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AERIAL VIEW OF THE LABORATORY SITE
1. Alternating Gradient Synchrotron.
2. Research Reactor and Hot Luboratory
3. Cosmeatron
4. Cyclotron and Van de Greaff Building
5. Medical Research Center und Medical Reactor
6. Biology laborotories
7. NMuclear Engineering Building {under construction}
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Brookhaven National Laboratocy is uperated by Associated Universities, Inc., under contract
with the United States Atomic Encrey Commission. Nine northeastern universities sponsor Associated
Universities, Inc. T'wo representatives from cach university, one a principal administrative or corpo-
rate officer and the other a scientist, form the Board of Trustees of AU In addition, the Board itself
selects three Trustees-at-Large. Their purpose is to insure adecquate representation of any scientific
discipline in which the corporation may undertake work and to provide general flexibility in methods
of aperation. The composition of the Board as of July 1961 is shown in the table below. AUT has
appointed fve visiting committees to Brookhaven National Laboratory to provide a continuing inde-
pendent evaluation of the research program. These committees cover the fields of biclogy, chemistry,
engineering, medicine, and physics, and report annually to the Board of Trustees,

BOARD OF TRUSTEES
OF

ASSOCIATED UNIVERSITIES, [INC.
AS OF JULY 1, 1961

Columbia University

Racrn 8. Havrorp Fraxx I}, FackentraL (Honorary) 1L Ran :
SANFORD 8. ATwooDp Cornell University FrankLin A Long
I.. Garp Wicoins Harvard University Witeiam H. Sweer
P. STEWART MacatLay Johns Hopkins University WiLtiam D, McELroy
Care F, Froe Massachusetts Institute of Technology Perer T. DEMmos
Josepe C. Ergin Princeton University Eimer G. ButLer
Cary C. GHaMEERS, Chatrman University of Pennsylvania Frawcis C. Woop
LaRoy B. Taomesox University of Rochester Ermer H. Stotz
C. Hamirton SanForo, JR. Yale University WiLLiam W, WaTson

Trustees-at-Large
Leo GoLpeekre, University of Michigan Arrrrn E. Writrorp, Lick Obscrvatory
Harorp F. WeavEr, University of California at Berkeley

Annual Trustees
Epwarp Reynoros, Harvard University Tueopokre P. Wricht, Cornell University

Ex Officio
LI Rani, President .

OFFICERS OF ASSOCIATED WUNIVERSITIES, INC.

Chairman of the Board — Carr C. CHAMBERS

FPresident — L1, Rant Controfler -— Lewis R. BurcinLL
Vice President — EpwarD REYNOLDS Secretary — Cnarces E. Dunpar
Vice Prestdent — Or10o STRUVE Assistant Treasurer — Josgru F. Lorp
Treasurer — JaMes 8. ALEXANDER Assistant Secretary — RicHARD M. EMBERSON
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BROOKHAVEN NATIONAL LABORATORY
OFFICERS AND CHAIRMEN OF SCIENTIFIC DEPARTMENTS

Gerard V. Tars, Acting Director
R. CHRISTIAN ANDERSON, Assisfan! Dhrector

Samel M. TUCKER, dssistant to INrector
CnarLts B Fatk, Sceentific Assistant to Divector

(. Kenners Green, Chairman, Accelerator Tlepartmeat
fHowarn J. Curris, Chairman, Biology Pepartment
[cnarn W, Dopson, Chatrman, Chemistry Department
J.B.H. Kupeg, Chairman, Instrumeniation zulnd Health !’hysim Department
Lir. ¥ Fary, Medical Director and Chairman, Mc‘dlcal Department
Clraris WiLLiams, Chairman, Nuclear Engincering Department
M auricE GoLoHantk, Chairman, Physics Department

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

Emery L. Van Horw, drea Marager
Brookhaven Area Office
U.8. Awmic Energy Commission
Upton, New Yoark

CruarLEs [ 12NEiam, Director N
Division of Biology and Mctfil(;‘mc
U.S. Atomir. Fnergy Commussion

Washington 27, 10,

VISITING COMMITTEE IN MEDICINE

wn C, Bucner, M 1), (harman THOMAS FRhNC[S,JR.j M.D.
Puerto Rico Nudlear Canter Professor and Cha,rmar}
University of Puerta Rict Station Depanmcm of Epidemiology
San Piedras, P.R University of Michigan School of Public Health
Term expires Dctrubser 14,1 'Ann Arbqr, Mich. ‘
Term expires October 1961
opErT A. Moaore, M .12 h '
President, Downstats Medical Genter W.T.S. Tnare, D.V.M,
Dean, School of Medicine

Dean, College of Veterinary Medicine
State University of Nrw York at Brookiyn University of Minnesata, St.. Paul |, Minn.
450 Clarkson Aventr, Brooklyn 3, N.Y. Term expires October 1962

Term expires Octoher 192 Maxwere M. Wovrrons, M. D,

ssepr E. Smaner, M1, Professor and Head

Associate Director Deparument of Internal Medicine
National Tnstitutes f [ {raith, Bethesda (4, Md. University of Utah School of Medicine
Salt Lake City 15, Utah

Term expires October 1963

i. Batrp HasTives, P i) .
Scri Ninic and Mrtatslic Foundation Broxson S, Ray, M.1D.
ripps Clinic anr. a 131 Basy 690 Strcet, New York 21 N.Y.

476 Prns ct Str!'_r,t, l,n_]nl}a, (Jallf :
Term exg;:rcg Cactrsdmr 194 Term expires October 1964

Term expires October 19673
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GENERAL AND ADMINISTRATIVE STAFF

OF THE MEDICAL

Medical Director and Chairman, Medical Department -
Leg E. Farr, MDD

Assistant Chairman, Medica! Departnent - Victor P
Bowp, MY, Pu.D.

Assistant Chairman, Medical Depariment - STUarT W,
Lreptncort, MDD

Executive Associate and Haospital Administrator - W,
Arvorp Fivn, M8,

Services Coordinator - WiLiram J. Waisn

Executive Assistant - GrorGe A. Jacksox, B.A.

STAFF OF THE

OF THE MEDICAL

SCIENTIFIC STAFF, CONTINUING APPOINTMENTS

Senior Scientists - LeEe E. Farr, M.I).; VicTor P. Bowo,
M.D., Pu.DD,; Georce G, Cotzias, M. D Tocese P
Cronkite, M.D,; LEwis K. Dany, M. D.; Wavrrer L,
Huanes, Pa.D.; Stvart W Liveivcory, M.D; James S,
Raogerrson, M. D., PuD; Doxaco D Van SLyxe,
Py.D.

Seientists — Stanron H. Coun, PH.D.; Ropsrt A, ConaRD,
M.D.; Rute M. Deew, Pu.D.; Lawaexce V. Haxkes,
PuD.; Warton W, Sureeve, MD,, Pu.D.; Etmer E.
Stcxrey, Pu.D.; Ricnasn D. Stoner, Pu.D.

Assaciate Scientist - Otuo I). Easternay, PH.1).

SCIENTIFIC STAFF, TERM APPOINTMENTS

Senior Scientist - [rving L. Scuwartz, M. D,

Scientists — Eowin A, Popenoe, Pu.D., Witrtiam Worins,
MDD

Associale Scientizsts — Dowavn C. Bore, M. D, Geraxivo
Terres, Pu.2.*

Medical Associates - ABBas AracHEManD, M.
VincentE (. AvcoBek, M.D., Pn.D.;} Jous O
ArcHameEau, M.1).;¥ RoserT B. Aroxson, Pu.D;
Joun L. Bateman, M.D.; WencesLao Carvo, M.D,,
Pu.D; Wuiiam H Ciopr, M.D.;t Srencee L.
Comserrorp, Pr. ).+ Haxs Cortier, M. D.; ALegrY
F. Derous, Pu.D; Rocer C. D Mevtrer, MDD
Lupwig E. Fainenpecen, MDD, Samver Fivg, M.D;
Tieonos M. Flieoner, MDD} RicHarp L. Gornen,
M.D.;1 Ricnarp A. Hammerstrom, Pu D Epwin R
Hucnes, M.D.; Bven-Aace Kizimany, M.D.* H. ]
Kocn, M.D.;} Rosert C. Kruseer, PrD o * Lous
C. Lax, M.D.;f Grorae C. Marneg, DV M. Pul2;t
Niees O, Niersen, D.V. M. ; NicovLas QDARTCHENKO,

“Terminated prior to June 30, 156t.
**Transferred prior to June 30, 1961,
tEfective July i, 1951.
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RESEARCH CENTER

Department Secretarial Stafl - GErRTRUDE F. Brewg,
Hiexn L., Brown ** Grace De Paoro; RAES, (zmr-\g‘im.
Anice B, Grrnn; Avicr A, Kiesoing, Looa E, Kopp
Eirern M. Murray; Lrizanera M. Pey RDSKE
Varpora C. SEcerpafr; Mary Smrri; Logg M
Thitnexn; Barbara L. Van Bosed; Avice M. Wagygy

Department General Services Staff - Josepu (,Akn,wm,t
Suarox R, Carter; BErtaa Coxway:; Evaer B, (]Qx
Wanpa McK. CreLLer; CHakues GoLbMan, Pa Qy .
Warter G, HanseN; Beatnice A, Korier*™* ‘vmcmu
C. Moore; Teresa I Van DervoorT; Maria S, Wevnaxy,

LABORATORIES
RESEARCH CENTER

M.D.; Paun 5. Papavasiuiou, M.DL; Bener H
Persson, M.D. 1 Davin C. Price, M.D,;, Kanmi R,
Rar, M.B., B.5.; Perer (. REizenstrIN, M.D :»
EckarT Scuackow, M.T0;7 Lewrs M. ScHirrgg,
M.D.;t Bricrrre Scnurtz, M DT Yukio SHicera,
M.D.;t Lawrence Siiver, M.D.; Danrer N. SLATKIN,
M.D.; Marcotm G. Ssmicay, M.D.; Saxeorn C,
Srraracen, M.D.; Encar A. Tonna, P Y. Lucas
Yanmamoro, M. I

Research Collaborators in Residence - Jonrn L. BATEMaN,
M.t SrevNcer L. Commerrorp, Pa.D.; Paul D,
Doorax, M.D.;1 Luowic E. FEinespegeN, M. Dt
Congap T.O. Fone, Pu.D.; Fraxcise GREGOIRE,
M.D.;* Cornenius R. Jansen, MLB., CH.B.; Croone.
Hoox Kang, M.} Jurien Marc-AureLg, MLID.

Research Collaborators holding primary appointments in
other departments, but assigned to the Medical
Department — CHarces G. Amato, B.S,; Hassan
Parsianeour, M.S.

Technical Cotlaborator - Wen-Snur 5. Hwang, M.S.

TECHMICAL STAFF

Scientists’ Assistants — EMiL Apasuik; James R Cassioy;
Cowrnenia A. Corcoran, B.S.; Auina R, CoMmERFORD,
B.A.;** Fraxk W, Dunn; Tap Konikowskr, MLA;
Samurr T. MicLer; Jors Prazin; Pave N, ReuLy,
M.S.; Burnerr H. Serceck, B.S.;* Rita F. Straus,
M.S.; Lokraine M. Tassivary, B.A.; Pauvr M. Tocar,
B.A*

Technical Assistants - KATHERINE Coxguivg, M. T..
Lawgrence M. Cook; Ricnarp J. Durose; James T.
GiosmarTin;** Jane K. Gurison; ErnesT A, GUsMaND,
M.A; Jacouruing M. Hacter,* Heven M, Hamer,
B.A.; MarTHa A Heine, B.A; Baksara E. HoMEYER,
B.S.; Bernice K. Jorwnson, B A.; Fromewce L.
Ker, B.A;* Witniam P Lenman, MA; Naowm
MevpeLsonn, M.A.; Ricnarp Okura; MiLpred




o, BS Max AL Sensarnae BS Whiraw A
cyoe R Siee; Domis N Teazer, BA

PavaLE
J0TT: C
Trosas WELDON. _ _ _
\boratory Services Assistants - (.J'l“l'u.th‘ [FTH AR PR
'””_EN G. Tostex; Frances M, Grerx; Wanna M.
ALCKSON; ArLLETTA Pack; Aanes A, RoMarp.

STAFF OF

OF THE MEDICAL

MEDICAL STAFF
hief of Staff - L E. Farr, M.ID,

MEDICAL SERVICE

.ef of Medical Service — Lewis K. Danr, M D,
wending Physicians — Grorce G. Corzias, M.D;
EvceNe P. Croxkite, MD,; Ropert AL Love, M.D;
James 5. Roperrsun, M., Pu.D.; Ievive L.
Sonwartz, M.D.; Warton W. Sareeve, MDD, PuD ;
wirLiaM Wolins, M.D.

ssociate Auending Physicians - Donarp C. Borg, M.I);
LawrENce Siever, M.D.

wistant Attending Physiclans - Vicror P, Boxp, M.D,,
Pu.D.; Ronert A. Conarp, M.D.;Enita M. ForsvTh,
M.B., Cu.B.

sociates in Medicine — Apeas AjacgurMann, M D),
Joun O. ArcuamBeau, M.D.;T Joun L. BateMan,
M.D.; Winciam H. Crope, MDD Hans CorTikr,
M.D,; Rocer C. De MrorTER, M. Pave DL BooLan,
M.D.;f Lupwic B Frivexpecen, M.D.; Samuee Fisg,
AM.D.;, Tueovor M. Fruepner, M.D; Riciiarp L.
Goroen, M. D ;1 Franciwe Grecotrp, M.IY. * Epwix
R. Hugaes, M.D.; Cornrrius R, Jansex, M.B., Cu.B.;
Sven-Aace Kitzmasy, M.D;* H.J. Kocu, M.D.;t
Lous C. Lax, M.D.; ¥ JuLiex Marc-Aurerg, M.D.;
Nicotas Opartesienko, M.D.; PavL §. PapavasiLiou,
M.D.; Bexct H. Persson, M. Dt Davip C. Price,
M.D,; KanTi R, Rar, MB., B.S.; Perer G. ReizensTrIN,
M. * Eckart ScHackow, M. D.;} Lewis M. ScHIFFER,
M. D BricirTe Scuurrze, M.D.; 1 Yukio SHiGETA,
M.D.;7 Laweensce Siiver, M.D.; DameL N. ScaTkin,
M.D.; Marcorm G, SmiLay, M.D.; Sanrorp C.
SrrRARAGEN, M.D.; Y, Lucas Yamamora, M.D.

PATHOLOGY SERVICE

hief of Pathology Service - Sruart W. Lirrincorr, M.D.
sociate in Pathalogy -~ WexcesLao Carvo, M.D,
PuD.
ssistant in Pathology - Vincewte C. Avcoerg, M.D,
Pu.D.t

MEDICAL SUPPORTING STAFF

hemist — Dovarp D, Vax Stvke, PuD.
ssociate Chemist — Warter L. HreHes, Pr.D.

*lerminated prior to June 30, 1951,
tEffective July L, 1961,
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Veterinary Service Assistants — FRaxk Savawrse, Super-
visor; Axrone B Crituk, Jr; Kevvern Cosroy;
Frank ]. Dactaco; Tnomas Fo Ketey, Josurn Kessy;
Wirnian O Lorenz, Marics W, Meliwer: Kesvern
C. Packer; Frepvrick W, Rureerr; Jorx Scnnnltsg
Vinoent [0 Vorsn

THE HOSPITAL
RESEARCH CENTER

Assistant Chemist - Lawrresce V. Haxkes, P
Bacterologist - Ruin M. Drew, Pu. D,
Puarasitologtst — Ricnarp D, Stonek, Pr.D,
Histologist — Evcar A, Towvas, Pu.D.

Medical Physicist - ELmer E. STickiey, Pu.D,

NURSING STAFF

Nursing Supervisar — Rura C. Korsos, R.N.

[Head Nurses - Veronica H. Brooxs, R.N Marny W,
Covie, RN, Mary A, Crag, RN MarTtHA J. Hin,
R.N.; Rosemarie G. McCaxy, R.N.; JoskpPuine
O’'CoxNEiL, RUN.

Assistant Head Nurses - Lerse M, Hicien, RUNL Leons J.
Koxon, RN * Brra U McGonigre, RN VirGiNgs
M. TroosT, RN,

Floor Nurses — Fr.orence P. Cantrecr, RN, Leay C
Crorr, RON.; Mager R, Daves, R.N.; Mapivyx
Ereszer, R.N.; CaroL Axx Exncer, R.N.; MaseL
Gonpora, RN Virainia R, Hareacu, BN Mary
C. Hascsax, R.N.; Katuryy O, Hickev, R.N_; Rutu
8. Leca, R.N.; Amanna McGuire, R.N.; Dorotuy D,
Moorr, RN * Jumte E. NewpkLl, RN ;* Mary E.
Rare, R.N.*; Jovce M. Scurorpzr, RN, Joas L.
Snane, R.N.; Rurn E. Swezey, R.N.; Mavreev H.
Tervenivg, RN Nanoy H. Vax Noruan, RN
Artce E. Van Wanrt, R.N.; Luias [, Wurte, R N ;
Hanxyan B, Woobpsox, RN.;* Eova W, ZorLo, R.N.

