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LEGAL NOTICE

This report was prepared a3 on account of Gavernmeni spormored work, Neither the
United States, nor the Commission, not any person acting on behalf of the Commission:

A. Makes any warronty or representation, express or implied, with respect to the ac-
curacy, completeness, or usefulness of the information contined in this report, or that the
use of any informotion, apparotus, method, or process disclosed in this report moy not in-
fringe privately owned rights; ar

B. Assumes ony liabilities with respect to the use of, or for damages resylting from the .

use of ony information, apporotus, method, or process disclosed in this report,

As used in the above, "'penon acting on behalf of the Commistion”’ includes any em~
ployee or contractor of the Commitsion to the extent that such employee or contractor
prepares, handles or distributes, or provides occess to, any information punuent to his em-
ployment or contract with the Commission.
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This papsr describes reactor equipment ani procedures employed in medical
experimentation, with specific examples of the use of radiocactive materials
and instentgneous induced rudiations. Limitations met in six years’ experi-
enoce with the research reactor are also listed, Utilization of facilities
of the new Medical Researcr Reactor ig outlined,
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Gumerons eXpressions ¢, wioesiress dniheres’ in lhe srockaaven
Vedical Ressarch Reactor make pertincut a review of the specisl features
of Liet cevice, These specisl featurvs arose from needs demonstrated in
Lue jres.ution of ressarcn st Brookhaven by the Medical Duepertment, at
tne presst inr, e BhL research reactor. The amajor conslderations which
dictautod tiv wosl L fesiuras can perisps vest be illusirateu by descrip—
tions 5 Lrical jrojecls tram past and jresent erforts, ne future pro—
gram can be rouzily outlired by considering tne function of the reactor's
several facilities,

Lines of medical rescarch directly utilizing the nuclear reactor
ha;e generally fitted intc two cetegories, Cne covers the effects of radi-
ations on l:viny gystexs and their fuels, the other :Includes the éamut of
radiocactive trscer applications, Under the first category fallsthe studies
on induced agtivities mediated by reactor neutrons, the effects of inherent
reactor rediations, and the production of high zciivi:y nsterisls for experi-
mental radistierapy. v secon! calesory includes ihe ususl radiocactive
trecer Lec;Li;ués, e/yiortion Yor new trucers or new cerriers for tracers,
and other sreciali procedures ol nizn analytic powsr, oome of this work uses
the type of fscilit, enc ser..ce rcutlinely crovided at a reeearcih reactor,
a8 in ordipary ru.ioisctope pruduction sad irragdlation services, Others have
been coﬁstructec to SPGCiLl res.irements 1n veryin.. deisree,

Althow i the tull reSeafcn iro T 0! L.c Lrooknaven Medio@
Ueparunent eqtend. Lroesly into TNy rleits of ‘ioﬁnedical‘invéstigatioh;
actually a large rert cof ins work is wused on tne unigque fscilitles avall-
able at tne iarge rescerc:. reactor, Tnese spocial circumstances make it
practicel to use proce.tires which exmploy induced instantanecus radiations

'
1
an® radicectivities of short half-iife., For instance, it has been possible
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to muks therspeutic trials with such agents as radioactive chlorine, with
e half-1ife of only 38 minutes. In this instance there are important
advantages related to the short period of irradiation, in that the area of
exposure follows the early distribution pattern of the material, which is
| usually quite dif[er@t from the distribution obteining some hours later,
by which time the rndiocctivity'has decayed away. As far as thé use of the
reactor is concerned, tuis is a straignt-forward applicetion of routine
isotope jroduction wethods, hers, the specisl circumsiance is simply that
exphasis 1s placed on repidity of hanaling and »applioation. ubich mexes
possible un unususl sprlication of special physiological kmowledgze of path-

ways &nd rates of distributioen,

e
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Kotner ex:m: iz Iin .uic: the early Jisttivution of & railosgciive
; y

agent is utiiized is tne exrerimentel ernlication of the 2,6 hour activity
of rancenese-56 for radiot..erery in netastatic and primary melignsncy of
the liver, To drew s comparison with g mgre fumiliar situation, the “is-
tribution of rﬁdioective iciine in the body mirhl be considered, Thise

widely known aéent of "ata:iic medicine® is used in certain diseases of the
thyroid gland, sometimes to destroy cancerous follicular material, sometimes
simply to cause reduction of thyroid activity to control Graves' disease

a8 an ald in menaging cardiac camplications. The rationale 1‘or. radloiodine
therepy is based on the acoumulstion of radicactive waterial in the gland.

