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The exgporimenital sork that ean be carried out te
;dvaatago in the Radiologlosl Researeh laduratory at the
ul.lou of Mysielans and Surgeons, Columbie University is
explainad in the "Introduestion® of this Researsh Progrea
Perort and 19 éivided irnto sersrate prodleas under *Research
Predbleas®.

This laboratory was set u: some years ago fer the
exprass purnose of studying the Biologlesl effects of fonizing
vadiations anll related ;rodiesms. The suggested prograsm, as
well as the researeh carriad out for the Manhattan Distries
during the last three years, oomes under this elassification snd
4205 not necessitate a reorientation on our part. Prastically
all the laboratory facilities needed are alreudy availadle.
Yunéds allesatcd to us Wy the Atosic Znergy Comsission will emabdle
ws to 40 Bore work of the type we would normally 2o end wild)
praovide ¢sta needed in the practical apjlications of .tomie
energy.

sithout ocutside su ;ort, of course, the choiee of
problems to be investigated in our ledoratory sould be somewhat
different. In the rropousec Hprogram we have taken i{nto agoount
the needs of the stociec energy projeet in genersl, and the
most importact ones (from this roint of view) would have the
hnichest priority.

After a eortain special teshni~ue has deen worked out,
1t &3 a relatively simple matter to sollest édata of gemeral

utility. It is mueh more eeonomicsl, therefore, to nl;,qgt;m
1152119 o
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dovelo.ed, 4 wre [ Fo, . P L5 . tals wie: the odeazl . *riges

ad oo leat-d 1t Ouly ai t:d. re ort

Breli wPCl - 2P o0 The L0 ¢ snviee o B e inv.alves the

cevelo @mwat of efeclil o oaritus. Unl-ss i ~ork 9! ine stalf

1 closely courdin tec »: th.% CuFin; the tixs thut the

srparstus 4 belas Malt u $BAVEIu 1 € 1 wola on another

wrotlsm, cunslderadlec lozs of el fclney rostits., For this

rasson (on¢ oth rs ind-Tent to the Viry n ture of researcn)

1t 13 Jifffculs t: counsidor .roDloms -2 89 rute ftems tlhat ean
¢

be followe® agcurdiing > a pracet.rein-¢ scliecule,
The numbsr of :rodlems tlil "6 Cuni WICErt.dn %2 atucy
*

derends 1ot anRly on the fonds ailoGutwd L us, btut on the

selintifio 2t ff th .t we cui. maiut.is ovsr  rneriot of years,

-4t the rosent dgh 3zznZ or sclentific worxers, it is

ia ossitie tc b 1d goot ®- 2 9 Lhe uncertoin t.sla of year to

y ar grauts. Thiz probleo, -:icn Qs yeteraily recuruired, will
1:0 ¢3ubt be solved by tlie Atozic T..elyy Corai-sfi.r i the course
of time. Penulin; thuls cecirfon «e sugvsat that 2ha Junas
xllocate? ¢ usn fnpr “ae flgeal yar LU0 Y the Yiz¢ 38 Jor 1947,
tii.t 4 $4100,000.0C. Inasxucl. #5 I do 5ot <i.0d «aul Prungement
4: bultie, =ala 1tn thr Uddveresity LB ut uvernoaZ it sisilsy
enirref, 1 ¢ nnet vlve ot this time .n itexl.iod bucyet. Hos«aver,
palirlic: 11l eomt UOr dore tho.. NULT ol the (YL o mentlsned

stg. I 50 ll e ol o0 ot osudalt oo fterfred YTugel ot later

datwu. -
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In studying the bislegical effeets of iomizing radiatiem
of all types it 1» edvicusly important to estadlish equmality of
dose en & comnon basis. The roeantges is a unit of x-ray or gamma
ray éose Based em the fonization profused ia air under eertain
econditions. It dees Dot apply to othey types of iomising
nd?tloa.\;

In the ultimste analysis the snergy abserbded by a eell

or u tissus exposed t0 radiation must de respounsitle for the

bielegiesl effeet procuced. Therefore, takiag energy asbsorded

per gras of tissue as the comzon basis of dose should give the
simplest sorrelation betwesn dose and effeet.
the tissus dese.

