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Sutiiily

FULEBRD

The foilewing szeries cf zbslracts wes preverea Ly the nndersigned
fro. cocpletex rescarch reports, partiall, coupletew ciod cnalyzed data
snd personal commmiications during the vericd of 1 lzy 1946 te 1 July
1946. »Since that tise cuen of the vwoers hws been firdshed znd issued in
the lorm of program ol finzl rescrts. However .ueh is bediy centinuea
end the resuits as yet unpublished.

) It is jossible thet scue ¢ the conclusi-ng cirived «i nay have
become sltered Ly the collection of aduitionni deta. Hewever, in .ost
insbenées, the indivicuzi zuthors cr preject ulrectors hove wpnroved
the sb.trect, Certain svall ; robiers iay heve been uwninteuticrelly

‘owitted in the searc:. Except fur prouien cssipnuents .hore the reseurch
wag specific ana lisited, the plan of ibstrueting has been Lo group
nugbors of s;ell rroblens ol releted nwuure inte general reporis with
the elirminaztion of the suthort!s nane.

In general this series of dbstracis provides a clear concept of
the curreni status of results in the overall rroject wnd as such
turriishes & lare amcunt of usabie indormucion 1o avbreviiieg form.
«ith the agpearance of the comilete series of finzl rerorts zna the

sanhstten vistrict iechnlcal Series, tuis cesnilation will be recalled.
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Comeent, on Radiotiologpical Technicues

1t is obviowslj irpossitle to cbsirewct sub:jects ol this type
because inclueion of specific detail is necessary. However the
inclusicn of Lhe index was feit to be warranted inaszuch as it

clearly inciestes the scops of the work on this type of ppoblem.
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TIMmmCTION:

Traniw commounds hnve been utilizod industrially, in a linited
fashion, in the cermtic industry for many vears. The "anhnttan roject,
however, s the first industrial ~rojoct %o use the uroniw oo rnunds on

a mst seale,

The “snhattan “roject "m3 to e-nloy thonsands of neo-le <tho tould
work with wraniwe eompounds. Theae people in the nlants, at worl, would
intmle those compounds as dusts and fumes, they would inadvertantly ingest
these su~stances; their eves and s-in would coe into dally contaot with
these materials, “hat, if any, toxic effects tould these uranium oo 'rounds

have cn th® human body?

Aniral oxrerinemtal work has been dowe vith the uranimm oormounds,
but thers is only cne brief report! in tho scientific literature on the
toxicolorionl effoots of those cawmounds, as usad in industry, unon the
human Lody, This rewort is Cragmontary, but it Jdoes indicate Hlnt the uran-
ium coupounds may be notontially toxic and this noint was woriiied by meny
irvostigators in animal exrorinontation. This notential toxioeity ic rather
urasual because the source is trofold, (ne source is the posaibiliby of
heavv metal offect o the body, comarable writh that of loed, meroury, and
argenic; ard tho other, more remote, is the nossidle latemt toxic affect on
body tissue by the urenium corounds beeause o' Hieir inherent nromerty of

radioactivity,

The 1zedical nutlorities of the “anhattan .’wojoct werc *menly arare
of thoge nobtentinl huzards, but the successful executicn of the war effort
made it imperative that the industrial nlants of the “anlattan Projoct start
immediate operation. This vms accolished in spite of insufficient vhame-
ocolosical and toxicological data on the uranium cormounds, A medical ro-
search progran, however, wms also initiated for the spocific murpose of
acourmlating sufficient relimble data as rapidly as nossible so that o rax-
i factor of safety to tho ernloyoes exnosed to these subotances sordd be
sstablished. This data, it vms hoped, mould 61sc help nrophrlactically and
therapeutically in combatting tho possible aocute and chronie toxie effects

of the uranium eomounds,

S5inee the nlanta started operatiom bhotfore sufficient data could
be accumlated to establishi a maximum allowmble air concontration of the
dusts of the uraniym co mounds in the planks, such o safle lovel had Go be
sot arbitrarily as a temorary empirical standard., The consevsus of opinion
aon~ the nmedieal authorities of tlis "‘anhattan T"roject as that it vas safo
to adont the same standard as set for lead by the Armerican Standards issoc~
iation, i.¢., 150 mioromrams per cubic meter of nlant air as the maxirmm
rllovmble dust concertration. '

In order to detert:ine as ranidly as nossille tho overall soimars-
five toxieity of the warious uroniun coupoumis, thirbky day irbalation and
inpostion exnerinments were initiated in vhich o wmriety of aninnl swodios
were oxnosod to these cormounds under conditions vhicl: simulated na noarly
as nogsible the conditions nrevalont in the industrial ~lants. In addition

L Leat, "eurice, Inm. Chem., 7, 0, pr. 247, 1976.
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to the above, irhalation oxmeriments moro oarricd out on othor saupounds,

“iany of vhich wore ontirely new and othor ihioh vore usod for tho flrst

time on such a large seale, TU:for atim wms obvionsly rwooded about the toxie
nronertloo of these snbstancos alsoc to insure a raximm factor of mi‘e'b_: to
the emloyees of the anhattan “reject.

I. Inwlation “xverinoents:

Tho sneelfic purpose of' the inhalation experinents wes fourfeld:

1. Devoloment o safo standards for exnesire to uraniun end
othor samounds,

2. Testin of resniratory nrotective devices for industrial
use (masks}, -

3. !easurement of annroxnate toxicity of osrtain Mal
materials, :

4, "ethods for ruce~mition ard somtrol of paibon:lng.
Dates of "ork -~ “‘ovamber 1943 to prosent.
Trotocol of “xperiments:

Substanoes testod: U0,T,, Wiy, M1, Wy, UF4. Ug0qs W05,
“h2U207, (:34] d01 "hi-gfﬂdﬂ' org,
3‘2, IIFQ .
B BP3 OFg = dimt!w.l ether complex.
C'PFIB ¢ CpF1a, C21Fse { Fluorvearbons)

CZFSCIO

ethod:s Mogs, mta, rabbits, mice, ocoto, puinea pipgs and hensters
(four or more spacies) are nlaoced in irolosed ohembors for prescribed neriods
of tire from thirty days to ome vear. The mrber of arimals is sufficiontly
larre to remit statisticnl ovaluation. Tho atiosnhero in mich chertbers is
controlled as to the uranium contomt, tarporsture, mumidity and particle size
and conocentration of the uranimm campounds., Tevresontative aniwmls in each
proun are studied for the followirg oritoria of noisoning:

1., Tortality.

2, Twmatolomiecal chanpe.

3. Chemieal cianres of blood and urine.
4. " Lysiolopical chanpos (weisht chanres),
5. TDlstribution of uranium in the tlasues.
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Control animals are studied in a si«ilar chambar in vhich ail variabloc are
controllod tut no uranium dusts are addod,

Table I swrmrizos the reosults of the thirty days inhalation exnori-
ments., 7The overall mortality imsludes tho summarised hortality of all the
srweies studied. The per cent rortality is derived by dividing the mmher of
anirals (mmorator) who died Ly the total numbor of animals studied {deue ins
tﬂra/'

Tn Table II, tho ronrosontative larger spescies (dop, rat, rabbit)
are prouped and the toxic effects noted, i.s., mortality, patholopgical find-
ings at autopsy, loss of vweight, abnormal blood chemistry, urinary findinge
and heratolorical effects. The reaction severe indicates a marized derree of
patholorical ohange in all of the criteria noted above. The reaction olazsod
as modorate immlieos a noderate dermree of damape in most of these ceriterin and
the reaction noted as glisht indicates some chanpge amy from the normal in
soms of the critoria.

Table III represents & suwwmryv in which the hiph, nid and low con-
centrations of uranium commnounds used in the chambers are comrared in theiy
effocts upen four animal species (dors, rabbits, rats and rdos), with relation
t¢ sbnoral chanres found in the lungs and lidneys at autopsy, abnoyrmal find.
in~s in the blood and urine chemistry, sbnormalitiss in the hematoncietic sys-
ter: and effoct upon weipht,

This table clearly shoua that the slight untormrd affects noted at
the low. concentrntions were meglirible™, yot these low concemtrations vmre all
vell above the taworarily established arbitrary tolorance fipure, i.e., 150
microsrams of uranium dust ner cubie moter of air,

These exnerinents indicated that the toleorance fifure of 15 rlore-
~rams of uranium comround per cubic noter of air rtainly insured a naxirum
firure of safaty, for at least thirty days of constant exposura, The noxt
question ms vhether this sams firure would still be & szafe level 1f the ex-
posure were longer than thirty daye. Since tho nlants of the "'anhattan Pro-
Joct anticirated operation for the duration of the war and possibly loapger,
thers vas a real nced for inforration about the wassible toxicity of the var-

.

lous uranimm cornounds as o rosult of chronie exposure.

The sare procedure was followod in the chromic ase in the acute

thirty days inhalation exneriments. The following four uraniwa comounda mero
seloctod: UFS. U0p, 7Cly, and UTgs Lhese commounds were chosen DLeeause the

*+1% will be notod that thore is a slipght nortality amonr the animal spesies in
the low concentrations but if roforemce is rade to Table I, i% 1rill be noted
that there vms & s5light mortality oven aronge 4le control animals.
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greatest mmber of ermloyees werc exposec to these substances, '.ch(tt‘(}s)zma

also added to the above list bocause of the nocessity of a base line of oaon=
rarisen with data aveilable in tho scientific literaturse. (* oot of tho aminnl
synerinental vor: domo ~rior to the “arhattan Projest was done with mz(‘ns) a)e
Two consentrations of dusts wore to bo used ir tho exverinwmtal chambers. Ono
dust 1lovel -aa solected because it vms thought thet it would produce no toxie
affects and the other level {a~nroximetely ton times rroater) wms choson bow
eense {t tounld probably cause 1. 1imal toxic effects, In this -anner, the nrob-
able maximum safo level of dust concentration would bo established.

Table IV summrizes the data aveilable to date. The exporimentat
sharbers have been in operation fron four to eight morths, Four arinal apecios
are represented in the table (dogs, rabbits, rats and nice}. Agsin, it is to
be noted that only nininal toxic effects resulted at the higher duast concentre~
tion, and no toxic effects have teon observed at the low concentratiom. This
Jorr conoentration is still well above the established arbitrary tolerance lovel
of 160 rdorosrans of urani-m connound dust per cubic neter of air,.

Tn addition to theso aninal oxperinents, o prorran Tas carried out
to study the sffectiveness of warious face masks. The nurpose of these oxperi-
ments vas to rive addsd nrotoction to ormloyees in onse of aceidental resrire~
tory oxmosure to hirh concentrations of the uranhun compoumds,

Animal inhalation exmerinents wore almse carried oub on spocial cooe
nounds. Some of thess comnounds wore entirely ner and other vore conpounds
vhich wore used on 8 large industrisl scale for the first time, The potemtial
toxioities of these commounds were thus investigated and the degree of hazard
s anproximated. The results obtaived in these exporiments helped to diroot
the nrocautiomary and nronhylactic moasuros institutod at the plants vhere
these substances rare used.

Outline of “xperimontal osults on Inbalation of Spoeial Comounds:

Tiph Concentrations of F, (Acute): Testod at a concentration time

level of 10,000 vym for five ninutes to Pive hours with the mortality porcente
age at 30-.100 in three species. Death mas caused by luns; and kidnev denage.

Chronis Fxnosure to F,:

1. On e thirty day experiment at 4 ppm a low nmortality observ-
sd., Growth was unchecked in all srecies execent robbits. Some mlnonary ine
flarrmtion me observed,

2. At 0,5 ppm for thirty days no offect ms observed.

"xposure to cngci {P539):

1, 7o nmortality at 100 ppn for fourteen hours.

2, Very low mortality at 500 ppnr for fourtsen hours except
in zuinea nigs. '

"xposure to C2144 (hirhly nolvmerized flurocarbon): 'o nortality
at 5000 vpm for four hours.
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“xposures o Dorom ani its Cormounds:

1. “‘ethods of analysis developed.

2. Vory low nortality at 20 npm for 211 hours. Death due to
g demaprse, :

- 3, Doron trichlorile showed no mortality at 50 npm and a slipght
wortality at 100 ppm vhen in the dry state. In the wet state, and containing
decermositlon products, the morba.litv YRS anpreciable at 20 vpn. _

4, Borem trichloride-direthyl ether complex shows no mortality
at 20 pm in a 30 day exrerinent. “ortality wms hirh at 100 npm.

5. An eleven hour oxperiront at 135 ppm showed no mortality.

Fluomcarbonsi

6 foreshot shovred no mrba.h.ty at 100 mpm at fourteon hours;
ru&e showed low mortality at mppn at fourteen hours;
Fefined showed no nortali‘by at pm for fourteen hours and
4800 ppm for flve hours, o

C4Pyg crude showed low rortality at 8 - 100 ppm for fourteen hours;

Foreshot shoved low rortality at 100-130 »pm for fourteen hours;

First fraction showed no mortality at 272 npz and low rmortality
at 373 rpm for fourtoen hours;

Seoond fraction shoved no mortality at 1000 ppm for fourteen

hours,

II. Inrestion "xverimonts:

Since the neonls in the plants would inadvertently ingest the
uranium cormoumds, it tas {mperative to carry out aninal exmeriwental wori: to
determina the oral sonsitivity of animals to uranium compounds in order tos

l. Chock the sensitivity ol each comnound as detormined by in-
halation; o

2. Deteraine the probable role of ingsstion in the inhelation
axpoerinents;

3. It ms hovned that tlie inforrmation thus mained could be exw
tranolated te the himan snocies with some derree of accuraey.

"ratoca) of Uxmerimnents:

Tats and dogs were fod warious ursnium cornounds over neriods of




timo extending, fron IC day‘é‘:-to tvo yvears. The rats were siven srmocifiaed ner-
centapges ol eanch comwonnd in their diets, The dors vwore niven anounts of
these oormounds rraduated accordinrs, to the body weipnht of the animal.

Observations on the rrovth, "=ipht change, vatholony and distribu-
£ion of uranium in the *issues wore made at spocifisd intorwnls,

Control animals were tasted under identioal corditioms oxeeyt that
uranita compounds vere ot wresent in their diet,

1t wme npcesuary to use the mmber of caipounds and the various
dust concentrations roverted in Zable V in order to discover tho relative
toxicitios of the uranium connounds., “Ten thiz mas learmed, Iive uranium come
pounds vers selested and were fed for either ome or two years to a mumber of
anirnl snecies. The pirpose of Lhis rms to see if thero ware any toxic effects
as a result of ohronic iprestion of these compounds. The reasons for the aslec-
tion of the five uranium coanounds wihich wore used for thoe ohronic inrestion
exnerinents have been smumernted in the seotion on inhalatiom.

At the completion of the inrestion exrerinents 1t Tms nossible Yo
proun the various ureriun compounds into ~raded toxioity teble. (Sec Table
VIX), This tms obviously useful as a moans of orientation in the industrial
plants vhere these compounds were in use. This sorved as a puide in directing
the ingtitution of provhylactio nessures, and in guiding the emphasis inte
prover chammels on um sual precautionary stops in the industrial plants.

As wms nontioned previously, the <wworkers in the nlants vould inad.
vertently get the dust frox those cormourds in their eyes, and their skinm, of
course, would core intc contact with thess substances, Infomation s thero-
fore needed about the itopical toxicity as well as the pot- GIul eye irritant
actiom of t'e uranium compoumds. Tables VIII and IX surmarizae the results of
oxporimonts on oyo and skin sengitivity to these compounds.

J It is of interost to nots that a mmber of the comnounds tere ab-
sorbed through the g-in or contmetiva in sufficient anount to produce syctoric
changes thich resulted in death. At autopsy, evidence of remel damare me
found, ' .

. At the completion of the inpostion and inhalation experiments and the
aceirmlated data on the tenical and eye appllcation exporiments, it g nose
sible to evaluato the deprse of L:aleclty of the various uraniym compoumds, This
information is surmarized in Table X.

It mas not only meeessary to learn about the grosa toxic effects of
the dust of the varicus uranium commounds on the human body, but it vas also
inperative to learm obout thn physical charncteristics of these dusts. Tt
vms iportent to loarm more cthout the effects of the uranium compounds on the
varicus bio-ohemionl systems and metabollam of the animal body, and it wms
essertial to study the degree of tolorence vhich animels showed to thoss come
pounds, It mas obviocusly necessary to learn about the distribution, absorption
and excrotion of the uranium cirmounds once they are introduced inte tho anirmal
body, and lastly 1t vms immortsnt to lessm about the intricate behaviour rech-
anim of the uranimm commounds ‘n the animm]l body. All of this work would be
of the utmost irmortance in helyiry to discover early indices of uranium intoxica-
tion ard to find nossibile prophylactic and theraneutic easure:for uraniunm
noisoning., 8

R T o S
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The folloiny is & briemw\e vork that tmo aecoinlishod in

thogo f1e8lds:
1. Totantion Studies and ''article ize:

ethods: Accurate —ethods have been developed for the -oosurce
ment of the martisle size of uraniunm cormounds in air. Thess techmques are
used in the control of the concentration of the uraniun cormounds in tho ex-
nerizental inhalation chambers, wnd in tho monitorins of the concentratlons
of such camounds in irdustrial asreas vhere humans are exvosed.

Techniquas for the “ractiommtion of the particles of uraniun com-
nounda into lots of umiform s.ze have been develored. In this tmy expesurc of
oxnorimental animals to particles of Ymovm size can be determined., ¥Vrelinin.
ary data indicates that the small particlos are most toxie.

"athods for tho unifom suspancion of cuch marticles in exveri-
rental chambors havn also been dewveloped,

A "wethod for the rmasuronent of tip total dust inhaled by an ex-
nerimental aninmal is alnost cormletod, and worelinminary tosts are satisfhotory.

2. !’hamoolorz:

Lipids in “Tranium “oisonin~ (laven ' 148}: Followin~ exposuro to
toxic anounts of uranium ¢ompounds, tho total lipid of the liver and kidney
tend to be less than nermal due to the inersased mmtar content, TFatty livera
tend to be found after exnosures tw uranium nitrate and oxyfluoride. The nhos-
pholipld fatiy noids of tho liver are more wmsaturated than nomal; those of
the blood, nmore unsaturated; and those of the kidney, less imsaturated than
normal, In gememl, there is no effoot on the total cholestarol, In the liver
there 18 an inorease in eater cholesterol and a decroase in free cholestercl,
In the -idney there is an incromse in ester cholesterol amd no change in the
free form. Adreral cholestercl is decreased to one-half ita normnl walune, I&

is not '‘morm where the charres in the unsaturation of the phoanholinid take nlnoe.

The Zffoot of Various fpents cn Uranium 'Hitmte and Oxyfluorids
Toxioity (150):  The rortality aﬁ"ﬁg—'a_mr Xic doses (U umf/kr) ol these su: s
WS not changed by choline, neutralized choline, disodium hydrogen »hosphatse,
lactic acid sodium lactate, caleiun lactabte and essentlal fatty ncid adiinise

tration,

Remal extracts delaved but did not deereass the rortality from
lethal doses of uranium nitrate.

Adrenal cortical hormones also caused o delay in the nortality
but no reduction in it.

Oral sodium bicarbonate and sodium citrate roduced the rortality
by an ammreciablo nercentarc in nitrate poisoning,

The Effpct of Diot on Tranium Toxieity (-'38) ‘louman):; The séai.

L
- ] e
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tion of 0.5 sodium biecarbone roduced the rortality fros 50' to
20-30"", This is logs heweficidl 1’ want-iour hours nftor tlo toxis
dose is adminieterod. The salto of otabolized acids (citrato, :alate or

lactate) on iniecticn ~ivo similar remlts to those cbiaimod with tho bloar-
bonate. Acld in the fom: of a-moniun chioride inoronsed the mortality to 80

to 90
T stolorical Studr of the Pancreas afbor Traniun ! ois% ‘ 33)
Taven): To cvidenco of Aany abnormality of the panereas ‘me aliter uran-

iun poisoning.

m*.:ohc Tole of Cltrates in "Traniu Poison-
Jor ('128) . Tummrnte and succinate are as offoctive
as bicarbonate in 'bhe troatmont of umim noisonins, A three to four fold
inorozee Ir the citric acid oxcretion is noted after uranium poisonins. There
is no relation betwon the citric ncid and ursnium contemts of bone.

Therapeutic Tse and

“ffoct of vxtormal Tomporature on Survival from "Tranion oison-
inp: o r'Ef Termoe o re 18 OMBinun fof Survival fran Hraniun polSoninge

The Nffeot of Fluid Intalle on Surviml from “ranium Poisoning:

Mastricted fluids raised the mortality in uraniun roisoning,.

The "ffect of Tranium "oisonin» om “hosnhorus Turpover: Therc is
1o evidence, as showm LY radiophosphoruc studies, of an enzymatioc bleck in-
vhosvhorylation caused by the adninistration of urenium. A slipghtly lover
rate of equilibrmation in bonme is nobted.

3. Tolormnce Studes (Ilaven) (:"120):

; Tolamnce ean he dividad and studied in tho elasasifications or
natural and asquired tolerance.

atural Tolarance:

. a, Snecies difforence as illustreted by the faot that white
mice will tolerato thres times the nowbe doss for istar Mats (5 np/ks); Cglt
mice will tolerate viore than teu times tho acube dose for rats, The follotwing
table shows the order of susesptibility of various animals to uraaium nitrate
both by injection (percutanotms) and by ingestion.

Trenimm Mitrate br Tnjeetion Traniw Titrate by Ingestion
LD/60(ratio) - o/ 20 105
rabbit 1 rabbit OCal .
rats 3 dopgs -
suinea nig 36 rats 1,0
vhito nmice 128 hansters 5.0
“ B -

—
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bse Dors are moro sensitive to oral uranium compourdc than

rats, as illustrated by the follewine table,

aximm Anomt axiimm Carried
Co noumd Toleratod for 3C days for 1 yenr 30 davs
Tats ({5 in dist)
o
‘1‘1303 0.5 2.0
‘JF,; 10,0 20.0
04 20.0 20,0 plus

¢, Ales are more tolorant than fermnlas,

- de Interforsnce in prowth of rats Ly the following uranium
compounds as an index of toxielty,

- 30 daynema Fimbnt

205 ¢0p, in diets causes mo rowth interference.

2073 of Uf‘.q, in"dlets causes. slight growth interferonce.
1. Oed to 1luTof UCly, U0z, Mg, U u.coe{:dte causes, soms rrowth interw
foreride,
-‘{: 0.1 to 0,257 of Uﬁ, J0gFz in diet causes some grouth interferonce.
- . h (ne yoar exneriment

) ‘TO and UF al*wa't non-toxic ovor neriod of two j@ars at 207 of diet.
at 0,57 of diet causes de‘bachablo grovtth interference after tmo
years of feeding

oF.,2 at 0.257% of dlet causes growth intorforence after two voars
of feed:.n['.

Aoguired Tolarmance:

&, lats acQﬁm tolernnce for lethnl doses of uraniun nitrate
ard chloride by the repeatod adninistration of snall doses from day to day.

1 s '
be Sex differences are also armarent al{‘q'(glr ropeatod doses,
- g
¢. Inereasingly larrer deses in rats shﬁ%’:

1. A ten day intorwal of dosage is ﬁe‘l:gor than twenty day
interval,

2. A ton day interval shqrs no anpracmale mortality
occurred antil 16 ny/%3%dose ~ms civen (throo tines
- lothal dose),

-

[N

8. ith tventy day interval the nortality startod at & oy /fze,

%o Sex: diff'orerces ane aﬂpara*rt the pale beins moro resis.

ua.ntrtha.n Ls L L
2 9 e b
g ST /3
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d. Tho mlléls!tldlosﬁe 4g bo administered so that tolox-

apee is pequired 18 0,33 mr/ig “or matse -e= 0.1 e fier mives no tolerance.

e. The remeat dosaros arc Logt tolernted vhen the urinary
oitric asid excretion is at its nenk. -

£, rantun is not excroted nore raridly in tolorant anirmls
than in intolerant animals. : :

Studies im Phenols in Blood and “‘rine in “raniun Toisonine (ileven

'73!: : .

a. A rise in free ond total nhenol oxcrotion follows aduinistra-
tion of urenium nitrate in doses of .22 to 2.5 nt/kg. This reach.s o rmxirmn
in four days. o -

b. The inoromse in -~iencl inorenses with the dosage ad:tinistored.

c. o change is observed in the conjur:a‘bioh of phonols.

d "'ngtable Isotonen

4a Distribution and T-Txcratioh of “Traniun (Stable ar
“eunan (-1 '

Decembar 1944 to nrosent,

' athod: Ashine of tissues, isclation of the uranium fron & pro-
tein ecomleX and analysis by the [lurocescent nwthod.

Current FRasults:

A. Toxavalent urenium - onc dose (i.v. U0p(103)p, (rats) - amlyvases
from o veriod of forty-five minutes after injection to forty days after injection
ghorrs thats _ :

&, Fifty percent of hoxavalent uraniun is exoreted in the
urine in twerty-four hours and mall quantities are excreted un to forty days.
Totnl excretion arounted to 65-750. Mo fecel excretion tas noted.

b. TDlood concentrations dropped to less than 0.1 m~/100 cc in
four hours.

¢. Tnitially, the kidwoy contains 207 of the dose, This falls
to 17 at forty days.

_ d. Bone contains 3077 indtially with a ~radual fall o 13' at
fOft}f dﬂ.}fﬂo

e. Soft tissues at sll neriods excent the forty-Iive rimte
period show less than 27 of total dose.

w——b y
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N. Tetrawvalent uranium - ona !c! (3CC4i.v., rota) - analysos

from a nreriod forty five inutes alter injection to forty davs shorr that:

a, Y¥' ip oxereted in trontr-four liours with =wll a‘ount up
to & total of 307 in forty days. lecal oxcretion initially leowr u- %o a total
of 20 at forty davs. :

be Blood drops ::ore slouly thah hemwvnlant ursniuws, but shous
a ooncentration of loss than 0,1 =7 at tvelve hours.

' 8. Tidmey initially contains 15'5 of the dose, fallimp to 1(
at forty days.

d, All soft tissues excent liver and spleem show less then 27
Oftha dose. .

e, liver and sploen initially contain 357 of the dose, falling
to 5 ab forty davs, :

C. Acute doss with radicactive isotope (7 2352) (rats), Tesults
are the sare o the above with the excention that less retention or ranid re-
=oval occurs in the kidney.

D. Ahalyses on enimals exposed by inhalation (chiremic oxposure),

Soluble comounds showr no rotevtion by the liver or lung with
& »mdual rise in the bone and kidnev concentration. At the prosent tire the
amroximate levels to vhich this concentration will rise hawve not been reschad,
Current observations indicate thet the curves are still rising and have not
lavelod off., Concentrations in tho bone in no vay anpa'oe.ch those folt to be
coxic from a radiation standnoint.

In the insolubtle sonounds the lung continuos to show an ine
sreasine coneentration of urantwn vhile the kidney and bone cenitain very s:uall
(slirhtly more than tmee) amounts,

Be Amalysos of Animals exnoged to uranium by chronie ingestion,

The bome in chronic anirmls yuns throe to four times the ob-
sorved concemtration in the kidney, Levols in bone un to 450 nicroprens per
pran of bone have been obserwved, 1lo placental transfor of uranium occurs.

Fo. TTachanism of Deposition in Cone,

&, In vitro - the bone absorbe the umaniwa {ro nlasm ultro-

filtrate ard from a Dicarbonate buffer. This remowval is very ranid, reaching

a steady state in twantvefour hours, Conoentration ratios of bone to buffer
~ AT +harn 1000 4o ong .,

-1l -
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be In vivo - the woug ! !enosition in 2 glven bone 48

direetly nroportienal To the oirculation of the bone, the vortobree being highe
ar than fermur which itsolf 1s higher than skull. Youny animals deposit more
then adults, Thus, less uranium reeches the kidney in young animals which makes
them more tolomt ther adults. In older rats a sex differsnoe is obsorved and
oan be oxvlained on the basis that fermles neture more quickly and therefore de=
»osit less ureniunm in bone and wore in the kidney.

5. “otabolien Tostea:

Nood Clottine: Three different tosts ore selected, moely tw
prothrerbin time, the blood ‘&brinopen level and the brensulfalein rotembion,
as reaguren of testinr tho »resence or ahsence of liver dawngio due to uranium

oermotmds,

Short expogures to uramiun hemfluoride oonoenbmtiona of 2.0 mp3
per ou'bic rnetar (aix houra) shioved marked inoreases in the prothrombin time and
fibrinogen levels vhich lasted fron one wee': to om month before returning to
normal, o chanse in bromsulfale in retention vms noted. Felloving, chronic
axnosuros Lo lcqmr levels sono fluctuation in theso deternimtions wms noted
vith a tondenoy tovmrd the reducstion of the fibrinoren levels,

Traniun tetrachloride camsed 26 to 307 rotention of bromsulfalein
after single acute oxposures, The lewels roturned to nomal in ene memth.
The kidney fimetion 1n thege anirals 'ms nomal,

'Jmnium nitm*be shomd sormn fluctuntion in the nbova rrothrombin
and i‘i‘brinogcn levels af'ter five to six nonths of e:mosure a.t 026 and 0,45 per
cublo metar,

Thosvhatase Stains: The nomal ld.dmy tubular ¢slls stain with
phosphnﬁu stain. rollowiny uranium nephrosis os' the tubules, these stained
aress disappear in arproximtely fourtoen days, Althourh the epithelium ro-
pensrates to normal ammearancs histolopsically, the nhospha‘ban stain doss not
return., Thio indioates en altermtion of the nrhysiolorical nroperties of the
tubular ocell., This obaservntion is confirmed in the absence of rhosnbatase in
the urino following ronaated umniu:'l oxposures to s.niruls. {Ses Doumoe in ‘loche
omien seoction), X

Carbohydrate etabolisn: TFollowing: toxic exuwosurss to uraniun
nitrate o moderate decromse in tho rsluceas tolormnce of both dogs and rats is
obgerved, This ip accomranied by small decresses in the ability to fom musele
¢lrroopen, o chenpe, howover, is found in the liver plycoren. The ;lucose
tolomance curvos of these anirmls show prorressive flatbening of the curves up
to eightoen davs., The absenoe of typical diabetea is surrested by fasting
normal blood surars. Some slirht olavations of blood laetic and nyruvie acids
vere noted imrediately follovirn: exmosure,

Blood potassiun and Carbon Dioxide: ‘o chanres were observed in
the blood potessiun and blood protein levels follovinr cxnosure to toxic cone

- 12 -
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contrations of ureniwm nitrate (3 ng/M”),

The blood carbon dioxide drops followizy exnosure and roaches :iini-
ml lovels LUetween tho first and seventh dayv. Sollowving this ¢i 0 thero is a
return to noral lovels., The -inial mlues cre loos thar moehalf of tln cone

trol wmlues.

Temnl Cloarances: Iollowinm exposures to uranium mitrate at
3.0 n;ﬁns the imalin clearance is decreased reaching its -axtrnon during the
third wer of' exnosure vith a roturr: to normal at the £ifth weel:, Tho diodrast
olearance falls abruvtly to fram 30 to 757 of its norml value at cne wwek.
Zormal values are obssrved again in anproximately tld rty.five days. There is
a maintainod inorease in the chloride oleamnce,. o chanre 4s observed in the .
1P, Proteinmuria is noted during tho first thres teeks of the exnerirent,.
Tho urine catalase lovels reach thoir maxirnm at the lowmst noint of the diow
drost ¢learance, : -

The conclusions dravm from such observations indiea.‘bo that ureniun
causes z docreased tubular function vhich commensates as theo animals recower,

8, ““achanim: Seetion:

a. The toxleity of uraniua for the lIridney tubulos depends on the
release of the uranylion by the breakdorm of the uranyl.biocarbomate oceplex at
a low pil, The mechanism by vhich the kidney is injured iz as followrs:; The
uranyl-bicarbonate smmplox passes throush the golmerulus inte the tubule ot
which point the »™ falls below 2 lovel of 6,5; this causes a Lrealdoun in the
sazpleox with the NCO, radicle boiny resorbed and the free umnyl ion now able
to attmol: the tubulad cells, R - -

- be Totrawlont ureniun sanbines with nlasm probeins and doos not
pass through the rlomerular fl11ter unless protein oleo is raseing.