CLINICAL SERVICES STAFF

Dieticians - ANTOINETTE Catazzo, A DA Noama G.
GiLieswie; Mioreo G. Mertzcer.

Pharmacist — Cuaarces Goromaxn, PH.Ca.

Medical Records Librarian - Amanba L. Hazrisox,
R.R.L .

Qccupationa! Therapist - Evizaretin G, Owexs, O.T.R.*

Physical Therapist ~ Siovey W, Juncrers, PRT. (B.5.}

X-Ray Technicians - Donap F. Sacker, R.T; Micizar.
Straving, R.T.

Flospital-Laboratory Associates - Paguira 8. Bag~nme,
B.A.; Norsma L. Beniscn, B.3.; Dororny H. Driscors,
M.A.;* Epwarp A, Fowier; Caror AN NAGELE,
B.S.;* DoroTHEA R. RirPERGER; NaNcy ROETTINGER;
Hrnorixa Rozemever, B.5.;* Caroryn Si1EVERS;
Jaxis J. Vitors, B.S,; Wirtiam J. Veoanaxis, B.S.;*
ArFrep . Wirnniams, B.S.

Hespital-Laboratory Services Assistant - DoroTay M.
Dioci:arpo,




|
|
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Dietary Service Assistants - Nora Borsver; Joun ], Th
Micnece; Epmunno FERNANDEZ; Jossrit Fonraninra*
5a1vaToRE I GERARDI; Saran A Hamin:®* Wiiiiau
A. Jamres; Avrrrep Krement, Paurn J- Mreovix:
AMBROSE ], Miscavisi

Hospital Services Assistants - ELEavor M. Avprrsox;
ALFRED CELENTANO; JEaNETTE Fiscnor; Anwe |

STAFF OF THE

MEDICAL STAFF

Chief Industrial Physician - Rosert A Love, M D.
Assistant Industrial Physician — Emrrt M. Forsyti, MB.,
Cn.B.

CLINICAL SERVICES STAFF
Clinic Nurse - HELen R. Stery, RUN.

INDUSTRIAL

Groaes; Mary Greeses; Harry L. Hanwins; Hargyp,
R Elaswins, Pavrick Hicoing; Grorce W, Hm'mnm_y;
Janmes A Hostey; Tueovore R. Jonxson; Ingis i
Jusiss: Soeie 8, Ksse,™ Liny S, Laspeck; Howagg
Marcnmavser;* Terzsa Misiave; Roperr T
NicHoras: Martra B SgjoLn;® Joun Seiva; Mia by,
WILLTAMSEN.

MEDICINE CLINIC

Clinic-Laboratory Associates — Evtzapsrn M, BrLoxsow,

Goroon F. Corrin, Norma PobLaskl, M T.; Donarg
R.Sacker, R.T.; Joves A, Sims; MicHAFL S‘rR,wmo,
R.T,; Nancy D. Warner, B.A

Clinte Services Assistant - James PENDOLA.

Clinic Laboratory Service Assistants - Avlce ALBRiIco,
Mapevive M. Havrrock *

STAFF FROM OTHER DEPARTMENTS

HEALTH PHYS{CS PERSOMNNEL
DETAILED TO MEDICAL DEPARTMENT

Crarcres Froop; Omar Keiti Heericar, M.S.; CHARLES
Memwnonp, M.8.; Epwarp Scaisky.

*Terminated prior to June 30, 1961.

REACTOR DIVISION PERSONNEL
ASSISTING AT MEDICAL RESEARCH REACTOR

Technical Supervisor of Reactor Operations — RoserT
W. PoweLr, B.S.
Technical Assistant — Dantee. B OLpHAM.

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

Reading from left to right, SeaTeD Row: B.5. Ray, JE.
Smadel, T. Francis, R.A. Moore, M. M. Wintrobe, A.B.
Hastings, D.D. Van Siyke, J.C. Bugher, V.P, Bond, LK.
Dahl, G.C. Cotzias, R.A. Love, F.C. Weod [Trustes}, and
W.H. Sweet (Trustee). SECOND row: O.D. Easterday, L.V.
Hankes, E.E. Stickley, J.5. Robertson, W.L. Hughes, |.L.
Schwartz, E.P. Cronkite, W.W. Shreeve, R.A. Conard, S.H.
Cohn, R-M, Drew, R.D, 5toner, and E.A. Popence. THIRD
row: W.A. Finn, D.C. Price, W. Calvo, J. Morc-Avurele,
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E.A. Tonna, W.5. Hwang, R.B. Aronsan, Y.L. Yamamoto,
D.C. Borg, and E.R. Hughes. FOURTH row: 5.C. Spraragen,
N. Odortchenko, LE. Feinendegen, P. Popavasiliow, N.Q.
Nielsen, J.L. Boteman, R.C. De Mevutter, K.R. Rai, C.R.
Jansen, R.A. Hammerstrom, snd $.L. Commerford. Not
picTuren: L.E. Farr, EEM. Forsyth, W. Wolins, 5. W.
Lippincott, H. Cottier, A.F. Debons, L. Silver, M. G, Smilay,
S. Fine, A. Alaghemand, and D.N. Slatkin of the Medical
Staff, and W.T.5. Thorp of the Visiting Committee.




VISITING COMMITTEES
Applied Science

Epwarp C. Creutz Roeear C. AXTMANN

General Dynamics Corporation Princeton University
WarrEN C, Jonnson, Chairman ARTHUR KaNTROWITZ

University of Chicago Avco-Everett Research Laboratory
THEeos ]. THOMESON® SuELBy A. MiLLER

Massachusetts Institute of Technolegy Argonne National Laboratory
Jouxn Turkrvics Frankriy K. Moore

Princeton University Carnell University

Trustee Member: MiLton G. Waite, Princeton-Pennsylvania Accelerator

Biology

Freperic M. Ricnarps, Chatrman Epwarp NovITsK1

Yale University University of Oregon
Aprian M. S5ra Wieiam H. STEIN

Cornell University Rockefeller University
FrankLiw Hutcuinsos AnDRE T. JAGENDORF

Yale University Cornell University
Lawrexce B. SLoroDxrIN FoLke Skooc

State University of New York at Stony Brook University of Wisconsin

Trustee Member: ALLyN W. Kivrart, Johns Hopkins University

Chemistry
WrLiiam vox E. DoerinG, Chairman 5.1, WEssMaN
Harvard University Washington University
WarLTer H. StockMAYER N. Bruce Haxnay
Dartmouth College Bell Telephone Laboratories
HarrisoN SnuLr Jonn O. Rasmusser, Jr.
Indiana University Yale University

Trustee Member: Josrn C. Evain, Princeton University

Medical

Staniey E. Braprey, Chairman Henry GEORGE K1INKEL

Columbia University Rockefeller University
Joseprd F. Ross W.T.8. Taore

University of California ar Los Angeles Uuniversity of Minnesota
Jacos Furtu Joun M. BucHanaN

Columbia University Massachusetts Institute of Technology
Joun C. Kesprew Cuarces L. Duviiam

Cambridge University National Rescarch Counceil

Trustee Member: Louts H. HempeLmaxn, University of Rochester

Physics

Nicoraas BLoEMBERGEN, Charrman L. ]. LorcrEN

Harvard University University of California at Berkeley
T.I} LEE Worrcaxag KLH. Pasorsky

Columbia University Stanford Linear Accelerator Center
Warter Kokin SteruEn L. ADLER

University of California at San Diego Institute for Advanced Studv
TruoMas [LAUKITSEN Lrok Mapansky

California Institute of Technology Stanford Lincar Accelerator Center

Trustee Member: Verxon W, Hucurs, Yale University

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

AGNEW, Couvie H., M.
' Radiologist
Eniversity of Kansas Medical Center
Kansas City 12, Kans.
_ALBER'T’ Rovy E‘, M.D.
Associate Professor of Industeial Medicine
New York University-Bellevue Medical Center
New York, N.Y.
sata10, CHarLES G., B.S.
Physicist
Industrial Reactor Laboratories, Plainbore, N. J.
\NTOPOL, WiLLIANM, M1
Clinical Professor of Pathology
New York University College of Medicine, and
Pathologist and Director of Laboratories and Rescarch
Beth Israel Hospital, New York, N.Y.
ypontE, Gonzaro E., MDD,
Assistant Professor of Pathology
Jefferson Medical College
Philadelpbia, Pa.
.meeL, IRvineg M., M.D.
Pack Medical Group
139 East 36th Street, New York 16, N.Y.
rLas, Mever, Pu. [,
Professor of Biology
Yeshiva University, New York, N.Y.
TEMAN, Jouw L., M.D.t
{In Residence)
actErL, Harorn G, P,
Professor of Chemistry
University of Detaware, Newark, Del.
o5, Marces €, MDD
Jniversity of Paris Scheol of Advanced Studies, and
T'he French International Blood Transfusion Center
Yaris, France :
umBERG, Barucx, M.D., Pu.D.
Chief, Geographic Medical and Geneties Section
National Institutes of Health, Bethesda 14, Md.
sCHER, GEORGE, M.ID.
Chief, Hematology Service
Clinical Pathology Department
National Institutes of Health, Bethesda 14, Md.
opsky, Isapore, M.D,
Assistant Professor of Medicine
Tospital of the Unjversity of Pennsylvania
*hiladelphia, Pa.
s>wi, Raymone R, Pu.D.
\ssociate Professor of Surgery
"niversity Hospitals, University of Wisconsin
Jadison, Wis.
‘LINGTON, HaroLD, Pu.D).
wssistant Professor of Physiology
‘niversity of Cincinnati College of Medicine
‘imcinnati, Ohio

flective Juby 1, 1961,
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Cawson, Pavrt B Je, M.D.
Assistant Peafessor of Medicine
University of Chicago, Chicaga, Il
Conrx, Cany, Pn b
Battelle Memorial Insdtute, Columbus 1, Ghio
Comsierrorn, Seescer L, Pa.D.
{In Residence)
Conn, Haprey L., Jr., M.D.
Hospital of the University of Pennsylvania
Philadelphia, Pa.
Cranny, Roperr L, M.D.
Associate Prafessor of Pediatrics
Albany Medical College, Albany, NY.
DEvLizas, NiontovLas, Pr.D.
Walker Laboratory
Sloan-Kettering Institute for Cancer Research
Rye, NY.
Doncs, Warren F., M.D.
Assistant Professor of Pediatrics
University of Texas Medical Branch
Galveston, Tex.
Daoraw, Paue Do, M.D.
Assistant Clinical Professor of Medicine
University of California School of Medicine, and
Director, Clinical Investigation Center
.8, Naval Hospital, Oakland 14, Calif.
DrEelLisG, Davip A, M.D.
Assistant Attending Physician
Mu Sinai Hospital, New York, N.Y.
Eper, Howarn J., M.D.
Associate Professor of Medicine
Albert Einstein College of Medicine
New York 61, N.Y.
Eicner, Maynarn W, BA,
Electronic Scientist
Naval Medical Research Institute, Bethesda 14, Md.
Frixnenprcrn, Lupwic B, MDY
{In Residence)
Feipstain, ArThHur M, M.ID.
Research Fellow, Metabolic Unit
Montetiore Hospital, New York, N.Y.
Fisaman, Marviy, Pu.D,
Associate in Research

Public Health Research Institute of the City of New York

New York, N.Y.

Friepyer, Tueopor M., M.D.
Fellow in Medicine
University of Washington School of Medicine
St. Louis, Mo.

Foxg, Covran T.OQ., PuD.
Department of Medicine
New York University College of Medicine
New York, N.Y. {In Residence)

Frizpkin, Morras E,, Pu.I
Chairman, Department of Pharmacology
Tufts University School of Medicine, Boston, Mass,
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Forencorr, Rosert F, ML
Professor and Chairman
Deparument of Pharmacology
Downstale Medical Center
State University of New York, Brooklyn, N.Y,
FurtH, Jacos, M.D.
Roswell Park Memorial Institute
Buffalo, N.Y.
Garvock, Wicniam B, M.D, C M.
University of Toronto, Torante, Onario, Canada
Ginrz, Lewis 1, P D).
Assistant Professor of Biochemistry
Albert Einstein College of Medicine
New York 61, NV,
Gotity, Davin, M1
Associate in Pediatrics
Harvard Medical Schoal, Boston, Mass.
Graser, Rosrrr ], M.,
Dean of the Medical School, and
Associate Dean of the Graduate Schaol
University of Colorado, Denver, Colo.
GoRBMAN, AUBREY, Pr.D.
Professar of Zoology
Columbia University, New York, N.Y.
HaLs, WiLLiam A, Pu.I)
Professor of Bacteriology
University of Tennessee, Memphis 3, Tenn,

Hanxa, Garviy, Pu.D.

Associate Professor of Pharmacology
University of Vermont School of Medicine
Burlingten, V1.

Haroing, CLisrorn V., Jr., PuD, .
Department of Ophthalmology Research
College of Physicians and Surgeons
Caolumbia University, New York, N.Y,

Havumaxer, Weps, M.T).

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

Haymoxp, Hermax K., Pu.D.

Associate Professor of Radiology

University of Southern Galifornia School of Medicine
Los Angeles, Calil,

Hevp, Barey T, M.D,
Instructor in Radiclogy
Yale University School of Medicine
New Haven, Conn,

Hexscuke, Urnicn K., MDD, Pu.D.
Associate Professor of Clinical Radiology
Memorial Cenier for Cancer and Allied Diseases
New York 21, N.Y.

Hovimbay, Marcorsm A., M.D.

Associate Professor of Pediatrics

University of Pittshurgh, Pittshurgh, Pa.
HorvivgswoRTH, James W., M.D.

Chief, Medical Service

Atomic Bomb Casualty Comumission

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

Research Assistant in Neurosurgery

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

got1aaid

Jacomson, Jerey T, M
Clinival Professor of Ophthalmology
New York Polyclinic Medical Schont, aned
Director, Department of Electrophysiology

New York Eye and Ear [nfirmary. New York, N Y.

Janovskn Niwenas A MDD
Depaniment of Obstetries and Gynecology
Colnnbia Presbyterian Medical Center
New York, NY.
Jansrx, Corypus R, MB., CuB.
Volks Hospital, Pretoria, Sauth Alrica
{In Residence}
Jonnson, Horton A M.D.
Agsistant Attending Pathologist
Salt Lake General Hospital
University of Utah School of Medicine
Salt Lake City 13, Utah
Jonxson, Jonw E| Jr, M.D.
Assistant Professor of Medicine
University of Texas Medical Branch
Calveston, Tex.
Kara, Gerarv R., M1
Dirertor of Ophithalmic Research
New Yark Eve and Far Infirmary, New York, N.Y.
Karsarsky, Davio A, M.D.
Associate Professor of Medicine
Cornell University Medical College
New York, N.Y.
Kerry, LoLa 5., Pa.D.
Lecturer in Biophysics and Physiology
Donner Laboratory, University of California
Beckeley, Calif,
Kierrl, GEraLDINE, Pi.D,
Research Associate in Electrophysielogy
New York Eve and Far Infirmary, New York, N.¥.
Kiiemann, Sven-Aace, M.D.
University of Gopenhagen
Copenhagen, Denmark
KLIGERMaN, MortoNn M., M.D.
Prafessor and Chairman
Department of Radiology
Yale University School of Medicine
New Haven, Cann.
Koruay, Samuer, M.D., Pu.D.
Assistant Attending Physician
Montefiore Hospital, New York, N.Y.
Kronn, Davio L, M.D.
New York University-Bellevue Medical Center
New York, N.Y.
Kruecer, Rosert C., Pn.D,
Associate Professor of Bilagical Chemistry
University of Cincinnati College of Medicine
Cincinnati 9, Ohia
Larrzare, Parviz, M.D,
Medical and Hematology Service
Mentefiore Hospital, New York, N.Y.
Laurer, Gerarn R, BSEE, M S,
Instructor, Department of Industrizl Medicine
New York University—Bellevue Medical Center
New York, NY.

[LiFrvRE, Pavit
1)cpar1m(?n1. i
University af |
Louisville, Ky

LEVINE, HARRY,“
Associate Proft
University of 11
Galvestor, Tex

[LEwWIS, WinLlam
195 East 64h *

LORING, MARVIN
Assistant Proft
Cornell Unives
New Yark, N.*

LOWREY. AusTin
Chief, Ophtha
walter Reed !
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A aLls, LEONARD
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Ikpartmem ol
st Sinai Hosy

4{4RG-AURELF, ]
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W ason, RICHARD
Assaclate Prolt
Seton Hall Col
Newark, N. J.

Mauvtner, HENR
Assistant Prole
yYale Universit’

MaxpieLT, My1s
Chief, Physical
{5, Army Bio
Fort Detrick, 1

MaynarDp, Lavs:
Departmenit of
Downstate Me
State Universi!

Miver, JaMEs V
Department ol
University of 7
Galveston, Te:

Meveg, LEo, ML
Director of La

South Nassau
Oceanside, N.
Murer, C. Prur
Prolessor of M
University of 4
Chicago 37, 11
Mironan, Irviy
Public Health
New York, N.
MovLosEy, WL
Tufts Univers
Director of Cl
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Najac, Hagorn W M.

