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T ) reuuiac oot aimpeﬁo pomﬁm n.- mn o Tevearch sfiors
“$a the biologleal sdisnces thad should be pursusd ia e Nzt two to five
3+ The muberiul aovered will be restrieted primerily %o the sowealled
- Riyneer® Resonrsh which may be dafined as the use of radionotive elemeuts o
sxudy the absoarption, disbridution, sud elianinstica of slemsuts and ecrpounds
that sithor are accponents of life processes or have toxioclogloel interest,
the ssction under Health by Dootor Robert 8, Shcne will sower the dlolo,foal
sffeots of rediatim, she uuhnsm by vhiehpm\ruua redisticna produce
their acticm, and related problm «

Paturs affors ummuwsmrmw» scavenisutly
divided intoc two categories, Firsy, stadios whieh bear dirsoily ugon the
present axd fukurs developmunt of mislsar phyviess Seocd, the Sypo Of ree
soarch effort whioh has been mede poasidle by placing emermous quantitiss

of redloactive materials sV the dispisal of investigation in the fielis of BEST COPY AVAILARBLE

medisine, pharmesology, physielogy, Moobud.atry. tba mzaulwrd sciences,
sod rolated fields for tracer ressarch,

The firay ype of ressarch sdould havc as i phsry ain the svaluatiocn
of ths haxards arising from the operstien of nucleculs devices and the hendling
$he oany daageroud Subatanses that are now avalladle in such large quant¥ivitiengs
in addition, ks ssqurity of the anetiwm requires that we be familiar with tho

leme 4o be proseunted should these radloastive maserisls bs relessed on a
arge sonle by eithor an assidental svomio explosion, she burning of & pilse,
or astack szainst us by & forelgn power, The sseond phese of fusure dlaloge
ieal resosroch ¢ffort is sxtresely brosd in and spaod deos nod permit
a disoussion of 138 luplicetions in this » Howsver, it should be kept
4n mind ¢hat this geweral type of investigative sffert will advancs with great
rapldisy ua sacn a8 an adequate supply of retlicactive meterials omn De made
svailable to respowible groups Doth in universitios end ecmweraial organize
stiocns, 1% docs seem highly spp 4ate that li‘pl shoald be teken %0 give
oaraiyl 2ansidoration %o thie "y -

e of the moud ersmt hodthhuud-ﬂ\-\hum.eurrmmnsu
I'rajecta 4is the olemsnt Flutomiuome Sufficlisnt evidenss 1s now at hand %o
osteaklisk that the entry of smounts of the erder of 1 mleregren into the dody
RAY Yo expected ts be atterded with mest disestrous results, Unfortunstely,
Flutonius i¢ elieinated from the dody st & neglizible rate _preasnts the
anme ominous charasler of delsyed aotion, oosing many years 97 eXpONT'S,
es s anly tos well Yuown in the osse of Madium, While a deal of veluable
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infarmation eonesrning the meteboljbm of Plutonium hau alrosdy been established,
there i8 waoh resaining to e dene, Cos of the wost inportant phases of future
traoer studles is the develomment of w therapesutio procedure %o eithor remove
this subsiance, onoe it has beooww fised 4n the body or %0 translosats it from
the regian adout the bome marrom, whers it 13 almoas exclusively deposited,

0 lesy radioesonsitive rogicns in the bdody. It 15 inevitable that cadzes of
Plutonim polgoning will arise snd peaus nust be sakea to suocessfully oombet
suoh aitustionss The development of the Sherapeutic prosedure sgeinst Plute
miua soiscning esm ocaly be done by the varicus traser Sechniquez, Continue
aticn of the 4ypos of traosr work with rlutinium already in progress should

ds scutinued with animsls and more extensive 'studlas oonduoted, whenevur pos—
sible, with human subjeasts, It 48 %o be hoped that the heavy iasotope progran
now heing acnducked by Seaborg ané oshera, will uncovar s isctope of rlutone
ium with a rolatively shord halfelife ao thad nermel humsn subjects nmay bs
employed to further elucidate the unusual =ebabolio propertiss of shis elesmont,
The future, end prodable widegpydad use of Plutoniux in eurtohed piles and its
possidle purificabim from by olectro-magnetio and otdor possiblo methods,
poink %o the sver present possidility of ascldental plutcnium polsomings A
nore alner, but atill significant prodlem, that noeds furth:r invessizetion,