. '6e . The reduction of hexawlent to tetravalent nmantw: is dynsrdos
ally poseibls in ths animal body althouth such a reastion 18 undoubtedly very
sloty and ococurs to only a suall extemb. Thoe redustion of dtetrawmlent to trivel-
#nt is 1npossidble, Pentavalent uraniwi is too unstable to exist.

_ o €. Yo rolymerisation of uranium ceours under oconditiona compat-
ible with life, : '
_ e. ﬁmmmttmot!wnnlmtumﬂmdm;bahmom
tert on the acidity or allmlinmity of the urine; the lattor nropoting inoreased
exorotion, the fomer denressing ik,

f. A nethod for the mensuremert of urinary catalase exeretion
has been developed and standardized for use in the detection of heavy: metal in.
Jury to the kidney,

G+ It has been detected that the urimary protein nresent after
uraniuwn pofsoning is plasma elbumin,

- 13 -
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. he The diffusio jun camplox through a filterable non-
brano is an inersasing funetion of 177300 content of the nedimm,
"mnium carbenate and “icarbonate oomlems have beor showr to be identical.

1. Tt is thairht tint blearbomte is the most irmortant carrier
of hexavalent uranium, Sodiun citrate and bicarborate incronse uraniun excre-
tion., It is comeived that the hexavelent ion is cdowosited or shows an affinity
for opithelium and the tetravalent ion for endothelium,

J» The effact of the uranyl ion on remal function is as follows:
1) the amall dose shiowe no cf "sct on substarces thich filter throurh the rlomer~
ull (ereatinine, xvlose, inulin); 2) Thers is an increase cloarance of substances
reabsorbed in the distal half of the nroxirmal convoluted tubule {chlorides,
amino soid.nitrogen); 3) Thoro rey be an increcse in substances nmartiall; reab-
sorbsd in the nroximal conveluted tubule (rlucoge, urea); and docroase cloarance
of secroted substarces (nhenol red, dfcdrast, hinpuran); 4) Larger doses reduce
annarent filtratice in ~lomeruli by the bloc‘mde of tubules and diffusion of
mator soluble raterial ascross demded tubulay rmll and thus reducing all clear-
ancesy 5) TIn catalase oxoretion in the rabbit, this substance is normally not
Tilterod or seoreted Ly the kidmey. The amount of cntalase at one and a half to
teve hours after oxposure is a linear function of the anount of hexawalent
" uranium pgiven. The hexavalont ion is at loast Jour times as effective as the
tetravalort in causiri; the appearancs of catalass in the urine.

1T, Cermral Conolusions:

In conclusion, the pumroses of this ontire rescaroh »rosram ™ms fours
folds

1. To supply infomation which would be helpful in the establish-
ment of a maximur: fastor o safaty for the employces exnosed to the ureniun coo-
noundas,

2., To furrish data vhich mwould establisgh earliy indices of uran-
iwa toxicity.

3. To find helpful prophylactic and therapeutic measures to ocom-
bat possidbleo acubte and ohronic oflects of those substances.

4, To furnish evidence to the ‘hnhattan Engineering Distrieh
which would be helnful in the ovent of law suits by employves for injuries to
health attributable to these cormounds.

- 14
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Concentration

L pound  mgR uranium

!TFe

™0, (1)

w1,

Ore

per cuble metar
of air

18,6
2,0
0.2

10.6

2.4

1.37
- 0.64

0.20

11,0
2.0
L1
0.26
.11

30

16,7
3.6
0.6

19
9
2

a2
3
0.8
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Deg

‘overe
Davere
Slight

Sovera

Severe
"odarate
Toderate

“pderate

“oderate

"od.toS1ight

S1gnt

S1l, or absent
Absent

Sovere to ““ederate
"adorate 4o Sovore
Sone

Tiodernte to Sovere

“‘ocerate

Slicht Lo “oderate
S1ipht

“'odorate

Absent

Slight

Absent

"“odarate
Slight .
Absent
Absent

Slisht
Absent
Absernt

Toderate
Absent
Abaarnt

*‘ods to sovore

Absent



s+ llo cbservabtion
* Albuminuria & Catalasuria

lezsiot

* n TABLE III
TRLATION OF (Hnee ITRATIONS
TC TOXIC MTITICTS
filmormm 1l o8
Conoentration  Overall riphoral  “wirht
Comound mgm ureniuwa “ortality Patholopy Wlood “rins Blood Nasnomse
" per cubic meber (41b & cat.)s
of air
I CONCTITRATION
fonal Tulmonary .
U'Fs 13.5 75 Gevere Sovere “arked ariked oderate ‘arked loses
el 11,0 78 Sevore Sovere arked arked ‘loderats I'nrkod loes
T0g 10.6 14.5 Severe CSeware Ilod. Tod. —od, Loss to pain
n, 19 - 14  oderate lonms M rise in --s* Slipht  S1. loas
:ﬁoa' 1842 18 8light Tone IPY rise in —  lommal Gain
4 17 19 “‘aderate llone !IPH rise in — loss
Ore 22 13 “oderate '‘oderate IPI rise - S1igcht Loss
' Jovore 3Sevore in
TID CONCENTRATION
UF, 2,0 35 Yod to mod -~ PN larked “oderate Loss to pain
severs
L, 2.0 16 Ioderate - IPH 'arked Slight loos or gain
The_g 244 11,5 cd t0 mod = Sl.%0 o change Loes or pain
- severe severe lariced
UDz ) 2 Slipght e TTome s o faln
LW CONCEITTRATION
UPB_ 0.2 2 Slipht - lome Slight Tone Gain
UC'I4 0elleD, 28 7 Slight w—e ons Slight Ileme Gain
0, 04+28~0,69 2,8(2) Slight ——e NPT Slight  Tone Gain
vo,, 2 1 Hone —- Tome Slight  Yome Gain
UFQ_ 045 1 fone wwe  Tone llome TTone Gain
Qre 0.8 7 lone ~ww llome llone llone Cain
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CHRL.IC TuH. oo DI (Low Y

Concoptra
Comouny  "mga ursniua Durction syalustion Besults
- per cubic meter (zcntha)
of air '
urg ez0 6 4 Slight rensl damage
0.05 4L C No toxic effect
UL, v, 20 7 hd Lo toxic effects
0.05 5 G s toxic effects
UiCs 1.3 & + 8lisnt renal dimige
wit: subsecuent
0.45 6 t recuvary
0.15 6 o No toxic elfects
0.05 G 9] Ko toxie effects
UFy, 3.0 5 * Slisht renal dumupe
0.50 5 0 Fo toxic effecis
U 1u.C 3) O No toaxic effects
1.0 6 U o toxic effects
Contrcl 0.ua0%y v ¢

wo todde cifects
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Cone.ound

Ulor2
UFy,
e
U3

Ung

ey,

U acetute

Animal

Rats
Rate
Ruts
Logs

Ruts

Dogs'

Rets
Rats
Rats

Hats

High Grade Dogs

Cre

1624103

20 LY maFola 1T {aCUTE)

\-

L)

Cencentrztions

05, 0.1, 0.25, 0.5, 1.C, 2.0, 20.0

0.2,
C.5,
0.5,
Va5,
5.0,
U.5,
0.5,
0.1,
G5,
5.0,

0!5, 100, 105, 2.-1., 3;0, 20'

2.C, 20
10.u, 20.u
2.0, <0.0
2

2.6, %
2.0, 20

0.25, U.5, 1.0, .0, 20

2.0, 20

te

~ ol diet
~ of ulet
% of diet
enf gfizy
~ ol Lied
crfig/day
% of diet
% of diet
% of diet

- & of diet

en/kg/uay

2
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SURLAIC oMofiiib gy

Loupound Andiod
Uils Rats st 2.0, 1.0, G.5, G.l, 0.05 and C.0L » of diet for 2 yewrs
Dogs at U.l2, G.l, U.2, 0.5, 4.0 and 10 pw/kg/dey for one yeur
UC,F; Rats at 0.0, .05, 0.1, ©.15, U.25, 0.5 &% of diet for 2 jears
Doge at 0.0001, U.00U2, 0.001, C.C025, 0.4C5, ©.02, G.1, U.5 and
5.0 for 12 nonths -
ugl,, Uogs at 0.C02, 0.0%, 0.u2, 0.05, G.1, O.b amd 5.0 c3/a/day for
12 monthe
Ll Hets ab 0.5, 4.0 acd LU 5 for tue jears
Dogs st 5.0, 10.0 and 20.0 gr/kg/asy for une year
TaBilk VI
CURRLET RuwULIS CF FLEL1LG BEAFeRI LLTS
Ly U CCLPCUZTS
Rats Bogs
Nop *toxic or slightly toxic i/} WE
Ugle g; 8
4 4
Ore i
Loderately taxic 3?%‘*’ U3 Uiug, L03
¥e3 v
U scetete RaglizCp(Rig)2, U, Gy
Hghly taxic UCaFy, UGy UCokp, LCL,, Ol
= F Wy,
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EYi APHLISATICIE T

Cozponnd Uose Vehicle Dimoge Luration cf Dumcpe  Lortality Findings
uc1, 0.00) none Lt long (34 weeks) /4 Renal Demoge
UNG3  0.350 water 34 long (3~h weeks) 3/4 " "
Ucl,  G.250 weter 24 long (34 weoks) 3/4 " L
NagUple 0.1 :ione 34 short (L days) 1/4 " "

{iHJoUsly 0.1 nene 2+  short (4 dsys) 3/4 " "
Ulols 0.2 water 2% snort (4 days) 3/6 " w
UF, 0.l rune 1r short (4 uays) 3/6 “ "
U3 0.1 nee 0 G Lk "o

0.%5 lenolin U O .
o, 0.1 dry v ] O/ L e e
0.75 lanoiin O 0 C/k ———n
Ustg vl arg 0 G /b ————n
©.75 lenolin U G N ————
U C.l dry C 0 O/4, m———
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T alLL 1x

Renal Jdazege ot wutoss,

iauber of
Coopownd _Rebbits  Dose (pm; lortsiity Irritction ‘Remarys
G2 6 i.0 0/6 0 non toxic
- Uq0g 6 1.0 0/6 0 acn toxie
UFy, 6 1.0 - 3/6 ¢ non toxie
UsGs 6 1.0 ether | 6/6 1 pius
uc1y, 6 2.0 lznolin  6/6 2 ylus oo
Wonty 6 1.0 lanciin /6 ¢ w o ooom
- 6 - 1.0 water 5/6 o " "
04 6 1.0 lamolin  L/6 0 noow
- . ¥ "
Na,Up0n 6 1.0 lanolin  4/6 ¢ ‘
voy, é 1.0 0/6 0 non texic
UF}, 6 1.0 o/6 0 non taxic
P 6 40 1ts. 0/6 L plus  m———
LGl 6 0/6 0 e
B¥4 dimsthyl b 0/6 0 ————
ether

102410b
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(n the bzsis of sortality, weipht loss, histopatholegical

changes, chemicel chunges, the uranium cugounds can Lo groiped for their
vbility to produce gcute uranium poisoning as:

1. Highir texic  UGokp, UL2(iW3)2, UCl,und UFg
2. Lo'derately toxic Uy

3. Slightl; toxie Ujlg, UCp, UF), and ore

1024101

28



lﬂrZMBg.

e il et o ey

Film Menitorineg Studies for dstermination of rcdiction exposure.

For the purpose of indicating the intensity of rediaticn t¢ which
personnel are exposed, film hos the advemtage of being subject <o fewer
accidents of the type giving gross crrors in reading of indiceted expusures.

‘Primary disadventzge is the foct thot blockening to equelly biolcgicelly

hazardcus amounts of rediaticn is dependant upen the nature and rwve length
cf the radiation. In prectice this effect has been lorgely overcdais.

Type K Bastman Kodek x-ray £ilu made up in the size ¢f dental packets is
used because of its grcct sensitivity. Leed cross is attached to f£ilo,
making possiblc by differential Jensity readings of developed film both
outside of and covered by the lead ercss, to measure-the relative amcunts
of ineident beta cnd pfamma redisticn and their gquality as well as penetret-
ing power. With proper czlibraticn readings zre made in r units or their
equivalent. : : '

Suitable film helders were doveloped 28 identificction badgcs for
plent personnel. With cach batch of filus are developed calibrating strips
of the same film which has been exposed tc known graduated smeunts of gema
radinticn. Use of these calibrating strips makes it possible tc coipensate
for unavoidable varicticas in development techniques as well as batch de-
veloped veriation in film sensitivity. -

The results c¢f this standerdized stud& heve been used in monitoring
personnel in all parts c¢f the lanhatten District, and a service division

“has been set up in the laberatery here to supervise and interpret the result:

8¢ cbtrined.

Developuent of Neutron Sensitizers for Film Werk,

A photographic film packet hes been developed surrcunded by & foil
of ¢obalt, rhodium or silver. These umetzls are sensitive to slow neutrons
and emit beta and gamma redietion when exposed te neutrons. If these badges
are worn by suitzble porsunnel, the huncn body with its high hydrogen con~
tent slows down the fost noutrons to slow neutroens which in turn act upon
the netal of the fcil., Thus beta and gemma reys are enitted which blacken
the enclosed filwm. For the monitering of lecations thesc special film
peckets cre attoched to the sides of water containers which olso sirve as
a meonsg of slowing the fzst neutrons.

Develcprent of Instruments for the iessurenent of Radiation.

The follcwing instruments have boen designed, febricated, and placed
in operztion by this secticn:

1. An all purpose (vane) retor for the recsureent of bete and
racma radiaticn.

2. A surface alpha neter.

3. A built=in alphe seter for measur.nent of hond exposurc.

4. Alphae electrometers.

5. Alpha counters.
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( 6., Redon air necsuring apporestus.
- 7. Radon breath neasuring apperetus. :
8, Thin windew Geiger ccunters and dipping Geiger counters.

BICLOGICAL RESEARCH SECTIGN

1. Ketebclism of Pcloniun

_ Lo Animal erimentaticn: Following intravencus-admindstration,
the urinary excreticn in beth high and low Cosoges anounts to 0.02 to 0.l
per cent cf the Gosc pes day except foer the first dey whon the highest
decse shows threoe to ten tines the rote of excrovticn. The feczl excretion
is opproximately twenty tiues th: urincry rate on the first iny, rising
to scventy times cn the tonth day and six tines on the fiftieth dry. The
retention equels twenty-five per cent cf the dese in ten days, I.rty five
per cent on the fifticta doy, scven por cent ot 130 days and 0.7 por cent
at 300 days. (This includes raiicective decay on the 140 dey half-life
basis), The distributicn ¢f polonium in the tissues shows the spleen,
lynph nodes, kidney, boene marrcw, eand blood cells with the highost cone
centraticn in 10 days. at 50 days, the blocd cells, testes, and serdnal
vesicles show opprexdnctely the same concentratiin a2s the ten-day studies.

Following bcuteaneous injection, the excretiun rates, in terus
of the suount absc bed, are similar to those after intravencus adidn-
istration with the exception ¢f 2 hizher urinary excrction during the first
two dzys. Abcut 83 per cent of the dese remains in the body at ten days,
of which about 40 per cent is retzined in the injecticn site. _

Orcl studics show that 3 per cent to 5 per cent of the dose is ab-
sorbed from the astro-istestinzl ccnal, Fifty per cent of the ebscrbed
rcterial is oxercted in the urine in ten days, The fecol excreticn is
approxirately the same per cent f the absirbed dose os in the. intravencus
anbial.

Skin ebscrpticn in the huien subject indicetes thet no absorption
is debectzble in four deys of exposurc. The feet of rico show less then
1 per cent of tobal dose sbsorbed over o two=day experinental period.

By inhalation a large proporticn (probably over 30 per cent, and in
soie ceses apprexixating 100 per cent) of the vaporized poloniun inhaled
by o rat is retoined in his lungs. iest T the poloniwi capturcd by the
lungs is ebscrbed intc the blced strecs riving essentially the effect of an
intravencus injecticn. Sufficient peleniws m2y be retained in the iungs
(11 per cunt of the dese at 10 deys) for a prolounged pericd to produce
airect effcets on the ~lveclor epitheliw. {see L=1811).

B. Humcn Subjects: Fellowing introvencus injucticn into hunen
subjocts (four cescs) in a.cunts fro. 0.18 to 0.3 .derceurius per kilograi,
the twenty-four hour urine showed 0.07 to 0.8 per cent cf the dose. Tho
sverepo daily urdnery.cutput in the first week wes 0.06 to 0,24 per cent
of the dese; in the second week, 0,04 to 0,08 por eent; and ot 70 days,
0.02 per cent of the dese per doy. The focel drily excretion during the
first week cncunted to 0056 tc 2,03 per cent of the wose; Juring the secund
week, 0.73 per cent; and ot 7O days, 0.25 per ccnt cf the dose, w very
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rapid disappearcace of the injeeted pcloniun fren the blood strecnm wes
cbeerved as evidenced by caly 1.7 per cent of the tctal dose ruucining in
15 pinutes, .

In crel aduinistrcticn of 0,19 wderceuries per kilogras, the blood
and urine values were ap.rcxicately one-tenth of the dese found after
intravencus injection of & si.ilar dose. This indicsted sbsorpticn of
less than 10 per cent ¢f the Jduse. The feccl exereticn ancunted to 77 per
cent «f the dese by threc deys. At the end of 230 diys less thon _
0.6 cderceuries resained in the bedy of a totzl of 16,5 sderceuries :iven.

C, uffoet cf Vericus agents cn Polendun Excreticn: Of o large
nurber cf substences tosted, only B-L (Britich anti-lewisite) caused &
transitory rise in the foecl excroetion several wecks after injecticn,
This increased cutput was brlenced by o later cecrecsed cutput fur a
few days: In the first 24 hours oftcr intravencus injecticn of pclenius,
Bzl produced a urinzr; excrstion of 5 per ecent of the dose as contrasted
with a norwal f 1 per cent of the Jese, Following this, the excreticn
dropped t. ncreel levels. Bal trectient linediztely after subcutaneous
injection e:used no significent diffcrences in the excretion rates.
Tissue esnalyscs showed essentinslly siidler concentrations, except in
the spleen whosc cetivity wes considerably lower after BAL tre.t.cnt.

2. DPistributicn and Bxereticn of Radiun:

Rats were injected with 11,5, 16,0, 17.2, and 1000 ricrccuries

per kilograus o f radiuc cs the chlerids znd followed for cne,.ten, 2nd.
fifty deys. The urinery excretion cn the first doy amcunted to '
9.3 to 21.6 per cent, ¢f the dose; tho feecsl exercticn, 0.18 to 25,2 per
cent of the dese. The total exerctiun cbserved wes from 14,0 Lo 4.0
per cent of the dese ¢n the first dey; a fall to 1 per cent on the -
sixth day; 0.5 per ccnt ot 10 days ~nd 0.1 per cent at 50 days. it -the
ten doy peried, 40 tc 60 per cent of the dose rencined within the andnalj
et 50 deys, 32 per gont of the dese. An additicnel chbservation indiceted
that the excreticn rctes werc not influcnced by the size of the duse. One

aniel corried for 236 deys still retained 40 per cent of the injectod dose,

Distributicn studies showed thot ot 24 hours, 83 per cent of tho
aucunt remsining in the bedy wos depesited in bene; at 10 days, 99 per
cont; and at 50 deys, 96 per cont. The hijhest cetivity found in the
bone was present in the trebeculac. The postrointestinal troct showed
8.2 per cent of the tetsl dese ot cne doy, folling te a sioll fipure at
10 «nd 50 doys. COthor scft tissucs showed 8.8 per cent =t une dey, zlso
droppin; at the 10 and 50 dey roricds. " The bleed showew 0.005 per cent
at 10 days, and 0,002 per cent at 50 deys. Orel adninistroticn studics
are in progress.

3. Couparative Lethal Dese Studies of Reddum, Pelondw, ond Plubcniui:

Using dosages wxpressud ©s iderceurics per kilcgreai, the shert torm lethal
dose studies indicate thet pcloeniwn is three ti.es as texic s plutcendiw,
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and thet plutonium is-2b least, thxrty tines as toxic zs rLd:Lu...,.

- Cn the basis of relative encrgies cf the alphs pc..rticles oi‘ those
three substances, it is apperent that for the radium and its daughters;

- plutonium, the ehergies por micrcouries are gpproximately equal, the amount

of redium lost from; excretion being caupensated for by the retention of

its daughter products. On the same basis, the polonium/plutcnitm comparisor:
indicates thet the former is sppreximately twice as toxic per unit of alpha
ray energy dissipated in the bedy "-r 1. days, five tines at 20 days; end
a8 high zs 10 times ot the thirty =y pcriod.

Biologicel explanaticn of the differenccs may be explaincd on the
distributicon of these «lements, the radiun burying itself deep in the bone;
the plutoniun in the endcstoal layers neer the worrow, ahd the poleniun in

the hematopoetic and lymphetic tissues thenselves.

The long tire (alx to eig't wonth) studies of the ¢..parative lethal
dose tend tc corrcborate the chove findings.

Pathological findings indicite thot rediun shows an affinity for the
hematopeetic system, vaoscular syst.i, liver, kidney, bowel, bone, and testo:
with dampage proportionzl to dose 2nd tine. Polcniun shews an affinity for
the heuatopoetic systen, bowel end testes only with daasye again probebly
proporticnal. . Plutoniw. shows its affinity fcr the hemetopostic systes,
liver, kidney, bowel, bone, znd testes. The chenges observed with radiwa,
although icre wldely distributcd, cre in generzl not as severe as poluniun.
An unusual finding is the developiwnt of far advanced arteriosclercsis
of the aorta and larger arterics 1ncluc:|.ng the ccronaries, Plutoniun tends
to show its rost scvere developuent in the hamatopecetic systenm, liver, ond .
bene. :

L. Digtributicn ard Exereticn of Radiccetive listerials in Nen-bexic Doses.

Studies are belny ccncucted cn the injecticn of nen-toxic amcunts of plu-
tonium, pcloniwi, radiuwe., uwraniwi, amd pessibly lead inte hwuan subjects
in order to deteruine the exeretiin rates in the urinc emi feces of these
uateriels. Thesc studies are not ready to report ot the present time.

The infcrmation farnd froo such studivs will be used in deternining
accuratcly the allcwable excreticns of these smbstances in the cercful
rnchitering of plant persomnncl working with the.. The urinary quotient will
indecete the amcunt of haraful seteriel prescnt in the body at that unit
tine,

5. Surgcsted studics:

o. Fhysiclegie: i axporimentel werk with Cyy and H3, specifically on
protein petabclis. such os in wowund heeoling, repair, "f“lnL, cango.
and: the like,

1. Hew substitubed auine zcids behave in the bedy.
2. Iavestigatiun of beno motebelis. with an idea tc therapy, ste.

b, Chronic effects of clphe euitters over a ten~year pericd, For us
in chrenic tolercnce studies,

es Additicnal studies cn radicactive . pterials, istabelisn :|.n general
erticularly with re;ecrd tw nenticned in {z) akove,
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REPORT OF INV.STIGATIVE WORL BY THE SURGICAL 3zZCTION

The work ccrricd vut and to bte reperted by the surgical depertuent
can be divided intc the fullowing 3 divisicns:

1) The tronsplentation of bone rirrow, .
2; The eculturc il buue .orrow by tissue culture Lcthods.
3) The transplantaticn cf & kidney,

In as mmch 28 sc.e of the deta is still in the process of exansinaticn
ond epalysis and experiients cre still under study, this repcrt at the hest

wust be censidered tc be of o provisicnel meture and subject t. change ecn-

tingent upcn further analysis of the dota and experinentation,

I Transplantaticn of bone LEII*L‘W

In undertaking such a problen as rarrow transplantaticn it was first
necessary -to estcblish certain base line deta on the petenticl recipient.
This included seclecticn ¢f 2 type of .radistion that weuld preluce dowdgc
of the proper cxtent or degree. Tetal baly radiaticn of 300 r ceute dosage,
fron 2 250 KV .zochine was finclly selected sincc it produced spproxicately
an L.D. of 50 cor slightly greater,

Frploying this doscie of rediction studies were then corried cut to
deternine the type and extent of dalose to voricus tissues crd crgans cf
the dor with espeeisnl reterence to the henatopectic tissue and the included
bene marrow. In crder to <btein such inforiztion; cld ond new uiethods of
study had to be tested and then uscd, Rediztion deiape to the host was thor
estirated by correlation of clinical, helntclepicul and pethele icel finde
ings., Radiaticn da.age tc the bone marrow ab 2 (iven pericd of tine could
be deteriined rore precisely by direct exaiinaticn of the norrow fron the
living host by rereving such a specimen cs a rib,

The experiients cn the transplontetion «f bone warrew are divided
into the followin, srcups:

- ae Gecnbrcl Studics
B, Trensplont Studics

A, Contrel Studies

l. Pilat, Redicoted

A rroup of 7 ncrual dogs reccived 300 r tcetal bedy radiction,
underwent rib rusecticns 3 deys preradicticn, 4, 7, 14, 21, 28, and 39 days
post-radiaticn end was studies as contrels to detoriine the pottern and
extent of ceransoment of the clinicel cuurse of the peripheral blood and
bone warrcw picture. Hemetolegicol and pathcloriccl studies woere nede
o8 the time of -hexpested death or sacrifice. The peripheral blood wes
exained at heurly intervals for the first 42 hours pest-radizticn in
L of the ani.cls,

Three of the 7 redicted degs ddoed Juring the cairse of study. ALL
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of the anirals menifested dehiscence ond neercsis cf their surgicel
wounds, Bcne marrew studlus showed conspicucus signs of degenerstiin
beginning 4 days post-radiztion end neximel demege between 7=l days.

This degenercticn applied to the myeloid, erythreid and megakeryocyts
elerents, At 21 diys posteradistion early signs of regencraticn could

be detected which was more evident at 26 days. &t 39 days post-retiation
and thereafter the morrow was hyperplestic but with smell arees of debris.

2, Pilct, Non-Rediated

A-group consisting of 4 normal dogs underwent similar procedures
and study 28 group 1 except that no radietion was adcinistered.
Nermal findings were noted in these animels.

3.+ Contrel, Radisted

" Another ;r«up consisting of 8 nornel dogs was studied as controls
to determine or cbtain the wrmal pattern and extent of dereéngement
of the cliniecal course, the peripheral blood picture, as well as the

- pathologieol and hematcleogicrl pattern at tine of enexpected death or

gacrifice 80 days post~radicticn.

_ Six of the 8 dogy died of r-disticn intoxicaticn i.e., purpura,
sepsis, oral ulecercticn, depression of the hematopceitic system and the
associated panhematopenia. The surviving aninrls showed hyperplastic
changes in the henatopoeitic tissues. '

4e Contrel, Redinted-Opersied

A group of 4 ncrzal dogs received 300 r tctal body radiation, under-
went rib resecticns 3 days pre-~rcdiaticn, 2, 7, and 39 days post-rodi-
ation, had pseudo narrow transplantetion procedurcs 2 days post-radi-
ation and was studied es controls to deturmine the pattern cnd extent
of dercngenent of the clinical caurse, the peripheral blocd ond the
bone merrow plcture. Hauatologicel and pathologiczl studies of the
merrcw were riede at the tice of e:ch rib resceticn and unexpected death
cr et sacrifice, 60 deys postercieticn. '

Three of the 4 dogs dled of radiation intexdcetion with findings
as noted above. In additicn wound dehiscence and necrosis was comuwion.
Dorenerative chenges in the bune .arrow were conspicucus at two days
posteradiction znd considercbly rore worked at 7 doys post-radiation,
At 39 days post-rouintion the merrew wes hyperplastic but creas of debris
were still present., This hyperplasia epplied to erythroid, myeludd
anu megakaryocytic elunents.

The data froo the precee.dng groups provided the base line inferrmation
upon which to ccmpare the results frem the trensplanted groups as noted
following.

B. Transplcont Studius

1, Marrcw Suspensicil Transpl.ont
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4 5th group consisting of 5 neruzl dogs received 300 r fotal body
radiation, underwent rib resecticns 3 doys pre-rediation, 4, 7, end
39 days pest-radiction, reccived a siugle norol merrcow suspension trans—
plantaticn intc the distal end of the shaft of right fenur, the right
huierus, and the antericr chamger of each eye, and wes studied to de—
termine the pettern and extent of derangement of the climiczl ccurse,
the peripherel bleed and the bune morrow picturc. Hematolopical and
pathelogicrl studies were carried cut ot the time f unexpected deeth
or sacrifice, 30 cr 60 deys post-radieticn.

Four of the 5 dogs died from radicticn intexication with the
transplent sites cf the long benes shoewing considerable evidence of
¢ld heiorrhage, organizaticn but vory little evidunce of new rarrow
growth, Residucl fzt deposits with ccnnective tissue rcaction wer. the
findings fron thc uerrow transplonts to the untur1or chargur of the
cye8.

In the wne dog that survived ccperative studies of the long bones

did not indicate thet the transplanted sites were more hyperplastic
than the ncn-transplanted sites.

2. Boné and lierrow Trapsplantction

A 6th group con51at1n& of 4 neraal dogs received 300 r totﬁl bedy
radiztion, underwent rib rCSCCtlon 2 days pre-radiation and 2, 4, 7
days post-rgnlatlon, reeelved & transplantetion of normel bcnu Liarrow

and accompanying bene cortex hnd encosteum tc the shaft of the right ferur

and a transplontation of o segment of rib to rib, 2 doys post-rodiaticn.
A pnarrow suspensicn trinsplont was placed in the anterior cheiboer of ecch
¢yes  In addition this sroup was studies to determine the pattern and
extent of derongement «f the clinical course, the peripheral blcod and
the bone r2rruw picture. Hematoleogicel and pathological studics were
carried out at the tiue of wiexpected weath or sacrificc, 30 or €0 days
post-radicticn, :

Threc of the 6 degs died of rediaticn intexicaticn with the trans-
plant sites showing old hemcrrhoge, connective tissue rescticn and now
bone growth but very little ¢vidence of new narrcw growbh, Residual fat
depcsits with cconnective tissue reacticn were ncted in the anturlor
chasber,

In the threc dogs thot survived wericus Jdeprees of regencroting
cr hyperplestic corrow wos found but the tronsplented sites clwrys
appeared loss active then the nen=transplanted sites,

3, lLiarrcw Treonsplantaticon to hesvily radisted loni” bunes

A group of 4 normel dogs reecived rodiaticn of 2500 r to both
entire lower extrenitics sirumltanceusly, Twe doys post-radiation
transplenteticn of & nermel bone Lorrow suspend.ci wes carried .ut.
Strndard studies werc cerried cut te deteridne the pottern and oxtont
of derunhaxunt of the cliniccl cwurse «nd the peripherzal blicd. Hommto-
logical and pathclepicerl studies were corried cut ot the tiic £ un-

cxpected death ¢r sterifica. d
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A4ll of thesc dc, s sirvived these proceaures. This Jdesage of
raddaticn wes net of sufficient oo, onitulc to destroy all of the
rerrow in the recdcted extroe itics., Couporitive stuwies laudected
thet less active ... rrew w s found in the tronsplanted sites,

The iipressicn jcined froo the trensplentation of norrow to leng
bencs wes thot such rroccdures wers cssociatod with a geod deal of
blucoing inte the rorrow cevity cnd ne evidence thet the orrow trons-
plontetion was successful.

accercingly the noxt ;o .up of experiionts were dir-cted ot do=
tor.ining the potenbicl ciicctiveness . intecdueing extroucdullary
ryelcpoesis.,

L. orrew Transplants tc Spleen - Len-Heddrted

A greup of 4 neminl dogs received & tronsplantoticn o f neral bone
nzrrow suspension inte the spleen. Stondard studies were ¢ rried cut to
detoraine the pottern ond extent of Jerangcuent of the cliniecal ccurse
end the periphersl bloeod., Hemetclegieil and pathclo icrl studics were
carried cut at the tise f unespectod uwctlh «r scerifice,

All of the anirals survived the prcceduros. Residuel fot deposits
and cennoetive tissue response without evidence of extracedullary
ryelepoesis were fuxnd at the sites of trunsplantetion.

