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AERIAL VIEW OF THE LABORATORY SITE
1. Alternating Gradient Synchrotron
2. Research Reactor and Hot Laboratory
3. Cosmotron
4. Cyclotron and Van de Graaff Building
5. Medical Research Center and Medical Reactor
6. Biology laboratories
7. Nuclear Engineering Building (under construction)
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Brookhaven National Laboratory is operated by Associated Universities, Inc., under contract
with the United States Atomic Energy Commission. Nine northeastern universities sponsor Associated
Universities, Inc. Two representatives from each university, one a principal administrative or corpo-
rate officer and the other a scientist, form the Board of Trustees of AUL In addition, the Board itself
selects three Trustees-at-Large. Their purpose is to insure adequate representation of any scientific
discipline in which the corporation may undertake work and to provide general flexibility in methods
of operation. The composition of the Board as of July 1961 is shown in the table below. AUI has
appointed five visiting committees to Brookhaven National Laboratory to provide a continuing inde-
pendent evaluation of the research program. These committees cover the fields of biology, chemistry,
engineering, medicine, and physics, and report annually to the Board of Trustecs.

BOARD OF TRUSTEES
OF

ASSOCIATED UNIVERSITIES, INC.
AS OF JULY 1, 1961

Columbia University

Ravrpn S. Harrorp Frank D. FackentHAL (Honorary) LI. Rast
SANFORD S. ATWOOD Cornell University FrankLIN A. LonG
L. Garp WiGGIns Harvard University WiLriam H. Sweer
P. STEwART MacauLay Johns Hopkins University WiLriam D. McELroy
Carc F, FLoE Massachusetts Institute of Technology Peter T. DEMOs
Josepn C. ELcIN Princeton University Eimer G. BurLer
CarL C. CHAMBERs, Chairman University of Pennsylvania Francis C. Woop
LaRoy B. Taompson University of Rochester Eumer H. Stotz
C. HaMIiLTON SANFORD, JR. Yale University WiLriam W. WaTson

Trustees-at-Large
Leo GoLpsere, University of Michigan ALFRED E. WHiTFORD, Lick Observatory
HaroLp F. WeavEeR, University of California at Berkeley

Annual Trustees
Epwarp ReynoLps, Harvard University Trueopore P. WricHT, Cornell University

Ex Officio
LI Ras1, President

OFFICERS OF ASSOCIATED UNIVERSITIES, INC.

Chairman of the Board — CarL C. CHAMBERS

President — 1.1. RaBi Controller — Lewis R. BurcHiLL
Vice President — Epwarp REYNOLDS Secretary — CHaRLEs E. DunBar
Vice President — O11o STRUVE Asststant Treasurer — JosepH F. LorD
Treasurer — JAMES S. ALEXANDER Assistant Secretary — RicHarp M. EMBERsON
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BROOKHAVEN NATIONAL LABORATORY
OFFICERS AND CHAIRMEN OF SCIENTIFIC DEPARTMENTS

GeraLp F. Tapg, dcting Director
R. CHRISTIAN ANDERSON, Assistant Director

SamueL M. TUCKER, Assistant to Director
CuarLes E. Fauk, Scientific Assistant to Director

(. KennerH Green, Chairman, Accelerator Department
Howarp J. Curtis, Chairman, Biology Department
Riciiarp W. Dobson, Clmirmt’m, Chemistry Depar‘tment
J.B.H. Kupeg, Chairman, Instrumentation apd Health Physlcs Department
' Ly F. Farg, Medical Director and C/mmnarf, Mc.dxcal Department
Crake WiLriams, Chairman, Nuclear Engineering Department
Maurice GoLpHaiER, Chairman, Physics Department

REPRESENTATIVES OF THE
UNITED STATES ATOMIC ENERGY COMMISSION
CONNECTED WITH THE MEDICAL DEPARTMENT AT BNL

Emery L. VaN HorN, Area Manager
Brookhaven Area Office
U.S. Atomic Energy Commission
Upton, New York

CrarLEs L. Duntasm, Director ‘
Division of Biology and Medigmc
U.S. Atomic knergy Commission
Washington 2% N.C.

VISITING COMMITTEE IN MEDICINE

Tuomas Francis, Jr., M.D.
Professor and Chairman
Department of Epidemiology
University of Michigan School of Public Health
Ann Arbor, Mich.
Term expires October 1961

W.T.S. Taore, D.V.M.
Dean, College of Veterinary Medicine
University of Minnesota, St.. Paul 1, Minn.

N C., BucHeg, M.1)., Chairman
Puerto Rico Nuclear Clenter
University of Puerta Rieo Station
San Piedras, P.R.

Term expires October 1961

oBERT A. Moore, M.12. '
President, Downstat: Medical Center
Dean, School of Medicins:

State University of New York at Brooklyn

450 Clarkson Aventir, im?klyn 3,NY.
Term expires Octobwr 1452

»sepi E. Smaper, M.1).
Associate Director

National Institutes of f{ralth, Bethesda 14, Md.

Term expires October 1963

i. Barp Hastines, P f) .
Scripps Clinic anf} Metatslic F‘()L{ndauun
476 Prospect Street, La [olla, Calif.

Term expires Octotrr 14

Term expires October 1962

MaxwerLr M. WintroBe, M.D.
Professor and Head
Department of Internal Medicine
University of Utah School of Medicine
Salt Lake City 15, Utah
Term expires October 1963

Brownson S. Ray, M.D.
131 East 69th Street, New York 21, N.Y.
Term expires October 1964
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GENERAL AND ADMINISTRATIVE STAFF

OF THE MEDICAL

Medical Director and Chairman, Medical Department -
Lee E. Farg, M.D.

Assistant Chairman, Medical Department - Victor P.
Bonp, M.D., Pu.D.

Assistant Chairman, Medical Department - STuart W,
Lippincort, M.D.T

Executive Associate and Hospital Administrator - W.
Acrvorp Finn, M S,

Services Coordinator - WiLL1aMm J. WarsH.
Executive Assistant - GEORGE A. Jackson, B.A.

STAFF OF THE

OF THE MEDICAL

SCIENTIFIC STAFF, CONTINUING APPOINTMENTS

Senior Scientists - LEE E. Fargr, M.D.; VicTtor P. Bonp,
M.D., Pu.D.; Georce C. Corzias, M.D.; Evcene P.
Cronkite, M.D.; LEwis K. Danr, M.D.; WaLTer L.
HucHes, Pu.D.; Stuart W. Lirpincort, M.D.; JaMES S.
RoserTson, M.D., Pu.D.; DonaLp D. VaN SLYKE,
Pu.D.

Scientists — StanTon H. Coun, PH.D.; RoserT A, CONARD,
M.D.; Ruta M. Drew, Pu.D.; Lawrence V. Hankes,
Pu.D.; Warton W. Sureeve, M.D., Pu.D.; Etmer E.
StickLey, Pu.D.; Ricuarp D. Stoner, Pu.D.

Associate Scientist — Otao D. EasTerDAY, PH.D.

SCIENTIFIC STAFF, TERM APPOINTMENTS

Senior Scientist - IrvinG L. Scawartz, M.D.

Scientists — Epwin A, Popencg, Pu.D.; WiLriam WorLins,
M.D.

Associate Scientists - DonarLp C. Bore, M.D.; GEronIMO
Terres, Pu.D.*

Medical Associates - ABBAs ArLacHEMAND, M.D.;
VincentE C. ALcoBeEr, M.D.,, Pu.D.;} Joun O
ArcHaMBEAU, M.D.;t RoBerT B. Aroxnson, Pu.D;
Joun L. BaTeman, M.D.; WencesLao Carvo, M.D,,
Pu.D.; WiLtiam H. Crope, M.D.;1 Srencer L.
CommerrorD, PH. D.;1 Hans CorTiEr, M.D.; ALBERT
F. Desons, Pu.D.; Roger C. DE MeurTer, M.D;
Lupwig E. FEINENDEGEN, M.D.; SamueL Fing, M.D,;
Taeopor M. FLiepner, M.D.;§ RicHarD L. Govrpen,
M.D.;t Ricuarp A. HamMmEeRsTROM, PH.D.; EpwWiNn R.
HucHes, M.D.; Sven-Aage Kirimany, M.D.;* H. J.
KocH, M.D.;¥ RoeerT C. KrUEGER, PH.D.;* Lous
C. Lax, M.D.;f Georce C. MaTHER, D.V.M_ Pu.D.;t
Niers O. NieLsen, D.V.M.; NicoLas ODARTCHENKO,

*Terminated prior to June 30, 1961.
**Transferred prior to June 30, 1961.
fEflective July 1, 1961.
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RESEARCH CENTER

Department Secretarial Staff - GeErTrUDE F. BREWER
Heren L. Brown;** Grace De Paoro; RAES. GRFENBERQ N
Avice E. Grirrin; ALice A, Kiesting; LoLa E, KOPP
EiLeen M. Murray; Evizapera M. PETROSKE
Varsorc C. SEGErRDAHL; MaRrY SMITH; Logg \,1
TrieBen; BarBara L. Van BOME[ Avrice M. Wacngy,

Department General Services Staff - Josern Cfuu)m\mr.‘lz
SHaroN R. Carter; BErTHA Conway; EtHeL B, COx
Wanpa McK. CreLLER; CHARLES GOLDMAN, Pu.Cy .
WAaLTER G. Hansen; BEatrice A, KoHLer;** Vmcmu
C. Moorg; TErEsa I Van DErVOORT; MaRIa S. WEyNany,

LABORATORIES
RESEARCH CENTER

M.D.; PaurL S. PapavasiLiou, M.D.; Bengt H.
Persson, M.D.;t Davip C. Pricg, M.D.; Kaxmi R,
Rar, M.B., B.S.; Peter G. REIZENSTEIN, M.D,;*
EckarT ScHackow, M.D.;t Lewis M. ScHiFFEg,
M.D.;t Bricrrte ScHuLtz, M.D.;t YUKIO SHIGETA,
M.D.;t LawreNnce SiLver, M.D.; DanteL N. Statkin,
M.D.; Marcorm G. Smriay, M.D.; Sanrorp C,
SprARAGEN, M.D.; Epcar A. Tonna, PH.D.; Y. Lucas
Yamamoto, M.D.

Research Collaborators in Residence - Joun L. BATEMAN,
M.D.;t Spencer L. CommerForD, Pa.D.; Paur D.
Doorax, M.D.;1 Lupwic E. FEinexpeGeN, M.D.;t
Conrap T.0O. Fong, Pu.D.; FrRaNcINE GREGOIRE,
M.D.;* CorneLius R. Jansen, M.B., Cu.B.; CHoone-
Hoow Kang, M.D.; JuLlEN Marc-AureLg, M.D.

Research Collaborators holding primary appointments in
other departments, but assigned to the Medical
Department ~ CHArRLES G. AmaTo, B.S.; Hassax
Parnianpour, M.S.

Technical Collaborator - Wen-Suut 8. Hwaneg, M.S,

TECHNICAL STAFF

Scientists’ Assistants — EMiL ApAMIK; JamEs R. Cassipy;
Corneria A, Corcoran, B.S.; Auina R, CoMMERFORD,
B.A.;** Frank W. Dunn; Tap Konikowskl, MLA;
SamuerL T. MILLER; JoHN PraziN; PaurL N. Remnry,
M.S.; BurnerL H. SeLLECk, B.S.;* Rita F. STrAUB,
M.S.; LorraiNE M. Tassinari, B.A.; Paur M. Tocal,
B.A*

Technical Assistants - KaTtHeriNe Conkring, M.T,;
Lawrence M. Cook; Ricnarp J. Durosk; James T.
GiimarTinN;** Jane K. GuriBoN; ERNEsT A. GUsMANO,
M.A.; JacoueLiNe M. Havver;* Heren M. Hamer,
B.A.; MarTHA A. HEINE, B A ; BarBARA E. HOMEYER,
B.S.; Bernice K. Jounson, B.A.; Frorence L.
Keg, B.A;* WiLniam P. Lenman, M.A; Naomt
MenpeLsoun, M.A.; Ricuarp Okura; MILDRED




PAVALEC, B.S.; Max A, Scuimaerer, B.S.; Wirriam A,
s;;orT; Cryve R. Sree; Doris N, Texzer, B A
THOMAS WELDQN. ‘

\horatory Services Assistants - Otrinie Fieruizzy,
.HELEN G. FosTer; Frances M. Green; Wanpa M.
MUNSON; ALLETTA Pace; AGNES A, ROMARD.

STAFF OF

OF THE MEDICAL

MEDICAL STAFF
niel of Staff - LEE E. Farr, M.D.

MEDICAL SERVICE

sief of Medical Service - Lewis K. Danr, M.D.
wending Physicians — George C. Corzias, M.D;
Evcene P. CronkiTE, M.D.; RoBerT A, Love, M.D;
James S. RosertsonN, M.D., Pu.D.; Irving L.
ScuwarTz, M.D.; Warton W. Sareeve, M.D., Pu.D,;
wirLiaM Wouins, M.D.

sociate Attending Physicians - Donarp C. Borg, M.D;
LAWRENCE SiLvEr, M.D.

wsistant Attending Physicians - Vicror P. Bonp, M.D,,
pPu.D.; Rosert A. Conarp, M.D.; Epith M. ForsyTH,
M.B, Cu.B.

ssociates in Medicine - ABBas ALAGHEMAND, M. D ;
Jonn O. ArcuaMeau, M.D.;t Joun L. BaTEMaAN,
M.D.; Wirruiam H. CLope, M.D.;1 Hans CotTIER,
M.D.; RoGer C. DE MeuTTER, M.D.; Paur D. Dootran,
M.D.;1 Lubwig E. FeivenpeGen, M.D.; SamueL Fing,
M.D.; Taeopor M. FLiEDNER, M.D.;1 Ricuarp L.
GoLpen, M.D.;t FrancINE GrREGOIRE, M.D.;* Epwin
R. Hucres, M.D.; CorneLius R. Jansen, M.B,, Cu.B;
Sven-Aace KiLrmany, M.D;* HJ. Kocu, M.D.;
Louts C. Lax, M.D.;{ JuLien Marc-AureLe, M.D;
Nicoras OparTcHENKO, M.D.; PauL S. ParavasiLiou,
M.D.; BexcT H. PERsson, M.D.;{ Davin C. Price,
M.D.; Kanti R. Rar, M.B,, B.S.; PeTer G. REIZENSTEIN,
M.D.;* Eckart ScHackow, M.D.;} Lewis M. ScHIFFER,
M.D.;{ BricitTe Scuurtze, M.D.;} Yukio SHIGETA,
M.D.;+ LAwrENCE SiLver, M.D.; DanieL N. SLATKIN,
M.D.; Marcorm G. SmiLay, M.D.; Sanrorp C.
SprarRAGEN, M.D.; Y. Lucas Yamamoro, M.D.

PATHOLOGY SERVICE

hief of Pathology Service —- StuarT W. LirrincoTT, M.D.
ssociate in Pathology - WencesLao CaLvo, M.D,,
Pu.D.
ssistant in Pathology - Vincente C. AccoBer, M.D,,
Pu.D.1

MEDICAL SUPPORTING STAFF

‘hemist — DonaLp D. Van SLyke, Pu.D.
ssociate Chemist — Warter L. Hucres, Pa.D.

*Terminated prior to June 30, 1961.
tEffective July 1, 1961.
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Veterinary Service Assistants - FRANK Savarese, Super-
visor; Axtone B. Cuituk, Jr.; Kenxern Coxroy;
Fraxk J. Davtaco; Tuomas F. KeLLy; Joseru Kesny;
Wirtiam O. Lorenz; Marius W. Mcliwer; KENNETH
C. Packer; Freprrick W, RupperT; JouN ScHLITZ;
Vincent J. Vorsn

HOSPITAL

RESEARCH CENTER

Assistant Chemist ~ LAwrence V. Hankes, Pu.D.
Bacteriologist - Ruth M. Drew, Pu.D.
Parasitologist ~ RicsarD D. STONER, PH.D.
Histologist - Epcar A, Tonna, Pu.D.

Medical Physicist - ELmer E. STickLeY, PH.D.

NURSING STAFF

Nursing Supervisor - Rutn C. Korsos, R.N.

Head Nurses — Veronica H. Brooks, R.N.; Mary W,
Coyie, R.N.; Mary A. Craig, R.IN.; MarTHA J. HiL,
R.N.; Rosemarie G. McCann, R.N.; JosePHINE
O’Connert, R.N.

Assistant Head Nurses - Luise M. Hicren, R.N.; Lois J.
Konon, R.N.;* Brita U. McGonigrLe, R.N.; VirGiniA
M. Troost, R.N.

Floor Nurses — FLoreNcE P. CantrELL, R.N.; Lucy C.
Crort, R.N.; MaBer R. Davis, R.N.; MapLyN
ErLeazer, R.N.; Caror Ann EncEL, R.N.; MaBEL
Gonpora, R.N,; Vircinia R. HarBacH, R.N.; Mary
C. Hascsak, R.N.; KaturyN O. Hickey, R.N.; Rutn
S. Lecg, R.N.; Amanpa McGuirg, R.N.; Doroty D.
Moorg, RN * Jupite E. Newperr, R.IN.;* Mary E.
Rate, R.N.*; Joyce M. ScHrOEDER, R.N.; Joan L.
Suang, R.N.; Ruth E. Swezey, R.N.; Mavureen H.
TerprENING, R.N.; Nancy H. Van Norman, R N, ;*
Atvrice E. Van WarT, R.N.; Lirias L. Waite, R.N;
Hannan B, Woobson, R.N;* Enna W, ZorLo, R.N.

CLINICAL SERVICES STAFF

Dieticians ~ ANTOINETTE Calazzo, A.D.A.; Norma G.
GriLLespie; MiLpreDp G. METZGER.

Pharmacist - CHARLES GoLpMaNn, PH.CH.

Medical Records Librarian - Amanpa L. Harrisoxn,
R.R.L.

Occupational Therapist - ELizapern G. Owens, O.T.R.*

Physical Therapist ~ SipNey W. Juncrers, PH.T. (B.S.)

X-Ray Technicians ~ DoNaLp F. Sacker, R.T.; MicBAEL
Stravino, R.T.

Hospital-Laboratory Associates — Paguita S. Bar~HILL,
B.A.; Norma L. Benisch, B.S.; Dororny H. DriscoLr,
M.A.;* Epwarp A. FowLER; CarorL ANN NAGELE,
B.S.;* DoroTHEA R. RirPERGER; NANCY ROETTINGER;
Henprixa RozeEMEYER, B.S.;* CaroLYN SIEVERS;
Janis J. Vitors, B.S.; WiLriam J. ViaHaxis, B.S ;¥
ALFRED G. WiLLiaMs, B.S.

Hospital-Laboratory Services Assistant ~ DoroTHY M.
Diocuarpo.
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Dietary Service Assistants - Nora Borster; Joun J. Dr
MicHeLE; EpMUNDO FERNANDEZ; Josept FONTANET LA
SaLVATORE 1. GERARDE; SARAH A, HaMILL;* WiLLIaM
A. James; ALFrRep KLEMENT; PauL J. Mecvin:
AMBROSE J. MiscavisH.

Hospital Services Assistants - ELEANOR M. ANDERSON;
ALFrRep CELENTANO; JEANETTE Fiscner; Anne J.

Groeen; Mary GREENER; Harry L. Hankins; Haroyy,
R. Hasxins; Patrick Hicoins; GEoRGe W, HEAT}]ER[_y;
James A Hosvey; THeopORE R. JoHNsoN; IDris L.
Joxes: Soeute S, Kisser;* Livy 8. Lameeck; Howagy,
MarRCHHAUSER;* TERESA Misiano; RoBert T
Nicnoras; MartHa E. Skjorp;* Joun SpiNa; Mia D
WILLIAMSEN.

STAFF OF THE INDUSTRIAL MEDICINE CLINIC

MEDICAL STAFF

Chief Industrial Physician - RoBert A. Love, M.D.
Assistant Industrial Physician - Epite M. Forsyt, M.B.,
Cu.B.

CLINICAL SERVICES STAFF
Clinic Nurse - HeLen R. STern, R.N.

Clinic-Laboratory Associates ~ ELizapern M. BLoxsoy;
Gorpon F. Corpin; Norma Popraskl, M.T.; Donarp
R. Sacker, R.T.; Jovce A. Sims; MICHAEL STRAVING,
R.T.; Nancy D. WaRrNER, B.A.

Clinic Services Assistant - JAMES PENDOLA.

Clinic Laboratory Service Assistants - ALICE ALBERico,
MapeLive M. Harrock. *

STAFF FROM OTHER DEPARTMENTS

HEALTH PHYSICS PERSONNEL
DETAILED TO MEDICAL DEPARTMENT

CnaRLES FLooD; Omar Kerrn HeLrricH, M.S.; CHARLES
MzeivsoLp, M.S.; EpwarDp Scarsky.

*Terminated prior to June 30, 1961.

REACTOR DiVISION PERSONNEL
ASSISTING AT MEDICAL RESEARCH REACTOR

Technical Supervisor of Reactor Operations — RoBErT
W. PoweLt, B.S.
Technical Assistant — Danier R. OLpaam.

MEMBERS OF THE MEDICAL STAFF AND THE VISITING COMMITTEE AT BROOKHAVEN, MAY 22, 1961.

Reading from left to right, SeATED ROW: B.S. Ray, J.E.
Smadel, T. Francis, R.A. Moore, M.M. Wintrobe, A.B.
Hastings, D.D. Van Slyke, J.C. Bugher, V.P, Bond, L.K.
Dahl, G.C. Cotzias, R.A. Love, F.C. Wood (Trustee), and
W.H. Sweet (Trustee). SECOND ROW: O.D. Easterday, L.V.
Hankes, E.E. Stickley, J.S. Robertson, W.L. Hughes, }.L.
Schwartz, E.P. Cronkite, W.W. Shreeve, R.A. Conard, S.H.
Cohn, R.M. Drew, R.D. Stoner, and E.A. Popence. THIRD
rRow: W.A, Finn, D.C. Price, W. Calvo, J. Marc-Aurele,
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E.A. Tonna, W.S. Hwang, R.B. Aronson, Y.L. Yamamoto,
D.C. Borg, and E.R. Hughes. FOURTH row: S5.C. Spraragen,
N. Odartchenko, L.E. Feinendegen, P. Popavasiliou, N.O.
Nielsen, J.L. Bateman, R.C. De Meutter, K.R. Rai, C.R.
Jansen, R.A. Hammerstrom, ond S.L. Commerford. Nor
picturen: L.E. Farr, E.M. Forsyth, W. Wolins, S.W.
Lippincott, H. Cottier, A.F. Debons, L. Silver, M.G. Smilay,
S. Fine, A. Alaghemand, and D.N. Slatkin of the Medicol
Staff, and W.T.S. Thorp of the Visiting Committee.




VISITING COMMITTEES
Applied Science

Epwarp C. Creutz Rogert C. AXTMANN

General Dynamics Corporation Princeton University
Warren C. JoHNson, Chairman ArTHUR KANTROWITZ

University of Chicago Avco-Everett Research Laboratory
Taeos J. THompson* SueLBY A. MILLER

Massachusetts Institute of Technology Argonne National Laboratory
Joun TurkevicH Frankrin K. MooRre

Princeton University Cornell University

Trustee Member: MiLTon G. WHhITE, Princeton-Pennsylvania Accelerator

Biology

Freperic M. Ricuarps, Chairman Epwarp NoOVITSKI

Yale University University of Oregon
ADriaN M. SrB WiLriam H. SteiN

Cornell University Rockefeller University
FrankrLiy HurcHInsON ANDRE T. JAGENDORF

Yale University Cornell University
Lawrence B. SLoropkin FoLkE SkooG

State University of New York at Stony Brook University of Wisconsin

Trustee Member: ALLyn W. Kimpatr, Johns Hopkins University

Chemistry
WiLLiaM vox E. Doering, Chairman S.I. WEISSMAN
Harvard University Washington University
WALTER H. STOCKMAYER N. Bruce HanNAY
Dartmouth College Bell Telephone Laboratories
Harrison SuuLL Joun O. RasMUsSEN, Jr.
Indiana University Yale University

Trustee Member: Josex C. ELain, Princeton University

Medical

StanLey E. BRabLey, Chairman Henry GEorGE KUNKEL

Columbia University Rockefeller University
JosepH F. Ross W.T.S. THorp

University of California at Los Angeles University of Minnesota
Jacos FurThH Jonn M. BucHanaN

Columbia University Massachusetts Institute of Technology
Joun C. KExprew CHARrLEs L. DunHAM

Cambridge University National Rescarch Council

Trustee Member: Louts H. HEmPELMANN, University of Rochester

Physics

Nicoraas BLOEMBERGEN, Chairman E. J. LOFGREN

Harvard University University of California at Berkeley
T.D. Lee Worrcang K.H. Panorsky

Columbia University Stanford Linear Accelerator Center
WaLter Koun StepHeN L. ADLER

University of California at San Diego Institute for Advanced Studv
THOMAS LAURITSEN Leox Mabpansky

California Institute of Technology Stanford Linear Accelerator Center

Trustee Member: VErnon W. Hucnrs, Yale University

*Resignation became effective June 12, 1969, upon appointment to Atomic Energy Commisuon
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RESEARCH COLLABORATORS
JULY 1, 1960 - JUNE 30, 1961

AGNEW, Corvin H., M.D.
" Radiologist
University of Kansas Medical Center
Kansas City 12, Kans.
ALBERT, Roy E., M.D.
Associate Professor of Industrial Medicine
New York University-Bellevue Medical Center
New York, N.Y.
sumato, CHaRLES G, B.S.
Physicist
Industrial Reactor Laboratories, Plainboro, N. J.
\nToPOL, WiLLiam, M.D.
Clinical Professor of Pathology
New York University College of Medicine, and
Pathologist and Director of Laboratories and Research
Beth Israel Hospital, New York, N.Y.
\pONTE, GonzarLo E., M.D.
Assistant Professor of Pathology
Jefferson Medical College
Philadelphia, Pa.
.RIEL, IRVING M., M. D.
Pack Medical Group
139 East 36th Street, New York 16, N.Y.
rLas, MEYER, Pu.D.
Professor of Biology
Yeshiva University, New York, N.Y.
\TEMAN, Joun L., M.D.t
(In Residence)
acHELL, Harorp C,, Pu.D.
Professor of Chemistry
University of Delaware, Newark, Del.
ss1s, Marcer C.,, M.D.
University of Paris School of Advanced Studies, and
The French International Blood Transfusion Center
Yaris, France
UMBERG, BarucH, M.D., Pu.D.
Chief, Geographic Medical and Genetics Section
National Institutes of Health, Bethesda 14, Md.
‘ECHER, GEORGE, M.D.
Chief, Hematology Service
Clinical Pathology Department
National Institutes of Health, Bethesda 14, Md.
opsKY, Isabore, M.D.
\ssistant Professor of Medicine
Iospital of the University of Pennsylvania
*hiladelphia, Pa.
»wN, Ravymonp R, Pu.D.
\ssociate Professor of Surgery
"niversity Hospitals, University of Wisconsin
fadison, Wis.
‘LINGTON, HARrRoOLD, Pu.D.
wssistant Professor of Physiology
‘niversity of Cincinnati College of Medicine
‘incinnati, Ohio

flective July 1, 1961.
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Carson, PacL E., Jr, M.D.
Assistant Professor of Medicine
University of Chicago, Chicago, IlI.
Couen, Cary, Pu.D.
Battelle Memorial Institute, Columbus 1, Ohio
COMMERFORD, SPENCER L., Pu.D.
(In Residence)
Conn, HabrLey L., Jr, M.D,
Hospital of the University of Pennsylvania
Philadelphia, Pa.
Cranny, RoserT L., M.D.
Associate Professor of Pediatrics
Albany Medical College, Albany, N.Y.
Derinas, NicuHovras, Pu.D.
Walker Laboratory
Sloan-Kettering Institute for Cancer Research
Rye, N.Y.
Dopce, Warren F., M.D.
Assistant Professor of Pediatrics
University of Texas Medical Branch
Galveston, Tex.
Dooran, Pavr D., M.D.
Assistant Clinical Professor of Medicine
University of California School of Medicine, and
Director, Clinical Investigation Center
U.S. Naval Hospital, Oakland 14, Calif.
DreiLing, Davip A, M.D.
Assistant Attending Physician
Mt. Sinai Hospital, New York, N.Y.
Eper, Howarp J., M.D.
Associate Professor of Medicine
Albert Einstein College of Medicine
New York 61, N.Y.
EicHer, MaynarD W,, B.A.
Electronic Scientist
Naval Medical Research Institute, Bethesda 14, Md.
Frinenpecen, Lupwic E, M.D.4
{In Residence)
FeipstEIN, ARTHUR M,, M.D.
Research Fellow, Metabolic Unit
Montefiore Hospital, New York, N.Y.
Fisuman, Marvin, Pu.D.
Associate in Research
Public Health Research Institute of the City of New York
New York, N.Y.
Friepner, Tueobor M., M.D.
Fellow in Medicine
University of Washington School of Medicine
St. Louis, Mo.
Fong, Conrap T.O,, Pu.D.
Department of Medicine
New York University College of Medicine
New York, N.Y. (In Residence)
Friepkin, Morris E., Pu.D.
Chairman, Department of Pharmacology
Tufts University School of Medicine, Boston, Mass.
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Furcncorr, Rosert F., M.D.
Professor and Chairman
Department of Pharmacology
Downstate Medical Center
State University of New York, Brooklyn, N.Y.
FurtH, Jacos, M.D.
Roswell Park Memorial Institute
Buffalo, N.Y.
Garvock, WiLriam B, M.D.,C. M.
University of Toronto, Toronto, Ontario, Canada
Gipez, Lewis 1, Pu.D.
Assistant Professor of Biochemistry
Albert Einstein College of Medicine
New York 61, N.Y.
GituiN, Davip, M.D.
Associate in Pediatrics
Harvard Medical School, Boston, Mass.
Graser, RoserT J., M.D.
Dean of the Medical School, and
Associate Dean of the Graduate School
University of Colorado, Denver, Colo.
GORBMAN, AUBREY, Pu.D.
Professor of Zoology
Columbia University, New York, N.Y.
HALE, WiLLiam A Pu.D.
Professor of Bacteriology
University of Tennessee, Memphis 3, Tenn.