It requires many bhours to reach the peak concentration ‘hn. tneresftear the
material is carried off slowly, Most of the radiation is thua del{vered ,
to the gland itself, the remsainder of the body being spared by vixﬁo of

thie avidity of the gland for iodine and the gradual nature of its mamu-
facture into prodowts to be distributed snd subsequent dilution in the

body, In contrast with this picture, an experimentel study of the behavior

| q 0 y ﬁ)%wmeu 'In the body showed & rgyi acounuwiation in the .livar and DOE /HQ
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S e mar 8t of tnds coreentruation can be used to effect a
i v, Lieato:nt in Lhese oreee . Lhese Jdistribution characteristics
I

werc Lt. tec uita pn wno MRS, clttne the way to the possibility of

U et LrsegulLb studier neve used yet another

usir. 1.
arcro- = 4 - LEL isur rwt il «f  mn.enese has been followed by appli-
caion g fvoliln gn Lysle to Lissue specimens,

7he neutron cajture ther::y experiment should be brought in
at this point, This reationele ls Lused on the instantaneous ;roduction
of ener, etic heavy particle radistion torouchout & brain tumor mass,
under slow nceutlrun exposure ufter asccumiletion in tne tumor of a target
€le.cil I :ion Leulron cgplure (ross secilon, sere tue time scaie is
geler: dred | e vl Ll waa@ oSt alo. cUROE Lresh concentralions
di.fer .wr o toe JiTsy few wiluter ic.aGwibe injection.  Lue neutron
expcrur: is scnecuies Lo teke adval..gge ¢l s irensient favorable tumor
to Lrein cujture elem=nt concentration r:tio, to spare the surrounding
normel tissues rs much a; rossitie, In these stuiies the dynamlc differ-
er.ces . v rceniraticr of tarsel or railoactive elerments have been termed
selecii.e rinetics, inowleage of the raliern of ucverent or distribution
of any agent in the body is basic to the understundiing and improvement
of investigatfve and therapeutic modalities based upon it,

A eixple enumeration of the reactor facilities we have used
proceeds ss \ owe, with same tyrical apents inuicated in each oaao{(

L (l) ) o r 1&.0pe produdion conveyor for radicactive ‘gal.li‘
sodiuw, ete,

\0, s.ort ex;osure pneunstic tube irrediations to make C138.
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w ter conled facility for sctivation of thermallv unstable
compounds such as v ijw: citrate and chloroform,
c‘.,-sreciai‘ exposure tans 1o .ske radicactive gases, e.g.,
ar.ooton 27,
\€) a ulecitl cave wliln a Lwo—inch collimated neutrun oeem for ) .
stucles 0! neutron puielrutllon patterns in tissus,
(f; tue .euices lacilit, on tu; of tue reactor, where experi-
wenlel liera;y sbc rescied prograus are carried out,
(g tue tiolory epartaent's taecility, aiso ou top of tne plle,
for tuerszi or fiLsl neutron exposures in & chanier about
one fIol luws,
(h) and er ii;uricnt scceessory—tre izberetory essiyned Lo the

r:eéj:-al Derarinent i Lhe rescicr tuildine has served vari-—:

ousl: as ¢ steriny ares for resctor exverimerts or as an

orerating spgece wiere jin vivo experiments have been carried

oL using short lived isotopes,

This enumeration defines the outline of the wark which has been
done gnd which is possible to do, Some further detail on a few of QI'F'O'
Jects way be of interest, since not all ocan be described to any mtisfactary
degree cf comjletenese in this paper,

