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A. Mezsurem=nt of Fast Ne=utrons for Blolcglcsl Dosags.

vork will bse continued along the lines indicated,

Budget 2llo»anc® « . « + v + ¢ . . . . . . . o $30,000.00
B. Memusurszent of Tissue Dose Resulting from Racloactive

Isotopes Distributed in the Tissue.

York will be continued along the lines inclcated,

Budgot allowanCe « « ¢ 4 ¢ o ¢ ¢ » ¢ o 4 o s o 20,000.00
C. MNeasurement of Specific OGamma Rey Emission.

fork to be started,

Budgat allowance « . ¢ + . v . . . 4 . . 4 e e 5,000.00
Do Gilucy of rne waatitutive Relutionsnils 1o Chemical

siieCle Produced by Camms Reys and Pzst Neutrons.

BSTa o bBo entlives slong the ilnes indicated.

Budget allowanee® ., . . . . ¢ 4 4 s e s s e . @ 8,000.00
B, Further Studr of Eye «ui Gonad Injury Produced by

Fest Rautrouse,.

Lore bt be cortinued along tie Lines indicated,

Budgat allovance « « « . . . . « v « . . . . . 10,000.00
F. 8Study of the Biologic:=l Action of lonizing Rediation.

Exploratsry experiments to be initiated.

Ko specific dudgst .uliownange,
G. An Attemnt to Reduce Ultimate Radiation Injury.

“rplor-torv experiments to be initiated.
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The experimental no}k that can be carriec out to
acvintzze in toe FRadiologlc. il Researen Labaratory at the
Coll:ize of Pnysici:ns ard furgeous, Columbuis Viidversity is
explaiined ir the *Introduction® of this Research Program
Rerort anc is diviced irto serurate problems under “Research
Problems ™.

This laboratory wis set u; some years ago for the
expréess purnose of studying the blolocic.l effects of lornizing
radiations and related probiems. The suggested program, as
¥ell .s tus research carrisd out for the Mannhattan District
durinz tne last three yeurs, comes under this classification and
Soes rno* necessliote a reorientatisn o our part. Przcticelly
211 ton Lioorotory toeilities Lecfes are airvady avallabdle,
Finds nlloecatid to us by the Atosmic naersy Commission «ill enable
us to do mor: worx ol the ty e we would normally do and will
provide data needed in the practic2l zp-lications of .tomic
energy.

#ithout suteide su art, of course, the cndice of
problems to be investiznted in our l.doretory would be somewhat
Gifferent. 1In tne rropoiec Trogram ve have taken into account
Lo o2 sl L Ja0 stocdce crergy projeet in genersl, and the
most imnortant cnes (from this voint of view) woulc have the
hizhest opriority.

‘ After a certain s.ecial techni~ue has been worked out,

it 1s = rel-tively simule matter to collect dats of geuersl

utility. It is muen more economic:zl, therefore, to coll:=et

1110308
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these dat. in the laborstury in wanlch the t.cnniue has beesn
develored. & are ~regaTed vy ¢ tnls wren tne nccasion srises
£g incicat~e¢ in the body of tnls rezort.

Research »~rx cf the ty.e 2nvisagsé here involves the
development of special =r.zrutus. Unless ths work of the staflfl
1s closely coordinnted so that during the time that the
apparatus 15 being buillt an indivicuzl c¢wn work on another
problam, considerable loss of efficleney results. For this
reason (and othsrs inhsrent to the very nuture of research)
it 15 ¢ifficult to consider nrobleme ecs sepnrate items that can
be followed accordinz toc a pradetsrmin-d schedule.