Hanxa, CaLvin, Pu.D.

Associate Professor of Pharmacology
University of Vermont School of Medicine
Burlington, Vt.

Harping, CLirrorp V., Jr., PuD. .
Department of Ophthalmology Research
College of Physicians and Surgeons
Columbia University, New York, N.Y.

Havymaker, Wess, M.D.

Chief, Division of Neuropathology
Armed Forces Institute of Pathology
Washington 25, D.C.

Havymonp, HErman R, Pu.D.

Associate Professor of Radiology

University of Southern California School of Medicine

Los Angeles, Calif.
Hewp, Barry T., M.D.
Instructor in Radiology
Yale University School of Medicine
New Haven, Conn.

Hesscuke, Urricu K., M.D., Pu.D.
Associate Professor of Clinical Radiology
Memorial Center for Cancer and Allied Diseases
New York 21, N.Y.

Hovrripay, MaLcorLm A, M.D.

Associate Professor of Pediatrics

University of Pittsburgh, Pittsburgh, Pa.
HovrincsworTH, James W, M.D.

Chief, Medical Service

Atomic Bomb Casualty Commission

A.P.O. 354, San Francisco, Calif.
Huang, Yun Peng, M.B.

Research Assistant in Neurosurgery

Mz. Sinai Hospital, New York, N.Y.

0019410

Jacosson, Jerry H., M.D.
Clinical Professor of Ophthalmology
New York Polyelinic Medical School, and
Director, Department of Electrophysiology

New York Eye and Ear Infirmary, New York, N.Y.

Jarnovskl, Nikoras A, M.D.
Department of Obstetrics and Gynecology
Columbia Presbyterian Medical Center
New York, N.Y.
Jaxnsex, Cornerivs R, M.B., CuB.
Volks Hospital, Pretoria, South Africa
(In Residence)
Jounson, Horton A, M.D.
Assistant Attending Pathologist
Salt Lake General Hospital
University of Utah School of Medicine
Salt Lake City 15, Utah
Jonxson, Joun E., Jr., M.D.
Assistant Professor of Medicine
University of Texas Medical Branch
Galveston, Tex.

Kara, GErarp B, M.D.
Director of Ophthalmic Research
New York Eye and Ear Infirmary, New York, N.Y.
Karxorsky, Davip A, M.D.
Associate Professor of Medicine
Cornell University Medica! College
New York, N.Y.
Kerry, Lora S., Pu.D.
Lecturer in Biophysics and Physiology
Donner Laboratory, University of California
Berkeley, Calif.
Kieser, GERALDINE, Pu.D.
Research Associate in Electrophysiology
New York Eye and Ear Infirmary, New York, N.Y.
KirLmann, SveEn-Aace, M.D.
University of Copenhagen
Copenhagen, Denmark
K11GERMAN, MorTON M., M.D.
Professor and Chairman
Department of Radiology
Yale University School of Medicine
New Haven, Conn.
Korman, SamurL, M.D., Pu.D.
Assistant Attending Physician
Montefiore Hospital, New York, N.Y.
Krosun, Davip L., M.D.
New York University-Bellevue Medical Center
New York, N.Y.
Kruecer, Rogert C., Pu.D.
Associate Professor of Biological Chemistry
University of Cincinnati College of Medicine
Cincinnati 9, Ohio
Lavezari, Parviz, M.D.
Medical and Hematology Service
Montefiore Hospital, New York, N.Y.
Laurer, Geraro R., BSEE, M. S.
Instructor, Department of Industrial Medicine

New York University-Bellevue Medical Center
New York, N.Y.

[LEFEVRE, PauL (
Department O
University of |
Louisville, Ky

LEVINE, HARRY,“
Associate Proft
University of '}
Galveston, Tex

LEWIS, WILLIAM
135 East 64th *

LORING, MARVU?'
Assistant Prof«
Cornell Univer
New York, N.%

LOWREY, AusTIN
Chief, Ophtha
walter Reed :*
Washington, |

MaLis, LEONARD
Senior Attend:
Department of
Mt Sinai HOSX

MARC-AURELE, J
(In Residence,

Mason, RICHARD
Associate Proft
Seton Hall Col
Newark, N.J.

MauTNER, HENR
Assistant Profe
Yale Universit:

MaxFIELD, MYLI
Chief, Physical
U.S. Army Bio
Fort Detrick, 1

MayNARD, Laur
Department of
Downstate Me
State Universi!

MEYER, JAMES AV
Department ol
University of
Galveston, Te:

MeyER, LEO, M.
Director of La
South Nassau
Oceanside, N.

MiLLeR, C. PHIL
Professor of M
University of ¢
Chicago 37, 11

MiLLman, IrviN

Public Health
New York, N.

Movroney, WiLL

Tufts Univers
Director of Cl
Boston City E

tEffective July
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Najac, Hakorn W., M.D.

Resident Fellow

New York Eye and Ear Infirmary, New York, N.Y.
Nasy, Jor B., Pu.D.

Associate Professor of Pharmacology

University of Texas Medical Branch

Galveston, Tex.
NieLseN, Niris O., D.V.M

College of Veterinary Medicine

University of Minnesota, St. Paul 1, Minn.
Pace, ArTHUR R, M.D.

Department of Pediatrics, University of Minnesota

Minneapolis, Minn.
PainTER, RoserT B., PH.D.

Battelle Memorial Institute, Columbus, Ohio
ParnianeoUR, Hassan

Tehran University, Tehran, Iran (In Residence)
PatTERSON, MarCEL, M.D.

Associate Professor of Internal Medicine

University of Texas Medical Branch

Galveston, Tex.
PerMaN, Victor, D. V.M.

Instructor, College of Veterinary Medicine

University of Minnesota, St. Paul 1, Minn.
Prusorr, WiLLiam H., Pu.D.

Associate Professor of Pharmacology

Yale University School of Medicine

New Haven, Conn.
Ravy, JoserH Epwarp, M.D.

Chief, Clinical Endocrinology Branch

National Institute of Arthritis and Metabolic Diseases

Bethesda 14, Md.
Rasmussen, Howarp, M.D., Pu.D.

The Rockefeller Institute, New York, N.Y.
Ray, Bronson S., M.D.

New York Hospital, New York, N.Y.
Reizenstein, PETER G., M.D.

Karolinska Institute, Stockholm, Sweden
Rosk, Jerzy E., M.D.

Professor of Physiology and Psychiatry

Department of Neurosurgery

University of Wisconsin, Madison, Wis.
Rosen, Vicror J., Jr., M.D.

Massachusetts General Hospital, Boston, Mass.
Rosst, Hararp H., Pu.D.

Associate Professor of Radiology

Radiological Research Laboratories

Columbia University, New York 32, N.Y.
Rusing, JosepH R., M.D.

Chief, Radioisotope Service

Veterans Administration Hospital, and

Southwestern Medical School, Dallas, Tex.
SanDpErs, BEnjamiN E., PH.D.

Merck Institute for Therapeutic Research

West Point, Pa.

~Scanu, ANceLo M, M.D.

Research Associate

Cleveland Clinic, Cleveland, Ohio
ScatuiFr, James H., M.D.

Yale University School of Medicine

New Haven, Conn.
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ScHEINBERG, IsraEL H., M.D.
Professor of Medicine
Yeshiva University, New York, N.Y.
ScHLOERB, PautL R., M.D.
Assistant Professor of Surgery
University of Kansas Medical Center
Kansas City 12, Kans.
ScHNEIDER, MARTIN, M.D.
Professor of Radiology

University of Texas Medical Branch
Galveston, Tex.

Scuwartz, RoserT, M.D.
Associate Professor of Pediatrics
Western Reserve School of Medicine
Cleveland, Ohio

SHay, Harry, M.D.
Professor of Clinical Medicine

Temple University School of Medicine
Philadelphia, Pa.

SHELLABARGER, CLAIRE ., Pu.D.

Professor of Zoology, and

Coordinator, Kresge Laboratories

University of Michigan, Ann Arbor, Mich.
SHeEMiN, Davio, M.D.

College of Physicians and Surgeons

Columbia University, New York, N.Y.
Sivex, F. MarrorT, PH.D.

Professor and Head, Department of Biochemistry

Boston University School of Medicine
Boston, Mass.

SoBeL, ALBERT E., Pu.D.
Head, Department of Biochemistry

The Jewish Hospital of Brooklyn, Brooklyn, N.Y.
SonpHAUS, CHARLES A, Pr.D.

Biophysicist
Donner Laboratory, University of California,
Berkeley, Calif.
Sorensen, Date K, D.V.M., Pu.D.
Associate Professor
Division of Veterinary Medicine and Clinics
College of Veterinary Medicine

University of Minnesota, St. Paul 1, Minn.
Spencer, HErta, M.D.

Physician-in-Chief
Metabolic Research Unit
Montefiore Hospital, New York, N.Y.
StEINFELD, JESSE L., M.D,
Assistant Professor of Medicine
University of Southern California
School of Medicine, Los Angeles 33, Calif.
Stoniman, Freperick, Jr., M.D.
National Institutes of Health
Bethesda 14, Md.
STRICKLER, James C., M.D.
Instructor in Medicine
Cornell University Medical College
New York 21, N.Y.
Sutow, Wataru M., M.D.
Associate Pediatrician

M.D. Anderson Hospital and Tumor Institute
Houston, Tex.

0019912

SzeNT-Gyorayy, Avsert, MDD, Pu.D.
Chief Investigator
Institute of Muscle Research
Marine Biological Laboratory, Woods Hole, Mags,
Tarrin, George V., Pu.D.
Chief, Nuclear Radiology Division, Department of
Nuclear Medicine and Radiation Biology
University of California at Los Angeles
West Los Angeles, Calif.
Terres, GEroniMo, PH.D.
Assistant Scientist and Assistant Professor
Department of Physiology
Stanford University, Stanford, Calif.
TrHoMas, Jouxn, M.D.
Associate Professor of Medicine
Mcharry Medical College, Nashville, Tenn.
Thore, W.T.S., D.V.M.
Dean, College of Veterinary Medicine
University of Minnesota, St. Paul 1, Minn.
TravTMman, Ropgs, Pu.D.
Biophysicist
Plum Island Animal Disease Laboratory
Greenport, N.Y.
Truax, Wayne E.,, M.D.
Department of Medicine

University of Texas Medical Branch
Galveston, Tex.

Tsuya, Akira, M.D.
Professor of Radiology
Yokohama Municipal University
Yokohama, Japan

Usenix, Epwarp A, M.D., Pu.D.
College of Veterinary Medicine
University of Minnesota, St. Paul 1, Minn.
Vicuwna, Xivena C., M.D.
New York Eye and Ear Infirmary, New York, N.Y.
von Foerster, Heinz, Pu.D.
Department of Electrical Engineering
University of Illinois College of Engineering
Urbana, Ill.
Wasserman, Louis R, M.D.
Director, Department of Hematology
Mt. Sinai Hospital, New York, N.Y.
WeLcH, Arnown D, MD,, Pu.D,
Chairman, Department of Pharmacology

Yale University School of Medicine
New Haven, Conn.

WiLLicaN, Donalp A., D.V.M.
Instructor, College of Veterinary Medicine
Michigan State University
East Lansing, Mich.
WhricHT, THoMAS L., M.D.
Instructor in Medicine
University of Cincinnati College of Medicine
Cincinnati, Ohio
Yaxkoviev, Davin L., M.D.
Curator, Warren Anatomical Museum, and
Department of Neuropathology
Harvard Medical School, Boston, Mass.
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TECHNICAL COLLABORATORS
JULY 1, 1960 - JUNE 30, 1961

M.
Eye and Ear Infirmary, New York, N.Y.
JJutianna M
Eye and Ear Infirmary, New York, N.Y.
er W, B.A.
‘ollege of Medicine, New York, N.Y.
liriam B.
University, New York, N.Y.
~ D.
of California at Berkeley, Berkeley, Calif.
{OLYN
iroadway, White Plains, N.Y.
JAMEs J.
{ass.
maN H.
t of Public Health
.ifornia, Berkeley, Calif.
-Suu1 S, B.DS,, M S.
ICC)
L.
w Communities Hospital, Oceanside, N.Y.
e M.
i2e University of Pennsylvania, Philadelphia, Pa.
M.
- of Internal Medicine
f Utah School of Medicine
ity 15, Utah

Lorenz, ANN F.

Department of Medicine and Radiology

Albert Einstein College of Medicine, New York, N.Y.
Mavsky, Stantey J.,, M.S.

Radiotherapy Physics Section, and

Head, Physics Laboratory

Veterans Administration Hospital, New York 35, N.Y.

MiLLER, INEZ

South Nassau Communities Hospital, Oceanside, N.Y.

PerkiINs, MYNELL A.

c/o Dr. L.I. Malis

Department of Neurosurgery

Mt. Sinai Hospital, New York, N.Y.
SaLonson, Patricia A,

Brzndeis University, Waltham, Mass.
ScHNEIDER, MARTIN F.

Yale University School of Medicine, New Haven, Conn.

Scort, WALTER N.
New England Center Hospital, Boston, Mass.
SeLLECK, Burnerr H.
Department of Physiology
University of Rochester School of Medicine
Rochester, N.Y.
SupsoroucH, H.S.
Department of Physiology
Johns Hopkins University School of Medicine
Baltimore, Md.

MEDICAL STUDENT RESEARCH PRECEPTORSHIP
NUCLEAR MEDICINE METHODOLOGY AND PRACTICE

WaLtoN W. Sureeve, M.D., Pu.D.

SUMMER SESSION 1959

‘hool - University of Texas Medical Branch.
ers' - CoLvin H. AecNew, M.D; Joun E.
. M.D.; JoE B. NasH, Pu.D.

oRGE P. Annes, MeLvin E. Crousg, Denny
Gary E. MiLLER, IRvING L. SELIGMAN,
‘HAFFER, CLAUDE B. TATE, FRANK WEBBER.

SUMMER SESSION 1960
hool - University of Texas Medical Branch.

‘ersity of Texas Medical Branch, Galveston,
Idress of C.H. AcNew, University of Kansas
Kansas City, Kans.

ersity of Texas Medical Branch, Galveston,
. ScHLoERB, University of Kansas Medical
ity, Kans.

‘exas Medical Branch, Galveston, Tex.

sity Medical College, New York, N.Y.
outhern California School of Medicine, Los

‘incinnati College of Medicine, Cincinnati,

0019913
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Faculty Members® - Harry Levine, M.D., Pu.D,;
James V. Mever, Jr., M.D.; Joe B. NasH, Pu.D.;
Paur R. Scuroers, M.D.; MarTiN Scuneiper, M.D ;
Wavne E. Truax, M.D.

Students® - James D. Bracksurn; ANNE R. Cook;
Josepn D. Narr; HucH F. Stecarr, Jr; WirLiam
K. Zu~e.

SUMMER SESSION 1961

Participating Schools - University of Texas Medical
Branch, University of Southern California, University
of Cincinnati, and Cornell University.

Faculty Members - Haroup Burringron, Pu.D.;?
HermaN R. HavyMmonp, Pu.D.;* Marvin F. Loring,
M.D.;* MarceL PatTeERsoN, M.D.;* MARTIN SCHNEIDER,
M.D.;? Jesse L. SteiNfFELD, M.D.;* James C. STRICKLER,
M.D.;* THomas L. Wricat, M.D.#

Students - James A. ALLums;® Ep F. BavouTh;® Joun
PauL Boarp, Jr.;® Joun T. CELENTANO;* WiLLIAM R.
Hazzarp;' ALva EUGENE Jackson;® James Lu-MEexg;®
Dox~aLp R. McMEeeken;* Dennts O’KEeere;' RicHarD
PorTNnOoY;® WiLLiam T. StuBeNBORD;' STANLEY ].
WacksMAN.®
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STANDING COMMITTEES AND SPECIAL
OF THE MEDICAL DEPARTMENT

OF MEMBERS

ASSIGNMENTS

FISCAL YEAR 1962

Medical Director and Chairman, Medical Department -
Lee E. Farg, M.D.

Assistant Chairman, Medical Department - Victor P.
Boxp, M.D,, Pu.D.

Assistant Chairman, Medical Department - STUART W,
Lireincort, M.D.

Senior Advisor ~ DoxaLp D. Van Suyke, Pu.D.

Executive Associate and Hospital Administrator - W.
Arvorp Finn, M.S.

Executive Assistant - GEORGE A. Jackson, B.A.

DIVISION HEADS

Vicror P. Bonp, M.D., Pu.D. (Microbiology); Georce
C. Cotzias, M.D. (Physiology); EuGene P. CRONKITE,
M.D. (Experimental Pathology); LEwis K. Dant, M.D.
(Hospital); Warter L. Hugues, Pu.D. (Biochemistry);
RoserT A, Love, M.D. (Industrial Medicine); James
S. RoeerTsoN, M.D., Pu.D. (Medical Physics).

HOSPITAL BOARD

Lee E. Farg, M.D., Chairman; Lewis K. Danr, M.D.;
W. Arvorp Fixn, M.S,, Secretary.

STAFF ACCREDITATION COMMITTEE
OF THE HOSPITAL OF THE
MEDICAL RESEARCH CENTER

Lewts K. Danr, M.D,, Chairman; Rosert A. Conaro, M.D;
Evcenk P. Croxkite, M.D.; RoeerT A. Love, M.D.

HOSPITAL CLINICAL SERVICES COMMITTEE

RutH M. Drew, Pu.D., Chairman; WencesLao CaLvo,
M.D., Pu.D.; Lawrexnce V. Hankes, Pu.D.; Epcar
A. Tonna, Pu.D.

MEDICAL RECORDS COMMITTEE

Lewts K. Daur, M.D., Chairman; AManpa L. Harrison,
R.R.L.; W. ALvorp Finn, M.S., Administrator;
RoserT A. Love, M.D., Ex Officio; Vicror P. Bonp,
M.D, Pu.D.; Stuart W. Liepincort, M.D.

LIBRARY COMMITTEE

Doxawp C. Borg, M.D., Chairman; RicHarp A.
HamuersTrOM, Pu.D.

SEMINAR PROGRAM CHAIRMAN
Sanrorp C. SeraraGen, M.D.

COMMITTEE ON USE
OF RADIOACTIVE ISOTOPES IN PATIENTS

ELmMmer E. Stickeey, Pr.D.,, Chairman; Lee E. Farg,
M.D., Ex Officio; James 8. RoBerTson, M.D,, Pu.D,,

001997y
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Ex Officio; Victor P. Bonp, M.D., Pu.D.; PauL §,
Paravasiciot, M.D.; Davip C. Price, M.D.

CHIEF, GRADUATE MEDICAL EDUCATION PROGRAM

Stuart W. Lieeincort, M.D.

CHIEF, PROFESSIONAL STAFF
NUCLEAR MEDICINE TRAINING PROGRAM

J-S. Rosertson, M.D., Pu.D.

CAIEF, MARSHALL ISLANDS MEDICAL STUDY PROJECT
RoserT A. Conarp, M.D.

VISITOR SCHEDULING
RoserT A. Covarp, M.D.; OtHo D. Easterpay, Pu.D.

VETERINARY SERVICES COMMITTEE

Lawrence V. Hankes, Pu.D., Chairman; Otho D.
Easterpay, Pu.D.; Georce C. Matner, D.V.M.;
KanTtt R. Rai, M.D.; Ricrarp D. Stoxer, PH.D.

1961 COMMITTEE
FOR MEDICAL STUDENT RESEARCH PRECEPTORSHIP
IN NUCLEAR MEDICINE METHODOLOGY AND PRACTICE

WartoN W. SHREEVE, M.D., Pu.D., Chairman; SamceL
Fing, M.D.

LOCAL EMERGENCY PLANS COMMITTEE

RogexrT A. CoNarp, M.D., Chairman; Staxtox H. Conx,
Pu.D.; Evcene P. CronkiTe, M.D.; W. ALvorDp Finy,
M.S.; Rutn C. Korsos, R.N.; RoserT A. Love, M.D.

MEDICAL DEPARTMENT REPRESENTATIVES
ON BNL COMMITTEES

Graphite Research Reactor Space Committee - ELMER
E. Stickrey, Pu.D.

Laboratory Radiation Safety Committee — ROBERT A.
Love, M.D.

Patent Information Representative - RicHarp D. SToNER,
Pu.D.

Laboratory Computer Committee Representative - OtHO
D. EasterDAY, PH.D.

General Safety Coordinator for Medical Department -
Lawrence V. Hankes, Pu.D.

Civil Defense Plans Liaison Officer - RoserT A, Conarp, MD.

COMMITTEE ON PUBLIC DISPLAYS
FOR BNL VISITORS' DAYS

Crype Sipg, Chairman; Niva Corcoran; Tap Konikow-
ski; Mary Covie, R.N.
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STAFF

INTERESTS OF THE SCIENTIFIC
OF THE MEDICAL DEPARTMENT

\RCH

INUING STAFF
Pu.D.

mammals; kinetics of cell pro-

D.
‘netabolism; significance of ab-

.D.

dical Study; radiation effects on
ract, and bone growth.

.D.

senerative central nervous system

ccts; activation analysis.

v.D.

1 hematopoiesis; kinetics of blood
ition carcinogenesis.

ind hypertension.

f cultured mammalian cells.
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xicology of boron compounds.

‘rapy; nuclear reactor design and
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neoplasia; parasitologic metabolism.
‘n.D.
‘eins and nucleic acids and the
ic labeled precursors.
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- radiation; protein metabolism in

}

‘ntal radioactive isotopic contami-
| exposure.

M.D, Pu.D.

‘havior; neutron capture therapy;
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M.D., Pu.D.

1m labels in study of carbohydrate
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'u.D.

rational criteria; radiation dosimetry.
Pu.D.
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M.D.

- therapy.

00199715

13

Aronson, Rosert B., Pu.D.
Chemistry and metabolism of collagen.
Bateman, Joun L., M.D.
Particle radiation effects in mammals; diagnosis and
treatment of blood dyscrasia.
Borg, Donacp C., M.D.
Trace metal metabolism; activation analysis; radiation
effects.
CaLvo, WencesLao, M.D,, Pu.D.
Neuropathological studies on neutron capture therapy;
histochemistry of central nervous system after radiation
from heavy particles.
CoMMERFORD, SPENCER L., Pu.D.
lododeoxyuridine as a label for DNA.
CorTier, Hans, M.D.
Morphogenesis and function of hemopoaietic tissue;
radiation effects in mammals.
Fing, Samuer, M.D.
Medical instrumentation; neutron capture therapy.
Forsyt, Epitt M., M.B,, Cu.B.
Industrial Medicine Clinic.
HaMMERSTROM, RicHARD A, PH.D.
Effects of irradiation on immune mechanisms.
Lax, Louts C., M.D.
Sodium turnover in hypertension.
ObpaRrTCHENKO, NicoLas, M.D.
Foreign tissue reactions.
PapavasiLiou, Pavr S, M.D.
Mn’¢ in studies of degenerative central nervous system
diseases; radiation effects; activation analysis.
Porenog, Epwin A, Pu.D.
Structure and function of glycoproteins; C'* labels in
collagen biosynthesis.
Pricg, Davip C., M.D.
Studies of iron metabolism in blood dyscrasias.
Rai, Kantt R, M.D.
Applications of radioactive isotopes to clinical problems.
Scrackow, Eckart, M.D.
Trace metals in hypertension.
Scuwartz, IrvViNG L., M.D.
Mechanism of hormone action - membrane permea-
bility, active transport; fat metabolism.
SPRARAGEN, Sanrorp C., M.D.
Local factors and atherosclerosis.
Tonna, Epcar A, Pu.D.
Biochemistry and physialagy of bone growth; effects of
radiation on skeletal system.

RESEARCH COLLABORATORS IN RESIDENCE

FeINENDEGEN, Lupwic E., M.D.
Nucleic acid metabolism with tritium and C** labels;
dynamics of cell proliferation.

Jansen, Corneuus R., M.B., Cu.B.
Accelerator particle radiation effects; I'*' protein
studies in man.

Marc-AuURELE, Jutlen, M.D.
Renal physiology; mechanism of hormone action.




BIOGRAPHIES OF CONTINUING STAFF

VICTOR P(OTTER) BOND, M.D., PH.D.
~nior Scientist; Assistant Chairman, Medical Department;
Head, Division of Microbiology;
Assistant Attending Physician,
Hospital of the Medical Research Center.

1.B. University of California at Berkeley 1943; M.D.

- versity of California at San Francisco 1943; Medical
“Jecer, Active Duty, U.S. Navy 1943-45; Ph.D. Univer-
of California at Berkeley 1951; Head, Experimental
-hology Branch, U.S. Naval Radiological Defense Lab-
.tory, San Francisco 1948-54; Scientist, Brookhaven
..tiona} Laboratory 1954-58; Senior Scientist 1958—

STANTON H{ARRY) COHN, PH.D.
Scientist

S.B. University of Chicago 1946: S.M. 1949; Ph.D.
nysiol-radiobial) University of California 1952; Chem-
. Explosives. Kankakee Ordnance Works, Joliet 1940-
. Active Duty U.S. Army 1943-46; Biochemist, Ar-
-»nne National Laboratory 1946-19; Assistant Radio-
ologist, Crocker Radiation Laboratory 1949-50; Head,
_aternal Toxicity Branch, Biomed Division, U.S. Naval
- .adiological Defense Laboratory, San Francisco 1950-58;
~zientist, Brookhaven National Laboratory 1958 —

ROBERT A(LLEN) CONARD, M.D.
Scientist; Chief, Marshall Islands Medical Study Project;
Assistant Attending Physicion,
Hospital of the Medical Research Center.

B.S. University of South Carolina 1936; M.D. Medical
ollege of South Carolina 1941; Médical Corps US.
Navy 1941-56; Medical Research Project Officer, U.S.
Naval Radiological Defense Laboratory, San Francisco
1948-49; Visiting Scientist, Argonne National Laboratory
1949-30; Head, Department Radiobiological Research,
Naval Medical Research Institute 1950-53; Scientist,
Brookhaven National Laboratory 1956—

GEORGE C(ONSTANTIN) COTZIAS, M.D.
Senior Scientist; Head, Division of Physiology;
Attending Physician, Hospital of the Medical Reseorch Center.

National University, Athens, Greece 1935-40; M.D.
icum laude) Harvard Medical School 1943; Assistant in
Neurology, Harvard Medical School and Massachusetts
General Hospital 1943; Assistant Physician, Hospital of
the Rockefeller Institute for Medical Research 1946-51;
National Research Council Fellow at Rockefeller Insti-
tute for Medical Research 1951-52; Assistant to the Insti-
tute, Rockefeller Institute for Medical Research 1952-53;
Scientist, Brookhaven National Laboratory 1953-55;
Senior Scientist 1956—

EUGENE P(ITCHER) CRONKITE, M.D.
Senior Scientist; Head, Division of Experimentat Pathology;
Attending Physician, Hospital of the Medical Research Center.

A.B. Stanford University 1936; M.D. Stanford Univer-
sity Medical School 1941; Assistant Resident in Medicine,
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MEMBERS

Stanford University Hospital 1941-42: Medical Corps
U.S. Navy 1942-54; Head. Hematology Division, Nay,f
Medical Rescarch Institute 1946-34: Senior Scientjg
Brookhaven National Laboratory 1934— !

LEWIS K(ITCHENER) DAHL, M.D.
Senior Scientist; Head, Division of Hospital;
Chief of Medical Service,

Hospita! of the Medical Research Center.

