton, Ohio was employed by the - of
3 Y

In Cincinnati, Ohio (she and her father were born there):

This - actually lives in Fort Thomas, just across the
river from Cincinnatil.

e will also check with the Dayton Board of Education and
let yau know what we learn. :

5

xc: M.H.Chalfen
A.F.Stehney

ogV®

EMOVED | 0%
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ARGONNE

NATIONAL AvACY |
LABORATORY Y ACT MATERIAL REMOVED INTRA-LABORATORY MEMO
Rec'd May 31, 1973
TO: CHR Records Room

FROM: J. Lieben, M.D.,.

SUBJECT: Sisters

May 28, 1973:

Drove to_ o . Chatham, New Jersey. Met

and obtained his and his sister's signature for exhumation of the -

sisters. :

Drove to _ _ , Chatham, to obtain signature of .

House locked up — left request and forms in mailbox to be mailed?c;fhe.
Called ~and in Orange, New Jersey -~ nobody home.

Phone calls - May 23, 1873:

Called re exhumation of . "My son wants to
talk to you, go and visit him.™

Re " — called ~, Cemetery Superintendent (2 calls},
7 Oak Ridge Cemetery, Westchester, 312/ . "On the cremation permit

there is a sister listed — . &, LaGrange,

but we have no ashes. In accordance with instructions, thev were scattered

in 1945."

JL/jt

cc: A. M. Brues

M. §. Littman ' PRIVACY ACT MATERIAL REMOVED
M. M. Shanahan

A, F. Stehney
J. E. Farnham
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Received - May 23, 1973
TO: CHR Records Room SMOAD Ammee
FROM: Tan Lieben, M.D. o
SUBJECT: Phone calls and contacts I
5-14-73 (1) Re:_ . Called Chicago information to locate

(2)

5-15-73 (3

(4)
(5)
(6)
(7)

519-73 (1)

(2)

(4)

dk

cCt

8000530

‘NL-28 (11-68}

or " ; On_ Ave., according to my
1971 records, no number listed. :

Called in Moberly, Mo., to ask for above
number, does not know, W1ll ask my sister, call me back tomorrow.

-

Called no did not get my sister, you better call her yourself,
» Moberly . Maybe the lived in
Blue Island Illmois.
Called in_formatlon at Blue Island, no listed.
Made 3 calls to ' - in Leganport, Indiana, nobody heme.
Three more calls for .
Called , see above. Shelast heard from the._
four years ago and then their address was_ Ave., Chicago

60648 (the address we had before) but no phone available.

Drove to . to look for . A opened the
door and informed me that he knew all about Dr. “,hn, _ is not
at home, is only there on Wednesday, stays with her daughter in

Mt, . phone m Osceola the phone is

He did not think she would sign since it would disturb the rest of the
family. He said he was a friend of the family.

Re: - Called home of the only Wm. listed in the

phone book, wife says she doubts that he is related, is out playing golf.

Went to Oak Ridge Cemetery, spoke to office girl. Superintendent
John Westerberg said 1 have to go through my archives, call me during
the week, 312/626-4200. :

Went to Hallowell Funeral home 1706 Jackson Blvd., no we don't have
records this far back, our place changed hands 10 vyears ago.

A. M. Brues, M.D. M. 8. Littman, M.D.
M. M. 3hanahan A. F. Stehney

0 © PRIVACY ACT MATERIAL REMOYED)
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CENTER FOR HUMAN RADIOBICLOGY

U af C-AUA- USAEC

Argonne National Laboratory e Massachusetts [nstitute of Technology e New Jersey Field Station e Southwast Field Station

TO: IM. M. Shanahan MIT Radiocactivity Center
FROM: A. T. Stehney RER Division

SUBJECT: 'Exhumaticm of CHR cases with prefix number 40.

_Enclosed are folders containing 'Eopies of all CHR information on ten
radicactivity patients in the "40" series. These are all the cases in
this serles for which we now have death certificates.

Please take the necessary steps to locate relatives and obtain permissions’
to exhume any or all of these ten persons. It should be noted that we want
to examine the remains in order to determine the microscopic dlstrihution
of residual radioactivity from past medical treatment.

Date A. F. Stehney, Deputy Director
Center for Human Radiobiology

Today, I received from A. F. Stehney coples of folders for the following
ten CHR cases: -

40-001 40-005 = 40-008 40-011 40-015
40-004 40-007 40-010 40-013 40-017

Date ' M. M. Shanahan, Deputy Director
: MIT Radioactivity Center

dk

cc: R. D. Evans
~ R. E. Rowland

ORIVACY AGT M
CHR Records Room ' ATER"O‘LuREMOVED _

8003531 | 0 CENTER FOR HUMAN RADIOS!OLOG
. 9700

Avenue, Argonns, fllinois 60439 Tel. 312.739-A. .. Ext. 4625
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Hlioin for

3 We do net hove the resideniial
noep2 il youw can loceto the records from the

s
Lali.

Chiczgo)
-

Dato ool Tinihy shoul
L]

Dot ol Dnntar 3 Qctobar 1945

Plnze ol Death: 2illings Me voriel Hoopial, Chicago)

LDccusaiion: Mashiniss)
Jeadn, Tom aslidng that the golentific searzo fo2 of 31,00 ger nomae
2 cont in advance. DPigzzc cer? tho reznits ol your senvch to my
povnonal attontton, ot the addrze 3 of the hrttom »f the page.

Many thanks for your continuing sooperation.

Very toualy voura,

REMOVED

ITacvey .
Curavor of Qooords

Cenler {or Zuman Fodishiology

PRIVACY ACT MATERIAL

O o
e

8 U 0 hl?!g GICAL AND ENVIRONMENTAL RESZARCH DIVISIOMN, ARGQC_}NNE NATIONAL LABORATORY
: 9700 SO Cass Avenue, Argonng, [lineis 604.39 Tels{ _i‘pe 312-739-7711
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ARGONNE NATIONAL LABORATORY

9700 Sourh Cass Avenu, Argonne, llinois 50439

Dr. Jacob Thiessen

Mailstop E-201, Human Hzalth Studies

fo-a05

Telephione 312/972 4146

[

™ i v T
July 23, 1984 e UnvED
JUL 2 51984

Ja R,

Office of Health and Envircnmental Research
Qffice 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 Dr. 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)." The factsheet is in the format requested by
Dr. Edington. )

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

AFS:pat

Enclosures

cc: H.
H.
P.

P.

E.
J.

Drucker

J. Rauch
Failla

F, Gustafson
Huberman
Rundo -

8000534

US Depactment of Energy

Sincerely yours,

A. F. Stehney
Environmental Reséarch Division

AR 09 etels!

The UniversiTy of Chicago



Project Name: Date Started: 2 January 19¥3
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
plutonium 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. W
Durbin for publication in the 1972 volume, Radicbiology of Plutonium. }
Tissue and hone 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 undertcok 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 permissicn to
exhume from next of kxin of three deceased patients, and disinterred and
transferred to CHR the remains of one of these deceased. The metabolism
samples (blood and excreta) were taken at Strong Memorial Hospital (SMH},
Rochester, WNew York.

In 1974, the U.S. Atomic Fnergy 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 per?onnel have published 10 reports on results cbtained by study of
these cases.'37}2) (Copies of these reports are attached.

8000535
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Summary df CHR activities and last known

Table 1. Plutonium injection cases:
gstatus (July 5, 1984).
0ld Case CHR Case CHR Activities Status
" Number Number
Cal-I 40-001 10/16/75: Exhumed cremains Died 1/9/66
Aug 78: Returned
Cal-I1I 40-002 No contacts; said to have Died 1/6/47
died in Australia
Cal-IIX 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 pled 10/3/45
Apr 78B: 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
pernission 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 radiocactivity 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 ¥in refused Died.4/29/46
_ permission to exhume
HP-6 40-012 2/14/73: Metabolism study Living 12/30/74”
at SMH i
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 87: Returned
EP~10 40-016 No contacts Died 6/2/57
HP~11 40-017 No contacts bied 2/26/46
HP~-12 40-018 No contacts Bied 4/13/53

SOUTS I
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P.W. Durbin. Plutonium in man: a new leook at the old data. In The
Radiobiology of Plutonium, B.J. Stover and W.S8.S5. Jee {eds.}, The J.W.
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October 1979, M.E. Wrenn (Ed.}, RD Press, Salt Lake City, UT, pp..473-476
{1981).
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Attachmentsa:
Reprints of references 3-12 are attached.

I ‘"‘6
By 10w
Wi B0 &
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Department of Energy -
Argonne Area Office RECJ\-’ED
9800 South Cass Avenue
Argonne, lllinois 60439

NV 21 186 BI0~ MED Fistien

LS Ry 25w 51

Dr. Alan Schriesheim, Director
Argonne National Laboratory
9700 S. Cass Avenue

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 plutoniun
research subjects. The requestor is also asking for any supporting
documentation and any subsequent memos regarding the subject.

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

Sincerely,
%- [P g % c/;zz(;'-"'-g‘(a_,ﬂ
4

«{ David T. Goldman
Area Manager

Enclosufe: -
As Stated

cct A. Zilbersteinm, ANL, w/enclosure

R. E. Rowland, Princeton, KY, w/enclosure <O -}_'){35/— Q\Qr TCf

LEO (200
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1 HE KNOXVILLE JOURNAL

— A GANNETT NEWSPAPER
i / P.O. BOX 911

KNOXVILLE, TENNESSEE 37901 T .
- _ 1585 MOV - e 338
Oct. 30, 1985

LY

——

————

Mr. Ronald Turner

MA-232.1

U.S5. 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 1s made under the federal Freedom of Information
Act, 5 U.S.C. 552,

Please send me copies 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 1if 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 withheld any materials.

I promise to pay reasonable search and duplication fees in
connection with this request. However, if 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 discleosure could be considered as "primarily
benefiting the general public.” I am a journalist employed by The Knoxvilie
Journal and intend to use the information I am requesting as the basis
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
exceed $50, please notify me of the charges before you £fill my request
so that I may decide whether to pay the fees or appeal your denial of my
request for a walver,

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, if you have any questions. Thanks and I will look forward
to your reply within 10 business days, as required by law.

Sincerely, e
szb1 '<¢7Zé%y?<i_ ' -

Randell I «, reporter
(615) 522-4141, Ext. 423 Y PV ¥
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U.S. DEPARTMENT OF ENERGY

November 13,1985 | memorandum

MA-232.1 —5dan fo)az%h;
Freedom of Information Request# /04 85050

Jane Momhact, CH Bparatiows Oice
B-e,rn e fCuss

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

I1f other divisions, offices or field organizations also have records relevant
to this request, you as the appropriate FOI Office are reSponsible for request-
ing their parucipat:on and for coordinating the response, It is important that
an appropriate response be forwarded to the requester within 10 workmg 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.

/%,VM
John B, Carter

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

f. ti nagement
Attachment Information Menageme

neend 8
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Ueverer 14, 163¢

e, Emimiall Deor

Trr Enoyvilic Journg)
Fodo Bor any
Rrecxyiile, Tk ATHCT

s
i

VGRS T
TIEEEL0TH
11E2S02D
SIRBAR ST

»ear Mr, Sesk:

Toac October 33, 1865, Preedon of Juforrmlice reaguarts (oopies enclossd}
addresyed tr tbe U.3. Derartount of Easrgy were reasived on Nevepber &, 1AL,
naed pave hesw aeal Lo oar fFrasdesm of Informution GZ¥lcers et e Chivago, (nk
Ridpe, Rianland and San Freociszes Dperstiese SfTlaer. Ty will eerraapsnd
Glrectiy »ith vo mbont your requests.

i complianase with the Freedesm of ILofcrmmiien Aot, sha 10 gday respenze perlet
will bagin uaen the offices designoated shove heve received yowr reguests,  If
Yo newd further- sesisteeoses, pleave coniaat Jane Moobart, Chlcagn Cperaticns
Drfice, GB0G Seulh {gss Aveovs, Argonae, IL 60E3G, (112 $72-297€; dayne BRangs,
2ak Ridge Cpereticas offiae, F,0. Box E, Hoom 1012, Cac Ridge, TH 37831, (815)
£76-0F85; Gall K. Rokkan, Rlickland Ogerations Ofrice, 825 Jadwin Avesuve, P.G.
Bex 550, Rieblamd, MA P9TC2, (505) 37(-82TH: Elsle mulebe, San Prancison
Gperations Office, 1333 Brosduwy, Wells Pargo Fullding, Cxbkiand, CA 346127, (415}
eT3-REE,

e Fave moaifnned he abovs referencyd sumhers t0 wey requasts and ok Uat yw
cefer to thee in army futere cocrcrpondanas.