48 the benavior of Plutonium in soils and 1%s metabolism in plents,

4 fairly guneral but oursory survey of She metabolisz of the rore
abusdont long=lived Piualon Freducks in snimals has alresdy deez made.
mPortunstely, the majority of vhose radioaotive elements ars slss accwmulated
in the skelotou whioh thus imparte to Vhem a very sijnificant health Assard,
The preliminary investigabtions now acompleted should be supplanted by fursher
aud pore deotalled tracer studies with partioular refevence So their matebolio
properting in mane, The developrwnt of ¥he therapeutic wathods for the 4rsatment
of individuals polacmed by long=lived Fisalon Produota should be shoroughly
sxplored, Frooedures of this sharacker, sieoessful ix ths treatment of Plutou=
lun polsoning, q:dte 1likoly would be of limited value in the treatmsnt of gasos
of Fissica Produrd polsoning due to she differenoces of chexloal properties
of these subatm:oos, The group of Fissim Products nct stuiisd o dats wmid
wiien inolude thouis radio-elements of eithsr rolatively short halfelives or
low abundance should de Shoroughly investigated, Ths study of the deposition
aad rebention of Fission Products in soils and their metadolimm in plants
have boan thus far ouly wery briefly toucshede Considerable sttention to shis
gouaral problom iv m0st oertainly warranted, in view of the very reul possi=
bility of ths socidental relenss of large gushbisies of Fission Produou
aotivitys Alresdy, it has bsen shown that most of the long-lived Fission
Produsta arce very firmly held by the scil end cen be asaimilabved by planta,
However, the information now at hand 15 extromsly gualitative 40 sharacter and
muoh yot remains %o be done, Apother phase of shis problem is the searci for
praotionl nethceds 4o remave those substanoces fyom solls, uilding matorials,
stostera, onoe thoy have devn somtaminated with long=lived Fission Produots.

A th rouzh survey of tnhe retaboliim of Rwdium, Astinium, Thorium,
Protosctinlisg, Uranium, Septuaium, Blement $6 and Zlexent H& should bs madse,
Two parpossa will Le served Yy this effort, _First, Protoastinium £33,
Traniun 233, Teptuniuwm, 337, and Elemsat $8 are formed in large amcunts
{z halneresctiny piles, asd (orium 2364(UX)) and Uranium 234 are sucounterod
in sertain phinsas of thu different mothods for the Uranium 3B separation
proovasos, ParSioular attenticn sbould be given to the metadolic vharacter-
fukios of Uranius sines the half=life of Uranium 2335 and Uranlum 234,
the las“er buin; scsoxn'.sred in Uraniunm 238 separation procesves, ars within
an order 4¢ regltude of the :allfelife of Flutordums A oorollary to -uture
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Ursniwm $r:cer studies is of ocutree ths seersh for methods fer renoval of this
elomant onoe 1t is deposited in thyp dody. Cecond, a oprreletion batwesn the
chemice! and mv5abolis preportlessof this series of heavy elomonts will lead
%o a better wderatanding of the wveohaniqws whioh are rasponaible for the
unique and cinous prodilectica of Flusoudum for the skeletane

Anothar phase of Sracer investigation whioh desorves scre attention,
is the stwly of the metavolisx of the langelived induced radicastivities froc
stalile alemmats exposed to intense moutron fieldse Juch materials inolude
Carbon 14 whish L& produced by the intersction of nsuiraus on bobh Hisrozen
ed Carbone Ihis general prodvlem will lpxn whenever wmorials are waployed
1a tho presmae of intense nwulren irradistion Shat emn give riss to induced
radicactive olaments with sprredinble halfelives,

Redlcasbive. dreeer sechnijuea should also de ewployed for ssudiying she
behavior in tire dody of the materials wsed in ¥iw muolemiy progrem which
possess chenioal Soxdoity, OSpeoe limits a disguseicn of al) the elsments
in this ocstezory whioh way bo enoounsersd hut of imsediste intersst are Uranlum,
Berylltum, end Plowrine,

7here sre military oonsidarctions whish can be signifienntly alded by
4o results af properly planned traser researche Ihe distridution of Fissiom
Produsts and thw production of induoed rodicectivities by an atomic explosion,
&8 woll as the ;ouibh wlisery applionticn of radioastive warfare with eithsr
dhe longwlived Piseicn Products or iuduood radioactivities, such aa rpdioe
Taztalus, may deserve ovaluation in the future, A great deal of $hw informe
ation slready asquirsd by trecer fechniques wid the future ¢ fort outlined
in uhia raport, is diregtly spplioable $to answering some of shese problems
should Shey arlss. Howswor, there are speoial questimm whioch octoern thw
mlitary applioations of atomic warfars whish gennot be answored withoud
sdditional offorye Thesse iluglude oharasberistics of predlosctive matorials
lefy afder an atomic explosion, 4w dispersicn by the blast, the possible
methods b which ective materiala might be ecployed as wespons, ana the
varicis :o.nter aeaduréss This material is for reference only.
Permission te remroduce in full or in
part mst “e c-tained in writing from
the Direstor, The Bancroft Library,
University of California, BerkeleY,
California 94720