B.Sc. University of Washington, Seattle 1935; M D,
University of Pennsylvania 1939; Assistant Resident in
Medicine. Massachusetts General Hospital, Assistant in
Medicine, Harvard Medical School 1941-42; Medica}
Officer, Active Duty U.S. Army 1942-43; Resident and
Chief Resident in Medicine, Massachusetts General Hos.
pttal, Assistant in Medicine, Harvard Medical Schogl
1916-18: Assistant in Medicine, Rocketeller Institute for
Medical Research and Assistant Physician, Hospital of
the Rockefeller Institute 1948-32; Senior Scientist, Brook-
haven National Laboratory 1952—

RUTH M{IRIAM) DREW, PH.D.
Scientist;
Bacteriologist, Hospital of the Medical Research Center,

A.B. (biol) Marietta College 1934; M.S. (bacter) Uni-
versity of Cincinnati 1933; Ph.D. (med sci) Radcliffe Col-
lege 1950; D.Sc. (hon) Marietta College 1938; Medical
technician, Good Samaritan and Holmes Hospitals,
Cincinnati 1935-41; Instructor and lecturer (bacter)
Cincinnati 1938-41; Bacteriologist. Parke Davis & Co.
1942-43; Instructor, Department Bacteriology, Harvard
Medical School 1943-43; Associate Scientist, Brookhaven
National Laboratory 1949-38; Scienuist 1959—

OTHO D(UNREATH) EASTERDAY, PH.D.
Associate Scientist

Active Duty U.S. Naval Reserve 1943-46; B.A. (chem-
biol) Ball State Teachers College 1948; M.S. (pharm)
The State University of lowa 1950: Research Assistant
{pharm) 1948-51; Ph.D. (p.harm-chem) 1953; Associate
Scientist, Brookhaven National Luboratory 1953 —

LEE E{DWARD) FARR, M.D.
Senior Scientist; Medical Director;
Chairman, Medical Department;
Chief of Staff, Hospital of the Medical Research Center.

B.S. Yale University 1929; M.D. Yale University
School of Medicine 1933; Clinical Assistant, Infants and
Children’s Hospital, Boston 1931-32: Assistant in Pediat-
rics, Yale University School of Medicine 1933-34; Assist-
ant in Medicine, Hospital of the Rockefeller Institute for
Medical Research 1934-37; Associate in Medicine 1937-
40; Director of Research, Physician-in-Chief, Alfred L
duPont Institute, Wilmington, Del. 1940-49; Medical
Officer, Active Duty, U.S. Naval Reserve 1942-46; Deep
Sea Diving and Submarine Medicine, Naval Medical Re-
search Institute 1944-46; Senior Scientist, Medical Direc-

(or. Chairman. Medica
Brovkhaven National L.

LAWRENCE V(A
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Senior Scientist; Assi:
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A.B. Clark Unive
cal School 1933; A
1933-36; Instructo:
Demonstrator and
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1945: Teaching Assistant (physiol), University of Califor-
nia at Berkeley 1946-47: Assistant Physiol. 1947-50; Ph.D.
{physiol) University of California at Berkeley 1949; Medi-
cal Officer. Active Duty, U.S. Naval Reserve 1945-16:

Private practice Bureka, Montana 1946; Associate Scien- !

artment., Senior Physician,
dory 1948—

NE} HANKES, PH.D.

Vist;
the Medicol Research Center,
versity 1942; M.S. (biochem-
ate University 1943; Active
1944-46; Ph.D. (biochem-
wisin 1949 Postdoctoral Fel-
1 1949-50; Chief, Allergy Sec-
ion Hospital, Aspinwall, Pa.
srookhaven National Labo-
59—

HUGHES, PH.D.
Division of Biochemistry;
>f the Medical Research Center.

setts Institute of Technology
) 1941; Fellow, University of
v, Research Associate, Associ-
ys chem), Harvard University
or, Chemistry, Johns Hopkins
ist, Brookhaven National Labo-
:ntist 1957 —

TON) LIPPINCOTT, M.D.
“hoirman, Medicol Department;t
hology Service,

edical Research Center;

adical Education Program.

929; M.D., C. M., McGill Medi-
it Demonstrator (path), McGill
versity of Pennsylvania 1937-38;
wrer (path), McGill 1936-39; Re-
tesearch, National Cancer Insti-
Service, Washington, D.C. 1940-
tive Duty, U.S. Ariny, Tropical
16; Professor, Executive Officer,
University of Washington School
16-55; Senior Medical Associate,
Laboratory 1955-56; Scientist
1 1958 —

EXANDER) LOVE, M.D.

1, Division of industrial Medicine;
oital of the Medical Research Center.
ity 1937; M.D. Cornell University
2, Resident in Medicine, Kings
oklyn 1946-47; Medical Officer,
.al Reserve 1943-46; Private prac-
ientist, Assoctate Physician, Brook-
ratory 1947-50; Scientist 1851-52;

JRJROBERTSON, M.D., PH.D.
‘ead, Division of Medical Physics;

s>spital of the Medical Research Center.

aiversity of Minnesota 1943; M.B.
~sota Medical School 1944; M.D.
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tist, Brookhaven National Laboratory 1950-53; Medical
Officer, Active Duty, U.S. Naval Reserve, Medical Divi-
sion, U.S. Naval Radiological Defense Laboratory 1953-
55: Scientist, Brookhaven National Laboratory 1955-56:

Senior Scientist 1956 —

WALTON W(ALLACE) SHREEVE, M.D,, PH.D.
Scientist; Associate Attending Physician,
Hospital of the Medical Research Center.

B.A. (pre-med) DePauw University 1943; M.D.
Indiana University 1944; American Cancer Society Fel-
low (biochem), Western Reserve University 1947-50:
Ph.D. (biochem) Western Reserve University 1951:
Medical Officer, Active Duty, U.S. Naval Reserve 1945-
46; Research Physician, Veterans Administration Hospi-
tal, Cleveland 1950-52: Head, Radioisotope Laboratory,
U.S. Naval Hospital, Oakland, Calif. 1952-54; Scientist,
Brookhaven National Laboratory 1954—

ELMER E(UGENE) STICKLEY, PH.D.
Scientist;
Medical Physicist, Hospital of the Medical Research Center.

B.S. (phys) Carnegie Institute of Technology 1937;
M.S. (phys) University of Pittsburgh 1940; Graduate
Student Assistant (phys) 1937-42; Ph.D. (phys) 1942; In-
structor, Pennsylvania College for Women 1938-42; Fel-
low, Mellon Institute for Industrial Basic Rescarch 1942-
43; Physicist (Glass Research Division) Pittsburgh Plate
Glass Co. 1943-51; Medical Associate, Brookhaven Na-
tional Laboratory 1951; Associate Scientist 1952-53;

Scientist 1954

RICHARD D(EAN) STONER, PH.D.
Scientist;
Parasitolagist, Hospital of the Medical Research Center.

B.A. (zool) The State University of lowa 1940; Instruc-
tor 1947-49; Ph.D. (zool-paras) 1950; Active Duty, U.S.
Naval Reserve 1940-41; U.S. Army 1942; Assistant Scien-
tist, Brookhaven National Laboratory 1930; Associate
Scientist 1951-55; Scientist 1956—

DONALD D(EXTER) VAN SLYKE, PH.D.
Senior Scienfist;
Chemist, Hospital of the Medical Research Center.

B.S. (chem) University of Michigan 1903; Ph.D. (chem)
1907; Sc.D. (hon) Yale University, Michigan, North-
western, Chicago, London; M.D. (hon) University of Oslo,
Norway; Research Chemist, New York Experimental
Station, Geneva, N.Y. 1906; Research Chemist, Hospital
of the Rockefeller Institute for Medical Research 1907-14;
Chief Chemist 1914-49; Senior Scientist, Assistant Direc-
tor for Biology and Medicine, Brookhaven National Labo-
ratory 1949-56; Counselor, Research Grants, Eli Lilly and
Company 1951-56 (on leave from Brookhaven); Senior

Medical Scientist {Emeritus) 1956—
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Laboratory Obijectives and Program

Brookhaven National Laborutory is a national
research center in which the Laboratory staff and
scientists from other institutions, especially those
located in the northeastern United States, carry
out fundamental and applied rescarch in the
nuclear sciences and related subjects as an in-
tegral part of the nation-wide program of the
Atomic Energy Commission. It was established
as a cooperative venture betwcen nine leading
northeastern universities (Columbia, Cornell,
Harvard, Johns Hopkins, the Massachusetts In-
stitute of Technology, the University of Pennsyl-
vania, Princeton, the University of Rochester, and
Yale) and the government in recognition of the
need {or large and expensive equipments, and con-
centrations of scientific manpower for the success-
ful prosecution of nuclear research. The primary
objectives of the Laboratory are:

1. To seek new knowledge in the nuclear sci-
ences and related fields with emphasis on pro-
grams that require such large-scale research tools
as nuclear reactors, accelerators, and special lab-
oratories which are beyond the scope of most or
all individual institutions.

2. To encourage appropriate use of its facilities
by scientists of college, university, industrial, and
other laboratories.

3. To assist the Atomic Energy Commission in
the solution of specific problems by utilizing the
Laboratory’s unique facilities or the special talents
of its staff.

4. To make use of the Laboratory as an impor-
tant auxiliary in the training of scientists and
engineers and otherwise to assist in the dissemina-
tion of scientific and technical knowledge.

The cooperative nature of the Brookhaven pro-
gram is of paramount importance. A significant
and increasing fraction of the scientists and engi-
neers directly engaged in the scientific program is
comprised of visitors from other institutions who
take advantage of the special opportunities at
Brookhaven to carry out specific research and to
gain useful knowledge and experience.

These objectives, of pioneering in rescarch fields
requiring large and specialized equipment, of
making the Laboratory’s facilities available to
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visiting scientists, and of furthering the education
and training of young scientists, exert a profound
influence on the life of the Laboratory and on it
planning with respect to both staff and facilities,
Because of the constantly changing work and the
rotation of the staff, a maximum degree of flexibi].
ity s demanded; the continuing presence of spe.-
cially skilled groups and adequate and specialized
laboratories and other facilities are required for
the development, construction, and effective util;-
zation of advanced scientific equipments; prob.
lems of housing, transportation, etc., are accenty-
ated by the large number of scientists on tempo-
rary assignment, by the relative remoteness of the
Laboratory from centers of population, and by the
resort nature of the surrounding area. All these
factors must be considered in the development of
future plans.

The scientific program can be broadly divided
into five general categories:

1. Fundamental studies of atomic nuclei, the
particles which constitute them, and the forces in-
volved in their structure.

2. Study and exploitation of the physical, chem-
ical, and biological effects of nuclear radiation.

3. The use of nuclear tools such as neutrons,
charged particles, gamma-rays, and isotopic trac-
ers in all branches of scientific research.

4. Research and development not necessarily
of a nuclear nature but useful in atomic energy
development,

5. Useful applications of nuclear power.

The research is centered around, though not
confined to, the use of several large equipments
and other special facilities, which include a large,
graphite-moderated, air-cooled nuclear reactor
with accompanying laboratories suitable for work
at low radiation levels; a small nuclear reactor for
medical use; a hot chemistry laboratory for work
at intermediate and high radiation levels; a pro-
ton synchrotron (the Cosmotron) which operates
at approximately 3 Bev; a 60-in. cyclotron capable
of accelerating deuterons to somewhat in excess of
20 Mev; a 3.3-Mev positive particle electrostatic
accelerator; a 2-Mev electron electrostatic accel-
erator; and an 18-in. high-intensity cyclotron that
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accelerates protons to 3 Mev and deuterons to 2
Mev. In mid-1960, the Alternating Gradient
gynchrotron, which accelerates protons to energies
of: approximately 30 Bev, was completed; having

undergone the necessary testing, it is now in full
0p¢1~ation for the high energy physics research
program- o
The scientific work is carried on by seven de-
artments and three divisions: The Physics, Chem-
istry, Biology, Medical, and Nuclear Engineering
Departments, which conduct research and devel-
opment in the indicated fields; the Accelerator
Department, which is responsible for the design,
construction, and operation of the large accelera-
tors; the Instrumentation and Health Physics De-
partment, which develops, constructs, and services
nuclear instruments and is responsible for radia-
tion protection throughout the Laboratory; the
Reactor Division, which operates the research
reactors; the Applied Mathematics Division: and
the Mechanical Engineering Division.

STAFFING

The Laboratory scientific staff now includes ap-
proximately 335 “regular” members, 78 salaried
and 16 nonsalaried postdoctoral research associ-
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ates with tenure limited to two years, and 350 full-
and part-time visitors from other institutions. Of
the last group, approximately 200 spend a signifi-
cant fraction of their time at the Laboratory, an
average of about 100 actually being on site at any
one time.

The Laboratory’s mission of conducting re-
search primarily in the more basic aspects of the
atomic energy program, and in particular the ob-
Jjective of making its facilities available to visiting
scientists including students, can be fully realized
only by considerable expansion in the staff. In
many of the activities in which Brookhaven en-
gages, opportunities elsewhere are few in number
or nonexistent. Implementation of existing budget
requests should bring the continuing staff toward
a well-rounded and effective size in many of the
Laboratory’s activities, as they provide for a staff
in June 1962 of approximately 500 staff scientists,
including 100 research associates, and 2200 sup-
porting personnel. The average number of visiting
scientists working on site will increase to over 150.

It is anticipated that with increased emphasis on
basic research programs in the field of atomic en-
ergy and with the addition at Brookhaven of more
advanced research tools and facilities, the scientific
staff may double its present size in perhaps ten
years.




The Medical Department Program

Lee E. Farr, M.D.
Medical Director and Chairman, Medical Department

To distinguish certain efforts in the clinical and
scientific practices of medicine peculiar to our
times, the term “nuclear medicine” is becoming
established in our lexicon. Nuclear medicine may
be defined as that field of medicine which seeks to
obtain diagnostic or therapeutic advantage through
the utilization of the properties of particles result-
ing from nuclear transformation and from atomic
transpositions resulting from nuclear changes. It is
concerned, then, with the fundamental particles:
the nucleus, the alpha particle, the neutron, the
neutrino, the meson, the pion, and other identified
high-energy particles. Beta and gamma emissions
as manifestations of nuclear changes may be uti-
lized. In these aspects nuclear medicine differs
markedly on the one hand from radiology, which
is concerned with electromagnetic and particle
bombardment, and on the other hand from simple
tracer techniques, which are applications or ex-
tensions of biochemistry and physiology. In many
areas, however, a complete overlap may be scen.
Another responsibility is to determine the effects of
environmental radiological contamination upon
man, to meet problems of decontamination of man,
and to develop an understanding of such radiation
eflects in man as may need to be effectively com-
batted.

The research program of the Medical Depart-
ment concerns itself with the biological effects of
radiation and in particular with particle radiation
of very short range. The researches thus must in-
herently be concerned with studies of precise iso-
tope localization, kinetics of distribution and re-
distribution, metabolism of organic compounds,
functions of inorganic compounds, and the effect
of excited atoms on the stability of large molecules
or complexes. We, as physicians, must always con-
cern ourselves with ultimate effects upon intact
mammalian organisms, even though the experi-
mental observations may be carried out on iso-
lated organ systems, tissue cells in culture, or
chemical reactions which occur in the body. Ad-
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vantage is sought of special situations which may
be applicable to medical therapy such as neutron
capture therapy of glioblastoma multiforme,
Isotopes used are largely those of short half-life
~ from a minute or less up to a few days - in order
that progression through a metabolic complex
can more satisfactorily be followed by judicious
radioactive isotope selection and that radiation
dose may be held to 2 minimum. Gamma and
x-radiation studies are also carried out in order
that similarities and differences may be closely
examined in the same fashion that effects are ob-
served in single cells and in multicelled and highly
organized species. Diagnostic studies in the widest
sense are carried out on suitable disease states
under study in the hospital. Such studies, however,
are concerned primarily with elucidation of the
nature of the disturbance and the proper selection
of individuals in a general population for a uni-
form response rather than with specific diagnostic
routines for use in a large general medical clinic,
These studies have great significance in permitting
us to predict effects of exposure of man to various
radionuclides, both elemental and as organic com-
pounds. The entire program of the Department is
integrated with each scientist having awareness of|
interest in, and, frequently, participation in his
colleagues’ investigations.

Many of the research problems confronting
medical men today are so large and so complex
that a group assault is necessary. However, in all
circumstances a strenuous effort is made fully to
prescrve for the participating research scientist
complete individual freedom to find his own path
toward solution of some feature of the over-all
problem. The scientist must not be denied the
pleasure, privilege, or responsibility of doing his
own thinking. Cooperative effort is maintained
on an individual basis of voluntary associations
among members of the Department and also with
colleagues outside the Department. By careful
preservation of the individual’s choice of what




) ACTIVE SECONDARY INTEREST

9 FIELDO OF SPECIAL INTEREST

7} MAJOR ACTIVITY T"] PASSIVE ATTENTION ONLY

MESONS
HYPERONS
COSMIC RADIATION

G
OW Engroy SOURCE®

Fields of nuclear science at Brookhaven
of interest to the Medical Department.

ENVIRONMENT,,
WEDICINE

IMMEDIATE 8
LONG RANGE
EFFECTS OF
FALLOUT
HAZARD

A
INoigaw W

INVESTIGATIVE
THERAPY

Distribution of investigative efforts of
the Brookhaven Medical Department.

001998

19

appears to him to be the path leading to the most
rewarding effort, there will emerge a program
achicving the most productive employment of
available knowledge, skills, and equipment. The
new ideas for research must come from individ-
uals, and in turn these will derive from experi-
mental testing of hypotheses of each scientist with-
in his own field of greatest competence.

Although research is the primary objective of
the Medical Department, various aspects of edu-
cation are inextricably blended into the frame-
work of the investigative program. The special
facilities of Brookhaven National Laboratory,
the objective of Associated Universities, Inc., to
assist other institutions by making these intricate
and expensive devices available to qualified scien-
tists, the responsibility of the Division of Biology
and Medicine of the Atomic Energy Commission
and the members of the staffs of its sponsored and
supported laboratories in bringing before those
concerned with medical education the present
status and future areas of exploration in nuclear
medicine — all these put further emphasis upon
the role of the Medical Department in offering
educational leadership in this new field of medical
science.

THE MEDICAL DEPARTMENT STAFF
AND ITS ORGANIZATION

The scientific staff of the Medical Department
is limited in number by policy and design to forty-
eight full-time, regular staff positions. A staff of
this size is large enough to provoke stimulation
within itself but not so large that each person may
not be well acquainted with the work of his col-
leagues. It is large enough that necessary facets of
medical and diagnostic services can be covered
responsibly in the hospital but not so large as to
require organization of several services. Although
the Department is administratively organized into
seven divisions - the Hospital, Biochemistry, Ex-
perimental Pathology, Physiology, Microbiology,
Medical Physics, and Industrial Medicine -
functionally it operates as a single unit with no
jurisdictional barriers impeding activities within
the Department.

Since it is the policy of Associated Universities,
Inc., that a large fraction of the staff shall be
rotated in order that universities may benefit by
having men on their faculties who have worked
at Brookhaven and that Brookhaven may benefit
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by a constant infusion of new enthusiasm brought
to it from universities and institutes, there is a gen-
eral policy limiting the time a man may remain
on the staff at Brookhaven in its several ranks of
term appointments. On term appointments a man
may, if reappointed, stay up to a maximum of ten
years provided he begins his experience here as an
assistant or associate scientist. A man beginning
his appointment as a scientist or senior scientist is
limited to three or five years depending upon his
individual category. It is generally expected that
most term appointees to the staff will spend ap-
proximately three to five years at Brookhaven be-
coming thoroughly qualified in the areas for which
opportunities are provided here. It is anticipated
that most appointments will be of junior men who
come for education, training, and experience in
the field of this Department and who will later re-
turn to university faculties.

Taking into account these policies, the scientific
staff of the Medical Department is organized into
three categories:

I. Full-time, Regular Staff.

A. Tenure scientists who hold their posi-
tions under terms comparable to profes-
sorial tenure in university faculties.

B. Indefinite appointment scientists who
hold their positions indefinitely for per-
formance of a necessary function in the
Department or Laboratory organization.

C. Term scientists who hold appointments
for specific terms.

I1. Part-time, Temporary Staff. In a few special
situations, part-time, temporary appoint-
ments are given for operational reasons to
qualified persons.

ITI. Research Collaborator Staff.

The research collaborator staff is composed of
those holding academic appointments in univer-
sities or equivalent appointments in hospitals or
institutions whao are given appointments to the
staff of the Medical Department for terms renew-
able up to one year for intermittent work during
those terms in collaboration, extension, or inten-
sification of work of joint interest to the research
collaborator and to a regular staff appointee in
the Medical Department. Those holding fellow-
ships from foundations or governmental agencies
are generally given appointments as research col-
laborators in residence which permit them to be
granted working privileges of the regular staff and
to be integrated into the research, training, and

education programs of the Department. Brog,
haven does not award fellowships. On the othe,
hand, the Department does have a limited num,
ber of one-year term appointments as Medicy
Associate rencwable for two additional termg o
one year. This appointment is available to per.
sons of all ranks in universities or institutes, ang
it is available to persons on sabbatical or othey
leave from universities and institutes. In some in.
stances in these on-leave categories, appointmeny
as a research collaborator in residence may be
more appropriate,

The categories of the scientific staff previously
noted are further divided into four ranks: senior
scientist, scientist, associate scientist, and assistant
scientist. The title medical associate carries ng
specified rank, and persons holding this appoint-
ment may be given privileges and assigned respon.
sibilities of anv of the ranks depending upon their
training and experience.

The medical staff of the hospital and the medi-
cal supporting staff of the hospital are separately
designated groups of the Medical Department
scientific staff which include those who by train-
ing and experience are qualified to meet the
specific clinical responsibilities of this hospital.
Likewise, the hospital staff includes a separately
designated group of the technical staff trained to
meet specific responsibilities. Rank of a person on
the medical staff of the hospital and on the scien-
tific staff is not always identical, being adjusted
rather to specific interests, qualifications, and use.
Inquires regarding staft appointments are wel-
comed and should be addressed to the Medical
Director.

The technical staff of the Department is a ca-
reer staff in the same manner as is the scientific
staff. It is composed of technically qualified per-
sons, individually selected for their interests and
aptitudes, who bring a wide variety of skills and
techniques to the Department’s program. The
technical staff is divided into several categories:
scientist’s assistants, technical assistants, labora-
tory services assistants, nursing staff to the hospi-
tal, clinical services staff to the hospital, and spe-
cial services staff to the hospital. A scientist’s as-
sistant is a personal technical associate of a scien-
tist holding a tenure appointment and is responsi-
ble directly to the scientist for performance of his
duties. All other members of the technical staff
are responsible to the Department as a whole
through designated administrative channels to the




dical Director. A technical assistant may be
sned to specific duties and, although still re-
;ng his general responsibility to the Depart-
{ as a whole, will act as a technical associate
specifically designated scientific stafl mem-
wolding an indefinite appointment or, in spe-
nstances, a term appointment as scientist or
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higher. Other types of specialized professional
training and skills are represented by the nursing
staff, clinical services staff, and the other variously
designated categories of the technical staff,
The clerical and administrative staff furnishes
those services to the Department as a whole.
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The research objectives of the Medical Depart-
ment are centered on d}evclopment of an under-

standing of the interactions between components

of living cells and particles generated by physical

devices. Whether or not the observations are made

gpon man, the information is used to evaluate

known OT probable reactions of man to the stimu-

jus used. Investigation of the processes involved

and the beneficial as well as the deleterious effects

of the transfer, release, and absorption of energy

deriving from atomic transformations or trans-

positions recurring in cells, tissues, and organs of
mammals forms the basis for continuing studies.

Particle radiation forms the core of most studies,

and emphasis is on the employment of neutrons,
protons, deuterons, and alpha and beta particles.

Intensive exploration is being undertaken with
new techniques, equipment, and devices. This is
done under administrative arrangements that per-
mit an individual scientist to carry on his research
autonomously, but in association with other
members of the Medical Department or with
members of various departments of BNL or other
medical institutions.

The unique opportunity at Brookhaven to
utilize special devices that make available various
kinds of heavy particles is in part responsible for
the interest in reactor and accelerator radiology
and the program in this field with special refer-
ence to therapeutic application to malignant
tumors in man. Studies looking toward appraisal
of the reactor as a useful and practical instrument
for medicine are clearly dependent upon its avail-
ability and that of nuclear engineers steeped in
knowledge of reactor design. In fundamental and
diagnostic studies, radioactive tracer methodology
forms the basis for kinetic, placement (uptake),
and metabolic pathway investigations in both
man and, where indicated, animals. At the cellu-
lar level the beta particles of tritium are used for
labeling compounds to tag selected primordial or
ancestral cells, which makes it possible to observe
sequential cellular proliferation, maturation, and
transformation. In the field of environmental
medicine, clinical studies are concerned with the
immediate and long-range effects of low level radi-
ation with reference to both degenerative diseases
and carcinogenesis. The role of the Department
in assisting other institutions is primarily that of
offering guidance and counsel to students, research
collaborators, and physicians-in-training, and to
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chairmen of departments of medical schools
through conclaves covering the scientific, clinical,
and administrative aspects of nuclear medicine.
Within this frame of reference specific examples
of the research under way and to be developed are
given below. The report is not comprehensive, and
those interested in further details are referred to
publications of the Medical Department.

A. REACTOR RADIOLOGY
{Medical Research Reactor])

1. Reactor output in relation to power level or pulse
integral (060101).  Drs. E.E. Stickley, J.S. Robertson

The earliest phase of the Medical Research
Reactor (MRR) was the development of design
criteria in preparation for the first planning studies
in 1953. By March 15, 1959, the MRR had
progressed through concept, design, and construc-
tion, and was put into operation. The earlier work
was carried out at the Brookhaven Graphite Re-
search Reactor (BGRR), where the operating fac-
tors were not adjustable to the specific needs of the
experiment; neutron output measurements were
recorded against the power levels and the control
rod patterns. From time to time major changes
were made in the type of fuel and its distribution
in the graphite matrix. For each device and for
each change in factors affecting operation of the
BGRR, new determinations of neutron output
and contaminating radiations were required.
Operational factors affecting radiations delivered
through the medical treatment port in the BGRR
included (1) rebuilding of the cone blocks to in-
corporate a shutter, (2) further modification of the
shielding in this revised facility, (3) increases in
the power level, (4) variation in control and safety
rod positions, (5) change-over to a new type of
fuel, and (6) alteration of the shape of the loaded
zone of the reactor.

The MRR, during the first two months of
operation, was used experimentally at power levels
up to 1 Mw. On the basis of the initial results,
permission was given to operate at power levels up
to 3 Mw. In May 1960 this limit was extended to
include operation at 5 Mw for periods not exceed-
ing 10 min. To operate at this level the cooling
capacity had to be increased. In the test run fol-
lowing this change the increased water flow under
two-pump operation was found to cause inter-
mittent fuel element displacement. For this reason






{ critical points about the patient’s head. Simi-
provisions were made for the various animal
seriment series, utilizing in addition boron car-
.e and lithium fluoride packed in containers or
sregnated in paraffin. The whole-body irradia-
| vault was fitted with a curtain and liners to
\imize activation of the walls by neutron ab-
stion. A simple pneumatic tube device and gas
ivation tank were installed in the northeast
m hole. Television and mirrors were added as
sonnel protection measures in observation
1s. A monorail was built for use in manipu-
1g foil during activation exposures.
evelopment of the devices and fixtures for all
fiation sites has continued. Field-defining
‘tures incorporating heavy water have been
d and have delivered a higher slow neutron
with lower gamma-ray contamination. Im-
:d design and construction is expected to re-
from work with Fiberglas-resin container
;5 for the heavy water. Continued experi-
ation with the moderator element tanks in-
he bulk shielding led to a design which places
f the heavy water in the shutter and part in
flector. The primary advantage of this ar-
‘ment, which retains a certain amount of ad-
sility, is better control of the fast neutron
re through the closed shutter. A complete set
ty interlocks on all exposure rooms has been
‘ted. Attention has been given to the design
osure holders for mice (head or thigh), rab-
'ntral nervous system or retinal studies), the
steogenic sarcoma), pigs (ear), and man
about the head, neck, and chest).

proposed to study further the replacement
ctor and moderator components in the neu-
iannels by elements having heavy water as
ive agent, throughout the path from core

t of irradiation. Rapid handling devices are
:veloped for activation analysis, pneumatic
<periments, and the possible therapeutic
tions of short-lived isotopes. A collimated

i neutron beam and cave for tissue penetra-
dies should be provided on the north beam
eans are to be devised for manipulating ani-

d phantoms in whole-body irradiation ex-

its. Instantly adjustable field-defining aper-

il be required as part of the localizing and
tating system for use in handling patients.
wdvances in the design of neutron chan-
rtures, shields, and energy modifiers will
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require refinement in the neutron optics and the
application of new, especially enriched materials.
These advances will also rely on extension of con-
cepts already stated, such as the neutron hyper-
thermalizer suggested by Rossi. Special materials
which have been proposed include plastics made
with deuterium in place of protonium, Li*F, and
(for other purposes) converter plates of uranium
and other substances. The further development of
uses of the MRR will require additional special
iustallations (such as refrigerated or water-cooled
activation devices in the beam holes) to deliver
substances for research into the diagnostic, in-
vestigative, or therapeutic possibilities of short-
lived radioactivities.