5, Larrew Transplents tc Spleen - Total Bedy Redintion

s group of & nermal dops receivel total body radistien of 300 r and a
trensplentaticn «f noreel bene wf rrow suspensicn into the spluen 2 days
pest-redicticn., Standard studics were corried cut to deteriine the pattern
anl extent of derznpe.ent of the cliniccl eairse and the peripheral blecd.
Henatologicil and petholegicnl stulies were corried cut ot the tio of
unexpectel uweath vr scerificc.

Three of the 4 dcgs died of radistiocn intexieation., The sites of
trensplentaticn werc as ncted sbuve.

6. ierrow Tronsplents tc Spleen = Spleenic Redinticn

A graup of 4 nerizl de-s received radiaticn of 2500 r te the spleenic
srca ond 2 transplontction of nerncl bene Larrcw suspensi.n inte the spleen
2 Joys pest-radisticn. Stondard studies were carried out to doterrdne the
pattorn and extent of Joron;cwent of the clinicel cwrse and the peripherel
blood, Hematcelogicel cnd pothele iccl studies wore corried cut et tho time
of unexpected death r saecrifice.

all of the snincls survived thesc precedures. The spleens werc snedl
and. fibrebetic with resicual eresits of fot and no evidence of extroved-
ullery wyclopcesis ot the tronspl nt situs.

48 tho result of thesc corrow trensplents to thoe spleen it did
nct oppecr cosireble to atberpt te induce further extromedullery wy-
eloouesis inte the liver or rotrcperitoneel tissues by the direct trzns-
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plantation of honclegous bone marrcw. R

7. Marrow Transplentation Intravenous

4 group ccnsisting of 4 nermel dogs received 300 r total bedy
redisticon and introvencus lngectlcns ¢f refined bone rarrow suspension
2, 4, 7, and 9 doys pest-redieticn. Studies were carried out to determine
the pattern and cxten. of derangement <f the clinical course, wnd the
peripheral blcud, Herztelegicszl ond pathelopical studies were carricd
out at the tine cf unexpected death or sicerifice.

- Two of the 4 dogs died of distion intcxiceticn. However all
enircls showed puricds of elevaticn of the tctel WBC count thot werc
not ncted in the contrcl radicted group. At these pericds of clevetion
atfyiéal' types cf cells were noted frequently. These clevabed pericds
and. atypical cells werc nut noted inmpedately after trinsplonaticn,
however, ncr could such findings be expained cn the besis of the in-

jecticn of a particulate matter such as india ink,

Pathtlogical studies showed miliary bome depesits within snall
veins througshout the lungs,

Beceuge of these findings this phese «f the experiient is being
extended.,

II Culturce of Bone Marrow by Tissue Culture Lethods:

After due ccn51derat10n it was deenmcd desirable to study the cultiva-
tion of bone merrew in vitre in crder to provide 2 means (1) whercby the
rarrow cwuld be studied in rore detail and rere cccurstely with especial
exphasis «n the effects of radiaticn on certain cytolegical alterations
{2) to consider the fcosibility of esteblishing a warrow bank if marrow
coauld be cultivated successfully and if narrow could be transplented
successinlly.

Such techniques as the roller tube, the Carrel flask, and the sitting
drop slide technique have bean erployec. Zech has their advantages and
disadvantages but & cuibination of the sli.e anc flisk technique appears
to provide the cptisari cenditicns fur growth ond study.

With thesc technigues the fellewing studies were carried out:

1, the effeet of veried redia on the growth of behe norrow.

2+ the effoct of viried gos tensicns on the growth of bone marrow,

3. the effect of variod stiruli to bene rerrow ond its growth is
standard nedia. '

Le the ccupzrative studies wn the growth of neorial and rediated bone
LETTOW, ‘

5. the prepocretion of merrow for transplontatien,

The results «f these stuiics sre now in the process of trbuleticn and

interpretation.
Further studies will prebebly be rosuwae when the current repert has

becn conpleted,
37
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III Transplantaticn of a Kidney

In the prccess f werking with and thc incilental exposure Lo uramiun
and uraniun cempounds, it was believe. thit a significent degrec of ronel
demage would result. - Because of this anticipated demage it was felt de-
sirable to direct scme attenticn to measures which would effect some benefi’
to the damaged organ and the associated deranpeuents tc the hest. One of
the first procedures considered wes the scditicn of a nerial kidney with
the ultimate hope that o nethed cculd be wcrkau cut eventually whereby

" this transplanted kidney cculd functicn fer ot 1 ast a shert periad of

tize until the demage. kidneys had reccvered sufficiently to carry on their
funetion again, During the caurse of sbudy of the toexicity of uraniun

ond its ccupounds it was foual thet the incidemce an. de:roe of renal
dapere encountere  in industrizl and leberatory perscanel was a groat deel
less then cxpected and acceoriingly less attenticn need be directed to

_ therapoutic reasures.

This experiment cuicerned itself with the initial studies corried cut
tc deteruine a surpical technicuc thet cculd be empleyed for the trans-
plentaticn ¢f a hcncgencus kidney,

The results of these cxperiients indicat.d thet the cannulae technique
for enastonosis of bleod vessels and the transplantation of 2 kidney to a

neck was rncre desircble. When the kidney of cne iug was trensplented into

the neeck of ancther ucg ther. was an increzsed initial tlcod flow through
the artery secondwrj t. the densrvaticn. This inercascd blocd flow iy
lest for severzl doys and was assuclated with excretion of abnermally
large quantities c¢f uring, previding the vencus return was adequete.

Sore of the transplantel kidnoys fancticned for only 24 hours, cthors

for 25 long es 5 ceys. OGventuslly kiuney functicn failed leaving a large,
swollen, soft dead kidney. Inasmuch as aubcgenws trensplented kidneys
nay survive for as long 2s 9 months it cppears thot the feilure of rencl
hcoctransplants to function indefinitoly cannot be ascribod teo surgiezl
errors but to = frcter cr ficters of incurmpatibility,
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I, ACUTE EXT=RILENTS ~ Single Dose,

a.  Miedian Lethal Dese Fxccoriments. The medien lcthel dose (that

amount reguired te produce Jeath is helf of the aninals) for x-radiation

was determined in scveral species ¢f eninals, the results being listed
in the fcllowing teble. For the purpose of comparison of species, the
studics on rabbits carried out £t the ketallurgieccl Laboratory at the
University of Chiccge are included.

" Rcobbit 790 r
Rat 600 r
Yonkey 5550600 T
Dog dork not yot campleted.

It must be commented thot the scnsitivity of the ebove species for chreonic
x-radiction is in the same order.

The rat is egually sensitive ot seven weeks end =t seven menths of age.

deles cnd females show equal sensitivity with regerd to acute lethal effects

_ If the dosaze is adjusted by increasing the time of exposure at constar
intervals, the iean survivel time plotted ageinst the log of the dose is a
straight line. If the dosege is adjusted by verying the intensity at con-
stant time, the wncrtality plottcd ngainst the dosnge squared is a strzight

line, ZEvidence has been geined which indicctes that the injury to radiatior

is a "two hit" phencrmencn, cor in cther words, two single hits by xeray

- photaris have been uede on 2 single clement in a single cells, i.e., chrom-

osome, spindle, cte.

Studies on those foctors which influence the madian lethal dose have
been nade, but are net yet ready te repert. Thesc include studlces as to
the rate of dcse, metabclie effccets, end the effect of voricus drugs cn
x~regiation injury.

B, Pathclogy of Acute Rodisticn Damsge: Tissue chenges in sacrificed
rets at 28 days werc different freii these found in aniuals Jdying frei _
irredicstion injury within this pericd., The threc tissues primarily affecte:
were the bowel, testis, and hematopcetic system. The sccrificed anduels,
at least for dcsage velues of 500 r «r greater, represented 2 group which
hod been injured and except for testicular changes, had repeircc itself.
Degenerate testes were presont at the 250 r level. OSignificant chenges
in the hemetcpoetic systen: first cppeared ot 400 r. These chonges were
cnly a little rere severe ot 1000 r then 2t 400 r. This sase gracdient
wes ncted in the splcen end lyuph ncdes, The uarrow, however, wos scverely
depleted at covery desage level @b which the aninels died.

Tissuec changes in penkeys were found in the hematopoetic systen and
bewel., Testicular finddngs wore difficult to evalustoc becsuse all animels
were lometurc. The cxtent of injury wzs ncst severe ot the hicher desagu
levels, the rdnimal injuricus duszge cecurring between 375 ~nd 450 r.
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Speceific details of the pothol.gicel chenies and their cecurrence will
be found in the cciplite reports, The chonges bserved in the ¢ oro
in prepuraticn end nct yet recdy to report. It mmst beo ecmmentod that no
finiings cof marked uifferences icrc chbscrved in the roviow cf the Jdog
pathelegy. '

o 1. CHEQKIC R.DLI.TICL PRCLGR.ii.

Mice, ncnkeys, rats, and dcgs were oxposed te chrenic redciztion in
the ferii of X~recicticn fron 250 and 1000 KVP mechines.  idce, mcnkeys,
and rats were expesed te 0.1, 0.5, 1.0, end 10,0 r per doy six cays por
week for twe yorrs. Dogs were uxposew to 0.1, 0.5, 1.0, 3.0, 6.0, and
10,0 r per &y six ueys per weeks for twoe years. Suiteble centrols werc
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6) Studies of the weight chconres on these anirzls indicates
thet weight cbscrvetions .re cf little valuc in predieting
the cutccie of the experiment ¢r as o pessible clinierl
test fur oxposure. The weloht less cecurs unly in the
pericd just before death, at which tice other vbservable
changes are well estcblished.

7) Survivel time studies are still in jresroess.

8) Twirs -~ prelicinary studies indicate th' i somb types,
perticulerly memmery tuccrs, ere induced while cthers
are spontanecus in typu.

9} Hematelugy - nct included.

The du expericent was carried wt zecurding to the following
plan: asninels recciving 0.0, 0.1, 0.5, and 1.0 per 4oy six doys
woekly were corried for 622 trectuents (twe years) anl then scerificed.
The cnivals receivine 3.0, 6.0, tnd 1000 r six days wcekly were given
500 treatments end cll secrificed. The plan f scerifiece for the lower
groups is as follows: ot the end of the perici of cxposure, cne~third
of the aniials were sacrificed; the rengining twoeethir.s cre carried
for an cociticnal three ronths for reccvery stuiies ot the end of which
‘tie the fe.cles are sserdificed. The neles ars kept on for aciitional
rocovery studies cn speri furmaticn.

. Mortality fijurecs at the enu of the first 500 treatments
(ote available) are as fcllows: '

level Mertality
0.0 r 0
0.l r 0

0.5 r 4]
1.0r 0
3.0r 20%
6.0 r LO%
0.0 r 80%

Hertelity figurcs at the end of 622 trestuents are as follows:

Level mertelit

C.0r 0
D.1r 5%
0.5 r O
1.0r 15%

it tho present ti.e cnly on. onipel hes died of leukania. That
ani sl received the course of 10 r per doy trect.e..ts.

As in the ret experiient, bservotions ..ade on welght chongos
have little velue in predicting the wtcww f an oxperiment,
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Spern ferietion is influvenced at 2ll.lewels ebceve Ol r rer
day end :uesticnzbly at the 0,1 r level, Whether this chenge in the
0.l r per day level is real will be shcwn by the recovery study now
in pregress. It requires 270 to 300 r te sterilize 50 per cent of the,
wegs &b the 0.5 1 per day level cr the 1.0 r per dey level. For steril-
igeticn ot the 10.0 r per cay level more than thirty treztuents (300 r)
are requirc.., From this cbscrvoticn it is deduced thet e tine fretor
is ipvelved in the ratureticn of spero,

Suie aninals accwmlated over 5000 r befure dying, while others
diwd &t 1100 r of chrenie irradieticn. Thls illustretes the vorio-
bility in the species thernselves.

A. Pathelepy - Chronic Irradisticn., Pathclepical exadnaticn
of rats follcwing expesures toe chronic x-radistion for twe years
ferioulates the opinicn that there is ne gocd histolegical eriberion
of chronic x=redicticn danmege when cdministercd in cesages of 10 r
por Jey and less. Changes in the hecatcpectic systenm were nct impressive.
Testicular dormge was nited with doseges «f 10 r per day but nct bolow,
It is suggested that the leukerias and sonwary tusors arising in these
animsls may heve bsen produced by the irredistion. Thore is no evidence
of injury related tc irrediaticn in the heart, lung, liver,.kilney,
bewel , pancrezs, thyrcid, trachea, skin, bone, overy, r bone merrcw.

Retbits which have received siudler deseapes of x-redieticn
_over o roricd of <ne yeer only, show siniler chonges tc these noted
above. .

Decs exposed t¢ 10 r and 6 r per dey for 500 treatuents are
uost apt te Je with cvidences of haicrrhage presunebly sceonlary to
lencepenic, throbeeytopenis, and bune merrow hypeplesia, Tustos cre
cuniletely depleted of peridnal eells. Lynph nudes end splecn show
celluler depleticn end scix hemcrrharc. Signs <f infection suporlmpesed
cn.reduced bene iorrcw activity erc coisin. ot levels of 3.0 r, 1.0 r
the testis is depleted of speriatopenic olesents.

Following pilct experiients cerried sut in o laburatory elsewhere
(see report frem Celubia project) & progras wes instituted for the
controlled chrenie exposurs of rets end deps to fest neubrens. The
dosapes selected were the cquivalents to the previcusly selectsd
experiiental xX-re.istion desepcs, nanely 0.1, 0.5, 1.0, end 10.0 r
per Joy €ix deys woekly. The equivalents in'n doscges are 0,017,
0.085, 0,17, anu 1,7 n per Joy six doys weckly. The ncutron experiicnts
Were corried for & wne-yeor period inatecd of the twe-year pericd
uscd fer the x-reys.

Findin, s were significant o the hi,hust desage level (1.7 n
por doy) in both the rats cni de,s. st this descgc the cifeet on
survivael wos jmch rtore .arked than the suppuscd eouivelent of 10 r
per Gay. wortality fijures in the rets ore cifficult te intorpret
inzsimch o8 decth in neny instances counll not be attributed be ralia-
ticn damages ot the 123 onth pericd in degs, however, all five of
the aniicels at the high level hed suceunbsd with typieal chanpes.
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No siynificant .&rtallty wzs cbserved in oither species at the lower
dcaage levels,

A total ¢f nine leukenies wes cbserved in the group of 50 rats
at the 1.7 n per doy level. No leukanias were cbserved in Jops,

Cotaracts were foried in :cny of the rats abt the 1.7 n per lay
level., N¢ catorcts were cbsurved in the wois, Ne effscts at the
‘lower dosage levels,

Graying <f the hair occurred in the degs at aspproximctely the
six to seven-centh period, No effcet wes cbucrved ot the lower dosage
levels.

At tho 1.7 n per dey level the speru were elininated apparently
iore effcectively than ot the equivalent 10 r por ey desege of x-rod-
iaticn, &t the lower dcsape levels the effects un the sperm formetion
werc nut 2s striking os these follewing x-radiaticn,

As in the cose of the chromic x-ray experiments, weipht chongos
were foun2d fc be of little value in predicting wutecia.

B. Pathclopy Follewing Neutren Irraulgt;gg_y Dr. hatcnlf* The
ObSLrVLd dete sw: ay; est thet efter irr. ulhtiLn of rets over o Scvine-.wnth
pericd at 1.7 n per doy, the lack of overian fcllicles uoy be a focd
eritericn of neutren irrcdieticn., Chinges in the hexatepeetic systeu
ere not iigressive excuopt for otrophic chences in the spleen ot the
1.7 n level, The testis is desiceed at the 1.7 n level but not ot
any cther desage useds ILeukecdcos wore darncsed as st:tud sarlice.

. Dcps which heve been (iven 1.7 o per lay for 1234 acnths show
in .icst instances changes in the heiat.pcetic systen, tustls, and skin.
These changes are in the neture «f heccrrhoge, lyaphcia hypoplosia,
testicnler doiepe mnu bone carrow hypoplesic azs well cg depensrative
chen;es creund the heir fcllicles, animals cxpesed st lewer levels
shicw no chonpes typical of irradinticn domogo.

C. Couperntive Study of Chronde X-rodisticy and Chrenic
Neutron hadiotion. Surpnr

1. Dus;; for desase, the chonges which one idght
cssceiate with irrcdisticn were .o re prencunced
in th.. neutron expesed andicls than in the
x~irrodicted aninhls,

2, Except for the wrarian changes in noutron expused
rats, an! the possikly sigpnificant hair follicls
changes in the neutren oxpused degs, the tissue
changes were quelitoetively the swae in eth
x=radiztion end newbren roaisted anilals,

3¢ The frequency of lcuk.:das is rclated to the desape
¢f radictden in both the x-roy cnd neutron (roups.
It is pussible bt neutren irr-Jiction may cause
the: te oppear sconer than x-rodicticn.

-J‘I
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Di The Effect of Chrenic X=ro isticn n the Cherderd Constituents

of the Bloody Dr, Kathryn Fink et cl.

The fcllewing censtituents of the bloed wsre deteridneu at
frequent intorvels in the dogps expose. bte chrenie (daily) expusures of
x=rcdinticn at 0.1, 0.5, 1,0, 2nl 10 r per day six uzys per week:
serun protein, serum chloride, serux elkeline phosphotase, scrui
cholestercl, serum acid phesphcotase, plesio fibrinc en, an' whele
bloed nen-.rotein-~nitrcsen,

althourh finzl enclysis of the dcta hos nct been riade, b
ap;ears thet these ccipenents of the bleed arc not si nificiontly
cltered in anincls exposed we 622 treatients of x-roy ot levels
of 0.1, 0.5, 1.0, and 10 r per day. '

Becouse ¢f siiilarities in the reccticn of dogs to
radiction and te callicrein, a non-Llhlynglc censtitutent of urine,
a study «f erllicrein wes aade in degs and rets, He clear cut relation
to racieticn deass e wes found.

E. Attempts to Deteridnc the Presence of o Clrculatiqg__gbst'nce
Present in Bl.cd fcllewing Irpcudioticn. Dr, Jchn S, Lawrence ond .
Ceptain Willien: Vilentine,

Tho genercl aii. of the investigaticns here repcrtcd has been
tc cbtain ovidence fer or agoinst the presence of cortain M"indirect®
irradinticn offects, Twenty-six sugcessful crcss circulnticn experw
inents (carctid artery to carctil artery cnastazesis iz cets) have
bean porforned between nergal and irrcdicted aniicols. Cruss circula-
tion was established in west instznces at scie speeificd tile interval

"after the radisticn ¢f cme portner. oll intervels up tu 82 hours

after irradiaticn were covercd.

In seven experiients, cruss circuls tiin wes estiblishud amd

then cne aninal irrcdiated while the cther wes shiclded. These were
cunatdered the rest criticel cexperdicmts ¢f the ;roup. Detailed data
n 2 leuccoyte and lymphoeyte ccunts in the noriiel animel :btaired
during ocn approxicately 28 dey rericd o f follow=up loes nct support
the thesis of indircet effects jeculinr to radicticn. o trend toward
a slightly lowercd cbsclute lyophoeyte cwunt in nemuiel aninnls aefter
cress circuleticn wes not considered sionificent. 1n no instance
did leuccponiae dovelep in the nermel andicl,

F. The Bite ¢f Utilization of Blcud Platelets in the
Thrcobopenic Cat, ‘Dr, John S, Lawrence ond Coptain Willia. Valentine,

The rate of utilizetion cf blcol pletelets in rodictod,
throsbopenic cats hos been .easurcd dircctly. Thrembopenic oniiels,
incapable ¢f si _nificont pletelet re; encroticn woerc cross circulated
via carctil to eorctiid snestoiascs with noroal rndicls.  oftor return
te indepencent clreulatica, the rate of dissppearonce «f cress
circunlate! pletelets wos neasured by poricddc cants.

H
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" By this methcd it was possible to elevate the platelet count -

- anywhere from 100,000 to arcund 400,000 platelets per cubie millipeter,

The highest ccunt cbtained fellowed cross circuleticn with a splencete~
ciged aninal s In most instonces the platelet level attaineld wes within
the physiclcgic ranpge of thot found for nomasl cats by the saue wethod,

. The crcss circuliied platclets creduclly discppeared from

the circulation cver 2 twe t¢ a sliphtly .«re then faur-dey period.
Under the conditicns of this expuerirent the entire platelet mess wounld
have tc be replaced thercfore cvery tuo to five diys. The scue figures

prebably apply wathin a norror: 1ioit to the nermscl cct,

. The averepe reate of platelst utilizaticn wes epproxivately
2500 per cubic milliieter per hour, In seven of elght exporicents, the
rate «f dissppearcnce varicd frep cbout 1600 cuble ndlliseters per hour

~ to about 2800 per cubtic milliicter per heur. In the experiient

usins a splenectciized doncr, the rote of disappearance wes abeout
double the averzpe for the rest of the group.

Attenticn is called to possible thercpeutic implicaticns of
these findings in the treatient of idicpathic thrabopenic purpura.

G. Purther Studies on the Rate of Utilizsticn cf Cross

Circulated Leucceytes in the Icuccpenic Cat. Dr. Jchn S, Lawreneo,
end Coptein Willian Velentane. '

Studies tre in preiress and are not yet recuy to repurt,
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EXPERI.ENTS TO TiST THE VWLIDITY CF THE LlNEah r-DCSE/ULUTATICN
R.TE RELLTICN T LOW LOSLGES.

1. ACUTE EXPOSURE

On tho basis of 200,801 test cultures fcr lethals in the X~
chrerosce of the frult-gly-Drcsophila nalancgaster, <f which
73,901 frem flies irredieted at 25 r, 31,560 at 50 r, 23,195 ot 150
r, and scaller mubers 2t 500 r, 100C r, 2000 r, 3000r, and 4000 r,
it has been shown thet the lethel amtzaticn rate is dircctly proportion-
al tc the r-duszie oven for the lowest dosepes used. We are forced, on
the basis ¢f these findings, tc cunclude thet there is ne tolercnee dose
of radiztion below which sutotion dese nct ceccure Our data indicate

that a doszge of cbueut 35 r actually . qubles the natural lethel outa-

ticn rate in flics. Less extensive dota on visible mutitions seen to
show the scue relcticnship., If these findings can be showm to have
transfer volue to the offect of redistion on the hucan race through
their cooroberaticn by experinents cn the wouse, a oarcal , then it be-

‘comoes clear thet radiation in Jusages which nay be tolsrated by,the

bedy cf nen nay h;,ve dirc effects upcn the humcn germ~plasn: “In, t.err._ia_'.

'of scciety and the hwion race the risks can cnly be stzted when a

statistic on the preperticn of individuals of reproductive ape: expesed
to low dosege recicticn is intrecduced. For the individusl exposed and
his descendants, the risk is cbvicusly :mch yreater, These facts should
be czrefully.ecnsidered in any preposed use cf aterde enerpy cna 1arge
scale. _ :

II. CHRONIC EX EXPOSURE

Experlmsnts were carricd cubt to test the lethal mutation rate in the

X-chrusesce cf Drescphile under the influence of low uosapes of gemnar rays
‘gpread over 2 cunsidercsble tice. Flies wore irrediected with recdiun

for three wecks ot a desage of 2% r. units per dy. The total dose was
523 r, unlts. -

On thc basis of 48,646 tested X*Ghrw.gsumns frc.;irrgdihted flies
ard cf 52,182 tested chhrc wsuwies froo control flies, no significant
dfforence in the lethel mutaticn rate betwcan cxpurinentals end cune
trols wes focund. These results seen to boe ddfferent frci thuse expec~
ted according to the woerk of Spencer. The difforence :ray be due to
differences in teupirature, in aging «f the sper:, between the actiins
of X end gemma rays, cr te Jdifferences tetween tho act1v1ty of chremic
versis acute cexposure &bt low doses.

Befcre it con be cineludel thit chronic expesure to idnute doses
of radicticn is safe fre.. & renstie peint of view, it will be nccessery
t¢ exclule tho cther pessibilities inddecoted above.

|
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REPCRT OF GueNATICS LiVISICN

General Bockiround

A human sperrn. centains 24 chrorcscies. Bach chrorosuie centains e
"atring® f some hundreds of penes,

A humen epg conteins a similer set of chruncscmes and genes.

So in the nucleus of ¢ fertilized egy there are 48 chroucsumes alto-
gether = 24 hinds, each in duplicate - and perheps 10,000 kinds of
genes alsc each in dupliecate,

Each gene hos two main types of action:
a. Bach catalyses SOL.e pa.rt.:.cular che'.n.ce.l process, given the pruper
materials.

~ b, Bach recuplicates itself at., or scme tine before, each cell divi-

sicn. (In this latter cction the bomds between genas in the saie
chrocsane alse reduplicate.)

So each new call ¢f & develcping enbryc ls aqu:.pped mth 24 palrs r.,i‘
chroacsones with their assceiated genes.

Scre genes cu.e into oction at «r shortly efter fertilizaticn., They
cperate in 2 "fialdh of lirdted complexity, i.e., the eytoplasnic
differences already existing in the fertilized egg. Their activity
prebaebly increasges the regicnal differences end puI’”litS cther genes
in turn t¢ ccme inte play. :

In g,e'neral dfferent batteries of senes cu.e into acticn et different
tiica, in different cells of tlSSllL.S, end. fir varying intorvels deter-
mined by when and where the ratcerizls fur their cperation beccue avall-
abtle, Swume geres perhaps rensin incctive until long after birth.

Yost, if nct all, genes ore very .slightly unsteble, Anmcng for exauple
a millicn descencdants by reouplicaticn fras a simgle cri;inal gene per-
heps cne cr & fow will have 2 scewhot dfferunt structure.

Once a gene has undcergune such o change (nuteticn) it reduplicates the
chang+s structure thereafter, except for the cccurrence of further -
taticn,

Mutaticn probebly decrcases the cctalytic activity of jenes. Su a
rmtant gene k' acts in the saie proccss as the norwal gene i fron which
it arcse, but less effectively.

A dhile whe inhorits 2 natent X' fron cne perent cn. the normel gene
L fros. the cther zarent, may or ray nct shew effects of the rutbent,

a. If L2 cells arc able to dc were of the spocific L=catalysis than is
nccessary, Mif cclls rioy be ckle to Jde enwugh s¢ thot the presencs

S
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of H' is nct indicated by any deviation frow ncermal structurc or
function, The nutent W' is szid to be recessive.

b If s cells do just encugh ¢f the h-catolysis, Li! will nots Scoe
embryonic process will deviate fron its nerual course and sune
detail of structurc or functicn will beccuie ebncrual, though not
necessarily harnful. A mtant of this scrt is said tc be Jominent.

12: Reddation~-induced cubents, like the spuntancous, Ly be edther re-
cessive ¢r duninant,

13, In an, the potentielly denercus mutents are the deminamts, and the
. recessives in that cno pedr F chroncscies which Jetermines sex.

U,s 4 third class cf petentially dan ercous inharitable changes can be

: induccd by radicticn: ghreucscue mutaticns. A piece moy be breken
off one chre.csine and attached to ancther. A secticn nay be inverted
in situ., Chrcicscmes lay exchenpe sectiuns. '

15, Thus, ‘in & sperm which has been expused te radieticn any cwne or mcre
of many thcusands of genetic changes moy cccur; any-of the thousands
of genes may rutote and chrencswues oy break o~nd re-attach a.t any of
the thousands ci‘ bends betweon gencs.

16, Since any che cf these changes has 2 very luw prebability at moderate
exposure, the majcrity of expesed spern will met underge any smtation.
In the minority which are affocted cne gene will rutate in one sperm,
a differont gene in ancther sperm, ir still a third cell thure will be
& chrencgore rutaticn, anl 8o one.

Expericent el ng gedure

1. The gepsral plon «f the work is :Ln..mated by the fn,lluwlng table.

Purc Streins (nice) bred in Jeckson Lubc.r&tcrg

"dbal HO5T" - "Bage olbino® x "Swiss albinc'

alBino hybrids

Cresses nale at Rechestor

e O x4 057 OU

4

{rayed

daily)

Fi oo + Fy ic: . albinc hybrids

(autopsied (brel fiur
nct bred)  tires, then
autepsicd)
"Fo' litters testing fer‘bllity, end ponetic
slynificance f 2ny abnerrelities, of the Fy

criinerily disczrded o few days after birth.
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2. Gene an. chroucsome rutations which uceurrcd in the sperm of exposcd
and controcl rales were detected as follows:

If the spern contoined a The effect in an (ffspring

formed fron: that sperc: was

daainant gene autation deviation from norual struc—
ture ¢r function

recessive gene mutaticn nene in F.: but half «f the
in the sex chromcsune scns of Flgg arc affectcdu.
(transmitted to F14$ nct F,00)

chromoga:.e mtaticn _ reduced fertility
(transidtted to Fjoo ¢r §q:

studicd cnly in ¢%)

3, - In brief, the prccedure was t. hunt cwmong the offspring of exposed and
centrel Lele mice for

a, Scns and deughters with scre abnermality f structure or function,

be Jaughbers producing Jdefinitely fewer then ncrrel offspring in four
litters;

Co daughters producing cnly helf as r.any scns as dau ght.ors {i.e.,
Japhters roceiving sex~chruliusc.e recessive rmtants with lethal
effeets,) .

4. The preccedmro was caypliccted by twe nain foctors:

a, all of the effects «f sutent poncs r chromoswanes ney be duplicated
by Jevelopental end pust-natal acc:u..ents quite indupendent f
heredity;

bs the effects f rutent genes renge fro.. larpe and consp:.cuous acwn b
vary slight and dfficult to deteet,

5. 8c the prccedure invelved a dcuble sifting: flrst, eech Fy ncuse had to
be classified as ncrmal ¢r abnorncl (with respect te the thres criteria
in item 3 abcve:) scecnd, these classified as cbnurmel hed to be tosted
tc deternine whethsr the abnormality wag hereditary cr not. The latier
diserivdneticn is pessible because the herclitery cbnoroalities are
transpitted by the individual carrying them to helf «f its cffspring.

Results

1., The essential results are shcwn in Graph 1, The loftucst point shows
the proportion f sperm, from cunbrel nales in which there was 2 putant
gene or chroucscne, The next point to the ri;ht shcws the I,rvportlcn
of mutent beering spem. from neales receivin: C' 1 r/dey. This peint is
plotted abeve that Loint on the Jose scale which represents the averngo
tutal reentguns received by these speric frea which the offspring of 0.l
r. teles hed been fermed, The resaining peints represent corresponsing
data for sperm of molus c.xpc.scd. te 0,5, 1.0 and 10,0 r/dey.
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2, The slcpe of Graph 1 is the probability per roentgen thot a mutation
(of the megnitude and types we studiedg will vecur; the value is
6ok X 1075 per ™ Thus; of = millicn spem expose. tc 30 r. aboub
1900 underge mutaticn in cne cr ancther gene cr chremescue. If one
of the unaffected sperm heppens to be used in fertilizeticn, nc harm
has been dcne; if cne of the affected, the result will be one of the
ebnormalities listed abocve. : '

3. The mutaticn hazard inciceted by Greph 1 is lcwer than the true value
because cf defects in our precelure. abncrmalities found in Fy co
were not tested by breeding, nor were zll-defects in Fy98 pecause cf
space and time liniteticns. Among the untested abnormzalities should
be scre due t¢ dondnent gene rutetdons. Since eny particular rutation
is nct likely tc have cceurred more than a fow times in the experiment,
the nissed mutants shculd be ameng those aberrsticns which were nct
found more then a few times altogether, Sc in Groph 2, are pletted,
as in Graph 1, the properticns cf spern from which were fommed Figg
mice shcwing some type of structural abnerrality that appeared
altogether faur or fewsr times arxng the 11,000 Fl rice exsinined.