Zlonzrely,

Original eigned by John H. Cartar

b _ vehn X2, Corter
S Official File Copy Chler of PO) and Privaas Aota
‘ Iction Crficer & Cffion of adminig¥rative Servizom
Off1eial File (RF)
o L g re 32
ME_232,1:J80:936:26025: 11/1/35

SEC (1880
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PRIVACY ACT MATERIAL REMOVED |

C',(-\ e 0-%0 Cb-’:—-{_ ’ .
Re® ‘L)l‘?/) —

rrmy o &
s et

L Pity-$ive yoar old widio farnile was adritiad to tho Billings Hospitcl i
Lccber, 1945 for diagnosls and trosloont, Six ponths previcusly (Jema, 1524,
~1im 1nd nobad gonoralizod lycphadonopatys Two nonths later {Auguat, 10451,
netn, eogmeoted on motlon, developzd in tho %ousk, On edelasicn Yo s BLITI:CS

e A
-

ioupliioi m Desonbor, 1945 tho eszentinl pisienl findlings wero tho oosounes of
Tiies oz o mooetonder, mederately eslergsd pTHh rodes in the coavicsl, ruilisiy,
ani imemsonl rogions and gonorelined dundedneco 4o. preasurs ovaw tus ¥AN Vewnr
Ll

siom of uho choot, pelvis, skull; aud spino porozled cony suall, 3 i
o2 Joovoascd density soavtered throusnont tho boasa cusniocd, oo

<. il telinpso end wedging of the lrsd therneln and fivsh end ascoopd vl
Sooattene with sond aaaoci‘:.tod cadoificaiden oo noted,

|

a4 1y
5

et srmpinations wODO oazootinlly asmobive eneiplb for o podurdis L

‘ot ain and loukocybosis. . .. @l  wero pogabive. Shiiy S
4 1 o the tupor oxcisced freu the sl eod et adlln revealod ool e

s Lloaua. It wes folt that the carcinsou protably owiginated in ths iale Tannt.

oo Licndts gorsral condition g pool a% tho ting of adnkssiecn nud Colamiil ]
' L wovghout the povdod of bocpidfaifaation, On Doesmbze a7y 1045 o 0L
-« ot rdovogres of o6 plutondun elirela WoNe tnjected fnfmavopously, Whe oulg Uil
Colninsd dn 4o o3 of sn isotonle saline coltfiion 0,07 I in cilzate of 3l S.50.

- ciinicel cowrss ves not vieibly altored folloving the injsebion. The nahicnh

r

crstasd on cnneary 13, 1945

$1asry Srcastd tissue wiith netesiascy

. £ - _ L | ot -
cooswdos witippy Tindings weras {3) en adenscareinsm pronably arisiig b
- ho (Awvoye, moconbany of U
Y

o Jutar vortobraw, Dikp, £l end 3olvig. HuONCTS Bootiro woilal
LT o the riks wore fownd.  (2) & Ymophobiastoma dmvelwing g il
Loeoviing, poakbropehisl, penieorilc, cnd pelvic Jymph nofies. Shun U
cyemdeting prosumbly indepondont tunoys, 24 unpsual findins,
o va rovotded &5 35-1:0‘&213"(33.5 UZe e

Gerrolsaily, the bene marrow iun all pinoss ccmoinsd ¥Re almesd cAkively oo oTaelt
. Lo oplesn ehowed 8 mowkad myeledd rotoplasia. The Banoys chyil !
O ieted woactes £1l%ed with hyaldro encide The dubular epliholiun ois
(o of dencnosation and repeir, Cooparincn ol the blopsy secticns vl

iam essbions chuws re ovident differsnce in tho chavselar of the Lus werl
‘oo firjcsbion of plutonfivm, - Tho colls choracicnistic of Lympuoblasloln oo &
w+ ozub in the blepsy sscllons.

i ROy
T, rEIHEDS
e ool popded- da Case T owma ono wudlt long ard wan unod nadumeily Do dl o

ooraesrainte dally urdnery owbpud wendlanie Jo srnlybical prepsuits s
s contoel perdod wan somewhol shaerbod ard vagugel forr tha AGED pLIDTL T

7L Lalh saues tha oposimens waro enllocied in tho weel arinalo and sl o e
ek ~ - -7 N Bl * - . - W~ PR L
cohslel bsirg tronnforrad 4n tho case of tuc wiiro, to & gallon botilo W2 Wl .
Sz el medeniat el drechloxle zeid imd booa reriil, TR0 sadirion ol Tl

.
R )

Lielnn the 3a¥Mbesd of sdseamtion f platonam by Lo gonlnlpes, Lo Lo o
' s vm beanpfeveed to oesiefnatd comdion el eorbalnann,
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Tn Caco I beeauso of tho conditlon of the potiont, cdogmte ncpo.r" tien 32 th
welno and focol ppociuons wag not aluayn possible. As o rooult odequato m:.:».l
cxorotion deta could not Lo obtained.

e tolsrleal shidics nedo st fyroquant Intor mlu in Lm,h eapss fnohiieds  Lanoe

o1aMa dn grons pad niy crythmocyvos, lovsocyscs, plawcisio por cuhlo o :

X U.'.c'""uc"mg in por conts loueoecyio mI“a- catinldy scddmcatation malo (.Td:.-u- 2wy

i binntioaeits rocading. I.wor fuaction taols woad pooforizod in Goso JX ‘..;:,r Ga

.’I::: oot vsing the copbealin i‘locc.x]at...o*x ond u._';;xx". tusbddity tosta and Liileohia
~toimleatlons. .-

- m*m: Tho eutopsics ware porforved by us pboes of tho Tothology Doonelonsd
’ el Jol of Lodicion of the Univorsity ¢f Chicopo. Tha poacinens wilu

n 95 pox cont aleohel an o:.;:c::imce olsouheroe hod chown that tho ol
g m‘.‘: b forialin proscevative Londs So loach pm,o o out of hno Spoelron
> a3 pesciblo tho upcci.mna were pleced in Andividunl contoinor:

TN T

Jooeahtes af Plutoniin dn the Ueinas Foo Lorly *"G"
-t Luien 6f tha p....zton:’«.un’ colnticn, cach cpc";
forbmLioceps ratal,,. Tae first volding vis spmrcdimaliely c.:,.:: ac"--s o i
bz, Thoe rogults oftho analyzes are e R e IX and ZZ0 ool

3 Ty I is intercating to noto that thewo is very Little dilforcnzs in fas

cois ool e plubendya onavoted b tho tﬁ.n.:."h tharonsh B Pl ope .:.’_":,: P

La vl undb conaontra"oion of pluteniva in tho urinoe varins WiGsiv.

e ‘wh‘c. hows, the sncalpena veldsd i coeh 1R Lhowe pevind womms ool e
v xyn, Tolluwed by pooling o:E‘ gpecinons for cach wraaty«lous hous pc...‘.a-r‘; LS
Lo cwetion of tho experndmant. | Tho romlis oro givea jn Tablos XII ord XV,
.. s ombrefone urine volnmes rangod Liom 13 ‘J rl %o 3000 pd, Theos woo IAWllz
. -,'.:3.*3.".::’-.0:‘. tovmean urlinary voluzdo and q,u::n“o.t W of plutonivn cwmwsiod.

gyl - F A g
>k hows 5013.0'144'!? ..'.....'".h.‘_.‘. R
-~

of urine colteatad Lol

CJ

oo oelntey ‘cxeretion of plutonlun in the firge 2L howr porled io veoy -1:::‘.:'1?

- coroah of tho totnl sxeretod In tho urice thz'aa.rr“ﬁ"t the cabize ‘I"{,"..C‘

NGRS .un, and is 36 per cont of tho tolnl emerated in hobth uwrdno oud fuolt, ’
LoicAty with which thie rote of excrotica @ilndnhon is meperiniiz, VAT
vz, the excretion lovel had fallon to ‘pp:c::-:u;atclf ono=hinlrcdih of TS

ol -'-r_n.m Atho firct edx hours, In gppoowiooteily Uuo  weolks the exeasticT Lol

. fedica app"o:dmtely 0.0Q... tipzs tho indlinl rado,
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Tabls 1. _
Poreont of Plutonium Ezcrobiod in Urivo in the First 38 ovos. ‘
(Individunl Spocknouns)
cocotron Boe | Volumo of ¢/n per 100 ml vrine % of injusiid
Speainan . o pluseniin

(o0) - _ e
= (6 hours) 152 _ 6320 2,23
> 325 25 .33
4 R4S o 03 0,005
i ' 15 7 3,005
S {24 howrs) - X2, A 0,02
7 160 : L35 0.033 .
A vz, Y S (¥ JRaARL
< 3 es - 0.C20.
2D 57 02 0,020
khd 145 : K 0,024
12 (L3 noara) 180 10 N W s ]

Teble I,
Percent of Plutoniun Exsrobod = 2ud to S Iay.
. 12 Hour Urinory Outsut Annlyaed
s ufter  Volumd of ¢/o poc 160 ol vrine :

L B

Injection Specinan B g
(co) Excrgtod
:2 oa". 253 ) e W
3 L35 - AL
3 - 5 \ 6 - ) 5."'_.
A 540 37
Lol 515 0
o 230 o
45 €50 25
) 285 35 :
(a3 6Co ' 15.5 i
i 280 Fi
Te3 Q=0 - Ge5
o 895 - 5 .
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Table IIX.

Porecany of Plutonium Axeveted - Gult GO l.’:'ﬁ'bli Ley.
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DAYS AFTER INJECTION

of plutonium in a sixty-eight year old white male following the
micrograms of plutonium citrate,
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P, 23,1\'{-'.;’{5"‘-.;»‘31&;3;:51‘;423. During the first four &ys aficr injoctden nowin
raividual feeal specimers wero collssted ond smalyzed for plutonicn, Poligze
inr this porlod the sarples wore colleolal ab 24 howr inteswals for cevedl
centho ond then 24 hour specimens wora talsn cvery four days wmitil doath, s

rosults are glven in Tabloa IV and V ond Figwe I,
| | Tubio IV, .

o Pecal Plitorivm frcrotion
Individusl Pecal Spocinmons Coliceted ia Firat 96 Howsa.

o . —

Sarple Plne of Collection Toignt of -¢fmper gn  # of Iujocizd
Lo, afber Injeotlon  .Spocineng of fscoa Plutoric:
3 6 hows. 13.9, 260 0,075
2 28 hours i89.5 3.7 o Q.,157

3 40 hours 4535 A2 0,152
-‘-'5- 51 hOEra 1&699 ' 1:‘--2 . 02?\}

5 not recordsd ULe5 L2 0,355
¢ net recopdsd 32,7 37 0.2
7 96 hours 7042 - 0,155

P e

Teblo V.