Yo may eall this
In the ease of high voltage m-rays sbserpties
in soft tissues and uir takes place largely by the Comptom
process .nd the suergy absorbed By ene gram of tissue and eme
gran of air, wnder the conditions irprsed by the defimition eof
the reeamtgen, is nearly the same (that 1s, properticmal to the
eleatron density.) B8imee the shemiesl eompositioa - and,
therefore, the elestron density - of living tissues varies te
some extent (the extrese being the ¢ifference betveen seft
tissues 208 tane) it i3 expedient to take the snergy equivaleat
of ome reantgen in tarms of eme graa of air, as the unit of tisswe
dose. This s appreximutely 85 ergs per gram, the uwne¢ertainty
arising sim’ly from the uncertainty in the aversge mru__‘}”g

NVARN
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by 3an eleetron in producing :a ion palr in :ir. Fe may now say

that when, at 3 given point in a tissue, the energy adsorbed is
85 ergs per gram ef tissue, the tissue ¢ose is one roentgen.
The sume unit of tissue dose may be used for all types of
ioniiing radistion. To distinguish it frox ths roeatgen, rhich

applies only to X and gamma rays, we may call it the “"tissue
roentgan®,

/

It should be noted that in order tc express the dose
in tissue roentgens it is necsssary to deterzine the energy
adsarded per gram of tissus at the point of interest and under /

the conditions that odtain during the irrsdiation. In general

these corditions are sush as to make it difficult, if not
fapossible, to ealculate uith ressonabdle aseuracy the tistue dose

froc physieel data aveiladle at present. It i: dest, therefore,

to make 3 direet measuressnt of the tissue dose.
Before the war ve had develojed a ntho& and spparstus
for the measurement of tisgus 40se applionble to any tyre of

fonising radistion and sny set of coacitions encountered ia

pr-etice., This method 1s generally rveognized nov as the most

suitible for the purpose. It embdodies the use of «n jonization

ehamber eof speelal design, called an "ertrepolation chamber®
becauss in principle the final result is edtained by extrapolation,

The practical apylication of this method to speelnl cases is not

slsays simple. The éifficulties ere largely in the ecnstrection

of sn extrspolation lemizstion ehasber that truly rerrefpdy,,
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the physiecal conditions existing in a tissue, insofar as the
absorption of the radiation in question is econcerned. The most
satisfaetory Chllbt.l' is one ia whiech the wall material eontains
all the chezical elements of a given tissue in the correct
propertions. There asre sertain advantages in using air as the
gas in whieh the i{onization is measured and other advantages in
using a gss sixture eontaining all the cheamiesl elements of the
wall materisl ia the eorreet proportions.

In deteraining the energy udsorded per gram of well
materisl (and therefore per gras of tisswe) from a measurement
of tie iomization predused in air, one sust knoe the average
emergy lest by the %average® Lionising particle traversing the
air 1o producing an fon pair apd the relative stoppimg power
of the wall material for such average ioaiiing particle, with
respest to air. TWhen the gas harz the sams coxjotition as tae
wall material, it 1is neeessrry to Knov orly the averige energy

lest 5y the average icmizing partiele in preduwcing se ion peir
4n thn gas mixture. (This, of course, imvolves the reasonabdle

assumption that the mass stopping pover is the same for the
s0lié wall and the gas mediuvm of the same compositiom.)