Resident Fellow

New York Eve and Ear Infirmary, New Yark, NUY.
Nasi, Jos §b, Pu.l)

Associate Professor of Pharmacology

University of Texas Medical Branch

Caalveston, Tex.
Nierses., Nes O, DV.ME

College of Veterinary Medicine

University of Minnesota, St. Paul 1, Minn,
Pace, ArRTirr R, MDD,

Department of Pediatrics, University of Minnesata

Minneapolis, Minn.
Pasrer, Rossrr B, Pu.D.

Battelle Memorial Institute, Columbus, Ohio
Pawnianrour, Hassan

T'ehran University, Tehran, Iran {In Residence}
Patrrrson, Marcer, M.D.

Associate Professor of Internal Medicine

University of Texas Medical Branch

Galveston, Tex.
Prrvan, Viceor, D.V.M.

Tnstructor, College of Veterinary Medicine

Univessity of Minnesota, St. Paul 1, Minn.
Prusorr, Winiam H, Pa.D.

Associate Professor of Pharmacology

Yale University School of Medicine

New Haven, Conn,
Rair, Joserd Enpwarn, M.D.

Chief, Clinical Enducrinology Branch

National Institute of Arthritis and Metabalic Discases

Bethesda 14, Md.
Rasmussen, Howarp, MDD, Pl

The Rockefeller Institute, New York, NUY.
Rav, Bronson 5., M. T

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

Karolinska Institute, Stockholm, Sweden
Rosg, 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, Hararv H., Pu.D.

Associate Professor of Radiology

Radialogical Research Laborataries

Columbia University, New York 32, N.Y.
Rusin, Josere R., M.D.

Chicf, Radivisotope Service

Veterans Administration Hospital, and

Southwestern Medical School, Dallas, Tex.
Sanpers, Benjasix E., Pu.D.

Merck Institute for Therapeutic Rescarch

West Point, Pa.

Scanu, Ancero M., M.D.

Research Associate

Cleveland Clinic, Cleveland, Ohio
Scatiaer, James Ho, M.D.

Yale University School of Medicine

New Haven, Conn.
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BciriNgerG, Ispaer H, M.D.
Professor of Medicine
Yeshiva University, New Yark, N.Y.
Scuroern, Paur R, M.D,
Assistant Professor of Surgery
University of Kansas Medical Center
Kansas City 12, Kans,
ScnNEner, Martiv, M.D.
Professor of Radiology
University of Texas Medical Branch
Galveston, Tex.
Scwariz, Ropert, MDD,
Associate Professor of Pediatrics

Western Reserve Schoal of Medicine
Cleveland, Ohio

Suav, Hargy, M.D.
Professor of Clinical Medicine
Termple University School of Medicine
Philadeiphia, Pa.

SHELLABARGER, CLAIRE ., Pr.D.
Professar of Zoology, and
Coordinator, Kresge Laboratories

University of Michigan, Ana Arbor, Mich.
SueMix, Davip, MDD,

College of Physicians and Surgeons
Columbia University, New York, N.Y.
Sinex, F. Marrort, PRI,
Professor and Head, Department of Biochemistry

Boston University School of Medicine
Boston, Mass.

Soper, Avssrr E., Pr.D.
Head, Department of Biochemistry

The Jewish Hospital of Brooklyn, Brooklyn, N.Y.
SonpHAUs, Cniaries A, Pu.D,

Biophysicist
Donner Laboratory, University of California,
Berkeley, Calif.
Sorexnses, Dars K, DV .M., PuD.
Associate Professor
Division of Veterinary Medicine and Clinics
Caollege of Veterinary Medicine
University of Minnesota, St. Paut 1, Minn.
Spencer, HerTa, MDD
Physician-in-Ghief
Metabolic Research Unit
Montefiore Hospital, New York, N Y.
StesNFeLD, Jusse L, MDD,
Assistant Professor of Medicine
University of Southern California
Schoot of Medicine, Los Angeles 33, Calif.
Stoncman, Freoerick, Jr., M.
National Institutes of Health
Bethesda 14, Md.
STRICKLER, James C,, M,D.
Instructor in Medicine
Cornell University Medical Collcge
New York 21, N.Y.
Surow, Wartaru M., M.D.
Associate Pediatrician

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

00194917

Spsr-Gyoroyy, Avorry, MDD Py,
Chinf Investigator

Vnstitute of Muscle Research
Marine Biological Laboratory, Woods Hole, Magg,
Taviiy, Grorge V., Py D,

Chiel, Nuclear Radiology Division, Department of

Muctear Medicine and Radiation Biology
University of California at Tos Angeles
Woest Los Angeles, Calif.
Terres, GEronmva, Pa.ID.
Assistant Scientist and Assistant Professor
Deparrment of Physiology
Stanford University, Stanford, Calif,
Trovas, Jous, M.D,
Associate Professor of Medicine

Mcharry Medical College, Nashville, Teno.

Toore, WT.S, DV M.
Drean, College of Veterinary Medicine
Untversity of Minnesota, St. Paul 1, Minn.
Tratrrvan, Roprs, P,
Biophysitist
Plum Island Animal Discase Laboratory
Greenport, N.Y.
Truax, Wavne B, M2
Deparument of Medicine

University of Texas Medical Branch
Galveston, Tex.

Tstya, Axiga, M.T2
Professor of Radiology
Yokohama Municipal University
Yokohama, Japan
Usenik, Eowarp A, M.D,, Pu.D.
College of Veterinary Medicine
University of Minnesota, St. Paul 1, Minn,
Vicuwa, Xuaena C, M.D.

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

vox Forrster, Heivz, Pa.D.
Department of Electrical Engineering
University of Tilinoks College of Engineering
Urbana, IIL
Wasserman, Lous R, M.D.
Director, Department of Hematology
M. Sinai Hospital, New York, NY.
WeLen, Arvols D, M D, PaD.
Chairman, Department of Pharmacelogy

Yale University School of Medicine
New Haven, Conn.

WiLrigan, DoxnaLo A, DV M.
Instructor, College of Veterinary Medicine
Michigan State Univessity
East Lansing, Mich,
Wrigstt, ThoMmas L., M.D.
Instructor in Medicine
University of Cincinnati College of Medicine
Cincinnati, Ohio
Yaxaviev, Davip L., M.D.
Curator, Warren Anatamical Museum, and
Department of Neuropathology
Harvard Medical Schoot, Boston, Mass.
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TECHNICAL

M.
Eye and Ear Infirmary, New York, N.Y.
CJuiianwa M.
Eye and Ear Infirmary, New York, N.Y.
Er W, BA.
‘ollege of Medicine, New Yark, N.Y,
liriam B.
University, New York, N.Y.
~D
of California at Berkeley, Berkeley, Calif.
1OLYN
iroadway, White Plains, N.Y,
James J.
Tass.
san H.
t of Public Health
ifornia, Berkeley, Calil.
Suw 3, BDS, MS.
|CE)
L.
w Communites Hospital, Oceanside, N.Y.
M.
i University of Pennsylvania, Philadelphia, Pa.
M.
. of Internal Medicine
[ Utah School of Medicine
iy 15, Urah

COLLABORATORS
JULY 1, 1950 — JUNE 30, 1961

Lorenz, Ann F.

Department of Medicine and Radiology

Albert Einstein College of Medicine, New York, N.Y.
Maisky, Stancey ], M.S.

Radiotherapy Physics Section, and

Head, Physics Laboratory

Veterans Administration Hospiral, New York 33, N.Y.

Mitier, Inez

South Nassau Communities Hospital, Oceanside, N.Y.

Perkins, MYKELL A,

c/o Dr. L.I. Malis

Department of Neurasurgery

M. Sinai Hospital, New York, N.Y.
Savomon, Patricta A,

Brandeis University, Waltham, Mass.
Scuneiper, Martin F.

Yale University School of Medicine, New Haven, Conn.

ScotT, WaLTER N,
New England Genter Hospital, Bosten, Mass.
SeLLEck, BurseLL H.
Department of Phystology
University af Rochester School of Medicine
Rochester, N.Y.
SupesoroucH, H.5,
Department of Physiclogy
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!' = Cowviv H. Acxew, M.D.; Joun E,
.M.D; Jog B. Nasu, Pu.D,

arcs P Annes, MeLvin E. Crouse, Denny
Gary E. MiLier, Irving L. SELigman,
‘HAFFER, CLauDE B, TATE, FRANK WEBBER.

SUMMER SESSION 1940
hool - University of Texas Medical Branch.

ersity of Texas Medical Branch, Galveston,
ldress of C.H. Acvew, University of Kansas
tansas City, Kana,

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

‘exas Medical Branch, Galvestan, Tex.

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

‘incinnati College of Medicine, Cincinnati,

0019913

Faculty Members® - Hazry Levine, M1}, Pu.D,;
James V. Mever, Jr., M.D.; Jor B. Nasu, Pu.D.;
Paut R. Scuroens, MDD, Martiv Scuseiper, M.D;
Wayng E. Truax, M.D.

Students’ — James D. Bracksurws; ANNe R Cook;
Joseen D. Narr; Huon F. Stecarr, Jr.; Winoiam
K. Zung.

SUMMER SESSION 1941

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

Faculty Members - HarorLp BuriuingTow, Pu.D.;*
Herman R. Havsmono, Pr.D.;* Marvin F. LoaiNg,
M.D ;! Mancer Patierson, M.D.;° MarTin SCHNEIDER,
M.D.;? Jesse L. SreinFeLD, M.D.;* James C. STRICKLER,
M.D.;* THomas L. Wargar, M.D.#

Students - James A. ALroms;® Ep F. BavoutH;? Jouw
Pave Boarp, Jr.;? Joun T. CeLENTaNO;> WiLLIam R
Hazzarp;* ALva EGGENE Jackson;® James Lu-Meng;*
Donarp B McMegkeN;” Dexnis O'KEerFE;' RICHARD
Portvoy;® Witntam T. Stumessorp;’ StawpLev J.
WarksMan.®




STANDING COMMITTEES AND SPECIAL
OF THE MEDICAL

OF MEMBERS

ASSIGNMENTS
DEPARTMENT

FISCAL YEAR 1962

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

Assistant Chaieman, Medical Department - Victonr P
Boxn, M.D., Pu.D.

Assistant Chairman, Medical Departrment - STUarT W,
Lieervcort, M.D.

Senior Advisor - Doxaro D. Vas Suyke, Pr.D.

Executive Associate and Hospital Administrater - W.
Arvorp Frun, M.S,

Executive Assistant - GEORGE A. Jackson, BA,

DIVISION HEADS

Vicroe P. Bano, M.D., Pu.DD. (Microbiology); Georce
C. Cotzeas, M.D. (Physiology); Evaene P. CroNkITE,
M.D.(Experimental Pathology); Lewis K. Danc, M.I:
{Hospital); WarTer L. Huangs, Pa D). (Biochemistry);
RoBerT A. Love, M.D. (Industrial Medicine}, James
S. Roseryson, M.D., Pu.D. { Medical Phyvsics).

HOSPITAL 8OARD

Lee E. Farg, M. D, Chairman; Lewis K. Dasc, M.D
W. Arvorp Fixn, MLS_, Secretary.

STAFF ACCREDITATION COMMITTEE
OF THE HOSPITAL OF THE
MEDICAL RESEARCH CEMWTER

Lewts K. Dann, M.D., Chairman; Rosert A. Cokarn, M.D.;
Evcexe P. Crowktre, M.D.; Ropert A. Love, M.D.

HOSPITAL CLINICAL SERYICES COMMITTEE

Ryt M. Drew, Pu.D., Chairman; Wencestao CaLvo,
M.D., Pr.D.; Lawrence V. Haskes, Pu.D.; Epcar
A, Tosna, Pu.D.

MEDICAL RECORDS COMMITTEE

Lewis K. Dant, M.D., Chairman; Amaxpa L. Harrison,
R.R.L.; W. Avvorp Finn, M.S., Administrator:
Rosert A. Love, M.0., Ex OHficic; Vicror P. Bonn,
M., Pu.D.; Stuart W. LierincorT, M.D.

LIBRARY COMMITTEE

Doxarp C. Borg, M.D., Chairman; Ricsarp A,
HasmsersTROM, Pr.D.

SEMINAR PROGRAM CHAIRMAN

Sanrorp C. Seraracex, M.D.

COMMITTEE ON USE
OF RADIQACTIVE I15QTOPES iM PATIENTS

Evmer F. StickLey, Pa. D, Chairman; Leg E. Farr,
M.D., Ex Officio; James 5. Ropertson, M., Pr.D.,

001997y

Ex Officio; YVictor P. Bonp, MDD, PrD; Pauc s
Papavasicion, M D Davio C. Price, M.D.

CHIEF, GRADUATE MEDICAL EDUCATION PROGRAM

STuart W. LiepivcoTT, M.

CHIEF, PROFESSIOMNAL STAFF
MNUCLEAR MEDICINE TRAINING PROGRAM

J-8. Rosextson, M.DV, Pa D2,

17

CAIEF, MARSHALL ISLANDS MEDICAL STUDY PROJECT
RoeerT A, Conarn, M.D.

VISITOR SCHEDULING

Roeert A Coxarp, M.D.: Otuo D. FEasterpay, Pu.D,

VETERINARY SERVICES COMMITTEE

Lawrence V. Hawkes, Pa.D., Chairman; Otso D,
Easterpay, PH.D.; Georce C. Martuer, DV M.,
Kanti R Rar, M.D.; Richarn D. Stoxer, Pr.D.

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

Warton W. SHReEEvE, M.D., Pr.DD., Chairman; Samuer
Fine, M.[1

LOCAL EMERGENCY PLAMNS COMMITIEE

RoBerT A. CoNarp, M., Chairman: Staxvox H. Cony,
Pu.D.; Eugene P. Cronxute, M D, W, ALVORD Finy,
M.5.; RutH C. Konsos, RN, Rosert A. Love, M.D,

MEDICAL DEPARTMENT REPRESEMTATIVES
OM BNL COMMITTEES

Craphite Research Reactor Space Committee - ELMER
E. Stiexkeey, Pu 2

Laboratory Radiation Safety Committee — ROBERT A
Love, M.

Patent Information Representative - Riciarp D. Stoxex,
Pu.D.

Laboratory Computer Committee Representative - OtHo
D. EasteRDay, PH.D.

General Safety Coordinator for Medical Department -
Lawresce V. Hanges, Pu.D.

Civil Defense Plans Liaison Officer - Rosext A. Coxarn, M.B.

COMMITTIEE ON PUBLIC DISPLAYS
FOR BNL VISITORS' DAYS

Cryne Sire, Chairman; Niva Corcoran; Tap Komxow-
ski; Mary Covig, RN,

RE:
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posp, VICTOR P,M
Radiation etlec
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Couv, STavtox H.
Kinetics of skeli
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CroNKITE, EUGENE
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Prew, Ruta M, 1}
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EasterDay, OTHO

Pharmacology :
Farr, Lee K. M.
Neutron capiut
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Haxxrs, Lawrew
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Huones, Warten
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preparation of -
LireincoTT, HTuA
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Radiation tr



\RCH INTERESTS OF THE SCIENTIFIC STAFF
OF THE MEDICAL DEPARTMENT

IMUING STAFF

Px.D.
mamimalis; kinetics of cell pro-

.
metabolism; significance of ab-

D

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

D.

enerative central pervous system

ccts; activation analysis,

»1.D.

 hermatopaoiesis; kinetics of blood

ition carcinogenesis.

ind hypertension.

f cultured mammalian cells,
v
sicology of boron compounds.

‘rapy; nuctear reactor design and
w medical uses.

PuD.

zled amino acids and tryptophan-
neoplasia; parasitologic metabolizm.
w.D.

‘eins and nucleic acids and the
ic labeled precursors.

LMD

- radiation; protein metabolism in

¥

-ntal radioactive isotepic contami-
1 exposure.

MDD, PuD.

‘havior; neatron capture therapy;
mstrumentation.

MDD, PaD.

im labels in study of carbohydrate
nin man,

'H.D.

rational critena; radiation dosimetry.
Pr.D.

on immune mechanisms; metabo-

), PuD.

-siology of amino acids; acid-base
.ology; blood gases and elecirolytes;
lications; collagen.

TERM STAFF

M.D.
- therapy.

6019415

Aronson, RoserT B, Pu.D.
Chemistry and metabolism of collagen.
Bateman, Jous Lo, M.D.
Particle radiation effects in mammatls; diagnosis and
treatment of blood dvscrasia.
Bore, DonacLp C., M.D.
Trace metal metabolism; activation analysis; radiation
effects.
CaLvo, WencesLao, M.D,, Pu.Dh
Neuropathological studies on neutron capture therapy;
histochemistry of central nervous system alfter radiation
from heavy particles.
Covserrord, Seexcer Lo, Pr.D.
lododeoxyuridine as a label for DNA.
CotTier, Haxs, M.D.
Maorphogenesis and function of hemopoietic tissue;
radiation effects in mammals.
FixEg, Samuer, M.D.
Medical instrumentation; neutron capture therapy.
Forsyth, Eprte M., ML.B., Cu.B.
Industrial Medicine Clinic.
HamMERSTROM, Ricaarn A PrD.
Effects of irradiation on immune mechanisms.
Lax, Louis G., M.D.
Sodium turpover in hypertension.
CpasTCHENKQ, NicoLas, M.D.
Foreign tissue reactions.
Papavasiion, PavL 5., M.D.
Mn™ in studies of degenerative central nervous system
diseases; radiation effects; activation analysis.
Porenoe, Eowin A, Pu.DD.
Structure and function of giycoproteins; C'* labels in
collagen biosynthesis.
Price, Davio C., M.D.
Studies of iron metabolism in blood dyscrasias.
Ras, Kanm1 R, M.D.
Applications of radicactive isotopes to clinical problems.
Scrackow, Ecxarr, M.D.
Trace metals in hypertension,
Scrwartz, Irving L., M. D,
Mechanism of hormone action - membrane permea-
bility, active transport; fat metabolism.
SerakaGeEN, Sanrorp €., M.D.
Local factors and atheroscierosis.
Tonna, Encar A., PH.D.
Biochemistry and physialogy of bone growth,; effects of
radiation on skeletal syster.