Fecal Pluboniua Swersticn :
Daily Specimens frou the 5th to the 138tk foy

g alver Welght of -~ ofapw R oL Injechid Kanecien -
Injoction - Speclven [t ' Feoocind
S (grm-) Fnnnn ' . s
2 £33 183 ' 0224,
: 57,0 R : 0.3C72
! 5l S B - 0,075
. @hz‘f o ‘ ’?03 i O 1583
L ath S . -
- § e 3.2 ) : o
129.% - 28 0,000
o T 144G7 - 0l ' . 0,050
= 7.1 2.8 0,02
- o166, - 1.0, : : 017
2, R e X _ : ¢ GO
La2.1 2.6 R s R Uont
LG9 B N : CLIT.
130,0 S N S Qui 7.0,
R4 Gy O
e 333.5 - 0,29 ' QL7003
e 323.0 0 33 Q0205
sl 14346 0,27 Lo
eV 58.2 003-6 ’ ’ 090'33—-1-
s et s ot e . ~ Y amara o ot 3 e T+t i
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. Sxeretion of plutonium in the feces of a sixty-eight year old white male :ollowing

t=travenous injection of 6.50 micrograms of plutonium cif.rat.e.
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Totel exvrotion of plutonimm for 133 days is ectimated ap 8,18 paveont of tho

2pjectod doso., The urinary oxccelion iz eotlmatal 05 5.24 percont of the lo-

teutad Gocd, tha fecal excrotion as 2.90 percont of tho injocted doce. LS
sveregs oxcrotion fipures are pultipliod by the epmropriate factor in exviviaz

ol

ot tho abovo estimates, sinee average figures only are given thiroughout ranh
of tho perled of study. : : ' _

Glinigad Shwdles of Poxdy heral Blood. Do chenges wera obcerved dn o Lomoe

tolsoient constitusnte of the periphoral blood wiich could bo attributad o oz
sction cf iiie iootopa sdninistered.  Theso date ara recorded in Teble VI acd in
Figuzrog III, IV and V. o

800035k
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Figure ITI

Total white blood cell, polymorphonuclear cell, and lymph cell counts per cublc

millimeter, in Case I,
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“ratocrit reading, red blood cell count, hemglob.‘m determination in Case I. The

lection was given oa April 26, 19”'
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Figure V | ‘ | ’ ,
Platelot and reticulocyte counts in Case I.f: o
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- Poat lcrten Findingg
showed the greatest activity per gran of tissue,

.-

» Tho patliont died 155 days after the i.njoction of plutomium,
. The ennlytical data is recorded in Table VII,

The speciusn of marrow and spicules

The plutoniun content per grunm

of liver was mearly os great, Tho ectivity of the cortex of the rib was one-tenth
that of thie bons oorrow. Fo activity could be detectod in the sample of bile ana=
1yzed. The effects of plutoniuz on normal and tumor tissue woa looked for in ih
chonges which he folt could be -

post norten materinl by H. Lisco, Ho found no

attributed to the action of the plutonium,

Table VI1I.

Distribution of plutoniun In tissuss of Case I, 155
days after the injection of 6.5 microgram of plutonium.

Tigsue {Woights of Gus of | Observed {Cta/ma | ug/em Relative |-
: Organs (gns )| Tisoua Counts of of Affinity

. Analyzed | fwr/min, | Tiscue ﬁsngB fox

por/mn} (x 1077)] Plutoniws¥

_ T
arrow ¢ Spicules 0.8292 58,8 70.9 1,043 10,13
Liver _ 2050 34,11 2040.0. 59.8 0,88) 8,54
Sternua Le38 111.2¢ § 20,6 | o0.303 2,9
P.1ivateun (rdb) __ 0.3215 1 2.12 | 20.0 0.299 2,05
Solean 260 32,12 339 11,1 0,14 1,59

hn‘g Temor . 2;.03 ' MQB 794 0-109 100‘5 !
Cancer ‘fissus 2,87 .| 20.9 7.2 0.1C5 1,03
a1y (cortex) 1.0125 | 6,061 7.0 | 0,103 1.8G
L. i'odas (eortic) _ : 0.63 o ¥ 6.7 0.0%9 0.6
Lungs , 1950 15,39 40,7 2,6 0.033 0,57
Testicle (gl. portien)| { 43425 § 10,0 2.3 0,034 0,33

ineys o . 340" 27.35 ' 53,3 1.7 | 0.025 0,24 |}
fat '(abd.) 17,05 3.4 0.2 0.003 0,03
Bils 8en. 7 2.6 ? 0,009 ! i

: v

* Counts per gremfcounts.per gram assuning uniform distributiocn of plutonium.
1 90f correction fMetor applisd to oboarved counts to give actual counts/gm.
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coge IX.

Excrotion stugieg. The urinary oxcrotion data is listed in Teble VIIT ard plotted
{n Figure VI, Unfortunately no copparison of focal and urinory axcretlon can be
gads in this case. The collection of separato urine and stool sanples was inpos=
gible. In fact tho graph of urine oxcrotion in Figure VI wight with greater txuth
be called the graph of total produst excretlon. o

The 24 hour excretion rate was 0,152 percent of tho apount injected. This repre~
senta an excretion of 0.134 nicrograuos,.cf the 9.9 nicrograns injected, Following
the initial 24 hour period the oxcrotion rato was comparaivle to that in the other
cages studied. The total lmown oxcretion was 0,684 percent of the anount injected,
or 00,9 micrograms. : _

Table VIII.

Daily Plutonlum Urinary Exoretion, Caso II.

Days after - _ 2i~hour Alpha Counta/min/ . 4 of Injected
Injection Volune - .+100 ee . Doso Excretod
1 1660 Bl - 594 0,152
2 1725 Ho622 0,167
3 1750 [ 250 0,047
4 . 1150 L 136 0.033
5 o200 134 0.042
6 1300 . 207 0,042
7 1190 . 132, C0.0243
8 1500 Sy 10 _ _ 0,02%4
9 L 100 . 89 0,019
10 . T 1280 g 154 : 0,030
1 . o o8 0.019
12 S g 9% o 1o - 0,044
13 & . 2L 0.034
Y% 630 - ' f 9% 0,009
15 ' 330 ' . 7 - 0,06
16 150 . 164 0,004

Stmlien of tha Periphoral Bloods N» altorations in tho hemtological conotdizonta
of the peripheral blood ocourred following the adiinistzrotion of 7.2 picrozrans
off piutoniun which could be attributed to the presence of the elomont, The inter=
pretation of changes in the thymol twrbidity and cophalin floceulation tests, and
in tho amount of bilirubin in the blood serun wos not possible because of “ho
torminsl state of the subject. These data are:prosented in Table IX and in

8000560



R TN

[ S

PER GCENT OF INJEGTED Py

o
N
{

O
o
|

NOILOIFNI M3L4V SAVQ@ -

14
I
O

9l
°

|
O

o @©® © N b
I o I I

o N . - .‘ _“
AN N g
B o

[
o @
! 1

R

Figure V1 ,

Excretion of plutonium in %
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o

he urine following the injection of 94.9 micrograms of
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Figure VII

Hematocrit, hemoglobin, red blood cell and reticulocyte findings in Case II.
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tion of Plutoni 8 The Plutoniun content of the tissuea
" onalyzed is listed in Table X. The rarrow and rib specimens showed the highest

- spacific activity, as would bo expected from the animal work, The plutonium
content per granm of liver tissue wae roughly one-tenth that of the bone marrow,
Tho specific activities per gram of muscle and fat ware rospectively one~tmantieth
and one-thirty-fifth that of the bone marrow. H. Llsco reviewsd the histological
mterial for evidence of changes similnr to that attributed to plutoniun in the
experinental animals, No such change was obaerved. It should be pointed out
. that the amounts per gran of body weight were greater in the animais in which

chanzos were seen,

. Table X.

Plutoniunm Distribution in Tissuae 16 Days after Injection.

Tiasus Weight | Wolght of | Total Countsl} Counts/| ierograns { Relative
' of Semplo | in Sample | ge of | Plutoniun/ | Affinity
Organ (oo ) 5 Tissus | grenm of for
{cme ) L ' ‘ ‘binsug Plutonium
: (x 1072)
Inrres (R1b 0.2005 289 ; 1399 20 8.49
Rib (Cortex 0,430 . - 558 1299 . 18.6 7.68
Callus and Bons 0,1933 - 160 28 1.2 5.CR
Callus (bome free}| = 0.262 140 534 7.7 3.17
Kidney 1 190 6.00 2262 360 5.1 2,18
Tayroid - 2.64 - 591 i 226 3.2 1.37
Contents (lowos - i . '
bowel) ‘ 10,05 1833 ! 183 2,6 1.13
Liver 110 | 8,70 1405 162 2,3 1.C0
Pancreas. . 60 6,045 893 i 18 2,1 G.%0
Periostoun “t D461 52 1 123 1.7 0.75
Leng 490 | 14,40 1533 | 107 1.5 0.65
Fat, liesenteric : 5,850 560 |! % 1.2 0.53
Spleen 85 | 10,850 . ; (-1 9 1.2 0.57
TNmor (Liver) - 1.970 1400 71 1.0 0,43
fsaxt 250 1 9,40 ¢ 650 1 .70 1.0 0.42
Lymph Nede (abd.) 1.53 : 73 48 0.70 0429
Intestines (small) 3,40 151 - 45 0.64 0,27
Intostines (large) 6.87 0L .3 0.60 0:2%
tpcle (Str.) 15.32 613 40, 0.57 0o}
LBIood (Beart Clot) 1.835 40 22 0,31 0.13

1 - Alpha counts per mimite from plutonium.

| 2 = Counts/man found divided by counte/gran sssuning equal distribution of tho

phtonimo
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| Tt mst bo onphnsized that the data dlscusued above, whilo obteined on humns, may

not be applicable to the population with which we are uostly concerned. The o jor=
1ty of occupationally exposed persons are in the 2040 year ago group and are in
good gooernl health, The persons discussod above both had carcinomns, one of which
had widespreod metastases. In cass #2, the injoction was made bub sevenioen days

' before death and the terminal stete may have influonced the petabolic behavior of
the elecent. In case #1 no gross avidence of othar than local diseaso, except for
the potastasis to the lung, was noted ot the timo of injection. Thun, terring
alterations dus to age, the carly distribution of the plutonium was presumably a
fphysiological" one. Howover, it must be pointed out that we bave mo inforration
on the early distribution patiern of the plutonium in this case. The data given in
TableVII represents the distribution of the injectate 155 days later, aftor profound
oetabolic disturbances, causing his death, had occurred. It is impossible to say
what influonce thls poy hove had in altoring tha early distribution pattera.

As is well-known, the biological behovior of a given agent vurles greatly from one
spocies of mammal to another. Hence, exporience with humans injected with plutoniun
w3 vital to any intarpretat(i?n of the data ol:m.}gr)ad from nm‘“ » The rate of
plutonium excretion in retai?), nice(2), rabbits!i3) and dogs'4’ varies widoly. The
route of excretion varies from species to apecioa(-'ﬂ’.c’o o Since our estimate of the
body content, and bence ultimately of the desirebility of removing a givea worker
fron his job, depended upon the excrotion rate of plutonium in the buman, it become
pecescary to deternine that rate directly in the species concerncd. EKnowledge of
the distribubion of tho elament as well as its rate and route of eliminstion fron
the human body provided information which could be correlated with the core cxten~

' sive experimental investigation in animals and provided information which mado pos=~

aible the sstimtion of the amount of plutonium already deposited in the workers by

the doternination of the daily plutoniun excretion rate of the individual conceracd.

Clinieal Pleturo, Insofar ag can be deternined the clinical course in nelther of
‘The two coped was influsnced by the injection of plutonium, In Case #1, the cen-

. centration of that material was 0.085 nicrograms per Ikilogrea of body weight lrnedl-

etely following the injection., In tho second case the concenixation of plutonium
ma 2.45 micerograms per kdlogram of body weight.

Thot the apount of plutaniun injected in these subjects produced no appreciable

clinical effect is 1ikely in view of the fact that the anount of plutonium nacesso(ﬁ
to produce damsge is far greater. Tablo XI 1lists some of the experimental values' /.