The aeccursdy with vhich tissue doses may be determined dy this
sethod depends largely en the sccuracy of the values echosen for
these zuantities. %he greatest wncertainty arises in the case
of heavy nuclei set in motien by fast neutron impacts or
othezrwise. Ve have suseeeded 1n preparing a tissme eguivalent

saterial im wvhieh all the elements in 2 given tissus ean de
1152119 =Bk
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inecorporated in the eorrect prororticns. The material ein b

used 83 a2 wall lining in any gss tight ionization chasder.

Suitadle gas miztures are mot ciffieult to odtain. The question

of stepping pover and eanergy spent in produeing an ifon pair,

especially fu the case of neutrons, needs further investigatioa.
It should de noted at this poimt that until nov it

has Deea Customary to maasure fast neutrom beams fer biological

purposes in toras of the ionization produced in a 100 r Victoreea

chander G2lidrated in roentgens. Whan this chamber resds 1l r

4t s said that ths neutron deas dose 15 1 *n®, To estimate

something approaching the tissus dose (as defined here) it has
boen assumed that 1 n 13 equivalent to 2.9 r. Our work las
shosn that thare 1s Do constant faetor relating the m and the »
for all conditions aund particularly shen the nsutron energy
spectrum 1s different. 7This mesans that the ifocuisation chamber
sust de properly dasigned to meet ths rs,uiresents of eaeh
partieular case.

It 13 well xnown Lhat equal tissue doses of gamma rays
and fest neutrons do not, in general], produce thes same diolegical
offeci, This is attriduted to » sarked éifference in the average

specific ion density along the path of the fonising partiecles

1iberated in the tissue, in the tmo cases. It follows, therefore, °

that the measuresent of the tissue dose per se even under the dest
conditions, 4does not psrmit one to predict shat the bdiologieal
effect #4111l be. The additional re;uired information is at least

[N
B b.).‘f'!
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a fair estisate of the relative preportioas of the total iea-
| 4sation produced by slectroms, protons, amd heauvier resoil
partieles. BSuitable methods to obtain this informstion will
have tc De developed Defore one Csn appraise the biologiesl
effectiveness of a deamr of ionizing rediation of unkmown
eomposition er eomposed of widely different types of radiatieam.
Shenleal
It 1s obvious that chemisal shanges must take place in
irradisted tissuss. Inevledge of these chemical changes would de
valuable in understanding the bioclogical effeets of radiatiom.
While a grest desl of work has been done in this field, the
results bhave been disappointing. Fer ome thing it has deen
found that doses of radlatium, shich procuce marxed biclegieal
effects, cause extreiely sti:ll changes in echemicei systems

irrediated in vitro., Chemical chaiiges in tiasues frrwdi:ted 4in

vivo are also difficult to Ceteet. For tne mosent it seems

that the direcot approsch in linking chezical ehanges with diol-
eogical effeets 13 not very procuctive. Bevertheless cxplorntc.ty
work to diseover nev methods of attack should de encouraged.

w We *ish to point out mow ome case in which chemical experizonts

arTe certain to provide useful informstiom. Pructically no work

has bsen d4one under esnfitionz thzt permit the comparison of

the chemic:l sffectiveness of radiation of widely different

specific loa density. This ¢an be cdone in a varlety of ways

and in particul.r by usiang gemmr rays and fast neutrons. By

M B
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ehoosing the proper irrsdiation factors the ®tissue® dose in
the ehemigsl system may De dotermined with sufficient accuriey.
Purtheraore, by using s wediua similar to tissue, insofsr as
ehe:zieal elaments are esoncerned, the mslcnl faetors eould % |
nude gomparsble to those edtaining in an irradiated tissue. PFory
& given shesieal system the results of such nn erxperiment would
e 28 follows: (1) Neutrons and gamma rays Qéualu effective,
or (2) neutroms sore offective than gamms rays, or ())

asutrons less effeetive than gamma ruys, ea the besis of ecnal

emergy abserbed. If equally affective, vae would ther imvestigate

vhether the shemisal reastion is indepeaient of wavelength and

of nettron snergy. If so, 1t would be very useful ia Beasuriag

tissue doses wacler conditions in shich shysieal messuremeats are
difficult. Om the other hand result (2) or (3) ssuld provide
additional infersation relative to the influence of speeifie
iea density an the bilologieal effectiveness of radiatioa.
Furthermore, by proper choiee of the cheeleal system ane ean
study simmltanecusly the importamnt prodlem of direet and indireet
astion (through the intarmeciary of "setivated® water molecules)
with relation te speeifie ion demsity. '
Riclegisal