RESEARCH COLLABORATORS IN RESIDENCE

FrisenpeGeN, Lupwic E., M.I).
Nucleic acid metabolism with tritium and C* labels;
dynamics of cell proliferation.

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

Magc-AURELE, Jutien, M.D.
Renal physiology; mechanism of hormone action.



BIOGRAPHIES OF CONTINUING STAFF

VICTOR P{OTTER) BOND, M.D., FH.D.
~emior Scientist; Assistant Chairman, Medicol Deportment;
Head, Divisian of Microbiclogy;
Assistant Attending Physician,
Hospital of the Medical Research Center.

5. B. Unjversity of California at Berkeley 1943, M.,
-versity of California ar San Francisco 1943 Medical
4cer, Active Duty, U8, Navy 1943-43; Ph.DD. Univer-

of California at Berkelev 1951; Head. Experimental
halogy Branch, U8, Naval Radiological Defense Lab-
tary, San Francisco 1948-34; Scientist, Brookhaven
Ltional Labaratory 1954-38; Senior Scientist 1938-—

STANTOMN H{ARRY]} COHN, PH.D.
Scienfist

5.B. University of Chicago 1946: S0, 194%; Ph.D.

- nvsiof-radiobicl) University of Califernia 1952; Chem-

. Explosives, Kankakee Ordnance Works, Joliet 1940-

. Active Duty U5 Army 1943-46; Biochemist, Ar-

snne National Laboratory 1946-49; Assistant Radio-

ologist, Cracker Radiation Laboratory 1949-30; Head,

.nternal Toxicity Branch, Biomed Division, LS. Naval

:.adiological Defense Laboratory, San Francisco 1950-38;
- sientist, Brookhaven National Laboratory 1938—

ROBERT A[LLEN} CONARD, M.D.
Scientist; Chief, Marshall Islands Medical Study Project;
Assistant Attending Physician,
Hospital of the Medical Research Center,

B.S. University of South Carolina 1936; M., Medical
~ollege of South Carolina 1941: Medical Corps LS.
Navy 1941-36; Medical Research Project Officer, U5,
waval Radiological Defense Laboratory, San Francisco
: 948-19; Visiung Scientist, Argonne National Laboratory
1949-30; Head. Department Radiobiological Research,
Naval Medical Research Institute 1950-33; Seientist,
Brookhaven National Laboratory 1856—

GEQRGE C{ONSTANTIN) COTZIAS, Mm.D,
Senior Scientist; Head, Division of Physiclogy;
Attending Physician, Hospital of the Medical Reseorch Center.

Nationat University, Athens, Greece 1935-40; M.D.
icum laude} Harvard Medical School 1943, Assistant in
Nreurotogy, Harvard Medical Schoot and Massachusetts
General Hospital 1945; Assistant Physiciar, Hospital of
the Rockefeller Institute for Medical Research 1946-51;
Nasianal Research Councit Fellow at Rockefeller Insu-
wite for Medical Research 1931-32; Assistant to the Insti-
tute, Rockefeller Iustitute for Medical Research 1952-53;
Scienuist, Brookhaven National Laboratory 1953-55;
Senior Scientist {336 —

EUGENE P{HTCHER) CROMKITE, M.D.
Senior Scienlist; Heod, Division of Experimental Pathelogy;
Attending Physicien, Hospital of the Medical Research Center.

A.B. Stanford University 1936; M.D. Stanford Univer-
sity Medical School §941; Assistant Resident in Medicine,
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Stanford University Hospital 1841-4210 Medical Qo

U8, Navy 1942-34; Head. Hemaiology Division, Nivaj
Medical Research Insiitute 1936-34, Senior Scientig
Brookhaven National Laboratory 1953-- )

LEWIS K{ITCHENER) DAHL, M.0.
Senior Scientist; Head, Division of Haspital;
Chief of Medicol Service,

Hospita! of the Medicol Research Center,

B.Sc. University of Washingtan, Seattle 19353; M 0.
U niversity of Pemisvivania 1939 Assistant Resideny in
Medicine, Massachusetts General Hospital, Assistant in
Medicine, Harvard Medical School 1941-42; Medical
Ofcer. Active Duty V.5 Army 194245, Restdent and
Chief Resident in Medicine, Massachusetts General Hos.
pital, Assistant in Medicine, Harvard Medical Schog)
1946-48: Assistant in Medicine, Rocketeller Institute for
Medical Research and Assistant Physician, Hospital of
the Rockefeller Institute 1948-92; Senior Scientist, Brook-
haven National Laboratory 1932—

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

A.B. (biol) Marietta Callege 1934: M3, (bacter) Uni-
versity of Cincinnati 1933, Ph.DD. (med sci) Radceliffe Col-
lege 1950; D.Sc. (honj Marictta College 1938; Medical
technictan, Good Samaritan and Holmes Hospitals,
Cincinnati 1935-41; Instructor and lecturer (bacter}
Cincinnati 1938.41; Bacteriologist. Parke Davis & Ca.
1942-43; Instructor, Department Bacienology, Harvard
Medical School 1943-49; Associate Scientist, Brookbhaven
Natonal Laboratory 1949-38: Screntist 1939--

OTHQ D{UNREATH} EASTERDAY, PH.D.
Assaciate Scientist

Active Duty U.S. Naval Reserve 1943-46; B.A. {chem-
biul) Ball State Teachers College 1948: M.5. (pharm)
The State University of lowa 1950; Research Assistant
(pharm) 1948-31: Ph.D. {pharm-chem) 1953; Assaciate
Scientist. Bronkhaven National Laboratory 1953 —

LEE E{DWARD] FARR, M.D.
Senior Scientist; Medical Director;
Chairmun, Medical Department;
Chief of Stoff, Hospital of the Madical Reseorch 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. Pel. 1940-19; 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-

ror. Chairman. Moedica
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WALTER
Seniar Scientist;
Associate Chamist, Hos

5.B. {chem} Mass
1437: Ph.DD. (organ:
Stackholm 1937-38:
ate. Assistant Profess
1940-+3; Associate P
CUiniversity 1953-55: ¢
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STUART WIEI

Senior Scientist; Ass
Chit

Hospital of

Chief, Gradu:

AB. Clark Unive
cal School 19335 A
1933-36; lnstructo
Demuonstrator and
search Fellow, Ca:
wite, U5, Public b
472; Medical Offic
Discase Research
Department Pathe
of Medicine, Seat
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ROBE
Seniar Scientist
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B.A Brown U
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Senior Scientist

JAMES 5
Senior Scier
Attending Physici

B.S. (pre-mu
University of
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artmment. Senior Physician.
dory 1948-—

NE} HANKES, PH.D.
Jist;

the Medicol Research Center,
cersity 1942; M5, (blochem-
ate University 1943, Active
1944.46; Ph.D. (biochem-
msin 1949; Postdoctoral Tel-
1 1949-30; Chiet, Allorgy Sce-
ion Hospital, Aspinwall, Pa.
irookhaven National Labo-
Y32

HUGHES, PH.T.
Division of Biochemisiry;
of the Medica! Research Center,

setts Enstirute of Technology
1} 1941; Feliow, University of
v. Research Associate, Assoct-
ys chem), Harvard University
or, Chemistry, johns Hopkins
ist, Brookhaven National Labo-
mntist 1957 -

FON} LIPPINCOTT, M.D.
“hoirman, Medicol Department; T
hology Service,

edical Reseaich Center;

adicel Education Program.

929 M.D., C. M. McGill Medi-
1t Demonstrator {path), McGill
versity of Pennsylvania 1937-38;
wer {path), McGill 1836-39; Re-
tesearch, National Cancer Insii-
Service, Washington, D.C. 194(-
tive Duty, U.S. Army, Tropical
$6; Professor, Executive Officer,
University of Washington Scheol
16-55 Senitor Medical Associate,
Laboratory 14935-56; Scientist

11958 —-

EXANDER} LOVE, M.D.
i, Division of Industrial Medicine;
aital of the Medical Reseorch Center.
sty 1937; MDD Cornell University
2. Resident in Medicine, Kings
aklyn 1946-47; Medical Officer,
.ail Reserve 1943-46; Private prac-
ientist, Associate Physictan, Brook-
ratory 1947-50; Scientist 1951-52;

IR} ROBERTSON, M.D., PH.D.
‘ead, Pivision of Medical Physics;
sspital of the Medical Research Center.,

aiversity of Minnesota 1943; M.B.
~sota Medical School 1944, M.D.
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1945 Traching Assistant (physiol), University of Catifor-
nia at Herkeley 1916-47: Assistant Physiol. 1947-30; Ph.
{phvsiol ! Universiy of Califurnia at Berkeley 1949 Medi-
cal Officer, Active Duty, U8, Naval Reserve 194546
Private practice Lureka, Montana 1946 Assaciate Scien-
1ist, Broukhaven National Laboratory 1950-53: Medical
Officer. Active Duty, U.8. Naval Reserve, Medical Divi-
sion, U.S. Naval Radiological Defense Laboratory 1933-
35; Scientist, Brookhaven National Laboratary 1955-56:
Senior Scientist 1956 —

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

B.A. {pre-med) DePauw University 1943; MDD
(ndiana University 1994; American Cancer Society Feb-
tow {hiochem), Western Reserve University 194750
Ph.I. (biochem) Western Reserve University 1951
Medical Oificer, Active Duty, U8, Naval Reserve 1943~
46; Research Phvsician, Veterans Adminisiration Hospi-
tal, Cleveland 1950-52; Head, Radivisotope Laboratory,
1.8, Naval Hospiral, Oakland, Calif. 1932-34; Scienist,
Trookhaven National Laboratory 1954 -

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

B.S. (phys} Carnegic Institute of Technology 1937,
M.S. (phys) University of Pittshurgh 1940; Graduate
Student Assistant (phys} 1937-42; Ph.D. (physj 1942; In-
structor, Pennsylvanta College for Wemen 1938-42; Fel-
low, Mellon Tostitute for Industrial Basic Research 1942-
43; Physicist {Glass Research Division) Pittsburgh Plate
Glass Co. 1943-51: Medical Associate, Brookhaven Na-
tional Laboratory }931; Associate Scientist 1952-33;
Scieatist 1954 —

RICHARD D{EAN]} STONER, PH.D.
Scientist;
Parasitologist, Hospita! of the Medical Research Center.

B.A. (zooly The State University of lowa 1940; Instrue-
tor 1947-49; Ph.D. (zool-paras) 1950; Active Duty, U.S.
Naval Reserve 1240-41; U.S. Army 1942, Assistant Scien-
tist, Brookhaven Natiopal Lahoratory 1930; Associate
Scientist 1951-53; Scientist 1906—

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

B.S. {chem} University of Michigan 1803; Ph.D. {chem]
1997; Sc.B. (hon) Yale University, Michigan, Narth-
western, Chicage, London; MLD. (hon} University of Osla,
Norway; Research Chemisi, New York Experimental
Station, Geneva, N.Y. 1906, Research Chemist, Hospital
of the Rockefeller Institute for Medical Research 1907-14;
Chief Chemist 1914-49; Scnior Scientist, Assistant Direc-
tor for Biology and Medicine, Brookhaven National Labe-
ratory 1949-56; Counselor, Research Grants, Eli Liily and
Company 1951-56 {on leave fram Brookhaven); Senior
Medical Scientist {Emeritusy 1956—
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Laboratory Objectives and Program

Brookhaven National Laboratory is a national
research center in which the Laboratory stafi and
scientists from other institutions, especially those
located in the northcastern United States, carry
out fundamental and applicd research in the
nuclear sciences and related subjects as an in-
tegral part of the nation-wide program of the
Atomic Energy Commission. [t was established
4s a cooperative venture belwecen nine leading
northeastern universities {Columbia, Corneli,
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 for 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 bevond 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 scientisls and
cngineers and otherwise to assist in the dissemina-
tion of scientific and technical knowiedge.

The cooperative nature of the Brookbaven 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 ather 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 pioncering in research fields
requiring large and specialized equipment, of
making the Laboratory’s facilities available to
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visiting scientists, and ol furthering the education
and training of voung scientists, exert 4 profound
influcnice on the life of the Laboratory and on iig
planning with respeet to both staff and facilities,
Because of the constantly changing work and the
rotation of the staft, 4 maximum degree of flexibil-
ity is demanded; the continuing presence of spe-
cially skilled groups and adequate and specialized
laboratories and other lacilities are required for
the development, construction, and effective util;-
zation of advanced scientific equipments; proh.
lems of housing, transportation. etc., are accenty-
ated by the large number of scientists on termpo-
rary assignment, by the relative remoteness of the
Laboratory from centers of population, and by the
resort nature of the surrounding arvea. All these
tactors 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 siructure.

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

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

4. Rescarch and development not necessarily
of a nuclear nature but usefu] 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 laberatories 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-
1on synchrotron (the Cosmotron) which operaies
al approximately 3 Bev; a 60-in. cyclotran.capable
of accelerating deuterons 1o somewhat in excess of
20 Mev; a 3.5-Mev positive particle electrostatic
accelerator; a 2-Mev electron electrostatic accel-
erator; and an 18-in. high-intensity cyelotron that
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accelerates protoos to 3 Mev and deuterans 1o 2
\ev. In mid-1960, the Alternating Gradient
gynchrotron, which accelerates protons to energies
of approximately 30 Bev, was completed; having
andergone the nccessary testing, it is now in full
pperation for the high encrgy physics rescarch
Program. ) )

The scientific work 1s carried on by seven de-
partments and three divisions: The Physics, Chem-
istry, Biology, Medical, and Nuclear Engineering
Departments, which conduct research and devel-
opment in the indicated ficlds; 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
auclear instruments and is responsible for radia-
tion protection throughout the Laboratory; the
Reactor Division, which operates the rescarch
reactors; the Applied Mathematics Division; and
the Mechanical Enginecring Division.

STAFFING

The Laboratory scientific staff now includes ap-
proximately 335 “regular” members, 78 salaried
and 16 nonsalaried postdocteral research associ-
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ates with tenure limited to two years, and 330 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 Laboratery’s mission of conducting re-
search primarily in the more basic aspects of the
atomic energy program, and in particular the ob-
jective 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
Lahoratery’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
scicntists 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 mere
advanced research tools and facilities, the scientific
staff may double its present size in perhaps ten
years.
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The Medical Department Program

Lee E. Farr, M.D,
Medical Director and Chairmon, Medical Depariment

To distinguish certain efforts in the ¢linical and
scientific practices of medicine peculiar to our
times, the term “‘nuclear medicine’ 1s becoming
established in our lexicon. Nuelear medicine may
be defined as that field of medicine which seeks to
obtain diagnostic or therapentic advantage through
the utilization of the properties of particles result-
ing from nuclear transformation and from atomic
transpositions resulting from nuclear changes. It is
coacerned, then, with the fundamental particles:
the nucleus, the alpha particle, the neutron, the
neutring, the meson, the pion, and other identified
high-enecrgy particles. Beta and gamma emissions
as manifestations of nuclear changes may be uti-
lized. Tr: these aspects nuclear medicine differs
markedly on the one hand from radiclogy, which
is concerned with clectromagnetic 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 problerns of decontamination of man,
and to develop an understanding of such radiation
effects in man as may nced to be effectively com-
batted.

The research program of the Medical Depart-
ment concerns liself with the biclogical 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 seught of special situations which may
be appticable 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 isolope selection and that radiation
dose may be held t0 a minimum. Gamroa 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 highiy
orgamzed 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 gencral 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 sirenuous cffort is made fully to
preserve 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 basts 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
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appears to hin to be the path leading 1o the most
rewarding elfort, there will emerge a program
achicving the most productive employment of
availlable knowledge, skills, and equipment. The
new ideas lor research must come from individ-
uals, and 1a turn these will derive [rom experi-
mental testing of hypotheses of each scientist with-
in his vwn field of greatest competence.