The. increase in prcportion with increseing dese can only meen genetic
effects of the racisticn at & rate of about 4.2 x 1075 per roentgen,

4. Adding the two welues tcgether gives an cversll sutaticn hazard of
1.1 x 10=4 per r. This value still excludes recessives and dominants
or chrerescme rutetiins with small effects,

5, The total nutotion rete is distributed roaughly as follows eriong the
. several classes ¢f mutztions: '

dorinants with structurzl effects — 30%
recessive lethals in sex chroucscme 208
chromoscrie mubaticons ' . 50%

6. Twe mejor uncerteintles remsin:d

a. Is the X-rey mutcotiun rote in non as hizh as in mice?
b. Whet prepurticn of the nutants we have found would be sericus
if they cceurred in pan?

Gbvicusly, neither question cin be answercd. With respect tc the first
we nicht better wark cn the conservative assumpticn that the wutetion
rete will nct be lower in man then in ncuse. On the second, it mdght
be wise tc take o sinilar attitude. Certainly, in the crecture whose
zenetics we kncw best, Drcscphile, nearly every mutent gene has dele-
tericus effacts., e ney first notice the presence «f & mubant by an
alteration of swic rdncr nerphological detail, like eye coler, bub on
furthor study we fin. thet supcerficicl chenge te be accumpanied by o
grester cr less recucticn of goneral viger cr of 1life span.

7. 1f we take this view, we are forcoed tco wonder whether a hunan exposure

cf 0.1 r/day is acceptaile. It neens an increcse of 1% in the hazard
of transuitting 2 new nutent pone fuwr each 100 r & parent has recelved

at tine of coneccption.
=NEShN 4o
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Affecta of Sinple Duses cf A-rsjys un Rabbits.
and Fiol lntake. Hagen and Sacher.
iurra;,, Block, Rhoaies and Huller.

1., Bffects of Survivs., Jel; ht
2. Histopatholoj.cal Chenges.
3. Chunges in Peripheral Dlood.

A

Jaccocbson,

4. Statistical Anslysis of Hematclogpical lata. Sacher.

L

Lethak Action of Sin;;].e anu Faired D.ses ¢f X-riys on Lice. Hage., Siamona

and Sacher.

dcute Histopathological Chenges Due to Sincle and leriodic Doeses of X-rays
on wice. Dioon, weBru,n and lurray.

Effecta of X-rajys on Rets.

1. Lethul Action of dingle, Foired zn. Perioculc Doses,
2. Effcets of Single and Periodle voses on .aei;lit.

Hayen and Sccher.
Sccher and 'eerlman.

3. Acute Hlstopsthologicsl wifects of Single and F.irew Doses. Uebru,n,

Heller andi Blots.

Physiolo;ical and Clinical kifects of Single X-ray Ucses on Dogs. Peinter,
iresser, Barron, Schwartz and Jaccbson.

Physicic ical und Clinjcai Eilects of Diily A-ra; Loses cu Dogs.

Leore, ferrun and Schwartz.

Irpaser,

The Course of Yortalit; Auon,  dcc, Hets and Retbits Given Singie Doses

of X~rays. Sachor

Tha Course of iortelity Accng ilice and Drosophila lnepes receiving Perieuic

Loses of X-rsys. Sacher.

Bleom, Heiler, Rhoades cnd Jacobson.

Acute lethal Action of Xerays on Guisea Pigs and Birda. Hagen.

Therspy {or and Frophylaxis Ageinst X-ray Ind ries.

Fecrloan and Jacobscrn,.

Acute Histopstnclogical Lifects of Single Dcses of X-reys on Chicis.

Siciens, Presser, Sacher,

Bffect of Age of lice cn the Lediun Lethel Dose of Gaizie Bays. Curtis and

Zip.le,

Effects of X-rays on thenylhyirazine ludeced anemia in Robbits.

K8 and Sirzcons.

Jacobson,

wifects of X-rasys on Anewia in Rabeits Frodncen b, Ibilceditg. Jacclson and .utks.

gffect of X~roys oun the L.fe Span
anx ...rks.

of the Reticulceyte in Vitro.

Effects of Feriouwie Gauuat Irraviztion on lice and Guinea Figs.
Heston, bschenbrenner und Derrinper.

Effects of Leily hight-hcur Caas

fay Loses cn Guinea Flgs.

i. Hematological Changes. Jaccbuen, Sacher :id lorenz.

<. tistopothelogical Chunges.
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ffects of Reudution o bew jon., Schwartz, «.gerie onad Lilscn.

5 -
iffects of RHadiatiiz of Liver Funetion. Schwertz, Tinsle., Rutz and Lailzce.

Sffecta of luwaiation on white klowa Ceil tetetclisi. Schuerta, nattentery, Cohen

Singer, DeGrazia, k. :rds, Flox .mi Boone.

ofiects of Railation on the Eicrction of Urcrosein ard helated Goupouds.
Schviertz, Hagedern, and Cliver.

Spectrophutotetric Studies c¢n Urine of lrreuiated Anizals. Schwortz,
salterberg and iaciran.

Tazor Inducticn ind {ther lete Effects of Sinplo Loses of X~rays on Huts
and Lice. Drues and Lisco. '

Effecta of X-ruys cn welghts of lndividuel Crgens. 3achor and Lrues.
Effects of X-roys cn Enzymes and Tissue Letabolisc. Berrcw, et al.

Fhyaiolopical and Cl.nical wnifects ¢f Xer:ys un hebbits. lrosser, Fulnter,
Berron, Schwertz and Jacot-gsen.

Hyperheparinesda. Aller,

Effest of Rmdiation on Lunpg Tumor Incidence in CF 1 ’ice, by P, S. lknshaw,
E. F. mlﬂy. Gl EQ Stﬂp]a‘tbn, and T'. Bo cuppc

An Attempt to Detect Small Amounts of Irradistion Imfury, by Cupp and lienshaw,
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1~A. The Effect &f Sinple besey of A=reuiilict oo iwkiibs.
Ly Lgyen and Sacher.

~ Hallits wwro exposeu 1o &0 VP x~rg;s in sicg le ucges ol
5U0, &L, TW, 00, 900, 160C, 13LC, anu 15C0r. The LubU b the
30wisy perdod wuas fovna to be .pproxicately <COr. Anclysis of the
- over-all .ortwiity inalcuted thit curur; the first threc & s,

15 jer cent of Lhe cricz.s succulbed, vnlie thy re..ider uied
betiecn the 4t wd Z0%. db;.

Wil ht of the animils o pewred ¢ Le an iopertint lictor
. aft thet rcg;rdhw of sex, sniiiis of 2 1G or cver uero ucfinilely
hsa gsenajitive with respect tc both 1-day and 10-de; llidngs.

Lules appenred to be uore sensitive thin femalos during the
first ihree dajs. Lurin; the next 17 do;s (up to 20 doys totel tie)
the femsles tonded Lo dle faster sc thet tt the end 5¢ thie pericu
there wos little difference in the mortality of the sexws.

The mean survivel tice aecre:.seu slctly as ws.ges frum
?;..0 te 9 were iven. Between 900 znd 1100 r, the shortening of
the life of the zrnimBls tith the increzsed dose of ra.c-.i:-.Liﬁn vas
wadgnificent, Heawy andiwls temicd to survive longer than light
andzal s,

Some of the animels which had survived z ;revious singie .ovse
of x=-rodiation were give. = second i{rasatment of £CC r, 100 dé:,'s
aft.er the first vus given. Results of this stud; irdicated tiet
neighér resistance or aen~-=.J'.‘c.§.1.afi’c.;j were induced by ine ;rimar, Jose of
x-radiation .

Histopethological stuuies are in ;repuriticn.

kel -;-m )

=l 5
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Ad, Chnjes in the lerirherai Elced b, Jacobscn.

Andsils reeviving oo ex.osure ol (o0r (less often Lelew)
develcp o noricchrendc a:m..i::. at the li=uly pericd. Retlculceytes
wre reuuced by udcss es gs low a8 1LU r.  Lyiphoe; tes re sansitive
to 45r and with soses of 1(C r cid chove, the blecg levels reach
their sdnd, we letueun & 2 md LU hemr periow. Revovery of o erual

clrculating lyigheeybe level re.unire. icre then sixty dy s i Joses

of 30u r end higher, Hetergihyl values dhserved at the Jishour
- period vere markedl, elevcteu. This was fellovell; a gcpresuicr. reaching

u coxiuum level in 56 hoars. There is o tendency towerd an clertive rise

in both lrerhoejte znd heterophyl levels Lclieen the 4LL cnd Fth da)s.

The plvtelbts show iinitmn levels betieen the 5tk snd Vth days at

L

" dosdems of S0 r and ehove.

Statistical analyses of the heralclosical dats zre not et

completed (Sacher).

8. lathul Action of Sinple and Paired Loses of X~rauiution on ,.ice
by Sagher and Hagen '

In single uoses, the 1L50 for 3V days for CE-1 female cice
is approxicately 515 r. »BC mice which were exyosed before iApril,

1943 had an LD 50 of 450 r. However, :iice of the same sirain receivea

later then the sbove dote showed an LD 50 of 5.U r without champe in

technigue. This would indiczte that there is scue virl:ction even
in a certcin strain of apisels. Lo sex cofferences were ncted 1ln the

ILEC l'._ice-
Following a paired dose of x~radiction in vwhich the secend

doaage of radiztion was administereu zfler z rrecetercired re.overy or

102413b
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cunuitioning period had Leen allowed, there vas so.e eviu‘..nce.t.ha;t
zice did develcp amiincreased resistance to x-rediaticn cecurring
approxiiatel; one week uftor the first exjcsure. The helf tli.e

fcr recuver: fr.x the first dose is cpjroxirately tiu t: threc ugys.

C. Acute J.ato;c.t.hologica Chinres oug io 5 Ele anu teriedic
uoses of }L-ruaiat.ion on ,ice. Ly blocm, Celiruyn, and ...u:r-ra:jnt

The datu cn the patholoyy of ingle and periciic wosagey of
x~rudiiation is not corpleted. =« cr.::.plgte account. of Lhe hisﬁo;:atho—
losical chanpes cbscrved is given.

fec§ of X-ridistion on fiats Follovinp M

cf pradiaum bz har, Hq_o.n, and Fearlmon.
ot 'ﬂzc ratian lethol cose (Iu 50) for S ra_cue—i;tna.le}- ruts at |
200 rr. Leight was found to be GO0 r. The ue:n survivaAltise
ranged from 11.3 deys at 500 r; L deys st 1500r; and 3 uays at
28,000 r., Ne conclusive eviience was cbtained that weight, sex,
uge, or atasge of estrua hed asny iniluence cn tf:a survival or
zorbelity in this study.

| In the studies on poired Joses of x-ridiation, mele aninals '
received an initial doso ¢f 300 r of rauieiion followed by i deleriina-
tion of the wedian lethul cose (1L 50) st one, tuo, and thres veess
after the firat dose. 4 plobting of the resulis showea that the
residual effecte after the first dose decrecseu exponentizily at
a rate of 8.2 per cent per day. This rate was not masintained beyond
the three week ;eriod, |

In the experinent on periouic doses of x- rediatlion, animcis

were given daily doses of 12.5, 25, 50, 100 {two doses}, 150 (tvo dosus),

%ﬁ_ ..f"

e

i
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200 (two dosesz), and 500 r. At ucses ibuve 50 r per viy, the zean
survival ti.e fell within thet raonge ctverveu aitor single woaes, ana
could bo expiained un the basis of the recover; studies carrkod out with
the pcired dose studies. At doses below the 50 r ner diy ievea, iLhe
cean survival time was considersbly extonded.

wi;hY stuaies cre not ret unaliyged for this ro;ort.

E. Physiolopical and Clinicsl uffects of Single X-ra; iLcses

" on Dogs, by Fresser, tainter, Derra:, Schwartz, oy Jacctson.

wogs \ere t;iier. Créced deses of 2.4 KVF x~-roys ranging from
20 r to €00 r over the totdl body. The 200 to 800 T doses :-.illed all
animals in th:;ee to twenty-cone days; the 500 to 5. r xilled seven of
eleven animals in 14 tc 20 days while ail anizals receiving & to 250 r.
are living §ix zonths after the dose vas f;ivér.. Frem the alove .nforca-
tion the median lethzl dose (ID 50) is probably around 300 r. The
anizalg aﬁrvive shorter tires sfter the doses of 5.0 to £00 v than they
do after doses of 3u0 tc LOU r.

Physiological and clinical cbaervaticns vere made on the heart
raté, temperature, bloed pressure, hematclogy, blooc atid plasca volmmés,
veight, fooo and water exchange, nitrogen exchange, ki.ney runcﬁion,
plasma protein changes, histzmine changes, electfocardio;_:rayhic chon; es,
gross cliniecasl findings anu psthole.y., A fow perti.ent cuivents ohly
can be made of the finuings in ihis repcrt.

ln peneral there is a terninzl rise in the heart rzte, témper—
ature :nd a fall in blood pressure 28 a shock~like state devclops.

{This should bo c¢istinpuished f{rcm the prinary shock that develeps in

cextain srecies exrosed to x-radiction). The blcod volume shows a fall

1026138
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in red cell elements with an.dir:c.z-e&ase in plasca veluna,. Hemuttleoylical
chinges are typicol of those of leth.l zerwdieticn in other speciocs,
Histerine studtes are scuivoecal ang inposaille to inlorpret. .eight
changes snd metabclie:n varictions cre not coupletely iunterprebed at
this tiue Lot indicute a lr!sa in weliht sliphily grester tien in the
fustling cnloal vvith the c'.ew;up;...,;xt. of L nepative iatropon bzlance,
There i3 a decrease in the axcunt of mtabclites'cleai'cu b, the iidney,
Electrophorctic patterns of the :lam:a procteirs show o fall in the
albucin values und 2 rise in the betc Jiclulin frzetiorn,.

This paper will be couploted in clout one ind onc~hzlf zcaths.

F. e Clinicel lhysiology of Dops Civer Daily Totel Beary
X-radgiation, by Frosser, loors, Barren, :nd Schwartz. _

Dogs wure exposed to 12.5 ¢, 25 r, 40 ry, and 50 r dsils.
The dogs vhich recéived KO r txd 50 r daily died in about the same tile
as animals receiving a single iethal dese. At the 50 r level (aversge
total of 917 r received) the survival vas 1€ tc 20 days. At the A0 T
level (averege total of 5.0 r-received) the snicels Jded in 24 to 32
days. At the 25 r lavel (avercge total of 92t r received), the arincls
dled in 27 to 4i days, snd ot the 12.5 r level (averzge total of 1278 r)
the survival tice was froz 73 to 209 days. All aninals excert the
215 r dally ones died zcute deaths with leucoyenia, lyzihoponis, &nd
throchbeeyto: enda i plecl of acubte x-rudisticn deeth fron single lethal
deses. st the i2.5 r level (plus one ardzal at 257) ;..Ieath va8 Jue to
the uevelopuent of an aglestlic anenia (the red .arrow alse Leing
invclved). Young suinels were more susesptilie than cature andzals.

The henatclesicsl {indings shvied an initizl ropdd Jdecrease

of the white btlcod cells sith the hetercphils {ollouing this gereral pattern.
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This wvas {cllovod by & slow decresse with & suuden dror shortly befure Jeath,
The 1,.;jhoc; tes showed eurly reduction follcved b; a slew £all. The req
bloxt cells shoewed & slow deciine . the first rew Leexs und a .ore roapld
full sftorv.ras in all but those ardials ekposeq t¢ i2.5 r. In the lutter
the decline ajreszred acfier tuc .«nths of ex;cswc. The reticuioccytes
ahowed an initisl reductiua followed by & return to norswl volues. 4
fall vwas noted ageln several vecks befcre Jecth. Clobtirg ti.es ilacreusod
i cediately vefore deatl. Sedimentition rstes uefe incre?sed lpeen etely
bafore the-onaet of the terczinul reriod.

_ The blood.voluun dstcrmin&tidﬁa except for the 12.5 r group
shoved o decrense in the tetal reu cell voluc. The plusma voluse
axcept the 12.5 r rerained constint. The 12.5 r anixels showed no
chenge for about four :.ouths afier vhich the zbove described changes vere
noted, | )

might changes were siiilar to the zeute experiments in dos&a

gre.ter ﬁhan 25 r daily. In the 25 r &and 125 r groups, the weight
changes occurred zfter z; provizitely 65 to &0 per cent of the coss hed
been accucunlatlou.

Caplete studles as cutlined in the preceeding rep.rt on the
physiolo; ical =znd clinical effects of single x-ruy Jdoses uc.e c.rried out,
but aside from the :beve scecount are not yet sufficl:.ent.ly ca.leted for
apzlysis.

I&J. The acute iffects oi 20C0 IVE X~ray Treatwort on Chiciens,
33 Bloom, ‘l2ller, Thendag ont Jhocliae,

Chickens were tieoted with single uoses of vhole body

x=rcdiatdon in doses reénging frem 2 r to 1200 . The median lcethol dose

W 6/
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(1L 50) appeared to be between 400 ara 800 r. Histejsthclegicul chunyes
in the llth veer chicken jaruileled those re,.orted for co.pirublo snatfurity
vwith the excepticl of darage to the enruilense sheath cells in the chickens.
The three yesk chicken .uffered addilicmel wiusge to iizc ture structuras,
tut the thresheld cf cbservabbe dmmape to “he lyrpnatic tissues (25 r)
vies ca.pareblo te thet rerorted for .acasis.

By sppiicstion of & slght redification of fayes! ::.lnt.hu.i for
| perd; herel blood counting of i'é\'-'.t s dr.istic uscieises in 51.00u consiiluents,
paralleling those rejorted elecihere lor naumels, v.ore sém-in three weok
-and five uéek_chica;eus after treatient with 6L0 r and SUO ¢ respectivel; .

Numerous de-enersting cells nere chscrved in dry s.o:l's zode Jduring the

first weuks after irrzuiztios, in contrest tc the scoreit, of such findinge

" in smecrs of :;hmalia_n Llood at, the saume periocd. although the morral vaiues
for leukocytes ¢f chic.en bleed were founc to Le several Lizes those of
prallan bl[:od, the difference could cccount orly in port {or the greater
degeners;tion vbaserved in the chickens.

Ke Acute .:Lct.hal.nct.ic._nq;‘ A~ruy s cn Quine: iigs and,Biras,

by Hagen. _
Acute lethel cose studies vere cirrisd cut cn guinea pigs arg

chickens with the specisl purycse of estiblishing the relstive sensitivity
of specles,
The median lethal dcse (1L 5C) for puinea pigs vas found o be
.bet.v:een the 150 r and 200 levéls for aingle doses of whole boay radiatiorn.
This estzbiishea the guinea pig ss & very ruciction sensilive species.
Similer studies ccrrdied cut on six .eex chickens showes & very
- larpe Lortailty during the first Z4 hours. -'Ifhe Ladien iethizd -.ioa;a wias hot

ewleulated due to uany Lnteriering factors.
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Soeher, le: rlx.z.n“..m dJueobson.
in 2 sutrch for scue substincos bo wie in therz .y lor and
rephylexis sgeinst woute a-ruy injurics, stucics vwwere carrfed cub on &
nu.ler of substences vhich wight be offective. .hele Ledy x-radlatiun
in Jdoses of G0 r vus piver tu aniccls (iilling wosape). Virdcus cu jcuruls
vere injecleu both ;rpyh}l;cticall; and therspouticall, to Jeler.ine whut 
if any effect as obtninad'as.eyiduuced t. shan;es i1 the cireulavisy,
leuscojte leves cf the bloed,

o The following cou; cunds vere tested: pentnuelectiue, asccorbie
acid, ribo-nucleic acid, crudé liver extract, jeilow bone marroc extract,
yhenol mﬁomids (alcotyl-r.:oth;‘i-amine anu 2 chlore=5 hydircag-toluene),

BnL (British Anti-Levizite) and_orﬁinarﬁ norial szline. Thase, cerpounds
we;.'e all injected into Lhe. anirals, ' |

The lysphoeyte and hetefOphyl counts vcre_follo#ed &8 iniices
as t:‘tha-mmt of the injur;, a.nd. t.hé value of cny benelicial effect
of the injected substunce, lone of the tre:zipents rrevented o decreocse
in these blood counts after lrreuiction. lLormal seline injected in
adequate Guantities geve the nost Lenericial e.fect 1ith a longer

survival time, ond less depressiocn of the circulating vhite cell count.

%. The Effesct of Age on the Rediosensiiivit: cof iice, by dirkle, Anderson,

Riley, and Curtis.

Lce of aifferent ages ranging from 1.5 to 12 ioaths have
besn expdéed t¢ fawmpa rays in an effcert to deteriine the chunge in
radiosensitivit; with are. The dose necesscr; to cause 50 per cunt
killing wus determined foi' each ufe proup anu sox. o chonge in
sensitivity with age wos cbserved with eilher sex although the experi-
pental error in the case of the rzles was culte lorge. Tie lagales ere

found to.be ..ore resistant thein the .ales. 3
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8 an e, z' frdrazine Laguced Anerls;
'm h-emtc.lo;_;cal gffacts at £00 T el Loy et ;ie.t.icn on enecics |
premiced . phenyl h;m‘aaind adniniat:‘.t._::: -.2r3 sogered LW t.h. sffocts
on norcal M&WW, cm ani....l Liver ¥ « ienrl hyapaeine ami alleved
to r_eoover spentatecunl y md-_an-& grous ol aizsls uhdch ters piven LOU T
mms rseuiﬁ;na reridistiva cleze aveicued an anécia mi.n.r.
at, 14 da;,a with recmrex; a‘b '33 day.. H enyl, J{m.z Le rounteq m.zits
-radiat.ed nt. s 2 mr uta rmr.t cf ;.,axi::al anemnisa uavc.l_;.ed ne I‘urther
ﬁm iu, anu t'a ihiy ratuxmc. to nermel. The phenyl iydresine alm
rawmod to tbrwl !WM cors ra ddly tiva 'Bltht:? 3 the :.hm grovgs.
wm.mu vnlm aftey o hijn s.n.evet.icr. Tetlureed to mrml
_ .’m tt.n d..;-s in phdml h;rlraﬂim trecled snimels, after S-ray and ghenyl
hydrazim tho; fel.l wdmally in Lo u,.ys Lré roturned t¢ normal m
| aioe d&yS, mi iﬂ mntmla with 0 7 bhey fell naxisdily ia teo deys

and recovered 1d iﬁdﬂyﬁ._ o ) o

F -_rese_neraitive aﬁe}:iu wia produced by Lhe withirewal of 30 cm at‘ tldod
oy cardihh ;utiotuéi aaﬂy for throa dayse A sioiler stway bﬁ ﬂu abova
wis carried cut .’m (heu ar.i.r..ala. _

The finnings !.n this study am si' idap oo the bave ond
im;lac.té thet A-roy ﬁupﬂ':iﬁ ¢ood. On en . "e. ¢LEle .cce nol prédaced
Further aneria wiilh scune diffsr;neea Jue to ths inducea irda dc_iii'cio:-.cy;
The reticulocyte cour;ts ragainud cleveted 1r ¢ pericd loiser whal z-.-_it,h

5he vhenyl iydresine isduesd sngisas,
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R8T, The Effects of beriedic Ga.ma ha, Irrcoiztien :u. kice, Cuinea lMigs,
unu RabLits, by Lorenz, uscliont renner, Hesten, verrir er, Jacobson,
vacher, lluoc, Rioades, wd Lurray.

kice, ;vinesz ;4.3 and rabbits verc  iven auily exyosurcs over
an ei ht~-hour rericd to puusa roys fron recium needles. The .oszpes
receives voere £.E r, L4 ¥, 2.2, 1.1 r, and O.11 r. Arother roup
reccived 5.5 r given in o sirgle huurl, desc, e Lo Zniiils on a chraude
Jdoily expesure to U.1l r. sduiticnal andiclis recelved chrcide eapcsures
over Lhe enlire a;hour way; in deses of Ll T, L4 r, 2.2 7, 1D X,
0.55 r, and Q.11 r per dey .I

Conclusions vhich czn be drasn at tho present stoge of co.., leticn
of the ex;eriternt incicete thil rolblbs are ceoparstivel, s.nsitive to
radistion. Guines pigs on the other rend cre extrerely ra:uzio-;-aensitive
ropddl; developing 2 terminel stete of wplastic ane.dia. ko tuaors
cr leuker las vere cbservel in guines pigs.

idee are redio-insersitive as for as the Lleod ;icture is
cméemau but cre rzdio-scnsilive uwith respect t¢ tLhe developrent of
1; . homas, cvarian turors, and gerhep. cther f{orus of tumors. The
aevelopument o¢f Ly:.iheras is directl;, r.l:iteu to tie tolal dose received
by the aninsl. The uevelcprent cf ovirian bumers &b & preliiively old
a; e depegus on the rete of ad.drdistreticr cof Lhe redi tion as well as
the totul aount recelved. The oviries <f i_ce are Lere rowic-sensitive
than those of ﬁuinec rigs, tut the cppesite is Lrue icr Lue testis.

All three species, whe rsibil, guines rig, (o .cuse, show

videl;, Jifterent re:ctiens to irrci_siicn.
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Using strein O3H cice (lov tu..or sbrelin) teuls for sterility,
devilejnent of déciront cutations (perticnlarli iothaws) sha develepnent
of penctie char es in pro iy were corprieu cut in thoe wiove study.

Lzles st L.¢ T were steriie civer 1760 I lud Leen receive., .ub
regeined their furti.it: in or rovinstely 25 Lonths. At 1LG r zad
£20 r a Jefinite reduction i. the siz. of the first Litters wus noted.
No effect wus noted at LuQ r, hen Lhe L.4 T and <.2 ;ur Gy .C8&.e8
were stuiies at tke 1llUC r reriou, no eriect t.zs rctew zs descriicd in
the ¢.& r per dery exjericent,

Feriales receiving (.i r per 4y shoved weiln.te stesllity elicola
after receivi.g 770 r. These were ucore [roncunceu at the (80 r levul.
heducticn in iitter size was noted ot 35C r (£.& r per day). ani.als.
recéiving La.i r rer duy slsc sh wea reduced Litter size st the 550 r
tctal Jdose. The I.2 r and lower soses wore moraal &b Lhe 550 r total
dese pericd.

The effect ci the f-hour exrosure was slighiiy wcre severe than
that of the Z4~hour exrosure. Fepzies at 5.5 r rer une hour shoved
steilaity effects st the 770 r tectal dcse. A slusle expericernt using
3L r total bedy i~racditicn in a single wuse proupcea cne iitter of
reduced size folloved b caiglete sterility.

in the above studies, the fepale aniucls (ld not recover thelr
fertility; whise the nales reguiued opyrodincbel; rornai funchblc...

o age elffects were nobteuw iu Lhese =xcerinents,

a4t the tire «f report, no evidences of any renetic effects

or chanyes had buen rouni.

b6
1024145



P:;ge 1z uh

Hemztologicil studies cerrieu cul on these aniiezls siowca thot
i the ;ulnes pig Lhe platelet cLunls were Lhe cost sensitive index
of irrouiciion. There vwus no chings ir ovher circuloting elecaunts
in the puines pip until i:;.-l..euié;tel)' vafere desth. lIn rats awi .ice
7o cheryeteristic changes wore fouud in Lle Llood ;icture.

U. The He:elvtic ‘Effect cf hadizticn, by Yehucrtz, (insley, and iitz.

The anundas Joelloning Leth ccule i chrarde Lore.ditdon Lt wvturials
sald to be uue Lo the inrdiiiicen of erct.xrcpoesis. This is onl: a
portial truth. a hewcl;jtie cooponenmt is ofton the najor ciuse of Lhe
anecsis. This is eviaoneca by the following.

Bilc~renzl fistula wors shoy a worced inerecse in bilirubin
excretion folloving tobal body irrsuaisticn. Unopersteu uogs ahu&
increuse fecal wvrobldlinogen anu urine tilirubin excretion foilewing
irrgaiaticn. Seweral humans given FJ2 showed an actual ret.iculbc;, tcais
durdng the neriod of rapid hewoglobin ind red tlood cell decreuse.

The he.oglobin fell is too ripid te be accounted for ounly by inhibitien

of red cell fornatici. whien the usswigtion is nade thet the averige |

red blood celi has a life of 100 dzys, a2 co.pletes cessction of er;thre-
poesis should result in a crep of spproxicately 1 per cent of the hemoylokin
dzily. Actuglly a tu¢ to swven rer cent fzll is nobod uuring t.e .ost

rapid period.

V. The HEffect of Radiation on Scyrororrhyrin kixcreticn by watsou,
Laparic, and Schwartz.

The eifect of enternzl irr: i:ziion given in either single
{300-2000 r) cr multiyle oses, aad of interpal irreaialicn has been
studied _n scveral uozen doys. a consistent patbern of tctal porphyrin

excretion has been fcund zs follous.
A
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. - 1] . o o L}
A marked depresslion of urine co;-ro—axcre!Epccurs ragiady .

For several days before ueath, however, v.lues rise and genor:illy
are seversl hundred per cent alove centrol values b, the day of
death, _

Adequate iscrer studies zre riot yet avidlable to perwit &
statuzent regeraing the possible cechunisw cf the eurly ueciine,
The lsle increase in coyro. exeretion is undcubtedly asscciated with

1lver uysfuncticn.

. The Eifects of Radlaticn on Liver Fu:.ctic.n, by Schvearty, sorter

Tinsley, and wailace.

Liver funct.ion has been studied in humans by means of t.ha.
urine urcbilinogen excreticn and the serum cephsiin cholesterol -
floculution, colloidal gold, and thyuol turbidity tests.  ln aniuals
only the urine urcbilinogen Lest hds been {ound to be applicable,

There is & .arked increase in the urine uroi:»iliﬁugen exeretion
during the last several dajs before desth of wiimais ;iven tetal
bouy x-ray, tlutorium produces definite iiver dysfuncticn a8
indicated Iby this test. The various :etals eép-eciall;- beryilina
end lead produce liver dySfunction of ‘var;ing degree.

X. The iffects of Badiaticn on white Bicoy Ceil hetalolism, by
Schwartz, Cheney, Cohen, UeGraszia, Flox, iLrizek, ami .Jalienberg.

These studies vere planned espscially for the ir'westigat,ioﬁ ér
the nucleic acids and their derivatives anc asscciated coupounds .
whife cells were isclzteq By the ssponin methed. They were Lroden woun
into varicus rarty, znclyses Leing made wn the total sawple, the tri-
chlcrscetic zeoid selulle frccticen, the cleohol soluble irzcticn and the

residual sarple. These anaiyses were fur phos;ticrus cad its coubinations,

Fo2uiul
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ribose, desixyribose nd tiis ultvm; Ll spectrunm

(mmﬂ)o
Data hes Leen ccilected in huien, dcg, thu r blils subjects.
Cart.ain changes heve been cobsurveu to wate.

a peilent redeiv.f.n;, tetal Loy x=roy ond de dieuw o fow

munths loter of ¢ netastisivirg yarolliy tucor shived 2 jrolenge.

inerecse of sevorii humires jer ceat in the "zdemesine lriphos. hite!

- phosjhorus. This chznpe jrecewtu the cre; i: thite tlocu cell

T 30 A
At z)prexisnctely the tice thet the vhite tloed count stiris to
f211 o corsistert inerease in Lhe ultreviclet chserrticn In the

tlcohol solutle frcction hes besr noted. Tids is grester than thet of

. the 3-b031:hdrua, ritose or descxyritose iutcrecses. The ilaeniity of

' the substance or substznces res;onsitle for this relstive lncresse

is unkuovn,

Y. BRadiuticneilnduced Chonges in Urine Ult.ruv.hc.s.et abserptiin Spectra
by watterberg anu bchv:.rt.z.

Tvo gener:_l changes are Seen in the urice ultreviolet abscrption

spectrun foilouiry subecute cr chronic irrudicticn of degs. These ere:

{1} increased sbsorption in the regions <f 235 and 310 uu, zad 1s Jue
to hynurcnic acid, a tryptcrhane derivetive; cna (2) increased
cbhsorrtion ét 200 rm, cue tc uric acid.

A sethcd is .escribeu for the cnantitziion of hynuresnic weid
by neans of uilrzvicict spectro; houcuctr:. The cueniitailive increase

in synruenic scid cexerchticn is thus ..easured.
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The possibie sipaificince of this  henciencn ls Wdscussed,
for exasple, & correlzticn with urcrosein, & tryrtcihene cordvitive
ovbleined frow husan urine.