In spite of all the work that has deen done to study

the biological effeets of ionlaing radiation, praetieally aothing

4s tmown adout the secheshism of the mcuoao_. The "t theory®,

shieh has baen found useful in interpreting gemetie effeets,

PYEY ]
gttt
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does no: hel> in the ease of charges Mht abdout in a mase of
irrasdiited tissue or in the whole body. Nox the normsl funetions
of 1 living cell retuire at least the pessage through its
pembrane of food and waste products in opposite directions.
Interference vith this process by radistion msy be brought about,
of eourse, in many wsys, directly or indirestly. Umder ordinury
eonditions of irradi;uon. every part of the cell «nd 1its
{immedinte surroundings reeceives snergy. It is reascmnabdle te
suppose that vhat happens to the eell depends on the sua total
of ths ebr:ges ocourring at every point {n this region and
probabdly elsevhere. In partieul:r, ehanges in the properties of
the memdrane must contribute to the effect. By irradisting oamly
the mesbrane of s sell and eomoaring the results with those
ebtatned vhen the whole eoli is irradiated, one ecould estimate
the relative iarortanse of seabrane damage. This ean be dome,

of ecourse, only in s;«cildl cases, but the results sould be very
ulunbié. A sima.lo schome is tOo 1irradiate the memdrane of
Arbeeia eggs by rolling thes h; all direetions over a suitalhle
alpha ray plate.

' It 4s woll known that all types of iomizing radiatiom
produce essentially the same bdiologieal effects, the difference,
stien there is one, deing only in degree. lonvof. thsre are sone
Andications that uncer certain conditions alphs jmticles produce
an effeet that may differ im kind. This refers to the aceeleration
ef bone repair by plutonium end the more rapid healing eof skin

HRBIAE
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hdau indueed by radom ointment. Mofrnu are aet well
estadlished snd more werk should dbe done wader earefully
oontrelled eonditions, on secoumt of thelyr praetical and
th_oorounl. implications. As a souree of alpha pertisles

fer sush experiments polomium is preferadle.

It has been 3hown Shat the Blologiecal effestiveneas
eof fast neutrons is, in genera), greater than that of gamma
rays. PFor some biologlieal effects 1t is less. The results
of eur expsriments in wnhieh mise were axposed daily to fast
nsetrons indieate that eye injury (eatarset) and sterility
are predused mere readily than in the case of z-rays (vhem the
dose 19 80 adjusted that the chamge in blecd eowmt, for imstance,
19 the same). IS s very impertant to xmow just what the
aumeriesl difference in dosage is in ord-or thet proper allevanse
msy Yo made in the permissidle daily dose for fast weutroms.

In vies of the faet th:t s few worxers an the projeet have
been seeldentally exposed to fairly large doses of ueutrens,

4t 43 uls0o importat to determine whether the same ratio of

offeetivensss obtains for aeute exposures. Txperizents

designed to provide this information have szirexdy deen
started in our lsboratory. .

Bith moderate coses of loniaing radiatiom, biological
injury becomes evident after the elapsc of days or even veeks.
It should de possidle to slter the course of the resctios by
intervention :‘uring this l:itent ;ericd. Thus far no eff:etive ‘
wsy of sceoaslishing this result has been found. It is mot "
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1ikely that the probles will be selved (Lif ever) until we
Enow much sore about the agtion of rsdiation on living matter.