7he number of roblems that we cen uncertake to study
ceid s st only oan it DmTsoalloco ted boows, bul on ths
scisrtific ot 7f th £ we cor wadnt i over o neriod of yzars,
%ith tne nresent hlgh demené for scientific workers, it is
im:rossitle t: L. 1C good m:n on the uncertain basis of year to
y ar 2Zraunts. This problem, which is gererally recognized, will
no éoubt be solved by the Atomic Euergy Commis=sion in the course
of time. Pending this decision we suggest that the funds

nlloc.t-% to us for 1hac flscal year 1348 be the same ns [or 1347,

vt 4s ¥100,2C0.0C. Inaerucl s I @0 not 007 whwt srrengwment
4: naine made ~ith the University about overhead and simitlser

chirzse, I cinnot give at this time an 1itemized budget. However,
galaries will sccount for more than half of the above mentioned

sum. I shall be gl:¢ to submit zn ltemired dudget at = later
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Introduction -

Biophysical
In studying the biological effects of ionizing radiation

of all types it 1is obviously important %o establish equality of
dose on a common basis. The rosntgen is a unit of x-ray or gamma
ray dose based on the lonization produced in air under certain
conditions. It does not.apply to other types of loniszing
radlation.

In the ultimate analysis the energy absorbed by a cell
or a tissue exposad te radilation must be responsible for the
biologleal effect procuced. Therefore, teking energy absorbed
per gram of tizsue =g the ecommon bhaszis of dose should give the
simplest correlation between dose und effect. %We may call this
the tissue dose. In the cose of high voltage x-rays absorption
in soft tissues and sir takes place l=rgely by the Compton
process :nd the enerzy absorbed by one gram of tlssue and one
gram of air, under the conditions imposed by the definition of
the roentgen, is nearly the same (thz=t is, proportional to the
electron density.) Since the chemical composition - and,
therefore, the electron density - of living tissues varies teo
some extent (the extreme being the difference between soft
tissues and bone) it is expedient to tukke the energy equivalent
of one roentgen in terms of one gram of air, as the unit of tissue
dose. This is approximately 85 ergs per gram, the uncertainty
arising simply from the uncertainty in the average energy lost
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by zn electron in producing o ion pair in .ir. ®e mMay now say
that when, at 2 glven »noint 1n a tissue, the energy absorbed is

5 ergs per gram of tissue, the tissue Zose 1¢ one roentgen.
The same unit of tissue dose may be usad for all types of
ionizing radlation. To distinguish it from the roentgen, which
applies only to x and gamma rays, we msy call it the ®tissue
roentgen®,

It shoulcd be noted that in order tc express the dose
in tissue roentgens it is necessary to determine the energy
absorbed per gram of tissue at the point of interest and under
the conditions that obtain during the irradiation. In gon;ral
these condlitions are such 2s to make it difficult, if not
imbossible, to eczlcul=te with recsonztle 2ecurrcy the ticssuc Jose
fror nhysical data zvell-ble at crzsent. t 1g best, therefore,
to make a direct measurement of the tissue dose.

Befors the wor v+ huol Jewvels d a method and apparatus
for the measurement of ticsus dose arrlicable to any type of

&

lonizing rsciatlion nd any 3¢t of conditions erncountered in
pr-.ctices Ihis methou is generally r-cognized now as the most
suitible for the purpose. It erbodies the use of an ionlz-tion

chamber of sveci=al design, called z2n Yextrapolation chamber®

‘because in principle the final result is obtained by extrapolation.

NERIERN

The przctical aprlication of this method to sreel:zl cases 1s not
always simvle, The difficulties are largely in the ccnstruction

of =n extrapolation lonization chamber that truly renresents
Special Rereview
Final Determinati~ -
Unclass:tie+
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the physical conditions existing in a tissue, insofar as the
absorption of the radiation 1in question is concerned. The most
satisfactorvy chamber 1s one in rhich the wall waterisl contains
all the chexicsal elements of a given tissue in the correct
proportions. There are certain zdvantages in using air as the
gas in which the ionisation 1s measured and other advantages in
using a gas mirxture coctalining all the chemiczl elements of the
wall material in the correct proportions.

In determining the energy ubsorbed per gram of wall
material (a2nd therefore per zran of tissue) from a measurement
of the ionirzation produced ir :ir, one must know the average
energy lost by the Waverage®™ lonlzing particle traversing the
air in producing an 1on »zir and the rzl.tive ctopuiug power

of the wall material for such averaze lonizing particle, with
respect to air. Then the ges has the same compositiom as the
wall material, it is necessary to know only the average energy

-~

lost by the average ionizing particle in preducing an ion rair
in the gas mixture. (™is, oi course, involves the reasonable

assumntion that the mess stopping power 1s the same for the
solid wail and the gas medium of the same comprosition.)