Table XI, .
Comparison of Dose Levels of +6 Plutonium in Animals and Their Effects.

we/kg Effecta - T{oe
Rats 700 - 1000 ID 50/4n _ 30 Dayo
Rats 200 -~ 600 1D 508in 150 Doys
Rata 1w . Hone 420 Daya

Tt w1l te acer that the level of 10 rderogrens per idingran is approxicately 117
winos the dosage lovel ia Casa I and 4 tines the dosage leval in Case II.
2 . _ , -

060545
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foratolordeal Studies, HNo homatological changes of the periphersal blood were
{observed in either gubject. In viow of the very slow excrotion rate and long half-
- {lifo of doposited plutonium it might be ascumed however that a condition comparable
{to that deseribed by Lartland(5), Castlo(8) and Bomford and Rhoads(9) in individusls
{vith chronie radium soning (severe ansmia, leukopenia and thrombocytopenis with oz
glthout bone sarcomn) night well dovolop in cither cago wore it possible to observe
- tgubjocts over extended periods of timo, The difficulty which arises in attcopting
to extrapolate from the rodiun domage data on tho hurmn to the ezpocted effect of

- platoniun is, among other things, due to the difference in the exerotlon pattern and
' t.he irpoesibility of estimtdng what the ingested doso might bave been in the
individuals who have succumbod 4o radlum polsoning. Vhile bone sarcom:s have been
{reported in individuals with a total of 0.5 mg of radium in the body at death, littls
informtion 1s avallable as totheammtwhichmsinthabodyiniﬁaﬂyandthu
{nitial dose my be the critical amount,

fage I

iExepotion Studies, The faot that the rate of exerotion ofp]ntmimnppnrenblyhad
1not roachod a constant even 100 dnys ofter injcction desorves emphagls. The rate of
foll is slight but definite. This point desorves euphasis as it ooy Andicate that

tho awereticn rata 1000 days after exposure may ba even loss than the avorage of 0,012
parr cent found after 150 doys in this enséd, [Dvlidance for contimied ddmimibion in the
aeretion rote of plutonium 228 (fsotope of plutonium 239) is found in the pationt
studied by the University of California group which is described in the biology volumos
of this report. In thio patient, 158 days after injection, the daily excretion rate

is approximately 0,0015 per ocent of the injooted dose(5), a figure definitely lowar
thanourfigm-eofomzperoentonemmdredandﬁftydayammm

'qumlmrfimewmmmmmcmmmmmwwdomm

iteleronce concoeatrations of plutonium Ly means oftho ur:!.mryemretianof that element
is mterially increased.

i .
o e ot i

{Iit is Mtereaﬁngtommthetotnhofmﬂmrynnd'fmlmeﬁonfmtheﬁm
heriods of O~24 hours, 2=10 days, and 11-100 dnys. ihblemgi.mthme data. far
'mImtmaofpacantofthewecteddme: Lo

Y e T

Summry of Pluton..m Emet:l.on fc:r Ind,_oated Tioe Periods, Case I

P}

Tine Urino ~ Stoal Total

{24 houra - 2.53% T 0.233% ‘ X T
© 110 daye _ 0,638% o L8R - 2.386%

R—
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It is apparuct that the total excrotion is roughly equal for cach of the various

-15 -

perlods. Ono nmight speculate that the next order of magnitude, that is 101-1000
doys, pight also show a total plutoniun exorotion of approximmtely 2.5 percent,

If this percentage. excrotion for the 101~1000th daya poriod is subsequently bo:'no
out by exporimontel observation, it would point e rather discouraging picture from
the polnt of view of the norpal exeretion rate for plutonium,

Thoe fecnl excretion pattorn is sinilar to that described for the excrotion in the
urine. Ho sharp early peak in the oxcretion rate 1s noted however. On the other
band, the rapidity with which the rate falls is not so marked, Indeed, the total
plutoniun excreted from ths socond to the tonth day is greater in tho feces, How-
ever, ag peinted out above, the focal excretion after the twentisth day is distinctly
less than the urinary excretion,

It will bo noted that throughout this paper the excretory rate is given as ®poercont
per day of tho injected dose®, It would bo more acourato to epsak of the percant
per day of the amount in the body. Because of the low rate of ezerotion of plutonium
the correction factor i1s small and it is felt that tho small inncouracy introduced
by this practioco is justifiable, particularly in prelininnry studies. .

iiat_

re It moy be useful to couparo the rolative

L) Ll AL
concentrations of plutonium in the various organs in tho two cases. It is rocog~
nizod that such comparisons cannot be pushed too far bocause of the pany uncontrollad

" voriables.

. For onsoe of comparison, the valuos from Caso I in Tablo XIIX aro adjustod to an in-

Joction anount of 94.91 oicrograns, tho amount injoeted in Case II, aspuming the
sane distribution would cccur with the larger doge.

_In both cases the bono marrTow shows the greatest cconcentiration of plutoniun per

gran of tilssue. On thoe bacls of anlmal expericuntation it ic felt that the pluto-
nivm probubly inttiall;- locelizos in tha ostooblastie end collagenous tissus
surrcunding tho spicules,.forwing tho endostounm. Since the proportion of this
tisgue is grontest in the wmarrew spucimen; it shows the highest activity, ¥ is
of interost also to note the much higher proportiocnal activity of the bano cortex

_ in Case II, where the cortex sbows aluost as much activity as the marrow. The do-
‘ealeification of the bonos noted in this case would result in a greater proportion

of plutonivm~containing tissus than found in tho. eomparable specinens in Case I,
where tho calciun content of tho bones was apparontly norual, The spocimen of
callus from the rib in Case IT did not shov as high concentration as the cortax oz
mrrow spocimens do, Since the callus represents a healing pathologic fracture, it
is entirely possible that the uptake of plutoniun was abnormally low.

F

1
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Comparison of the cancentration of plutonium per gran of tissue. For
case of comparison the valuss from Caso I are adjustod to an injection-
amount of 94,91 mlerograms, the amount injectod in Case II,

Tissue | " Coge I o Case II

|
Go Pu/pr tissue '@ Qo Pu/gn tissue

n& 10'.*:% BN (x 10~3)

. ] 3
Bono laxrow ¢ Spicules .= 15,2 g - 20,0
Bone Cortex o .50 - 18,6
Kidoey .- - 0,36 - T 5,1
Livey : .. . 12.8 o 2.3
Iong o D55 i) . 17
Fat e « % H o 1.5
Splaan T 239 i 1.2
Tumer S 1,59 . 1,0
Heart | 0.26 i 1.0
Ovary : H 0,50
Testicle ' 0.50 L _
L. Nodes 1.4 o 0,70
luscle, strieted 0.22 | 0.57

Tho amounts in the livers ore o considerablo intcereat. The reaaons for the wido
discrepancy shovm are not known at the proseat time., In Case X tho livor content
at doath, some 150 dnys after injecticn, constitutod approxdimotely cne-third of
o injected amount, This value 18 far higher than tha data fion oxperimontal
animnls would lead one to enticipate(2)., It 4s truc that carly valucs comparable
to the one Jisted here my be found in the experdmental animal, Amost uniformly,
however, the initisl high volve has dropped by a fastor of five or ten by the

{ hundredth day{2). Why, in this instance, the llvor chould hove rotained plutonium

so tonaciously is not understood. Indeed, it must be admitied that we cannot rule

1 out tho possibility thaot the amount in the liver was at one time lower than the

£inn) valus. ILiver blopcies would bo extremely uwseful in following tho plutonium

i content of that organ over a wide time rango.
{In Cave II tho content of plutoniun in tao liver o approximtely one-pixth of the

amount noted in Case I and comstituted approxdmtcly one pereont of the amount lnjeoteds
This ficuro is, if anything, somowhat lower thon ono would oxpoct the concentration
in the liver to be on the 16th day after injeetion, judzing again frem the resulta of

aninel experiments.(2)

Tho concentration of plutonium in tho splean ia Caso I vhich showod sone congeotion

{tut no othor ovidance of pathologic change, was distinectly groobtor than the cancon-
tration in the splcen in Case II whore a marked nyeloid netaplasie was obsexved.

tho relative concontration of plutonium in tho splcon obsorved inm theso two coses glven
hero are distinctly losa than thoso obgerved in oxporimontal animals, particularly in
sdegs{4). In most inotonces the plutenium concantzntion in the sploen comparca favorably
‘uith that of the hene morrov. GCortainly tho difforenco noted botweon tho resulis in

1 the two bumon cases are far lsss than the difforonce betwoon spocios (2,4). Apain

120 ozplamatior for this fact con be given at thls tiuo. -

4
| 3000569
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1t is intoresting to note that in both cases the primary tumora, two carcinomns
and 8 lymphosarcomn, did not concontrate plutoniwnm to a significant degree. Thile
i{ is impossible to genaralize from two cases, it sscus unlikely that plutonium
will be of any value in tho treatment of carcinomns in humans, As a general prin-
¢iple any radicactive agaent inje-ted for tlmm;reutia purposes must concentrate te
a greater dogree in tho tunor than elsewhere.

Tharo 1s a pariked difference in the conoentration of plutonium in the kidmoys of
the two cases. The higher value is found in Case 1I. Two faoctors pay reasopably
be expectad to operate in the dirociion of producing a highor concentration of
plutonium in this case, Firat, and probably wore important, ls the fact that the
death occurred shortly after the injoction. The daia obtained from anicnl experi=
nents Indicates that the kidney concentration is higher shortly after injection ).
In both cases evlidence of degenerative changes in tho tubules of the kidneyas waa
noted in the tlssue sectlons. 1In addition, in Caso I changes ouggestlve of a
pyeloncphritic lesion wore notod. It is possible that the urinary excretion datae
will bs found subsequently to be too low beccuso of ths presonco of disezse in tho
kidneys. Lvidence obtained elsewhors, however, would %mte that the figures for
urinary excretion given here are not sorlously in ocrTor

The lack of plutonium in the bile is of considerable interest. Within the limita
of the mothod (approximately 104 micrograus of plutonfium per gram of ti:}-eue) pons
was found, Similar findings were noted in tho plutonium injocted dogp Ve

The relative activity of the contenta of the lower bowel In Case IT are higher than
would be anticipated from the resulis of the amalysls of tho focoas, Further, tho
veluo is four times higher than thot obtained for speclmens of the tlssuwe of the
larpe and spell intestine in this cagse, If the assumption is mrde that tho amount
of plutorium in the bile was negliglble as in Cese I, it would peon then that plu-
toniun is being cxcroted by the large or seall intostine, Since other heavy metalas
are excreted by the large inteptine it secms reasonable to temtotively assume that
plutonium is also excreted by this route., The assumption cannot be verifioed until
furthar experimental data is evailable, '

In general the relative apount of plutonium per gram of tisous tends to be highcr

in Casoe IX than in Case I, It 1g possible that the explonation 1ies in the compara-

tive lack of fatly tissue in Casa II go thal the organs and tisoues atudled tend to
have a greater proportion of plutonium than was noted in Caso I. The total fat is
difficult to estioete fron the data at hand and therefore the total amount of plu~
toniwn absorbed in the fat. In spite of the lower unlt coucentration in the fat
in Case I, it may be that the proportiomal amount of plutonium in the total fat was
greater in Caso I than in Case II.

Sunmary and Copclusions., Distribution and excretlion studies have been made of plu~
tonium 239 +0 citrate in two humen aubjocts Given total intravencus doses of 5 and
94,91 oicrograns of plutonium respectivoly. [o clinical affoct was noted which
could bo attributed to the biological nction of the olenent in 155 end 16 days of
observation rospectively, Such changes as occirred in the hemotologleal pleture
and in liver functions can be attributed to the terminal atate oi' tho aubject, +0
the underlylog dleease, or both, -

It is difficult to pake other than very teﬁtﬁtivo genaralizations because of the

-considorations mentioned above and because of the faot that only two ocsses ave.
zoported here. Fron what is known from the canes raported here (and from other

80005b¢9
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' cases reported alsewheme) the following tentative eoncluaions oay be drawn., It
‘oust bo recognized clearly tbat these are not in the true sense of the word con-
clusions but are only working hypotheses that oust be confiroed and elaborated
upon by subsequent investigations.