3. Neutron capture therapy: Clinical and animal
investigation (0609).  Drs. L.E. Farr, W.G. Calvo,
E.E. Stickley, J.S. Robertson, O.D. Easterday, D.N.
Slatkin

Neutron capture therapy originated at Brook-
haven National Laboratory, and to date all pa-
ticnts treated, as well as experimental animals
studied, have been observed following treatment
either at the BGRR or the MRR. This clinical
study is one of the major projects, both in relation
to basic observations in the laboratory and to
clinical investigations in the hospital. Neutron
capture therapy is a radiation treatment which
uses energetic heavy particles created inside the
disease site to be specifically treated. The localiza-
tion of the radiation and the high biological effec-
tiveness of heavy particles are two of its chief ad-
vantages. The energy of a thermal neutron is very
low, about 0.025 electron volt, and its direct effect
in tissue is negligible. However, such a neutron
when captured by the target element creates
millions of electron volts of nuclear energy, which
are released.

In the actual therapeutic procedure, B'® is ad-
ministered to the patient and is employed for the
capture of the neutrons. The neutron and the B*°
nucleus combine momentarily to form an unstable
compound nucleus, which immediately breaks up
into an alpha particle and a lithium particle. All
the energy of both particles is absorbed within a
tissue volume approximating that of one cell.
Highly localized lethal cytological effects may
thereby be attained. Although the primary con-
sideration is the fact that slow neutrons per se have
negligible effect in passing through tissue, there
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are other important reactions, such as the capture
of slow neutrons in nitrogen, giving a short-range
but energetic proton, and the capture in hydrogen,
giving a gamma-ray. Obviously the dosimetry of
such a mixed radiation beam is complex.

The major studies in progress deal primarily
with (1) dosimetric measurements; (2) pharmaco-
logical considerations of the element boron to be
utilized for capture purposes; (3) clinical follow-up
of the patients who have received varying amounts
of boron, with exposures for varying time intervals
to thermal neutrons of different flux; (4) the over-
all effect on the brain as studied at autopsy by
histopathological and topographical comparison of
the radiation effects occurring in the tumor only
or in the normal tissue only, or the absence of any
effect; (5) exploratory procedures with trans-
plantable and spontaneous animal neoplasms to
afford insight into better possible applications in
man; and (6) newer dosimetric considerations
determined in vivo with the patient in the whole-
body counter, to gather better measurements on
the neutrons, because neutrons cannot be detected
or measured directly. Previous methods have de-
pended upon observation of some secondary effect
resulting from the action of the neutrons, since
neutrons lack the electrical charge by which other
particulate radiations can be detected. Secondary
effects useful in the detection of slow neutrons are
the radioactivity induced in a target or foil mate-
rial and the fission effect that follows neutron cap-
ture in certain heavy elements. These techniques
have not been abandoned but are employed in
conjunction with the new refined approach for
comparative purposes and total evaluation of the
dose.

During the year clinical activities were limited
because of the extensive efforts directed toward
improvement of the MRR. Patients given thermal
neutron capture therapy during this period were
primarily those in far advanced stages of their
disease. Skin flaps were turned back, and a
thermal neutron exposure of the brain cortex
ranging from 1.73X10'? to 1.21 X 10® neutrons/
cm? was obtained. No immediate adverse effects
were noted from the marked increase in neutron
exposure in this group of patients as compared
with those treated previously. Significant practical
advantages were gained by using a semipulsed
type of operation of the MRR for these treat-

ments.

In the pharmacological studies, organic borgy,
compounds synthesized elsewhere are being studieq
in these laboratories. The final pharmacologic,)
testing, particularly of new compounds of Li® ang
B'", must be done here. At present several iy,
orgauic borates that have been complexed wiy,
carbohydrates are being investigated by infrareq
spectroscopy. Itis expected thatin continuing
these studies the borate-glucose complex spectra
can be evaluated, and perhaps a target elemep,
that is even more suitable can be employed in the
therapeutic procedure.

In addition to clinical observations on the ex.
perimental procedure, the effectiveness of neutrop
capture therapy has been evaluated by making a
combined topographical and histopathologica]
survey of the irradiated brains obtained at ay-
topsy. The procedure is to embed the brain ir toto
in celloidin, and then to section and stain seria)
blacks so that all spatial relationships can be
studied microscopically. With appropriate special
stains cytologic features and arrangements of
nuclel and nerve tracts are readily recognized.
The purpose is to determine whether the irradia-
tion has destroyed neoplastic cells and also wheth-
er it has affected surrounding and distant struc-
tures. Different types of cases have been studied,
including (1) 70 cases with primary neoplasms of
the central nervous system, in which selected
blocks of tissue from the neoplasm and nonneo-
plastic areas of brain have been investigated; (2)
20 cases with similar neoplasms, studied for com-

parative purposes by the whole-brain technique;
(3) 10 cases having no neoplasms, studied with
whole-brain technique; (4) 40 cases of primary
brain neoplasms treated by neutron capture
therapy (studies completed on 26); and (5) one
case of primary brain neoplasm treated with
thermal neutrons only. Comparison of these cases
has been useful in establishing criteria for the
recognition of effects, direct and indirect, im-
mediate and delayed, from any form of irradia-
tion to neoplastic and normal structures in the
central nervous system.

Whole-brain sections were prepared from 16
cases with intracranial gliomas and sarcomas in
which the total neutron exposure ranged from
0.44 X 10'? to0 6.31 X 10'? neutrons/cm? and the
amount of sodium tetraborate ranged from 25 to
50 pg/kg body weight. In three of the cases with
glioblastoma multiforme and one with sarcoma,
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necrosis of the neoplasm appeared to be present
in the region of the radiation port. In the re-
mainder of the cases no alterations in the neo-
plasms attributable to neutron capture therapy
could be established. No damage to the nonneo-
plastic central nervous system structures resulting
from the irradiation procedure was observed.

4. Activation analysis for physiological purposes:
Concentration, distribution, and studies of campart-
mental exchange of trace elements (0610).  Drs.
G.C. Cotzias, P.S. Papavasiliou, D.C. Borg, E.R.
Hughes
That trace metals are present in living matter
has long been known, but the paucity of suitable
precise techniques has hindered investigation of
their function in human metabolism, in both
normal and diseased states. Although a trace
metal may be present only in minute amounts, it
may be of great importance chemically if, for ex-
ample, it is a specific activator of an enzyme sys-
tem, or if it is present in relatively high concentra-
tion in a given type of cell, tissue, or organ. An
important aspect of the physiology of such a trace
element may be its exchange from one anatomical
compartment to another in the course of metabolic
activity. The development of tracer methodology
with short-lived radioisotopes has made it possible
to investigate compartmental exchange (or turn-
over), and the introduction of neutron activation
analysis has aided in studying the concentration
and distribution of microconstituents. These tech-
niques have been applied to the study of manga-
nese in Parkinson’s disease, copper in Wilson’s
disease, and cadmium turnover in animals.
Parkinson’s disease is a slowly progressive, de-
generative disease of the central nervous system
occurring in adults; it results in rhythmic tremor
of resting muscles and associated stiffness and
slowing of movements. This entity has been in-
duced in man by inhalation of manganese ore
dusts and by the use of some tranquilizing drugs.
Such induction of Parkinsonism does nat imply
that these materials are the sole causes, but the
fact that the disease may be produced by manga-
nese led to studies of this metal in this disease. The
investigations have centered on measurements of
manganese metabolism in vive both before and
after response to drugs and other agents such as
hormaones. The specificity of the manganese path-
way was first established in normal animals, and

progress is being made in verifying this pathway
in man. Establishment of the normal pattern of
distribution and excretion of manganese shouylg
form a basis for determining whether a disting
alteration or deviation occurs in this disease. The
principal result observed following administration
of a tranquilizing drug, such as thorazine, was that
the pharmacological agent can bind trivalen,
manganese and slow down the fast disappearance
rate of injected manganese salt. Because adrenal
steroids are known to affect profoundly the be.
havior of bulk metals, their effect on the turnover
rate of Mn®* was studied in mice. Little or ng
effect was found, and a similar study in man wij]]
probably have limited application.

The finding of a rapid disappearance rate of
injected Mn”* led to animal studies which showed
that the element was taken up by tissues rich in
mitochondria; this was also noted in man by ex-
ternal scanning of patients to whom the manga-
nese radioisotope had been given. This observa-
tion indicated the importance of the mechanism
of transport, which is now under continuing study.
The carrier mechanism involves the synthesis of
a metallo-organic compound of manganese which
is being isolated from red blood cells and liver
cells. The identification of this human porphyrin
containing manganese establishes a hitherto un-
known transport mechanism, and its specificity
should be of value in the recognition of the metal
pathway and turnover patterns in Parkinson’s
disease.

Trace elements occur in such small concentra-
tions in tissues that they were at first considered
to be contaminants. Some, such asiron, zinc,
manganese, iodine, and copper, are essential to
life. Definite abnormalities of metabolism of these
elements have been established in some disease
states. In blood itself trace elements are present in
such low concentrations that quantitative deter-
mination is made difficult because of interference
by the abundant macroconstituents. Reactor neu-
trons are capable of activating some of these ele-
ments. The availability of the MRR makes pos-
sible the use of sensitive and specific methods of
activation analysis for the minute quantities of
essential trace elements in blood and plasma.
These procedures have eliminated bulk element
interference and will allow delineation of the
physiological specificity of trace elements in man

on a chemical basis. By using specific instrumenta-
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.. this can be accomplished when necessary
\out structural or constitutional alteration of bi-
;ical samples. This permits anatomical as well as
siological studies on identical tissue specimens.
he basic studies of manganese metabolism in
1 will be considered not only in Parkinson’s
ase but in certain collagen diseases. It is
vn, for example, that in the collagen disease
ed by hydralazine there is marked slowing of
‘ body turnover. By using activation analysis
11 now be possible to determine specific activ-
of the Mn** in these kinetic studies.

ssue and physiological effects of reactor radia-
060101). Drs. J.S. Robertson, $.H. Cohn, E.E.
ley, 4.H. Jacobson, G.B. Kara, H.W. Najac
these studies, three basic investigations are
't way: (1) the role of neutron irradiation in
act formation; (2) the relationship of thermal
‘on exposure to electrophysiological changes
e eye in animals; and (3) dosimetry with
ence to the estimation of captured gamma
in patients given neutron capture therapy.
rons are used in all three investigations, but
evice for measurement and the target for
ation are different in each.
taract formation has been known to occur
n following accidental exposure to neutrons.
rresent concept of cataract formation in such
is that epithelial cells in the germinative
are damaged and later form faulty lens
. which result in cataracts. In investigating
nportant effect, neutrons from the MRR
‘ing used to determine whether a cataract
ps before or after the neutron-damaged
‘lial cells in the germinative zone reach the
ior fold of the lens. For this study the mouse
‘0 was irradiated in utero with sublethal doses
trons. Tritium-labeled thymidine was used
only the lens epithelial cells in the germina-
»ne in order to follow the migration of the
d cells after gamma irradiation. The tech-
of cell production and migration for this
was developed in the cat lens.
inother phase of this problem, the MRR
les a primary source of neutrons, and the
characteristics are modified as needed by
placement of shielding and moderating
‘al. With use of this system, morphological
.ochemical changes in the retina and the
on the electroretinogram (ERG) in the
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rabbit can be compared with electromagnetic
radiation effects, as established previously with
the 250-kvp x-radiation method. A large series of
rabbits was ¢xposed to thermal neutrons, and
another group was irradiated with x-rays. It was
noted that with 2000 r from the electromagnetic
radiation the ERG response diminished to the
point of extinction, and respiratory enzyme activ-
ity was also lost. It is of interest that in the early
neutron exposures these same phenomena were
not encountered. The correlation of destruction of
tissue by irradiation with ERG studies is expected
to provide information on activities in these
specific layers of the eye.

In neutron capture therapy the thermal neutron
is captured by the B'® atom. The latter promptly
disintegrates into an alpha particle and an ener-
getic lithium particle with a release of energy. All
the energy of both particles is absorbed within a
tissue volume approximating that of one cell. In
addition, various elements in the body simul-
taneously capture neutrons and become activated.
It is therefore apparent that dosimetric characteri-
zation of the neutron and gamma spectra is a com-
plicated problem. One attempt to solve the latter
phase is through a combination of measurements
made in the whole-body gamma spectrometer,
with reference to the geometry as it actually oc-
curs in the head.

The thermal neutron dose received by the brain
of patients with malignant primary neoplasms in
that area in the course of neutron capture therapy
has been investigated with in vivo gamma spec-
trometric measurements of induced gamma activ-
ities. Neutron irradiation produces Na?* as well as
other radioisotopes such as Ca*® from the sodium
and calcium in the head, and the resultant gamma
activity of these isotopes as they circulated through-
out the body was measured. This measurement
was then used in the calculation of the effective
thermal neutron dose received by the brain. The
results were compared with physical dosimetry
measurements obtained by placing physical re-
ceptors close to the head, or biological receptor.

B. ACCELERATOR RADIOLOGY
(Van de Graaff Generator, 60-in. Cyclotron,
and Cosmotron)

The study of particle effects that are or may be
of medical significance is not limited to reactor
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radiology. Accelerators can provide “pure” energy
spectra of a variety of particles and hence are used
as devices by the Medical Department to extend
and diversify its program.

1. Effects of accelerator-produced monoenergetic
neutrons in mammals (06010).  Drs. V.P. Bond, J.L.
Bateman, E.E. Stickley, H.H. Rossi

The effects of monoenergetic neutrons in mam-
mals are being investigated for several reasons. It
is important to learn more about the possible ef-
fects in man of exposure to fast neutrons in order
to determine methods of protection as well as
allowable exposure levels. In properly arranged
experiments, additional basic information can be
gathered concerning radiation damage and pos-
sible tissue recovery. Such approaches include the
determination of the effects of dose rate on radio-
sensitivity. This information is useful in deter-
mining in man the effective biological dose in
radiotherapeutic and accidental exposures. As a
final factor in this program, the experiments are
designed to compare “one hit” and “multiple hit”
dose response patterns and to provide informa-
tion on protection, the effects of oxygen in irradia-
tions with fast neutrons, and those of particles of
higher linear energy transfer (LET).

In earlier studies with neutrons, the wide spread
of particle energy from reactors and accelerators
made interpretation of biological results extremely
difficult. For this reason, the 3-Mev Van de Graaff
generator was used to accelerate protons into a
tritiated zirconium target.. The resultant fast neu-
trons were of suitable energy and flux to serve as a
source of monoenergetic neutrons for the irradia-
tion of mice. During this period special equipmgnt
was constructed to measure both depth dose and
quantity of radiation in number and density of
ionizing events in graded sizes of microscopic tis-
sue-equivalent spheres. LET spectra were obtain-
able by utilizing this same apparatus.

Replicate experiments with this source of mono-
energetic neutrons make it possible to use as a bio-
logical indicator the weight loss in spleen and
thymus at 4 days postirradiation. Spermatogonia
depletion in the testes of irradiated mice and their
descendants has also been investigated, and ap-
pears to be a sensitive biological indicator.

In extensions of experiments reported last year,
mice of different ages from those previously
studied are being used, and higher energies, at
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least as high as 1.80 Mev, are being utilizeq, In
addition, testing of other biological end-poing, is
being considered, e.g., bone marrow with ity
capacity to incorporate such compounds as 5,
iododeoxyuridine. Investigation of the effects o
oxygen is also being considered. This will permj,
studies directed towards determining additiong|
features such as the role of heavy recoil nuclej i,
producing radiosensitivity peaks with neutrons
cross section resonance energies.

2. Effects of monoenergetic deuterons on neyrg|
growth (060101).  Drs. LE. Forr, L.1. Malis, J.E. Rose

The 60-in. cyclotron was used in a study of the
eflects on tissue of penetration of the cerebral cor.
tex by a deuteron beam. A laminar lesion (sharply
delimited narrow zone in which all nerve cellg
have been destroyed) was produced with peak
doses of 15,000 to 45,000 rad. The corresponding
surface and average doses are 3000 to 9000 and
5000 to 15,000 rad, respectively. Deuteron inten-
sity ranged from 4.0 to 12.0 X 10° deuterons/cm?,
By appropriate maneuvers the procedure can be
used to isolate a strip of cortical tissue but a few
neurons thick. Doses above 45,000 rad produced
necrotic foci, and at 75,000 rad complete necrosis
of the irradiated region was observed.

3. Methodology of widening the Bragg peak in tissue
by using deuterons (060101). Drs. S.W. Lippincoft,
C.R. Jansen, W.G. Calvo, K.R. Rai, C.P. Baker*
Heavy particles are much heavier than electrons
(deuterons are =~4000 times heavier), and by
virtue of their physical properties have unique and
important applications in medicine and biology.
Because of their mass, the angle of scattering in 2
given collision is reduced by about the same ratio
of mass difference. They also possess a definite
range of penetration in matter instead of following
an exponential law, as do x-rays or gamma-rays.
In passing through a material the particle loses
some of its energy per unit length of path. This
rate of energy loss is called the linear energy trans-
fer (LET) of the particle in the material it trav-
erses. The particles lose their energy to the mate-
rial they traverse by means of ionization, elastic
scattering, inelastic scattering, and excitation.
Ionization occurring in tissue along the path of
penetrating particles increases in density as the

*Member of the Physics Department.

1



EMPLOYMENT OF THE 3-Mev VAN DE GRAAFF GENERATOR
IN PRODUCTION OF MONOENERGETIC FAST NEUTRONS
FOR SPLEEN-THYMUS WEIGHT-LOSS STUDIES IN MICE
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RADIATION EFFECT OF ACCELERATOR-PRODUCED AN EXPOSURE USING le
DEUTERONS ON TRANSPLANTABLE NEOPLASMS }6 FILTER THICKNESSES B
The 60-in. cyclotron {A) is the source of highly energetic oS ti:
deuterons. A beam-filtering wheel (B) was developed to & w
control the amount and location of energy (deuterons) 5 I y
absorbed in tissue {C). The uniformly malignant character o : E)c
of the cells in a transplantable neoplasm is shown (D) a I '
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the transplanted neoplasm shows only inflammatory cells 2 | : tis
and nonproliferating tumor giant cells (E). ] g fil
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sicle continuously loses its energy. In the final
.jon of the path, the energy given up per unit
ath length rises to a peak (Bragg peak) just
re the end of the path is reached.

‘he objective of the present studies was effec-
ly to widen the Bragg peak in depth in the
, of the charged heavy particles through tissues
~der to allow study of the biological effects of a
ain number of particles in the beginning of
r track compared to the effects of an equal
ber of particles at the end of their track. The
1. cyclotron at BNL accelerates deuterons to
sies of 20 Mev; a current density of 1.83x 10
/cm* has normally been used. With this beam
w 10* deuterons/cm?-sec is delivered. In
il studies the introduction of an aluminum
of appropriate thickness into the deuteron
1 decreased the energy of the beam and re-
| in the production of a Bragg peak at a
1ed range in the tissue. To produce many
¢ peaks at different depths throughout the
, so close to each other that all the tissue
d be in this intense ionization area, it was
ble to interrupt the exposure at short in-
is and to introduce successively thicker alu-
m filters between the radiation port and the
It was necessary to introduce 16 different
to achieve this objective. This made it neces-
2 deal with such short exposure times that
ould not be measured accurately, apart from
't that the procedure was time consuming,

se difficulties were obviated by introducing
filter (wheel) driven by an electric motor
ng in front of the radiation port. The wheel
of heavy aluminum 30 cm in diameter with
rtures of accurately determined width on
iphery. In each of the apertures an alumi-
il of appropriate thickness was clamped.
heel was driven by a synchronous motor at
m. Each foil therefore passed the beam five
ach second. One-fifth of a second was very
'mpared to the shortest exposure time used,
1s a good averaging was achieved. This for
"a.tion of charged energetic heavy particles
l'in the production of adjacent or separated
;anks within the range of the particles in
'wo or more layers of intense ionization at
t depths separated by layers of less ioniza-
1ssue were produced. A cylinder of uniform

vn that cuts off sharply in depth in tissue
be produced.
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4. Giant cell formation in neoplasms resulting from
heavy particle radiation (060101). Drs. 5.W.
Lippincott, W.G. Calvo, L.E. Farr, C.R. Jansen
A series of experiments was made in which im-
plants of mouse sarcoma 37 were exposed to heavy
particle radiation from deuterons produced in a
60-in. cyclotron at an energy of 20 Mev. The
beam was circular and 2 cm in diameter. The
integrator measured one count when the cyclo-
tron delivered 2.0810% deuterons/cm?. The
range used was from 2.5 to 312.5 counts. Sarcoma
37 was selected because of a constant 100% trans-
plantability and essentially similar type of pro-
liferating neoplastic cell as seen microscopically.
One-mm cubes of viable neoplasm were trans-
planted into mice as controls. Cubes of neoplastic
tissue of the same size were irradiated in vitro by
deuterons as indicated above and then trans-
planted immediately. Animals were sacrificed at
from 1 to 10 days. After radiation, during the
follow-up period, it was noted that neoplastic cells
lived for a period of time but apparently failed to
multiply. With decrease of cellularity of these cells,
bizarre giant cells developed (from malignant
cells). These residual giant cells failed to multiply,
and the transplant failed to invade or to survive.
This raises the important question of whether
giant cell formation in neoplasms indicates simply
development of a cell type no longer capable of
reproduction rather than of one which yields a
clue as to the degree of malignancy of the neo-
plasm.

5. Use of cyclotron-produced I'24, a positron emitter.
(060101). Drs. S.W. Lippincott, C.R. Jansen, K.R.
Rai, L.E. Farr, W.H. Sweet*

During the year, I'** (a positron emitter) was
produced at the cyclotron by bombarding an
antimony target with alpha particles. The I'** was
then separated in the Hot Laboratory. Successful
iodination of gamma globulin was achieved. The
first patient to whom the labeled globulin was ad-
ministered had a primary brain neoplasm, and the
use of a positron scanner showed that a greater
concentration of the globulin was located in the
neoplasm than in the intact brain. The diagnostic
possibilities of utilizing the site of degradation of
the protein as a marker will be investigated not
only in the brain but in other sites.

*Massachusetts General Hospital, Boston, Mass.
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EFFECTS OF HIGH ENERGY PROTONS
PRODUCED By THE COSMOTRON

The Cosmotron (A)isa synchrotron that accelerates pro-
tons in a circular path to speeds approaching the velocity
of light. The Protons attain gn energy of 3 Bev and are
directed gs o beam towards a target, as shown in (B). In
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preliminary studies on the pathology of particle dosimetry for the Thorotrast study is extremely
.digtion of high energy protons produced by the complex, the whole-body gamma spectrometer
ssmotron (060101).  Drs. S.W. Lippincott, C.R. offers a promising approach for making the neces-
nsen, K.R. Rai, W.G. Calvo, L.E. Farr sary identification and quantification of the
Investigations utilizing the 60-in. cyclotron as a gamma-cmitting residual daughter products in
aree of 10-Mev protons and 20-Mev deuterons the decay chain.
Crradiate both intact animals and mice with Dosimetric experience has been gained through
insplantable neoplasms are being extended by studying five patients. Three of these patients were
mg the Cosmnotron as the source of particles. The terminal cases, and Thorotrast was administered to
asotron is 4 proton synchroton in which in- them so that the absolute levels of their body bur-
ted protons may be accelerated to an energy of dens could be counted and compared with a cali-
Bev. The external beam delivers 1.25x10'° par- brated amount of Th*** in the liver and spleen of a
les per pulse over a 3-cm? surface area. It is also plastic phantom of standard man. Analysis of the
ssible to obtain 2-Bev 7~ and #'-mesons in a material injected is under way by alpha pulse-
isfactory beam giving 3 107 particles per pulse. height analysis; this is necessary for the calibration
pulse occuss every 5 sec, so that by varying the of the counting apparatus for measuring the thori-
rid of exposure the total number of rads suit- um dioxide from the daughters. In addition, two
e for radiation experiments may be obtained. patients who received Thorotrast for diagnostic
¢ hamageneity of the beams can be determined purposes (7 and 21 years ago) were measured, and:
T radiating plastic foil squares of various sizes estimates of their thorium dioxide body burdens
werimposed on one another (centrally placed) were obtained. These individuals had local infiltra-
{ mf;:dsuring the activity, as for example in the tion at the site of injection, which somewhat com-
version of C' into C''. As part of an over-all plicated the calculations. However, by measuring
artmental activity concerned with the patholo- individuals at different periods extending over
i high energy particle radiation, these studies years, it may be possible to correlate the low level
heing carried out to determine the effects of radiation with the ultimate biological result.
tons and mesons on (1) whole-brain irradiation Further studies on radioactive body burdens,
sice and partial-brain irradiation of rabbits, already under way and to be continued for several
s conventional and refined histochemical tech- years, are concerned with a population of BNL
1es used to evaluate results, (2) transplantable employees working in areas in which they may be
nal neoplasia, and (3) relative biological effec- occupationally exposed to radionuclides. The base
11058,

lines for the levels of Cs'*", Zn®, and K*° are being
established. The principles of dosimetry and cali-

C. ENVIRONMENTAL MEDICINE bration and the use of the plastic phantom are the
AND RADIATION EFFECTS same as in the other studies. In the initial meas-
urement of more than 200 BNL personnel, Zn®
vivo measurement of radioactive materials in was identified for the first time in a group of reac-
(060102).  Drs. S.H. Cohn, J.S. Robertson, tor workers. The techniques are thus applicable to
Lippincott, R.A. Love the study of any population whose members have
«neral demographic studies of populations low levels of internal contamination. Surveillance
l?avc recejved continuous low level radiation of this population with respect to internal contam-
internally depesited radioactive materials are ination ‘is a project of increasing importance at
erest because it s possible to estimate the BNL, and such studies will become increasingly
netry from the amount remaining in the body important as industrial nuclear reactors increase
‘er times, and to relate it to the resultant bio- in number and scope in this country.
al effects. The retention of Thorotrast by a A program that will continue for three to five
Ae population is of particular interest, since years has been initiated with studies in which
nternal emitter deposits itself in liver, spleen, tracer doses of Sr#® have been administered to out-
aarmow, rather than other viscera. Resultant patients. These individuals have been studied by
.astic lesivrir have been reported in these use of the in vivo whole-body counting technique.
of thoriur deposition. Although the tissue Cs'* and Sc*® have been administered for the

00199491
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same purpose to other individuals. In addition to
these long-term projects, relatively short-term
studies of Ca*” uptake are under way. The com-
bined short and long-term studies of strontium and
calcium metabolism in man are being applied to
patients with various kinds of skeletal diseases to
learn more about the body pool, accretion rate in
bone, and long-term net results in the patient.

2. Studies of various radioprotective agents in radi-
ated animals (0603).  Drs. V.P. Bond, E.P. Cronkite
A series of related investigations is under way in
which various aspects of combatting the detrimen-
tal effects of radiation will be explored. It is well
known that intensive radiation produces damage
at the organ, tissue, and cellular levels. These ex-
periments are being designed to encompass these
biological levels and to consider certain of the
known resultant damages, prior to administration
of biological and chemical components that may
help to combat the disastrous effects of radiation.
For example, it is known that hemorrhage occurs
and that it is related to platelet production, so the
formation of platelets must be investigated. The
possibility of giving whole marrow for protective
purposes is being explored. Tritium-labeled cells
are being followed during cell formation before
radiation and cell destruction after radiation.
Other complications such as the gastrointestinal
tract disturbances that result in several physiologi-
cal alterations (e.g., serious loss of fluids and elec-
trolytes) are being investigated.

In basic studies of platelets in certain normal
and induced radiation states, the first essential is
quantitative determination of the number of plate-
lets involved. The Coulter electronic counter is
being employed in the development of an accurate
method for counting platelets in clinical and ani-
mal research. Progress has been satisfactory. In
relation to the problem of bleeding, investigations
are under way to determine whether the platelets
interact directly with capillary endothelium of the
vasculature, or intermediately by initiating the
slow intravascular deposition of fibrin on capillary
endothelium, the latter being a possible part of the
process mediating coagulation at the surface of the
endothelium. A projected step in the current in-
vestigations may be actual use of platelets in the
control of radiation effects. A comparison of the
effect of fresh and preserved platelet administra-
tion has been undertaken. It has been demonstrat-

ed clearly that only fresh platelets prevent the

commencement of bleeding in the fatally irradi.

ated animal, or stop the bleeding once it has com.
menced in the thrombopenic irradiated animal,

Lyophilized and frozen platelets were of no value,

The final phase of the platelet study, which is tg
be continued, is concerned with the homeostatic
regulation of platelet production. The platelet
count can be varied by suppression with radiation
or by hypertransfusion of platelets, which makes
it possible to study alterations in platelet levels,
These procedures have been used in an attempt to
determine whether a thrombopoietic stimulating
factor and an inhibitory factor exist, and, if so,
how the relationship between them is maintained.
If these factors can be isolated and characterized,
they may be useful in combatting the irradiation
syndrome.

In this long-range work, as in the case of plate-
lets, other components of the hematopoietic system
must be considered. The current method is to
study the fate and function of blood cells that can
be labeled in 2itro with tritiated thymidine, and
also to study the effects of tritiated cells existing in
the bone marrow, with reference to using a mitotic
index to demonstrate the rate and type of prolifer-
ation. As an outgrowth of these studies of cells in
their primary source, the marrow, and in their cir-
culation in the blood stream, studies were initi-
ated to determine whether some hazard to these
cellular populations might result from use of these
labeled cells. Finally, the information obtained on
cellular formation, movement, and proliferation
has made it possible to initiate studies on the ac-

tual effects of radiation on cells in systems such as
the bone marrow.