4. The bifect of Irrsvisiion cn the kacretion of allanioclh snd Urie
Acid by Doj:s and Rabbits, by irizek, Singer, Silberbach, and bin.ortz.

lrelindnury results indic:te thet there is Lu lncrucse lu the
uricolyte index (the ratio of wric cein to wilsnt@in) indicating
- pelstive inatilit, of the cuiqsl te dostrey uric aciu. The ossibue
inhibition of uricase zfter sadiacion is telng investijcled.

AA. Tuwser Inducticn enc Cther Lste nifects f Single iicses of X-ruys
on Rels anu rice, by brues arnd Lisco.

Anizils heve been co.lected from other perts of the x-rudiavicn
Fro ren wnd are being held in order te stu., the peosaible development
of tutors frun virying sucunts of 200 VP x-rays. Those animals
ure being studied prirsril; for tw.or incidence.

T_he expericent is still in progress znd results vi.l not te
aveilstle until rost of the aiincls heve cithor develo.eu tuiila o

have Jled oif.

BB. The kiffeets of Totgl Bedy X~ray on the wel; nits of Crpzns in the
Rat, by Sacher and Brues.

weLrhts and water content ¢f orgins icre investijaleu in a8
_reuy of groning sale rots which hud received 149E r et a 13.82 r
per day average. The veights of the uejorit.; of ihe visceral
organs viere sffected iess thui bedy wel; .t as a vhole, veigits of
suscle anu fenur were affetted . the sace ratic us bou, welguts,
and spleen, thy.us, puenads awl gconadal fat vere reduced cut of
rororticn to body weight. Adrenzl we. hits were rernai. .fatci' cuntent

per gram of tissue in nuscle &nd bend of irradiateu and..als was

N
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tage 16

Le.3 per cent ;recter thin in the controls., Thus the rekardcticn in

rrovth is siegdler tc that seen in inzniticn except for the reiativei&
. re ter effect on orrins kawn Le ve ruicscnsitive.

Crean welislts wne tetal touy wel il of rote which hau reeeivey
sitgle ucsos of x~riy up to 100 r sever:l iaonths _iovicusly shovea

no devioticon freir Lhe roernsi.

CC. Tho sifects of X-rays cn Bnu mes anu Tissue letzlelism bo Barrcn, et al.

To cinse eny effuct cn enyime systems it fermires 8 vury lorge amount

of x=radiction. This is ir cxcoss of 20400 .., bnzioe systems are not
affectid cs are tissues beciuse of the Jzck of Launy sulthyuryl groups
(=SH) in their structure. Radlation produces cxidziions which in turn
act ujon the SH groups. when an enz;ue ccntainiﬁg SH ;roups is treusted
with 100 r of x-rz; (2000.VE), the engyme is inhibited. Additicn of
glutathione, however, containing excess SH groups rocetivates thne onzyue.
aAn effect (in vitro) using irradisticn with docses as arsil as 1 v |

cza be noted.

X-redietion likevise ishilits the SH groups in proteln. if the
dosege of irradiation ié low, the above inhitition-reectivation
phesonencn 1s noted. II the dosﬂge is large, & densturztion of the
protein of irreversitle nsture is noted.

Tissue studies show thet doses as s.all as 25 r will cause
changes in the respiration of liver, kiuney, and intestire. Such tissues
show no pathologicai change. This effect is noted in the intestine
in as litlle as three hours after exposure. The tissue enzyi.es
containing HE groups vere nost affceted beth in vivo and in vitro.
Anirals irradiated and kilied el varying intervals aft:r the exposure
continued to shuw rather ..cricd effects in those tdBbues rich in enzynes

with SH groups.
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pu_Im.M_t_@g, t:, hlmn, us.n.aer..on, end Jaccbao...

a characteristic he.crrhagic Jdlscrder ccco:.panics heawy ex.csure
of the entire body of wops to xercys, This is & hercorrhe ic ulseuse
whose 1ature has not been yreviously descr.bed. 1t ie char:ctorizeu
by o prolenped clotilyy tiie, cnu ras been cuserveu in uwhe pvianect ;.o ,
fi;o r&.b‘l.i;t., the r#t, Lhe oot cnd the gog. It wis wlsc reporteu 1l aus
of the survivers ol the Hirconiic and lLegaski Loudanpu.

This hecorrhi. ic ulscuse is uove Lo an incerecce in the :Lount
of cirewizting Le;erin cr & hepurin-lile sutstince. .hile Lhe
chenical cos..pésit.ior. of hepwrin is neb knuk, Lhe active .rirci; le
responsible for the clceiting wbner.sliity tehaves iiie hopuria toth
bioiogicasl, and cherdceily. _

Tida abnerual tleeding can Lo vuntrelleu or ;Iraventer.. L, the
sicinistration of Loluidine blue.

The plas:.c prothroskin wnd [fbriacien wre not significantly
altered. The seruw calciuw ey fell tul this chinge does not ;roduce
the heczorrhagic stote,

The rrofound thro.boeytopenic assccicteu with this disease
sppears Lo pluy lit-t.le if any role in the vleeuiln; tendency.

FF. Wffect of Heiisticr
F. 5. lienshaw, &. F. Riley, L. B, starleton, and ... L. Cupp.

Sy utiiizing certair ov.r-igeid steck andiess, soume specifie
controls Vit vere ne Lcnger Lceueu, Ll seme curvivers ol ecrtiui
1L 50 stucies, a feir znount cof presiiiner, icnforo-ticn ies boccoe

svailable on the curcinogenic acticn of cadiun gawe rye on lung

“oomn
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tissue in CF 1 :ice, The IM. Ci8 &l 30Y irruuictec

enirzls have beon exisined,

The doses of rculition werc 525, 675, wwd 850 r iprliou os
sinile exposurcs uhen the wrirosls vwere three wnd cne=hill uenLho of
TRy

All fuctors cciolusreu (cge, vex, ucse, eLC.) essoniell; ao
diffevence hes been found in Luw.or incluerce, ihe nutker cf tw.ors
por aclol, ond Lhe size or Lehavicr of the tu.ors wher the irruuiated
end non=irredicted sri:rzls erc eci;croeu., For the cenditicns uses,
no significant eviuence nts Leenn (ttzinec indiculirng thit the trest. .ents
given vere sarcinogenic ior lung tissues. .

The folloving steterccts apply for toti irrcudsteu anw non=
irredicted anizals: {17 lwi; tuiors bejin to & yeer in CF 1 .dce b
three Lo four ronths of ace, (2) the nwidor of Luwcry ;er cnizel ddd
not increase after six zomtha cf zpe, (3) while the ruwder of tu..rs
in a perticular anigel ves ws high as eleven, the ::vc;-r.;,a Ltuber
yer anirel wes between cne and tvo, (4) the cverige nuisr jer
aniiel of those that wore tui.crs was bellocen tuc end three, and
(5) the averuge incidence of aniials with iung tuicrs, irrespective

of sex or tieatrent wes arproxizctely 60 rer cumt.

GG. an attent to Letect dnuil mmounts of lrrigiclicn Inje
vurni, cha Fenshes.

& stud; of ioth noncel wid hewvily irradisted tloo. stru.
falled to ucconstrate iy eviuence of £ decoijosilicn jrowuet vhich
caused the dostrucltion of cither rorsol c¢r cknercal leuceeites in

normal cr leniesic anipals.
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Claut a1 Via uf‘l"_wm.?..\:b Ak X UL (i:u.i‘_..'\ Ty 05

Cx a. acaitivit, of PFission Neulrons wnd Guops Heys in Thedir acute Lethil Jetion
on Lice. AZirxle, huper, Riiey wnu Stuyleton.

B. Coiperstive sction of Cyelotron sieutropns whna X-ruys.
1. lethal Action cn Lice crd Hikbits. lHogen.
2o Hewstolopicul kffects on Réblits. Jecobscu, «drile wnd lUapen.
S« Stutisticel Anulysis of Bleed Detu. Feurlien.

C. acute Canparctive Histcf:.t.hclcu i odee Lue Lc Fission lLeutrens wd Gauos
Hués « Shider.

b, Acute Coiyaurctive Histcpcthoiopy in huliits Dur ic X-ruys und Fissicn
teutrans. JSnider.

(v E. Coipcretive lethel neticon of A=rays wna C)clotrer neulrans cn brousophils
: Lpgs. wirile .nd I:nrrish. -

Cc= F. Goujuruvive Bffeclivencss and aduitivity of Fissiorn leulrons wnd of
Ga.ue Reys. llopsnew, Sniaer, Rilcy, Stoiiebol wna olraco.

C# G. Caypurctive late Effects of rerioaic Boses of Flssion hewtrous owtu of
Garaa Roys. lenshiow, Sulder, Rile;, Stopilevan, =ud sirile.

C% He Coiparclive Ledoyed Lffects ol Single Loses of Flsaiun heutivns wnd of
Gezzs Reys. Henshusr, Suider, Riley and Stopletcn.

c 1. &ffecls of Fust lienticns wn tie Ability of ice to tuke Forced s.ercise.
Curtis word Stepleten.

C® Indiczted that the work wes curricd cut &% the Cliitten Lulcritories wnd
cun te feund 1n thet ilist of reicorts.
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C#

cx

i

B.

C.

B.

F.

Gn

scule Lotiicl octicn of Dac, heutrond on odee.  cira-e, miluy, bbiyleton.

Roaiouctivities Inuuceu -n noizalict Tissues Ly Slow Louwtrc.s. Curvis
«nd Teresi.

absoy tion nud heficction of Sicw swubsens b Tissues. Curtis nna Uiesa.

acute Histoputholopicil Effects of Slugle buses of Siow heutrons cu lice.
Snider.

Deluyed ffects of Sirgle Leses of Slon Leutrens ¢n wlCQ. ilenelili, Srdd.r,
Riley amd Stepicvtoln. '

Bffects of Feriodic Loses of Slow Loutrous on Lice. Horshaw, Srizer, hlley

wid 8Ly leten.

Indicsted Lhat the work wus curried cut b Lie Ciinton Lubcorsteries and
can be found in that list of rejorts.
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Sl we 17. € )
nuys, Ly: Henal

W 11~17 centedrs inforction 3.doxeu ‘..a (AN Y L) ,. ¥,G0,H, Cute, L1, 4,
JF 1 6 dsted unce. title Vitzlity. |

Usir, ;ene.riliag moudeldens jdvel 2o o si;.;,lu wwev L 1o pepuiicu chirolic
wCu08, Ciferi, uzls vere cesl, 8u -.:ith 1.0 feileuin; chjoctives in .iiuj
(1) Lo dotersine e ncturs ¢ bhe Liie effects (sherbeidiy of 1dle, 8.LCie
at.it.r;, -Lu:.or izauebic., Lewntelepdesl tnd kistele icel chilies otca}; (2)
tle tlreshold ievels of 'tl'.eae l:te ei‘fcct;': fron  erocdic ex;roaﬁre; and tne
(3) relutive effcctiveress cf siow -:;whrc..a, foel revtrcns aid ;8LIE re;e
in pz‘c(iuciug, thesc i:te effecls.

(i chroide wpeoure to oll Lipes, on oofesrunce of ewrk; &riag of the
enl.als was ncbed. ﬁh inercese in levuenda uvnu Ly.phones cfer Lhicvse i il
ir; L. the conircl mi;;.a..lé w8 nctut. Ihe :ordea of up;:a-:.rar.'cc. of those
leukeidcs tua Ly.rhooas uis “t tiirosdiLalaly the 8.0 L..e £8 the cunlrels,
o hesstologicel churges s ere ctsorve. excapt in tcubo or hesvy Jally exjosure.

The r&t;io oif r (roenvyens) ton (nuuf.zu.s) Jor thy zouto sin. le expcsure
was shain to be 7 to & in fever of the zoutrei. Pop shrenic exzosurss tie
biolericel effactivencss ci the neutron vis lrt.: . Lo icur L..es tiis
fiyure. | |

T-o lovel ¢f chrenic neut.cr irrediotion Tes ahorn to be cpproxl.atel;
1.15 £ ser wey oith the precucticn o shertan.mg ol 1lve, Wei b loss licietsc
in tu or incldonee, (1.0 re vor ooy of {8w.d FEldiliih yTOLUCES C..i) » CPubD=
line cih&r; ¢ in these cutepuries.)

Usitg @ high leng tu.cr streiu (strein &) of cice, a wories < animsle
r.'eré irracicted unt-)l 2Ue of the contrcl . roup shove.. the ; regoence ¢l lung-

twors. xeoirotion of the irrsdisted anic:ls shcued ne L.crevse i the

ORGRk,
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3 A. . h ! L L
Act on on Lice.
E. btagﬂtmo

By exposing varicus groups of mice to greded doscs, the meuian lethal

doge of each «f the follcxing r uloticns was determined: (a) fagt neutrong
fro.. the pile; (b) rauiction G consisting of guwsa o8 coptasincted with
fast neutrons; (¢) radiation .., & mixture of I.st neutrons end rediation G.
The LUSO of ruuiztion G. Theoreticolly, the sum of these two rractions should
be unity if fast reutrens enu rediction F are rrd10b1010£1031 additive. dince
the experiment deviutio: from urity {7 percent) is vithin the errer of the
maéaurumants, is concluded that complete adaitivit; of thesc tie redictions
-has been democustrated. 1t is éssumsd thet this cenclusicn concerhning aduitiv-
ity of fest nevtrous anz redisticn G ray be extenued 4o aduitivity cf fast
neutrons and pure gaLna ra;é.

The 1LSU of fast neutrons, uvirectly detercineu, was 91 n. The Li;50 of
pure gaura rays, indirectly détcrmined froe. the experiiental cats, wus 812 r.
In another expericent, rerformed later for & diifcrent jurpuse & corresponuisy,

value of £40 r wes obtained,

1. BXi2-20. Vitality by: Henshaw.

an expericzent on @ rebhiod Yo deterzine hether . ny eviuence of the
effect of penetrating ridiation can be detected amii woasureu in the teris of
fatigue using an exercise wheel anu sticulating cpperatus to preveint rest.

Resm.ts of this study do not allicw interpretaticn at this time.

78
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E.

F,

GI

.

K.

L.

.‘lis.aé bul.. Bobialab.

Gry ss Effocts of Bele Irruciction of Kestricted Surf.co of Rlrita,
Ruper, «irth, Dumos

Histo; uthoio icil Lf.t‘ect.s of bet: Irru.iction of Restr_cieu durfice
of leXlitas., By: Sriuver .md Ruper

Ce.qaritive wcute “ethl acbion «f Tebio Surfuce bBote Irraictici.
Rijer, aipldie iy Lirnos

Cross EifecLs pruauced by Lotel Surfice Detl lrradiation.
Ripor vid burnes

Rute of lLecovery fres. Telil Surfuce Beu: Irrcuistion.
Repor wnd burnes '

.ruuit-i’."it} of Externcl Betu und (&&..n.é Irruuiction
R...per, B:rnes

Influence of Tot:l Surface Leta Irrudiction on Gross letitolic
Futtcrn of Rats. bLy: ond.orsern, Zirnes

acute Histopathological Effects of Single Losos of Tetul Surf-ce
Beta lrrzaistion onm lico. Bp: Snider .ru luper

Chnn{_es in lerighersl Blood «fter 8irnie Leses of kxternul bet...
Ragiction. By: Ruper und Birnes

Reuctions of Hurzcn Sxin to Sirgle voses «f Beli Ruys.
virth .':.m'i Heper

Deluyed Lffects of Single Exposures to Total buri‘uca Beta lrradietion

R.per, Henshaw sid Srider

Effects of Feriodic Tctal Surfice Bets Irrcdistion.
Ruper, Henshew cnu Snider

Effects of kxternel lrrzaiction iith Let: huys on the reripheral
Blcod of Reibits. By: EKoper -nd Dernes
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ne B2~ f.:ross ld‘fects cmim

-lrth LLPOr Ll Dormies

Sirnes
The exposure to Lote TLs on Csus iren LU to JUyuet reg to restrictsd

L aestriclen surf.ce cf

Pra——

{recs of rubiit skin wnu fulleneg fuwr Line menths (ives t.a Lollvilng infin wticn,
The recction puttern is wis ddir in woses fro.. 500 to 30,000 r. lwdn effects

in their orver cf .p-ecrince vere (1) erythe.s, (2) Figieutotden, (5) ¢ iiction,
(4) loss of cuter lojer of skin thrweh wie of three jrocesses: (u) situltane-
ous sepirition of the sujerfici.) “Loers over uhe trected wree, (b) ury

descuw sticn wa () ret es weeiion; (5) cougt fornitiin, (&) he:ling i

(7) recraith o kiip.

iute ulcerition follening hewling vas L‘tscrveu <t o fen wndials.

The suverity of the siin res; ¢ise vieries u_th the ucse tut Lot strictly pro-
portiorili with the dose. The tiie of apperrunce varded wity tie fw.cticn of
aose, Lrreurdry ecruder ot high Jdose levels.

The du.cge Lo the skin rrouuced b; aecsive ucses of let. ruiys resurbled thorucl
burns except for (1) Vericus atetcs of tet. Lurns reuired four t.c' seven ti.es
&8 long to uevelo; 3 (2) dircet actlcn of. Letu riys wes eccnfinea to Supsrficial
tiasueﬁ ouly.

The effects i:. generzi rosecble the efiscts of cther iondzing reaistion such
I8 X~reyS, fulla TLYS wid preng roys (particuleardy thu lstteri. The effects
on humen skin zre thought te diffop ey little frex tiose olserved i the

rebbdit.

C. HAle~-1 Qopar: ive Lethel .Jiccts f L vernil Fet: irr.diaticn
J. B. Biyer, K, B, gdride, 203 L. L, Eornes. Get. 1% to Feb, A6,

The .cute lethel ei‘fuct.a- ¢l totzl surfice bote irrealction hieve been

invooti,uted in u series of lileritery wnincls ringing in ocige .. 7 to
<U .U gzs. The median iethel woce, ti L5U, of externul bete rays varisa fre..

220V roentyen ecuiviients rhysiccd Lo the sitadost wniicl of Lhe series to

Y $0
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b rep In Lhe Lurpest cnilcl.

Ganse rug survivel stuaies uith the swe streins of wndiess uesinstiotew
I30's rung.ng frow 310 r. to 270 ¢, thne sensitivil, sheuing no cerrecitica
vaolu size,

| & cmpa_riacﬁ of tie totil wruryy ibscrbou o re; gr 3 o8 bete rLys8 nu
fusms roys, o0 rouuce Su. kiiling guve totil Let: Lotol ,eies rutios for the
sever.l anivils of vhe series s foilows: tel, ruls (cr.e';‘_;, wlay, ‘.01,
sdce, 1.75; ruts, Cole} gulnew | 108, .4 cha roilles, .Y,

The reliction betieen ulscrbed ener,y re uireu to kill Sue of the
individucls ef cucl. species aud cni ol size :o; le exjresged In the following
eyuzticns tEsKd where tb ig the Lotcl eper;y .bicrled in rep , ris, o,
the weipht of the eni :l wiw & & constint.

‘Tio suall virictden in the cbscrves viiuves of i for the wiiferent wni.:ls

indicites re Ll ille sensitivity difference.

D. F.n, Blic~1 Groas iffects of Totis ourfice Letiwlrr:uloticn
By: hiror ond Burpes Suse Lules

Totzl surface irr.dielicn of sice, r.ts e relbits with Letw r:...;, resuits
inecr.syicuous wod chorceterist. e gruss detige.  wibiiin wide ilidts of dosuge
the j:zttern ¢f effects viries iitlle, white the severit; of dizape veries
rougchly with cic-.e-ae. There :re orly sicor Jifferences .n Lhe [Tes8 duns, e olserveu
in the differert wniicls,

Tie oubstendirg rcutures cf the £ross resyonse to bote irrwilction, in
tie secuence in whlch the, o/jecr wure oo foiicus: inflinzetion of the g¢jelius
unu erythens on the cars cnu feet; cicsure of whe gyes; opilocvien wnd
wesgusnution cround the eyes, nmouth wnd nest..lsy hyzerculy wne o.elling of
eer Lirs excert in rucbit; generul erizotien cver Lody; cescuwwction over
vxtensive ireus; resuitiup in severs vlecercticn; hewldng nd lisited re;jrowth
of Ludr. Thvo lute eifucts wre Leea;ue:_xtl; vtserved; labe ulcerctic., invelving

the Lrezidoun of ,revicusly rewlec awic, «nd tuwcr forszticn.

| /
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Bigh ucsws of externcl vets riys jroefoendiy Lfe:l the weo..bl of Lae
sever:l Liuii.odlS.

The survivil tiic of i.ce is sigiaficuntly shoriened by deses of beta
re. 8 3000 rep or icre. Twe rechuiis.s wre Indicoted s res, c.sible icr
lethul wetdon ot Lk cnd ot Lo ucue legveis.

E. IEXle-n BRete of Mecovery frinm Totel Surfice febc Irradiatior.
By: Reper, J.R. «nd Bornes, f.L. Cet. 1i4d to Feb, 1o

The recovery of iice i‘_rc:; the effects <f tetal surfoce irrodiction with

bet: ruys hes besn investipitel for z jericd of 16 weess follculng « Single

ax; coure,

A gplit aose Lochndigue wus e j.é;. ed. 4 conditicsing ucse wes folloved
at viricus intervels bt proced test woses to weten.ine the recovar; of Lhe
wnicels fron the etfeets of the cenditicnling expesure.

The totel uose recuired in tuc exposures to prodmwec 50. nortulity ilncrecsed
mpidly 28 the islorva. letueer expusures tus icrghienca, Recuver, | roceeded
very ropiaay cb rirst; 1.5 to 2 doys wna 8 wuys being re uired for huif and
co.glele vecover; res; ectivel:r. Luriiy the rericd € ucys Lo 1o weeus tine
reccver: values excecd lue. i.e. the cunditicning avse Lo.irtec o sicght
iorunat: wpsirst cuglitional ex, csure.

F. FPon, £312-5 nadivivity of lethul idlects (f ixterncl bet. ind Gunge
Irreaiction. By: Reper, J.R, i Bernes NL.H, Cet, 1944 to Feb, 1ybo

Anclysis ¢f the survivil of sice fuiliwirng adaed aoses of externcl
bete wnd gatsie Poys dencnstrite tiot the zcute letiinl effect. of tle Luc
raaizticrns are not carletely sduitive., Four series of expericernts were
performeu; tie resclts cf tic series inuicobte ;ortiel saadtiviyy of efiects

while the ctier t.¢ series indicute cug.-ele independence of webion of
f b3

bha twe rocdolions.

8
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BAle~9 Ciber ceotiiciisi, Byt aluerset.

This ex;lori..ez;t. 8 ok Stlo.t W ool Inine  hebfer tie lncrensed
cdhordstrition of soter o oidine teuld neve .noelfect on the 1L/5¢ ¢f
rots ex, osec tu lethel ucses of riuiciicn,

hesuits of these ey orients .re we (Live.

Briz~b roreg Feecdny ) andersil

Rets nien ox;esed b ¢ Llaxls oceC (X, lida T8 {13ue Lo 240U I') wds
gied witidi. one wees. 53 175 desiress uis lojucles Jrke vie poorivenall
cuvit; tufore ex;«sure, e the wij ol €..C3ure Lie oL Lthe o & i csure

vith sv:;iaenliry cses Lhere.iter Lo uetir..ie whethor ony efzZecl n

nortidit  cendd Lo cLuCrvou. ALl TIUS J.Cu Wb Lhe Suie I W oe Lo eentbils.

£3 ic=:Y The Lertorete sctuicils. of iore Ey: CQureds.

Tie ,urpuse of Litis ox oriient Les bo study the et beiis,. Wi Lene s. U8

te betler unu.rstiia Lhe de, cuition cf viriwus e.= et w10 a@, e i cusilie

t. st est .utilois of decontaninetiou.

The_ Frogriu cnsisteu of the warisistritdon of Cl4 in the flori of the
carh nute and folicw the Liie distributic. of this suistiace. Fowiouwing
Lie ussinisoticn . Listclogicol umd Pewicoutepra;ndc stuc, of tie bone for
curbonste exchar.€ it iiutB. Lf such asstuuy is successful, u stud; (4

v.ricus ipents und their efivet cn boue cecurludnabin cul Le gurrie. out.

iruvblers

«hether inncies substaycas' {rioicoctive) con ciuse Lp Luorense . tre
iung tumor incldence cver wn extendiud serica o Ui e,

Jhether c.roLic low uesspe coh incrcese ivhe by Liocr lnc..ence cver

an extenceu Juericd of wises

1024162
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G. DAlg=t hob wetebodisi. B @ npu.rach, Ferpos wou ligper.

shen groups o robs tero exnoeSew to beb, roddotion deas phes; ikrug
;locues in the ucsepe f 5,000, 7.0v . 10,000 re; wnd svaloued curoluil;
for . 10U dwy jeriw the faliviing finddngs eae notew,

Fo chinge s ohservoce up te the fifth Jiy ot ulich tie o generil
decrecse in focd wnd wabor intike eliw€resc Lo cortinuved Lo the it
doy. «fter this tile thure wis un incrense i Jota ii wubel o ot bict
so thet by the tuanty-fifth duy 30 bo 50k more vetor wus bedig assindicled
by the exXperficibel wiinils v r the contrel rots; the fied devel locceioes
up to &5 tc.j(‘;,» were tlan the centrels. Fron the <5ti. to tlie 60th dup the wator
intike reisins the sue, und ~fier tiis tise .rors to control levels,

The woight leys in oll experinentol wndccls. Tho, icse vwedpwt stowdily
bittieen the 1Ll wnd <5t doy ob whicl polnt they stebilizo. The ce.trol
weiht heB net Leen reguired ut the LuGt) ., rericd,,

in an effert to discuver wliebher tete ruy Lurns c.n ie correliled '.iif.h
thercal burt.s, « scries ¢f ;easurikerts of heoriteerit wnd specific provit;
of blowi ;lusre were tuief on tic ruts . .ich huu received tolul Ledy Lrruuiction
with 7500 rer of Lelc ruys. Techuliues were selectou tode.. .~ve cceurube
readings tith sall sanrles of iloc., Tie coucper suifate nwthod wis used for
megsuring the specific ;rovity of the plus:c.

ilo aig;nific;_lnt. chmge‘in the hemutoerit vos recoruo., tul specific gravity
resdings were bilow tie noracl maye fir rote ia the izth, Labh wno Lith duys
wfter exposurc. These results sucg.st: (1) Lot the jlusii lost wue tc
bets rey turns is lost ot sueh o iow rote thet Lie tlowd voluoo re...;ir.a_
unchunped but (2) thet the lost ; lusns ;rote_ns cannct Lo replaceu cuite

fist ercugh te keep thelr concentlriiion nomuw:l. Since wedti ctiritutea to

SEmay
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thermsl burns is rriccrily due te o foll in llcood welume, it-uouly & peur
thit the ; hysiclogicil chen os Lidry ;ices vre uibe ui.ferent for the

o f.;,;ea f Luns.

H., Bistoy.liolopicel Studies cnc.ice Foilill:
Bot: Ky freutsent. By: Szdder, liger.
Studies on :dice (CFl) folloving sinple externzl tete ril trecicenis

cf <500 wrd 5000 r. Gawluic wWus reslricted to tiicse su;.orfiéial tissﬁes

genercily suscepbible to dunige by irrwicticn rl;;c.el;,- the 61 ider.is, derus,

pexts of‘ Lhe s;leen coa bLestis, (nd the Laue urrew. Lisige wis nore

severe Jfter the larger dose. Lozeprc to Lie cells in the tosul loyer .8

found cl:ost froeciantBly sfter irpudiclion vdth degeneritive sipus Locouing

more ccnspicogus threughout the € cnd 24 heur intervols. b 15 to 21 uiys,

 bthe busii luyer broke doun cm.pletélf in rny rerions of the body wnd rany
ulcer=tivns were not he:..leu &t 3 h.onths. In sniiels surviving the 3 weonth
pericd, the epideruis contzined thickenad .recs ifw woilh grevihe ti-lOl.lg_ht.

b; so.e tc have widignunt tendencies. The der.. ulso siowed effects with ede..,

Irvosion by lewcceytis, ard occlusion of vlood vessels. 1ln genercl the efieats

cn tisgues vere conpircbae wit:, those cf x-ruys.

BAl12-1¢ Delx Lffocta of Sinrle ixicgures to Lete 5.
By: Ruper, liunshaw ai Snider

K.

Ruts wnd puines pigs were given gruded doses of bete ruzs vorylug fra.
1500 to 15,000 rep. The sorly effects (see repcrt cn single dose rudiuticn)
were ncoted over . perioed o_f kout three conths. sll doses except the 150v
rep caused increcsed rorbalily long uiter tre repcdir of Lhe ucute process had

been cuuy leted.
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The rowctict.s cbs.rvec Jfler Liis, oricu wore (1) e cvie - ucses
in e cews of the 1L/50 for o s;ecics resu.t in wxtensive opideticn .ichisn
Lt 2kibh8s Such Loi.ness iw) e b senty (2) telaicdecl: sis - ceours
bibicn several iabibiis. it 18 iore cunacn i Uw .';..st.rict..m surfuce expuer-
inents; (o) wbreglyy = Lhe Sita Lecuwes .1y, fncicsbie ciw crucia .uite o sil;.
Ttis covers the ectire wurfice in i lce wna iscliles wrecs in riis, gadueu ;i;s
shic rebbits; (4) feriles.s = on cbrenaui provth of sadu ls seon in rots nd
aace of the DA bo H00L re; _reups; (5) Llite wlevradcn = seet i oli hdeiss
excej t guines pa 8. 1t sppeirs in ore ions Lricdrial, OSt SOVOORL) wewe, o
inu wiy becowe lnfeccee; (O) ¢y ueit; of eres =, dce Jhich survive uoses cf
3 rep uevelor cpieitivs wituin & oientis uft.r ex;osure; «n cecnsionxl aniizl
nith the i500 rep cxycsure is ciserved. (ecisicnil rite ueveict ¢ wcities .t
5000 rep. KReliits and guine:. jigs rever wevelc; bhis camdtlici. (7) lruucticn
of twars is illustrited in tle scccijunyliby. belic on . lce.
Tu.or Frewuercy in Sur\rivors in ilce
sose 6 et Feriou ¢ Lonth Period {0 .«nth Ferica

o ourvivers x Tu.crs 2 Surviveors s Tuors . durvivors . Tukars

LR Zk ¢ 5.5 1 leots. 1b
L5804, Yl G &4 9] .U ()
26L0k 58 G 57 6 {6 G
360 - 7G 0 5€ 31 26.0 34
BUWLO ol U Ly INR 2.7 100
Leul bl 12 iz Ll C.0 -
500G 12.5 G 7.5 G G.C -

% zewns suerifice grours
The loc tionms of the tu.crs cun be uiviued iute tnose wn the ¢ur iy tiose
eigsethere in the today. The.fcr;;er ey oiSL; eiT Liter unce aoveiope.. llse-
where on the skin ¢f the lou; they ore seperileicl, red, vart-li.e or
subcutirecus in tihe asrilry iires wud Loy or coy et te neerctie lu mulure.

The superficicl bu.crs cre [ir .cre nuweercus Lhain the sucubiiccus Lunors.
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5 L [Xlz~2 The Lffect cf ierictim go Peb. Locioticn.

horer, lons!oy oia oniulr’s

Tlie pur;oses of this swud; were (1, to estcilish o . adnil peltalide
(chruide) ucse of tets rouiclicn wlich ihen uoi.vered cver & iuy | orbod
of Line would | roduce no cetectot le effceis on the crginisn; {£) Lo weboriine
the 1dii:el letial wose {iu/50, for chrenic tet: reuictice; (3) to cujore
the effect cf bet: riys ciw jonetr iing (¢ ivis anig ncu't.ru;.) irrcddcotiong wnd
(4) uetersine tie turor incidence w.aer ; relongou ex Caure to i obe riyb.