The seccuracy with which tissue doses may be determined by this
method depends largely on the accuracy of the values chosen for
these guantities. The greatest uncertainty arises in the case
of heavy nuclei set in motion by fast neutron impacts or

otherwise. We have succeeded in preparing a tissue ecuiv.lent
Special Rereview
material in which all the elements in a given tissue can be ;mﬁﬁﬁilx““
By: K. A. Waltzr
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incorporated in the correct proportions. The material cin be
usec¢ 8s 2 wall llning in any gas tight ionizatlion chamber,
Suitable gas mixtures are not «<ifficult tc obtain. The cuestion
of stopping power and energy spent in producing an ion pair,
especially in the case of neutrons, needs further investigation.

It should be noted at this point that until nov it
has been customary to zicasure tast neutron beams for blological
purposes in tarms of the lonization produced in a 100 r Victoreen
chamber calibrated in roentgens. When this chamber reads 1 r
it 1s sald thst the neutron bz3m dose 1s 1 "n®, 1To estimste
something approaching the tissue dose (as cdefined here) it has
been assumsd that 1 n i¢ ecuivalent to 2.5 r. Our work has
gshosn that there is no ccnutant Jactor relzting the n and the r
for a2ll COnditions and particularly =kenr the neutron energy
spectrum 1s aifrerent. 7This means that the ionization chamber
must be properly decligned to maeet the rs:.uirements of eaech
particular case.

It is well -ncen theit equal tlissue doses of gamwa rays
and fast neutrons do not, in general, produce the same biological
effect. This is attributed to » marked cdifference in the average
specific ion density along the path of the ionlzing varticles
liberated in the tissue, in the two cases. It followe, therefore,
that the measurement of the tissue dose per se even under the best
ccnditiohs, does pnot permit one to predict what the biologlcal
effect #4111 be. The additionzl retuired information 1s at least

Specia! Rerevipw
Final Detzrmimation
‘&\ Unclassified
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a falr estixzate of the relative proportions of the total ion-
ization produced by electrons, protons, and heavier recoil
particles. Suitable methods tc obtain this information will
have tc be developed befcre one can appraise the biologieal
effectiveness of a beam of ionizing radiation of uninown
composition or composed of widely ditferent,types of radiation.

Chemical '

It 1= obvious th&t chemical changes must take place in
irrediated tissues. Knowledge of these chemical changes would be
valuable in unlerstanding the Liological effects of radiation.
While & great cdeal of worx has 5een done in thiz field, the
restlts have beern disanpointinvy. For one thing it has been
founi itn.t dosss o rxadi.tium, .nicl procuce rarsed sislogicel
effscts, cause extreLely sm: 1l changes in chemicel systems
irradisted in vitro. Chemic:l churiges in tissues irrediated in
vivo are alsc cifficult to cdetect. For the moment it seems
that the direct approach in linking chemical changes with biol-
ogical effeets 1s not very productive. DMNevertheless exploratory
work to discover rew metheds of attack should be encouraged.
®e wisnh to point out now one case in wulch cherical experiments
are certain to provide useful information. Proctically no work
hes beser “done under conditions that permit the comparison of
the chemical effectiveness of radiation of widely different
specific ilon density. This can be done 1n a varlety of ways

and¢ in particul.r by using gummr rays anc fast neutrogs. By
. Pesial Rereyi:-..
Finat Detzrpying. .
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chhosine the proper 1rradistion factors the ®tissue® Gose in

the chemical system may be determined with sufficient accurscy.
Furtherzmore, by using & medlum similar to tissue, insofar as
cher:ical elements are conecerned, the physical factors could be
made comparable to those obtaining in an irradiated tissue. For
a given cherlieal system the results of such an exveriment would
be as follows: (1) N=utrons and gamms rays ecually effective,
or (2) neutrons more effective than gamma rays, or (3) |
neutrons less effective than gamma rays, on the basis of equal
energy absorded. If esuzlly offective, one woid ther investigate
whether the chemieal reaction 1s indevendent of wavelsngth and