Bewvever, the tvo fatal accidents that have oceurred en the

project and the »o:531bility of others, justify almost any

attempt 1n this cdirsetion. ®e wish to suggest the following

experineat ss, perhaps, something better than a "shot in the
dark." 8ome years ago br. Temple Fay sucsecesded in keeplug

patients at a bedy tempersture ecnsideradly belee normal for

rether long periods of time. It may de predieted with raazonadle

sertainty that the lstent perfod vill be longer shem the body
is kept et sublnormul tempersture foiloving irradistiom.

Hovever, nobody knows vi.ether the rudiation injury would

eventually be the sipe, less, or moro. B8ome expler«tory

experinents vith wars blooced anlumals should be earried cut,
¥her. radiosctive 1a0toses sre introduced into the body,

secidentally or iatentiorally, the injury that may result depenss

largely on the enncentration of the material in the different

tissues. [Knoving the cornsentration, the tissue dose ean de

determined sith eonsideradle asguracy. Bany studles of the

comeentration of rediofisotopes in different orgmas have deen nude

aud the work vill be cirtimued in many institutions. We wish to

sx:-hr2is¢ hare : poli..t thst has not received the attentioan {8
deserves. In general it 1s not sufficient to know the zyerage

soncentration of radiosetiva materias: 4 a tisaue. One must

wovr, also, the losal c:neentration in particular structures of

o) "
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the tissue = 4f sueh exist. Other things beling ¢
atrusiure with the nighest

savcrely. The matie? of local congentration - or vhat BAY be

vetter called trregular local s-aeentration - assumes greater

{mrortance the less pcnov.nun; 4s the radistion emitted by e

jgotepe. In the ense of substances emitting very lov energy

beta rays of alpha Ta¥8s 4¢ may even be ReCeasary % aeteraine

the ajstrivution within the eell Staelf. The enly Bathod

pernitting the study of sencentrations on a sieroseoris sesle

1o tne raélosutogra;nie oae: Becently this method Bes beea

.ptortuxu iaproved ia our laboretery o permanently super-

gmpesing the nistologiesl seetion of tissus o8 the emulsied

of the vhot«:upnh plate, Under the mierossoge sus san sed

ia the sase preparstion ths tissue atrueture and the pedistien

effest e the eaulalon, W7 fosussing up and down slightiy.

Ths nethod will be applied to the study of loeal goncentration

4n the sasse of Moiuhauy important ssotopes. 1t 4{s hoped

that the sathod By pe improved furtber %o furnish quantitative

data.

mmnmn.mn

pegional Buelear Besearsh laberatories now veing

established or® aaking plans fer the iastallaticn of sachines

eapadle of produsing jonizing gediation of seversl pundred

aillion elegtrow volts. The protestion of perscnnsl in sush

umwun goquiree & falrly seeurste xoowledge of tisswe o
'.‘S\ 3t

deses pr.«ld v She radiatien 18 vody organs of pelatively”

nigh nuonnnuv&v. for imstanse in the sase of 100 Nev x~rays
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4t may be expected that the tissue Cose in bone marrox wvill de
larger thau in similer soft tlissucs, en account of the fairly
leng range eleetrons and positrons liberated in the surrounding
bone. The inersias should de determined euiperiaentally and
possibly eorrelated with the energy of the radiation to
faeilitate extrarolstion to higher energy. Neasursgsats for
this purpose sbhould bde made with fonisgticc ehambers espesislly
designed feor the purposs anéd wpder sroper counditisns. In
geoeral & tissue equivalent wall saterial 1s necessary.

Rretesticn Deta forx the Safe Bandling of Badicsetive

ia0%ozes in fmel) Amoumta

The vides read use of rsdiosetive isotoyes in biology,
nedieine and industry sakes necessary the formulation of definite
safety rules ayrlieadle to the special conditions obtaining ia
these esses. In the Plutonium Prejeet mush information em this
subject bas deen obtained. HNowever, the conditions eneountered
12 the average ladoretory shere u‘nu apounts of certain Lsotopes
are handled, are 7uite differeat. Very definite data desed en
actual messuresents could be obtained with very little diffisulty.