Although research is the primary objective of
the Medical Department, varicus aspects of edu-
cation are inextricably blended inte the frame-
work of the investigative program. The special
[acilities of Brookhaven National Laboratory,
the objective of Associated Universities, Inc., to
assist other institutions by making these intricate
and expensive devices avaitable to qualified scien-
tists, the responsibility of the Iivision 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 exploratiou 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 [TS ORGANIZATION

The scientific staff of the Medical Department
is limited in number by policy and design o forty-
cight full-ime, 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 cal-
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, Biochemistiry, Ex-
perimental Pachology, Physiology, Microbiology,
Medical Physics, and Industrial Medicine -
functionally it operates as a single unit with no
jurisdictional barriers impeding activitics within
the Department,

Sinice 1t is the policy of Associated Universities,
Inc., that a large fraction of the staff shall be
rotated in order that universities rnay 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 enthustasm brought
to it from universities and institutes, there s a gen-
crat policy limiting the time a man may remain
on the stafl at Brookhaven in its several ranks of
term appointments. On term appoiniments 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 & scicntist or SeMor scientist is
limited to three or five years depending upon his
individual category. It is generally expected that
most terra appointees to the staff will spend ap-
proximately three to five years at Brookhaven he-
coming thoroughly qualified in the areas for which
opportunities are provided here. 1t 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 whe hold their posi-
tions under terms comparable to profes-
sorial tenure in universsty faculties.

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

C. Term scientists who hold appointmenis
for spectfic terms.

11. Parttime, Temporary Staff. In a few special
situations, part-time, temaporary appoint-
ments are given for operational reasons to
qualified persons.

[11. Rescarch Collaborator Staff.

The rescarch collaboratar staff is composed of
those holding acadewmic appointments in univer-
sities or equivalent appointments in hospitals or
institutions whao are given appointmenis to the
staff of the Medical Depariment 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
cotlaberator and to a regular staff appointee in
the Medical Department. Those holding feltow-
ships from foundations or governmental agencies
arc 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
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education programs of the Lepartment. Brog,
haven docs not award {ellowships. On the othe
hand, the Department does have a Jimited nup,
her of one-vear lerm appointments as Medicy
Associate rencwable for two additional terms of
one vear. This appointment is available to per.,
sons of all ranks in universities or mnstitutes, ang
it is available to persons on sabbatical or othe
leave from universities and institutes. In some in.
stances in these an-lcave categories, appointmegy
as a research collaborator in residence may be
more appropriate,

The categories of the scientific staff previously
noted are further divided into four ranks: seniop
scientist, scientist, associate sclentist, and assistant
scientist. The title medical associate carries ng
specified rank, and persons holding this appeint.
ment may be given privileges and assigned respon-
sihilities of any 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 gualified 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 abways identical, being adjusted
rather to specific interests, qualifications, and use.
Inquires regarding siaff appoinunents are wel-
comed and should be addressed to the Medical
Dircctor,

The technica!l staff of the Department is a ca-
reer staff in the same manner as is the scientific
staff. Tt is composed of technically gualified 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, tabora-
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-
sistani is a personal technical associate of a scien-
tist holding 2 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
med Lo specific duties and, although stiil re-
ing his general responsibility to the Depart-
¢ as a whole, will act as a technical associate
\-chiﬁcally designated scientific staf mem-
wolding an indefinite appointment ar, in spe-
nstances, a term appoiniment as scientist or
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higher. Other types of specialized professional
training and skills are represented by the nursing
stall, clinical scrvices staff, and the other variously
designated categories of the technical stafl.
The clerical and administrative staff furnishes
those services 1o the Department as a whole.
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The rescarch objectives of the Medical Depart-
ment are centered on d}evclopmﬁnt of an under-
standing of the interactions between components
of iving cells and particles generated by physical
devices. Whether or not the observations are made
upon man, the mforma.t}on 15 used to cval.uaic
knowil Of 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-

sitions recurring in cells, tissues, and organs of
mammals forms the basis for continuing studies.
Particie radiation forms the core of most studies,
and emphasis s on the employment of neutrons,
protons, deuterans, and aipha and beta particles.
Intensive exploration is being undertaken with
pew techniques, equipment, and devices. This is
done under administrative arrangements that per-
mit an individual scientist to carry ou 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 malignam
tumors in man. Studies looking toward appraisal
of the reactor as a useful and practical instrumen
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, radicactive tracer methodology
forms the basis for kinetic, placement {uptake),
and metaholic 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 primaordial or
ancestral cells, which makes it possible to observe
sequential cellular profiferation, maturation, and
transfermation. In the field of environmental
medicine, clinical studies are concerned with the
imnediate and long-range effects of low ievel radi-
ation with reference to both degenerative diseases
and carcinagenesis. The role of the Department
in assisting other institutions is primarily that of
oflering 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)

}. Reactor output in relation to power level or pulse
integral {060101). Drs. EE. Stickley, .5, Robertson

The earliest phase of the Medical Research
Reactor (MRR) was the development of design
criteria in preparation for the first planning studies
in 1933. By March 15, 1939, the MRR had
progressed through concept, design, and construc-
tion, and was put into opcration. 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 aflecting 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 eone blocks to in-
corporate a shutter, {2) further modification of the
shiclding in this revised factlity, (3) increases in
the power level, (4) variation in contro] and safety
rod positions, (3) 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 resuits,
permission was given 10 operate at power levels up
to 3 Mw. In May 1960 this limir 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 efement displacement. For this reason
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operation was restricted temporarily to 3 Mw and acutrons delivered. For these purposes the prac.
a single pump on the water circuit until locking tical aspects of neutron optics are applied; mate.
devices could be fitted to all fuel elements. Opera- rials sclected for their moderating and reflecting
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{ critical points about the patient’s head. Simi-
Provisions were made for the various amimal
eriment series, utilizing ia 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-
otion. A simple pnewnatic tube device and gas
wation tank were installed in the northeast
m hole. Television and mirrors were added as
sonnel protection measures in observation
15, A maonorail was built for use in manipu-
1g foil during activation exposures.
evelopment of the devices and fixtures for all
{iation 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 ve-
from work with Fiberglas-resin container
; for the heavy water. Continued experi-
ation with the moderator ¢lement 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, 1s better control of the fast neutron
re through the closed shutter. A complete set
ty interlocks on all exposure rooms has been
‘tedd. Atlention has been given to the design
nsure 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-
annels by elements having heavy water as
ive agent, througheout the path from core
t of irradiation. Rapid handling devices are
weloped for activation analysis, pneumatic
speriments, and the possible therapeutic
tions of short-lived isotopes. A collimated
. 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-
Hl be required as part of the localizing and
lating 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 ncw, espectally enriched materials.
These advances will also rely on extension of con-
vepts 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
iustaliations (such as refrigerated or water-cooled
activation devices in the beam holes) to deliver
substances for research into the diagnastic, in-
vestigative, or therapeutic possibilities of short-
lived radioactivities.

3. Neutron capture therapy: Clinical and animal
investigation (060%).  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
ta 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 s chief ad-
vantages. The energy of a thermal neutron is very
low, about 0.025 electron valt, 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 atpha 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 stow neuwtrons in nitrogen, giving a short-range
but energetic proton, and the capture in hydrogen,
giving 2 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 therma!l neutrons of different flux; (4) the over-
ali effect on the brain as studied at autopsy by
histopathological and topographical comparison of
the radiation effects occurring in the tumer only
or in the normal tissue only, or the absence of any
effect; {3) 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 vive with the patient in the whole-
bedy 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 fack the electrical charge by which other
particuiate radiations can be detected. Secondary
effects useful in the detection of slow neutrons are
the radioactivity induced in a target or foil mate-
rizl 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 1.7310%* to 1.21 X 10** neutrons/
cm® was obtained. No immediate adverse effecis
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 pharmacclogical studies, organic boro“
campounds synthesized elsewhere are being studieq
in these laboratories. The final pharmacologiy)
testing, particularly of new compounds of Lif a4
B, must be done here. At present several iy,
organic borates that have been complexed wigy
carhohydrates are being investigated by infrareq
speetroscopy. 1t is expected that in continuing
these studies the barate-glucose complex speciys
can be evaluated, and perhaps a target elemeyn
thut is even more suitable can be employed in the
therapeutic procedure,

In addition to clinicat cbservations on the ex-
perimental procedure, the effectiveness of neutron
capture therapy has been evaluated by making a
combined wopographical and histopathological
survey of the irradiated brains obtained at ay.
topsy. The procedure is to embed the brain in tap
n celloidim, and then to section and stain serial
blocks so that all spatial relationships can he
studied microscopically. With appropriate special
stains cytologic features and arrangements of
nuclei and nerve tracts are readily recognized.
The purpose is to determine whether the irradia-
tion has destroyed neoplassic cells and also wheth-
er it has affecied surrounding and distant stryc-
tures. Different types of cases have been studied,
including (1) 70 cases with primary neoplasms of
the central nerveous system, in which selected
blocks of tissue from the neopiasm and nonneo-
plastic areas of brain have been investigated; (2)
20 cases with similar neoplasms, studicd 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 (3) one
case of primary brain neoplasm treated with
thermal neutrons only. Comparison of these cases
has been useful in establishing eriteria 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
€.44 X 10 to 6.31 X 102 nentrons/cm? and the
amount of sodium tetraborate ranged from 25 t0
30 ug/kg body weight. In three of the cases with
gliobhlastoma muliforme and ¢ne with sarcoma,
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NEUTRON CAPTURE THERAPY
FOR MALIGNANT BRAIN TUMOR,
AN EXPERIMENTAL PROCEDURE

Upon copture of a thermal neutron, the B9 glom instan-
taneously disintegrates {A) inte an alpha padicle {,Me?]
and an energetic lithium particle with o large release of
energy (2.4 Mev). The cytacidal effect of the olpha par-
ticles is demonstrated by comparison of {B) hiopsy from
malignant cerebellar vascelar necplasm before therapy
and () biopsy from same neoplesm 11 weeks after
therapy showing tomplete cytonecrosis,
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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 1o the nonnco-
plastic central nervous system structures resulting
from the irradiation procedure was observed.

4. Activation analysis for physiciogical purposes:
Caoncentration, distribution, and studies of compart-
mentol exchange of trace elements {0610).  Drs.
G.C. Cotzias, P.§. Papavasitioy, D.C. Barg, E.R.
Hughes
That trace metals are present ia 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-
ters, or if it is present in relatively high concentra-
tion in a given type of cell, tissue, or organ. An
impertant aspect of the physiclogy 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 methadology
with short-lived radioisotopes has made it possible
1o investigate compartmental exchange (or turn-
over), and the introduction of neutron activation
analysis has aided in studying the concentration
and distribution of microconstituents. These tcch-
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
accurring in adults; i results in rhythmic tremor
of resting muscles and assoctated stiffness and
slowing of movements. This entity has been in-
duced in man by inbalation of mmanganese ore
dusts and by the use of some tranquilizing drugs.
Such induction of Parkinsonism does not 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 tn vive hoth before and
after response to drugs and other agents such as
hormones. The specificity of the manganese path-
way was first established in normal animals, and

progress is being made in verifying this pathwg,
in man. Establishment of the normal patiern [_;f
distribution and excretion of manganese shoylg
form a hasis for determining whether a disting
alteration or deviation occurs in this disease. The
principal result obscrved following administrasion
of a tranquilizing drug, such as thorazine, was thay
the pharmacological agent can bind trivalen
manganese and slow down the fast disappearance
rate of injected manganese salt. Because adreng|
steroids are known to affect profoundly the be.
haviar of buik metals, their eflect 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
njected Ma*' 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 bhlood cells and liver
cells, The identification of this human perphyrin
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 fissues that they were at first considered
to be contaminants. Some, such as iron, zing,
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 macroconstituenis. 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 pracedures have climinated bulk element
interference and wi)l allow delincation of the
physialogical specificity of trace elements in man
on a chemical basis. By using specific instrumenta-
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this can be accomplished when necessary
4
out structural or constitutional alteration of bi-
;jcal samples. This permits anatomical as well as

siological studies on identical tissue specimens.
he basic studics of mangancse metabolism in
1 will be considered not only in Parkinson’s
ase but in certain collagen diseases. It is
vr, lor example, that in the collagen disease
.ed by hydralazine there is marked slowing of
4 bedy turngver, By using activation analysis
11 row be possible to determine specific activ-
of the Mn** in these kinetic studies.

ssue and physiological effects of reactor radia-
060101). Drs. ).5. Robertson, §,H. Cohn, E.E,
ley, J.H. Jocobson, G.B. Kara, H.W. Nojac
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 electrephysiological 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.
wwesent 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
‘hal cells in the germinative zone reach the
ior fold of the lens. For this study the mouse
‘o was irradiated in ufero with sublethat doses
trons, Trittum-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.
tnother phase of this problem, the MRR
les a primary source of neutrons, and the
characteristics are modified as needed by
placement of shiclding 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 electremagnetic
radiation effects, as established previously with
the 250-kvp x-radiation method. A large series of
rabbits was cxposed 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 aciiv-
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 lavers 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
tissuc volume approximating that of one cell. In
addition, various elements in the body simul-
tanecusly capture neutrons and become activated.
It is therefore apparent that desimetric characteri-
zation of the neutron and gamma spectra is a com-
plicated problem. One attempt to salve 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 iz 2iv0 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 obcained by placing physical re-
ceptors close to the head, or biological receptor.

B. ACCELERATOR RADIOLOGY
{Van de Grocff 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. Acceleraters can provide “pure” energy
spectra of a varlety of particles and hence are used
as devices by the Medical Depastment to extend
and diversify its program.

1. Effects of accelerator-praduced moncenergetic
neutrons in mammals (06010).  Drs. V.P. Bond, )L
Bateman, £.E. Stickley, H.H, Rossi

The eflects of monoenergetic neutrons in mam-
mals are being investigated for several reasons. It
is important to learn more about the possible el-
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-
gible 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
radietherapeutic and accidental exposures, Asa
final factor in this program, the experiments are
designed to compare “one hif”” and “multiple hit”
dose response patierns and to provide informa-
tion on protection, the effects of oxygen in irradia-
tions with fast neutrons, and those of particles of
bigher lincar energy wansfer (LET).

In earlier studies with neutrons, the wide spread
of pariicle 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 fux to serve as a
source of monoenergetic neutrons for the irradia-
tion of mice. During this period spectal equipmgnt
was constructed to measure both depth dose and
quantity of radiation in number and density of
lonizing 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 mona-
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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lcast as high as 1.80 Mev, are being utilizeg. Iy
acldition, testing of other biological end-poing i
being considered, e.g., bone marrow with ity
capacity to incorporate such compounds as 5,
tododeoxyuridine, Investigation of the effecys of
oxygen is alse being considered, This will Permy
studies directed towards determining additiong
features such as the role of heavy recoil nuclej i
producing radiosensitivity peaks with neutrong 4
cross section resonance energies.

2. Effects of monoenesgetic deuterons on neurg
growth{(060101).  Drs. LE Farr, L), Molis, L.E. Rose

The 60-in. cyclotron was used in a study of the
eflects on tissue of penetration of the cerebral co.
tex by a deuteron beam. A laminar lesion (sharply
delimited narrow zone in which all nerve celly
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 10° deuterons/cm?.
By appropriate maneuvers the procedure can he
used 1o 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 (0801Q1).  Drs. 5.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 untque and
important applications in medicine and biotogy.
Because of their mass, the angle of scattering in a
given collision js reduced by about the same ratio
of mass difference. They also possess a definite
range of penctration in matter instead of following
ap exponential law, as do x-rays or gamma-rays.
In passing through a material the particle loses
some of tts 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, lastic
scattering, inelastic scattering, and excitation.
Ionization occurring in tissue along the path of
penctrating particles increases in density as the

*Member of the Physics Department.
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RADIATION EFFECT OF ACCELERATOR-PRODUCED
DEUTERONS ON TRANSPLANTABLE NEQPLASMS

The 60-in. cyclotron {A) is the source of highly energetic
deuterons, A beam-filtering wheel (B} was developed ta
control the amount and locotion of energy (deuterons)
obsorbed in tisswe {C). The unitormly malignant character
of the cells in a transplantabie neoplasm is shown {D)
before radiation with deuvterons. Six days postradiation,
the transplanted neoplasm shows only inflammatory cells
and nonproliferating tumar giant cells (E}.
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ricle 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-
ty to widen the Bragg peak in depth in the
of the charged heavy particies through tissues
-der 1o 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 1,83 x 10 *
‘e’ has normally been used. With this beam
x 10* deuterons/cm®scc is delivered. In
il studies the introduction of an aluminum
of apprepriate thickness into the deuteron
1 decreased the encrgy 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
4 be in this intense ionization area, it was
hle 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-
1 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
tphery. 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 cxposure time used,
1s a good averaging was achieved. This for
-'a’lian of charged energetic heavy particles
tin the production of adjacent or separated
heaks within the range of the particles in
l'wo or more layers of intense ionization at
t depths separated by layers of less ioniza-
18sue were produced. A cylinder of uniform

"0 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. Calve, L.E. Farr, C.R. Jansen
A series of experiments was made in which im-
plants of mouse sarcoma 37 were exposcd to heavy
particle radiation from deuterons produced in a
60-in. cyclotron at an energy of 20 Mev. The
beam was circular and 2 ¢m in diameter. The
integrator measured one count when the cyclo-
tron delivered 2.08>1G* 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.
Orne-mm cubes of viable neoplasm were trans-
planted into mice as controls. Cubes of neoplastic
tissue of the same size were irradiated in viire by
deuterons as indicated above and then trans-
ptanted immediately. Animals were sacrificed at
fram | 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 develeped (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
repreduction rather than of one which yields a
clue as to the degree of malignancy of the neo-
plasm.