of neutron energy. I so, it would be verr uscful 1in measuring

]

d

+

2 e i & M R P r oy s ] -
ime 1o vnien nhwsziel? mezsurerente nre

o

tiseue doseor under ¢~
difficult. On the oth-r hané result (2) or (3) rould provide
additional Iinformatlon relative to the influence of speeific
ion density on ths Vvioslozical effectiveness of radiation.
Furthermore, by prorer choiee of the chamical system one can
study sirult neously the important problem of direct 4and incireet
action (through tne intermeciary of %activated® water moleculcs)
with relation to specific ion density.

Blological

In"spite of all the work thaot has been done to study
the blological effects of lonizing radiation, practic=lly nothing
is known about the mechmbism of the reactions. The ¥hit theory®,

which has been found useful in Interpreting genetic effects,
* Special Rergviaw
Final Determination
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does not help in the case of changes brought =bout in a mass of
irradiited tissue or in tne whole body. Kow the normal functions
of a2 livinz cell re-ulre at l-ast the passage through its
membrane of food ~nc¢ wacste products 1x opposite directions.
Interference with this process by radisilon may be brought about,
of coure=, in many ways, directly or indirectly. Unéar ordinairy
cenditions of irradiation, every part of the cell and its
immediate surroundings receives energy. It is ressonable te
suppose thit what haprens to the cell depends on the sum total
of the changes occurring at every poiut in this region and
probubly elsewhere, In puorticul.r, changes in the properties of
thiz memdrone gust contribute to the eif:ct, By irradiasting only
tn. membrane of a eell ind cownsring the reaults with those
obt.in:d sher the -0l: ¢eli is irr.di-ted, one could estimate
the rel. tive importance of memﬁruﬂe dzm:3de., -hilc cun be done,
of course, only ia specidl cases, but tne results would be very
valuable, A sim.lc sciheme 1. to irrzdi:ite the membrane of
arvzcla eggs by rollings tnem 1 all directions over 2 suitable
alpha ray pictee.

It 1s well gnown that all types of lonizing radiation
proiuce egsenti:lly the s=me 5iolorilenl off2ets, the difference,
voal there 1¢ ounz, Loing widy 1n Czgroe. Honzver, there z2re c.me
indications that under certain cowditions alpha pmticles procduce
an effeet that may differ in kind. This refers to the acceleration
of bone repair by plutonium and the more rapid healing of skin

Sceciai Rerevizw
Final Betermination
EK Unclassified ‘é
By: K. A Waia
Gate: 19en
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lesions induced by radon ointment. TheRleffects are not well
established .nd more work should be done under carefully
controllzd conditions, on account of tneir practical and
theoretical implications. As a source of alphs particles

for such experiments polonium 1s preferable.

It has been shown that the biological effectiveness
of fas* neutrons is, in general, greater than (hat of gamma
rays. For some biological effz=cts 1t is less. The results
of our experiments in wnich mice were exposed daily to fast
nputrons indicate that eye injurv (cataract) and sterility
are producad more readily th:.un in the ezsc of x-rays (when tihe
dose 1s so o7 jurted thut the change in bloold count, for instunce,
1s the ¢.me). It is very ipuortant to «nox just what the
numarieal difference in Aossge 1z in orcder thzt proper allowance
may be made in the permissible cally dose for fast neutrons,

In view of tne faet th:t s fer workers on the project have
been sccidentally ex;osed to fairly large doses of neutrons,
1t 1: -lso imcortant to determine whether the same ratlo of
effectivensss obtalns for acuts exgosures. owxperirents
desizne: to provide this informatisn have ulrezdy been
st rted in our laborstory.

with moderate doses of ilonizing radiation, biological
injury vecomes evident a2ftsr the elupse of <ays or even weexs.
It shoulcd be possible to alter the course of the reaction by
intervention furing this 1:tent --ri-d. Thus far no eff:ctive

way of accomﬁlishing this result has been found. It is not
Special Rereview
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likely that the problem will be solved (1f ever) until we