Ieus (L subs; ecies) worv X, ¢scu ..oily to teli riciitics iu .oses fre.
Vel b 0eh Tup L of wiy trlil wesbli il cooulren. Sbilicav CuLlivas worc
Eutfiadew oo the ddedicel fus.den wecopt for Lhe e, osure L6 .rroaiction,

The results cf tiis iy erizert shen that =t t.oe bghest iovel (6&5 rer)
tie eficcts resectle those. resulting frow ¢ sl.ofle soule wcie of Lebs ¥ 8.
ab tle lonor levels there wes Liiblc esrcel pf rouiutic... oith the 8625 rep ucse
the rets ales relalively soon with sarmiva ¢, ilelion. With 5U rej wnincls
wu3 lov.er t.uan the centrcls. o detecicllie Cieif @ W8 nobed ln the .5 reg
wdnelse Feriodde tety r:dictico wlse shicuei the sovelojiant of o 2igh [ re—
~erticn of suteutirecus tu ors us cortrosted vith the jredonincnce of e:ithoiles
tuicrs 4n the sirgfuie woutc wese. These cursisted reugily o8 wioiory
C.reiiGiuid LIv S:redds O rreiicdii.ry exw i.coticn.

The fcileving c-:cr.ca.uaio:‘s were wrahn {ri vhds stu.y: (L) perioude tetw
Fuj €X:LB8UTC TLires 1038 T Le.es bl _iouuce tethayr eilect Liah Suhigle ~cute
ea; Couresy (2) singie ii/i ucses of Lebu rocivtion i TC.ouceE Ol ulhed
udghactbe eifects vhize with Lhe . ricuic oies e liction wus . cre exteno.ve
ivP un-l uese wna Lhe elzlcts on the feel wiw ; .niloliie wore ice: worae; (3)
the .cule ucse .rowuvew o hijk | re ortion of e3ilkelics itu.ers, .hile tlie
Leriodic tluseu & | reac..nukce of suboulaiects tucres (o) Ctufl tlrve elfects

of Lot el pwss readicbicn dncicete Lict while preiter wiii. e L6 ihe sodin is
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pheaucey b, subi T, 8, CooTutic w0Ses of pranc TRI8 LS ) roduce
aetinite int.rncl uliig@; Lo chrelic weses of teby s ,rt_:..'auce culy
superficlul dusie vhiie jonetriilyy ruddotlon oiso ives weuliibe Llornel
Al L83 WNiLeiy Lre whblie bto uithste:d 7her ooe of tete roudoticn Lhont

N [, rt-w-l.-utiONO

5 he Tenede-1 The uffoets cof sxtorn: :
ferirhered Llic. of Rutlits. Ly: Repor cno Eirnes oSwae butes

blecd stuuwius o rebiics hick recelveu tebui surfice irrcuicuicn witi
Leta TiySy il wuses runging v LH06 1o Lo 59,000 rop, revcilea nc airced
eftsct ot_: the cellulur ccist.tucils c_:' rerizhelil Liocd. Sporedic lnere. ses
of hel re; hils b ltqng three wed.s ofler irr.icticr wibh i.t.riedicte
go:es, 1U,000 rep. wnmd 15,000 rep, couineider with Liductivn of unlceritec shiin.

o evivence of lruirect effects on vhite tlcow celis wod Louna nor was
there un; eviuence Lc sutsteniicte teluls of Loz copte stioeloticn i, super=
ficial irrm.ciitics..

The lack oi sifect 1s cousiduered ccnsolunl wilb the ,hy:lic.d  rc, erties

of the rouiction wnd the Lrmlellcel lectires of bLoe roibit.



uurt..':.a, Ly s nna._z'sc.n Ll LuTris

In orcer tu Lusess mt:lm.te:.; tha s,,ec,:....L h..zun.s 1 :.ich vere t.houﬁht. to

exist :t Cli:.tm l.e.bcr:.tcriﬁa, nlsis vere I.:..ce(,i Tou nd ite ,_,rcu......., ....q

3 in bMu%a '..nen. treao iLizaris ~lgkt exist, Tizeeo t,rox.;-a of Lé r;btit.s etch

l:wed outcxoors (o) gmub of & rwbits 1ived ‘.,.—;nst. tne ;J.le sre, éize ,,rou;
of 30 r.,..b“ts Lweu 1:: an .,t..oagere m..,;o.twu of t}.e wxul.mt.eu mum L8

i'rcz;. tl.e ile, 58 ETeup of. ..6 rhts ilvay in a xulpr:..tor;.g TO ..hem .;._q_s

‘-cwta.t.iel or hictur-.iu:a wave fundled, cnd iy zm riute ccr.trul m:i.....la uere

ae}f- in the ar..a.x..r..l ie.rr... ’I’hasa ‘.Ju.,ala vere axu.imu criwiem“ :t.rmuw4.;

bloadcomi.a, wod frod t.;..e' te t...me nere smmiiced i their tiasues uxu,..u

hiatux.o,ica..q for dan*.-..ge Lid rauio-cne;;cal*;f iur the ,.reseme cr ra.u..,cu.cbiw-.

&-Lc.ri;.l. Their rerulit uw.s teste. by r..n.ting Lhe... fivs t,.L;.e tc tm,~ %
exper:!.n.ent Yas taaﬁxnatea viter ahcut L1, youpa b s,;crifiﬁng snd dm.u.ing
euch ania.ale : | o c

it r:aa czzmluaed that none of hase a:.i...a-..ls suffered any uamnstr..h.m

d;.me.gu. as & restu.t. of their Fossicle vxposure,. IY wus Kot ;ossitle to ﬂnﬂ

any mﬂionctxve .aterizl it any of the tifsues of these mi&.ls amepta t.r.o

retse xiving iu tho ,.lnhcnim lukorstory, wod here t.hara Wae & mﬂ mwnt
of @utmim un the sk.n una o 1ittle in the: ‘grstrolnteats asl troet pai- nons

. &h the 1nternal wreahis J.mlua.m; the lupngs,

024168 o -
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ehi=al B Tie betelcids: of o
sbie diDM2 Ll Jelis

A Fluslen roccil cppurctus lus ieern construcbed i deh Los . zeter .
- of voere wrandu [eil is subjee.cd tC oronbier (.. runenit Lo Lhe LJdie. Gus
Fe8sdny, cver the feil jlcus ur bho Ligsion reccil wteas ond cLiries the. to
Whdiil exposury cholers cra weLsUrdng, euul; ieit lecitow cotsiue tie ;ile
shield. The tive ti.en for w. cte.. Lo f0 dri. Lhe Icii Lo Lie 'wjcoure cha.ter
(rolu=up tize) verieo fm . o.é Lo JU w8C. n upociid dondzitdon chonler s
uevelo; ed Lo usisure Lhe wotivity, wiich verieg ITe. 27 te .o ue. cc. If.
ig Leon shown thot this g@.a wibadns act caly, Lhe saile gos fissicn . reuuces
tut wlso .l fissicn irueucts Gldch nenuell; oxist in the wlle stute,
R.te cnd nice exicsed te this o 4.8 .;.n Lnoeklcsure Jvller suliul uinlge
shd die, Lut pe nore sc Lhen weula te expevlou irto. tho i nb o oXternod
fatss rrdisticn whicl they reccived -hile io Lhe en coire chi.ier.
» speclil spparctus was consiructcd “.ifch weulu wilow r.48 to ire. the
tie pus without receiving ext.rnsl roalgtici.. fets reCeiv.ing ok csures of
C heurs por wuy for § censecullve deys r.ocsived Lurns of the ceutin wnu u, jer
resporator, tract. Sope of these anlicls lived Lub .ost of Liwcw Jdied,

1
[

cparentl, frow sUorvebtlen ieciuse of foiiure to wite

wcbabelisr exjeriionts huve shovn thet of the robl.oriud thot is sibnlet,
cbert 5. Loes Ll bhe sicielek wnv s SxCiulew ver, sicul.; ulout &p sby;s
in Lhe luigs crad is cXereted slowly; cbcul O goes to bhe Liver wid is sloily
sacreted; ind Tne Telc.nder u oxelctod ..cueritel; rogin.e . T i-.it'_;hcst'
specific wetivity is fiuma in the uhyreid.

~ histologicel stud, of tugsues of cndiils suerificed ot vardcus tices

feliowing exposure has shown Lhot tie .05t sev.re trewtiuat .cs.ille with
this wppurctus Las fuiled to rrouuce iy wetectulie tissue uinapge which coula

e attriluted to interrel sejosition of rolicoetive _alesluls.
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Huulowtogrilhs sqoved Lict tie ;.ctimw Urilrii) VoI

the broneidnl aw clvedlor sosfices.

1t wis cuwnclusen thel Dor siert=idveu Jir-lone issicn  ruv.ucus Lhe

hoguru i ver; ueht (8 bLor Ird. XberProld rocictic. s Llon aro.. —nbericas)

ue; osdved rauloictive Luiterliis.

-
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Gr:].&‘i R! 111: Cua 111}.“'3..1“1!- :..:_F!"bﬂ'l'b ‘.F FooT i.‘a_.;U'lhb.S baiki X VR (e s 11.“15-

84. Ceuparative Action of Cyclotren Neutrons and X-rsys, b, Hegen

«irkie, J:cobson, and Feurluan,

1. Lethal Action cn iice and Retbits: The aedian lethil .ose
and rezn survival tice m.-re cagired in .diee and ruubits ex;ossu to
2.0 EVF x-reys and fust ncutreons pensrcted by deuturon reaction on 2
beryliiw. yrote, The :ice used were CF 1 femcles weighing 20 graus;
the retbits vere 2 kg. weight.

In the .ice, a medizn isthel cose (L 50) was shovn to be
515 r of x-redizticn and 55 o (the n 8 used in 2ll of these acccunts
is thet amcunt of iomizetion Lessurec with a strndurd 10C r Victcreen
cherber). This use ueteruined over 2 three to tventy-ds; period..
Thus for the zice, the retic of s-rays Lo neutrcrs (x/n) is approx-
jsately 10. No ratic is obtaincble fcr the survivel curve because
of the pre.ter spread in the wortality of the neutrcne-exposed eni:als.

In the rubbits, a recdian tethal cose (1D 50) was cttained as
825 r for the x-radiation and 145 n for the neutrcm exposurc. As in
the rice, most of the cortalit; occcurred betveen Lhe 3rs and 20th day.
The x/n ratio here is zpproxicately 5.5. For the .oan survival tiue
the x/n r.tio was z;leterrrined et 6.4,

2. Hematologicul Effects: The effects cn the circulating
tlood elements were sludied after Juses of x-raciation ranging fruu
25 r to £00 r, and after doses of reutron irradiation ranging frea
9 n toe 176 n.

" The general pattern of response of the blucd eleients is
qualitatively siunilar for fust reutrons :und for x-rzys. This hes been

deseribed elsevhere in this aeccunt.

e il =y
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3. Stutistical Araiysis of Blcod watu: An cacljsis of the
hecatologioul usta cbtuined in the stove oxperd.ent indiczteu thut
falloving ex; osure to x-ruilulien wnd W neutren rediclion there

vwore intervals in which the res.cnse (reduction} in the circulcting

_ieterophyle vos uireeii;y rrejorvicnes tu Lhe dose wod fwve 8 Lioewr

relationship. Anzlyses of thesc :crious .n which such sizdlarity
wos cbtained with both x-ruys ami reutrons cive an x/n retic of
6.3 to 1 which co..pczres ver; favoracl; vwith that cbtc-.ine# in tho
survivel ti, e stuc;, A less critica. anel,sls cf the .injhoc;tlo
res;unse in a sirilar war ;ives an »/n rotio of V.4 «b L.

An sllernite cnalyticul rethod gpeve sigiler resultis,

BBD. Acute Coupurative Histopatholor: in lice Due to Fission Ncabrens snd

Qorra Reys, b; Srider. . :

Histologicel cbserviticns were rade on the 1‘011;1:.-1;::5 atruct.ﬁres
of GF 1 male end fezaie wice cfier exposure tc 65 0, %6 0, and 117 n
units of fest eutruns. The Lune marrew, thyeus, iyuph node znd
spleen suffered severe damage, and the irtestinal epitheiiuc wise
daceged to & lesser eatent. All of these crguns ncd ou plotel; recciereq
b§ 30 days after the ti.o lover doses. The vestis which vizs ulso
badl; demered, sheved a fow si;ns of repeir after 65 ara 96 ., All
cther organs cbserved wore resistont tc irradizticn by fast neutrons
at these Joses. Darige was mecre severe oftcr the la.rgﬁr doses, but no
slterations were churacteristic of cne Zose and net of awmcther. In

generzl, the chanpes uere si.iler to those deser. bed fer x~rg; damage.

1024112
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Page 81 ‘

CaluGURY 1V, ¥, dcube liipdchiyd
deutrons on iice, b, Snider

o Histolicgicel obsew.:tiuns were wade o the follovin, structurss

of CF 1 female wice zfter expecsure to 400 arbitusr; units of siow

nentrons. The spleen, ly.ph node, tome rarrow and thymus were orgons

rost severely damaged by the treatuent. all of these returned to the
spiearance of control aninzls by 30 uays post tresinent tice. o

dazsge was nobed in bone, curtila, e, skeletzi ruscle, jeripherzl nerve,
actonenlc ganglia, liver, xidney, rancress, heaxrt, iung, sarenal,

sta.sch, fallopian tube, or colon. dinor dacace w:s noted in the |

OVEYrY and duodenum. The tissue response following slow neutron irrasiaticn

is sipilar to that foliowing x-re) trealuent.
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H. Historztholo;jccy Studies en iice Fulicnin, Sinjle Doses cf sxternul

Beta ihay Treatment, by Su.der und Raper.

Studies on .ice (CF 1) following single externcl beta ra;
treat.ents of 2500 and Su. r inuicite thil ce.c e was rostricted to
those tissues ;enerall; susceptible Lo dawape by irrs.icticn aeel;
the cpiieruis, uerna, parts of the spleen cnd teslis, unu the bone
LOrrow. UGLagd L4s ocre .evere ciber ile luirrer dosc. Danije te the
celis in the basdl layer vis found alicst liediately zfter irredicticn
vith degoner:tive ai;rs beee. 3. wore consricuous tarow heut the € and
2L hcur intervais. At 15 and 21 dcys, the basal layer broge dusc
completely in rany re;icis of the toay and reay uleerzii:ns were nct
hesled st three menths. In auicels sveviving the thres-monlh pericci,
the epiderris ccuteiiec Lilcucned arecs and uow.grouihs thou ht Ly scoe
to hove Lalignant tendencies. The deria zlso shewed eriscis with eceua,
invaslon by leucoc:;._t.ea, end occlusion of blood vessels. l1n renersi,

the effects on tissues uere correrztle witn those cf x-rays.

10241174
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v. The lLetebolis:. of Irhilec _L!‘c_.l na, U! Loy, aCrUcT N okl S.

Ruvicietive douinelii wios obtulne frci & voriei; of .curces. w.th the

Gauatbioen of oo ocduizang cpent foudre | ws wes evelved whlen oS in lors iixed
with olr woc wniilew by rits in oo experiient i cliniur. The tissuve wcre &ac.lie.
for 1131 content.

Resuils obteined drcicoted Lhet tiut v jercent ¢f the inhelew dwveiie ..u8
retuinea by Lhe ruts. st the enu of L 30 pinute exjesuce cul) 50 of ¢ ciscrbea
ourt \.{.-é in the lum, irdicoting i.pesicte ibsir Licn. The thyrciu cibiied lUp
of the retuired louwine ot 4i Lrs. wnd the recalining vlx %8 excrotew in Lhe urine.
The .:te <f icdine cboierbeu irw. the lung s sindlir Lo thet of Irpestew lodize.

E. Irecer Sludles nitk Iuh led 1.0 Yeur Ruthendun, b, L. bailey, 1. wenuur cuu
R. abrucs.

This piper euls jrierily with the f:ote of LPeger cuuntities of uirtoerne
rutneniu:. Jfosr inhiloticon L), ruts,

1. In the ceurse of the wori it w s necess ry te huve o S +ie cuantivitive
test for Ru, c.nd a colorivetric test wus ceveicped thlcii uejenus «n the .lue cclor
foried v.ith ruter.de ccid. It wus jessitle Lo delect Jug of Ru wilh 10 jercent
uecuriey .

<. in order t¢ exjcue wnii els to haly vapor, o jererslor wus needsu wnich
wonld sv;;u, RuCy ot ¢ ctiidnreus wnd o ore or icss wiisur. sote, O w nuckor of
oxialzlig wrembs Investiycteu for tids o2 ose,  cbussii o jeriiigohiebe in sui.uris
acid tas Lest sulted.

3. s reugh detemurutici wos newe of the churdewr teadcat, of Ru for s.ce.

By intracurulee injeclici, ucses .n the renie of 3 uw/e vece asvbel; toxic.
4. Lethods save Leen uoveae; eu for usssyaiy bissucs {or r.o.ioccetive mt.eniuv.,

The herd bete of tLhe 1.u yr. Bu-30 secuh syster is ccunted. To avedd velitiidty

94
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i08808, &.o.L tlasves wre r.;&.ncec.!, E !elu ;-.! 11U e SCTLDCL. Lir, Or Lis:sues .9

cuffled (0o & cerrecticrn Liue I6r LosSin wuv Lo V. bliity,

5. Threu t:ies of I ex;jciure wwre curricd cut = to Hu(y vapor, "ary Ru013"
seroscl, wiw lwClg sclutica. la Wil ceBes the hu wics regdedy wbuorbed fre. the
lurg 8 wmu ripddl) excreted vie the urine cna fecvs. The wiune; lonus to retudi &
caasiivriby, Ligher coucentrution Lhas. cthor Lissues. Tie ridd excroticw,
Lrprexicstesy $C jercent In 3U u.ys, :inicives the Lisurd resuiting fre. wboltally
de c¢siteu Ru.

1. RKelcbeilss of lphcles Fiasion )rodnct acroscls, by abrers, Soilert, butts
lohr wnd lestel.

T.is _c:..pc.r decls nith the .etabollsn in rets of cir-berro fissicn ; rouucts.
Four different lsotopes icre used, sclecteu fcr their .cng iives .ud cs ropre~
sentutives of the vericus choidcui Species ceourring in fisal.n. These were
5rE9 (55 Ju;s), w¥5 (65 duys), 9% (57 degs) wnd Colbb (275 duys). percscls
of t.heaé sebericls were rreduced b ste.lunicg a uscus sclukicns ana by burniag
dried resicues in a curbon wre.

Strotiuc Jitfers fra.. the cther elescrnis investigited in the wcse with uhich
it is chsorbed frec the iungs. Cver 50e left the iungs uithin & mitter of wanutes,
and 954 .8 gene witiin cne hour. (f the spbyoripinclly in the lung, 00 percent
w.8 derositec in the skeicton in less tihun 4 hours, wng ofber lo hours the Loted
rodiction ucse to the skeieton excecaed Liut Lo the lungs. These resuits inuicated
thet ir:ulution wea a8 cifect.ve o, ewns of candcdstrotion cs intruvencus injection,
and thut Jung cumige ¢8 a result of Ilnhelation of ort? woula be of less i gortonce
than bune and bore Lorrow doilpe.

The ctier three eilewents Ty «r wnd Ce fay ce grouped topetnsr insofor us t.e)

wiffer frcu or. T.ey were wii exinincted frow the Lung such sore .iculy Lhun as-yz.

| 7
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Thus the ti.es recuirea fer 50 '_‘.ercg;!g e"lil.l Shotion were Y7, 12 deys; wr¥d, 25 duys;

ukt Ceddds, 45 di 8. 1n ill cises the siwietin i85 Lhe 2dgersite of e, csilicn
inu ewentually contuined 15 wna 30 joreent of the fidticd lurg we;osit. In no

cisw iu rerdods runging up b oov ulys aid the tobil rediition dese Lo the Lone
exceeu thot to the tur;, ws it clo within .o irs. wuith Sr. «ith o1l ulree elewenLts
L.e jrobulilit, of roadetion ciuw e Lo thie rung 15 [ re.l.

Very Little uepositiun cccurrew in the suit tissues, Tie (idneys ccntined
cbont 0.5 percent of the Jdese uith w1l tle elecents. toncwibruiion ii. vhe ilver
vios loewer then in the ..ldne; vith cil lscle)es exceo:t Ccm. Tiiis e.cuent oloicu
L ver: tigh initiel liver dejculiden, tub Lils ves friutuad, clicinitec sc thet
ofbor 2 ienths the liver concertiralicn fell telow thub in the adane.

J. Bl.-1b - The. sffect of Cicy on the Intest.nel absorpticn of Strenbime, b,
L.d. Lurtis.

Lita Love been fed .ebive strcitium which wes absorbeu ot ¢liy, wWhile bLielr
contrels were Leu vie swee weunl of webive strortiuc b suoos sclublci. There
was no sipnificent Kiffercnece .n the d.cuit ueusileu i the saeletun betieen the

w0 EPOrEs, wnd it si concluwes thet if iuns wre wbserted on lnert wavcrivi, the

will be eluted Jurirg their ;ussipe Lircugl. the pastrointestincl Lrwcl.

Ko 143 LAH 2040 - accusulsticn cnd Listribtiticn of Reuiouetive Stroemtiung,
Burive~Lontlonum, Fission wixture wug Scdiwm ir Goldfish,
by C. 1. Frogser, «u. rervinsek, d. Arnolu, G. Svihle
and I'. €. To. rkons.

Spi-dl nenefosaiing goialisn cccunmlotec rosicaciive stre:tiun, bariwssunthaluann
fission cixture elerents anu sowiw fro. sciutions ii. uhich they tore diawrsec.
accunul tion wus rupic initicsly wxd contloueé ob o rete grecter Lhin the loss of

roaiceelivity in the neciuw Ly vecsy uru wbscrition. lHernce, the ritic of the

concentaation of cebive .otericl in the fiss to thot in Lhe colution incrcused

— w'-h‘."""""'
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vith tice. ftor o fov d ys this co nxr priie 108 sty cotaean LU
od 100. The ccncerbrolion riliv sis *ndci;uueﬂn ol icse over Lhe Topgc Lavestie
cates (ULl ie te 1.0 g/,

C:lec. ricus Lissues, such .58 &.€lcbili WG 8CL4@H, LCCW Liulcuw acul 7y | ereeid
of the riuie=sbt. anbiw. i reudcb. vivi i. the whele Llsi. LLLLthuL.&hd i cnmedure
of cerit., ybirit. oiw zircudun=cCilidilie offcilen o Le LoCmLdibed « visceris
Lisaues, ..pecizuly the .rtestine, wow to be .ore cctivel, clserbed on lecos ond
£1ise tiwn vere the (lucline e riks, T.e cegir Lie dstzibution | crtdculerdy
cf bole-scekers, o Lrersion wnd lujectiorn diclcrteu thet thcus e.e.ents tese
goken vy Vhreugn piid cparcl .omkrines wnd were Jistrituled Ly the tlocd. Heudow
sodiuz. Wi presert in (recter jrojortion ir the gilis ob six Lours t,un Lutber.
Figsicn nixtures siafted it munaince iru. ~oft [urls te ton, ;orticis f the
giLis wurirg the iirst few asys. lnjectici. esperiuents mndiceted L.ob there wis
no fecal excreticn of stroctiocn bub Lhet thers wis ; Snaii wount &f feccy excreticn
of lilU=Lil 0 .ud of fissicn zixiure. ocie fission mixbure cow onchits zjleiXu.

to be Laxen out of the .ediu.., sither fron lecos or wober, wnd jrecipitited cicog
the irtestined foids. The »cik cf crgs iu rire cviries uccu.nl.ted scue ccipcrenls
of fission rixture tut zict strotium or birawi.

Young ;reving or re; cnercting Lone szecurmleted .ore rewdocstive o teridd Lthan
dld older Lane; ceriile e ccwudited .one ¢ Lhe tene-scekers. lerge s itlure  ueue
fish accmwulebed Fidiuwebave .iboericl oore slowi; bhan wiu scida fish. T.ds
iuve buon o ;o.t recctes to their coleiuc turncver. Uplaie of sbriontium Y whu
v;lase of fissicn jixture were siovn te bte yrecter whe. the surroinuing ;ohd woter
Va8 kow ln celciuc (1.€ pp;} thon ke it wes Ligh ir eciein (G6pp..g. 1n.cuive

stroutiws clse reb: rdcw the ujfe.o O rualesbrart b
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wBOO LLE 281 tore Lranoderrod it jelive o Liotlive :omd tter .9, acut
gu.e Li-Li wng fissicn wlzlure rowicoctlvity £ru. weft tissuus WUy Lhe 1orst
T rors Lub Lre; wia riut. ieSe bie .oofer L ort f obliedr roliceetloals i i oster
e by et lore. The rite of less «f roulestronbotis . jeuwred e L6 uncliecbeu
by tpe eiiciwl. cuentent of Lhe woter.

Geldfish were un:ble to deserb wny wyppreciible cuunbitlies of fissici ove.suts

froi. sus, enucu cley .

Lo ﬁ;. e Sipdft of Streting Y9 froo ihe Lotier Lo Felus wnd Yeus, , & Fingei

and brues. | o

Strontiunt? ikher. injected into uie .olher is truns.itteu Lo .elus L. uhe
vlecentel cirt;L:l cion, and olbur Lirth is injcstou b, the sucuiin, eniicl in the
cilks,

The Flaeental trens.dscicn is pre.test when inecled intc the ..cllier in the

lzst three doys of ;re; nirey. The vebis wwernt possing weress tue [ lecentel

cechbyoties Leccnes progrecsives; less s L @ Liborve. (cbucern wie Lijecticn of the

strontiucty wnd jartvriticn inercises. .ith injection .ur_ig e lost threc aL) 8
of | meenuney, hawever, the young ire tern Lith o tigler er  row wes .t ioosvit;
tinn thul notea ia the ncther. This wrount never reccice i congenbroblodn ..ore
tha tuo Limes the or _re. mocrnt in the .cther.

arliels tern (CPe Uhin 2@VEL w8 ..ol itjecticn recoive 4 -ger wncents of
the atr;;‘t.‘um*—‘o’throubh the ing.siicn of the "uotive" uilk then Lhrou h the
rlicent. .l roule.

In the cuse of the plocont.l trinsiissicn tie wotlvity of the .elus is
adiectly | roportionad te the wose of stroct w ¥iamunistercy Lo the . cther. 1n
tie cose of exeretion inle the Lilk whu ingoseien . tie LouLp Lliwed, the pigher

ag.es ylela relabtivcl:; lesser u.cunts Lo tie c.i Spring -

e —— ”
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U. Tie Shiit of flubuiiv, frn tle I.é‘if.gr“'a!!.{ctua cias Yorne , by Pirxel

ohen | dubcediuvic 10 Lhe fon. of the  _us o :oticle i injectua .:.-.'-.Lr;.vek;ouu.'.;'
Lube o re et andoel b tie .uut birec wos of | rectiae, We Ivtus JLuorts
vp b 0. f the dose thrcwh tie ;licerti,
| Vivtordu, us been siewn te be Trensiorrea Lo bie JLispric, threu s Lhie
whli b o ile of Lhe foct breb tils substenee is nel chbueried i Lho AR X
intestingl conal of the :uuit.

Toe survivel of Lcohivrs pivern oither rutofw cp .-.st..'o:.;it_:_."-‘ri‘c;m:iﬁng
pregrancy 1s tettcr trun the survivel of snic.ls  iven tie G5 .or nelight dose
rot during l'rea_mncy‘. 1n the cuse f ile stre.tauel” :.:‘i::.\-..}.s biiis conld be wue
Lo the runeveas of tie isclops b, ti_ie fetus. 1In thke .ustoreu of | Lui.c;;.iu.“ vhus
cazrnet te Lie aa, i;a.:-.Lic.:';. |

atho, ve s of bhe ictvs 5.0 t,i.a‘t.l tiw trentiund? is in the poirte of
caleificstion,

Bone tunors hove cc&ux'req an the offspring cf ccthers receiving strationt?
Lt th_e neorml ;ericd of 200 lda.:,'s. The thresiole of cosuie lo reluted Lo the
specific acti'.'itg;' in the fetus si Lirth rether tros ic the wiult ste e.

The ret.eﬁtic.-n ty the mew torn wndi .l £} I TRECLES i‘vb‘.-- 9 corlr.sted with
whinils wore then 15 cdoys of e une cuder. |
Specicl frotlous

l'iuvoniun c.ad.ue a8 been ljectud inbe abloaly (benlcaﬁh skin) iu order to
follow the ciruwidc effects L siol Irtendix clsersticn oo scgsiice tuior develc; =
aent. ULoses of 1.0 mg 1n & single dcse were injected suLbenteneonsly in rots wua

rubbits.
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Yeobubelign, otn. Jdotlution of Varicus Fosuich 'reuwvets. lusdilen ot Ll

woliiclis. of lnyesteu wno Injectus Tesluriw., kiditon.
ctitolis. of lryoeted Iovuine. li; iltcea.

ot elis, of lincles lowite. alriio, biile) ubd wendor.
mebeeiclis,.. ¢f Iibiled mtheniun. «brais, Liiloy .huw wender.

abger, Licn wnag Fixution of Fls Ion Preducus |, dlinbs. Cvorstrest ord
Jigctacl. .

Hotonticn of Fissicn Frouucts L) iis. Cvelaliect ogia Jueclsdn,

Attengts to renove fissicn Ircwets Leeddidizou ok Bore, fizpdltern crai Cu

absurilicn cf sercsols fren the lu.g i meteioils.. of Fissie irewuct’
avrosols. abrunsg ot zl.

‘oti) cidas of 8r.87 sbsorieu wa eliy Lhen liy esved. Surtis.

~atelelisn of rissicn ircduels Ly uviwe Guiualish.. lrosas.r ot L1,

Scie Speciid Foutures f ihe Lobucolim. of Injecteuw £c$.  authony uhu Lit! rep.

Jo. e Syecici Foctures of the .ebilolise of r-iLY9 ng of Flasicn iiature.

autieny wna herds.

Shift cf 5r%% frew iother te Fetus. Shift of Fu {row. . ovhicr Lo Fetus.
Brucs and Mincel.

Snift of 5rt%, Y91 wnd Rudiug in Culeiw.~.etiteiizing tissuws of io g
plrwns. Bleci and lurrly.

~otebolisi. ung Listributicen of iluteciw, in Rets. Hoodlton et cl.
wetobolisz of lntriverousl; injected riutoniw.. Scyucr wini Kisieiosil.
wetaboidon wnd bistritution of luheled :lutcidw.. ahrass.

Rethous of heiovel of ru in Luw;. leodlten et ol.

Listriboticn of iu in Very Young ani.cis. Firced.

L in indeX ..,b,C,¥,U,H,.,T to gc vith legend - ro, crt iaciuleu

in Czlifurnia deries else.iere in this velune.

=g
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CATLGURY Vi. LiSTRILULTICA OF IaBisiswd ELJITTRRS 1i THb BCLY.

r, Irager Stuaieg :ith Inhele;i 1.0 Year Rutheniu~, by Dalley, .ender and
sbrams. |

This paper cezis rrimsrily with the fate of tracer quantities
of airborne ruthesiusm after inhalation by rats.

1. In the course of the worx it was neccssary tc have a
siuple quantitative test for hu, snd a colori:etric test was developed
which depends on the tlue color férr..ed with rubesnic acid, It was
posgible to delect 2 sg. of Hu with 10 per cent accursc;.

2, In order to expose anlicls to Ruly v.é;:or s & generutor wae
needeq which would supply Ru(y et a continuous end wore or less uniform
rete. Of a nunver of oxidizing sg¢ents investigsted for this purpose,

potassium ;ermanganate in sylfuric ceid was beut suited,

1024182
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7n. The bifects of Ludl

wPoRdabua) 30 sdorccuries of rooicoCul.@ Sthaals “h (14 tp) serT | rie oL

Loy wodped given ity oritieaciiid, mee Gonwce JAthin oo o 39, owlthdn the
11.it8 Uf .0 weLRLUS &.. 1Cituy ib i @liiclew Lol tebe jorticies tra. swaiuw®
ure bout s effective o5 sitg.e wscs f X-reys in claaln; .aice.