4 varied group of experiments revolve about the redicaciive inert

A ..
gases, Tnese ere prejared by neutron activaetion in a 2 liter tnk ﬁw '
in one of tne vacant fuel element gites, This tank is loaded to ) W‘“

s adrin
,ressure, producing a sufficient qmntit.y tor eomvenisat M ﬂ;dﬁ»
tnercpeutic trials. The gasecus medis 1'0@1!'0 -ahm ~2u~l ‘h

jeriments dons so far have merely pointed the way. M“ ' .-—
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PEYS .. sxoeglent pricticn) rossibilities,  Therepeutic
_ ereen hnve Leern rade to reduce serous effusions in
-+ spenic cavities, samewhnat after the manner of radicective
<y T3 wrovecures, but witn tne hope of achieving more uniform
anu extercive irradiction of the serous surfaces Yy virtue of the greater
fluidity of pas with respect to liquid., Another therapeutic possibility
is irrcéintion o tuey cnvities such as blsdder or stomach with gas
geliverea in:t..ir. we.ied “welioon,® An acvante.e here is that the body.
lissues do ot reteui. Lheue ¢uS€s L0 wny greal externt,

Experiicn el siudles ou anestuesia nave provided two striking
8Xampie.s ul . ot .a.cebill of snort—-iived mslerisls, The ugeuts used
Werc Ac:On ni: enloruloli.,  aade jrogrem was carried out in colleoorstion
with & resesnrci lew. f'}m. e slete University of Iowa. A quant.ityA of
aCi.Vele: Xelco wes “daeld wilh stecle zznon snd tuen edn.ixzistered.t.o
aniruls oy e stust.esivaiocist,  Swadie. were carried out to determine
where tre meterial lccelized as a function of time, with special aﬁtenticn
to various glsnie ani nervous tissues, followed by parsllel studies to
establish cm‘reapér.-dir.r rates of loss at termination of anesthesia. The
few hours' working time which the effective half 1ife of xenocn allowed
were quite edaquste for this work, Simiiar experiments with neutron
activated chloréfcrm were also bepun, Here the reactor facility had te
maintain the chloroforz et near rcam temperature during activation, becsuse

of the valatile nature of the campound, In both instances it was Dessssery

L}

to carry on the work in ap operating room set up in a laboratory Samedigtaly , A._:;
‘ "‘ 2 \‘}' ’ ""4‘..: ',"‘

adjecent to tha resctor, : J
Wt

Energetic heavy particle effects on bacterial

microbic;cﬁml systems have been studied using the neutsroa
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Wil 3 f.aitic: woaifles to sccumnudate test tubes, This is a modality
w.i . ;I wviaus & uistribution of tne heavy perticles throughout the

s tslon, & siiuation whicih cannot ve effected to any greet depth using
externel purticle beans such as are provided bty aocelerators.

Another phase of the work besed on neutron capturs radiation
inveives reilceutoprapny of a speciel type, This procedure is used to
deturcine—in a microscopic scale—in which psrts of the organiems tho~
Ce}_ture‘tar;vet elenerntl concentrstes, The injected tissue sample is pre—
pared and rounted in contect with e speclsl photogfapbic emulsion and the
assertly inserte’ into s speciel bismuth shielded exposure holder adapted
to tﬁe cedicel facility, Development of the tracks made by the induced
heavy éarticles rovizes the desired locelization informetion., Thie

tecnn’ :uu Tacuires crest jeins Lo winimize tre effects of other radiations

which are pres:ni, inciudin. ine radicectivity frun both silver and bramine

induced durin. tne exposare, Frlastic siides gre used in Llace of giaal.
In additici. Lo ¢ur owi wors in tids fielc, cooperstive projects have been
carried cul wilu reseercn groups ¢f tie Undversity of Illinois and the
Massacuusells Genera. Hospital., botn of these projects have alru&b' been
described in the litersture,

In all of these crpefimenta special regard must be given to

materiglas, Qlass test tubes beoome rediation
%A for materials under irradiation must be ganer—

;lj.y ac od for unwented radistion as well as chemical sffects, Il the

\

application of induced r'adioeut.ognphy for iodine in el JpPV

strips, care must be taken to select a papar of low chlorine , einoe

that sctivity could mask the effects which are being sought, !