Know mucii pure woout the actlion of radiation on living matter.
However, the tvo fatazl acciderts that have ocourred on the
projeet and the possibllity of others, justify almost any
attempt &n this direction. We xish to suggest the following
experiment as, perhaps, something better than a "shot in the
dark." BSome years ago Dr. Temple Fay succeeded in keeping
patients at a body temperature considerably below normal for
rather loni periods of time. It msy be predieted with reasonable
certainty thit the l:ztent period will be longer when the body
is kept at subnormcl temperature follo.ing drradiation.
Howewar, robciy kno ¢ +..ether the r.diztion Injury would
evestuzlly be thie s ze, less, or amcre, oome explorutory
experiments »ith wurn blodved aLivel: should be carried out,

When racisactive isotopes are introcuced inte the body,
accicdentally or iantentionalliy, the iajury that may result depends
largely on the couc entration of the praterial ir the different
tigsues. Xnowing th- concentration, the tissue éése c=n be
determined xith conslderable accuracy. Many studles of the
concentration of racioisotopes in different ergams hsve been mide
8.0 1he wors will be contlulea in many institutions. We wish to
exthaz1ze here z pol .t that has not recelved tne attention 1t
deserves. In general it is not sufficient to know the gyerage
eoncentration of radlozctive material in a tissue. One must

know, also, the local concentration in particular structures of
Spacial Ror
Fmaiﬁcer nanon
E, Unclas

By: K. A. Walter
Date: 18860
T F. Davis
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th: tissuc - 1f such exist., Othur things being e, ual, tie
structure vith th- algh=zt concentration will be cumagad most
sav- rely. The matter o local cuncentration - or wiat m .y he
better called irregular loezl eoncentrztion - assumes greater
imyortsnce the less'penetrating i2 the radiation emitted by the
isotope. In the ¢ase of substances emitiing very low energy
betr rays or alpha rays it may even be necessary to determine
the distribution within the cell itself. The only method '
permitting the study of concentrations on & microscopic scale
1s the radioautegrarhic one. Recently this method has been
materially improved in our l:boratory by permanently supers
imposing the higtolezlc .l sectlui o1 tissue on the emulsion
of w2 photograpnle inte. UuZer th: micrcscore one ¢ur. g
in the same preparaticrn th< tiszue structure anéd the rudi. tion
effect on the emulsicn, by focussing up and down slightly.
The method will be cp:lierf t: the study of local concentration
in the eass of blolegically im:crtant isotopes. It is hoped

that the wethoc may b dmproves {uriner %o iurnisn guentitative

data. gpecial Rere: b
final 05
Hioh Fnersy HKacdistions : i&#”“‘ |
oy K AW

Regional Nuelewi1l FResssrcn Loborat-rics now being Da?r
established are making plans for the inrtallation of machines
czp=ble of procucling lonizing reclation of seversl bunired
miliion electron volts. The protection of perasonnel in sueh
labor.torics recuires » lalrly accuret wonlewge o tissue
doses produced by th> radia*tion in body organs of relatively

high radiosensitivity. For instaince in the case of 100 Mev x-ruys

11103149
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1t may be expected that the tissue cose in bone marrox will ba

l.rser tus in 3{gilar soft tissucs, on account of toe falriy
lons range electrons and positrons liber:ted in the surrcunding
bone. The increase shouid be determinad experirentzlly and
poselibly correlated wit. the energy of the radiation to
facilitate extrarolation to high:r energy. Measurenents for
this purpose should be made witn ionisation chambers especially
desirned for the purnose and under sroper couditions. Inm
general & tissues equivalent wall materisl is Necessary.
Protecti-n Dat: for tne Saf:z Handling of Rkadioaciive
Isotozes in fmall Amounts

Th> wi1dea read use o r.“iosetive leotopes in blolory,

mecleine ant Andustry rakeg nececsory oo formal«vicge of  siinive
safety rules n--licible to the s~eci-l conditicrs obtalning in
tiiese eases. In tne Plutonium Project much information en this
subject has been obtzined, Rowever, the conditlone eacountered
in the averzgs laboratory vhere smail emounte of cortain isotopes
are huancied, are tuite oifferent. Very definite data Dasec or
gctusl measursments could be obtained with very little dirficulty.