The mice excreted 33+ of the injeeted scuium in the first dey wns Sux ia
the 1ir.t taree woye. OSiri.iri; lujected rits excreted the Scuiu wcre slend .
Ircrewsic: the tetil scudum cllorive lojectien Liva Zoul Lo Buehy =iour .. [eb
Loyse increcsed the excroetion .o Liw Jirdd < hars Ly c.oub L.

iwdicictive ccadun curinister.d inbréieritenuillg ITC UCES L 18Ual] vlikiy
peutre ohii ond 1. .cfenis in ndce mithin’p diy 8 wTher dcses S &3 ;ic:Lguriem&;;

or .ire tere givor, 5o 81 nificant ileuco;erii oceurs LiliP o wwse of de Wlorecuries

}'-;I‘ :-:L--

L. 7The ioyte Radjotoxicit:, of 1. ‘ectes 13~ by anblen; , Sryder, Heider, Lurrcy,

Jigolsen L 9ilklli.

aBC jice of 2U gus. wvere e veigil wore plver irctreperitone. o1y doses of
IPJZ run Ang Irei. V.55 uc/pm to b ue/ . (bgerv.tions on Lhe axcreticrn, re-
teation, aistritutdicrn, ciinicil ol no, vuriivel, hercbele;icul wnu (wlhole, ..c.;..g
finulngs were ade.

The pockea excretion of urine :nu .eces sh.oveu tiel uiring tie first auy
20 of the totul uose wus excreleu. sl tle eond cf the third du, 30Us of the total
dose hLia becn reccvered wnd b the ond of .o vecks, G5 of the teted qose.
Aprropricte wliowences for the roci.cccetlve cecuy rere iiue-

st the end ¢f Lhrec deys the s.eleler copteined 19 yer ;riw of the in-
jected dese; the iiver, 7.7./gm; the iddney 7.Zmfim; the s loen, v Lof ey the
heert 5.in/gu; tie lun s, 0.3./ 0 t'ﬁe stc..weh 5.ow/pr; the inlcstiue 4 eUnfER3

the ciecuws 4.0x/pu; the lirge .ntestine 6.9~/pm. The carcoss {contelning

1024187 ¥ | /68



orguns one tissues nol exXir huuw ihcavillaady ) Conbougiod 35,-, of the ucse. i
| totul recovery culeululions <To Siven. |

» briet deseripticn of Lhe clinicdl fi.dires 15 . iven.

Supvivel stuuices shm'.'-t.ha_t Lthe Ledisr. sethel wose (LU 50) ..for 30 doys
is Letueer 2.1 wnd 6.4 ue/gu, cnd 1s probubly sliphtly less Lhun .0 ue/in

L8 anliils ot L.x ve/fin survived of wver @ of leé.c days.

Fubhoiegicnl studiss of the cilect of i%% in toxle dosss e riven.

in Rets cog aeice.

tice wnd rits vere in’ectod lntrojeritonecll; it tenle woses ¢f reudc-

C.

bardiuc.. abaur;-.tipn wus relatively riid wad exerction caw.sldurei.e wiriin uhe
first de; . ;'..iqu hsual],; excroted’ 25~ of the injected ucse b i noirs ud rots
c::.crat.m - COLS araLle weount by 5v nours. Thie excretiorn 'r;t'o uie eu.purille to
thet repcrted b, Homiltesn vhe foond in rots o« totud oacretion in 4 awys of ibaut
Lo of Bal3d ird 254 of Beld®, kxcretion declined r+iidly st bhab wfter six
duye u.icé axeretua o end rete C.5. of the injtected dose jer duys (6 ruts
a‘litt,le_ Lere than 4wice o8 ..uch BalbU vis excreted by wu, of feges &8 L, urinc.
This zlso sgrued roughly with rosuits et trucer levelis.

In uice about 45X of the injected dose of bals0 vius e, osited in Loue wnd
in rats ubuat 60s cf the dose. In Loth species thicse values represent jrecticclly
ull of the retuined Baibl, sbsorytion cna cecuy cu.ves cn goft tissues, however
show thub icost of the _inject-.ed-l.cl"o wu8 in splecn, liver .nd Jldney l;;;eu:»;thj.y
wfter injéebion. idedted dela indicated thut pructice.ly none of the 12240
forued in bone by BalkU .eciy left the tune fcr scit tissues.

‘1t cun te ccuciuaew th It tho exeretion wnd Listritution of redictoriua
«ra the Wistribution of racic-lenthonus ot toxic leveis wre e arctle tc.Lhose

Lt brucer .evels,

1024188 | /o7



ks S o b e o

The uose of B L0140 (zcustred os Ba'-u‘o) re wred be olul rifn, | .reent
cf iijectwa wlce in one wonlh wis dieut 3 4o 5 ilerceuries cer 4. The ucwe
re uireu Lo .ull hedf of the injeclo. roits AL U 4Ll Wis LadO ol Wb 4 wellt=
curies , o ;..

The wcijht curves inlicoiie Lhcl Loore s celouite pobiswibicnr of cTeth
in idece b <.&5 Lderveuries rer i L6 Lo rete ot 4.$6 Llcyvewrdes jer .. The
threshold .or velpit .css vius, churt Lelf ohe Liulelhul cso. ‘

Hepatelepdeol dute dnuicolou Lict 1o ice Lo burcilioiu .o clicets on
hawoglotin oo sw. Llood co.i couil ust te cieve .0 ;hcrcuz‘risq L8P ., bhit
ol 1% wiercerries er po. the helerop hils wond lyspleeytes counes wilandoied oha
that the wese of U.L nicrecurivs o (fe. cijpourid Lo Le just Leatt, Lhreshoiu.

In rots o vese of G5 iderccuries  or s, decrenvea tie '..hi\.e.. tear count Ly
ttewt 30 ; .recent £ duys ofter in'ecticu.

Hi:st.c. 1c;icgs resuits in imice cre of two sorts, (1) tne deicge to soft
tissues purticulirl; spacern, wesentoric iymih rodes wna lymphotic ind e ithedial

tissues of pistreintestiiel troet ;robebly due pri.ardly to frruaiition frou

lonthunue end (2) digege Lo bune o bine sarred aue Lo irre iotion from de; osited

birdor. LUirige in scft tissues vwes s.en four holrs wfter lnjsction wnd ganige

in carrow wes sppirent ot 4 heurs. fueh recuvery in the scit tissves .cs cocourrea

by 2. duys.

The 3;lcen teuk over such blood foirution s tie lone ..rrow uts dimigec.
st 5 ticrocuries/gr.. the red julp Lecwie hyperective with .rytire; oesis und
cranulocytopoesis vhile st 1.5 .lerccuries ;er f... the nirrow wia ot sevirely
degleted urd the reua :ulp shoues no cverrctivit,. The ucciewse in muber ¢f
circuliting wetorcghiles cnd 1y jhocytes ;crilieled the nistoicgicil cumoge
alilicuch Lie .ecreese ir iy i.cojbes ol -.) .dorecurivs/ga vics [ ro,orticnaliy

grewter.
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Threshild for bune narrew duii, e & Te0Tou Thiie Letiesn 1.5 snu Uab

- alercouries ;er gh. ond for 8 leun tetlecn Lo5 wnd . sdervewtues Lor .. The

dirsge b bine torniw was e bust Za Lhe ot lysis one wuskers ha she, et
irreddciion here Vis oo ton btines tlet ir ilis sh.fis. The wiiege Il Lie shidt
in the :ich v.hich recuived 5 udcrccuries | or ;i w8 to . aleiae With Lot .oe to

50U r of sirngle tse Xe=ruy. Tils corresunucnce is sisil:r te the corres, cn.cice.

of L.e :lduselhis tode b 4 slorecuries ,or j... Cii;area Wibh 5wl r. of Lobea
Lo, ro-iivdorn.
The icvezt icses it wrden histile;le.l Gémege wes delectou ip . ice .ere

1.5 tierccuries ser ;i. for surres and G.5 sierccuries .er ... for s;leen. The

douest .cse ot which i decreuce in the ccunt cf-ciranl.iong hite Liooi cuils

W8 wetected in tice wus 1.9 sicreccurics [er pile onc .r rit.e of G.0 .derceuries
ror g.. The thresicld for .cthal sction (in 3 neuths) was cbeet .3 jdcrceuries
per gu. in Wico wou for vel it loss <.z wderccurics ;e iL.

-

The Effect of BaldUladdU o 410 Hewstolo- Fer

Hlcod of lice ¢nd Ruta, b Jicobsor.

0.2 rierceuries/p. of BedeV L4140 sarinistored introperitenesll; to wice

+Cud Constituents of tha

rroduced only o cuestionill, sigrsficent sccrewse in Lhe rerijherual blecd elazents.

a dose of 1.9 sicrocuries/gn produecs in the wueceytes, i, ;Locytes wna nelero-

rhils & sijrificent und repld reductiun sust.ined for Ly pread.atbel; 00 uwy 8.

Repdd reduction wnd sesth within 15 .cys fo.iciing wessdsbrivicn of 17 .dcro=

curies :or [Tim. Lo.chunges .n the erylhree;te g hewc icbin vaiues .u1e nobed,
In rzt8 & bunjorir) wepressica in the ieucceyles wiu 1l;. . hoe;tes toulon-

irg the lntreperitoneci wduinistrotion of C.5 sicrccuries rer ;ruu. ho effect

on erjthrecyle or hewojicbin velues vis noted. The resvits ouuceq by .S

iacrocuries/gr in rots vere -int.er-_.e:;:'.:_te Letveen the effects of L. and 1.9

LLerccuries/g ir nice.

s ouml .

/1!
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ind ch..l ua.tau} L)

A lig il

Coniithes ., T, ...ms, .t re,

by L.ge ice of Jo By DRPL GUmDLWAE] 5 i o « U (08 L DALt
Pilits of loaeaiol TP IR SRR VAT sablejeriboneLl .n deews PLbifaad, L.,
Vel Lo <V . lerccaries 3 A

bxerstion sincics & puicoves Lt the rleu shaaai oo over: o cucruvicn wa
shn ©f the uose, iU~ in the .irsy o MUrs; <b. ct i hours ong L e VIV S VINY
bo diffurence iu ihe sive of LhG deue na rite o excrullion : W8 Lolou.  uts
shioweu .n exeretion of €. of the .ose in the first fu eens8y il et & hours,
e it 2 hours woa 5. ot 5 Geyo. 1o o uliferenti:l betieen viv rutio of

urinery tc fecudl excretion the retic tb idrst L uite viridlio wyub Lt the urg

of the first w.eek ujproiches c 1/1 relctionsni; . Is reilils L totid eacrovica

Letveen 70 :nd €04 in the . irst tLree vcels. Fecis escreticy decrerves Lo low
ievels ut the end «f iu diys Lise. & coupseralive study of ol. three species
inaicates thet the rcbbit, ;cuse sng rot excrebe Sr&Y in decreuslng craer of
tetal aechnt with the robbit excreting tuice thet of the rot. Excrcticn ia
eliost coylets ir iG-ls dieys ir o1l species. 1n ihe next YW dc;8 ondy wbeut
30v of the in'ucted cce is excreted. |

Retenticn studies .riieste Wit (fL.r tiree weels .icw el a.Luﬁt 455
cf tie ir._iectec. Grculty re, t.s, St Lna Peblits i,

Wistributicr studies ir.u..c..tx. Lhet tie soft tiscuea icse the Spbs very
riupluly sc thit ot ke cnpd of the tirst 3 awys less thun Goia of L}.-e inecteq
dose/gr of tissue can be «~8u8UrGG. Ocne cuntains ail of uie recilnfhg wmeunt.
The feour hus tle ldghest corncentroticn PR P N

Texicity studies show Lh .t doses abevs LU rlerceuries/gn ciuse 1006
~Orteiity in all species in leus thati 2 wees. LL/5u studies ler the 30 duy

fericd for the idce - 7 te ¢ . derceurdes/in; icr Lhe ret iess tiwn 5 iderecuries

‘I
o e R o
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N

per gn. wnw for the rubbit, less thun 5 ricrocur.es 8r (Tek. nt. wie 1Hw duy
yerdiod the wice wna rub uhow o tueo foid wecrowso Lk bk reguireu uos.ge W.ile
tho rubbit shows cily o Ya uecrecse, |

_ » brief clirde:l aeseri;tion of vhe s usptuns of SplY texieity tor wilnils
'-il given. Gross puthciopicel exasiretion shows o decrocss in Ly.shotic sieconts
and o =trked ovidence of horormhu Lo tenaency s
el ht loss & parent in cni.clis sheullg no other sig af toaxiclit; . Tids

. was re.:ted in stce extent to docrecse im foca cuz.sw:.pticu.

Hewstolo ical studles i Lhe ;eripheril blook of rebilts, r.ts wnd x.ice

Lfter the Litreperitenesl or stescch vube sdministreticn of SréY in doses of
fros 0.0}.5 to 145 uc/g for va.r}irg pericce wp t¢ 37 are rerorted ibove.

adbih tine teckriques e:ployed in this exgeriicit & reducvien in the ncterc—
,,nu valuu WUy the cost sensitive inoicuter of wcube rnd subacutc effects.
L‘._nder&te but wignificunt reduction in hetirc;nil veilues fr.lowea t_.he intre~
_ parit.dneql injection cf V.008 u_c/f, in oBC méle sice; nc effect wus a purant afier
the adainistrstion of U.0Ll5 uc/g-by Lhe suce routé ir 2 siruins. irogressively
sore signitlosant and sustuined ‘,reduci.iqn in heﬁeropl‘ Ba wnd Ay '-hoﬁ;'té values
followed hipher doses. No uherdz in rice cccurred Lith dosse of 04034 ue/g =nd
bolor bub .«derite umi sustoined cnemius v.oce iypurent with doses of & _:ro:dJ.'.ut.eiy
2.0 ve/g. |

The ndninsl dose eXerting o .ewn uetectibie reduction in heterophid valués
in rets wus botween Q.22 und 0.5 uc/,; doses stove this prouucing & irogressively
sare severs hetercihil depressicn ird ;1 jhicpenice. Intreperitoneel samini-trotion

of the isctec @ o3 &ne in rite for compsrisen vith the 1 route; uniintroperitonscl

[ s
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dose of L.t ue/ wus requires to . rouuee ctich of heterc.isl viiues of

8i, nificinow in the roliit,
B. aguto iodotexjsity of Injecte. fuclosctive aare gurtk lsobe es, by iitile,
arvlitny, izthror, «. worrds, SccheP, JuCCistii nbid . UrTey.
1, scute luclotedelty of Coriunlhé
Cerdundbd (270 uay Lilf 11£0) ko LuninlStereu inire:encusd) intc

dprizue Livloy rotos In the folleuing wesijes: = &, 3, 5, 7, i 20 ue/;. . Tie

ot excretice, ritosticn, dstri.aticn, clitje:l ca.spes and. urvivil ti.es

vere oludles ¢ tle voricus cesup: levels.

Toted e:gc.:-eticz: sbuuies siched that 1. wie weow, 9 of 1 Ut/ L 4.Ue of LLe
injected oy vis e.croted ot lie & huur pericd, 13. ol tie iUy hr. perica, o
L6 alx necis D3, in the 10 uc Josuie, 1.7. s Oxc..tec ut the S hr. s erioa, ‘
Yo el the L0 Lr. perded wnd ot aix nowks 534 w6 excreteu. The urinury oxe
cretion is i etrul;.t ilne funcvicn Witk o uonmiiera tremi. Tie feczl excreticr
rest to soxisun gounts ot 168 hours ot nnléh tie it hes. nioprexiiabely 45 Liles
the uﬂmi';' velye. |

dtuwies on retenidon lndicele thal ot the 6-7 us, rorica YU. of the dose
mimu_ in the wndmi; «t 3 veons, vU;v receinei; ond ot YU di;8, 54n. The cislyi-
totion of Lhe eiisent. srives Lhut ihe liver :rd curciss ecntitied the aajor w.cunts.
The 1lver ot 7 doys ccatuired &0 of Lhe.uose; el 3 ueciio, <da, whd &b Y0 diys,
Sime  aliv cureLss cohtiined 43, gt. J wecks risiig te L5, . G0 u:-.,;'s. The nijor
;ortion of Liis w.ownd wes iz bone.

4 brief clinice: deseri:ticn of the belevicr of Lle wniils Lo sethil coses
of ceriw~bd is ;ive:.

ourvivul studies sicy tiil tie sewlan .etini wese (ib 50) for 30 <., 8 is
Letieen 5 v 5 ue/iwe For Ll uLy8, it is let.cu & wa jue/oa. The survivel
tize is directly jrojerticnidl to Lhe ucsege roceives.

weil ht stoales wre wow in _ro ureticn.

—— 1



41, scute heulot
Yotriuds (57 ui38) iio tlincsbEite LAl Voui bba) 4,00 31N ue

vinl@y U6 L4 Lhe follCulng (OSLEELE = 1y Ly Yy wake ob uefiie Tio totod
e.creticn, retention, wisiribution, oliilci. Cli DEGB .l LOTVAVLL L8 .OIU
studled .t Lie varicus uosc; o levels.

TObos <XOIELIOL SLUUILH Enlhbu Lhal Z. i w3 wue O ohe L., cCle. wuso
wnst oxerebeu, LG at &b wiys8, <O te <ba ol ke inleclew ucse, -The excretion .
dipeclly iroiericuul to Lie uesuye iver. The urine cinb.lie¢d iue tf Lhe total
excrutici ot the 4 i) ;ericc. at the Yuh .iy, Lhe ieces lou Fiseu vO S--..,..' of bhe
totis. |

lotertion stucies (C0=90 ciy8) shoreu thut 60, of iie Lot l uus roLudes
b, the wuisels wibk 5.~ in ihe cereiuss, -i. iu the \_risce;.. tidh web. in the Jecur.
Tet:.l reccvur: viives uere LT« cf tlhe injectea w.ouC. |

iistrituticu studies shoved thit the .iver cuubidicu oa o LiC ulBej
i€ 8 LeVm} (LBLEU~ILECBL il WLCCL Lol TCLUT, wa5pf BOLTL, arledh LU aliogp 3,
ie8s Lr.li 1o ci Lho uwoisc.

« Lrief deserijbicn of Lhe clia.i'c::; cilescts of uird. I is  dven.

Survivel ssuales sroags Lhet the . sulon Jwwhil Ctge {ib 5.) for ;du‘.;.;s
wis Dotieen 1 .:d 3 uefin. dthe cunl..ls roceiviiy i ue/.. wdeuw iyt v B0 b
G, 8 tfuer ihe wuse Wl L. ectec.

eh; EL SLUGALS sivtow bhit Yhe lo.uest wose (1 ce/ge) uo)ressed ,Touli i

tuese . ta.

The ..cute hioictoaicil; wi il ected circes nivan=Ooiwipi? 2, b Fingie, .a.bher
e 2:0PThc, SoCrer, dociiscn, Sivens, heater  nu . derce.

F.

Tie Gubo of Lhis ox;cricect is tee duen - lebe Lo, er ib iwajeds b Lilig
ti.ez. The -myesel is s..iler to trit use. iu the ralluder L& Lhe s.uuss 0 Ui

eiictes of sntornol rrociolice o:tie gePont.rils) —ubltutcew sutatinces.

//5
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Lo Ll N8 LN 1iul'CH.
e ey

ete vere fed ;?tt.riuf_f’l in gingle doses iy sop irc. X uc/:; be oo proxe
ix.ntelg 30 ve/g. The cedicn lathel uose (3¢ uuys ) i‘or the ligedtes yulrin s
w.s fourd to te 2.'5 uc/ii. Desbh wis ciuge. b irtesbdned tdleoudsg.  bnwdanabiva
‘of survivly unic is shoueld 1508 :hilch Zug receiver fror 10 bo <0 m./‘z_ lur sirgle
dose. ceibinued So deccnstrile intesiinil lesicns b <in Suys Lo Lora.

Rute wers clso ;dver _tbpim¥i Cilly in ¢ chrorde fewiln, exioricent.

The Jos.pes uaec evs up tc 2 uefus for o Lhréo sunikh ;erio;.-. whd U Lo 1 weffn.

& six menbh pericd. -burdng udie ieediug porica Wie hiphust .evels 1. ieth

the Lhree ..nc 8i% wunbh exgeori ¢iis Sutweu w stizit returdutiun in &r__c-t..t.h LINL &
iyepheg arda, At the ens of the feeding cf the ytﬁr.’t.m:til the anit::;lls slinically
recovered. Twe hundred cuys afver Lhe initigl feeding 8¢.8 ¢f the wnicils &t the
blghest Jevels dled wud shoves :nbest:rcl +esicns b au‘tc_:a,i; ho f.u:.bra huve been
ivoven :istoic icutly. at the yrocent tiie oidy fikrosis wna vorglig grudes of
int.da_t.in...l cbatructior ¢ n be relubed Lo the (roctuent,

Culeulaticis ;hwe been .ttoryted Lo denctistrite the wogugt of rediction
received b; the lutestinidl canul fren Lotk scute wna chreaic }*Ltrimgl sxj.coure.
In chrorde radiaticn the dcse ia ¢; prexiistlely 50ua of tho .-acuie huc.use «f Lhe
uepresdicn cl intesbtiscl .ctility tit the scute _éx-,- csure in kdgh cencentrziien.
Tre kigheat chrondc uose is i/iUth of vhy wowbe lethul dose. “ith the 50w pee
ducticn .ne to ircreused bovel Eebilit, the zetuzl eaztsure to lece rLy u;..'.-.z.g.é
is cpproxdnutely 1/20th of tie .cute ccse. In & sapdre.te sxporivent it wus
Jetercined thuiv te -as;:-resé -atestinal potiudty te T’.i:;.e' &0 uegrod =8 neted witor
ccute high concentruticns of Y91 roesuires . rrenimitely 40U r ol x~ruaisbion.

(<00 XKWI ).
The totel uocunt of the yttriund) Lsorbed from the put wub aetercinec os
104 to 10-5. of the wuiniristersd dosg.
a——
T 116
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Koalieiuberrophs were moge of o -";.1sl H\: _.!:g. srlrioed (id wowinstrote

Lthe Jcelliszution of Lhe substiic.. wnd its efiect,

T L : de In;esteq *91 ate Lbher Fissiop Frooucts

The uatdnistriticn of Lhe insclutic bet: eniivteu Y7L to rots in siuglie

wcute doses end tie uwil; cdidnistrouicn by guvige over e.tonued rericds ..y ;. re=
wes wetect.lle ve il lepdcas ¢ ives ju the :ori Lorel Lictu.

n onlkiae wo8e of LU ue/g jrewucus i carltic shenda dw @ Lyig Busuniis
s wese of 10 uc/L | ICduces o LG, GPLE ap.g e, 8o, Netore; i ds vilues Lftuer
.-.d.'._'.:.ist.z_'..t.iur.- of loll ol these LUseS or'e earweel) erritic. € himnabtac icil
ezfcct.s. folluv & singlie uose of 1uss thun 10 ve/;. e wruiiw is cTeeuced Ly ucis,
pivese of Y9 o icunts fren .3 to 2.0 we/p der o erica of 1%L 4L, 8. 4 Sus=
tiitea lnerese in heterc.hil vilues occcur: wurlng tils | ericu of ca Siseiobicn
o ayig hocyte vilucs fiis sachd; b0 L oadndnum ob U te S0 LU,

Lo worpielogiend chinge o1 Jlirdilcince is ciserves in Jhe iucl. teu ecius

o eIyt roc;tes witer singie «r dudly Y91 puvige.

Hits, .ace wnc retlits vere injoctew inirpperivtoeslly .it: sciuble suiis

of riudun in cruer Lo ueteriire Lie wcube teedeit; of t.e substunce. Spiroiue=
Dewley rite of < gos. Lo.) teiiit receives utsc. frui U.d Lo/ vo V.9 te/i.
AlC strein cice (uiles coc feuiles) of <0 gus. wvere, & bouy waizht received
G.U0 be 2.0 ve/p G 1 fercle ince of «b f.s. WVerLye wel; ht receiveu u.Lb Lo
2.v wefpt. mericen Live mule riiiils of 2 hg. wvery; e vwel, til received u.Cly Lo
0.1 ue/z.

dixcreticn Studies. The cwcuat of riailum excereled in rits veries dll.ctly
vith the uosi e used. in Lhe 1.0 ue/ n frwcy o 55 retentici of Lie ro.iun nis

feurd ab <0 wigpw whidie _u Lhe nexb <cun wi)s wn o alticnnl I=de ciily eS8 exeretec.

i
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. A _ C
The ,ervent: (@ 0f LCbtiiic. .clivogee TalR LI e Q S0 Licb b e Gall vo/ .

ieyel, & reborbiin of wnly 5. 008 founs U Lot

In Lice &b Lie & U uc Lin WUBLIU l6VLd . e rebernilun s Lobod oL etk
which otouireu irn t1.0 weris oiber the injectice . Tre jercente; e ruheubiLQ we=
crocoeu With tue uvse wdi ot the U.00 ve/ps. ievel, iy 10 Lo 150 »o3 found
b Gewth, A struin uiffercr#e ahe soten Vi wis fcﬁnﬁ. The CF 1 mice shcied
frester wecrvi.e in retaniic. witi- Lle ocher acwe8 thou Wd L.e .0 _ice. ¢ sox
wiffvrence V.5 ncteu,

Lilitel unwiyses orn Lhe roitits (8n:1z siries) lailcibos uhibl Lhere is o
aecreluvs retention 5.ith the Loior wesee.

The Lotua exereticn di ol thre. Gy wCdey slitetu L Geeroise LLiCh LoB exe
jonentill itk tuize oot ve iy5 doiSe

Listrituticn ond hetunticon, Distributic; stuulcs curried cut ou rits
only showed thet @ fior o shﬁrt sPobiuoniiry yeritu Sie of the Lotzii Goue wos
toard In the skeieten viLh ol 1. eiselerc. ir SUi@ Lld.i.8 JhOre _Lorecsud
cileifiacticn hid teen coused .1 .oit tissuus (eorte, liu i newes, fiircus Lissue),
this celeificubien vies bbenccd ty o grect ineresse ir Lie waiunt of ruciun ee
Fositou. a8 cueh o8 5 to «U. of the Kisl woac wis Clben lotnd ir suzh cg¢ci-
fieuti nu,

ourvive. stuuics st.olou Lint it I 110C &5 ,ered Lo wegsCLge Cap L LrLLL Ll
With the Wsi e recciven. The ,ediin .othol ucse (i 5u) wt S0 w8 o the rot
WS L reeiiined) loue/imile | uelohb and it Lol deys, . PTCILLLted] vl v/,
The curiivel siuwcics o wloe Lere cncst jsenticsl witi, Livse in the rols. .o
ok w.oforonces wese nubea. The JOSLEY Vulu do Lhe rr.ilb o sludy wes too ol to
eliect un L Sy,

Cilideal ciserviiicis on the Lehevier of iLic ihrev s,ecies .re ,lven.

R S s
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wodp bt el inoes Lo pite SnaU TRIL UL Seves 4 L) UG/ L. it Sl
(Suss) o8 nebes, Tois wos oreciivieiae 04 vl o Sn . dot Gl o erice..
8i. AdiP Clif e woFE GLSulVe. [o. ilcu,

FiLhode, icoy chity wb nisteu tudre Lhe weveigpicite of eldedfic.tdlr oL
vhe weocpe of Lea ue/, o dedivn Lo o coxicbie i Gagd ue/ . These wiuia oot
ol it the staach, Ziver o oeoisiiiil; Lestlclec.  wortic culelilciiicrn
a8 nest | roatunces b il oovels (0o Lo 1.0 un/pn) na Geeurrce B (% FEN .
Wb tie U oan, eratu. The rercliuer of Lie, wbleodglei. Il i8S oPu CinD cied-
istic of iLalne uurrow weproscicn which 1001005 roviue. we, Cuduiti..

The hemiteau ici. cher:es siick wore noled vere Lr[i0ul oI bio o8 toPoiudy

describea for rodiun ;elscidrg.

J. The kffecus of Inheled Xencpdd3, v. itruus, Hiouies ond Jucohsch.

all & Jerilus w.s wese Voo, 1or the exicsure of cdee whia puoned 2.5 to

recic ctove xenonld3.  These woiiiis vepe Jivei. ex_ osures u: Lo LD curies/ce
for ;ericus u: Lo threo weeks. Tils invelved ¢ mexitsn GtSuge of WG re, trc.em.t;sn—
e ulviuiente~, 1;cioiciic.l).

Cf six wnlirals (ribs) uxgc scu, three died. Ko evide.ce us to Lhe u;uae ¢!
deutk. The rencirin; (hree .udr.ls vere swveri.iccd i..d 10 Lisbeat,ical eviu.toes
of awnipe sere fiuna.

nC neLLbeiGpiced cliury es uere noted.

Tie julies . igs were ox.(sed 1. the siie .y to silihil, .cwer .evels.

Tre resnlts of tids e.peri.ent uers _isenlse nopitive.

K. Redio ot Chesdcel Toedcily of Viricus Fission slercnts ser Gelifish, iy
brosser, Hsgen cia Gru:.hcuser.

The survivel tifes wfter rclullst were Limersed i: scluticus cuwntiinlng

rnewn cuncentrobicns of reuiebari. w~dl-linthinumidl, .ng .ircetluu€? werc uetcrmined.

s

1024198 /7



Tiie dubi five Lot +eb Lea, chhaYBCL SuiLl L. absy, LU raort.

Lo, igdt- 4 ¢78 Lz Celbh, b Scidermt ... abres.

in “houblug b Lo ostiite the weute baxdelty of irsciuple reait ctive
watoriig 1. the “ULES, PLLE . re 9K C80L Lo SueRes caladilag 7Y Qi) Culéd,
Grours of Oie Tels ero exycse. Lo the folat lng oeg: Sedy dhy vy ihu
<UU ...i.crwuriéa ST PLb. e lb icsB s Saealicont cory i Lhe <iu .—Crectrie
rits. These lui . .eiy, SUrvived tiie of 39 wiys onw e vda U8 eobhin ey
s The 77 wierceur;e .48 hew LBt suriivel tioe @i‘ € Lijs, Lhile Lo
poreerd of tie i sicrocurie rai, “ds .. still tlove Ltor Lol w3,

a8 L8 boeen da.cestirites o ir:.cer ex;;érin.c:—.-bs, ‘bsor, ticn Irui. the lung:
Wis slow, .-.a..;_'.iwr L seelelud nere thie (Teidy 8iLES Wi . (SILLL oF vhe
wbsorte. woterisi, It e not 1 dssibie teo shas .y wel. nite oli ol of Jiwe ol
uistribti.., tredivinur, tlstolejdend exuloction reveilod scin bewddeney for

tle briuchiil eritheliva to BLLCPEC o &.0i..0U8 | rolifercticr.

e Lite bffects el bube Leltvers toceidives in the Lung, Li irpes, o lisec.

Rits weich hove ioholed sencercrolicns of rodde.cuive putrium Y+ Lna
ceriuciih  pe bulsg wulotiifew ier the devesciient of | essiile lolent eifecus,

& tie .resent tli.e the wiiils wre Jtill supve VALE whiw .8 ) . TWi.G0b or
cinclusive iiforrutic: is .vii. Lie.

F}

F. 1h soagtion ef Indecteuy Strontiuzly on iirpe An-:r-'»l_sl b, :resser,

Fointer, Suift Jaccbscn s bdwerds.
W—

This study hes met beoun sulficienti; ined,zed ot tre rresent tize for .

any rejport te be giver.

v, l-u\u’l.l !

/20
1024189



Irovicus oxperirents with strautiombihog sicii. carked ue ressi... i the
~succcyte perles ...u Lo effect cn the er;tirce;te series -leon tois sulst.ice b8
Ioduslen. o jessitle exidicticn 18 the [resance ol ur, bidt,6oLic (vvaity G
Lhe 8;uvu..  accordingly tlho cxperiont .i8 rerested with S;lecseti.dued ariteds,
ahd wEile thu cuntrel nrs:i.x..:_.:.a Tobadtal Whelr s leons sho.ew uonad ertirec,te
'counﬁs, tlic ¥ lenscbodived rovy Lecine rosresaive.y wors wiecic. Tais coim
fir.ou the reserce of Mclicning eryllrcilistic wetivit, us | revicuasly jcest-

ulateu, -

H. Studies o FeircythaniC Abiicid ... .oobioroa ihog: crus33

# pe.jchtheric stute is .rduced iz retbits Ly the caciristrciicn of
cobelt. Such a stete is trected t.ith #3< wnd bhe cssille effecte ncteu.
The studies sre in :rojress .t the jrescnt tiue, znd nc redicirary

Lort c.n be given.