.I
.
o -
F.
R
E
I

(1) The urinary rate of excrotion of plutonium in humnns is
: - excoodingly iow, The baest aevidence availoble at this tipe
would indicate that the "ehronie* (150th day) ozeretion
rate does not exceed 0,0l percent per day of the amount
fixed in the body.
- {2) The focal rato of emcrotion of plutoniun fixed in the body
: is lower thoa the wrinory rato by a factor of approximately -
three. ihat evidonce we have would indicate that the rate - 1
of fecal excretion doss not cxceed 0,003 percent per day of .~ 4
: 1
" . (3) The highest concontration of tho plutoniun f£ixed in the -
_ body is found in the bone marrow, Tho liver concentration
has varied so widoly in the two cases hore reported that 3
it is inpossible to prodict on a masonod basls what the 2
genaral pleturc might be. , _ f
(4) The concentration of plut.onilm in the nooplnatio tissus ;
of these c2868 Was nof. high
; | oo i
: 3 3
i ] .
!
. ! {
i | 3
. |
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Following tho discovefy of p;ﬁtonium,_the detérmination
of 1ts holf 1ife as 24,300 years, 'and the fact that the
material ie alpha uctive, it became obvious that elrborate
precautiena werae ncceseary 1f the worker wes fo be protected
rrem harm. Txperlence in the radium 1nduatry had indicated
clearly that very emall amounts of the radium elemont de-v o
posited 1n the body were c apable of producinp serieus
illneas or death. As a result of these coneideratiene. the
conditione under which plutonium is handled in the labor=
atory'have been ringed about’ with elaborate protective . -
regulations and devices, S
In addlt¢ion, however, 1t ecemed highly doalrabls, 1if
.not eseential,to know -as precisely as poesible the amount
of plutonium in the individual worker. Animal oxperimen-
tation indicnted that the plutonium content of the urine -
and feces .Mould be, B ueeful gulde to the total nmount of

t

plutonium in the bodx.' It was decided to use urine for the f

':-_routine determination(5) primarily beceuee of the greater

eane 1n handling urine samples, As will be discussed
below, 1t appears thet in humans the amount of plutonium -
. exereted_per day is greater in the urinc than in the fecos.
Initielly; a'tentative maiimﬁm'permissible bodyucon-
t:it of plutenium was nstnbliehed on an arbitrary basis.
From purely physical consideretione it eeemed thet plutonium,

. ‘ :
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t. - body for 8 ycar or more. _It 12 po:sible ihat the: fipure of

~weight for welpht, should be approximataly one-riftieth

as toxic da redium,. &ince the tolersnce amount of radium

o b 1s generally accepted a8 0,1 microgram in the body, the

plutonium tolerance value was initially set at 6.0 microprams
" in the body. ' -

In order that one might estimate the plutonium content
of the body through snalysis of the'urine, it was nocessary
first to establish the oxcretion péta.- Preliminary oxperie
mgnta‘l) with rabbits indlcated that after the flrst two
or threc weeks of piutonium lntake, approximately 0.01% of
_ that rotalned in the body is excreted in a 24<hour urine

specimen, Many oxoretlon experiments with other animals

and man have shown that this is nearly the correct value

 for the sub-acuto excretion rate. - Recent work discussed
-6lsewhere.ind1catea that this figure may be groater than

‘the true excretion rate of plutonium whtch has been in the

L

0.01% may have to be reduced in the future.

Ir Simicrogrums ia:to be the body threshoid, and 0.01% .
exerntyoh'ia assumod, Lhen analytical procodures capable of
~detecting 28 alﬁha counfa per minute (plutonium) in a |
24<hour urine upncimon,Jor 2 counts per mlnutelin a 100 mb
spueimen ahould be udeqnate. An a&ﬁorption'procedure, |
dugorioud latar,- waa doslwnod apeclfically to anaay 100 ml

spocimons, "Any apeclmon ahowing 1eas than 2 alpha counts

por mlnute was not considervd aipn;ficant. This procadura

8000578
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served its purpose welng-Howevor;.whon it became apparont

~ that tho factor of fifty between radium and plutonium

toxicity was too high, 1t wes ovidont the method was not
sulficiently sehsltive. bomparative toxiclty atudies with
thesotwo elements showed that a ractor of ten would be |
much safer and therafoqe the plutonium tolerance threshold
was lowered to one microgram, | |

If the'toleranoe threshold 18 1.0 microgram,_tha anue-

- lytieal procéduro'ahould'detect at least 0.2 micrograms in

the body, therefore 0,2 x 104 microgram in & 24-hour urine

speeimen would be slgnificent. Since tlhoe averapge urine spece

imen used in Chicago 1is approximately'l/a ol a 24-hour'

sample, the method must thenlbe sufficient to detect 0.7 x
10*% microgram or 0.4'a1pha counts per minute of plutonium. 
Smaller samplos present an even more difficult broblem.

The problem of detoecting such small quantities of
plutonium was mainly ono to be solved by the development of
adequate.counters,' Dr, Jesse and associatas have produced
counters with backgrounds of looslthan 0.1 count.por minute.
With auch‘oounters 0.5 counﬁsfpor;minute can ve detected
with fair accuraoj. 'countingptimes are long, of coursg.

It_'shoﬁld. be pointod oun ;hof’c: cénpmnina{:_ion is one of
the rreatest scurces or?enror_inhtho'determidation of low
aLda nubiviEtys. TIHE: m:: .mcbbmmomtwwr\' bRty b
lhe rosults of the survc; of project peraonnel. It 1g

““°°3“ﬂP¥ that collection, handling and assnjinr ofi the

1
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. .~urine Yo carried out under-“sterile“ conditlons,
It 1s the purpose of this chapter to present a detalled
- deseription of the methods uged in the detection of plu-

“tonlum in humans and to briefly discuss the results. 1In

clusing, suggestions are given ror;tha establishment and

 operatioq of a laboratory for the detection of pluionium

. In individuals working with or 1n.§feas contanlnated by the

i

2. Lstimation of Plutonium in tho Body

2.1 Methods of Urine Analysis: A survey of the snalytical

methods for plutonium used by the chemistry division ro-

vesled that with certainfmodificntions some of those might

‘be used to assay urine. A direct lanthanum I'luoride pre-

clpitation from & small volume of acldifled ufine is

- adequate for many purposes. Where thgfolume is large and -

the concentration of plutdnium i= e;@eedinglj small, such .
a meﬁhﬁd is not applibable.ns too large e quantity of
lanthanum‘ 1g required. Ina dditi:oﬁ; certain s alts in the
urine may cause difficulty. |

In the development of analytical methods applicable to

Aurine analysis the time clement as well as manpower require-

ments to ﬁssay a given number of samples werc considered. 1%

was feit.thut an adsorptlion procndurofwould‘offar the preat=

est possibility of routinely assaylng daily the largest .. -

number of aﬁocimena wiﬁﬁ a minimur of personnel. As was

3000580
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It was previoyaly mentioncd that plutonium 1a eliminated

~ from the body in the urine at a fairly constant rate-~the

o~

-_I;posed on the baais of some very preliminary excretion studles

on rabbits‘l’. Subaequent experiments on mice, rats, and

~ dogs showed that the excretion rate may vary by a factor of

five in the different specles{11] It was felt necessary to
establish-inuapendently the ex¢retion rate. of humans.

The fecal plutonium excretion, howevef, varied as much as
a thquaand fold from speciea to apeeies.' Thls made it diffi-
cult to assign any rate for human fecal plutonium exbretian.
4.1. Results of Human Excretion Studless

Urinary excrotion of plutonlum. Throelexperimonts were

 begun within a few weeks {one at Chlcago) in which plutonlum

was injected into a human and the plutonium excretion followed

daily. During the first 15 days of the experiments there was

less than 10% difference between the d aily urinary plutonium- . -

excrotion of the individual -studied by Dr, W. Langham end
assoclates at Los Alemos and the individual studled by |
Pr. J. J. Kickson, E. R. Ruﬁaoll and assocliates at Chlcago.
The individusl studied by Dr. J. @, Hﬁmilbon at Berkel ey
snowed a slightly lower excretiom but nouv by a fastor of 2.
Following the inltlael period where a rapid docrease in the
oxeretion rate 1is oblorvad.fthoro wes & slight divergence

in the results obtained from the three subjects. The individual

3000581
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. studied at Los Alamos showed an average dally excretion of

slightly less than 0.02%, the one at Chlcago slightly above
0.012% and the individual at berkeley slightly less than

0.006%. These values persiated over a 100-day perlod. Since

‘these experiments were completed, two additiornal studles have

b@en made at Chicago. The excretion rate of one of these

individuals after the first two weeks has remained betwéon

10,010 and 0.015% per day. The other individual was not

availeble for further study after the 1l6th day.
In view of the fact that the majority of the urinary
plutonium excretiod studies on humens have indicated that
a sub~acute excrotlon raté of 0.01% per day 1s very negrly
correct, thls value appears to be at this time a reasonable
one to use in determining the concentration of plutonium in
the bddy of workers, It may be polnted out that the urinary
plutonium excretion of doga‘13) parallels that of man. )
Fecal) excretion of plutonium, lIn addition to foilowing
the urinary excretion of_plutenium,cf the above 1ndividuals,

; dontent of theo cally fecal specimens was a8lso

has been predicted by sevaral workers on the

Lasis of nnimai:excrotion.studies, that the plutonium fecal
excretion rate would be grester then the urinary excretion
rate. It therefore app?arod that stool determinations would
be easler to interpret. - All of the human s#udias that have
been mad; have fallied to confirm this thesis. Plutonium 1n’

80005682
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" a 24-hour feaal apeclﬁan is from 2 to 4 times leas than thet

in a'copraapanding 24~hour urine specimen.

The average daily fesal plutonium excretion for the
four cases studled is 0,003% ranging from 0.001l% to 0.006% of
that contalned in the body. From the difficulties encountered
in detecting 2 x 10-5 micrograms of'plutonium, 1t would appear
that surveys of perabnnel through fecal analyslis would be
dirficulte

4,2 Distribution of Piutoniuwm in the Body: The development

and underatanding of any satisafaaotory means of plutonlum
therapy 18 dependent upon_a-knowledge of the dlstribution of
the element in the organism, Since nearly 90% of the pluton=
fum finding 1ts way in the body 1s retained there for many |
yoars it {s vitally importent that we week some means of
1ncreaainglthe akcration‘rate. The first step in devising
means of therapy is to learn in what organs the plutonium 1s

concentrated., -

There have been meny experimente Ainvolving animals in

‘which plutonisit was injeoted and at some later date its

*stribution.

srmined, The majority of these tﬁsts have
shown that tha ;
the principle sites of deposition. The same general dlatribu-
tion has been found for the one féirly.no?mal buman which was

studied. The distribution data 1s given in Table I. In /

additlon the distribution of plutonium in a female containing

8000583
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approximately 90 micropramswns determined {(see Table II.)

29,

Thisnindividual hed many abnormally functioning organs and

therefure the distribution may not be representative.

It 1s

1nteréating to note that aven under theose conditions the mar-

row and bone are smong the principle sites of deposition.

( .\}. bt 1 : .
TR fivfy

Table 1

[

L

LG

i

Diatribution of Plutonlua in a 6E-year, Whlte Hale
(155 days after injection of 6.5 ug of plutonium as the citrato)

Tissuo Grama of SACts/grem #Relative

' tissuo of tlasue Affinlty for.

_ analysed Plutonium

Marrow (rib) 0.8292 70.9 10.13
Liver 34,11 59.8 - 8,54
Steraun W 20.6 2.94
Periosteun 0,1215 20,0 2.86

~ Spleen 32,12 11,1 1.59
Tumor {lung) 2,03 7.4 1.08
Cancoer Tiasue 2,87 7.2 1.03
Rib {cortex) 1.0125 7.0 1.00
L.Nodes (aorta) 0.63 6.7 0.96
Lung 15.39 2.6 0.37
Toatlcle 4.3425 2.3 0.33

(glandular)

Lidney 27, A 1.7 Q.24
Heart 4,9435 1.2 Q.27
Diaphreagm 35.73 1.0 0,14
Abdominal Fat 17.086 0.2 0.03
B31lle 8 ce ? . me—

# = cta/pgram found ¢ cts/gram assuming equal distribution
throughout the body.
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Table II

C‘L\ Ve &—i_c L,,H z .
K’E_Q l'L/[cE/';);_

Distribution of Plutonlum in a 54-year, White Female
. {16 days after injection of 94.91 iz of plutonium citrate)

Tissue Crams of cts/prom #Relative
tlcaue of tiosue Affinlty for

o Anpnlvaed flutoniwa
Marrow (rib 0.2065 399 8.49
aiv (cowtex) £.430 299 -7.688
Callus and bone 0.1933 828 5,02
Callus (bone free) 0.262 534 3.17
Kidney 6,00 - 360 2.18
Thyroid 2,64 226 1.37
Contents -

{lower bowel) 10,05 183 1.11
Liver 8.70 162 1,00
Pancreas 6,045 148 0.920
Periosteum (rib) 0.461 123 0.75
Lung 14.40 107 0.65
Fat  5.850 96 0.58
Sploen 10.850 94 0.57
Tumor (1liver) 1.97 71 0.43
Heart 240 70 0.42
ovary (1.) . 1.975 63 0,38

i, ) 1.53 48 0.29

S+40 45 U.2%

¥ur 6.87 43 0.26

Luscle (Bt;iﬁfed) 15.32 40 0,04
Blood {(heart clot) 1.83% 22 0.15

% = cts/gram found ¢ cts/gram aessuming equal distribution
throughout the body.
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TABLE 3