-

fimol=s e~vi-rent for »raner handling could then be desiines on

©ogpreial Piri
Final Detenndiois
k Unclassified
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the heede of #0c Aavo g Fd tF o oex ~rienice of tne Tluiouium

Project. There 43 an urgent need for this ®*OrkK.
T

-
5y

Training of Personnel Saeq S

There is a considerable dem-nd for persons familiar

L

#ith the s =cla! problers snd technl ves or raclozctive isotopes

and lonizing radiaticn. Two general groups should be recognized

1110320
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and trained according to their particular reguirements: (1)
Professiosnal and (<) Techulesl. Among ths first group would be
physiciuns, biologists, chemists, physiclsts etc.; in the
second would be laboratory technicians with limited selentific
background. Bpecial courses of training should be instituted,
but in &ll c¢ases instruction on the health hazards peculiar
to this work should be included. In accition to the training
gchools that may be set up in the large centers (such as
Oak Ridge) there should be smaller laboratories distributed
throughout the country, in which 2 small numder of men could be
trained.

sngs of Inrormakivn and Personnel

It i< obvious that some labor-torles will czvelop

nex techini~ues and obtzin s eciali:ed laformation. PFor the szke
of rapid progress, re_.orts from the different laboratories
ghould be eirculated promptly. Also, provisions should be

made for travel ¢f personnel and i stay in another laboratory

of sulficisut duration to make the exchange of information or
the learning of a spsclal tecnul.ue really effsctive, The

sampe thing anplies to the use of svecial facilitias under
advzntuzseous circumstances.

specidl B o
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Research Problems

Qur experience, personnel anc laboratory facilitiles
enable us to investigate to advantage the problems listed below.
How many of these we can carry out simultanecusly and what
progress we make will depend on the funds allotted and on the
assured duration of financisal support. On a year to year
besis we would not undertake to maintain a much larger staff
than we have at present. The turnover would be too great and
some of us would scend most of oud time training mew workers.

ince the same -uestion comas up in conjunction with all

research sctivities, we would urge the Atomiec Energy Commission
to institute a plan whereby long tarm programs can be set up
in 7ifferent lzhoratorles.

¥hile all the problems listed below are ixportant
and come under the classification of radiological research,
which 1s the field of chief interest to us, there are some thut
we would not undertake without & govermment contract. They =-wre
the onzs th:t involve repetition of an experiment:l procedure
in order to obtain more data. An example of this type of
problem ic the cdetermination of tissue dose in the czse of
bt ray emititire isotores uniformly <istributed in tissue.
Having develored the expsrimental method »e would use it only
to obtain dosage data in the case of the few isotopes used in
our biological experiments. However, froe that point on
simllar dcota for other isotopes c.. be obtoined readily by

technici.ns. It is more economicsl, therefore, t- obtein theSdePa@

Final Determin
E; brciaszi,

By K
D:ﬁt‘,
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additional data in our laboratory.

In the course of an experime-nt it hanpens sometimes
th-t by 2 little zore work one may obtein sufficient data to
make possible a useful generalization., Here again it is more
economicel to do this on the spot and provide the information.

Extensions of this sort should be allowed and encouraged.

Research Problems
A. Messuroment of Fast Neutrons for Biolegical Dosage.

Construetion and testing of suitable ionization
chambers »ith special characteristics to meet reqgulirements of
different dosage problems. (e.g. Measurement of tissue dose
in =nimsls exposed to fast ncutrors; measurement of n-utron
do.e recelv.d Uy a worgLer in the vicinity oi a pile or
cyclotron).

Determination of charges in locsl cose with changes
in (1) tissue composition, (2) tissue geometry, with neutrons
of different energy szectra,

S8eparaticon of tot-1l lonizatior into the coz.onsznts
contributed by secondary electrons, protons, and heavier
recoll nuclei. This 1s guite a diffieult problem. Rough
d¢stimat=s ol ke relative contributions may De made by indirect
means. The best method of =ttack 1s¢ to use a ¥ilson cloud
chamber with tissue e-ulvalent walls and gas.