The traocer work wibthin the nuocleonio# progran has bdecn dope primarily
ot the "niversisiss of California, Chicago, and Roochoster and e% the Clinton
Laboratuoriss, in Cak Ridze, Yernesses. Xowever, 1 feel thal the soope of effors
is sush that the opportunity o sttask the meny problens dssorided in this
redort should bo oxtended $o other research graupss e direotion of Shis type
of work ghould ba in ihe hands of men who have bad a suffieiently brosd baoie=
oround dn the blologioal ssiconoes, radio-aremistry, md nvelear physios $o en~
able them' to adequasisly grasp tha oharsoter of the 4dype of effor: that is laid
before them, Moreover, investigaters 1a thia field of Srsosy research should
work in olozé gollaboraticn with ths chemists, and physioists in the fisld
of anolronics and a¥ suoh lovaticas where astive nuslear ressarch is oveing
sarried oat, !nder Shese ecnditions, the bdiologists would deococme favriliar with
the new problema drought to 1i_ht by she comtinuing developswnss made by
tholr oollogues in ohemiatry and uuolear physiose and ab the samo iime, reo.ive
{ovaluable ald in sheir onm problems of iunstrumsntetion, chemical isoluticn,
o atarn.,. .

APPPEDIX I« PRRSCSNEL NECULIRAMENIS

ihe cytimate of the numbar of ryasearch workers needed to ocwrry on the
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racer program, describod in this report, i¢ dirfficult to make. In the first
place, the factor of time is amost inmportant cus. Secondly, the degres of
thoroughnoss with which esoh problam is to be investigated 1s als- o problexg
ard thikrdly, tho dsgroe of suacess that 13 to be achieved will altor any
prodiotions made mt the present tims, These variables are nore diffiouli to
ostimate in thw biolosisal seiencos then in eithor chemisdry or phyaiase
However, 1f une assumes thats all of the work iz tha loregoing repart should
be acepletod in approxin Sely five years, the followicg wery rouzh estinmate
ount by given, .

Thore ahould be & mimlmum of at iopt oix mon, well trainad in the
biclogisal solences, who have had ton years research sxporience, of which three
yesrs have been dovchod $0 problons $hat havo required the use of radicestive
tracerse Three of these sen ahould have hed wedisal Sreluin., and rore thau a
suporficial soquedriancs with radio=chwnistry and nuslear physios La sgsential
for all six, ¥en of %his group should essume the responsibility of the dire
ectian of the general problems deworibed in the repords ey should heve to
asaist them fiftesn to twanly well Srained younger men with gpraduate dsgrees
in physlolagy, blochemistry, mnd the allied biologioul seiencess An equal
aumbsr of men who have hed oclleze 4retning itn biolcgiceal fielda would be
neaded and et the seme time shey would reosive Sraining ia tnis partioular
fisld, Aa wppropriate number of technicians, ladoratory assissaands, ekostors,
would be required) prodably a setal of forty full ¥ine poople in this cate=
gory would be quite adeguate,  3paoce does nov permit a dlaouaseion of how %he
varicus phuses of shis traver progream should de divided amoug aiffeyont reserroh
Zroups wnd insyitiiions, Dowover, carelul ocnsiderction shouls 99 glven to
faoilitiss such ns piles, eyolctrons, stostera, ond the prosenos of eotive
romsarck prograss in redioschem!stry and uucdenr physios within the o
institntion,

AFPeRDLY 1Y RELATIVE URGENCY OF TH: DIFFERINY PHASES OF THE TRACL PRUGRAL

Ab proaent, thw most urgent phase of $lw entire progres 1a to dowlop
e offeative therapeutis procedurs for Flutcalum pelsoning and %o extsud our
imowladge of the behavior of this substencs in &he body by more ocwplete trocer
studios. Iwtabolio studies with Uraniunm and the searo!. for therapousic neasuros
%0 oombat the possiblo polscning with Uranium 233 and Upranlum 334, is, An my
apirian, of imeedintoly suceesding imporkance. Ihe seareh for rwthods o ecambat
Vission Froduwoks podsoning, 4s likowiae a problem thed dessrves high priority io
this prograite Y20 othor problems which inoclude wetaboliam of the other hoavy
alaments, the less inportant members of the Fiswios Produsts group, end $he
3041 snd plant studies whiohy while signifiosant ir thelr importanos, are not az
wrgent A0 the sublosta listed above.

A sppralsal of she prierisy to be assigned to the phases ol tracsr
regoareh whioh will be of sigxificance to the development of military epplice~
tiona of stomic warfare, oan botter do wade by those more femilier with futuro
policios in tiis problem,
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