- 8imple eiuirsent for nrroper handliag eould then be designed em

the basis of the data and the experiense of the Plutonium
Projeet. Thers is an urgent need for this work.

Iraindog af Paracoas) |
There 13 4 eonsideradle desmand for persens ruu%

2 M) '[.'

with the speeial yrodlems and teebniszues of radiosetive isotopes
and lonizing radiation. 3Ive gemeral groups should e resognised

g o
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and trained aeeording to tneir partisular requireaents: (1)
Professional and (2) Techuiesl. Among the first grou) weuld de
physieians, bioclogists, ehemiasts, physieists ete.} in the
second would be hboﬁtory technicisns with limited selentifie
baskground. Special courses of training skhould be instituted,
bus 1a all esses imstrustion om the health hasards pesuliar

to this work should be insluded. In adcition to the training
sehoels that may De set up im the large senters (suweh as

Osk Ridge) there should be smaller ladoretories distriduted

throughout the ecountry, in whieh a small numder of men sould de
trained. '

Rxeb-uge of Inormaticu and Parssnnel

It 1s ebvious that some ladoratories will develep
aev teshnicues and ottain s eeialiszed mrémtzu. Por the sake
of Tapid rrogress, re.orts froa the different labdoratories
should de eirculated proam-tly. . Also, provisicns should de
mvde for travel pf personnel and a stay in another ladoratory
of suffieient duration te sake the exchrnge of informatioa or
the lesrning of a special teehui:ue really effective. The
same thing a;rplies teo the use of s;ecial faeilities under

advantageous eireumstanses.

-
-
ARy
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Oour experiense, persomnel and ladoratory faeilities
edable us to iavestigate to advantage the prodlems listed delow,
Bov sany of these we ¢an earry out simultanecusly and what
progress we Bake vwill depend en the funcis allotted and on the
assured duration of finaneial suppert. On e year to year
besis ve would not wndertake %o msintaia a mueh larger staff
than we have at present. The Surnever would be too great and
sone of us would s;oend 30st of oud time training mew workers.
Sinee the same ~wuesiion ecomes Up in sonjunetioa sith all
peseareh astivities, ve would urge the Atomie Energy Commission
te iastitute a plan sheredy lemg term prograas ean be set up
in eirferent laderatories.

While all the problems listed delov are important
and eome wnder the dlassification eof rndtbloctoal rescsareh,
whieh 1s the field of ehief interest to us, there are some that
we would not undertakxe without s government somtraet. They are
the aones thit iavolve repetition of an experismental procedure
in erder %0 edtain more data. An example of this tyge of
prodlea s the Cetersination of tissue dose in the cage of

bets ray emitting Lsotopes uniformly ciastridubed in tigsue.
Baving develo.ed the experimental method »e woult use it only

to obdtain dosige data in the case of the few {sotopes used in
our biologie:sl experiments. HNowever, fros that psint em
siailar data for other 1setopes o0:: be obtained readily by

teehniciins. It is more econozical, therefore, t: obteln the

. § ’
. :-’, )“.‘-



Error

An error occurred while processing this page. See the system log for more details.




Tais Goswnwat coue' ts of - 19«
23 #d pages end O fig. s % |
Bo._S of 6 eo s
prodbebly this gun be done with pether sin, le x;narstus to 3
degree satisfactory for jsraeticsl Jurposes,
Study ef stapying power anc energy lost dy heavy
donizing p.riieles in producing an ion palr, insofar es these

quantities 1nfluence the measurement of tissue dose. (Date

relating to thls prodlem are probadly availadle on the Project).