Qualitative estimation of the energy spectrum of a

oeax of fasy, neutrons. Expioratory experiments incicate that
Special Rereview
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probably this can be dons with rather sim: l¢ arzarstus to a
degree satisfactory for practical purposes.
Btudy of stopping power an’ energy lost by heavy
ionizing particles in producing an ion pair, insofar es these
quantities influence the measurement of tissue dose. (Data
relating to this problem are probably available on ths Project).
B. Meagurement of Iissue Dose Besulting from Badicsctive
Isotop-s Distributed in the Tissue.
Wa have deveéloped & very satisfactory method ef
measuring the tissue dose in the case of beta ray emitting
isotopes uniformly distributed in a tissue. Ve have used omly
rzdioshosghorus 2o far. By the eﬁd of June 1947 we expeet to
have C.ta on several isotopes of present thera -eutic interest.‘
8imil«r data should be obtained for =2ll beta ray isotopes of Seomv Tare
practical 1ntere§t. e are in a position tqagp this ;‘&Qﬁ&ﬁé
expeditiously. Mo A Walier
It may be mentionad in this connection thot under
proper cuncitions the tlssue dose 1s .rojortional to the procduct
of disiutegr=tions per second per gram of tlssue and average
energy of deta particle rer disintegration. Th=refore, knowin:
the isotore concentration in millicuries per zram, one cun
caleulate the average energy per disintegration for any beta
Tay isotope from th: simpls measurement of the tissue dose., It

would be uceful to provide this information for inelusion in

isoto e t-bles - at l-ast for =11 bzti riy isotores of reasonably
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long half life. At present only the maximum energy of the
beta particles is listed (and incidentally the accuracy is
not always hign).

The above presu;poses that one can determine accurately
the isotope concentration in terms of disintegrations per unit
time., There is room for cousiderable improvement in this, but
it 13 orly 2 matter of time before the present experimental
difficulties are ironed out. (Many others are working on this
problem.)

In the human body radiosctive isotopes are not
necessarily distributed uniformly, and a4 high concentration may
be limited to a small volume. In this case it is more éifficult
to ceternine the ti-sue dose DUt no less important. e
shoulc lika to attack this problex and provide data for
practic:1l use, (One metind will be discuzsed below.)

Obviously 1t 1is just as important to know the tissue
dose when zamma ray enittine isctopes are introduced into the
human body. The =r=-erimerntal procedur= in this caze is more
involved, but we have definite plans of attack and we expect
to undertaxe the work zs soon as time permits.

C. Measurcmeut or Speclfic Gamma Ray . mission.

In the eczse of isotopes emitting grmma rays it is of
intarest to know the speciflc emission in terms of roentgens
per second per curie at 1 cm. from a point source. This

constant is involwea in all dossage anc protection calcu%;ticns.
2Iemar Rorp oy
Fraa Determination
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It 13 cdesirable to deteruine 1t at least Jor all isotopes of
practical in-er22t s> tult it ooy oo dlucluc:d in the data
Ziver i icot:re tables,

There are considerzdle practicul cifficulties in
determiulng the amount of a gamea ray isotope in terms of
dicintegrations per unit time but the problem is being
attacked by many laborztories and eventuslly it will be
solved, It is r:0t necessary to walt for its solution before
the work on speeific gamma ray emission 1s started. As a
matter Of fact, the latter will help solve tha first .roblem.

The messurement of the gamma r.y ecissicn of an
isotope 1 terms ef the roentgen is not, 1. zeueral, as

eim~ls me v iont ha oeyuoozoo Th

- EPS -~ ~ - 14

=re roc ooy iEf Tl
Tnrougzh many y2ars of experlence in thls fieleé e have
developed unique methuds and zpparatus for this work and we
are in = :ositi:.. Lo carry 1t out most efficiently.