.&?ZM?O &/;‘72&,//‘5}% 20y e DA}.E

DISTRIBUTION OF PLUTONIUM IN HUMAN TISSUES FOLLOWING

A fl‘Jr‘h-
q“ INTRAVENOUS INJECTION OF LUTONIUM SALTS
= v LI .
- R |
et terem@ 5 Tb &3 4d
_ L hSuh‘ectg" and % of In}eped\puse/g of Tissue Rel, Pu Org. Cale,
Tissue' 2) Hp-5 | Bp-9 | mp-11 | cni- q(m.E\ Hp-12 |Cal. 1 | Av. B/g | Atinity' S { wi./g'*) | %/0rgan
Bone Marrow - - ] .0086 | o150 0210 - [ o200 | 0187 13.3 3,000 {56, 1
Radius { Frag, head) . — - - ‘r-/ L0187y - . . — -
Liver G320 144 Obed | 0130 | —O0%E - -- 0138 9.7 1,700 23,1
Rib { Cortex) - - — 1 .0015.] .0ie8. 1 - |.otod .0i27- g1 Y - -
Patella -- .- “- - 0109 - u- - - -
Vertebra 0071+ ] L0080 | .O0TD -- -- -- -—- 073 2.2 E -
Sternum 0a76-] .. [ .0l00 | .ovs4 4| - - . L0071 510 |5 M—'ﬂ. gs5,7{8)
Rib { Whele) 0050 /| 0038 [£1]:: - -- - . 0052 3.7 3 --
Periosteum (Ril) - - - L0043 0019 - .GU48 0037 2.8 - --
Bpleen 0007 L0015 43 024 L0014 - 0013 L0021 1.5 200 a.4
Kidpey 0002 L0002 L0015 .0o04 G54 -— -— 0015 10 200 0.4
Thyroid .0o0l - 0GhYy - 0G3q -- -- 0014 1.0 30 --
Adrenal 0004 . 0022 - - — - 0013 10 14 --
Lung L0005 - 0016 L0006 06 18 - -— 0alt 0.8 430 10
Panereas LK02 002 - -- 0022 -— - Rit L] 0.6 65 -
Gonads 003 | - | .0012 | .0005 | .0009 N N 0.5 - -
Lymph Node -- - -- RENL] 0001 - ; -- 0007 0.5 700 0.9
Teeth (Av. of 7} -- -- -- -- -- 0603 ] .- - - - --
Heart 0000 L0000 - L0003 0011 - .- 0063 0.2 350 a.1
Large Intestine 0002 -- L0004 -- L0001 - - 002 .1 | » 2,300 0.5
Small Intestine L0001 -— Q005 -- 0001 - -— 0002 0.1 } - --
Muscie and Skin 000G -- 0002 | o002 L0aa1 - - 0001 0.1 38,500 3.9
Blood - - - - R A - . - 5,400 0.2t®
Balance - - - - - O S - .ocoit 7} - 9,600 0.8
Totat -- - - - - - .- - - 70,000 96.7
(1 }The various subjects ‘ret:ehred the f.nl.luwlﬁé doses of plutoniun: Hp-%+ 5 pg,_{gp-ﬂ 5 6.3 ug; .
Hp-l1= 6.5 5g; Chi. 1= 65 jg; Chi. Il - 94.9 pg; Hp-12 = 4.7 yg7 Cal. 1= 103 4g) 7 iy
(2 )Tissues were ohtained at the following times a.fter injection: Hmraays, Hp-9 458 days;
Hp-11 5 days; Chi. 1 155 days; Chi. LI 16 days; Hp-12 5 days; Cal. I 4 days.
(S)Ca.k'u_hied by dividing %/g of tissve by %/g of body weight if a unit dese of Pu waa equally
distr, in a 70 Kg. man,
(4)Humnn Liseo, Memorandum to AEC, July 21, 1947, Project Stantard Man.
‘5}Assumption made that vertebra, sternum and whole rib represeat average bone of sheletal éyutem.
{B)Bm marrow not included in total recovery because bone samples wera aot freed of marrow be- !
fore anmalysis. i
(?)Bn.lance assumed to have same Pu content zs muscle. g
_(BJValue for blood taken at 30 day point, Fig. 3. f
'
J
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Reconstruction of whole rib from divided samples.

Case No.

~-108-

APPENDIX.5

Sample

— e m m m  m e w e e o em e o M m om omr o m m m mh mk o M o eE e ko mm w w me om =

Sternum

Rib, cortex
Periosteum

Marrow & spiculesa

Whole rib (calculated)

Rib, cortex
Marrow

Whole rib (calculated)

Rib, cortex
Periosteum
Trabeculae
Marrow .

Whole rib {calculated)

" Pu conc

(%o/2)
0.0047
0.0016
0.0046
0.0160
0.0079

6.0210
0.0196
6.020

0.0072
0.0048
0.0319
004190
0.0081

Original data
were consulted and computational and typographic errors corrected.

Sample % dose
weight in
(g) sample
4.38
1.0425 0.0016
0.4215 0.00056
0.8292 0.0433
1.963 0.0155
0.43 0.0090
0.2065 0.0040
0.6365 0.0013
9.0 0.065
0.445 0.00216
0.84 0.0269
- 0.019
140° 0.113

Al

a_ . . s e e
Origin of marrow sample noted as rih in Rusgsell Nickson {Ref. 47).

: bWholmnb sample weighed before division inio Your separate samples.
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- INDIVIDUAL URINARY EXCRETION VALUES OF PLUTONIUM FOLLOWING MRAVENOUS A.D
TQ HUMAN SUBJECTS (EXPRESSED AS PER CENT OF DOSE EXCRET@q PER .

B e

DATE

T S e et

TABLE §

A

DAYSPOST | ¥ 1 ... PER,CENT OF zfunc-rgp D% EXCRETED PER D& L
y = -
INJECTION | Hp-1|Hp-2| Bp-3 | Ho-4 | Bp-5 ! Hp-6 1 Hp-7 | Hp-8 | Hp-0 | Bp-10| fp-i2 [cnNChT -G2hck, ") fur, 1P
1 8L 472 ) 568 | 0 | 298 - | .217- Jq}‘ .s0d 41s ; 01t es? | 2530 jsgeT 40
2 L4601 294 ) 289 | 236 | jea | 216 | 212 | .2 085 330 |-.103.| 182 | .15% 87 |15
3 S ) 1T 112 ) 220 ) orr | aa2r | Lust | L 128 | 069 | 218 [ 088 | 083 LTS 087 120
4 094 ¢ 123§ (107 | (132 | 052 | .111 | .098 | .140 | .0eé [ .170 | 078 | .077 .133 .03y .031
5 068 | 1le 1 078 | 118 | 030 | .0%6 | .069 | .0BY [ .047 | .08% | .068 { .02 032 042 037
8 068 4 081 1 043 | L119%] 020 | 057 | 059 | 0783 +.052 } 060 | .084 | 0258 b .020 042 -
7 082 3 002 | 043 | 077 | 033 | 044 | 045 | 066 [ .050 [ 079 | .063 | U234 | .024 028
] 055 | .43 | .049 | 081 | .026 | 043 | 037 | 057 | 032 | 085 | 080 | 0227 | o023 .025 Rt
g 051 | .0de { .022 | 095+ 627 | .32 | .023 | .047 | 032 | .051 | .043 - .ozt .ai 065
03 -045 1 038 | .07 | .081°} 022 | 031 | .023 | .050 [ .038 § .o44 | .038 | .coser| 034 | 030} .026
11 040 | o040 1 027 | .075°} .021 - | 0B | 049 [ 028 § .04l ] p3s | 0W9T7 47 .08 L3
iz 038 | 639 [ .015 { .072*) 026 | .024 | .019. ) 023 | .D30 | .38 | 027 | 0003 | .047 oM .02¢
13 .034 | 645 § .020 | .067+] .023 | .023 | 019 | .o37 |.o27 | 029 | o0 | L0238 { .o0u8 034 -
14 .035 | 036 | .020 | .038%{ .018 | .020 | .03 | .035 | 030 | o290 | 039 | oo 034 008 -
15 -034 {089 { 026 | .050 | 015 [ .022 | 012 | 035 | .030 | .025 | 020 | 0059 | 026 | 01 | .013
i6 028 [ .024 ] .02¢ } .033 |.020 { .017 .012 | .038 | .04+) 021 | .023 } .0t00 | 012 o0 -] 018
17 027 | 027 | .02l .03z [ 020 1.003 .001 ( 032 | 038 | 023 | .o29 - .028 - 0056
18 028 | .020 | .ou%y | .037 | 020 | .0 ts,- .an .o | 627 | .0z21 | 028 - 026 - D16
19 025 §.019 | 08 032 |01 | 015 | .00 |.031 |.029 | 017 | .020 | 0022 | 645 - 006
20 o o2 {0 025 §.021 | 0130 000 | .032 {.029 [ .08 | .o32 | 093 | .osm - L0048
2] 637 £ .047 1 .0t .].029 |.020 |.002;| .00 |.025 j.032 §.022 |.025 | 00T |T.032 T[T loaly
22 018 -1 .015-| (014 | 035 | .01 1.012/} .013 | .02t [.032 | .08 | 025 | 0ids | .g27 - L0050
. 23 .025 | .o | .0l4 | .o - - | 008 | 021 |.032 | .01 |.030 | .oi5k | .029 r 0491
24 021 ) .01 - - - - |.o08 o025 f.0az {.016 | .02 | G128 | 020 %, 076
25 a3y .Gid - Ail - - Wil 023 .z .Gi6 62l 0128 L 144 \‘\Q_ oli
28 - 1.0 - lLon - - | o007 | 022 1.032 | .006 |.023 | 0175 | 024 - 6022
27 - | .08 - | .oo8 - - 1008 |.028 |03z | .0 {017 | oasn | oo | (O044
- 28 008 - - - - | .08 .02z {024 | .012 | oza | 097 [ o34 - 0074
29 - | .09 - - - - }.oea |00 }.o25 | .04 | .023 | .Gl | .022 - L0043
30 - | .o0 - - - - j.oo §.025 }.a23 } .04 |.o21 | 0151 | .024 - 064
31 - 067 - - - - 0085 | .07 ).0as - B2l | .00 02T 7 - L0077
32 - f.eer - - - - 1.007 |.0W }.,024 - A2 | 010 .020 - L0063
33 - 1 .009 - - - - t.oos | .05 1.022 - 03"} 017 0kl - 0073
34 - | .00 - - - - §.c08 §.015 }|.020 - 020 | .nize | .oo8 L0084
35 - - - - - - | ooe - .oz - L26 L oiar | 009 - D069
38 . - - - - - 1.o08 | .05 |.022 - f.a | oies | o.a1s - 0079
a7 - - - - - - | .o08 | .00i - - 023"t wtif | oIt - .0083
kES - - - - - - - j.018 - - 4is | oM ] .009 - 085
39 - - - - - - - oL Gzio| Wl D ooog - L0064
40 - - - - - - - - - .0l ooz | o8 ) - 0072
41 - - - - - - - Kifl] - - .13 | o002 01l - 068G
42 - - - - - - - oM - - 013 | o127 - - L0681
43 - - . - - - - Lo - - 016 | L0095 1 01T - 0078
44 - - - - - - - .04 - - 015 10091 - - L0055
45 - - - - - - - LBi3 - - Al 013 OB - A63
48 - - - - . - - | .01 - - - Q12 - - 0072
47 - - - . - - - 1,014 - - 015 - 020 - . .0059
) 48 - - - - - - - 1.ou - - 017 | G084 - - L0058
- 49 - - - - - - - | .08 - - 015 | L0083 - - 00683
50 - . - . - - - l.ew | - - - | 0034 }_ 018 - L0078
51 - - - - - - .n13 . - - v - - 0942
52 - - - - - P - - 38 160712 - - L0083
53 - - - - - - |.o12 - - 019 | 0023 - - 0074
54 - - - - - - - .13 - - 43 - - - 0017
55 - - - - - - - |.o15 - - 48" LT3 G4 - L0086
58 - - - - - - - | .01 - - 036 603 - - 0064
57 - - - - - - - - .01z - - .018 1 G075 - - 0050
58 - - - - - - - toom - - 438 1 .06%4 - - 0058
59 . - - - - - - - 1.012 - - M - - L0098
(3 - - - . - - - t.eli - - - ooga | o2 - 0067
Gl - - - - - - - niz - - . ] - - Rile ]
62 - - - - - - - J.olwo - - - 6002 - - 0053
63 - - ~ - - - - 1 .009 - - B ¢ - - 007
64 - - - - - - - il - -, .l - - g2
65 - - - - - - S - - - 0099 | .024 - L0042
&6 . - - - - - - - - - - Ui - - 047
% - - - - - - - - - - - Ui - - GG
£ - - - - - - - - - - - LEE) - - 003
€3 . - - - - - - - - - - g - L0070
w0 - - - - - - - - - - - i1 - - Riilen]
4! - - . - . - - : . D03
R - - N - - - - 0032
- 13 - - - - - - - G068
52 % =
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0f the Cticago specdmona arnlyced, 7.3 por conbt chowed a body
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Lanfim grenbar Shar 0.1 13, 32 por coab saowad

nomative cowres (zazimmn balig logs didan 0,1 count por minubo)
apd the remminder chowed a3z than O.l Juz ratained in tho body.