]
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Throu-tiout this brosd vrogram certain limitations continue to
recur, In a way, these limitations are really expressions of the eeger—
ness to rush further into possibilities revealed by the earlier investi-
raticns; they sre the result of a completely natural growth of ideas and
wetni ues.  Two types of limitin, fectors are eseentially based on (1)
suantity emt gquslit, of externsl neutron beams, (2) adaptability of
facilities Lo tnu s;ecial needs of experiments ae they arise.

ine naed for greater quan.t.ity and for control of the quality
or energy o! the neutron beaz is felt especially in the neutron capture
tberapy uxperiment and its ancillary investigations. Tne first medicel
facility in the roo! of the reactor provided a flux of about 2 x 108
neutrcns per second-squsre centimeter, This we now knmow to be the lowest
level at which such work can be carried out, An improved facility was
contrived and has been used extensively, The flux was increased to about
3 x 107 neutrons/sec:cm?, But the increised convenlence through having ‘

8 shutter and suitable shielding arranrements allows many kinds of experi-

ments to te carried out during routine working hours., Without this improve-.
ment the screening of proocedures and materials in developinz this m.
might be 1iterally interminable, The further improvemcats we hops to ebtaia
from the new Medicsl Research Reactor include another increese in alow

nl? flux }n soue messure of cantrol over the enargy of the m«:l. !

with consequett improvement in t.noir pooot.mtion through the tisewes ‘W’

4 Hhile a great variety of special facllities hnv' boeny provided, o e
either by invention or by borrowing from other projects, some degirable ' “
arrlications have been beyond our reach, We have been able to wtilise
snort-lived radi(')act.ive gases, but we nov look forward to using swven Ixiefer

activities in gaseous and liquid forx by reairoulating the medimm through
S
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resctor exposure loops and directly into treatment room or laboratory
touching the resctor wall itself, Also there are frequently substances
of interest which must be maintained at room tempsrature or even refrig-
erated during exposure, This is already possible, but the demands on and
liritations of present equipment preclude any extensive investigation of

reactor thermal and radiation influe.noe on these substances.

There‘ is need for more study of the way in which neutron .bouu'
of various quslities penetrate tissue. Collimated beams are of special
value in such work, The therapeutic experiments have demanded fluxes
which cannot be delivered except by diffusing ocrifioces, hoyever. Never—
theless, sowe instruwent studieﬁs witnh fonizetion chambers in tissue
equivalent phantoms have been carried out with neutron intensities only
one~-thousandth as strong as the situstion used for experimental therapy,
and these have beeu correlated with phantor studies set up to duplicate
the therapeutic situstions, Better collimgtion, higher flux levels, and
oontrol of neutron bear m&g would combine to make this type of investi-~
gation much more valusgble,

Another limitation in the present situaticn is the inoocvcniino.
of progn—ing'fm- expsriments vhich require massive extermal pcutron beans,

" These experiments of necessity raise the background in the vicinity, putfting |

out of butipou many uperimcot; dependent on delicate rediaticn ‘ ta,: '.

s A )

‘f .qu{i.:nt invalving buzan pstlients requires .esowerting ble.