(Th= c::curezent of the speecific g-.mma ray emission

L
v

4] t 13007, L1z relet ¢ to the measurement of tissue dose

.o

ant tow %0org on bothh problems would be sl:znned to yleld the
maximur rezuite witi, a minlmum of effort.)

T Gtuedy

)

& fon X ro PP T S b 3
i nL2 ,a;x.!ltit tive Le® tionstios if; C:LC!LA.C'.‘l

Zffects Produced by Gamms Rays :nd PFast Neutrons.

This work was stzrted recently. Apparatus and

techni~ues .re being ceveloped for the measurement of changes

i sa 1l magnitwis, To suve films wo re miking use of Soen:
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23 :t.gg!.rlithtﬂifitherod by Hugo Fricke in his careful work with soft
X-Tay8,

The cbjective in mind has beer. explained in the ®"Introduct-
ion® where it has been poilnted out, also, that the results are
bound to be of considerable interest,

E. Further Study of Eve and Qonad Inlury Procuged by East Meuirons

From our previcus work {t sppears that these two types
of injury are differentially more marked with fast neutrons than
with x-rays. Purther study is very desirable for practiecsl reasons.

The work has been started and will be extended to get
reliable dsta on the x/n ratic under the irradiation conditions
apt to be encountered 1n practice, With the same eaperimental
Material (and {f necessary some additional experimentation) an
attarst w111 be maoe to account for this alffsrential esffect,

F. Study of the Bilological Action of Ioniring Radiation
A promising method of attack in this difficult problem

is to study the influence of radiation injury limited to the
membrane of = cell., Tnls can be done only in special casea, e,g,
by irrasdiating the membranss of Arbacla eggs with alpha p:=rticl-s.
In this limited form the experiment is ~uite simple,

Another method of attack we are planning to use
involvas the stucy ol Tuae passage through the cell membrane of
comnrounds labeled witli radioactive isotopes. Comparing such
transfer 4n normal aznd irrasdisted cells should provicde valuable

information.

Speciai Rare.v o
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G. An Attempt to Beduce Ultimate Radiation Injury
Practicully rothing can be done at present to
prevent or meterially reduce injury, once a person has recsived
a large dose of ionlzing radiation. In cases in which the over-
exposure is such that 2 fatal outcome may be expected, almost
any attempt to moderate the radiation reaction is justified.
It is possible -~ although not very probable -~ that 1if,
following the exposure, the patient'!s body is kept for some
time at a temperature considerably lower than normal, the
ultimate radistion injury might be less severe. It has been
demonstrated by Temple Fay that the %cold treatment®™ per se
18 reasonaply sufe,
It 15 laarcc to periurm 1irst = few exploratory

exneriments with warm blooded animals to see whether the Special Aereyiew

Final Determination
procedure is feasible. Unclaesitiog ‘

H. Study of the Distribution of Radioactive Lsotopes fn ™ X A Water
Tissues and Cells. e
The radiocautograchic tachnicue, rocently improved by
Dr. Evzans in our ladoratory, will be used for this purpose.
It 1s hoped that the procedure ean be made to yield
guzititative data,
I. Protection Date for the Safe Handling of Radioactive Isotopes
in Smell Agoupts
This involves the measursment of dosage rates at

diiferent cistances from various sourcss under the conditions

1110328
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apt to bz encountered in hospitals snd biological labor-

atorles.

Sizrl: protective devices will be developed.

(Tnrough experierce we know a good deal :zbout this
problem already, but additional work is indicated.)
J. ZTraining of Personnel

We =re prepared to cdo eur share in the training
of personnel, The program should be correlated with that
of other laboratories.

¥e will be glad to trein n=w ~orkers or members
of otn-r laboratories in special technicues peculiar to sur
labor.:tory.

K. ¥ svrowme:t of Hish Frerey Roci-tionc £.r Blolordc 1 Ioencs

#e will be glad to make measurements on new
generutors of very high energy radi:tion to provide data for
personnel protection. The methods and apparatus we have
devaloped are u rticularly desiradle for this purpose.

It 111 be nceessury, of course, to do this worx wherever the

source of racistion haprens to be.

Special Rere
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