3. HNessurement of Iissus Dese Beaulting Lree Badicagtive
Aastenss RAatributed ia the Iissue.

¥e have developed & very satisfactory method of
Bessuring the tissue dose in the guse of bets ray eaitting
isotepes uniforaly dfetriduted in a tissue. We have used only
redlophosphorus 32 far. By the enéd of Junme 1947 we expest to
Bave dsta on several isotapes of present thera eutie fnterest.
8isll.r dets should be obtained for all beta r'.’y 1sotopes of
prastiesl Lntarest. Fe are in s posttion to do thts
expeaditiously.

It ssy be mentionad in this comnection thst undep
proper conditions the tisaue dose {3 -Poportiomal to the procust
of Qisintecrations per seeond per gram of tissue and average
onergy of bata particle per disintegratiom. Therefore, kmowing
the isetoys sonsentration in millicuries per gTam, one can
ssleulate the aversge euergy per disiztegration for any beta
ray fsotope from the simple measurement of the tissue dose. It
veuld be ureful to provide this informatioa for inelusiomn in
$30% ¢ t:Dles - at least for all Dets rPsy 1sotopes of reasenabdly

U LK
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long helf 1life. At present only the masimm energy of tas

beta partieles 1is listed (and incicentslly the aecuraey is
pot slvays high).

i, 7

The sbove presu;poses that one ¢.n determine securately

the isotojpe soncentration 4n terms of disintegrations per unit
time. There §s room fer eoiusideradle improvement in this, but
1t 15 enly a matter of time bdefore the present exrerimenstal
diffieulties are ironed out. (Many others are vorking en tais
probdles.)

In the human body radiocastive isotopes are not

" pnecessarily Qistributed uniforaly, snd s high coneentration may

" be 1imited to a amall volume. In this ease it 13 more Qifficult

" to detercine the tissue dose But no less iapertant. ¥e

should 1like to attaek this ;robles snd previde data for
practisal use. (One method will be diseussed Sole'n.)

Obviously 4t 1s just as important to know the tissue
daose vhen gemma Pay esitting Lsotopes are introdueed into the
human S_ody. The experimerteal procedurs in this case i3 more
Anvolved, dut we huve definite lans of attaek and we asxpest
to uniertags the work as 800N as time peraits.

C. Nesaursnent of Boecific Gamm< Ray ialssion.

In the ease 3f isotopes emitting gamms resys it is of
intervest to know the speeific emission in terss of roentgens
per seconc rer eurie at 1 ca. fros a 5010t source. This

constant 13 involfo4 4n all dosage wnd protection caleulatiors.

"y
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It 19 Zesiradle to detersiue it at least for all 1s0toes of

practical inverost s> tiat 4t may de included in the data
giver in 1:0t0pe tabdles.

There sre 0o:nsiceruid.e practic:l Ciffieculties 4n
deturaining the am~unt of 3 gamm3 r.y $sotose in terms of
dizintegrati . ns ;or unit tise dut the urobles Lis being
attaaked by many ladora:tories and eventually it will bde

solved., It 1s rot necessary to wait for 4ts =olution bdefore

the work on s,eeific games ray exissiou 1s started. As o

matter of fact, the latter will help s0lve the first yrodlea.
The meuwsurement of the gamma r:y exissic: of an
1sotape in terms of tne rosutgen i3 not, in general, as

aimsle as 1t aight de sujnosec. There are many pitfulls.

Through many yaars of experience in this field we huve
develoyed uiisue nethuds and e;p-rutu;'tor this work né we
are in a fositi:n to ecarry it out most sffiesiently.

(Tha measurezent of the spesific g .amu riy exissiun
of n Ls0to,.c 48 relst.d t, the mesasurement o tissue dose

ant the wurk on both jrobleams »ould be ,lionned to yield the

saximun results with a minisum of effort.)
. Studr of the uautit.tive Asl,iiondbiis in Chemigs)
aff-gts Praoduged RY Gamme Baxs ars Faat Heytrogs.