In this area, continuing studies based upon pre-
liminary investigations will be concerned with (1)
alterations in elements existing within the bone
that can be studied by in vive counting; (2) admin-
istration of living cells (leukocytes instead of plate-
lets), and (3) the radioprotective possibilities of
certain chemical compounds, such as vitamin E.
In the studies of elements occurring in bone, it has
been found that 2000 r of local x-irradiation re-
sulted in the tibia in a decreased accretion rate of
certain of the radioactive materials injected, such
as Sr**. The accretion rate and exchange capacity
for elements such as calcium and strontium in
various bones may be of considerable importance
in the chemical dynamics of skeletal metabolism
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1e individual before and after any form of radi-
.n, and may indeed affect response, aging, and
sevity. Because of the great importance of the
1plication of infection in the radiation syn-
.ue, studies have been initiated and will be en-
ed to determine whether transfusion of periph-
leukocytes into animals undergoing a radi-
a-induced leukopenia will alter the response
iese animals to challenge doses of infectious
nisms, and thus reverse the normal postirradi-
a-induced infection pattern. This should indi-
whether the induced resistance to infection is
stradiation time-dependent factor and should
titute a better basis for selection of compounds
may conceivably combat the inflammatory
ions occurring following radiation. The only
>ound immediately under study as a radio-
‘ctive agent is vitamin E. The preliminary
‘es have demonstrated a protective action in
nimals given 950 rad; 10% lethality was
ined as compared with 45% in the control
n.

t

zing radiation effects upon immune mechanisms
nals (060101).  Drs. R.D. Stoner, V.P. Bond
izing radiation appears to have a specific
upon immune mechanisms whereby the nor-
1mune responses are suppressed in propor-
» the radiation delivered. The capacity to
>e antibody is therefore greatly inhibited or
lestroyed in irradiated animals. A study is
way to determine the effects of radiation on
dy production with reference to natural re-
zand to active and passive immunity to bac-
nd parasitic infections. The source of radi-
i a Co® gamma irradiation device, and the
s used are pathogen-free mice.
iation from the above source, in this type of
., greatly inhibited or prevented antibody
ion under certain conditions, such as after
stration of influenza virus vaccine and teta-
oid. Radiation also enhanced susceptibility
mice to anaphylaxis.
necessary to know more about radiosensi-
ith reference to the primary and secondary
es of antibodies that occur following anti-
imulus and at different intervals following
n exposure. By injection of dye stuffs it
possible to study the effects of dose and
finjection on inhibition of the secondary
nary antibody responses. Emphasis is be-

6019999:

ing placed on histological studies in an attempt to
identify the cells concerned with these responses.

A natural exentsion of these immunological in-
vestigations is concerned with the immune mech-
anism in homologous and heterologous studies,
particularly with reference to the significance of
postradiation treatment. Under such experimen-
tal conditions it is possible to determine the result
of postradiation transfusion of mouse and rat bone
marrow as protective agents for recipient mice
against varying levels of whole-body radiation, in-
cluding the specifically lethal. Recovery of the
hematopoictic system is being studied in mice pro-
tected with homologous or heterologous marrow,
as is the role played by secondary loss of weight
and wasting in the animals studied until death
occurs. The final extension in this series of animal
investigations is concerned with the protective ef-
fect of transfused marrow and the ability of the
donor marrow to produce antibody in irradiated
mice.

4. Radiation-induced neoplasia in the rat (060101),
Drs. V.P. Bond, E.P. Cronkite, R.A. Conard, C.J.
Shellabarger, E.A. Tonna

Early studies indicated that the female Sprague-

Dawley rat, following whole-body radiation with
doses of ==400 r, developed a high incidence of
breast neoplasms. The objective of the continuing
studies has been to extend these experiments to
determine under what conditions the neoplasms
occur, and to elucidate the basic mechanisms in-
volved. It was shown that normal ovarian function
is necessary for maximal incidence of induced neo-
plasia, and that the neoplasms did not arise from
direct irradiation of the ovaries, pituitary, or other
endocrine organs. The histologic types of neo-
plasms obtained - adenocarcinoma, adenofibroma,
fibroadenoma and fibrosarcoma - did not appear
to vary with the procedure used. Male rats also
developed these types of neoplasia following ex-
posure, but in smaller numbers.

Neoplasms arose only in areas directly exposed
to the beam, i.e., no “abscopal” effect occurred.
This was shown by partial- body irradiation and
by irradiation of only the skin or the body of the
animals, whose skin had been virtually completely
removed under anesthesia and later reconstituted.
The dose-effect response was approximately linear
over the range of 25 r to 400 r, with the curve ap-
pearing to go through zero dose at zero response.
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No data were obtained below 25 r; the linear re-
sponse did not hold above 2500 r. These results
suggest that both initial irradiation damage and a
suitable endocrine balance must exist for this car-
cinogenic process to take place.
The eflects of whole-body radiation with electro-
magnetic sources do not constitute the complete
scope of studies on induced carcinogenesis in ani-
mals. Preliminary studies are under way in which
rodent skin is irradiated with Sr®® plaques utilizing
doses up to 10,000 rep, after which the animals are
sacrificed serially over a period of months to allow
the material to be examined microscopically in
order to determine, by conventional histologic
techniques as well as those involving certain en-
zyme systems, what important cellular, tissue, mor-
phologic, and chemical alterations may occur dur-
ing the development of the malignant neoplasms.
Studies of Japanese children exposed at Hiro-
shima and Nagasaki and of Marshallese children
exposed in the accidental fallout of 1954 have in-
dicated some impairment of growth and develop-
ment which may possibly be due to radiation ex-
posure. Since the doses involved were lower than
would be expected to produce retardation of bone
growth by direct irradiation, studies are being car-
ried on to elucidate the part that indirect mecha-
nisms might play and the dose dependence of such
effects. The methodology consists of determining
the effects of x-irradiation on bone growth by
roentgenographic measurement of tibial bone
lengths at various times after irradiation. Shield-
ing procedures already tested indicate that direct
and indirect effects of irradiation on bone growth
are dose dependent. Further studies are planned
to test (1) the effect of lead shielding of various
parts of the body during exposure, (2) for organ or
hormonal deficiencies, and (3) for effects of abla-
tion of organs and replacement therapy.

D. TRACER STUDIES
WITH TRITIATED COMPOUNDS AT THE ORGAN,
TISSUE, AND CELLULAR LEVELS

1. Cell identification, proliferation, migration, and
differentiation (0604).  Drs. W.L. Hughes, V.P.
Bond, E.P. Cronkite, R.M. Drew, R.D. Stoner, L.B.
Feinendegen, $.C. Spraragen, E.A. Tonna, S.A.
Kilimann, T.M. Fliedner

In the past a number of attempts have been
made by many investigators to tag or label cells

po20000-

in order to determine their origin, rate of division,
growth, and fate. Initial methods were unsatisfac-
tory because the label did not remain in the cell
long enough or was toxic to the cell, or because
the amounts of tissue required were too large for
casc in handling. In this department a number of
investigators in various disciplines have selected
as the locus for labeling a component occurring
regularly in cells and concerned with one or more
major functions. This constituent is deoxyribonu-
cleic acid (DNA), which is found solely in the nu-
clei of cells. It is a chemical carrier of heredity (the
main constituent of genes and chromosomes) and
remains stable and unchanged in any given cell.
New DNA is made only for the formation of new
cells preceding cell division. From other labora-
tories reports had come that N'*-labeled thymi-
dine could be used for the same purposes. From
these observations came the background for the
technique developed in this department, in which
the beta particles of tritium (H®), with a maxi-
mum energy of only 18 Mev, are used to label
thymidine. This offered the highest resolution ob-
tainable in an autoradiograph of a cell, giving a
range of little more than a micron in the photo-
graphic emulsions. This permanent label has been
used as an identifying marker in cells in a series of
studies and will be used in a long-range program
concerned with bone marrow, peripheral blood,
and the skeletal system in normal and diseased
states, as well as with effects of factors outside the
living body, as in tissue culture, and with processes
such as inflammatory and neoplastic reactions at
organ, tissue, and cellular levels.

‘The original work was concerned with finding
suitable compounds as precursors to DNA metabo-
lism which could be tritiated and for which suffi-
cient resolution in the autoradiograph was obtain-
able. Thymidine, cytidine, and deoxyuridine are
among the chemical constituents that have proved
to be useful. The materials labeled have included
bacteria in cultures, living cells in cultures, living
cells in blood, bone marrow, and other normal
structures in animals, and, finally, cells, tissues, and
organs under various responses, such as inflamma-
tion, neoplasia, and radiation. For example, radi-
ation has been used, like certain chemicals such as
cortisone, to study the effects on uptake; both have
been found to be inhibitors. In an extension of the
work with iodine, reported last year, the incorpo-
ration of deuterium and bromine in suitable com-
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.unds has been investigated in an attempt to
.rn more about the process of replication. Addi-
.nal metabolic analogues are being constant-
sought, with the intent of expanding these tech-
jues to other systems. If such components be-
e available as labeled constituents, it may be
ssible to study reactions occurring at the organ,
sue, and cellular levels following exposure to
rticles from the reactor, i.e., neutrons, and to
ise from accelerators such as the cyclotron, i.e.,
rtons, deuterons, and alpha particles.
'n the initial studies of labeled cells, bone mar-
v precursor cells as well as mature cells were
died. It is well recognized that morphological
| cytological considerations alone are not ade-
ite for characterization of the development and
gress of cells in certain systems such as the
natopoietic system. For this reason these tech-
ues have proved to be invaluable in determin-
the total DN A content of certain precursor
s, in establishing the rate of DN A synthesis
n grain-count data, and in obtaining addition-
formation on the generation times of the vari-
kinds of cells studied under normal and ab-
nal conditions.
‘he role of hyperplasia in the development of
‘rosclerotic-like lesions in the rabbit aorta and
nary vessels has been studied, following cho-
rol feeding, by labeling and identifying the
iferative process in the cells related to the
'n. Thus, information has been gained as to
ther proliferation is of primary or secondary
yrtance in the etiology and development of
lisorder. This is a necessary consideration in
of simultaneous or succeeding chemical alter-
18 which may occur and extend or alter the
re of the atheromatous lesion.
hrough study of DNA synthesis it has been
vn that the percentage of labeled cells in-
ses in patients with certain disorders, such as
‘tious mononucleosis. This was established
first observing that the number of labeled
in the peripheral blood normally is very low,
rorder of <1000 per nucleated cell. In the case
1tkemic patients treated with Myleran, the
her of cells showing label was found to decrease
the total white count. This result indicates no
"ive effect of the drug on the process of DNA
‘esis or on cells capable of synthesizing DNA.
cries of continuing studies by various investi-
in the Department has been undertaken in
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the following areas: (a) study of the source of cells
participating in inflammatory reactions of ani-
mals; (b) role of cell proliferation and transforma-
tion in antibody formation; (c) DNA synthesis in
homograft tissue reactions; and (d) metabolism
of DNA in mammalian cell cultures under normal
and neoplastic conditions. In the first area the pri-
mary objective is to determine whether cells of the
histiocytic, macrophagic, and fibroblastic groups
participate in inflammatory reactions due to in-
jection or sterile inflammation and whether they
originate in situ or migrate into the area from the
blood. In the latter case, a secondary consideration
is to determine the type of migrating cells.

The question of which cells participate in the
production of antibodies has long been investi-
gated; opinions differ as to whether lymphocytes,
plasma cells, transitional cells, or reticulum cells
serve as the site of antibody formation. The spe-
cific objectives of this research, therefore, are to
determine which cells, if any, undergo prolifera-
tion and/or transformation to another type of cell
in the primary and secondary stages of antibody
formation. It is hoped that by using a combination
of procedures it will be possible to determine the
cellular site of deposition of antigens, their inter-
actions with cells, and the role of cell proliferation.

In connection with DNA synthesis in homograft
reactions, the objective is to discern in homologous
strains of mice whether perturbations exist in
DNA synthesis accompanying the cellular ex-
changes in the homograft reaction between host
and donor cells in tissue transplants, especially
those involving the skin. It should be possible to
learn much about skin grafting, because it has al-
ready been demonstrated in this department that
tritiated thymidine is an excellent indicator of es-
tablished vascularity between host and grafted
tissue; that labeled epithelial cells in autographs
appear to occur in the same manner as in wound
healing; and that in the homograft invading host
cells label as actively as do the cells of the vessels
of perivascular regions and those in relatively
avascular areas.

In the field of neoplastic disorders, observations
made in tissue culture studies will be extended by
using the HeLa strain of human cancer cells to
obtain more precise information about DNA me-
tabolism and mitosis. This will also provide a basis
for designing experiments to study the effects of
external irradiation on the DNA synthesis cycle
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and abnormal metabolism. Thus tar it has been
possible to define the total DNA synthetic time,
the pre- and postmitotic resting phases, and the
generation time of this strain of human cancer in
tissue culture. The greatest variability was found
in the premitotic phase of the cell cvcle; some cells
remained in this resting phase between DNA syn-
thesis and mitosis for only 2 hr, while others lasted
as long as 8 hr. This information explains, in part
at least, the inherent asynchrony in tissue cell cul-
ture populations. In this connection, preliminary
studies of radiation effects are being carried on; the
initial study, using 500 r of x-irradiation, suggests
that the predominating effect of x-irradiation is
that of inducing the cells to remain in DNA syn-
thesis for an abnormally long time.

The use of suitable radioisotopes in initial
studies of fibroblasts and their reactions suggests
that metabolic pathways may be traced during
and subsequent to cell interactions. Specific com-
parisons of such factors as radiosensitivity of given
cellular volumes and localization of irradiation
effects can also be made by this technique. For
example, the localization of tritium within the cell
nucleus should result in almost exclusive irradia-
tion of this radiosensitive volume because of the
very short range of the resulting beta radiation.
H3-cytidine, on the other hand, incorporated into
the ribonucleic acid of the cell showed radio-
activity concentrated chiefly in the cytoplasm.
Cells in culture were used to establish and com-
pare the lethal and cytological effects of intra-
cellular and cytoplasmic irradiation by tritium,
and in the future it will be possible to irradiate

various kinds of cells in tissue culture with differ-
ent agents and to determine their comparative
effects on tissue type.

The studies described thus far are concerned
with comparing existing normal states with cer-
tain altered states, as in infection and neoplasia.
Another extremely important area is gerontol-
ogy, because of the increased numbers of people
living to older ages. Studies have been undertaken
on a rather large scale of the effects of aging on
bone, a tissue suitable for study in simultaneous
histochemical and autoradiographic investiga-
tions. Aging in any tissue is a complex cellular
and biochemical process that has not yet been well
characterized. The specific objective of these con-
tinuing studies is determination of the metabolic
and cytological changes taking place with age
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within the cells of the periosteum and bone in
general, Histochemical, cytologic, electron micro-
graphic, and autoradiographic procedures are
used for determination of the contents of muco-
polysaccharides, respiratory enzymes, and meta-
bolically important enzymes, and for finding the
mineral relations and the relationships of the
fibrous structure to the crystal structure. As one
example of the importance of this approach, the
relationship of the fibrous bundles of collagen to
the nonorganic bone structure has been estab-
lished. The pattern of deposition and interlacing
directly determined demonstrates that the stress
structural patterns of bone deduced years before
by earlier investigators are essentially correct. In
this same tissue it has been demonstrated that the
osteogenic cells of the periosteum participate
significantly in the remolding of the bone in longi-
tudinal growth in addition to growth at the carti-
laginous plate. The proliferative potential of the
periosteum diminished rapidly from birth to =8
wk of age in animals, while that of the epiphysis
maintained an initial high level of proliferation
up to 5 wk; the epiphysis then followed a course
similar to that of the periosteum. A further ex-
ample of research in this area is the study of the
origin of osteoclasts, which are so important in
resorption of bone and maintain the balance be-
tween bone deposition and removal. It has been

shown clearly that the osteoclasts arise from fusion
of osteoblasts.

In addition to aging in the bone, the growth
processes in early age periods are being studied,
and techniques utilizing tritiated thymidine are
being used in the developing mouse embryo. The
objective is to study the growth rate of different
tissues in the growing embryo at different stages
of development. Thus far the degree of incorpora-
tion into the embryo, uterus, and placenta has
been determined. The decidual cells of the pla-
centa showed good uptake at the beginning, and
the greatest degree of uptake was seen in the en-
dothelial cells. Embryonic tissues did not show
noticeable uptake until the ninth day, and then
only in the outer membrane tissues of the troph-
oblast cells. On the tenth day incorporation oc-
curred mainly in the blood and mesenchyme sys-
tem cells. On succeeding days more incorporation
was found in other embryonic tissues. The nervous
system did not incorporate thymidine until the
fourteenth day. These differential time periods in
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ling of cells and tissues may make it pos-
indertake studies to determine the nature
-nital deformities or even genetic effects
 from intranuclear radiation.

, rate of division, growth, and fate of tritium-
-ells (0610). Drs. E.P. Cronkite, V.P. Bond

previous section the pertinent reasons for
itiated compounds as cell markers were
he studies discussed in this section utilize
e techniques, but some of the purposes of
'riments extend beyond those described
sly. The studies under way are concerned
ly with cell proliferation in man and are
o such important factors as (a) prediction
an, function, and progeny of labeled cells;
proliferation in human malignant disease;
metabolic events associated with tritiated
ne and other pyrimidines in man during
rse of the labeling process and subse-

:hief results of using tritium-labeled thy-
in man have been to demonstrate the
flabeling with a specific DNA precursor
he movements of the autoradiographically
4 label from proliferative to nonprolifera-
npartments could be established by ob-
the diminution in the grain count of the
cell with time. The analogue computer
IBM 614 are now being used to elucidate
lysis of the data, although certain observa-
we been adequately covered by conven-
nethods and appear to indicate some of
nite time parameters concerned with cell
tion, life span of mature cell entities, and
on paths in mammalian tissues of certain
f mature cells after the steady state has
‘ached. For example, in man the genera-
ne of the erythroblasts appears to be =24
turnover time of the orthochromatic ortho-
nonproliferative cells that become labeled
- migration of the label into this compart-
is =20 hr. In the neutrophilic series the
er time varies from =24 to 54 hr, depend-
-on the stage of granulocytopoiesis in the
The average stay of the neutrophils in the
eral blood is of the order of two days. Turn-
me of the megakaryocytes has been shown
onsiderably longer, i.e., =10 days.
1ddition, studies have been initiated to
ine whether a defect in cell proliferation
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exists in certain human malignant diseases, es-
pecially those concerned with the hematopoietic
tissues. Initial observations indicate that the gen-
eration time of cells of both solid and diffuse neo-
plasms is longer than anticipated from previous
studies by other techniques. This statement is
based on observations with labeled cells in such
diseases as chronic lymphocytic and granulocytic
leukemia, glioblastoma multiforme, carcinoma of
the breast, and multiple myeloma. In the evalua-
tion of the data to be obtained in further studies,
particular attention will be paid to whether or not
there is a metabolic defect in the malignant cell
that prevents thymidine from being a satisfactory
DNA label with reference to rates of cell pro-
liferation in some of the neoplastic entities. Such
studies will be carried out with other pyrimidine
precursors such as cytidine and uridine. These
studies may have specific implications in respect
to therapeutic considerations and particularly
with reference to the development of new chemo-
therapeutic agents, if only a small fraction of the
population of these cells is at any time in DNA
synthesis.

The establishment of the ability of tritiated
thymidine and other tritium-labeled pyrimidines
to label RNA and DNA in mammalian cells, par-
ticularly in normal hemapoiesis and in certain of
the malignant neoplasms of this system, requires
investigation of further metabolic considerations.
Preliminary work is already under way to deter-
mine the plasma clearance, urinary excretion, and
degradation of these pyrimidines in human sub-
jects. Apparently rapid plasma clearance of
tritiated thymidine is associated with incorporation
of the labeled compound into the newly formed
DNA of proliferating cells. The labeling process
is effectively complete within =20 min, and thy-
midine is not detectable after =30 min. It is
degraded in part to B-aminoisobutyric acid and
to water, both detectable by chromatographic and
radioisotopic techniques. In addition to the meta-
bolic findings it is important to know whether
tritiated thymidine can be given safely to selected
individuals. Indications are that it can, and it is
hoped that further observations will demonstrate
that apparent interference with hemapoiesis does
not take place. It is planned to extend these meta-
bolic studies to further observations in certain of
the neoplastic diseases and to include other pre-
cursors such as cytidine before and after therapy
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in neoplastic disorders of the hematopoietic svs-
tem as well as in certain of the well-known blood
dyscrasias.

E. RADIOACTIVE TRACER METHODOLOGY:
MATHEMATICAL, BIOCHEMICAL, PHYSIOLOGICAL,
AND CLINICAL APPLICATIONS

1. Theory and interpretation (060102).

The use of radioactive elements as tracers to
give information on rate of movement and fate of
the studied constituent in a mixture largely or al-
most entirely nonlabeled is the field of widest gen-
eral application of radioactive isotopes in medi-
cine. In principle it is possible to deduce the
kinetic properties of steady-state systems by
mathematical analysis of families of curves chosen
as representative of the behavior of the exchange-
able substances in the systems. In practice, how-
ever, this pure mathematical reasoning must be
combined with analysis of experimental data to
determine the best fits. Computers both analogue
and digital thus come into play for data analysis
long before the definitive mathematical relation-
ship has been completely clarified.

2. Development of a new positron multidetector
scanner (060602). Dr. J.S. Robertson

The use of radioactively labeled substances that
concentrate in neoplasms is being investigated in
the development of diagnostic procedures. Typical
scanning methods, however, use only one or a pair
of detectors. The localization of positron emitters
depends upon the principle that annihilation of
the positron produces two gamma-rays which are
emitted in opposite directions. Therefore, two de-
tectors can see these two gamma-rays in coinci-
dence and establish a line along which the source
is localized. Multiple detectors shorten the scan-
ning time because (1) multiple areas are seen
simultaneously, and (2) emissions in many direc-
tions from a given point are detectable. Keeping
track of coincidence counts occurring between
one detector and any of several other detectors
poses several problems not encountered when only
paired detectors are used. Data acquisition prob-
lems include determination of optimal placement
of the detectors to insure full coverage of the
volume of interest with minimal redundancy, and
balancing of the response of the detectors to give
a uniform response to a uniform source. The
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placement problem is being explored with the use
of the IBM 704 computer. Data storage will re.
quire the use of a 4096-channel pulse-height
analyzer. The problem of data reduction or inter-
pretation may require invention of an appropriate
digital-to-analogue converter.

Three-dimensional models for various possible
distributions of the detectors have been built and
examined for quality of volume coverage. Pre-
liminary results indicate that 48 crystals 1 in. in
diameter can be placed to give resolution of locali-
zation good to 1 ml in a 2000-ml volume. Further
systematic study of this phase of the problem wiil
be programmed for machine computation, which
will not only answer the questions of expected
volume coverage but give the geometrical effi-
ciency of counting to be expected from each point
source. Ten crystals are on hand for experimental
checking of the computed expectations.

When the design criteria are sufficiently well
established, a working model of the proposed sys-
tem will be constructed and tested. Methods for
displaying the data quickly and in suitable ana-
logue form will be developed. Ideally, the phy-
sician should have a picture from two or more
views or through several planes of interest upon
completion of the scan. This may require con-
struction of a special computer to be installed in
the counting room. One of the ultimate goals of
this project is to develop an instrument that would
produce a scan as nearly instantaneous as possible
with a minimum of equipment so that copies
could be used in other institutions. There are
many tracer problems being studied in the De-
partment in which an improved method of scan-
ning is needed, and it is anticipated that such a
machine would be used extensively, although it
is difficult to predict exactly how. If the scanning
time can be shortened sufficiently, it may be fea-
sible to conduct kinetic studies involving changes
in distribution occurring in correspondingly short
times.

3. Metabolism of labeled amino acids and vitamins in
neoplastic diseases {0609). Dr. L.V. Hankes
These studies are concerned with the isolation
and analysis of tryptophan metabolites present in
urine. The kynurenine pathway of tryptophan
degradation appears to proceed by oxidation of
the indole nucleus, as shown with C** labeling in
specific positions of the benzene ring. Clinical
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(dies in the literature indicate that in some neco- tumor-bearing mice. In an extension of this work,
astic diseases elevated levels of these metabolites B-alanine-2-C'* is being studied as a precursor of
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phan and glycine properly labeled; in a parasite
occurring in the tissues of an animal; and in the
determination in vitro (usually with I'*') of the
rates of disappearance from the circulation and/or
the rate of excretion of catabolic products. Pro-
teins studied thus far have included albumin,
gamma globulin, a-lipoprotein, and ribonuclease.
Mechanisms investigated have included the im-
mune reaction in animals following administra-
tion of suitable antigens as well as glomerular fil-
tration and absorption of reticulo-endothelial cells.

Among the investigations carried out with
labeled amino acids are those concerned with the
mechanism of formation of hydroxylysine from
lysine in collagen. Collagen, which forms 30 to
40% of the protein constituents of mammals, is
unique in containing the amino acid hydroxy-
lysine reportedly absent in other proteins. Pre-
vious work with C" in this department has shown
that the hydroxylysine in collagen is formed from
lysine which becomes hydroxylated during or after
incorporation into the collagen. By using labeled
amino acids to determine the origin and formation
of certain protein constituents occurring in mam-
malian tissue, the effects of various agents (e.g.,
radiation) upon such processes as collagen syn-
thesis may be determined. A further application
of this technique is to determine the permanence
of a protein constituent in the mammalian body.
In this connection, C'*-labeled lysine has been
used in young animals to follow the permanence
of collagen once it appears in a given area in the
body. A specific application of this information,
which may be investigated in the future, is one of
great importance to the surgeon, namely, learning
more about unusual destructive or formative factors
that either aid or prevent wound healing in man.

Labeled amino acids are also used to study the
problems of protein formation in disease processes,
for example, those involving parasites. Parasitic
diseases constitute major problems in many seg-
ments of world-wide society. The particular para-
site selected for study was Trichinella spiralis, and
its larvae have been investigated by in vitro meta-
bolic studies of tryptophan-2-C** and glycine-2-
C*™* as well as by studies to be carried out in more
detail in the future concerning the incorporation
of thymidine-labeled tryptophan by this same
organism. The present objective is to study the
metabolism of various C'!-labeled amino acids in
experimental trichinosis in mice. This involves a
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study of the metabolism of amino acids in the host
as well as in the Trichinella larvae. When mice in-
fected with Trichinella larvae were administered
C'-labeled amino acids, the encysted larvae in-
corporated measurable amounts of C'*. Of the Gt
incorporated in vtvo, 76 to 78% was found in the
proteins. During culture in vitro, an increase of
several per cent in the protein-incorporated C'*
and a decrease in glycogen-C'* took place, which
indicated incorporation of C'* from glycogen into
protein. The changes in the lipid and nonpre-
cipitable C'* were small and variable. Such basic
studies of rates and sites of incorporation and
comparisons between in vitro and in vive metabo-
lism should be useful in future studies of the
metabolism of the invading agent and the host
reaction, and therefore be important in thera-
peutic considerations.

The studies of plasma protein metabolism are
being extended, particularly in the field of catab-
olism. Renal catabolism of serum proteins is being
studied in detail, and attention is also being
directed to extrarenal sites of catabolism, par-
ticularly the reticulo-endothelial sites in the liver
that may be important cellular areas for degrada-
tion of proteins. It has been possible to label ribo-
nuclease with iodine, and a study is under way
to de’ ermine the extent of its concentration in the
rat’s kidney after injection. As already mentioned,
the proteins are frequently bound in the blood to
certain other constituents (e.g., carbohydrates),
and in a series of investigations under way protein
polysaccharide complexes are being studied. In
addition to macromolecules that are definitely
proteins or carbohydrates, many hybrids exist that
contain both amino acids and carbohydrates and
possess intermediate properties. Studies here are
involved with the mucins excreted as a protective
coating for epithelium and the glycoproteins
which are frequently increased nonspecifically in
certain diseases. Effort is being directed toward
isolation and characterization of such substances
obtained from various tissues to learn more about
their modes of origin, and towards elucidation of
their structures to help understand their functions.
The latter effort is becoming increasingly de-
pendent upon the discovery of bacterial enzymes
that specifically split certain linkages, for example,
those in the mucoproteins. The isolation of mucins

from certain disease states, such as cystic fibrosis,
is revealing physicochemical abnormalities that
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may help to explain some of the pathological
features of the disease.