5. Use of cyclotron-preduced 1'24, a positron emitter,
(060101).  Drs. 5.W, Lippinco#t, C.R. Jansen, K.R.
Rai, L.E. Forr, W.H. Sweet”

During the year, I'** {(a positron emitter} was
produced at the cyclotron by bombarding an
antimony target with aipha 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, Roston, Mass.
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EFFECTS OF HIGH ENERGY PROTONS
PRODUCED BY THE COosmMorRON

The Cosmotron {A}is o synchrotron that accelerates prg-
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prelimingry studies on the pathology of particle
-diation of high energy protons produced by the
asmobren (060101}, Drs. S.W. Lippincott, C.R.
asen, KR Rai, W.G, Calve, L.E. Farr
Investigatizmy atilizing the 60-in. eyclotron as a
aee of 10-Mev protons and 20-Mev deuterons
Cirradiate both intact animals and mice with
insplantable seaplasms are being extended by
g the Cosmotron as the source of particles. The
SsIOITON iy 4 proton synchroton in which in-
ted proteans may be accelerated to an energy of
Hev. The external beam delivers 1.25 % 100 pat-
fes per pubse aver a 3-cm? surface area. It is also
ssible to obtain 2-Bev 7~ and #'-mesons in a
isfactory bearm giving 3 10° particles per pulse.
pulse neeurs every 5 sec, so that by varying the
riod of exposure the total number of rads suit-
I for vadiation experiments may be obtained.
r homageneity of the beams can be determined
T radiating plastic foil squares of various sizes
swenimposed on one another (centrally placed)
{ mr:fisuring the activity, as for example in the
version of (2 ingo €1 As part of an over-all
artmental activity concerned with the patholo-
of hlil;h enerey particle radiation, these studies
being carried out to determine the effects of
oarts and mesnns on (1) whole-brain irradiation
mce and partial-brain irvadiation of rabbits,
teonventional and refined histochemical tech-
s used 1o evaluate results, (2) transplantable

tal neoplasia, und (3) relative biological effec-
RS,

C. ENVIROMMENTAL MEDICINE
AND RADIATION EFFECTS

vivo measurement of radioactive moterials in
[060102).  Drs. 5.H. Cohn, 1.5. Robertson,
lippincott, R.A. Love
«neral demaographic studies of populations
!’}a\‘c received continuous low level radiation
mnternally deposited radioactive materials are
"erest because it is possible to estimate the
newry from the ampunt remaining in the body
"€f umes, and ti relate it to the resultant bio-
al effects. The rewention of Thorotrast by a
e population is of particular interest, since
nternal emister deposits itself in liver, spleen,
narTow, rather than other viscera. Resultant
-astic lesivns have been reported in these
of thoriur deposition. Although the tissue
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dosimetry for the Thorotrast study is extremely
complex, the whole-body gamma spectrometer
offers a prowising approach for making the ncces-
sary identification and guantification of the
gamrma-cmitting residual daughter products in
the decay chain.

Dosimetric cxperience has been gained through
studying five patients, Three of thesc patients were
terminal cases, and Thorotrast was administered to
them so that the ahsolute levels of their body bur-
dens coutd be counted and compared with a cali-
brated amount of Th** in the liver and spleen of a
plastic phantom of standard man. Analysis of the
material injected is under way by alpha pulse-
height analysis; this is necessary for the calibration
of the counting apparatus for measuring the thori-
um dioxide from the daughters. In addition, two
patients who reccived Thorotrast for diagnostic
purposes (7 and 21 years ago) were measured, and:
estimates of their thorium dioxide body burdens
were obtained. These individuals had local infiltra-
tion at the site of injcction, which somewhat com-
plicated the calculations. However, by measuring
individuals at different periods extending over
years, it may be possible to correlate the low level
radiation with the ultimate biclogical result.

Further studies on radioactive bhody burdens,
already under way and to be cantinued for several
vears, are concerned with a population of BNL
employees working in areas in which they may be
oceupationally exposed to radionuclides. The base
lines for the levels of Cs?¥7, Zn**, and K*" are being
established. The principles of dosimetry and cali-
bration and the use of the plastic phantom are the
same as in the other studies, In the initial meas-
urement of more than 206 BNL personnel, Zn®*
was identified for the first time in a group of reac-
tor workers. The techniques are thus applicable 1o
the study of any population whose members have
low levels of internal contamination. Surveillance
of this population with respect to internal contam-
ination is a project of increasing imporiance at
BNL, and such studies will become increasingly
important as industrial nuclear reactors increase
in number and scope in this country.

A program that will continue for three to five
years has been initiated with studies in which
tracer doses of $r®* have been administered to out-
patients, These individuals have been studied by
use of the in vieo whaole-body counting technique.
{s'" and Sc*® have been administered for the
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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 coin-
bined short and long-term studics of strontium and
calcium metabolism in man are being applied o
patients with various kinds of skeletal discases to
learn more about the body pool, accretion rate in
bone, and long-term net results in the patient.

2. Studies of various rodinpratective ogents in radi-
ated animals {0403).  Drs. V.P. Bond, E.P. Cronkite
A series of retated investigations ts under way in
which varicus 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 cellutar 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-
tralytes) are being investigated,

In basic studies of platelets in certain normal
and induced radiation states, the first essenttal 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 clirical 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 capiilary
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 plateler administra-
tion has been undertaken, It has been demonstrat-

ed clearly that only fresh plaielets prevent the

commencement of bleeding in the fatally irradi.

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

Lyophilized and frozen platelets were of no value,

The final phasc of the platelet study, which is 1o
be continued, s concerned with the homeostatic
regulation of platelet production. The platclet
count can he 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 atiempt to
determine whether a thrombopoietic stimulating
factor and ao 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 sysiem
must be considered. The current method is to
study the fate and function of bloed cells that can
be tabeled in wtre with tritiated thymidine, and
also 10 study the effects of ritiated cells existing in
the bone marrow, with reference to using a mitotic
index 10 demonstrate the rate and type of prolifer-
ation. As an outgrowth of these studies of cells in
their primary scurce, 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
celular 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 upaon pre-
liminary investigations will be concerned with (1)
alterations in elements existing within the bone
that can be studied by iz vfve 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 aceretion rate of
certain of the radioactive materials injected, such
as 5r**. 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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1¢ individual before and after any form of radi-
.n, and may indeed affect response, aging, and
sevity. Because of the great importance of the
plication of infection in the radiation syn-
e, studies have been initiated and will be en-
ed to determine whether transfusion of periph-
leukocytes into animals undergoing a radi-
1-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
1ons occurring following radiation. The onty
ound immediately under study as a radio-
-clive agent is vitamin E. The preliminary
‘es have demonstrated a protective action in
nimals given 9950 rad; 10% lethality was
ined as compared with 45% in the control
.
zing radiation effects vupon immune mechanisms
nals {060101).  Drs. R.D. Stoner, V.P. Bond
izing radiation appears to have a specific
upon immune mechanisms whereby the nor-
imune responses are suppressed in propor-
+ the radiation delivered. The capacity to
:e antibody is thercfore 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-
«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-
aid, Radiation also enhanced susceptibilicy
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
t injection on inhibition of the secondary
nary antibody responses. Emphasts is be-
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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 bene
marrow as protective agents for recipient mice
against varying levels of whole-body radiation, in-
cluding the specifically lethal. Recavery of the
hematopoictic system is being studied in mice pro-
tected with homologous or heterologous marrow,
as is the role played by secondary toss of weight
and wasting in the animals studied untii 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
dener marrow to produce anttbody in irradiated
mice.

4. Radigtion-induced neoplasia in the rat {060101).
Drs. ¥.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 becen 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
1s 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,
fibroadcnoma 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-
spanse did not hold above 22500 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 clects of whole-body radiation with electro-
magneltic sources do not constitute the complete
scape 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 10 10,000 rep, after which the anirnals 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 celhalar, tissue, mor-
phelogic, and chemical alterations may oceur 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-
pasure. 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 vonsists of determining
the effects of z-irradiation on bone growth by
raenigenographic measurement of tibial bone
lengths at varions times after irradiation. Shield-
ing procedures already tested indicate that direct
and indirect effects of irradiation on bone growth
arc dose dependent. Further studics 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. Sproragen, E.A. Tonnao, S.A.
Kilimann, T.M. Fliedner

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

0020000

m order to determine their origin, rate of division,
growth, and fate. Initial methods were ansatisfac-
tury hecause the label did not remain in the cel]
long enough or was toxic to the cell, or because
the amounts of tissue required were ico farge for
cane in handling. In this depariment a aumber of
investigators in various disciplines have selected
as the locus for fabeling a component oceurring
regularly tn cells and concerned with one or more
major functions. This constituent is deoxyribonu-
cleic acid (DNA), which is found solely in the nu-
clet of cells. Tt is a chemical carrier of heredity (the
main constituent of genes and chromasomes) 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 tabora-
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 litile more than a micren in the photo-

graphic emulsions. This permanent label has heen

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 biood,

and the skeletal system in normal and discased
states, as well as with effects of factors outside the

living body, as in tissue culture, and with processes
such as inflammatory and ncoplastic reactions at
argan, tissue, and celtular levels,

The original work was concerned with finding
suitable compeunds as precursors to DNA metabo-
tism 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
10 be useful, The materials labeled have included
bacteria in cultures, living cells in cultures, living
cells in bleod, bune marrow, and other normal
structures in antmals, 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
. mare about the process of replication, Addi-
nal metabolic analagues are being constant.-

sought, with the intent of expanding these tech-
jues to other systems. If such components be-
ne 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., neuirons, and to
ise from accelerators such as the cyclotron, ie.,
itens, 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 morphelogical
| cytological considerations alone are not adc-
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 DNA content of certain precursor
s, in establishing the rate of DNA synthesis
n grain-count data, and in obtaining addition-
iformation 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 rahbit aorta and
mary 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 gatned as to
ther proliferation is of primary or secondary
rtance in the etiology and development of
lisorder. This is a necessary consideration in
of simultanecous or succeeding chemical alter-
18 which may occur and extend or alter the
re of the atheromatous lesion.
hrough study of DINA 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
i the peripheral blood normally is very low,
rorder of < 1000 per nucleated cell. In the case
rtkemic patients treated with Myleran, the
ber of cells showing label was found to decrease
the total white count. This result indicates no
"1ve effect of the drug on the process of DNA
‘esis ar on cells capable of synthesizing DNA.
eries 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 antiboedy formation; (c) PNA synthesis in
homaogralt tissue reactions; and (d) mctabolism
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
histivcytic, macrophagic, and fibroblastic groups
participate in inflammatory reactions due to in-
jection or sterile inflammation and whether they
originate in sifu 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 antibedy formaltion. The spe-
cific objectives of this research, therefore, are to
determine which cells, if any, underge 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 paossible 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 abjective is to discern in homalogous
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
fearn 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 arcas.

In the field of neoplastic disorders, abservations
made in tissue culture studies will be extended by
using the HeLa strain of human cancer cells 1o
obtain more precise information about DNA me-
tabolism and mitosis. This will also provide a basis
for designing cxperiments te study the effects of
external irradiation on the DN A synthesis cycle
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and abnormal metabolisin. Thus tar it has been
possible to define the total DNA svnthetic thine,
the pre- and postmitotic resting phases. and the
generation time of this strain of human cancer in
tissue culbture, The greatest variability was found
in the premitotic phase of the cell evele; suie cells
remained in this vesting phase bevween 1YNA syn-
thesis and rmitosis for only 2 hr, while others lasied
as long as 8 hr. This information explains, in pait
at least, the inherent asynchrony in Ussue cell cul-
ture populations. In this connection, preliminary
studies of radiation eflects are bring carned on: the
initial study, using 300 r of x-irradiation, sugyests
that the predominating effect of x-irradiation is
that of inducing the cells to remain in 1INA syn-
thesis for an abnormally long time.

The use of suitable radioisotopes in initial
studics of fibroblasts and their reactions suggests
that metabolic pathways may be traced during
and subsequent to cell interactions. Specific cam-
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.
H*-cytidine, cn 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

vartous kinds of cells in tssue 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 studics is determination of the metabolic
and cytological changes taking place with age
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within the celis of the periosteumn and bone in
general. Histochemical, eytologic, electron ticro-
graphic, and awtoradiographic procedures are
used for determioation of the contents of muco-
palysaccharides, respiratory enzymes, and meta-
holically important enzymes, and for finding the
mineral relations and the relationships of the
fibrous structure to the crystal structure. As one
cxample of the importance of this approach, the
relationship of the fibrous buadles of collagen to
the nonorganic bone structure has been estah-
lished. The pattern of deposition and interlacing
directly determined demonstrates that the stress
structoral patterns of bone deduced years before
by carlier 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 inttial 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 rescarch 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 vstenblasts.

In addition to aging in the bone, the growth
processes in early age perieds are belng 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 incorpera-
uon 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 cetis. 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

the la
sibe |
of cot
TcS\lh.

7. Oric
labele
In!
using
givC'ﬂ
the st
the &
prcvi
prim
relats
of 1if¢
(b) &
and
thyn
the ¢
quth
Th
midi
mde:
so thi
deted
1ive
gcr'«"!
labe
and
the v
tion:
gon
the ¢
proc¢
mig
yps
beel
tion
hir; 1
blas
only
mel
turt
ing
blo
per
ove
ol

dei



ling of cells and tissues may make 1t pos-
indertake studies t¢ determine the nature
‘nital deformities or even genetic elfects

 from intranuclear radiation.

, rate of division, growth, and fate of tritium-
-elis (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 scction utilize
e techniques, but some of the purposes of
rriments extend beyond those described
ily. 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
1label 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-
wve been adequately covered by conven-
nethods and appear to indicate some of
nite time parameters concerncd 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 erythroblasis 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-
ne of the megakaryocytes has been shown
onsiderably longer, i.e., 2210 days.
1ddition, studies have been initiated to
iine whether a defect in cell proliferation

0020003

T T T I Ty Tr -

41

exists in certain human malignant discases, es-
pecially those cencerned 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 previaus
studies by other techniques. This statement is
based on ohscrvations with labeled cells in such
diseases as chronic lymphocytic and granulocytic
leukemia, glioblastoma multiferme, 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 celi
that prevents thymidine from being a satisfactory
DNA label with reference te rates of cell pro-
liferation in some of the neoplastic entities, Such
studies will be carried out with other pyrimidine
precursors such as cytidine aad vridine, These
studics may have specific implications in respect
to therapeutic considerations and particularly
with reference to the develepment of new chema-
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 trittum-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 1he labeled compound into the newly formed
DNA of proliferating cells. The labeling process
is effectively complete within =220 min, and thy-
midine is not detectable after =30 min. It is
degraded in part to S-aminoisobutyric acid and
to water, both detectable by chromatographic and
radioisotopic techniques. In additien 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 diserders 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 (D401 02).

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 ficld of widest gen-
eral application of radioactive isotopes in medi-
cine. In principle it is pessible 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
dctermine 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 pasitron multidetector
scanner {060602).  Dr. J.5. Robertson

The use of radivactively 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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placerment problem is being explored with the use
of the TBM 704 computer. Data storage will re.
guire the use of a 4096-channel pulse-heighg
analyzer. The problem ol data reduction or inter-
pretation may require invention of an appropriate
digrtal-to-analogue converter.

Three-dimensional mnodels for various possible
distributions of the detectors have been built and
cxamined for quality of volume coverage, Pre.
liminary results indicate that 48 crystals 1 in. i
diarneter can be placed o give resolution of locali.
zation good to 1 mlin a 2000-ml volume. Further
systematic study of this phase of the problem will
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. Methaods for
displaying the data quickly and in suitable ana-
logue form will be developed. Ideally, the phy-
sician should have a picture frem 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 mintmum 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. Metabalism of fobeled 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

o ——




adies in the literature indicale that in some neo-
astic diseases elevated levels of these metabolites
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tumor-bearing mice. In an extension of this work,

B-alanine-2-C'* is being studied as a precursor of
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phan and glycine properly labeled; tn a parasite
occurring in the tissues of an animal; and in the
determination in vitre (usually with ['°1) of the
rates of disappearance from the civeulation and/or
the rate of excretion of catabolic products. Pro-
teins studied thus far have included albumin,
gamma globulin, a-lipeprotein, and ribhonuclease,
Mechanisms investigated have included the im-
mune reaction in animals following admninistra-
tion of suitable antigens as well as glomerular fil-
tration and absor ption of reticulo-endothelial cells.

Among the investigations carried out with
labeled amino acids are those concaerned with the
mechanism of farmation of hydroxylysine from
lysine in collagen. Collagen, which forms 30 to
40% of the protein constituents of mammals, is
unique in cantaining the aminoe acid hydroxy-
ysine reportedly absent in other proteins. Pre-
vious work with C"* in this department has shown
that the hydrexylysine 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 tssue, 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 detecrmine the permanence
of a protein constituent in the mammalian body.
In this connection, G'*.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 surgean, namely, learning
more about unusual destructive or formative factors

that either aid or prevent wound healing in man.
T.abcled 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 Trickinella spirahis, and
its larvae have been investigated by in vitre 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 cbjective is 1o study the
metabolism of various C**-labeled amino acids in
experimental trichinosis in mice. This involves a

60620000

study of the metabolism of amino acids in the host
as well as in the Trichinellu larvae. When mice in-
fected with Trichinella larvae were admimstered
{"-labeled amino acids, the encysted larvae in-
corporated measurable amounts of G, Of the Gt
incorporated tn vfve, 76 1o 78% was found in the
proteins. During culture in pitro, 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 (' were small and variable. Such basic
studies of rates and sites of incorporation and
camparisons between i pifro and in ¢ize 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 metaboelism are
being extended, particularly in the field of catab-
olism, Renal catabolism of serum proteins is being
studied in detail, and attention is alse 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 serics of investigations under way protein
polysaccharide complexes are being studied. In
addition to macromolecules that are definitely
proteins or carbohydrates, many hybrids exist that
centain 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 cxplain sume of the pathological
features of the disease.