spdce into an appropristely ocatrolled hospital ares, anotber roqu.trucnt
~ in conflict with cmtim experinenteal sites, mly.ptrulll] satiaf{ed

by evening Mu. But ooe important experimeatal ares is not acecamo~

dated at alldvibe rate—sensitive charseteristics of rediation eff

iogical experiments over a suitabla range of exposire rates are not at

compatible with the over—sll unifou' 6pcrqt.ia: progras of a large geoeral
e
"W/_/ .:‘
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pur}ose reseurci rescLur,
The Gesign of the experimental facilities of tre Medical Research
Reactor is itsel! the result of extersive stuly. Each phase of the work
to date and sach 1rojosal for a future project has been comnsidered in arriv-
ing at the rlar wnich 1s now taldng concrete shape. Briefly stuted, the
specifications are these: the MFR 1s capable of uroviding external tfhemal
neuiron beams at intensities about 10 times those we have used, with the
fast neutron and gams ray contaminations well bulow limits acceptabie for
the experimental situation, Tt provides a patient irrediation facility
with a widely wucujtable treatment port incorporating both gamms ray and
neutron shutters snd with an suxillary prevaretion room. lieans are included
for modifying the cheracter c;f the neutron flux, in order to explore the
enh:ncud peietration of epithermal neutrons, An identicel exposure facility
is provided for animsl irrsciations, 1n addition, & large cell directly -
exposed to & bare face of tne reactor is available, A collimsted neutron
beam hiole for irradibtion.of microbiological specimens And for study of
radietion c¢ffects or ueutron derth dosimetry in tissue or equivalent media
is available., Our work also includeé the aprlication of radicactive materials
of fery short hsl’l iife, for wnich there are irrediatiom t;uboa inside the
reactor srranged for direct delivery-%pt.o the treatment roams ar labaratories,
From our experience with the axperiments usisg the Brookhaven
research rcactorﬁcpecit‘imt_iona for \ho proposed reactor designed cclual‘voly
for biﬁnedical research were based on a slow neutron flxx of 10121 peutrons’
alz-no delivered at the treatment port, This level is to be achieved by

RV XN

& reactar core utilizing enrished fuel elements of the MIR ar BSF type in
a water—coaled arrangeaent surrounded by au air-oooled graphite moderator, . &

operated at ooe megawait, Detalls of theq reectar, shislding, and layewt of ///1//
25  DOE/HQ
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rescerch facilities have been worked out in collsboretior witn the Nuclear

Engineering and Resctor Departments and the Architestural Flanning Divisiom
of Brookhaven National Laboratory, Preliminary design fa'tha reector and
specifications for the special shielding ware developed ocooperatively with
the Advanced Tecnnology Corporation under cont:ract wvith Brookhavec National
Laboratory.

Architect for the Medical Center is Eggers and Higgins, Con—
tractor for building the reactor is Daystrom, Incorporsted, The radiation
shutters for the treatment facilities have been fabriceted by Baldwin-Lima-
Hamilton, Medicsl Center Buildings are being erected by the Malan Construc-
tion Campany. . , ‘ s

In speaking of medical reseerch at our reactor it is impossible
to point out all thet has been done without telling the large 'cont.ributim
by personnel outside the Medical Department, Full cooperstlon of the
reuctor Opel;ation§ staff has alwuys bean campletely given, O(n questions
of sunielding design, ru.iation measurements, or other physical, chemiocal
and engineerin; deteils arising in our work, we have hed cmpetént assistance
on request fram tnose wcrking around us who are cpocialia.ts in these matters.

The interest and -aid of the entire staff has been a factor of basic importanoce

4

akiﬁ é‘? ' - “‘?—l! mlw ferms, the nuclear reactor has bo4.d “}

L
cal hLmttigttioa- utilising activation analysis, the prepare-

in the progreas of our work,

radioactive materisls for tracers and therapeutic sgents,
and directly as an instrument of radiation therapy. The experiment for
delivering energetic heavy particles for radiation therapy throughout l..
disease site was begun within the first .nanth of operation of the Brookhaven

Ressarch Reactor, and this experiment was indesd ope of the important early
/57
B
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Uges ol Ui .aCh.bie.  thas crticulsr ex,uriment cuntinues to be our most

important sin.ie effort using tne reactor and is expected to oontinue &0

for 4 1on Line Lo coae,
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