Theo Inberabory vhich wes deslgnod o o dust-freo in order Lo

cvold cudside conmtaminaticn 10 noy- oot tho spesificntions.

Howovor,
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LE-~2C0
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Tays clucs 2% how Speeikic Pexocab of injecied
infcetion T TRATELT anTo ouenoted

130 =L
25 ol
9.;'(0 T,
200 ot
1360
570 mi
120 1
QL0 ol
530 mi
535 nl
5650 mi
640 L
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100
1,033
1.022
L.Cl2
1,012
1,034
1.032
1.012
1,G32
.02
1.Ci0
1.010

1.010 L

0,857
0,152
0,053

0,025
0,C258
G,.0224
0.0227
0.0032
0.0097
0,0057 -
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Boily Plutoniun Urinery Irmrciion (Femala~IK-300)

Days efuer 24 poun coociftic roecxt of dnjected
aninoiden oty e ity faon_orarated
n X125 g1 - 1,030 0,367

3 2720 il L.iz - 0,057

£ 120 L 1.032 0.033

I 2020 pl 1,020 0,042

5 1200 mt 1.030 0.042

7 1L5Co m, 1030 0.C243

8 X230 =, 1.030 0.0254%

o 100 ok, 1.010 0,019

1 280 =1 31,010 0,630

NAGESS B v ) 1010 ' 0.019
Q40 1. 210 0.01

Bt
ERVENE S

G5 ol 1,210
22 G20 1 1.0

Pingontsm fhomanzs Studles aro bodng cormleted on the effect of i
and civmic acld cenecatration ma the diffvieibility of pu(IT) threush

callephars acmlroncs veing ler jwesoura wltzof Xiratlon technlques,

A roport summarizlvs tho posulln oblained in prelimirvary studics of
Pa theropy 1a bolrg pecparcd. '

Resulss of ultrafiltration to <1.30 show that a pl of about 2,5
innedlotoly precodes a oiecp divp 4n the cxtent of Pu(iv ) ubleh 1s
difieniblo,thus indicating, it is prosumed, the ansob of definite _
colloidalivy, A% a pd of 7.3 ard in ko peazonco of voryiny anounts
of cltzie acid, it is found thiie

{2) As 115tlo 8g 0,0001 Li clitrie acdd appireciodbly increasos
the Alffunibility of Fu, -

(B) A mintmo in the GLifusabil: Yy of Fa ezcura ab L,005 = 025 11
‘cityic ecid, Tids phesczanoz, 1 eonflzmble, ray bo
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I. Routine Urine. Survey -\_249-10!1'..3-5501‘

e

A' Urine Specimens Received .

[ -%“"""‘ ‘ - ‘; e :.-_ lu.: .-—,'}‘ ".. ‘: l‘.‘ 3 :‘.k
,:o.\ 3T Chicago e e e e s am e
:'..-‘-?h Other o« e e oo e .. ;

CLISSI!'I CITIOK CAKCEI.LED

pare .. VAN 111367
l‘or the -M:omio Energy Commisaion

' B. Backlog of Specimms

RAYMOND A. CARPENTER 4o —
. . LTl for tha
C.'}!'_ Specimens'z'Anglyggd- i N L Chief, Declaaaifioation Branoh

:; Chicago o 4 o s 0 -u.-{‘ -0. ' " « 31
"__‘ Other \:..-_. L '_.:--i'_i__'-*:'.."‘{. ?

Chicago OI {..o. [ ] o. . . = oi - ® o‘ 169
Other...,......;-...-u'.’rﬂ

SR Of “the Chicago specimens analysed, 7.3% showed a body-
. content of plutonium greater than 0.1 ug, 32% showed negative
“counts (maximum being le ss than O.l1 count per minute)and the
.~ remainder ahowed 1esa than 0.1 ug retalned. in the bodye . . ...
The laboratory which was designed to be dust-free in N
order to avoid outside contamination has not met the specifi- "
cationa. However, control urines have been run quite -
frequently and none have snown ¢\ counts in excess of 0 1l
- count per minute per 1000 ml sample.

Special Urines: Two humans were injected with 94,91 ug of
plutonium on December 27, 1945, The composition of the '
~injected solution and the volume injected is glven in Table I.
- The urinary plutonium excretion for the male auhjact 1: given .
in Table II and fo:' the female in Table III. _

e Y] «the‘Nntinml
-. Th!ndm 1th cmhﬂﬂ"‘ A .t_m., - _




Table T

Compoaition of Solution

“7 Plutonium Boncentration. . .21 b7 ug/ml

3 Volu.me injected {each) . -. 4.4 ml

H - 'i.--.-‘ ‘el -0— L] IR [] - p' .. 06 5

odium citrate « « + o0 204 01 M
Iaotonic Salina '

I L]

. )‘. ) . e - ] —
[ ) . N R . ‘,', L 1 - -
T L Table II AT e

Daily Plutonium Urinary Excretion (Hale)
ST . K200 00 g

- Days after 24-hour : Specifio‘ m _ ~ 4 of injected “"lf‘lhl/ _
-Injection "'01“1“3 Gravity doae excrated

\4'{..« R

1 1130 mly ' .1.014.910Q = g
2 T 14281B0A ) -1.01:5.01.'3 ;
: 3 1 94004000 1,012.0%.9
4 14001290 i 1,012.01¢ :
T 5. . - 116019070 7. 1,012-M1 _
6 - 1270 940' L 1.014.0 %
7. 21290 875 .- 1,012.08 0.0234
8.4 £940 ¢ - 1,012-Ta% 15 0.0227 T
9. Tt BBO Y 11,0127 20 Co e 0,0082 - , "
10 . “_';;__j___*“m 535 . . L LG012 i i ianna 00097 O
650 1.010 Tt 0,0097 .
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b} e, ‘ a"m,\“‘h“‘ﬂ\ *tln.f“{ib I

L
*w\. 11:\-" {{‘Jt*

Daily.Plutenium'Uringei Excretion_ f
et {Female-wx-ﬁ -

~Days after 24—hour Sk f“} A of Injectedf
'_Injection = Ce o gpa S dose excreted?-

. ~*v'---rwmf:w 5 f'-'¢ o D ‘ " . .
*. ‘o

A

pu{iv) through cellophane ‘membranes using low pressurs ultra- »

“filtration techniques. ' A report sumariging the results o

.obtained in preliminary. studies of Pu therapy is being prepared
- Results of ultrafiltration- to date show that.a pH of about .
;. 248 immedliately pracedes -8 steep drop. in the extent of Pu(IV)
“which is diffusible, thus indicating, it is presuged, the! onset
“c.of definlte collotdalitys. At a pH of 7.5 and in the preeenee
ﬂof varying amounts of citric acid, it is found that: -

() As little as O. 0001 M citric acid appreciably inereaees
the diffueibility of s Pus -

- (b} A minimum in the’ ﬁiffueability of Pu occurs at .005-.006M
citric acid, This phenomenon, if confirmable, may be related ‘
to the neutralization of a positively charged Pu colloid by o
=" the negatively charged cltrate ion. ~Migration experiments _;v@:fr;
a_ere planned to'atu y;therign on; the'Pu eolloi aand eemplex !’“ c

?Plutonium Theragx Studies aré being completed on. the effect‘" §;ﬁ;e
of pi and citric aeid cencentration on the diffusibility of = s: -
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Clmalblagnosm___ﬂarglnpﬁ atosis from axillary breast tissue SNCP c0DED
—_ FHWACYACTMATFRIM RéMoveD MAR 1 1977
Att. Phys.___D::.__ﬁggxg_e Ditlzlc | Post-mortem by Dr. E. P. Benditt

Date and Hc-n_';rof Death 1-13-46 at 1:30 PX Date and Hour of Post-ﬁ_mrtem- 1-13-46 _at 3:30 Pd

ANATOMICAL DIAGNOSIS:

{Dual malignanc ). Adenocerciroma (mixed mucinous and
scirrhous 'type_s{, arising in ectopic left axillary breast
tissue, metastatic to liver, mesentery of the small intes-
tine, lunbar vertebrae, ribs, skull and pelvis. Adeno-
fibroma of left breast. Same in right breast with degener-
stion. Lymphoblastema. Healing patheclogic fractures of
ribs 3, 4, and 5 on the right. Left obliterative pleuritis.
Pulmenary erphysema and edema. Calcification in the
anterior left 4th intercostzl space. Double ureter, right
kidney. Marked aortic and corcnary atherosclerosis.

Thrombosis of the pelvic veins., &mall fibroma, right
ovary. .

EXTERNAL APPEARANCE: The body is that of an emaciated 55 year old white female
vho appears 10 years older than the stated age. She is 61 inchas in length and
seighs 85 pounds. The body is pale with little dependent cyanosis. On the head

£s a large quantity of grazying red hair., There are no obvious scars on the scalp.
The eyes are centered and the pupils dilated and shgntdy irregular. The sclerae
aTe clear, The nose is not cobstructed. The teeth are in good repair. The buceal
3ucosa is pale with no obvious lesicns. The oral mucosa znd tongue zre covered
with a dark dry brown coating. The trachea is in the midline and no masses are
crossly palpable in the neck. The chest is symmetrical. Beneath the margin of
‘ke right anterior axillery fold zt the levels of the 3rd, 4th and 5th ribs there
-3 a slight palpable depressicn in the bony thorax, with some irregularity of the
*its. The breasts are of moderate size and show no irregulariiy in outline. In
-ﬂe left upper outer guadrant of the left breast is a palpable nodule approximately
~ @, in diameter and above this a 1arger area of slight firmness and induratlon.
Vust beneath the anterior axillary fold in the left-axilla is a large firm mass
‘toroxirately the size of a small lemon and over this is an incisicon along the
-tterior axillary fold measuring approximately 5 cms. in length. The incision
‘vears recent. In the right axilla severcl almond to walnut sized nodes are
‘Qpable. In the right groin just lateral to the tubercle of the publs is a

“im smooth rounded mass approximately the size of a walmut. The abdomen is
Ifadhoid and without scars. The upper and lower extremities are symmetrical.
-iere is no pitting edema, '
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.ABIX)!EHAL GAVITI: The peritoneal surfaces are smooth and glistemrﬁh
e lJ.ver

' bowel s ‘callapsed throughout. Its peritoneal surface is normal

extends a few cms. helox the costal margin in its medial portion only. The
other abdominal viscera appear normél. 1he abdominal fat pad measures 2 cms, in
thickness and the musculature is thin but of a good color. Careful sections
through the left breast revesl only a nodule 1l cm. in diameter with a smooth
white capsule and a central caseous .slightly yellowish center. This is 2 cms,

- above and approximately 2 cms. lateral to the nipple. The upper outer quadrant

of this breast shows only fatty tissue and nothing to account for the externally
palpable induration. The right breast is entirely normal except for a small
nodule about 8 mms. in diameter which is well encapsulated and consists princinai.
ly of whorls of white fibrous tissuae with a litile central softening of a caseoys
nature. This lies several cms. above the nipople. In the left axilla is a hard
cone-shaped mass with its base in the axillary sldn and its apex attached to tha
second rib in its lateral portion. On section the mass iIs composed of matted
Yymph nodes, several of which are large, nale, slightly tan and rather soft.
Several others are infiltrated with firm white nodules. A few small vessels
appear thrombosed, Approximately in the center of the mass is 2 small white
scirrhous aresz measuring about 3 mms. in its broadest portion, 2 cms. long in
its central portion and fraying out at beth ends in white fibrous strands,

PLEURAL CAVITIES: The right pleural caviity has a smooth glistening surface and
no excess fluid., The left pleural cavity is completely obliterated by rather
thick fibrous tissue. In the anterior portion of the Lth intercostal space in
the left is a plaque measuring 1 - 2 ems. in cross section, the exterior portions
of wiich annear slightly calcified; the center is composed of pale yellowish
cheesy materisl. '

‘PEZRICARDIAL CAVITY: This contains a few ccs. of yellowish fluid. Its surfaces

are smooth and glistening. It is not otherwise remarkable.