£ Radioactive tracers in studies of protein metabo-
ksm in cancer (060%9).  Drs, 5.W. Lippincott, S. Fine,
C.R. Jansen, K.R. Rai, 5.H, Cohn, 8. Korman

The present studies are a continuation of
clinical investigations begun clsewhere several
vears ago. The objective is o determine the
i;.hysicochc mical properties and functions of the
serurmn proteins in neoplastic diseascs. Shauld any
characteristics exist for a given protein fraction
distinguishing its nature or behavior from a simi-
jar fraction in normal subjects {or those with var-
ious nanneoplastic 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
radicactively labeled proteins in neoplastic dis-
eases, From the latter, fundamental information
concerning protein catabolism in multiple mye-
loma has been gained, and a distinct metahbolic
difference in the turnover rates of normal and
aberrant protein in cancer of the breast has been
noted.

Aberrations of protein metabelism 1n multiple
myeloma have been studied by a number of in-
vestigators to ascertain whether the globuling 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 patiern 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 chinical studies of the metabolic behavior of
radioactively labeled proteins, the turnover or
degradation rate is usually determined from serum
concentration curves which entaif multiple blood
sampling. In the present experiments, the tarnover
of I'*'-Jabeled proteins is being determined not
only by the conventional meihod of blood sam-
pling but also by a new technique utilizing the
whole-body gamma spectrometer. This device
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permits 1n pive measurement of very low levels of
an internally deposited gamma emicter {in this
case, 1"}, The procedure provides an excellent
method for measuring retention of labeled al-
humin and globulins over long periods of time and
is now the method of choice.

An exiension 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
patlern than in those with a gamma-type pattern.
The hyperproteinemia of patients with multiple
myeloma is thus found o 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-
foma have been initiated. To date 34 paticnts
have becn investigated, and the series is to be ex-
tended to 73. The shortest period of observation
i5 =2 months and the longest, >2 years. The
mean half-fife 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 prablem if the
site of accelerated catabolism should prove to re-
side within the growing neoplastic mass.

For possibie localization of this accelerated
catabolic process, cyclotron-praduced 1'** is being
substituted for I'* for labeling. The technique for
this has been successfully worked out, ' 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 braing of pa-
tients with neocplastic lesions.
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&. Study of metabolic processes in man by the use of
Cl4.lobeled 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 cannaot at present he measured
and studied simultaneously, Individual phases,
however, can be investigated by selection of ap-
propriate radicactive isotopes such as (' which
has been rather widely used in animals and is now
being emploved 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 abnarmalities of protein and fat
metabolism also occur.

The current research in this depariment 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 G converted 10 glucose has
strongty suggested the overproduction of glucose,
particularly in acute ketotic diabetes. C'*-acetic
acid is alse 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 G"-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
an the measurement of respired GO, 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

0020008

paticnts 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). GO, was
measured by proportional counting, Na®* by well.
type solid scintiltators, and T-1824 by colorimetry,

The oxidation of organic hydrocarbon com-
pounds in the bedy provides energy for life proc-
esses, and the channeling and control of supply of
this energy is governed by factors such as hor-
mones, cnzymes, vitamins, and other nutrients,
The ratc or extent of total oxidation of any particu-
lar organic compeound can be followed by examin.
ing the appearance of radioactive C'' in the ex-
pired carbon dioxide after administration iz vive
of the C"-iabeled compound. C** activities in car-
bon dioxide of breath and glucose of blood were
compared after administration of C'*-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%.
GO, production from fabeled lactate was com-
pared with conversion to glucose in three diabetic
patients. Insulin or glucose administraticn in-
creased moderately the appearance of C'*O, in
the breath, and diabetic acidosis markedly de-
creased (to one-half) the apparent oxtdation. A
concomitant increase in the appearance of C'* in
glucose suggested the diversion of laclate to glu-
coneogenesis and away from oxidative pathways.
T'he finding bears on the nutritive value versus the
gluconeogenic hazard of sodium lactate in the
treatment of diabetic acidosis.

Gluconeogenesis has been widely studied n vive
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"-glucase. A
new approach has been instituted in this depart-
ment by administering C'*-labeled precursors of
glucose and analyzing the amount of C'* convert-
ed te blood glucose. C'*-labeled pyruvate showed
about the same amount of conversion to blood
gtucose as C'*-Jactate 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 precursorsis an
indication of the rate of gluconeogenesis, and the




ceessive intermediate chemical reactions in this
~acess can be elucidated by examining the pat-
rn of C' among the carbon atoms comprising
e motecule of glucose, The studies under way
e expected to provide a knowledge of the reac-
on sequence that may be helpful in understand-
g or predicting the effect on gluconcogenesis of
hormone, a drug, a certain dietary regimen, a
.petic trait, and even a pathologic pracess. The
1ain outcome of this work is expected to be a
emonstration of whether or not the formation of
Jucase is biologically the reversal of its catabolism
it beast in man). The metabolism of hlood keto
cids in diabetic man constitutes a study inn prog-
'ss. An estimate at this paint 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
iabetics, and 5 to 8% in severe diabetic patients,
‘he magnitude of turnover rate indicated by seri-
| analyses suggests ihat 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
vman and experimental hypertension (0610).  Drs,
K. Dabl, 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
ountry, 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 thrombesis, 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-
tuced some evidence that an aberration of sedium
metabolism is associated with this disease. In view
f all these observations, detailed long-time studies
of the rale of sodiurm 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

<endiment by racial groups among which hyper-
‘ension is common formed the basis for an exper:-
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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 scverity 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 hnding
is of interest because blood cholesterol is elevated
in many patients with atheromatosts, 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 2 Jap-
anese farm viilage to compare the clinical effects
of hypertension in these people with those in
people studied in this counury. From the Amertcan
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 oh-
served in this country in that the Japanese showed
strikingly little evidence of the usual cardiac com-
plications found so commenly 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 administratien of vari-
ous isotopes, e.g., Na*', Na**, or K*?, allows study
of the dynamic effects of dietary changes in sale
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 1o determine whether
atherosclerosis has been produced. A beagle colo-
ny studied for six years in relation to salt tntake,
both normal and excess, wili 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 etther
hypertension or sedium turnover will be further
tested systemaiically with radicactive 1sotopes. For
example, some workers have suggested that pro-
longed sodium restriction might be harmful o 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 objeciive
is to determine the possible relationship of the pos-
terior pituitary hormone, vasopressin, to human
hypertension. This hormene is concerned with the
homeostasis of body water and electrolytes and
has a marked constrictor action on the eflector
organ involved in hypertension, namety, the
smooth muscle of the arteriole, Purified vasopres-
sin has been labeled for the first time with tridum
or I'* by techniques developed in this depart-
ment. It will now be possible to estimaie 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 tabel com-
pounds for study of physiclogic 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-
lecied 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
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mind, studies have heen concerned with (1) vitg.
min By, and 11s 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 hving cells. Deficiencies of thig
material result in discase processes related to the
hematopaietic organs, the gastrointestinal trac,
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 marerial
administered both orally and parenterally. Obser.
vations thus far indicate that when vitamin B, 1s
administered intravenously plasma clearance and
mixing of vitamin B,, proceed simultancously. In
autopsy material from patients receiving the
labeled marerial, the rissue concentrations of de-
tectable Jabel were found to vary widely. In three
years of study, labeled vitamin B, has not come
into equilibrium in the variaus 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 evaluatiion
of such matters as the absorplion 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. Specilic refer-
ence will be made to the plasma protein to which
the radiovitamin is bound and the chemical nature
of the binding site.

Radicactive tracer studies in another area have
been imitiated 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 radicactive
de found were not appreciably differentin

ort
two groups. A few trial extensions of these

dies to patients have becen made, and indica-
s are that the role of the stomach 1n 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
ivactive halides as possible diagnostic tools in
~ases affecting 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 vnderstanding of the mechanism of
tric secretion of hydrochloric acid.
vtudy on a smali 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-
iing tron absorption, deficiency, turnover, and
-in the body have in the past been very inac-
ate and dependent upon some perturbatioa of
normal steady state. The purpose of these con-
1ing studies is to determine the efficiency of
arption of iron from the gastrointestinal tract,
modification by changing the chenical en-
mnment, the turnover of iron, and its fate as es-
tished 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
llerthan 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.5. Blumberg, J.W. Hollingsworth, H.
Lyon, W.H. Lewis, Jr., HE. MacDonald,* A A laffe*
n March 1954, following detonation of a nu-
o 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

iepartment of Public MHealth, Trust Ferritory of the Pacific
s,
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Medicipe of the United States Atomic Energy
Commission and under the direction of the Medi-
cal Departinent of Brookhaven National Labora-
tory. Rescarch collaborators from many institu-
tons take part. The objective of these surveys is to
study the acute and long-term effects of the ex-
posure uf the Marshallese people to fallout in ve-
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 radicactivity on the people
of Rongelap Island is an important part of the
studies. The surveys invelve complete medical
histories and physical examinations, including ex-
aminations of the skin, hematological studies,
radiochemical urine analyses, and whole-body
gamma spectroscepy for evaluation of body bur-
den of radionuclides.

Considerable knowledge has been gained from
these studies on the effects of fallout radiation an
human beings. In addition the surveys have af-
forded valuable experience in carrying out medi-
cal surveys of populations under ficld conditions.
Results of these studies show that gamma radia-
tion is the most scrious 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 isctopes ap-
pears to be the least serious of the hazards; the low
Jevel 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 196! 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 ohservations of pessible 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 1s to give a few se-
lected medical students in association with a few
members of their medical faculty special expert-
ence in the developmental aspecis 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 intreductory 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, entitied “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 facully 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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hiers and three students from cach of four medical
schools. The University of Texas, University of
Southern California, University of Cincinnati, and
Clornell University will participate. A week of ari.
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 wilt
be conducted largely by the visitors with the spe-
cial facitities 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 schoel curriculum through BNL contacts
with medical studensts {if only a very few). The
basic training and crientation of the visiting facul-
ty is importani, therefore, 3o that schools may
sooner help to fil] the gap. Advanced research in-
struction will have to be accompanied by some
primary education in the fundamenials 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 Broakhaven
staff members participating in order to further dis-
scmination 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, 5.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
1o 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
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ind place of nuclear medicine in each
Jlines represented. During the two-day
e medical applications of the atom and

gy are discussed, especially in coanec-
e large devices producing particles, the
trumentation used in counting them,
plication of such equipment to investi-
iwe field of ionizing radiation. The peo-
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 |

‘thairmans Lews Ko Dam, M
1 of Medical Service, Medical Department
Brookhaven National Loboratory

National Laboratary and Associated Uni-
ne: GeravLp F. Targ, Pu.D., Deputy Director,
National Laboratory

isnergy Gamission and Its Division of Biclogy
hicine: Crarres L. Duxmmam, M. D, Director,
‘Biology and Medicine, Atomic Energy Commission

Medical Considerations of the Atom:

- Concepts of Structure and Encrgy: Samuer
ussiit, Pa.D., Semior Scientist, Physics Depart-
wkharen Nattonal Laboratory

n of Radiation at the Cellular and Tissue
1eror P Bone, MDD, PieDD., Senior Scientist,
Depariiment, Brovkhaven Nalional Laboratory

15 of Nuclear Energy to Problems in Medical
At Steart W, Liepivcorr, MDD, Senor Scien-
‘cal Depariment, Broskhaven National Laburatury

‘esearch Purposes of Special Facilities at Brook-
iwonal Laboratory. Tours and Demonstrations:

Lesearch Reactor - Eimer E. STickiEy,
Teientist, Medical Department

lotron — Cornecius R Jansen, M.B., Cu. B,
Associate, Medical Department; Cuarpes P
Ve D)., Sentor Screntist, Phystes Department

g Gradient Synchrotron — Eric B. ForsyTa,
:arL R, Frartau, B.S,; Pavt Manper, B.S;
the Accelerator Department

SESSION

Coordinator: W.A. Finx
-y Demonstrations and Group Discusssions
“h Brookbhaven National Labaratory
ledical Department Scientific Staff
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 Radioactvity Counting Technigques and Types of De-
Vices Avuifuble - Scindllation, Proportional, Geiger,
and [onization Chamber [nstruments: Jaus L. Bate-
san, MDD Medical Assuceate; Ludwig E. FENeNpreEs,
MY Medion! Associate; Lawrence V. Haxkes, PuD.
Seventist

[

CGius Counting Techniques in Metabolic Research:
Warton W, Sureeve, M. D, Pu.D., Scentist; Rocrr
C. De Mevcirer, MDD, Medical dsseciate

)

CIn ¥ive Measurement of Isotopes by Whole-Body
Gamma Spectrometer: Kaxtt R, Rar, MDD, Medical
Assocrate; Dastee N, Spatsan, MDD, Medical Assocrate

Clinical Rescarch at the Medical Reactor: Lucas Y.
Yasamoro, MDD, Medical Associate; Orno DL Easte-
pay, P, Associate Secientisi;, Wencestao Carvo,
MDD, Pin D, Medical Assaciate; PavL 8. Paravasioion,
MDD, Medical Associale

2. Radioactive Decontamination Principles and Practices:
Rorert A, Love, M., Chigf Industrial Physiciun

6 Human Bone Marrow and Peripheral Blood Cell
Radioautographic Analysis: Eueexe P, CroxNxaTe,
M.D.. Senior Setentest; Haxs Covmier, MDD, Medrcal As-
sociate; Ddavin G, Price, M. 1D, Medical Assocrate; Epcar
AL Tassa, Pa., Medical Assoaale

I

. Hormone Recepter Demonstration by Activation
Analysis: Avrrrt F. Denons, Pu D)., Medical Assoctate

8. Electronic Analogue Computer for Tracer Kinetics In-
terpretations: James 8. Robertson, M. D Pu.1)., Sencor
Serentist

9, The Facilities in Which Nuclear Medicine Enables

Fach Patient To Become a Clinical and Basic Science
Laboratory: George C. Cotztas, M), Sentor Seentist

SESSION 1

Completion of Laboratory Demonsirations
and Group Discussions

SESSION IV
Chairman: Hessert C. MuLer, MF

Professor and Chatrman, Department of Pediatrics,
University of Ransas School of Medicing, Kansas City, Kans.

Curremt Basic and Clinical Investigation
in Pediatric Research With Radioactive [sotopes

Neutran Captore Therapy in a Child With a Malignant
Cerebellar Neoplasm: L E. Farr, M. T3, Chairman,
Medical Department, Brookhaven Nationa! Laboratory

Radiation Exposure in Children Undergeoing Diagnostic
Studies for Congenital Heart Discase: Mavpisoy Space,
M.D., Associate in Pediatrics, Duke University School of
Medicine, Durham, N.C.
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Adrenocortical Hormones and Tracer Metals: Enwey R
Hucnes, M), Medical Assoriaie. Vedieal Depariment,
Brovkhaven Natronal Laboratory

The Embryological Development of Specitic Tissue Tin-
runity: Rogert L. Brewr, M) B 1Y Clinacad Pro-

fessor of Pediatrics, Jefferson Medrcal Coliege of Philadciphia,
Philadelphia, Fa.

Erythrocyte Metabolisiu in the Young Tufanc Rorn 1
Gross, M.D., Assoctale Professor, Departrent of Pedictrics,
Albert Einstein College of Medicine of Yeshe o Lnrersity, M
York, N.¥.

The Use of Chromium-5! in the Suudy of Hemolvtic
Anemias: Wiriraym Kuvir, MDD, P 1), A ssoceaty Pra-

SJessor, Department of Pediatrics, Unirersity of Minnesola
Medical School, Minneapolis, Minn.

SESSION ¥

Chairman: RoperT A, Avnricn, M.
Prafesser and Chatrman, Department of Pedintrics
Ungversity of Washington School of Medicine, Seatile, Wash.

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

Naruan Smitn, M.D., Professor and Chairman, Department
of Pediatrics, University of Wisconsin Medical Schaol, Mad:-
san, Wis.

Wit iam M. Wariace, M. D)., Professar and Chairman,
Depariment of Pediatrics, Western Reserve University School of
Medicing, Cleveland, Ohio,

Normax Keeronser, M.D., Pu.D., Professor and Chair-
man, Deparsment of Pediatrics, Stanford Untversity 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 staff is 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 comman factor
being suitability for our research program. The
appropriateness of any given patient will depend
on the status of the praject. Therefore, physicians
are encouraged te 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 a4,
missions to the Hospital compared with 202 j,
fiscal 1960, A total of 172 inpatients were agq.
mited 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 collabg.
rative procedure most beneficial to a patient hag
proved to be admission to the Hospital for oh.
scrvation as a research ambulatory patient rathey
than as an inpaticnt. Except for special visits of 3
few hours each, the patient remains in the hospita)
of origin or at home, under his own physician’y
care. The administration of isotopes of appropriate
radioactivity and half-life tnsures the safeiy ang
mobility of the patient. At stated intervals the
paticut is examined with necessary scans, counts,
and labaratory tests carried out during the course
of the day. During the past year, a regular weekly
transportation schedule has been maintained
between Broukhaven 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 Broockhaven’s factlities. While
this type of expansion and study has definite limi-
tatigns, 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
Chinic. The total number during the previous year
was 2236.