5. Radioactive tracers in studies of protein metabo-
lism in cancer (0609).  Drs. S.W. Lippincott, S. Fine,
C.R. Jansen, K.R. Rai, S.H. Cohn, S. Korman

The present studies are a continuation of
clinical investigations begun elsewhere several
vears ago. The objective is to determine the
bhysicochemical properties and functions of the
serum proteins in neoplastic diseases. Should any
characteristics exist for a given protein fraction
distinguishing its nature or behavior from a simi-
lar fraction in normal subjects (or those with var-
jous nonneoplastic diseases), a basis might be
established for a diagnostic test for cancer. The
first approach in this long-range program was the
use of techniques involving immunochemical pro-
cedures, electrophoresis, ultracentrifugation, and
infrared spectroscopy. In addition, serial observa-
tions have been made of the turnover rates of
radioactively labeled proteins in neoplastic dis-
eases. From the latter, fundamental information
concerning protein catabolism in multiple mye-
loma has been gained, and a distinct metabolic
difference in the turnover rates of normal and
aberrant protein in cancer of the breast has been
noted.

Aberrations of protein metabolism in multiple
myeloma have been studied by a number of in-
vestigators to ascertain whether the globulins in
the blood consist of excesses of normal globulins,
of chemically abnormal globulins, or both. In this
study, certain fundamental aspects of protein
metabolism have been investigated by determin-
ing the turnover of I'*'-labeled normal gamma
globulin in patients with this disease. In patients
with a beta-type electrophoretic pattern the mean
half-life is 16 days, and for those with a gamma-
type pattern it is 7 days. Similar results were ob-
tained in the turnover of autologous and homolo-
gous labeled gamma globulin in this disease.

In clinical studies of the metabolic behavior of
radioactively labeled proteins, the turnover or
degradation rate is usually determined from serum
concentration curves which entail multiple blood
sampling. In the present experiments, the turnover
of I'*'-labeled proteins is being determined not
only by the conventional method of blood sam-
pling but also by a new technique utilizing the
whole-body gamma spectrometer. This device
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permits in vivo measurement of very low levels of
an internally deposited gamma emitter (in this
case, ['*"). The procedure provides an excellent
method for measuring retention of labeled al-
bumin and globulins over long periods of time and
is now the method of choice.

An extension of the turnover studies in patients
with multiple myeloma utilizing beta globulin is
under way. The present study compares the me-
tabolism of labeled myeloma beta globulin with
that of normal and myeloma gamma globulin.
The turnover of beta globulin is far more rapid
in patients with a beta-type serum electrophoretic
pattern than in those with a gamma-type pattern.
The hyperproteinemia of patients with multiple
myeloma is thus found to be due to an accelerated
rate of synthesis of the anomalous protein, which
more than compensates for the accelerated rate
of catabolism of these abnormal proteins.

In patients with metastatic cancer of the breast,
turnover studies of gamma globulin prepared from
healthy normal donors and of aberrant gamma and
peta globulins from patients with multiple mye-
loma have been initiated. To date 34 patients
have been investigated, and the series is to be ex-
tended to 75. The shortest period of observation
is =2 months and the longest, >2 years. The
mean half-life for normal gamma globulin is =11
days and for the aberrant proteins ==7 days. This
differential metabolic recognition of two types of
globulin in the same individual may have signifi-
cant application to the diagnostic problem if the
site of accelerated catabolism should prove to re-
side within the growing neoplastic mass.

For possible localization of this accelerated
catabolic process, cyclotron-produced I'?* is being
substituted for I'*! for labeling. The technique for
this has been successfully worked out. I'**is a
positron emitter giving off gamma-rays at 180°.
For detailed scanning and localization it is neces-
sary to use a positron scanner which with a col-
limated beam may help to locate the site(s) of
catabolism, and thus the presence and anatomical
position of the neoplasm. In a joint study with Dr.
W_H. Sweet, preliminary scanning is under way
at the Massachusetts General Hospital in Boston,
where a positron scanner capable of covering the
head region (now in use for detecting Ar™) is
being tested for adaptability to measure the activ-
ity of the I'**-labeled proteins in the brains of pa-
tients with neoplastic lesions.
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6. Study of metabolic processes in man by the use of
C'4-labeled compounds (0610). Drs. W.W. Shreeve,
R.C. De Meutter

Metabolism in man may be considered broadly
as the total physical and chemical processes by
which the living cells of tissues and organs main-
tain life. The entire breadth of such multiple bio-
chemical activities cannot at present be measured
and studied simultaneously. Individual phases,
however, can be investigated by sclection of ap-
propriate radioactive isotopes such as C:'' which
has been rather widely used in animals and is now
being employed in the study of diabetes in man.
In this disease a disorder of carbohydrate metabo-
lism results in an excessive amount of sugar in the
blood and loss in the urine. With serious advance
of the disease abnormalities of protein and fat
metabolism also occur.

The current research in this department began
with an investigation of the pathways of carbo-
hydrate formation in subjects with presumably
normal metabolism and has been extended to
various types of diabetic patients. The technique
used is based upon determining the isotopic dis-
tribution of glucose in subjects given 1-C'*-acetate.
The amount of C'* converted to glucose has
strongly suggested the overproduction of glucose,
particularly in acute ketotic diabetes. C'*-acetic
acid is also being used in studies of lipid metabo-
lism to derive information on controversial prob-
lems in fat metabolism, and the turnover of
cholesterol in plasma red cells is under investiga-
tion with C'*-mevalonic acid. Such studies indi-
cate how quantitative differences in rates of reac-
tions, rates of transfer between metabolic and
cellular compartments, and selection of alternate
routes of metabolism may be observed in health
and disease.

Emphasis in this department has been placed
on the measurement of respired C'*O, as an index
of the oxidation of various substrates by patients
with diabetes and other metabolic disorders, to-
gether with delineation of control of oxidation by
hormones. Breath, arterial, and venous concen-
trations of C'* in carbon dioxide have been com-
pared simultaneously to detect the extent and rate
of mixing with nonlabeled carbon dioxide in the
tissues. At the same time Evans blue dye and
Na**-labeled sodium chloride have been used to
define rates of mixing in plasma (T-1824) and
extracellular fluids respectively. Two diabetic
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patients were studied with the three simultaneous
tracers. Bicarbonate was found definitely to mix
in a larger space and with a larger pool than
would be contained in the extracellular compart-
ment of the peripheral tissues (forearm). C**O, was
measured by proportional counting, Na** by well-
typesolid scintillators, and T-1824 by colorimetry,

The oxidation of organic hydrocarbon com-
pounds in the body provides energy for life proc-
esses, and the channeling and control of supply of
this energy is governed by factors such as hor-
mones, enzymes, vitamins, and other nutrients,
The rate or extent of total oxidation of any particu-
lar organic compound can be followed by examin-
ing the appearance of radioactive C'* in the ex-
pired carbon dioxide after administration in vive
of the C''-labeled compound. C'* activities in car-
bon dioxide of breath and glucose of blood were
compared after administration of G'*-labeled glu-
cose to diabetic and other patients. In nondiabetic
and moderately diabetic patients, 20% of the total
expired air derived directly from glucose, whereas
in severe diabetic patients the value was 10%.
C'O, production from labeled lactate was com-
pared with conversion to glucose in three diabetic
patients. Insulin or glucose administration in-
creased moderately the appearance of C'*O, in
the breath, and diabetic acidosis markedly de-
creased (to one-half) the apparent oxidation. A
concomitant increase in the appearance of C'* in
glucose suggested the diversion of lactate to glu-
coneogenesis and away from oxidative pathways.
The finding bears on the nutritive value versus the
gluconeogenic hazard of sodium lactate in the
treatment of diabetic acidosis.

Gluconeogenesis has been widely studied in vivo
in diabetes by comparison of hepatic arterial-
venous differences in glucose concentration and by
measurement of blood glucose renewal rates, as
shown by changes in activity of C'*-glucose. A
new approach has been instituted in this depart-
ment by administering G'*-labeled precursors of
glucose and analyzing the amount of C'* convert-
ed to blood glucose. C'*-labeled pyruvate showed
about the same amount of conversion to blood
glucose as C'*-lactate in diabetic patients. One
nondiabetic patient showed a lower conversion of
lactate than any diabetic.

The amount of C** appearing in blood glucose
after administration of labeled precursors is an
indication of the rate of gluconeogenesis, and the




ccessive intermediate chemical reactions in this
gcess can be elucidated by examining the pat-
rn of C'* among the carbon atoms comprising
e molecule of glucose. The studies under way
-¢ expected to provide a knowledge of the reac-
on sequence that may be helpful in understand-
g or predicting the effect on gluconeogenesis of
hormone, a drug, a certain dietary regimen, a
.netic trait, and even a pathologic process. The
\ain outcome of this work is expected to be a
emonstration of whether or not the formation of
lucose is biologically the reversal of its catabolism
it least in man), The metabolism of blood keto
cids in diabetic man constitutes a study in prog-
.ss. An estimate at this point of the total C'* in
eta-keto acids has indicated that 1.5 to 3% of the
ijected C'*-acetate is so accounted for in mild
jabetics, and 5 to 8% in severe diabetic patients.
'he magnitude of turnover rate indicated by seri-
| analyses suggests that not more than twice as
auch keto acid is formed from acetate in the first
hr. This finding bears on the role of keto acids as
major metabolic fuel in diabetic acidosis.

Kinetics of sodium and labeled hormones in
uman and experimental hypertension (0610).  Drs.
K. Dahl, L. Silver, M.G. Smilay, I.L. Schwartz, A.F.
rebons

Chronic arterial hypertension (high blood pres-
ure) is one of the most common diseases in this
cuntry, and the chief causes of death in this entity
re due to complications of atherosclerosis (degen-
rative alterations) in the vessels of the heart,
rain, and kidneys resulting in such conditions as
oronary thrombosis, apoplexy, and renal failure.
’'he cause or causes of hypertension and of ather-
isclerosis have been explored from different points
f view in animals and in man by many investiga-
ors. In certain animals, feeding of excess salt can
srovoke the appearance of hypertension, usually
without development of atherosclerosis. Numerous
studies of essential hypertension in man have pro-
luced some evidence that an aberration of sodium
metabolistn is associated with this disease. In view
f all these observations, detailed long-time studies
of the role of sodium in hypertension in man and
animals have been under way in this department for
several years and will be continued for several more.
The use of relatively unpurified sea salt as a
condiment by racial groups among which hyper-
‘ension is common formed the basis for an experi-
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ment in which a number of rats were fed sea salt,
and an equal number were fed plain salt. The re-
sults suggested that rats fed sea salt had an in-
crease in both the incidence and severity of hyper-
tension. In a colony of beagles that have been fed
added salt for >4 years there has been an eleva-
tion of cholesterol (and possibly other plasma lip-
ids) in the absence of an increase in blood pres-
sure; none of the animals have been sacrificed for
pathological study, so it is not known yet whether
atherosclerosis is developing. This chemical finding
is of interest because blood cholesterol is elevated
in many patients with atheromatosis, and an in-
crease also occurs in the cholesterol and phospho-
lipid content of the atheromatous aorta, the larg-
est of the blood vessels.

It was thought that, if high fat and high salt in-
takes are important in the development of athero-
sclerosis and hypertension, respectively, it might
be of value to study an adult population in a Jap-
anese farm village to compare the clinical effects
of hypertension in these people with those in
people studied in this country. From the American
viewpoint, the Japanese people examined had a
primarily vegetarian, low fat, high salt diet. The
clinical picture of hypertension in these Japanese
was found to differ significantly from that ob-
served in this country in that the Japanese showed
strikingly little evidence of the usual cardiac com-
plications found so commonly in hypertensives in
Western adult populations.

For operational purposes in man the program
continues to be developed on the thesis that a de-
rangement of sodium metabolism is basic to the
hypertensive process. Furthermore, it is believed
in this department that excess dietary consump-
tion of sodium as sodium chloride is the most com-
mon mode of effecting this derangement. The pri-
mary objective of the continuing studies is to test
this thesis by the addition and subtraction of die-
tary sodium, primarily as sodium chloride; by sub-
jecting the organism to stress in this way it is
hoped that the area of abnormality will be re-
vealed. The concomitant administration of vari-
ous isotopes, e.g., Na**, Na*?, or K*?, allows study
of the dynamic effects of dietary changes in salt
intake. The whole-body counter is essential in car-
rying out these detailed studies.

The results noted to date in a small group of
rats fed sea salt warranted an extensive experi-
ment in which, in addition to studies of blood pres-
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sure and lipid content of serum, detailed autopsy
studies are being carried out to determine whether
atherosclerosis has been produced. A beagle colo-
ny studied for six years in relation to salt intake,
both normal and excess, will continue to be fol-
lowed clinically, and studies will be made at au-
topsy to determine whether or not excess salt has
been a factor capable of producing hypertension
in these animals. Factors known to affect either
hypertension or sodium turnover will be further
tested systematically with radioactive isotopes. For
example, some workers have suggested that pro-
longed sodium restriction might be harmful to the
organism by virtue of interfering with adrenal cor-
tical function. Since this was incompatible with
the extensive clinical experience at BNL, quanti-
tative biochemical measurements of adrenocorti-
cal function, after prolonged sodium restriction, are
being made on three patients and will be continued
in a larger series over a prolonged period of time.

In another approach to this problem the genet-
ics of labeled vasopressin in human and experi-
mental hypertension will be studied. The objective
is to determine the possible relationship of the pos-
terior pituitary hormone, vasopressin, to human
hypertension. This hormone is concerned with the
homeostasis of body water and electrolytes and
has a marked constrictor action on the effector
organ involved in hypertension, namely, the
smooth muscle of the arteriole. Purified vasopres-
sin has been labeled for the first time with tritium
or I'*" by techniques developed in this depart-
ment. It will now be possible to estimate vasopres-
sin activity at the site of localization more specifi-
cally than heretofore.

8. lron, cobalt, and chloride kinetic studies in normal
and diseased subjects (0610).  Drs. E.P. Cronkite,
D.C. Price, J.S. Robertson

Radioactive tracers are used to label com-
pounds for study of physiologic metabolic path-
ways and also to label constituents designed to
elucidate the mechanisms involved in the develop-
ment and alleviation of various diseases. The se-
lected tracer is a substance in labeled form; the
label makes it detectable by the observer without
affecting its behavior in the system being studied.
The transport of a labeled substance into and out
of anatomical or physiological compartments
makes it possible to study either chemical synthesis
or degradation. With this general principle in

mind, studies have been concerned with (1) vita.
min B, and its binding sites and turnover rates;
(2) extrathyroidal metabolism of halides; and (3)
the metabolism, turnover, and fate of orally and
parenterally administered radioactive iron in nor-
mal and diseased subjects.

Vitamin B,, is essential for the metabolism and
proliferation of all living cells. Deficiencies of this
material result in discase processes related to the
hematopoietic organs, the gastrointestinal tract,
and the central nervous system. The studies under
way are concerned with labeling vitamin B, with
cobalt, utilizing the whole-body counter, and study-
ing plasma clearance, gastrointestinal absorption,
excretion, and turnover rates of retained material
administered both orally and parenterally. Obser-
vations thus far indicate that when vitamin B, is
administered intravenously plasma clearance and
mixing of vitamin B,, proceed simultaneously. In
autopsy material from patients receiving the
labeled material, the tissue concentrations of de-
tectable label were found to vary widely. In three
years of study, labeled vitamin B,, has not come
into equilibrium in the various body compart-
ments, and therefore the studies must be extended
for at least one to three years. Lack of equilibrium
indicates the possibility of a changing distribution
of the radiovitamin with time. Specific application
will be made of these observations in evaluation
of such matters as the absorption effects on a
broad clinical scale. Models are being constructed
and tested for analysis of the turnover data ob-
tained or to be obtained from a series of twelve
patients by utilizing the analogue computer. This
problem of equilibration of vitamin B,, is con-
cerned with binding sites, and studies under way
indicate that a tight immediate binding of vitamin
B,, by plasma tissues and body fluids does occur.
However, the nature of the binding and its varia-
tion in disease must be considered. Specific refer-
ence will be made to the plasma protein to which
the radiovitamin is bound and the chemical nature
of the binding site.

Radioactive tracer studies in another area have
been initiated with an investigation of the extra-
thyroidal metabolism of halides. The initial work
was carried out with I'*' in rats to study the gas-
tric secretion of iodine. It was discovered that 50%
of the injected dose was recovered in the stomach
at =1 hr after injection. Fed animals secreted sev-
eral times as much iodine into the stomach as did




;ing animals, but the amounts of radioactive
oride found were not appreciably different in
two groups. A few trial extensions of these
dies to patients have been made, and indica-
s are that the role of the stomach in iodine me-
olism in human beings is probably much less
\ificant than it is in the rat. A suitable clinical
cedure is expected to be developed for using
jjoactive halides as possible diagnostic tools in
~ases aflecting the stomach. Further work with
_mals will be directed towards clarifying the
ative roles of the competing rates of secretion
| reabsorption. Such studies may also assist in
thering the understanding of the mechanism of
tric secretion of hydrochloric acid.
study on a small scale of another important ele-
nt is expected to be expanded to include as
ny as 200 subjects. This study is concerned with
metabolism, turnover, and fate of orally and
enterally administered radioactive iron in nor-
{ and in diseased subjects. Methods for deter-
ling iron absorption, deficiency, turnover, and
-in the body have in the past been very inac-
ate and dependent upon some perturbation of
normal steady state. The purpose of these con-
iing studies is to determine the efficiency of
orption of iron from the gastrointestinal tract,
modification by changing the chemical en-
ynment, the turnover of iron, and its fate as es-
iished by using the sensitive whole-body gam-
spectrometer. It is already known that with
instrument a relative iron deficiency can be de-
>d with as little as 1 pC of Fe*®, an amount much
ller than is usually necessary to measure iron re-
ion by ordinary radioisotopic methodsin feces.

F. SPECIAL PROJECTS

Medical studies of the people of the Marshall
nds accidentally irradiated by fallout (060101).
. R.A. Conard, S.H. Cohn, A. Lowrey, L.M. Meyer,
W. Sutow, B.S. Blumberg, J.W. Hollingsworth, H.
Lyon, W.H. Lewis, Jr., H.E. MacDonald,* A.A. Jaffe*
n March 1954, following detonation of a nu-
ir device, 239 Marshallese were accidentally
diated by fallout. Medical studies of these
ple and of control populations have been car-
! out on an annual basis by teams of physicians
ler the auspices of the Division of Biology and

Jepartment of Public Health, Trust Territory of the Pacific
is.
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Medicine of the United States Atomic Energy
Commission and under the direction of the Medi-
cal Department of Brookhaven National Labora-
tory. Research collaborators from many institu-
tions take part. The objective of these surveys is to
study the acute and long-term effects of the ex-
posure of the Marshallese people to fallout in re-
gard to whole-body gamma exposure, beta irradi-
ation of the skin, and internal contamination. In
addition, an evaluation of the ecological aspects of
persisting low levels of radioactivity on the people
of Rongelap Island is an important part of the
studies. The surveys involve complete medical
histories and physical examinations, including ex-
aminations of the skin, hematological studies,
radiochemical urine analyses, and whole-body
gamma spectroscopy for evaluation of body bur-
den of radionuclides.

Considerable knowledge has been gained from
these studies on the effects of fallout radiation on
human beings. In addition the surveys have af-
forded valuable experience in carrying out medi-
cal surveys of populations under field conditions.
Results of these studies show that gamma radia-
tion is the most serious consequence of such expo-
sures; beta burns of the skin, although not so seri-
ous, may be moderately disabling; internal expo-
sure resulting from the absorption of isotopes ap-
pears to be the least serious of the hazards; the low
level residual contamination of Rongelap Atoll is
reflected in the marine, plant, and human cycles.

A combined five and six-year postexposure re-
port is being prepared in which appendices of raw
data gathered during fiscal 1961 will be incorpo-
rated. Data will include (1) observations on the
possibility of acceleration of aging in this popula-
tion due to fallout; (2) the degree of internal radi-
ation contamination in these subjects from Sr*°
and Cs'* as indicated by radiochemical analysis
of body fluid specimens; and (3) the ir vive meas-
urement of the body burdens of fission products
and neutron-induced activities as determined by
the portable whole-body gamma spectrometer.

It is expected that further annual medical sur-
veys will be carried out. From experience with the
exposed Japanese, the next several years are expect-
ed to be important for observations of possible late
effects of radiation, particularly leukemia and can-
cer. An alternating schedule with special examina-
tions is planned so that the scope of the surveys and
the number of personnel involved will be reduced.
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2. Research preceptorship in nuclear medicine meth-
odology and practice (060101).  Drs. L.E. Farr,
W.W, Shreeve

The purpose of this project is to give a few se-
lected medical students in association with a few
members of their medical faculty special experi-
ence in the developmental aspects of the new ficld
of nuclear medicine. Medical schools at present
have no systematic instruction in this subject, and
the experience at Brookhaven may serve to organ-
ize in the minds of present medical educators and
future leaders of the medical profession the needs,
responsibilities, and opportunities in this area, and
to promote the interest of future physicians in the
field of nuclear medicine.

The activities during one month include ward
rounds, laboratory demonstrations, and confer-
ences conducted by the senior staff members of the
Medical Department and their associates. They
include laboratory sessions in which the special
facilities of the Brookhaven Medical Center are
demonstrated and used - the MRR, whole-body
counter, autoradiographic equipment, Tri-Carb
spectrometer, and other counting devices. Medical
faculty and students participate actively in these
exercises. Opportunity is afforded for informal
discussions among visitors and staff.

A few introductory lectures and demonstrations
emphasize basic physics, mathematics, and meth-
odology. However, most of the available time is
spent in current research activities with emphasis
on methodology to indicate future trends in the
field and to help instill an appreciation of the in-
tensive investigative approach in medicine.

The idea for this joint endeavor came from dis-
cussions at a conclave at Brookhaven in December
1958 for deans of medical schools, entitled “The
Impact of Atoms on Medical Science and Educa-
tion.” The University of Texas volunteered for a
pilot program. Three faculty members and eight
students beginning the senior year were selected.
In preliminary consultations at Brookhaven be-
tween visiting faculty and Brookhaven staff, the
structure of the program was outlined. Eight ses-
sions of morning ward rounds were scheduled.
Basic lectures and demonstrations by the Universi-
ty of Texas faculty were supplemented by special
lectures and demonstrations by Brookhaven staff
members.

This year a five-week program will again be
held, but it will include two or three faculty mem-
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bers and three students from cach of four medical
schools. The University of Texas, University of
Southern California, University of Cincinnati, and
Cornell University will participate. A week of ori-
entation will again be held. In accordance with
suggestions from previous faculty and students, a
new formula for laboratory participation by visit-
ing faculty and students will be tried. Exercises
planned and supervised by Brookhaven staff wili
be conducted largely by the visitors with the spe-
cial facilities and equipment of the Medical Re-
search Center.

For the next several years this endeavor may be
viewed partly as an attempt to fill a gap in the
medical school curriculum through BNL contacts
with medical students (if only a very few). The
basic training and orientation of the visiting facul-
ty is important, therefore, so that schools may
sooner help to fill the gap. Advanced research in-
struction will have to be accompanied by some
primary education in the fundamentals of nuclear
medicine. Later the program may become more
intensified along advanced research lines if the
students already have had basic experience.

Details for rotation of participating medical
schools have not been worked out, but in principle
this should be done. Some lectures and symposia
may be held at medical schools with Brookhaven
staff members participating in order to further dis-
semination of information about developments in
the field of nuclear medicine.

3. Conclaves on nuclear medicine for departmental
chairmen of various disciplines in medical schools of
the United States and Canada (060101).  Drs. L.E.
Farr, S.W. Lippincott

Although research is the primary objective of
the Medical Department, various aspects of edu-
cation are inextricably blended into the frame-
work of the investigative program. In this particu-
lar effort, the Medical Department is attempting
to bring before those concerned with medical edu-
cation the present status and future areas of ex-
ploration in nuclear medicine. Apart from the
program devoted to the training of young physi-
cians, research collaborators, and students, a spe-
cial general educational endeavor is concerned
with the chairmen of the departments of the vari-
ous disciplines in American and Canadian medi-
cal schools. Annually a conclave is held; its gener-
al purpose is to consider the present and future

usefulne
of the di:
program
nuclear ¢
tion with
types of .
and the .
gation i1,
gram the
a broad
cine, the
what ma
future. !
series on
the subj¢
Radiati

Brookha-
versitie
Brookha

The Aton
and M
Divisur

Physical

The At
A C
ment.

Intera:
Lev¢
Med.

Applic
Res¢
tist,

Nature a
haven
Medic

PH.
60-in.
Mec
Bax
Alterr
M..
all i

Labc



ind place of nuclear medicine in each
slines represented. During the two-day
e medical applications of the atom and
rgy are discussed, especially in connec-
ie farge devices producing particles, the
trumentation used in counting them,
plication of such equipment to investi-
e field of ionizing radiation. The pro-
fore is designed to give the participants
w of the current status of nuclear medi-
inds of problems studied to date, and
e anticipated as the major fields in the
March 1961 the fifth conclave in the
iclear energy in medicine was held on
“Pediatricians, the Child, and Atomic
” The program is given below.

SESSION |

‘hairman: Lewis K. Danr, M.D.
f of Medical Service, Medical Department
Brookhaven National Laboratory

National Laboratory and Associated Uni-
nc.: GEravLp F. Tare, Pu.D., Deputy Director,
National Laboratory

i“nergy Commission and Its Division of Biology
ticine: CHaRLES L.Dunuam, M.D., Director,
‘Biology and Medicine, Atomic Energy Commission

Medical Considerations of the Atom:

- Concepts of Structure and Energy: Samuer
osmiT, Pu.D., Senior Scientist, Physics Depari-
wkhaven National Laboratory

n of Radiation at the Cellular and Tissue
‘tctor P. Bonp, M.D., Pu.D., Senior Scientist,
Department, Brookhaven National Laboratory

1s of Nuclear Energy to Problems in Medical
a: Stuart W. Lipeincort, M.D., Sentor Scien-
ical Depariment, Brookhaven National Laboratory

Lesearch Purposes of Special Facilities at Brook-
ional Laboratory. Toursand Demonstrations:

Research Reactor — ExMeErR E. SticKLEY,
Yetentist, Medical Department

iotron - Cornerius R. Jansen, M.B., Cu.B,,
Associate, Medical Department; CHARLES P.
Pu.D., Senior Scientist, Physics Department

¢ Gradient Synchrotron - Eric B. ForsyTh,
‘arL R. Frartau, B.S.; PaurL ManpEL, B.S.;
the Accelerator Department

SESSION 1

Coordinator: W.A. Finn
ry Demonstrations and Group Discusssions
h Brookhaven National Laboratory
{edical Department Scientific Staff
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1. Radivactivity Counting Techniques and Types of De-

vices Available ~ Scintillation, Proportional, Geiger,
and [onization Chamber Instruments: Jou~ L. Bate-
MaN, M.D., Medical Associate; Ludwig E. FEINENDEGEN,
M.D.. Medical Associate; LawreNnce V. HankEs, Pu.D.,
Sezentist

2. Gas Counting Techniques in Metabolic Research:

Warton W. Sureeve, M.D., Pu.D., Scientist; Roger
C. De Mevtrer, M.D., Medical Associate

3.In Vico Measurement of Isotopes by Whole-Body

Gamma Spectrometer: Kanti R. Rai, M.D., Medical
Associate; Danier N, SLatkiN, M.D., Medical Associate

4. Clinical Research at the Medical Reactor: Lucas Y.

Y amanoro, M.D., Medical Associate; Otro D. EasTER-
pay, Pu.D., Associate Scientist; WENCESLAO CALvo,
M.D., Pu.D., Medical Associate; PauL S. PapavasiLiot,
M.D., Medical Associate

5. Radioactive Decontamination Principles and Practices:

Rosert A. Love, M.D., Chief Industrial Physician

6. Human Bone Marrow and Peripheral Blood Cell

Radioautographic Analysis: Evcene P. CRONKITE,
M.D., Senior Scientist; Hans Corttier, M.D., Medical As-
sociate; Davip C. Price, M.D., Medical Associate; Epcar
A. Toxxa, Pu.D., Medical Associate

7. Hormone Receptor Demonstration by Activation

Analysis: ALBERT F. DeBons, Pu.D., Medical Associate

8. Electronic Analogue Computer for Tracer Kinetics In-

terpretations: James S. Robertson, M.D., Pu.D., Senior
Scientist
9. The Facilities in Which Nuclear Medicine Enables

Each Patient To Become a Clinical and Basic Science
Laboratory: Georce C. Cotzias, M.D., Sentor Scientist

SESSION 1l

Completion of Laboratory Demonstrations
and Group Discussions

SESSION IV

Chairman: Hersert C. MiLLEr, M.D.
Professor and Chairman, Department of Pediatrics,
University of Kansas School of Medicine, Kansas City, Kans.

Current Basic and Clinical Investigation
in Pediatric Research With Radioactive Isotopes

Neutron Capture Therapy in a Child With a Malignant
Cerebellar Neoplasm: Lee E. Farr, M.D., Chairman,
Medical Department, Brookhaven National Laboratory

Radiation Exposure in Children Undergoing Diagnostic
Studies for Congenital Heart Disease: Mapison SpacH,
M.D., Associate in Pediatrics, Duke University School of
Medicine, Durham, N.C.
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Adrenocortical Hormones and Tracer Metals: Epwiy R.
Hucues, M.D., Medical Associate, Medical Depariment,
Brookhaven National Laboratory

The Embryological Development of Specific Tissue Im-
munity: RoBert L. BRent, M.D., Pu.D.. Clinical Pro-
Sessor of Pediatrics, fefferson Medical College of Philadelphua,
Philadetphia, Pa.