MOUTH AND PHARYNX: See External Appearance,

ESOPHAGUS: Kormal.-

THYROID AND THYMUS: The thyuus is not visible in the anterior mediastinal fat.

The thyroid is of normal size, not nodular.

HEART, AORTA AND VESSELS: The emptied heart weighs 250 gms.., Its perdcardial
surface is normal. The musculzature has a normal color. The left ventricle
measures 12-13 mms. in thictness, the-right 3 mms. in thickness, The valve
cusps all appear normal, The tricusnid measures 10.5 cams,, pulmonary 7 cis.,
mitral 8.5 cams,, and aortic 6.5 cms., in circumference. The coronary circulation
has normal configuration, It shows a rather marked degree of atherosclerosis.
The aorts has a normal configuration. It shows narked sclerosis with ealeifi-
cation which is moat extreme in the inferior abdoxinal portion.
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i L{NGS The right lung weighs 240 g-ms., the left 250 gms.. The righ'l'. has a smooth
. grayish pink external surface mottled with black. It is crepitant throughout.

. gn section it shows a similar color and no excess fluid can be expressed from

- the cut surface. The pleural surface of the left lung is thick and has a shaggy
 reddish exterior, The lung is crepitant throughout. On section it is entirely

similar to the left lung.

PERTBRONCHIAL LYMPH NODES: These are ama.ll, grayish black and soft. On section
the centers are grayish with s thick peripheral bla.cﬂ rim and not otherwise re-

markable.

LIVER AND GALL BLADDER: The liver weighs 1110 gms.. The capsular surface is
szooth, glistening and reddish brown, studded with round rather sharply demarcated
shite firm nodules with umbilicated centers. These nodules vary in size from

1~ 4 cme, in dizameter. On section the surface is a similar reddish brown with
essentially normal lobular markings and this same studdiag with numerous round
shite nodules with slightly softened centers in many instaznces. In the medial

and apical portion of the left lobe is one very large hard white nodule measuring
3 x 4 cms. in cross section, The gall bladder is relatively saall and thin-
walled. Bile ca. be expressed with ease through the pap:.lla of Vater. Its

aucosa is not r-markable.

SPLEEN: 'Ihe epleen weighs 85 gms.. It has a smooth capsule. On section it is
a reddish purple rith moderately prominent follicles and is not otherwise remarkable,

PLNCREAS: This is small, weighing 60 gus.. It has a nom=1 eolor and shows a very
slight fatty jafiltration. _

SASTRO-INTESTIN'L TRACT: The stomach is normal. The sw2ll bowel is thin and col-
lzpsed. Along the mesenteric border of the small bowel are scatiered small white
Iira nodules weasuring from 3-4 mms. to 1 cm. in diameter. In the upper portion
of the 1leum, immediately adjacent to the mesentaric border of the bowel, is a
»arge mass measuring 2 X 2 x 1 cms. in size and composed of similar firm white
tunor tissue. The larye bowel down to and including the rectum is qm.t.e normal.,
The append:bc is small a.nd not abnormail.

KIDNEYS: The right kidney weighs 80 gms., the left 110 gms.. Their capsular
surfaces are smooth. The capsules strip with ease, On section there is a slight
Zdging of the cut surface. The cortices are of normal thickness and an extremely -
sale slightly yellowish color. They are sharply demarcated from the medullary
zortions which appear normal. The left kidney his a double pelvis.

-“INARY TRACT: The right ureter is of normal size, contains a little thin yellowish
*1ite material and empties nomally into the bladder. The left ureter is double
irising, as mentioned above, frou two pelves in the left kidney. The two ureters
rToceed independently to within 0.5 cm. of the bladder where they join and there

* slightly dilated single ureter emters the bladder nornally. The bladder is.
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~ fibrosed. The nght ovary is small and pale and white. Attached to its

- and on section snow a perivheral pale rim with a slightly browner cemtral

smaJJ., conta:.mng a few ccs, of thin yellowish white material. The mucosal
surface of the bladder is not remarkable except for a little reddening in

GENERATIVE ORGANS: The introitus is virginal, the cervix nulliparous. The
‘uterus is normal, as are the Fallopian tubes. The left ovary is small and

upper pole is a nodule measuring about 8 mms. in diameter, which is firm and
white .on cross gection. .

LIMPH NODES IN GENERAL: The retroperitoneal lymph nodes surrcunding the
inferior portion of the aorta and the lymoh nodes extending along the iljac
vessels down to the inguinal ligaments are markedly enlarged. They measure
from 1 cm. to 4 ems. in diameter. Those along the sorta are elongated to
several cms, in lengtha. They have a smooth outline, show a little matting
together where they are contigupus and a very pale tan. They are soft

area. The lymph nodes of the left axilla have been described. Those in the
right axilla are moderately enlarged measuring 1.5 x 1 cm. in cross section
and resexble the nodes just described in the pelvis.

BRATN, UENINGES AND SPINAL CORD: Not examined.

MISCULAR SYISTEM: The muscles are thin, somewhat pale and poorly developed.

1
SKELETON: The right 3, 4 and 5th ribs ard their antero-lateral portions show|
depressed fractures with some evidence of healing. The 12th thoracic verte- !
bral body is completely replaced by a yellow cheesy material and the Vertebra]
is collapsed to one-third its normal thickness. The lst and 2nd lumbar verte~
brae are infiltrated by rather firm white tissue which shows a little central i
yellowish degeneration. The laft ilium is not remarkable.

CLINICAL HISTOHY: This 56 year old white female school teacher entered AMBH !
on December 3, 1945. The complaints were pain in the ribs, sternua and sacro-
iliac regions and enlarged tender lymoh nodes {especially the left axillary) of
five months' duration. She had been extrensly i1l at 20 with tuberculosis of |

‘the spine and lungs. She made a complete recovery in {4 years and since that

time had been well excepting recurrent attacks of pan-sinusitis, In August, '5
1945, she experienced pains in the right sacro-iliac region and chest, accom- |

panied by generalized lymphadenopathy. In October she came to Chicago angﬂ—J

- eonsulted a hematologist. The diagnosis wes: Infecticus mononucleosis.” The

pains persisted and have been associated with 12 pounds weight loss, evening |
fever, anorexia and thirst. Physical examination reveasled enlarged cervical, -
axillary and inguinal nodes; pain, tenderness and deformity of the dorsal '
spine; pain and tenderness of the thoracic cage; slight enlargement of the ,
left breast with a soft fluctuant mass in the anterior axillary line; and :
apical systolic murmur. was nEgat,lve. Urinalysis was sp. gr. 1010
with 3-4 WBC/hpf in catheterized specimen. The blood count revealed: |
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" B3C L6, WBC 9,100, Hb, 14.6, neutrophils 82% and lymphocytes 18%. Elood chemistry
showed NPN 60, alRaline phosphatase 17.2, total proteins 7.32, albumin 4.62,
plobulin 2.70 and urea clearance 13. X~ray reported minimal hilar and adjacent
pulmonary parenchymal calcified tuberculosis; old fused, calcified tuberculosis

of I 1-2 and T 12; multiple areas of decreased density in ribs, thoracic and lum-
var ‘epine, both ilia, and skull; unormsal gall bladder, atrophic right kidmey with -
faint visualization on both sides. 4 diagnosis of multiple myeloma or carcinoma
with multiple metastases to bone was made. The tuberculin-test was negative.

1 Mo Bance-Jones protein was found in the urine, A biopsy of the left axillary

mass and skull established a diagnosis of carcinoma of abérrant breast tissue with
netastasis, The patient was started on U medication. However, she began to vomit
and could teke nothiag by mouth after the time of the biopsy. OShe became progres-
sively worse and di=d January 1, 1946. : ' '

HISTOPATHOLOGY .

teft axilla:- A1l fibrous connective tissue is infiltrated with tumor cells having
Jarge hyperchromatic auclei and cytoplasm wither sacanty or filled with large _
vacucles. In some ~reas, particularly cne small lymph node the cells are :
signet rings with - =finite mucin in the cytoplasm. The tumor has largely replace
the lymph nodes w .*ch are present. In these the growth is in multicellular cords
vith moderate amci.nts of stroma. (The architecture of the lymph nodes is described
selow). No definits single focus of origin is-evident in these sections. A few
=itoses are preser’.

:ihe: The marrow .s almost entirely replacsd by twmor. The bone shows some thin-
ning of its cort<.< plus definite new bone formation. Bone from the pelvis and 4th
lunbar vertebras is sinilar. - _ :

Jope marrow: All »laces examined are largely replaced by the tumor. What remains
is active with a varked relative increase in the numbers of eosinophilic myelocytes
:rd mature formz. Erythroblastic activity is not prominent.

‘~leen: There i3 moderate passive hyperemia and a marked hemosiderosis. The lymph
‘sllicles appear active and not abnormal. Red pulp shows a marked myeloid metaplasia
vith many eogiuorniles and a moderate nuaber of mature polymorphs,

ach nodes: (Feribronchial, axiilary, periaortic, pelvie). All are similar in
“neir basic arcuitecture. The fibrous trabeculae remain. There are no fcllicles
-vident, nor any sinusoidal structure. The node is unifomly filled with small
.mphoblasts. These have invaded through the capsule in many places and lie in

‘e adjacent fatty comnective tissue.

ver: Both sections show seversl small metastases of rather cellular tumor.

-=2 liver cells contain some fine droplet and scattered focal accumulations of

-irge droplet fat. Hepatic cells all contain yellow perinuclear pigment. There

-3 hemosiderin in many Kupffer cells. T

Ancreas: Moderate fatty infiltration is present,

~2snel:  Not remarkable. '

~Toid:  Normal.

- 2T7s Atrophy with no evident ova, At the upper pole is a small hyalinized fibroma.
~.rus:  Atrophy and arterial sclerosis. .
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Breast: Atrophic. -Small intracanslicular adenofibroma with marked hyalini-
zation is present in right breast. Section from left breast. Cystic struec-
ture filled with fatty debris containing many cholesterol slits, A mass of |
lipophages bordered by -an-area of fibrous tissue containing many -hemosiderino-
phages is present at one edge, and the adjacent capsule also-contains many |
hemosiderinophages. . ' _

Kidney: Scattered fibrosed glomeruli are present. Many convoluted tubules
‘are filled with bluish hyaline casts, Tubular epithelium shows evidence of
degeneration and repair.

Heart: Mecderate diffuse fibrosis of the left myocardium.

Aorta: Marked atherosclercsis with beglaning calcification.

Coronary :rteries:. Moderate atherosclerosis with calcification.

Lungs: [Pophysema kith thin walled alveoll is present diffusely. There is
scattered focal edema and hyperemia with hemorrhage in a section from the
lower lubas. One curious area with thick walled alveoli taking & marked bluisy
stain is present immediately adjacent to an ordinary area of emphysema. In |
this pecvliar area edema is marked. '
Large irt :stine: Normal mucosa with -a little pseudo melanin pigment. The
mesente ; is heavily infiltrated with tumor.

Commer.: Comparison of the biopsy sections with the post mortem sections shows
no evidert difference in the character of the tumor despite "U" therapy. Also|
present. sn the blopsy section of lymph node is the lymphoblastoma, This rules
out th- pvossibility that it was induced by the medication. Moreover there |
appea : to be no obvicus difference between the sections taken before and |
after medication was begun.
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