Routine examinations of employees continue to
he made in the whole-body counter to record and
observe body burdens of radicactive nuclides, in-
cluding the naturally occurring radicactive iso-
topes. Because this heavily shielded facility isin
great demand, the scheduled examinations of em-
ployees in the whele-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.
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The Medical Research Center

The Medical Research Center is described
under two headings: {13 The Physical Plant and
{2) Special Devices, including the Medical Re-
scarch Reactor, the whole-body counter, and the
decontamination suite

PHYSICAL PLANT

Although all the special facilities of the Laba-
ratory are available to the scicntists 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
15, 1958, “t0 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-halif, and its design has proved
to be particularly suited to the research program.

The design criteria for this building were bageq
an three objectives: (1} The rendering of improvegy
professional services to the patient in accordance
with the precepts of modern scientific medicy)
usage, thereby assuring the best possible care of
theill. (2) The provision of services and facilitjeg
inexpensively adaptable to the changing require.
ments of scientists engaged in fundamental pe.
scarch. (3} Economical maintenance. The yg.
orthodox design of the building resulted from at.
temipts to meet the functonal requirements of the
various activities of the Medical Departmen;
under a single roof.

The project was made possible by a congres.
sional appropriation of §6.5 millioe 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,




ding housing the Hosplial. Industrial Medicine
aiv, Laboratery Wing. and Central Adminis-
ion Service Arca.
wiented to take maximum advaniage of the
ain and weather conditions, the Hns;‘jitai is at
west end of the building: it has a 14.000-2
. and a capacity of 48 beds. Fach of 4 ideniical
ing units or pavilions consists of 12 individual
ent rooms on the periphery of a 72-ft circle, in
center of which is the nurses’ station, This ar-
ement minimizes the amount of walking by
aurses in the course of their duties, and makes
. bed visible from the nurses® station,
wh patieat’s room contains a built-in ward-
and bureau, its own air~cnndi1i0ning unit,
¢ private lavatory, An Executone call system
permits two-way conversation cannccté cach
‘nt’s reom with the nursing station, utility
1 and treatment room. It is also connected
cach of the other three nursing units so that
v one unit must he briefly left unattended, the
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. Patignt's Bedroom {typical} ] i
A. Heating, ventiloting, @ir conditioning unit
8. Dresser-wardrobe unit

. Patient's Toilet {typical)

. Putient's Bedroom (vsable o+ Day Room)

€. Emergency exit

othier nursing units maintain verbal contact with
it. Each of the four units also has its own utility,
treatment, and consultation rooms, supply and
storage space, a bath and shower room, and «
special toilet for wh(-?cl-f:hair paP‘iclnts. .

For amnbulatory patients a sitting room is pro-
vided in cach pavilion, Arranged around a land-
scaped patio are separate dayrooms and visiting
rooms for cach pavilion and a chapel, patients’
library, and sun porch for use by all unics. Because
the ."!,(-'-’(.‘.l'all.{(_'.' stay is approximately three months,
and patients come fram a!l‘ parts of the United
States, arcas for patient activities arc larger and
hetier equipped than those usually provided.

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

TYPICAL NURSING UNIT

LEGEND

11, ility Room

17. Nurses’ Station
E. Medicine section
. Chart desk

F
G. Clarical desk
H
J

1. Speciol Exomining Roem

2. CZ::ullufion Roo:: D. Bed-pon sterilizer

3. Doctor's Toilet 12. Patients’ Bathreom

4, Treatment Room 13. Toilat [wheel-chair patients)
5. Nurses’ Toilet 14, Palients' Shower Room

6. Pantey 15. Sterage Room

7. Linen 16. lanitor's Closet

8

. Drinking fountain

. Storege closet [typical)
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stertle supply, occupational therapy suite, physical
therapy gymnasium, medical photography room,
visitors’ waiting room, dressing and locker roons,
and a dietary wing complete the hospital service
areas.

At the Industrial Medicine Clinic all employees
receive pre-emplovment, termination, and atnual
physical examinations. Emergency first aid is also
provided. A unique and particularly important
feature of this wing is the radiation accident suite,
used only for treating persons contaminated by
radigactive material. The suite contains two
identical units of three rooms, one for immediate

showering and scrubbing of the skin, another for
examination and {irst avd treatment, and a radiq.
actively “clean” rest area where the patient may
awuit further processing or discharge. Anothey
unique feature is the whole-body counting room,
especially constructed with 6 in. of steel plus a thin
layer of copper, cadmium, and lead on four sides
and on top and bottom. By means of a sodium
indide erystal within the shielded area and a 100.
channel pulse height analyzer attached to record.-
ing equipment, the counting of an individual’s
internally depesited gamma emitters can be com-
pleted in a few minutes with minimum back.

FLOOR PLAN
Medical Research Center
Braokhaven Notional Laboratory
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0020020




ound influence. Alrcady the room has heen used
ot anty for employees and patients in the hos-
ital, but for area residents who have possibly
en .subjectcd to contamination.
The central area of the Medical Research
~nter contains a lobby, cloakroom, telephone
‘itchbeard room, a seminar room with a seating
acity of 130, and a medical library which now
natains 3149 books and 4079 bound volumes of
arnals.
The Laboratory section of the Medical Research
-nter building provides an arca 258,000 ft* on
» main floor for laborataries, offices, and special
vice facilities to accommaodate a full-time staff
18 scientists and a number of visiting scientists
4 research collaborators. A basement under this
tion provides spacce for the mechanical and
ctrical ducts and connections. The layout of
se roorns and the final sclection of a basic module
t1x 11 [t resulted from cight vears of expericnce
nodifying 1he temporary siructures previously
d by the Medical Department to meet the con-
ally changing needs of the scientific staff.
‘ach senior scientist with his scientific associate
[ scientist’s assistant 1s assigned one unit con-
ng of an 11 }22-ft laboratory and an 11 x11-ft
sining office, or equivalent space in one of the
er laboratories. In addition te this work area,
‘¢ are available for scheduled use by cach
atist many departmental facilities such as con-
led temperature rooms with wide ranges of
perature and humidity; cold rooms, one with
:djoining 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
i5; glass-blowing rooms; sample and i vure
iting rooms; dark rooms; special rooms for chre-
sgraphic work and wissue culture; and special
s for receiving, processing, and using radioac-
materials too active for general labaratory use.
wch of the special departmental facilities is
ned to a scientist or group of scientists respon-
for scheduling its usc and supervising care of
-quipment involved. Committees of sctentists
develop appropriate rules and regulations
rning, for example, the use of veterinary serv-
«cilities, and the use of radicactive material so
wctivities in adjacent areas are compatible,
wroughout the laboratory area, a taboratory
ture module of 3 ft was used to enhance eco-
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nornical interchangeability of furniture and equip-
ment. Fach Laboratory has 18 ft of installed
bench-tap surface and wall-hung cabinets, vary-
ing underbench cabinets, an underbench refrig-
erator, and a two-compartment sink. Laboratortes
have cither a 6-ft hood or an additional 9-ft work-
bench area, and all have from 12 10 16 ft of free
wall area for special equipment such as centri-
Tuges, vvens, elc., as may be required. A large
stock and receiving room is located in the center
of the building,

SPECIAL DEYICES

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 Brookhavens
Medical Research Center. This reactor was
planned jointly by staff members of the Medical
Department and scientific personnct 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-
eascs of man; cach 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 conveaience of the surrounding
arrangcments 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 demnands 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 (3) 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
oration in the earlier medical research
the large research reactor have resulted
thized medical research reactor design
i lead 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 varicus
ader complete cantrol of the Medical
L
n 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,
poiniing to the areas of greatest sensitivity with re-
gard to capture gamma-ray production for better
control of this factor. This continuous improve-
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 Reacror 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 1o operate
at 3 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 1.83%. The enriched U**" used in 18 fuel
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elemeunts totals 222.52 kg. The core is cooled by
natural water. Neutron moderation in the core s
provided by the water and by graphite fitlers, The
maderator and reflector extend beyond the core
container 4s an air-cooled graphite layer one vard
thick. In the direction of neutron flow toward the
treatment vaulis the reflector is fitted with special
sections to control radiation quality. To reach the
irraciation port, the neutrons must pass through a
succession of graphite, heavy water, and hisrmuth
scetions, in part surrounded by thick plastic reflec-
tor surlaces, with an outer boundary of hora) and
heavy concrete to prevent radiation leakage mto
protected arcas.

Previous experience had demonstrated that the
improvement most needed was an increase in the
external neutron fux for the dual purpose of de-
livering larger quantities of neutrons in a shorter
period of time. In addition. the need for enlarvine

avately to learn their distinative contributions 4,
thee total complex of radiation effects. Fhis 3s a ney,
approach o a field that is difficult but imponant;
s purpose 1s (o improve the understanding ang
management of the arganic damage that will he 3
medieal problem in fature radiation ineidents,

tixposure holes and wibes leading 1aside the pe.
actor make possible investigation of such matters
as the induction of radiation eflects in biological
materials and the tagging of biological matertals
{1y the neutron activation principle or by radia-
tion catalysis. Certain of these experimental siteg
are amenable to research on the physical and geo-
metricat factors that control the penctration of the
scveral radiations and their patterns of energy
deposition in tissues.

The control room and the electronics instry-
mentation for the MRR are located on a mezza-
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of neuatron activation analysis. Bevond these

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

Yhole-Body Counter: Gammo
troscopy in Clinical Medicine

whole-body counting svstem has been in
ition at BNL since May 1959, The design
ased on a “portable™ prototype built in 1938
mit direct measurement of internally de-
-l gamma-emitting fission products in the
iallese people exposed 1o radioactive fallout
he March 19534 nuclear weapons test. This
istrument was based on the system designed
1. Mitler and built at Argonne National
{ToFy.
whole-body counting system is designed
«cting very low concentrations of internally
ed gamma-cmitting material and is built
a scintillation spectrometer. The counter
a Nal (Ti-activated) 4 x8-in. crystal and
~cted to a 100-channel pulse height ana-
aecrystal detector is bocated ina 6 X 7 x9-ft
- room constructed of 6-in. steel and lined
d, cadmium, and copper for shielding
he low energy components of background
. The heavy shielding effectively reduces
ma radiation to the detector from both
tys and building materials and increases
~to-notse 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 photo-
r tuhe which converts it to clectrical
he resulting electrical pulse is amplilied
ed to a pulsc height discriminator. The
he pulse produced is then proportional
gy from the original incident gamma-
i100-channel analyzer sorts the pulses
to hieight and thus produces a spectrum
nergy. A particular element may then
ed by its distinctive energy spectrum.
iwumber 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-
tronmental studies and clinical studies.
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Because of natural radioactivities and of {isston
products from nuclear weapons testing, every
persan has deposited in his tissues small amounts
of radioactive materials, The levels of these con-
centrations are rising as the radioactive debris
from the siratosphere returns to carth. During this
period, when the body burdens of fission products
have increased but arc still low, it is absolutely
cssential that the base lines, that is, the average
amounts of internally depeosited radioelements, be
determined for the population, particularly with
respect to age and geographic location. Large
numbecrs of persons must be checked in order to
provide an adequate sampling for valid statisncal
analysis. Once such base lines are determined, it
will then be possible, by continued measurcment.
10 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 evalnate world-wide fallout
contamination. The fission product Cs'" 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 fong period of time, the con-
tinued internal radiation from this material may
produce carcinogenesis. A study of persons kaown
1o have been treated with this material will yietd
vatuable data on the rclation between dose and
observed clinical effects.

Another 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 stight modification to the system - the addi-
tion of a collimator — makes it possible ta 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 acrosols that may be re-
tained in the lupg for long periods of time, Since
spectrometric properties permit identification of
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Diagram of personnel decontamination unit of Brookhaven Natisnol Laboratory. 11ES,
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primary energy quanta as distinguished from
scattered rays, the collimated NaI(Tl) crystal is
obviously the detector to determine the site of
localization of very small amounts of radicactive
material in the intact body.

in order to establish or check the MPC values set sep
up by the ICRP, which in most cases are extra- nec
polations from animal data. Clinical studies to

] . tien
date have produced results at variance with the one
published data.
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The high quantum counting efficiency for The advantage of a system with the sensitivity :t:;
gamma radiation makes this scintillation counter and the heavy shielding provided by the whole- a5 s
valuable for applications involving small amounts body counting system lies in the high signal-to- unit
of radioactively labeled material. It is particularly noisc ratio which affords the epportunity of using mer
suitable for administration to patients for metabo- very low levels of tracer activity, of the order of | Gde
lism studies. The fact that some chemical com- #C with a counting time of only 10 min, This is of con
pounds concentrate in certain iissues may also be obvious value in studying various physiological wal
exploited. Ulirasensitive gamma detection equip- problems in patients, particularly children, as well i {ac
ment has many valuable clinical applications, as in long-term studies, where administration of E}s '
particularly in the study of very slow metabolic large amounts of tracers is undesirable. Soeme of con%
processes in the human body, The dircet i viwo the problems being studied involve the determina- R
measurement climinates the tedious procedures of tion of the rate of albumin and globulin degrada- are:
radiochemical analyses of the excreta of large von in various clinical studies with I'*!-labeled e
numbers of patients for the determination of turn- albumin and globulin; electrotyte balance studies . for
over rates of particular elements. Accurate data with K**, Na?? and Na*'; and kinetic bone studies ang
can be obtained on clearance rates for a particular in normal pevsons and patients with various bone strer
organ, as well as elimination rates from the whole dyserasias, with 3r*%, Ca*’ and Zn®**, It is also quite
body. For example, accurate measurements of the feasible to conduct multiple tracer experiments —_
bialogical turnover of fission products are needed with this tnstrument with little more effort than is "




ired for a single tracer experiment, A long-
study is in progress to determine simultane-
- the biological turnover of Co™-laheled vita-
B,. administered parevterally and Co™-
od vitamin B, administered orally.

nnel Decontamination Units™

an installation operating large nuclear reac-
such as Brookhaven National Laboratary,
¢ there is a potential danger of contamina-
[ many persons with radioactive materials, it
:ntial to have thc means of coping with a
-radioactive contaminating accident. As part
method of mecting 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-
tic door. This reduces the chances of spread-
ntamination to the clinic proper or the hos-
vhere such contamination might severely
r prohihit 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 plusa
¢ shower for use by personnel who may
» wash after caring for contaminated pa-
The duplication perrits the women to use
it while the men use the other or alterna-
srovides twice the capacity. If only a few
and a large number of men arc involved,
as the women have been processed, both
:come available for decontamination of the
-ccess io each unit is directly from the out-
0 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
-nation of the walls occurs.
cr than separate shower stalls, the shower
:ompletely open without a partition be-
he two shower heads, which project out
sposite walls seven feet apart at such an
1at the sprays, which can be varied in
and size of the streams, overlap at the
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level of a patient on a litter. This makes it possible
to roll a seriously injured or unconscious patient
on a litter under 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 roem. After the decontamination proce-
dure, the water in the hold-up tank may be re-
leased into the main sewer sysiem 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
bv 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 half life, it may be stored until the level has
fallen and then the clothes may be returned.
Clothes with longer-lived isctopes may be washed
in the hot laundry and returned if, after cleaning,
the radiation level is below the acceptrable levels.
Some articles that are heavily contaminated and
that might be dificult 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 noncentaminated 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
radicactive 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 paticnts 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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galion can be carried out, dressings applied, and
other such procedures done.

The fixed equipment in this coom consists of &
ciean sink, which is kept free of contamination,
and cabincts for storage of supplies and instru-
ments. The movabie 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
sclutions for skin decontamination, nasal catheters
and syringes for nasal irrigation, instrements 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
unconscious or seriously injured patients, paper
slippers, and clean coveralls to issue 10 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 roem, the room where

hlusd s drawn for various laboratory examing,
tioms, the x-tay department, or, if necessary one of
the rooms wn the hospital for admission.

The low of traffic through the unitis in ope
direction from the comaminated to the clean see.
tion. The patient enters the shower room dir{*.cq;])J
from the outside and procecds through the unj
without retracing his sieps over contaminated re.
gions until he steps through the door from the
third room into the clinic, at which tume he should
be free of all loose, external, nonfixed radioactive
rittertals,

With the increasing use of radivactive materialg
and the possibility of contamination in case of
war, serious theught should be given to having
such u unit or modification of it in our genera)
hogpitals. Most emergency rooms are nat specifi-
cally cquipped te handle this type of problem.
Without some thought as to how such an incident
weuld be handled, radiation contamination could
casily be spread throughout a hospital. While ex.
isting facilities can readily be adapted to provide
such a unit, it is more difficult to have personanel
specially trained and then maintained at a high
pitch af efficiency by drill and praciice in minor
accidents.
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