Erythrocyte Metabolism in the Young Infant: Ruvru T,
Gross, M.D., Associate Professor, Department of Pediatrics,
Albert Einstein College of Medicine of Yeshira University, New
York, N.7.

The Use of Chromium-51 in the Study of Hemolytic
Anemias: WiLLiam Krivit, M. D., Pu. D)., Associate Pro-
Sfessor, Department of Pediatrics, University of Minnesota
Medical School, Minneapolis, Minn.

SESSION V

Chairman: Rosert A, AvLprica, M.D.
Professor and Chairman, Department of Pediatrics
Unversity of Washington School of Medicine, Seattle, Wash.

Should the Pediatric Resident Have Training
in the Use of Radioisotopes for Clinical
and Experimental Pediatrics?

Natuan Smits, M.D., Professor and Chairman, Department
of Pediatrics, University of Wisconsin Medical School, Madi-
son, Wis.

Wittiam M. Warrace, M.D., Professor and Chairman,
Department of Pediatrics, Western Reserve University School of
Medicine, Cleveland, Ohio.

Normax KreTcHMER, M.D., Pu.D., Professor and Chatr-
man, Department of Pediatrics, Stanford University School of
Medicine, Stanford, Calif.

G. RESEARCH HOSPITAL AND INDUSTRIAL
MEDICINE CLINIC OPERATIONS

All patients admitted to the Hospital for par-
ticipation in research endeavors must be referred
by their own physicians, who continue to be re-
sponsible for them. The function of the staffis to
consult with the referring physician concerning
procedures best carried out at BNL. The medical
profession has been most cooperative in carrying
out this type of joint program. The diseases under
investigation and treatment are not listed here
because of their wide variety, the common factor
being suitability for our research program. The
appropriateness of any given patient will depend
on the status of the project. Therefore, physicians
are encouraged to submit data on patients in
writing, so that staff members may give adequate
consideration to their suitability for study.

0020016

During the past fiscal year there were 249 54,
missions to the Hospital compared with 202 j,
fiscal 1960. A total of 172 inpatients were aq.
mitted in fiscal 1961, compared with 117 in 196¢,
These data indicate a steady increase in use of
the Hospital.

A novel extension of services developed during

the past several years shows great promise. In the .

treatment of a number of conditions, the collahg.

rative procedure most beneficial to a patient hag

proved to be admission to the Hospital for ob.
scrvation as a research ambulatory patient rather
than as an inpatient. Except for special visits of 3
few hours each, the patient remains in the hospita)
of origin or at home, under his own physician’s

care. The administration of isotopes of appropriate

radioactivity and half-life insures the safety and
mobility of the patient. At stated intervals the
patient is examined with necessary scans, counts,
and laboratory tests carried out during the course
of the day. During the past year, a regular weekly
transportation schedule has been maintained
between Brookhaven and a metropolitan hospital.
A Medical Department Research Collaborator
was in charge of the patients in that hospital or at
home so that visits could be planned to make
maximum use of Brookhaven’s facilities. While
this type of expansion and study has definite limi-
tations, it provides a means of securing necessary
breadth of observations at a cost concomitant with
furtherance of the project. During the past year
1443 visits to the Research Ambulatory Clinic
were made by 171 patients.

Visits to the Industrial Medicine Clinic during
fiscal 1961 increased from 13,650 to 14,353, pri-
marily because of the services of an additional
physician. Total x-ray examinations were 2691; of
these, 2082 originated in the Industrial Medicine
Clinic. The total number during the previous year
was 2236.

Routine examinations of employees continue to
be made in the whole-body counter to record and
observe body burdens of radioactive nuclides, in-
cluding the naturally occurring radioactive iso-
topes. Because this heavily shielded facility is in
great demand, the scheduled examinations of em-
ployees in the whole-body counter have not pro-
ceeded as rapidly as planned. Designation this
spring of a specified time interval for employee
scans should prevent further delays in carrying out
the schedule.

s
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The Medical Research Center

The Medical Research Center is described
under two headings: {1) The Physical Plant and
(2) Special Devices, including the Medical Re-
search Reactor, the whole-body counter, and the
decontamination suite

PHYSICAL PLANT

Although all the special facilities of the Labo-
ratory are available to the scientists of the Medical
Department, most of the research activities in the
field of nuclear medicine are carried on in the
Medical Research Center. Dedicated December
16, 1958, “to the abatement of man’s ills through
the application of knowledge of nuclear physics
to medicine,” the new building has been occupied
for a year and one-half, and its design has proved
to be particularly suited to the research program.

The design criteria for this building were bageq
on three objectives: (1) The rendering of improveq
professional services to the patient in accordance
with the precepts of modern scientific medica]
usage, thereby assuring the best possible care of
the ill. (2) The provision of services and facilitieg
inexpensively adaptable to the changing require.
ments of scientists engaged in fundamental re.
search. (3) Economical maintenance. The up.
orthodox design of the building resulted from at.
tempts to meet the functional requirements of the
various activities of the Medical Department
under a single roof.

The project was made possible by a congres.
sional appropriation of $6.5 million for the modi.
fication of existing utility services and plants and
the construction of the Medical Research Reactor
and its containment building and a one-story

Aerial view of the Medical Research Center.
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ding housing the Hospital, Industrial Medicine
vic, Laboratory Wing, and Central Adminis-
ion Service Arca.

yiented to take maximum advantage of the
ain and weather conditions, the Hos{)ital is at
west end of the building; it has a 44,000-f
: and a capacity of 48 beds. Fach of 4 identical
.ing units or pavilions consists of 12 individual
cnt rooms on the periphery of a 72-ft circle. in
center of which is the nurses’ station. This ’ar-
rement minimizes the amount of walking by
1urses in the course of their duties, and makes
. bed visible from the nurses’ station.

wch patient’s room contains a built-in ward-
and bureau, its own air-conditioning unit
1 private lavatory. An Executone call systcm,
permits two-way conversation connects each
‘nt’s room with the nursing station, utility
1. and treatment room. It is also connecteél
cach of the other three nursing units so that
v one unit must be briefly left unattended, the
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other nursing units maintain verbal contact with
it. Fach of the four units also has its own utility,
treatment, and consultation rooms, supply and
storage space, a bath and shower room, and a
special toilet for wheel-chair patients.

For ambulatory patients a sitting room is pro-
vided in cach pavilion. Arranged around a land-
scaped patio are scparate dayrooms and visiting
rooms for cach pavilion and a chapel, patients’
library, and sun porch for use by all units. Because
the average stay is approximately three months,
and patients cotne from all parts of the United
States, arcas for patient activities are larger and
better equipped than those usually provided.

Although the hospital does not offer surgical
service, a completely equipped emergency opera-
tion unit is located in the ancillary service area.
The x-ray suite contains two machines for diag-
nostic x-rays, onc of which has fluorographic at-
tachments including an 8-in. image amplifier for
minimizing paticnt exposure. Pharmacy, central

TYPICAL NURSING UNIT

L{EGEND

1. Special Examining Room 11. Utility Room
2. Consultation Room D. Bed-pan sterilizer
3. Doctor's Toilet 12. Patients' Bathroom
4. Treatment Room 13. Toilet {wheel-chair patients)
5. Nurses' Toilet 14, Patients’ Shower Room
6. Pantry 15. Storage Room
7. Linen 16. Janitor's Closet
8. Patient's Bedroom {typicol} 17. Nurses’ Station

A. Heating, ventilating, air conditioning unit E. Medicine section

B. Dresser-wardrobe unit F. Chart desk
9. Patient’s Toilet {typical) G. Clerical desk

10. Patient's Bedroom {usoble os Day Room) H. Drinking fountain
J. Storage closet (typical)

C. Emergency exit

0o020019:
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sterile supply, occupational therapy suite. physical showering and scrubbing of the skin, another for
' therapy gymnasium, medical photography room, examination and first aid treatment, and a radio.
visitors’ waiting room, dressing and locker rooms, actively “clean” rest area where the patient may
| and a dietary wing complete the hospital service await further processing or discharge. Another
f areas. unique feature is the whole-body counting room,
At the Industrial Medicine Clinic all employces especially constructed with 6 in. of steel plus a thin
‘ receive pre-employment, termination, and annual layer of copper, cadmium, and lead on four sideg
physical examinations. Emergency first aid is also and on top and bottom. By means of a sodium
’ provided. A unique and particularly important iodide crystal within the shielded area and a 100.
feature of this wing is the radiation accident suite, channel pulse height analyzer attached to record-
used only for treating persons contaminated by ing cquipment, the counting of an individual’s
radigactive material. The suite contains two internally deposited gamma emitters can be com.
! identical units of three rooms, one for immediate pleted in a few minutes with minimum back-

FLOOR PLAN
Medical Research Center
Brookhaven National Laboratory
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ound influence. Already the room has been used
ot only for employees and patients in the hos-
ital, but for area residents who have possibly
.en subjected to contamination.
The central area of the Medical Research
-nter contains a lobby, cloakroom, telephone
itchboard room, a seminar room with a seating
pacity of 130, and a medical library which now
ntains 3149 books and 4079 bound volumes of
arnals.
The Laboratory section of the Medical Research
-nter building provides an area =58,000 ft* on
- main floor for laboratories, offices, and special
vice facilities to accommodate a full-time staff
18 scientists and a number of visiting scientists
d research collaborators. A basement under this
tion provides space for the mechanical and
ctrical ducts and connections. The layout of
se rooms and the final sclection of a basic module
{111 ft resulted from eight years of experience
nodifying the temporary structures previously
d by the Medical Department to meet the con-
ally changing needs of the scientific staff.
“ach senior scientist with his scientific associate
I scientist’s assistant is assigned one unit con-
ng of an 11 X22-ft laboratory and an 11x11-ft
~ining office, or equivalent space in one of the
er laboratories. In addition to this work area,
‘e are available for scheduled use by cach
ntist many departmental facilities such as con-
led temperature rooms with wide ranges of
perature and humidity; cold rooms, one with
idjoining subzero room; humidity-controlled
nce and instrumentation rooms; veterinary
ce rooms; areas for special equipment such as
acentrifuges, electrophoresis apparatus, and
~-lapse photography; x-ray and gamma source
«s; glass-blowing rooms; sample and in vivo
iting rooms; dark rooms; special rooms for chro-
ngraphic work and tissue culture; and special
s for receiving, processing, and using radioac-
materials too active for general laboratory use.
ich of the special departmental facilities is
ned to a scientist or group of scientists respon-
for scheduling its use and supervising care of
‘quipment involved. Committees of scientists
develop appropriate rules and regulations
rning, for example, the use of veterinary serv-
cilities, and the use of radioactive material so
wctivities in adjacent areas are compatible.
iroughout the laboratory area, a laboratory
ture module of 3 ft was used to enhance eco-
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nomical interchangeability of furniture and equip-
ment. Each Laboratory has 18 ft of installed
bench-top surface and wall-hung cabinets, vary-
ing underbench cabinets, an underbench refrig-
erator, and a two-compartment sink. Laboratories
have either a 6-ft hood or an additional 9-ft work-
bench area, and all have from 12 to 16 ft of free
wall area for special equipment such as centri-
fuges, ovens, elc., as may be required. A large
stock and receiving room is located in the center

of the building.

SPECIAL DEVICES

Three unique features of the Medical Research
Center are here described, the Medical Research
Reactor, the whole-body counter, and the decon-
tamination suite or personnel decontamination
units.

The Medical Research Reactor

The Medical Research Reactor (MRR) is one
of the major experimental devices of the Medical
Department; it has been built as an integral part
of the laboratory and hospital in Brookhaven’s
Medical Research Center. This reactor was
planned jointly by staff members of the Medical
Department and scientific personnel from the Nu-
clear Engineering Department and Reactor Oper-
ations Division. It was constructed for the sole
purpose of exploring the possible applications of
nuclear reactors in the study of man and the dis-
eases of man; each salient feature of its engineer-
ing and design was considered in relation to its use
for therapy or diagnosis, in studies leading to these
ends, or in the advancement of basic medical sci-
ence. (A detailed description of the MRR may be
found in BNL 600, by J.B. Godel.) -

The criteria of specific orientation toward medi-
cal problems satisfied by the MRR include: (1)
maximum clinical convenience of the surrounding
arrangements and service features, including the
contiguous hospital; (2) control of program sched-
ule and operation, both as to time and power lev-
el, directly on the basis of demands of the medical
research program; (3) basic design and flexibility
of the core and reflector to provide the required
quantity and quality of radiations in desirably
short time intervals; (4) shielding, shutters, and
other radiation control elements for adequate de-
livery and limitation of radiation fields in the
treatment vaults; and (5) provision of isotope pro-
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Floor plan of the Medical Research Reactor and adjacent facilities.

rations Division, and many other groups
srookhaven staff. Their experience and
soration in the earlier medical research
the large research reactor have resulted
1lized medical research reactor design
1lead to an extensive range of applica-
unique field. The day-to-day operation
enance of the MRR remains the re-
v of the Reactor Operations Division,
ram planning, the design of experi-
the actual utilization of the various
ader complete control of the Medical
t.
< of this reactor was fully studied and
every phase of its preliminary design
ion. Test series were made with each
cal assemblies, successive approxima-
linal design. Advantage was taken of
nental assemblies to compare a vari-
>d arrangements for the reflector and
ng and directing elements along the
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path of the neutron stream. This work and subse-
quent investigations during the first year of opera-
tion provided the present optimum configuration,
pointing to the areas of greatest sensitivity with re-
gard to capture gamma-ray production for better
control of this factor. This continuous impraove-
ment makes it obvious that the MRR design has
not yet reached a final optimum state, and indeed
a pattern of further advance through progress in
design and technology is anticipated.

The Brookhaven Medical Reseach Reactor had
originally a nominal design power level of 1 Mw
for continuous operation. Subsequent to the initial
testing program, the AEC Reactor Safeguards
Committee granted permission for routine opera-
tion at levels as high as 3 Mw. After a year of ex-
perimental use, permission was granted to operate
at 5 Mw for periods as long as 10 min, when es-
pecially scheduled. The limitation on excess reac-
tivity was raised from 1.0% to 3.0%; typical opera-
tion is at 1.85%. The enriched U*** used in 18 fuel
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elements totals =2.32 kg. The core is coaled by
natural water. Neutron moderation in the core is
provided by the water and by graphite fillers. The
moderator and reflector extend beyond the core
container as an air-cooled graphite layer one yard
thick. In the direction of neutron flow toward the
treatment vaults the reflector is fitted with special
sections to control radiation quality. To rcach the
irradiation port, the neutrons must pass through a
succession of graphite, heavy water, and hismuth
sections, in part surrounded by thick plastic reflec-
tor surfaces, with an outer boundary of boral and
heavy concrete to prevent radiation leakage into
protected areas.

Previous experience had demonstrated that the
improvement most needed was an increase in the
external neutron flux for the dual purpose of de-
livering larger quantities of neutrons in a shorter

period of time. In addition, the need for enlarsing ___nine agverlookine the entive reactnr racanvoh awn-

arately 1o learn their distinctive contributions 4
the total complex of radiation effects. This is a ney,
approach to a field that is difficult but important;
its purpose is to improve the understanding ang
management of the organic damage that will be 3
medical problem in future radiation incidents.

Exposure hotes and tubes leading inside the re.
actor make possible investigation of such matters
as the induction of radiation effects in biological
materials and the tagging of biological materialg
by the neutron activation principle or by radia-
tion catalysis. Certain of these experimental sites
are amenable to research on the physical and geo-
metrical factors that control the penetration of the
scveral radiations and their patterns of energy
deposition in tissues.

The control room and the electronics instru-
mentation for the MRR are located on a mezza-
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of neutron activation analysis. Beyond these

ther important applications of the full range
actor-produced radiations for studies of their
parative effectiveness in a wide variety of liv-
systems and other materials of biological
st

Yhole-Body Counter: Gamma
rroscopy in Clinical Medicine

whole-body counting system has been in
ition at BNL since May 1959. The design
ased on a “portable” prototype built in 1958
mit direct measurement of internally de-
-d gamma-emitting fission products in the
1allese people exposed to radioactive fallout
he March 1954 nuclear weapons test. This
istrument was based on the system designed
I. Miller and built at Argonne National
Jory.
whole-body counting system is designed
«cting very low concentrations of internally
ed gamma-emitting material and is built
a scintillation spectrometer. The counter
a Nal (Tl-activated) 4 x 8-in. crystal and
:cted to a 100-channel pulse height ana-
e crystal detector is located in a 6 X 7 X 9-ft
. room constructed of 6-in. steel and lined
:d, cadmium, and copper for shielding
he low energy components of background
1. The heavy shielding effectively reduces
ma radiation to the detector from both
tys and building materials and increases
i-to-noise ratio for the system.
intillation counter utilizes the fact that
bstances emit a short-lived pulse of light
‘hen excited by energy from gamma
This scintillation is detected by a phote-
r tube which converts it to electrical
he resulting electrical pulse is amplified
ed to a pulse height discriminator. The
he pulse produced is then proportional
rgy from the original incident gamma-
[00-channel analyzer sorts the pulses
to height and thus produces a spectrum
nergy. A particular element may then
ed by its distinctive energy spectrum.
rwmber of pulses in any channel of the
rovides a quantitative measure of the
‘he radionuclide present.
lications of the whole-body counting
be generally grouped into two classifi-
ironmental studies and clinical studies.

0020025
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Because of natural radioactivities and of fission
products from nuclear weapons testing, every
person has deposited in his tissues small amounts
of radioactive materials. The levels of these con-
centrations are rising as the radioactive debris
from the stratosphere returns to carth. During this
period, when the body burdens of fission products
have increased but are still low, it is absolutely
essential that the base lines, that is, the average
amounts of internally deposited radioelements, be
determined for the population, particularly with
respect to age and geographic location. Large
numbers of persons must be checked in order to
provide an adequate sampling for valid statistical
analysis. Once such base lines are determined, it
will then be possible, by continued measurement,
to detect any significant increase in the deposition
of fission products associated with increased use of
atomic energy. Whole-body counting is an excel-
lent way to detect and evaluate world-wide fallout
contamination. The fission product Cs'*7 is very
widespread, and, as a gamma emitter, is readily
detected by the whole-body counter. This element
provides an index of the level of human internal
contamination.

Persons who have received radioactive materials
in the course of medical treatment constitute
another group of interest. For example, a sub-
stantial number of people have been treated with
thorotrast (thorium dioxide) as an x-ray contrast
medium. Over a long period of time, the con-
tinued internal radiation from this material may
produce carcinogenesis. A study of persons known
to have been treated with this material will yield
valuable data on the relation between dose and
observed clinical effects.

Anaother valuable use of the scintillation counter
derives from its ability to measure neutron-
induced gamma activity in people therapeutically
or accidentally exposed to neutron irradiation. By
proper calibration, it is possible to quantitate the
neutron dose to which an individual has been
exposed. Studies along this line are under way as
part of the neutron therapy research program.

A slight modification to the system - the addi-
tion of a collimator ~ makes it possible to localize
the isotopes in a particular organ such as the lung.
The lung is of interest as the focus of deposition in
cases involving inhalation of a radioactive aerosol,
particularly insoluble aerosols that may be re-
tained in the lung for long periods of time. Since
spectrometric properties permit identification of
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Diagram of personne! decontamination unit af Brookhaven National Laboratory.

primary energy quanta as distinguished from
scattered rays, the collimated Nal(Tl) crystal is
obviously the detector to determine the site of
localization of very small amounts of radioactive
material in the intact body.

The high quantum counting efficiency for
gamma radiation makes this scintillation counter
valuable for applications involving small amounts
of radioactively labeled material. It is particularly
suitable for administration to patients for metabo-
lism studies. The fact that some chemical com-
pounds concentrate in certain tissues may also be
exploited. Ultrasensitive gamma detection equip-
ment has many valuable clinical applications,
particularly in the study of very slow metabolic
processes in the human body. The direct in vivo
measurement eliminates the tedious procedures of
radiochemical analyses of the excreta of large
numbers of patients for the determination of turn-
over rates of particular elements. Accurate data

can be obtained on clearance rates for a particular
organ, as well as elimination rates from the whole
body. For example, accurate measurements of the
biological turnover of fission products are needed

002002b

in order to establish or check the MPC values set
up by the ICRP, which in most cases are extra-
polations from animal data. Clinical studies to
date have produced results at variance with the
published data.

The advantage of a system with the sensitivity
and the heavy shielding provided by the whole-
body counting system lies in the high signal-to-
noise ratio which affords the opportunity of using
very low levels of tracer activity, of the order of 1
pC with a counting time of only 10 min. This is of
obvious value in studying various physiological
problems in patients, particularly children, as well
as in long-term studies, where administration of
large amounts of tracers is undesirable. Some of
the problems being studied involve the determina-
tion of the rate of albumin and globulin degrada-
tion in various clinical studies with I'**-labeled
albumin and globulin; electrolyte balance studies
with K*?, Na?? and Na**; and kinetic bone studies
in normal persons and patients with various bone

dyscrasias, with Sr**, Ca*" and Zn®. It is also quite
feasible to conduct multiple tracer experiments
with this instrument with little more effort than is
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ired for a single tracer experiment. A long-
study is in progress to determine simultane-
- the biological turnover of Co""-labeled vita-
B,. administered parenterally and Co™-
ed vitamin B, administered orally.

nnel Decontamination Units*

an installation operating large nuclear reac-
such as Brookhaven National Laboratory,
e there is a potential danger of contamina-
f many persons with radioactive materials, it
:ntial to have the means of coping with a
- radioactive contaminating accident. As part
method of meeting such a problem, if it
d arise, a decontamination suite was incor-
ed in the construction of our new medical
ch center. It is located at the far end of the
wing with a separate entrance so that con-
ated persons do not enter through the regu-
iic door. This reduces the chances of spread-
ntamination to the clinic proper or the hos-
vhere such contamination might severely
r prohibit normal operations. The purpose
~educe contamination capable of being
to inconsequential or manageable quanti-
that necessary medical and internal decon-
tion procedures will not be hampered.
suite consists of two identical units plus a
e shower for use by personnel who may
> wash after caring for contaminated pa-
The duplication permits the women to use
it while the men use the other or alterna-
rrovides twice the capacity. If only a few
and a large number of men are involved,
as the women have been processed, both
‘come available for decontamination of the
.ccess to each unit is directly from the out-
o a room in which the fixed equipment
. of two showers, a sink, and a toilet. The
‘the room are covered with an impervious
<oating to prevent contaminating materi-
1 soaking in and to facilitate cleaning if
mnation of the walls occurs.
cr than separate shower stalls, the shower
‘ompletely open without a partition be-
he two shower heads, which project out
»posite walls seven feet apart at such an
1at the sprays, which can be varied in
and size of the streams, overlap at the

lication No. 312.

8020027

o i g

(=)}
=

level of a patient on a litter. This makes it possible
to roll a seriously injured or unconscious patient
on a litter undcr the shower heads where he can
receive surface decontamination. A Stokes stretch-
er is quite suitable.

Under ordinary circumstances the waste water
from the showers flows directly into the main
sewer system. I the anticipated radiation level of
the waste water is high, the flow can be diverted to
a hold-up tank by means of a valve situated in the
shower room. After the decontamination proce-
dure, the water in the hold-up tank may be re-
leased into the main sewer system if the radiation
level is low, or it may be stored for decay if the
contaminating materials have a short half life, or
it may be pumped into a tank truck and processed
by some other means to remove the radioactive
elements or to concentrate them to a smaller vol-
ume for future disposal.

Each unit contains a clothes tree and a large
radiation clothes hamper where contaminated
clothes can be deposited. The various items can at
a later time be separated and handled in various
ways according to the amount and type of sub-
stances they are contaminated with. If the cloth-
ing is contaminated with an element that hasa
short haif life, it may be stored until the level has
fallen and then the clothes may be returned.
Clothes with longer-lived isotopes may be washed
in the hot laundry and returned if, after cleaning,
the radiation level is below the acceptable levels.
Some articles that are heavily contaminated and
that might be difficult to decontaminate, such as
leather shoes, may have to be disposed of directly
with the hot waste materials.

An attempt is made to keep contaminated
wastes separate from noncontaminated wastes by
having separate receptacles for the two types of
materials. Paper towels used by a contaminated’
person are discarded in the container marked for
radioactive wastes, while paper towels used by a
noncontaminated person working in the room are
thrown in the ordinary waste disposal can. This
cuts down the volume of material that has to be
screened for radiation levels before it is disposed of
by appropriate means.

The second room of the suite is primarily a
treatment room where patients are treated after
all the loose external contaminating materials
have been removed by the showers or by scrub-
bing in the sink, if only the hands are contami-
nated. Here simple débridement and wound irri-
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gation can be carried out, dressings applied, and
other such procedures done.

The fixed equipment in this room consists of a
clean sink, which is kept free of contamination,
and cabinets for storage of supplies and instru-
ments, The movable equipment consists of such
things as radiation detection counters, a table, a
dressing chair, and a high chair used in nasal irriga-
tions after inhalation of contaminating materials.

The cabinets are stocked with such things as
solutions for skin decontamination, nasal catheters
and syringes for nasal irrigation, instruments for
minor surgical procedures, hair clippers for re-
moval of hair contaminated with materials that
will not wash out, rubber aprons and gloves for
use by personnel who may have to decontaminate
unconsctous or seriously injured patients, paper
slippers, and clean coveralls to issue to subjects
after completion of the external decontamination
procedures.

The third room contains a litter and a cot and
serves as a dressing room. Here the patient is is-
sued clean coveralls and paper slippers, which he
puts on prior to leaving through the door into the
clinic corridor. He may now be directed or taken
to any of the medical department facilities such as
the low-level counting room, the room where

blood is drawn for various laboratory examing.
tions, the x-ray department, or, if necessary one of
the rooms in the hospital for admission.

The flow of traffic through the unitis in one
direction from the contaminated to the clean sec.
tion. The patient enters the shower room direcﬂy
from the outside and proceeds through the unj;
without retracing his steps over contaminated re-
gions until he steps through the door from the
third room into the clinic, at which time he shoyld
be free of all loose, external, nonfixed radioactive
materials.

With the increasing use of radioactive materialg
and the possibility of contamination in case of
war, serious thought should be given to having
such a unit or modification of it in our general
hospitals. Most emergency rooms are not specifi-
cally equipped to handle this type of problem.
Without some thought as to how such an incident
would be handled, radiation contamination could
easily be spread throughout a hospital. While ex-
isting facilities can readily be adapted to provide
such a unit, it is more difficult to have personnel
specially trained and then maintained at a high
pitch of efficiency by drill and practice in minor
accidents.
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ational Congress of Radiology, Mexico City, July
956. Presented at the Second Nuclear Engineering
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vidence for an increased intake of sodium in hyper-
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K., with tech. asst. L. Re1Lry. Proc. Soc. Exptl. Biol.
led 94, 23-26 ( Jan. 1957).
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28 { Jan. 1957).
dydroxylsine. Van SLyke, D.D. Jubilee Volume in
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rauser, Basle, Switzerland, January 1957.
>tate of tissue acetylcholinesterase determined by
obalt-60 gamma radiation inactivation. SerLIN, L.
~p Corzias, G.C. Radiation Research 6, 55-66 ( Jan.
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Estimation of exchangeable water and potassium by
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C. J. Clin. Invest. 37, 1269-78 (Sept. 1958.)
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Technol. 33, 255-60 (Nov. 1958).

Chromosomal replication and the dynamics of cellu-
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Comparative effectiveness of fresh and lyophilized
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rat. FLiepNer, T.M., Sorensen, D.K., Boxp, V.P.,
CronkiTe, E.P., Jackson, D.P. aNp Apamik, E. Proc.
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Autoradiography with tritium. Huenes, W.L. Proc.
Symposium on Trittum in Tracer Applications, Nov. 22,
1957, pp. 38-40, Sponsored by New England Nuclear
Corporation, Atomic Associates, Inc., and Packard
Instrument Company, Inc., published by New Eng-
land Nuclear Corporation, Boston, 1938.
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O.D. Proc. Animal Care Panel 8, vii ( June 1938).
Proliferative potentials of bone marrow and blood
cells studied by n vitre uptake of H? thymidine.
Bonp, V.P., Fuebpxer, T.M., CroxxkiTE, E.P,,
Rusini, J.R., BrecHERr, G. aND ScHork, P.K. Acta
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Neutron capture therapy: its experimental trial in
glioblastoma multiforme. Farr, L.E. Treatment of
Cancer and Allied Diseases, G. Pack anD 1. Arier, Edi-
tors, 2nd Edition, Chap. 7, pp. 82-6, Paul B. Hoeber,
Inc., New York, 1959.

The future of radiation in medicine. Farr, L.E.
Berger Lecture, Hunter Radiation Therapy Center,
New Haven, Oct. 1958. Conn. Medicine 13, 8-12 ( Jan.
1959).