This work w.us stiurted rocently. A, paratus and

tecuni uvs .re deing “«velory. I'>r the mulsureasnt of chunges

of wa.ll smagnitude, To save tim: «¢ re Brking uee of
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information gathered dy Rugo Fricke in his eareful work with soft
X=TAYV.

The objective in mind hus been explained in the *Intreduct-
ton® where it has been »olnted ougt, sleo, that the results are
bound to de of eonsiderable interest,

®. Purther ftudr of Eve and Qonad Ialury Procuced by Rast Neutrons
From cur previocus work it appears thut these two tyres

of injury are differentislly more sarked with fast neutrens than

with z-rays. Purthsr study 43 very desiredle for practisal reasons.

The work has been started and will be extended to get

poliable datu em the x/n ratio under the Liyradistion conditioms

apt to be encountered in preetice. With the same experisental

Naterisl (and 1f meesssary some adéitional experimentation) aa
attempt will bDe made to ascount for this ¢iffereutial eoffest.

7. S%wdy of tha Molegicel Astion of Ioniaing Badiaticn
4 proaising method of attaek ia this Eiffigult prodlea

is 0 study the influence of radiatiom injury lisited to the

seabdyane of a sell. This ean be done oaly in speelal sases, e.g.

by irradiating the msemdranes of Ardbacia eggs with alpha partisles.
In this 1limited fors the experiment 1s -~uite simsple.

Another =ethod of attack we are planning to wse

involves the study of the passage through the csll memdrane of

sompounds labeled with radiocactive isotopes. Comparimg sueh

transfer 4in normal and iryrediated cells ghould provide valuasbdle
informatiea,
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6. An Aitempt %2 Aeduge Ultimate Radiation Injury

Practicuily rothing ¢4n be done at jresent to
prevent or Materially reduge 1njury, once s persdon has re¢eived
» larygw cose of Loudizing recintion. 1In cases in waich the over-
exposur- 1is such that 1 fatal outeowe may dDe expceted, almost
sny attes;t to moderste the radiatiorn reagticn is Justified.

It 1s possidle ~ although not very prodable - that 1if,
follewing the exposure, the putientls body is kept for some
time at a temperature eonsiderzbly lomer than uorssl, the
ultimate rudiation injury might be less gevere. It has teen
demcnstrated by Temple Pay that the %eold treatment® per se
18 ressonabdbly safe.

It i3 planneéd to perform first a fev explorstory
exnerisants =ith wars blooded anizmzls to see whether the
procedure 1is feasidle.

B. 3Studr of the Distribution of Radioactive Xaotoces in
Ziseves and Salls.

Toe radiocautegra hic tichniiue, raeently improved by
Dr. Evens {u our leboritory, will be used for this purpose.

It 1» hoped thut the procecdurs ean be a:de to yield
cunctitative data.

T. Pratection Dats for ihs Bale Ban¢linc of Radioactive Ieo-osea
4o fasll Asguata
This Lavolves the mezsurement of dosaye rates st

diffarert Zislances fros vuriocus sourc.s uncder the ecorditions
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apt to De encountered in hocpitals und blologidal labor-

atories,

fim:le protective devices will be developed.
(Thrsugh ox; erier.ce se «now s good deal ibout this
prodles alrsady, but ndditional work is irdieated.)
J. 2raining of Personnsl
We Ere prepared to c¢o our share im the training

of personnel. The program should bde ¢orrelated with that
of other ladoratories,

Fe will be glad to train ner »orksrs Or aumbdars

of ether lsdoratoriss in speoial technicues peculiar %o our
1aberatory.

K. Neasurement of High Enersy Badiatienr for Molegicul Dosage
%e will be glad to make measuresents on new

generators of very high energy r:dintion to provide data for

personnel protaeetion. The methdds and appsrntus ve dave

developed are pirticularly desir«dle for this purpose.

It =111 e nogessary, of course, t) 4o this work wherever the

source of rs€iation haz ens to be.