The use of tritiated thymidine in the study of DNA
synthesis and cell turnover in hemopoietic tissues.
CronKITE, E.P., Bonp, V.P., FLiepNER, T.M. anD
Rusint, J.R. Lab. Invest. 8, 263-77 ( Jan.- Feb.
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Studies on deoxyribonucleic acid metabolism in hu-
man cancer cell cultures (HeLa). I. The temporal re-
lationships for deoxyribonucleic synthesis to mitosis
and turnover time. PaiNTER, R.B. anp Drew, R M.
Lab. Invest. 8, 278-85 ( Jan.-Feb. 1959).

Effects of heavy particle irradiation on acute mortali-
ty and survival time in the mouse. Boxp, V.P. anD
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227. Urinary excretion of hcta-aminoisobutyric acid
(BAIBA) in irradiated human beings. Rusing, J R,
Cronkite, E.P., Boxnp, V.P. anp Friepzer, 1M
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Exptl. Biol. Med. 100, 246-50 (Feb. 1959).

229. Labeling of glucose, ribose and deoxyribose by 1- and
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232. The Medical Research Reactor at the Brookhaven
Medical Research Center. Stickiry, E.E. Nature 183,
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lagen. 1. Failure of free hydroxylysine to serve as a
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D.R. J. Biol, Chem. 234, 918-21 (Aprit 1959).

234. The linkage of neuraminic acid in orosomuceid.
Porenok, E.A. Biochim. et Biophys. Acta 32, 584-5
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235. The atomic age and the pediatrician. Farg, L.E.
Quart. Rev. Pediat. 14, 118-19 (April- June 1959).

236. Medical Survey of Rongelap People, March 1958, Four
Years After Exposure o Fallout. CoNarp, R.A., Rosert-
soN, J.S., Mever, L.M,, Sutow, W.W., WorLins, W.,
Lowrev, A., Urscuer, H.C. Jr., Barton, J M,
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237. Use of platelet transfusions in hemorrhagic disease.
CronkiTE, E.P. aND Jackson, D.P. Progr. in Hematol.
2,239-57 (1959).

238. Sodium as an etiological factor in hypertension.
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240. On the molecular bonding of lysine vasopressin at its
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PorenoE, E A, SiLvER, L. AND ScHOESSLER, M.A.
J. Am. Chem. Soc. 81, 2592 (1959).

241. Intranuclear irradiation with tritium-labeled thy-
midine. RoBerTson, J.S. anp HucHes, W.L, Proc.
First Natl. Biophys. Conf., pp. 278-83, Yale University
Press, New Haven, 1959.
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0020030
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Edition, Chap. 10, pp. 190-221, Williams & Wilkins,
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Atomic Medicine, 3rd Edition, Chap. 11, pp. 222-32,
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8, UN, Geneva, 1959.
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250. Carbon-14 in the study of metabolic processes in
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pp. 34-8, UN, Geneva, 1959.

251. Dynamics of hemopoietic proliferation in man and
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252. Mechanism of induction of mammary neoplasms in
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’ium-155 as a source in portable radiographic
5. RoBERTSON, J.S. Proc. 2nd UN Intern. Conf. on
ul Uses of Atomic Energy, Vol. 26, pp. 268-71,
Geneva, 1958.

‘ption of antibody in vitro and magnitude of the
tz-Dale reaction of guinea-pig ileum. NIELSEN,
Terres, G. anp FeiGeEN, G.A. Science 130, 41-2
3, 1959).

ine degradation in passively sensitized mice. L
.mount of antigen degraded as a function of the
ody-antigen ratio. TERRES, G. AND WoLINs,
Immunol. 83, 9-16 ( July 1959).
‘cular structural factors in competitive inhibi-
f sugar transport. LEFEvrE, P.G. Science 130,
» (July 10, 1959).
n mite dermatitis - Report of a case. McGin-
G.F. New Engl. [ Med 261, 396-7 (Aug. 20,

nitotic index of human bone marrow in healthy
iduals and irradiated human beings. FLIEDNER,
., CronkiTg, E.P., Bonp, V.P,, Rusing, J.R.
AnDrEWS, G. dcta Haematol. 22, 653-78 (Aug.
)
t of irradiation and theory of role of mitotic
“on the time course of labeling of Hel.a 83 cells
tritiated thymidine. Painter, R.B. aND RogerT-
J.S.. Radiation Research 11, 206-17 (Aug. 1959).
gical potency of 3,3",5-triiodothyronine in birds.
LABARGER, C. J. Endocrinology 65, 503-4 (Sept.
).
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Diagnostic uses of radioisotopes. Corzias, G.C. V. T.
State J. Med. 59, 3376-80 (Sept. 15, 1959).
Production of C'*O, from 1- and 2-C'-acetate by
human subjects in various metabolic states. SHREEVE,
W.W_, Hennes, A, aND ScuwarTz, R. Metabolism 8,
741-56 (Sept. 1959).

A periodic acid Schiff-staining macromolecular com-
ponent of human hepatic bile. MaxrFieLp, M. AND
Worins, W. Clin. Clum. Acta 4, 647-51 (Sept. 1959).
Action of tritiated thymidine on the clonal growth of
mammalian cells. DRew, R.M. axp Painter, R.B.
Radiation Research 11, 535-44 (Oct. 1959).
Effectiveness of transfusions of fresh and lyophilized
platelets in controlling bleeding due to thrombo-
cytopenia. Jacksox, D.P., Sorensen, D.K., Crox-
kiTe, E.P., Bonp, V.P. anD FrLieDNER, T.M. J. Clin.
Invest. 38, 1689-97 (Oct. 1959).

The Brookhaven Medical Research Reactor. Farg,
L.E. Science 130, 1067-71 (Oct. 23, 1959).
Histochemical and autoradiographic studies on the
effects of aging on the mucopolysaccharides of the
periosteum. Toxna, E.A. axp Crongitg, EP. J.
Biophys. Biochem. Cytol. 6, 171-8 (Oct. 1959).
Autoradiographic studies on DNA synthesizing cells
in the peripheral blood. Bonp, V.P., FLiepner, T.M.,
CronkiTe, E.P., Rusintg, J.R., BrecHer, G. AND
ScHork, P.K., Haematol. Latina2,No. 1, 103-14 (1959).

. Studies on the kinetics of intravenously injected

*cobalt-labeled vitamin B,., in man. CronkiTg, E.P.,
Hencey, E., Driscorr, D.H., Mever, L.M., DoHaN,
F.C. Jr., Rusini, J.R. axp Wouins, W. Haematol.
Latina 2, No. 2, 265-78 (1959).

. Fresh, disintegrated platelets in radiation thrombo-

cytopenia: Correction of prothrombin consumption
without correction of bleeding. Hjort, P.F., PERMAN,
V. anp Cronkite, E.P. Proc. Soc. Expil. Biol. Med.
102, 31-5 (Oct. 1939).

Acquired immune tolerance in mice to crystalline
bovine serum albumin. Terres, G. AND HuGHEs,
W.L. /. Immunol. 83, 439-67 (Nov. 1959).

The effect of tritiated thymidine on mouse sperma-
togonia. Jounsox, H.A. anp Cronkitk, E.P. Radiation
Research 11, 825-31 (Dec. 1959).

Physico-chemical study in salt solution of a urinary
mucoprotein with virus-inhibiting activity. Max-
F1ELD, M. Arch. Biochem. Biophys. 83, 382-90 (Dec.
1959).

General principles of oxygen transport and transfer.
Van SLyke, D.D. Oxygen Supply to the Human Fetus,
Symposium sponsored by the Josiah Macy Founda-
tion and the Counci! for Intern. Organization of
Med. Sci., Princeton, N. J., December 1-16, 1957,
J. Waiker and A.C. Turnbull, Editors, pp. 5-28,
Blackwell Scientific Publications, Oxford, 1959.
Pathologic effects of thermal neutrons and the
B*°(n,alpha)Li’ reaction on skin. LiprincoTT, SW.,
RoserTson, J.S., Bonp, V.P., CronkiTE, EP.,
Easterpay, O.D. anp Farr, L.E. A.M.A. Arch. Pathol.
68, 639-50 (Dec. 1959).

Thirst for bile in rats with bile fistulae. BERTIN-
cuamps, A. J., GREENOUGH, J. J. anp Cotzias, G.C.
Nature 184, 1405 (Oct. 31, 1959).
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The attachment of phloretin and analogues to

human erythrocytes in connection with inhibition of

sugar transport. LEFEVRE, P.G. axn Marsuarn, JK.
J. Biol. Chem. 234, 3022-6 (Nov. 1959).

Resolution and image spread in autoradiographs of

tritium-labeled cells. RoserTtsoxn, J.S., Boxnp, V.P.
anD CronkiTe, E.P. Intern. | Appl. Radwation and Iso-
tapes 7, 33-7 (Nov. 1959).

Enhanced sensitization in mice by simultaneous in-
jection of antigen and specific rabbit antiserum.
Terres, G. AND Worins, W. Proc. Soc. Exptl. Buol.
Med. 102, 632-5 (Dec. 1959).

Re-evaluation of fast neutron RBE values on the
basis of improved cross-section data. TocriLiy, G,
Suumway, B., Kourer, G. axp Boxp, V.P. Radiation
Research 11, 343-4 (Sept. 1959).

Beta radiation skin lesions (beta burns) from fallout
radiations. Boxp, V.P. Buwlogical and Encironmental
Effects of Nuclear War. Hearings before the Special
Subcommittee on Radiation, Joint Committee on
Atomic Energy, 86th Congress, 1st Session, June
22-26, 1959, Part 1, pp. 380-9, U.S. Government
Printing Office, Washington, D.C., 1959.

Medical status of Rongelap people five years after
exposure to fallout radiations. Conarp, R.A. Jbid,,
pp. 430-2.

Electrically heated mouse holder. EasTerpAY, O.D.,
GiLmarTin, J.T. anp Ducax, F.A. J. Animal Tech-
nicians Assoc. 10, No. 2 (Sept. 1959).

The acute irradiation syndrome and late hematologic
effects. CronkiTe, E.P. anp Bonb, V.P. Proc. 7th In-
tern. Cangr. Intern. Soc. Hematol., Rome, Sept. 7-13,
1958, 1l Pensiero Scientifico, Rome, 1959.

The use of tritiated thymidine in radiobiological
studies with mammalian cell cultures. PainTer, R.B.
aND DrREw, R.M. Oklahoma Conference — Radiotsotopes
in Agriculture, Oklahoma State University, Stillwater,
April 1959, pp. 131-6, TID-7578, 1959.

Clinical experiences with manganese. Corzias, G.C.,
Bora, D.C. aNp BERTINCHAMPS, A. J. Metal-Binding
in Medicine, M. J. Seven, Editor, Chap. 5, pp. 50-8,
Lippincott, Philadelphia, 1960.
3-Hydroxyanthranilic acid as an intermediate in the
oxidation of the indole nucleus of tryptophan. GHoL-
soN, R.K., Hankes, L.V. axp HEnperson, LLM. /.
Biol. Chem. 235, 132-5 ( Jan. 1960).

Studies on radiation-induced mammary gland neo-
plasia in the rat. I. The role of the ovary in the neo-
plastic response of the breast tissue to total or partial-
body x-irradiation. CRONKITE, E.P., SHELLABARGER,
C.]., Bonp, V.P. axD Lippincort, S.W. Radiation Re-
search 12, 81-93 ( Jan. 1960).

Studies on radiation-induced mammary gland neo-
plasia in the rat. II. The response of castrate and in-
tact male rats to 400 r of total-body irradiation.
SueLLaBarcer, C. J., LippincorT, S.W., CRONKITE,
E.P. anp BonD, V.P. Radiation Research 12, 94-102
( Jan. 1960).

Adrenocortical function after prolonged salt restric-
tion in hypertension. Danr, LK., Siver, L.,
CHrisTIE, R. W. AND GENEST, J. Nature 185, 110-11
(Jan. 9, 1960).
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Relative biological effectiveness of 0.4-1.8 Mev ney.
trons for acute elfects in the mouse. B:\TEMAN,JALA,
Boxp, V.P. anp Stickiey, E.E. Radiology 74, 90|
( Jan. 1960

Radiation cffects of neutron-capture therapy on 5
malignant vascular neoplasm of the cerebellum. Lip.
eixcotT, SSW., Yamamoro, Y.L. axp Farg, LE,
AMA Arch. Pathol. 69, 14-5 ( Jan. 1960).
Autoradiographic localization of tritiated thymidine
in whole-mount preparations of lens epithelium,
Harping, C. V., Hucues, W.L.., Boxp, V.P. anp
ScHork, P AM. A, Arch. Ophthalmol. 63, 58-65 ( Jan,
1960).

Periosteal osteoclasts, skeletal development angd
aging. Tonna, E.A. Nature 185, 405 (Feb. 5, 1960),
Magnesium turnover in the human studied with
Mg"*. SiLvER, L., ROBERTSON, J.S. anp Danr, LK,
with technical assistance of HEINE, M. aND Tas.
siNarl, L. J. Clin. Invest. 39, 420-5 (Feb. 1960).
Dependence of periodic activation and inhibition of
monoaminoxidase by aliphatic compounds upon
chain-length. Cotzias, G.C. aND GREENOUGH,j.J.
Nature 185, 384 (Feb. 6, 1960).

Studies on radiation-induced mammary gland neo-
plasia in the rat. II1. Relation of the neoplastic re-
sponse to dose of total-body radiation. Bonp, V.P,
CroxkiTE, E.P., LippincoTT, S.W. AND SHELLABAR-
GER, C. J. Radiation Research 12, 276-85, (Mar. 1960),
Diagnosis of radiation injury and analysis of the
human lethal dose of radiation. Cronkitg, E.P.
anp Boxbp, V.P. U.S. Armed Forces Med. J. 11, 249-60
(Mar. 1960).

Salt, fat and hypertension: The Japanese experience.
Danc, L.K. Nutrition Revs. 18, 97-9 (April 1960).
Turnover of labeled normal gamma globulin in
multiple myeloma. LippincotT, S.W., KORMAN, S|
Fong, C., StickLey, E., Worins, W. anD HuGHgs,
W.L. /. Clin. [nvest. 39, 565-72 (April 1960).

A study of the alkaline ashing method for determina-
tion of protein-bound iodine in serum. Foss, O.D,,
HankEs, L.V. axp Van Styke, D.D. Clin. Chim. Acta
5, 301-26 (May 1960).

Radiation leukemogenesis: An analysis of the prob-
lem. CroxkiTe, E.P., MoLonEY, W. aAnD Bonp, V.P.
Am. ] Med 28, 673-82 (May 1960).

Atomic bomb fallout and its implications. Bonp,
V.P. Phil. Med. 53, 1363-9 (Nov. 22, 1957).
Deoxyribonucleic acid synthesis in the developing
mouse embryo studied with tritiated thymidine.
ATLas, M., Bonp, V.P. axp Cronkitg, E.P. J. Histo-
chem. and Cytochem. 8, 171-81 (May 1960).

The metabolism and fate of tritiated thymidine in
man. Rusing, J.R., CronkiTE, E.P., BonD, V.P. aAND
FLiepNeRr, T.M. J. Clin. Invest. 39, 909-18 ( June
1960).

Personnel decontamination units at Brookhaven
National Laboratory. Love, R.A. Intern. Record Med.
173, 365-8 ( June 1960).

RNA and DNA metabolism in human tissue culture
cells studied with tritiated cytidine. FEINENDEGEN,
L., Bonp, V.P.,, SHREEVE, W.W_ anD PainTER, R.B.
Exptl. Cell Research 19, 443-39 (April 1960).
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iine: A precursor of quinolinic acid. Hankes,
WD ScuMmarLer, M.A. Biochem. and Biophys.
h Comman. 2, 468-71 ( June 1960).
tubular function and failure. Vay SLyYxE,
Proc. Rudolf Virchow Med. Soc. it the City of New
17, 59-79 (1958) (Published by S. Karger,
Switzerland, 1960).
sisotopes and environmental circumstances:
aternal radioactive contamination of a Pacific
| community exposed to local fallout. Coun,
RoserTson, J.S. anp Coxarp, R.A. Radio-
s in the Biosphere, R.S. Caldecott and L.A. Sny-
ditors, Chap. 21, pp. 306-36, Center for Con-
ition Study, University of Minnesota, Min-
slis, 1960.
oisotopes in the skeleton: A critical review.
rTsON, J.8. [bid., Chap. 28, pp. 423-8.
oisotope toxicity: A critical review. Boxn, V.P.
Chap. 32, pp. 474-85.
diographic study of a human brain and glioblas-
+ multiforme following the in vivs uptake of
ited thymidine. Jounson, H A, HAYMAKER,
., Rusiny, J.R,, FLiepner, T.M., Boxp, V.P,,
~KITE, E.P. anp HuGHEes, W.L. Cancer 13, 636-
May-June 1960).
sle-body measurement of radioactivity as a
ns of following in vive the degradation of 13!~
led proteins in mice. Terres, G., Hugnes, W.L.
Wouins, W. Am. J. Physiol. 198, 1355-60 ( June
.
abolic relations of manganese to other minerals.
rz1as, G.C. Federation Proc. 19,655-8 (July 1960).
eoclasts and the aging skeleton: A cytological,
)chemical and autoradiographic study. Tonna,
«. Anat. Record 137, 251-70 ( July 1960).
seling of human tumor cells in vivo by tritiated
midine. Jounson, H.A., Rusing, J.R., CRONKITE,
. aND Bonp, V.P. Lab. Invest. 9, 460-5 ( July-Aug.
0).
wctical application of radioactive metals. Farg,
.., Bonp, V.P.,, Corzias, G.C,, Laszro, D. axp
‘PINCOTT, S.W. Bull. N.Y. Acad. Med. 36, 510-37
ug. 1960).
adies on radiation-induced mammary gland neo-
asia in the rat, I'V. The response of females to a
1gle dose of sublethal total-body gamma radiation
studied until the first appearance of breast neo-
asia or death of the animals. SHeLLABARGER, C. ],
oD, V.P. anp Cronxate, E.P. Radiation Research
3, 242-9 (Aug. 1960).
udies on radiation-induced mammary gland neo-
1asia in the rat. V. Induction by localized irradia-
on. Bonp, V.P., SHELLABARGER, C.J., CRONKITE,
.P. anp FrLieDNER, T.M. Radiation Research 13, 318-
3 (Aug. 1960).
‘ractionation of the urinary mucoprotein of Tamm
nd Horsfall. MaxrieLp, M. Arch. Biochem. Biophys.
19, 281-8 (Aug. 1960).
Vedical survey of Marshallese people five years after
xposure to fallout radiation. Conarp, R.A. Pre-
ented at Symposium on the Immediate and Low-
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Level Effects of Tonizing Radiations, Venice, 1939.
Intern. J. Radiation Biol., Suppl. 1, 268-81 (1960).

329. Medical status of Marshall Islanders in 1959. five
years after exposure to fallout radiation. CONARD,
R.A., Mever, L.M., Sutow, W.W., BLumserg, B.S,,
Lowrey, A., Conn, S.H., Lewis, W.H. Jr., Hot-
tiNGsworTH, J.W. anp Lyon, H.W. Nuclear Med 1,
314-50 (Aug. 1960).

330. Tracer exchange vs net uptake of glucose through
human red cell surface: New evidence for carrier-
mediated diffusion. LEFEvRE, P.G. anp McGinniss,
G.F. J. Gen. Physiol. 44, 87-103 (Sept. 1960).

331. Determination of carbon and its radioactivity. 111
‘Transfer of small samples of CO, to counting tubes.
Van SLYkE, D.D. axp Prazin, J. J. Biol. Chem. 233,
2749-52 (Sept. 1960).

332, Turnover of autologous and homologous labeled
gamma globulin in multiple myeloma. LippincoTT,
S.W., Korman, S. axp HucHEes, W.L. 4. M. 4. Arch.
Pathol. 70, 467-75 (Oct. 1960).

333. Effects of chronic excess salt feedings: Elevation of
plasma cholesterol in rats and dogs. Dant, L.K. J.
Exptl. Med. 112, 635-52 (Oct. 1960).

334. Radiation Injury in Man. Cronkrte, E.P. axp Bonp,
V.P. Charles L. Thomas, Springfield, Ili., 1960.

335. The dependence of RBE on the energy of fast neu-
trons. I. Physical design and measurement of dose.
Rossi, H.H., Batemaxn, J.L., Boxp, V.P., GoopMman,
L.]J. anp StickiEY, E.E. Radiation Research 13, 503-20
(Oct. 1960).

336. Absarption and excretion of copper in mice. GrrLiN,
D., Hucues, W.L. anp Janeway, C.A. Nature 188,
150-1 (Oct. 8, 1960).

337. Recombining capacity toward lipids of the protein
moiety of human serum a,-lipoprotein. Scanu, A
anp Hucuges, W.L. /. Biol. Chem. 235, 2876-83 (Oct.
1960).

338. Design and performance of field-defining apertures
for neutron capture therapy. StickLEY, E.E. aND
Fargr, L.E. Radiology 75, 602-7 (Oct. 1960).

339. On the mechanism of action of the antidiuretic hor-
mone (vasopressin). Foxg, C.T.O., SirvEr, L,
Curistman, D.R. anp Scuwartz, LL. Proc. Natl
Acad. Sci. U.S. 46, 1273-7 (Oct. 1960).

340. Studies on the mechanism of action of vasopressin.

Rasmussen, H., Scuwartz, LL., ScHoesster, ML A,

anp Hocnster, G. Proc. Natl. Acad. Sci. U.S. 46, 1278-

87 (Oct. 1960).

. Relation of chemical attachment to physiological
action of vasopressin. ScHwARTZ, L.L., RASMUSSEN,
H., ScuoessLER, M.A., SiLver, L. anp Foxg, C.T.O.
Proc. Natl. Acad. Sci. U.S. 46, 1288-98 (Oct. 1960).

342. Effect of total-body gamma radiation on vitamin By,
content of tissue of irradiated rats. Bonp, V.P,,
Skecas, H.R., MacRag, G.D.E., WricHrt, L.D,,
RosexsrLuM, C. anp CroxkiTE, E.P. Acta Med. Scand.
168, Fasc. 2, 103-4 (1960).

343. An attempt to quantify some clinical criteria of ag-
ing. Conarp, R.A. J. Gerontol. 15, 358-65 (Oct. 1960).

344. The use of tritiated thymidine in the study of haemo-
poietic cell proliferation. Cronxite, E.P., Bonp, V.P.
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FrLiepner, T.M. ano KiveMany, S A. Ciba Foundation
Sympostum on Haemopoiesis: Cell Production and Its Regu-
lation, pp. 70-92, Churchiil, London, 1960.
Extrarenal regulation with special reference to the
sweat glands. ScuwarTz, I.LL. Mineral Metabolism,
Vol.1, Pt. A,C. Comar and F. Bronner, Editors, Chap-
ter 10, pp. 337-86, Academic Press, New York, 1960.
Autoradiographic studies of changes in $*-sulfate
uptake by the femoral epiphyses during aging.
Tonna, E.A. anp Cronkite, E.P. J. Gerontol. 15, 377-
82 (Oct. 1960).

Possible role of salt intake in the development of es-
sential hypertension. Danv, LK. Essential Hyperten-
ston, An International Symposium, Berne, Switzerland, fune
7-10, 1960, K.D. Bock and P.T. Cottier, Editors, pp.
53-65, Springer-Verlag, Heidelberg, Germany, 1960.
Medical Survey of Rongelap People Five and Six Years After
Exposure to Fallout. Conarp, R.A., MacDonaLp,
H.E., Lowrey, A., MEYER, .M., Coun, S, Sutow,
W.W., BLcMmeerg, B.S., HorLingsworTtH, J. W,
Lyon, HW. Lewis, W.H. Jr., Jarre, A A, EtCHER,
M., Porter, D, Lanwi, [, RixrLon, E., Taman, J.
axp Herkena, J. BNL 609 (T-179) Sept. 1960.
Nuclear reactor radiology in clinical medicine. Farg,
L.E. First Sommers Mem. Lecture, University of
Oregon Med. School, Portland, April 20, 1960.
Northwest Med. 58, 1121-33 (Sept. 1960).
Technology, basic science and clinical medicine in
the atomic age. Farg, L.E. Second Sommers Mem.
Lecture, University of Oregon Med. School, Port-
land, April 21, 1960. Northwest Med. 59, 1251-60
(Oct. 1960).

Further studies on deoxyribonucleic acid metabolism
in mammalian cell cultures. PainTeR, R.B., DREW,
R.M. anp Grauque, B. Exptl. Cell Research 21, 98-105
(Oct. 1960).

Stability of injected vitamin B,,-Co®® and vitamin
B.. content of dog liver. RosenaLum, C., WiLLIGAN,
D.A., MeriweTHER, H.T. anp Cronkrte, E.P. Proc.
Soc. Exptl. Biol. Med. 105, 142-5 (Oct. 1960).
Lymphatics in the intestinal absorption of vitamin
B,, and iron. Re1zensTeIN, P.G., CrONKITE, E.P.,
MEever, L.M. anp Usenik, E.A., with technical assist-
ance of Driscorr, D. Proc. Soc. Exptl. Biol. Med. 105,
233-6 (Nov. 1960).

An effective therapeutic regimen for the hemopoietic
phase of the acute radiation syndrome in dogs.
SorenseN, D.K., BonDp, V.P., CroNKITE, E.P. AND
PermAN, V. Radiation Research 13, 669-85 (Nov. 1960).
Educational concepts in nuclear medicine - present
and future. Farr, L.E. Third Sommers Mem. Lec-
ture, University of Oregon Med. School, Portland,
April 22, 1960. Northwest Med. 59, 1526-32 (Dec.
1960).

Effects of heavy, ionizing, moncenergetic particles on
the cerebral cortex. I. Production of laminar lesions
and dosimetric considerations. Mauts, L.1., BAKER,
C.P, KrUGER, L. anp Rosk, J.E. J. Comp. Neurol.
115, 219-41 (Dec. 1960).

Effects of heavy, ionizing, monoenergetic particles on
the cerebral cortex. I1. Histological appearance of
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laminar lesions and growth of nerve fibers after lam.
inar destructions. Rose, J.E., Mawss, L.1,, Kruceg,
L. anp Baker, C.P. J. Comp. Neurol. 113, 243.95
(Dec. 1960).

Evaluation and management of the heavily irradi.
ated individual, Boxp, V.P,, Frirpner, T.M. anp
CroNKITE, E.P. J. Nuclear Med. 1, 221-38 (1960).
3-Hydroxykynurenine-keto-C'*: A precursor of urj.
nary quinolinic acid. Haxkes, L.V. anp Brown, R,
R. Biochem. Biophys. Research Commun. 4, 19-22 { Jan,
1961).

Dependence of the lipolytic action of epinephrine
in vitro upon thyroid hormone. DeBoxs, AF. anp
Scuwartz, LL., J. Lipid Research 2, 86-9 ( Jan. 1961),
Implication of chromesome structure and replication
on hazard of tritiated thymidine and the interpreta-
tion of data on cell proliferation. CRoNkITE, E.P,,
Greeniiouse, S.W., Brecuer, G. anp Bonp, V.P,
Nature 189, 153-4 ( Jan. 14, 1961).

Incorporation of tritiated thymidine into DNA after
oral administration. Rusini, J.R., KELLER, S
Woonb, L. axp Cronkite, E.P. Proc. Soc. Exptl. Biol,
Med. 106, 49-52 ( Jan. 1961).

Studies on the interrelationship of RNA synthesis,
DNA synthesis and precursor pool in human tissue
culture cells studied with tritiated pyrimidine nucle-
osides. FEINENDGEN, L.E., Bonp, V.P. anp PaINTER,
R.B. Exptl. Cell Research 22, 381-405 ( Jan. 1961).
Radiation medicine and pediatrics. CRanNy, R.L.
AND Farr,L.E. Quart. Rev. Pediat. 16, 10-13 ( Jan.-
Mar. 1961).

Urinary excretion of beta-aminoisobutyric acid
(BAIBA) in leukemia and polycythemia vera. Kiit-
MaNN, 5.A., Rusing, J.R., CronkiTe, E.P. anD Bonb,
V.P. Acta Haematol. 23, 81-97 (Feb. 1961).
Treatment of polycythemia vera with Myleran.
KiLimany, S.A. anp Cronkite, E.P. Am. J. Med. Sci.
241, 218-24 (Feb. 1961).

Electrolytes in hypertension: The effects of sodium
chloride. MeneeLY, G.R. anD Dany, L.K. Med. Chin.
N. Am. 43,271-83 (Mar. 1961).

Effect of thermal neutrons on central nervous system.
Farr, L.E., CaLvo, W.G., Haymaker, W, Lippin-
corT, S.W., Yamamoro, Y.L. anND StickrLEY, E.E.
Arch. Neurol. 4, 246-57 (Mar. 1961).

Sugar transport in the red blood cell: Structure-
activity relationships in substrates and antagonists.
LeFevre, P.G. Pharmacol. Revs. 13, 39-70 (Mar.
1961).

The effect of chronic high and low salt intakes on
adrenocortical function. Dani, L.K., SILVER, L.,
SPRARAGEN, 5. AND SMiLay, M. Nature 190, 348-9
(April 22, 1961).

Determination of radioactively labeled globulin turn-
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