1t w.s desired to incw uy L whother sixtures of Lhe slugs usec lu the

Flle process contuined claents vhich wvight have & possibie eifuct ¢on the hemae
telopicus cerstitucnty of Lihe blocc. agCOPir iy mixtures of such siogs .ore
dissclved wnd  iver. Lo wnkals L, .31"0;_-:.cﬁ tute. ‘
The ucses of thnis iixture e.plo;ed ronged from web to 3.0 uc/gl by
veipht. Foliouing Snpesticn of ¢ sin le cose o deprussicn wes noted in Lhe
leucoeytos i Iynphocyies which rozeiwa its waxinun in 16 to 20 dgps. The

observeu depression V.s .ireetl; ;rojortic:al Lo the wose in ue/pi.

L)
v*‘_ - g
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1. The ute kifccts of i juctes m £y By 2TUCS (uad LiSCC.

. Lot e e s . . X
Streitit, v/ 15 Lljethua whbl WU aa Ghl o5 . H :drh L8 ves v/ gL
Thuse wde.es oo Lo, ClSeew 1o bie wViat b L1 Lllenl Laledte, | alle

cul.rd, boew Loncrs.

gebiciy otriisipnty L, Lrues,

UI T H .i-l - tﬁa C!f S;&'-‘ J-e .
Frougy, Li.QL o Fif..le.

Tie 108 eifcets of sii,le .coes of stre.tiwi SCrren, Lia olcses; Lo the
fleuts of wi. ¢f Liu 8:.0 wies Po vltew ot stothly liboerv.us. StroiiatnoYein
Bil 1o wowet of w-d iime Dev iiefin. ohid do Popeiteu g T ould .-.n..; Leov U/, u
reswabs o overy o icheente of tone tuars. The wordi L otent furice few
ths uevuie tont ¢l l.ese LWOTs is < U uilsu. ia txc striins of iice, the Lue
L.Or Ingiuence i Lbe Survivii, ohiucds ore reojoctivoly sl o5 un. This s
tuch Ld her ti.on the lrelience .. _ice ¢f ihe 8 we sLroii wllenh ore cdver, reaiun.

Cecusiviiid, bane BULLTD Fate LCoUrTow LG ikmicg $0Utu o3 o0 o8 0.5 uc/m
tdven in a siigle injocticn. The sstont gox‘icu L wite WCoLe ool U5 WL 8.

The incldenee of weld;mkt 13n. w di the b oo atriiis of zice is aljiifi-

cintly, bub not preitly inercice. Wlbo hipher Goecs of strontiu.

V. Lite Histe .thulc,. Jue teo lijectey :it.ru,i..;uLE‘/, LY BicCi., ool ol ficlior.

Thda stugy is iu jrejurieic. iub uch ) 4 reiw, Lo 1o ort.

we  The Lite oifeebs of In'cebeu seuiui, to brues, Erincw, oleve g Fi-lic.

Lolewiefde screcoas fove Lot Tutlm 30 Puls alaw iCC wuilh wOPE liujachau

Vith roclun ena survivec .ore il 400 aps. The ineiocice of tRuors Lt Lie
virious uos: e levels i3 s felichos = ot Lhe U.03 ug, i sevel, S0 cf v .lce;
wt the v.ub e/ m sevel, 5. of «U rabsy Lt ull uefiin, . of roilits ob WG to

L0 wi¥ysy b Lolz ue/iz LeuSe of rotbits ot o5 wens. (LU Peilibs o & retlits

b 122

usSeq iu‘ the i.tter tvc series).
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Cudcdtieition of tie aorta ciu ILOPLL LIvo wis (ioerven i. rubs i
~i¢e rucelvii, uosey of rodiu ulicn ehaiben Lide Llor Lﬁez&h UL PO G, B
T e Lixiced itoawnnice of Lins flialdi 8 .08 Lebiewi L@ ululf® IMi._CJ (1 )
wnd 1.V ue/;. Lo woijit. These cwcitiou rejicis cutilied hlgh vucalr ti s
of ridden. 8 notod | revicusl; cLher colel.icslictad vele &ba Zu VL licr
sta.och Ll cecisicnili, tosticius,

The terelclegiecl rirdin s shined bt bhe cnlicds Joa of L cpacgtic

wrwoide . TLis wie wsseedrtouw ity wirw ¢ eoiclitic.

Y. Lusi, wifects of DLioaste:. fect redbbors Tottoces labe Lie onai, by, bruvs
wta Floiie. .

The ordpitis eap-ri.ents wore . oite msailoficbur), dha Ve wl reddetibie
re.uils.
o Len experi.eud usiig Lo stleuli.ewus wod datriussu-cr i jeclich of

. - . - . - - . w PR
)Ltrlumfl o 08 hete adics is wuite Inscliiic Live bews sbolbe.s. Frell. ilr;

- a | L .- P - R LI - -4 T _ LY L T T O T L I



w3 bwev, Too s lvel iu Lliog . Libiel, .I-'t:!a J.i!..ii‘!.i.;.iu.;. wie v, ltod.ited,

Lov done eineunbr LAGLS | oF , Pae 08 Jia bhe siver. The swovie of tle dtleniun
froa the .oft LiLguss wis vir.ilie Laf ¢ THOTO 12e PSLI4) w wOCZolul i cll=
coubrilics by w figber of AU or U 2o b wp oy dub Qlten JIVers .otla Lo found
thet ecntiloed ot L wiys wo rvch L6 v ol the wver. e initicd eccncestr Lict.
vt other ti..a tle b .2 tine of Liver e.crebticn wio an wi8. Lo sivere cenust
lmverictsy cudil ret dwa 1 ote <. of the Jcue 2o w8 lciyp o8 ol <, . The s luern
Wdd v vBLLla; wCllooseu (L L. 5.8 pibd o8 OF LY o ddl) L wie Lhu Ldver
VAl e o B8 vLues L g loc L Lo wl e LLBod crabidles Ll Luch L8 eenos
tae cunconbrovicn L. the Jiver ol o G oduys.

Roievil froi the woit tussuca .8 redu.cli) r . chgilae fer tic ililh
love.s feuna in Lhe Licod otrsni.. In roitdis fie,. (o b€ v of the wo.e Lis
8Ll L circuaiticrn &b 40 woys .ri.o 4. rito Cule wes in cireul.ticn it i9
HTAY W

In ruts the lutcndui souviliy the scft tisoues .8 iurici) exerute. since
tiere were uecrci.es in the s.coulen ira. the e:rl, il rres. Houever in .. ce
L docst o relicn of toe | Jotiidun roaaves frou the iiver .ot te tle sicleln.
Tic fuiiire of the feccl enciiviin oo | ditent sithon o lew uu,s Jfter '.‘.,‘ucl.ion
wis robiily aue to ecacreticn of the ; Linberdu, wetvicg the .iver. hetenticrn .. -
the sdeaclin tos froa Lu. o 5. In rats wnd £ 3G te 500 in nice.

ot <0 dlys ue cudtion in the skeuston .wver  ui lv. of the retoofiew «0uc
iel p, of Lene wab. 32141y 5l her ¢.cinblouicns ore Jowd -. vhe L. P Jhu
Lioricle sectiens of the ojine wnd i Lle vilies Wol.e 1Gher concen.r.ticny were
found i the reddd, wuil, jelicies wnd rits.

Intreusculer injecticn of @ luteriuz - lus & nitrite i ..ice ro.c-ted irn
Luch s.cuer aLbu;'ptic::. Lo Waud zbsorted i 4 uays ond o~ in 6 wey 5. O Tine

«bsorbea porbicn 2u. wics icund in the :iver Litinlly. This guerseseu bo be &b
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O wiys vt }rﬁbablé representea o bidonsc begucol woruliloLith Wi Punivesr L%
.0 idver,

The dstriluticn of | jutdniuc  ive: ~nbriyerileneaidy 1o Lice wis siadlor
te thit piven fztrovoticusiy. The -Uscr, tica t..s sicwer wid Wes nob CGu,.lote
uLbil scetine ofter & uys. The citrite uus cbsorigu ;ore ro lisy than thn.nitr;ne-
ot tie sulse. vent reccvei fre. tin soft i cues wed -ire ro;iu. Tie Liver
initislly coilectea ul b Xw of the .va0. |

s Gith the irternil .istrilutic., vilforenc.s i: v.erelicnt cfber irbree
vencus of Lntriecrulic injecticn .ue Lo v.ricticas ir the sclt cp viience lcre
:.6_!. striiitg. Verdstions nithin piven serics ucre relutively dsorge Lut lude) wident
¢f tho ccse cr of cbrein, ccoruing to Lhe .utz chteipeu. Lots Wl ice éxcretud
ctoct e swe cooumt in 50 uoys repipdless of Lie aiffercnces earule. The
Il iten uili inudccted zh;t rubiity encrete less Ll rits or  ice.

Ruts cicieted 17, L Ly Gidy8 inu «ia it L weoks. Tie devos Lo urdie r tio
via ot 3 to i. The teci- excretidn icveled of! ofter LU <38, The rule of
erdndy whu feccl excietion b b te DU Gy ¥ W8 wbeut CoLon por cey.

| -dce exeretod liw l. tie iirst O tceks ihg . 1o lb wuG.se 11O rate zt
10 weeis .8 luut 7. jor day.

The excretion of jivtiniw. cucinistoered intricuscuscrl, ond intra;eri=
teneilly te ideo wes not fo..cica. |

Lacretion of tie ;lus O satrite by robiils nug 4. duri.y the first 7 au 8
aiw ot o orote of fre V.07 b0 CuiSe [Or wey 4 S0 wewis. Tiu feces to urine

retlo wos lloct < to L.

lazwzes



Tie Survivi: wai Groul.. of i-.'.nhﬂggalecwu ards .13,
M

In rots the 30 Gy (1050 .5 “beut 0.9 we/ps (o ug, eily slichtly less

ot at v oaigs, 0.063 ue/g; b w0 de3y3 0.051 ue/i. Soze of the lcwor aowes

0uLlb iy Lot ue/g w.peirec to be «othal tul deubt. uue 1 secaa.ry infection.

aseifht losses ueflpitely cetectiile ot devels 28 1w o8 C.OfL ve/g. At

tade iufeis tie i Autonium, cused sosbrodntest o1 tacrerhige il hyporein:.

OF seerriige of Ly, b aodes ong (Ui, ob subiuthel lev.aa (AU daye -

dotgur) suvers Lropiy ef the tewtes, thyius wei Sfeven Gl8e noues) s

noted. Cross liver dofigy s nubeu Gaun be & woce ievelr of L.by ve/g.

Jkeletol de.icns netoy ot C.032 wng .06, Cadn cpe vstocpenie Ld 3 ol

. tissue tu.ors noted in inincls cive. LU Le w001 ue/p oo w sy Lter 180 duys.
In idee the 50 ulLy W50 wes chaut 0,001 uc/gs OU uny vuU75 Lnd W oy

0.L09,  Lover doies nct JCh lethel Wy Lo 400 aLys. weliut effects noted

ut 0.631 tut Lot ot C.CLG wfler OV to Il diys. Fetheligy wes ainiior to

Lot noted fer rmts. G.G16 ue/g ciuses satersive erising of hudir in aBC . lec ot

120 te «OU iy s, _

" Loses of C.ulo; ue/y inu below were not actheld i retbiss ;- to LW g, s.

The Ligher de.e causey & slow steuw; el it lcss witer ice “wnyS.

The Lfiects of lngestea §ivterdus

Hits were ;ivern jlutcrin,. ;468 & nitruve ot Ll ve/g ond ;ius v nitrote
b w05 uey, ercll;. a sitgle iuse wus piver, 17.2 ue/s ad snilysed o llor
b Wiy 8.

Cf tne ir, usticr, exp oIl ents bttt Go3,. of the . ~Relidmn Was cbhsorbea
free. che gustroictestin.l CLnidln Lne esperi.citol rap ownd el seeoru

«Foup in vhich tiusues were Lhilryzed on a.ount of U.lLd. a8 found,

In the idgh dooe scuse exreritent the icunt lyorbed w3 Wegm ©f Lhe deoce.

No wndiids vere killey k. the  lut. niu: fiven. o iffcreonces Letiocoen the

S 1%
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The Effects of inresteu 'rlutcn”
4 and 6 vilence stubes wuos noted.

ane  acube Texdeity of iuhcled !lutoriun, [ alrews, Soiberu, Forvieer ’

Greenbery, wnd lisco.

Flutendw. in the tobrevelent stute wnd in the ilsence of ., Leving;
wfents wus cdeapsstered ic the lungs of ruts by trucheul itdub licn
of ascluticns. Five ¢rou;s of aniiuls received ucses runging {ru. 7.5
slercor:.s to HUL Ldero.riss ror oW i rat. all of t:‘c:;c acses .ere
lethul the _eun survivil the rug..p fIon 03 auys for the icvest dwe
to &b duys fer Lhe niphest. lr_xha-.ia.t.ion is Lhv et wungerous route.
of wdudrisbration, the 15u Ji: il bLelng enly C.1 thut of intrivencus
irjecticn.

Cnce in the lung, lu secmed te Lo tigitly Lound. Even a-.i‘tér <10
duzs, <5 percent of the initi:l Gose wus sLill in the lung. This nuy heve
been due tc the laflised :nd cwigested stite £ Lhe iung. Aﬁpm:sis..atel;’ :
15 percent of the iitius ucce found its oy Lo bhe sueleben.

Except for the iungs no civicus i.uthcil.o,‘_.ical chungos vere 8Scen in
these uninwls. The diunrge | roducen in Lhe lungs uus considorsilo ic all
aniruls, At wes chu;:..ct.erized by severe i:fluitiiicn, necresis wnd
uwbacess forraticn. Anirzls surviving & mnth ¢r lcnper shewed wice-

~chrirde inflametion. This vwas wccosginied in suny ofdowis &, &
striking s.uuncus meturlecicz of the tremchisl e itheliuxz which ofton

shoved renuractle rrolifurstive sctivity.

e /27
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when pluterdus is glven by the cwaindstroticn ¢f the (lus 6

citrzte (by long urdp) airoctly irte the iung, roL (hi) SEVere atwriry

ehunges ure rreduced but alsc those c}u.u;e.a cherscteristie of L: Ject.eu

-plut.miun clsevhere in the touy,

«ien insclutle cui:cunds of sluteniuc (such us tke (xide} are

inhuled, tho .chcl.;{;;; i dolted Lo Lhe iunp enc conglists of sectiersy

' _cmaoliu:;t,icm-thrcugheut_. the ;ulocrir; tree contuiding rdhor

ch.'-..r«'.cltu;‘ict.j.c eurl,,' uha.r.-ges', of idwcescopic mbure.
The resul¥s uf the ;resent e:jeri:sits ure preli loery wa sufficiont
tize hes ot jet elupsed fur the uevelc rent cf ruriter uiter:ticns in the

lung by the deposited pivtoniu.

Plut.oxiiz .'-.-1- vty eopdristercd Lu the rius 4 stobe Lo Bprijue Dadey rits
by lung arig. Grovpe <f unliais were civern 31, 13, ive3s 1.-5 apd 0.5 ue/g
'ﬁur _fat. ﬂ:Wﬂa! studies cf the reri;hor:l blcod <f thece aniaa.la
werc cuie befors und efter trestosnt. - Lesth of the inials i the
greup 1.h1.ch'rneiv-od 3 ue rer ret  reoluded ssryling teyond .28 duys,
Frier to desth, fo'.'vmr, ah initdsai rise in 1-6: cEithin cne orythrecyten
and keterophils. 4 dcae df 13 ue/rit ;ro.eced an wneeds, iycphopenin
aqd heteropeni auatmeﬁ throummf. the & duys d’ chserv. tica,
Mt‘lCLM stuciles ore Lagm on the grours wi ich vere giver .3,

1.5 und u.s Lc/mt. &3 ,rmdu..tely 50 deys cftor the wuduistriticn
of the rstericl, The blced studios cn the group which receivec Q:S ue/ret

were within normel licits wina ree.ined o thmghwb rere thas EOO'&;.JS

- of okserveticn., o yusstierncliy ol ritficant reducticn it hetorcrh.s

1g24201



and L Lyg bopenic wes cbservew iebueli the tobh o AUD aey L Lhe

s reup whieh receivec 1.5 ue/rit. buring this swwe ;ericd hoGhendie
heterc;:il reuucticen inu iy [hegenin ceeurred sn the reu; s whoch vere
civen 4.2 uce/rut.

CC Physiilc;iced Kffects cf Injocted Pivtenium cn Uops

By: Prosser, izinter, Russell, Jaccbscp, Schiartz, Barron

Legs were injected with rlutomium plus 6 citrste and nitrate int-

travenously and intramusculaeriy i: woses frau 0.075 ug/g_to U756 ug/Em.
Twelve amincls were used iu this series., (f thg five oni :ia receiving wore
than 0.35¢ up/gm, three died within 15 to 16 deys of the injection.

Excretion at the fiftwen ua; reriod vericc froa. 6.937 tc 2h.558
in the high dose animals (0,287 to 0.756 vy/gm) and ircm 6.5 to 14,9
of the iow dose znirzls (C.075 wy/em).

Listributicn studies showed a concentreiicn (in ug per cran of
tissue) were highest in the splecn, liver, bene end lyaph nodes. The
snount in Lhe liver wus 34. of the dose st tie 16 dzy eriod fer the
1lus 4 nitrite and 25.2, for the plus 6 citrcte, The liver value
at 234 daoys in one aniral was 10.9%. The ccncentration in cthe sypleen
in twe anicels exceeded the liver concentration. Lymph noces i.ere
relatively hirh .6 rlutonium centent. The pesiro~intestinal canal
and kidﬁeys were quite low, The femur contzined as high as £.27. of
the do=e at 15 days., The hithest amcunts in the tissues {excludiug
bene} were in thuss rich i reticulo—endetheiial tissue. The umount
of zhsor:ti n fro.. tracuscular ilujection shovew cnly 1o ab the site
of irnjection in three aninzis.

A gescripticn of the ciluicel fi uings imiplubtonium poisoning is
given. |

fHematological studies show that in aniccls receiving ai h .oses

L)
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-.7it.h early death, the total leucocyte count dro;jed to icss than 5.0
cells buicre death. The heterc hils ot this tie nid w..ost Jissgpeireu
an.. the l.. hoeytes ccrstiluteu ci.cut 11 of the rewcliin,, cellis. In
the curviving uwiicils 1.;here is un iuiticl Joprecsicn of ihie ieucce;le
ceunt follovel by a 1e§eling off te & subnor.al counies A Lerwminal ure,
occurs i .eqiately tofore woath., The .ijhucytes reuci: ot a

reduced level durirg the entire exeriie:t. 1t is sugpeuted thct the
extresedullary nyelopoesis chserved it sue aniwils ncy coutoibute
toard the maintenence ¢f the vircula... ieucce;le lovel. 1n Lhe
scute anircls {veatlh within 10 ways) the rcticuioc; tes eluost <isa; pear
ivrediztely ana are followed by a slew reduction in the red tlood count
and hewogflotin iovuls. In the surviving oniucls ot ida cosege, the
observeu phenomena rese ble the 1<.5 r. dedly X-ryy anigsls. At the
low levels (0.075 u, /i) no effect on the red blcod ccunt wes ncted.

In the acute dcaths the Llood volume increcsed afler the  lubon-
fum w69 samin.stored. The red cell volumc decreases ut the sae ti.e.
A dilution {b; an incresse in the plasrz voliune)sserved to mairtu.n the
blood volume én. the slishtly incressed or normili level. Iu anizzls
surviving several months the totzl cell 288 wocreased tarcu hcut iife
with a paraliel drop in the tlood volume. ot Lhe low Coseces nc chunge
in the blood ecrplasca volumes was nobed.

All animals lcst weight steauil,. The interieui:te .evels shoved
a phencuen of loss wnd regeluing of a :orticn cf ihe lost weight. The
low level znirzls showed nc chinge in weight.

Pztholo ical find ngs shoved that befere death hemcrrhe ic phenceno
extensive edera (inclu.inr aseites), orzl ulceration zna like changes
of raciction ucmupe of uevere niture lLere nctod. anaciatftnucccurred

in sw.e of the lower level anircls with resuitant trephic ulcers.ions.

1024209 | m
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The ;athole icel exspmingtion &b sesth sl-.o.%. . Eat the wcute ueaths

resechled thicse <f h. h _uscpe x-reuicticn encost that the hewcrrhace
iz less cuastn. The Lidelevel anircls show ,wrked anenmic, haw rhage,
Liver diseu.e, escites ad enacicticr. The iow level uniincls shew o
reaiation offect.

The late iffectas cf Injected rlutenduw in lice and Rcts.

B;: Prues, rsinter, tisc., S.ift.

The late effcets f the injuction of ; Iutcudum in (t3 vuricus

7D,

for.s c.nsist ¢f the devescpicnit of (1) bone tuners and (2) liver
ulosuse .

Bone tuscrs hove occurréd in ircisence cf up te 25+ of the
ani: ale treated vith the cpti el Jdesegpe rong. of betvoun U.5 and (.05
uc/iz.  One turor has beon cbserved at a level cf 0.02 ug/pi..

Lliver uiscasse shcus its .axiium incidence ¢f 5.. at the chove
o: tical Jvsspe rénge. Fethelopical exam.neticn shens Lhat Liver
chuii, 88 consiat of sirc k), cnd dopencretive o e CRerilive Col.. 88
in the jerenchyn:l ceils. This often re.uits in the developisout
¢f zscites, unasarce wrd louavice. |

Bene tumors follaouing jlutcnium administraticn ﬁauall;; a; peur in
tre axial sieleton (vertel-raé, relvis, jov, aczrulae) in contrast to.
the typical _long Lene (epd hysecl) which develeps foli.ving strontiumty
administrotion.

apdestic wuenda is 2 cowren terminel resust of ;luteriun suinistreticii.

Follewing the subcutsnetus injeclic.. of pluccnium citrite several
fibrosarca.as have beer. chserveu it tie ic jecticn site cfter 400 usys.
These have &;reared with doses as icw 28 l.o ug/go suninistered.

7 FF. The lste bffecta ¢f Injected Flutonium on Logs.

Bryes, Painter, Lisco, Swift.

1024210
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Atdass vhich have 5,re\ri(.1n.!_\,!- E!eu injettions of jiutunin.

are beir: foiluvieu for the uevelc:.ent of iutent etffects. Su.ficient

tice Lus ot elapsw for even | reiud.ary andlysis of dasta.

The worpkoiorical picture, radivcvtogra hs and pduleniw.

concentriiion ol the liver ire being cumpered in & series cf uniiwls
reviously injected with deoses ¢f pluteniun videh ;rouuce liver injury.
(Lther ani.cls are beirnp treated 3ith bete and gai.i exmitlers Lo uster—
sdne the corysrative inju.icus eifect yroduced.

RKesults are still in the preliminar, stiges ami have becn briefly
-Jiscu_ssed uncer several titles.

«.0 Fhysiolopical or futction:l studies are countenplited.

7 hh end ¢ L The Efrects f Fluteniw. in E.ziie 9 stens end Tissucs
tetaboliar. By: Lerres et al

'i'hs.e.t.t'ect of the alphs reys (@ lus chewdesi) of ;lutoniws
corpounds on enzyie oy8tung is sidlur Lo thit o= previou.ly deseribed
for x-rudiztion, roreiy on the sulfhydryl systems (SH ;roips). The
relative effect hus been ueternminec as £ ;roxicutely 1/10Lh that
observed with an ecuiveiont auount of x-reuiztior. That this is due
priraril; to the alphe radiation is presuveu inascuch &s olunium has
ap; rexdi.ctely the sine elfect as aces :lutoaiud.

The eifect on tissues is like.ise nct as marked. 'I:'he chinges
in the tissue i.ctabclism cre net siiiler to neevy radlal {ursnive)
but to that £ x~radiasticn. All tissues excert bene were aifetted.

A general denaturation cf ;rotein wzs proauced with liavy expcsure.

'.“1 IHI.
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/32
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A. The Lows of Survivel
Sacher, Couie

B. Nosal Runges cof Varisticn in Blood Counts of Vurious laborator;
Anizals. Jaccbscn, Secher, Siinurs

C. Catalog of Fixed Tissues
Harris

D. The Toxie Agent Hyjothesis of Raaistion lanizge
Prosser, rainter
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Tanrenbzur &na Silverstone.

This report deals with the toxicolegy of uraniuc cc.peunds followlog
feeding or injecticn into mice. The criteria of toxiciby vere; crpearauce
of the uiece, weight chanpes, gross aud rdcroscopdc pathologicel changes
and oortality. The urcnium conteat of the crgans and tissues wes detercined.
{n subcutanccus injection, ureninm ccupounds are very toxie. Depending
on the particular strain cf mouse utilized in the expsriuent, a single sub~
cutanecus injecticnt of U.5 to 2 ug. cof uranium as the witrebe, produced a
mortality in sowe menbers of & group; 4 cg. was lethal to ail rice. Strain
is & modifying factor in toxicity while are and sex play less izportant roles.

Injections of the sbove-mentioned amounts of uranium produced an acute
intoxicationy the most constant and striking pathulogieel chengeswes an ccute

necrotiziag nephersis. ‘the deaths occurred during the acu.ta :Lnt.oxication
{first two weeks); othervise the ;ice recovered more or less caxpletely. The
main sites of uraniuw sccumulaticn are the kidneys ang bene. [Dlsappesrance
frow these organs 1s a slow yrocess. Uranium is excreted in the urine and
feces.

In the ingestion experinents the uranium conpound was incorpor:ted into
the diet. ULaily dosuges of 10 mg. of urznium as the nitrate prouuced relative-
1y low toxicity and no mertelity, while dcsages of £0 ing. of uranium deily vere
texic and lethal. It is clear thet tne relativel, low toxicity of uranium
conpounds in ingestion {cougared with injecticn)} is due to the low rate of
absorption of these ceompcunds fron the gestrointestinal traet. The nuture
and duration of the intoxication, the :ross cod cicroscoric rethcelogical
chanpges um the distributicn of wranium in the tlssues were all similar to
that found in the injeeticn studies. Urénium zccumuiates slowly in the niuaneys

and bone, and aisarpeurs slowly aiter the removal of uwranium from the diet

- .
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Studies on corpurstive toxicity Pevesl thit il following co.pounds

msy be grouped with reg:ra to their texicity on ingestion
U0, U30g, UF, are non toxic
U3 1s toxde in high doses
UCl; is nonetoxic in coderzte deses; voxic iu high doses
UGy (8C3)z, UC,, HapU207 are toxic ln moderste doses
UOsFy is toxic even at relatively low dossges.

In considering the tcxicoiogy of uranium ccmpdunds it is necessary to
clearly distirguish tetwcen the expcsure to ursniws, the presence of uraniun
in the tissues, end urzniuc taxicity. The lack of relaticnship of Lhe auount
of uranium in the tissues end the state of intaxliczticn st any cmne time is
discussed. It is suspested thzt the zcute intoxicaticn be considered zpart
from the subsecuent course. The significance of Lhe anicns of the ingested
coppound is discussed. For sxample, it is ;robakble that UOpM2 iz nore a
provlem of fluorine toxicity than uranius toxicity. The course of chronic

uraniun poiscning is still t¢ be reco:nized and aescribed.

B. The Distribution of Uranium?3Z in the Tissues of Lice Followin; lnjection
of Urandune32 plus & nitrate. By: Tewuenbsum et al

The ulstribution of uranium?3? in the tissues of mice following a

gingle intrasouscular injecticn of the ccm;dund waes debcrmined. iice
injected vith 1.5 microgrﬁms cf ihe conjound were sacritficed for

analysis in two wecks; mice injected with 4.5 microsrams, in four wecks.
Approxicately 90+ of the naierial was excreted. Bone was the principal
site of zccumnlation containing approxisately 70k of Lhe retained amountg.
kKidney was next in igpertance. The liver contained 14 and the other
organs a lesser agount. The distribution of uraniwi?3? is siidler to
that of uranium?3®, Both accumuizie in bone and kidneys, ana both are

excreted Lo & relatively hirh degree iimediately after injeeticn.
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The distributicn i‘iguream are as follows: the

percentage of the dose retained in the aninals varied frou 9.5 to 11l.1e

of the dose; bone contained 66 to 76.3.; kidney contained 3.4 to 15.2%

liver cantained 0.8 to 1.6k3 Lhe injection site in three anicsls varied

froc 10.7 to 16.6k; the rest of the crgans contained 0.5 to 0.5% of dose.
Ccrparison with emperiménts cn the fecding and injectic: of uraniun<38

is given. Anirals receiving this cumpound for 76 weeks a3 1b of the

diet (nitr:te) showed 7lx deposited in bene, 2€x inkidney and 0.5% in

liver. Animals injected with 2 zg. of uranivm nitrste showed at the 41

day perdod 66% in bene, 33 in kidney and 1% in liver.

C. The kicrofluorimetric Deterninstion of Uraniun. By: Frice, Ferretti
and Schwartz

The method deserited for the guantitative deter:inatioﬁ of uranium
is sensitive to 0.0001 zicrograis. A4s such, it &s the nost sensitive
wethod for urnsium analysis with which the suthors are familiar. This
aensitivity-and accuracy have been maae possible by the develupment of
& special florophotameter. The advintage of this instrument is that
small samples cen be analyzed and it is rarely necessary to resort to.
preliminery purificaticn.

D. Uranium Distribution In Tissues of Expericental Aninals.
by above aythors.

Studies in :rogress. To be ccupleted in sbout three weeks. The

chief interest is in the central nervous system uraniuws in chronic studies.

E. The kffect of Uranium Exposure on Urine Catalase Excretion.
Katz, Holt and Sciwartz.

Through rabbits injected with kiuney-damaging doses of uranium excrete
increased angunts of catalase in the urine, no difference was found in

ur.ne catzlase activity in exposed and non-exposed prcject perscinel.

oty .
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F. Urepiun kixeretion Studies in Human Subjgots. By: ZFerritti, Price
ind Schwoertz.

Urirar: uraniun excretion has been stuuied in perscnrel frou verious
projects. Uraniuw oxeretion zgreed quite weil with uraniws exposure.
helatively heavy ex}'.{,sure gave an average cof 75 siercgracs/liter ecretion;
ubderste exposure, L6 rdereprans/iiter; and iig_ht exrosure, an average
of 16 iicroyrama rer liter. Incidental exposure gave less thon 5 wicropr.s
per liter.

G. The Effect of Met:l exposure on the Excrsticn cf Nsturail; {eeurring
Porphyrins. By; Schmartz, cacaria and Jatsoo.

- 8. Jieed Thirteen rabbits were acministered up to 45 ng. of lead acetate

jer kg body weight. In all the tobal coproporphyrin excretion rose from
an average of 10vl5 microgrsos per day to abwt 200-000 nicgograms per day.
Values returned to normal only after several wee.s Lo several months.
The increased copro-porphyrin excretion wes found to be specificall; due to
the cepro 111 isorer.

Red cell protoporphyrin alac rose from conbrol velues of atcut 70
to over 200 ricrograms per 100 cc. of cells.

Thepre was no spprecicble effect on the weight curve during this jeriod.

b. Uranium Several dogzen ravbits znd cne dog have been injected with
0.05 to 5 ug. of uraninm nitrate per xg boay weignt., Large doses cause a
precipitous drop in total urine coproporpghyrin excretion which garallels the
kidney damage as reflected in the deciine in urine specific gravity. Suall
doses cause a slow increase of total coproporphyrin to 203 times the control
values, Preliminar; studies indicated that this increase was due to the
type 111 isomer, but further study; is desiratle.

c. Corbined lsan and Uraniom

/38
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¢. Corkined lead and Urpnium If lead is administered first to cause
a marked rise in urine copro excretien, i.e. to 300 microgruna rer day,
the aduinistration of & large asount (2.5 wg/Kg) of uranium to a rabbit
couges & precipitous drop to a few ulcrograus per day within 24~48 hoars.
Tids is undoubtedly relsted to kidney damage.

d, Thorium Thoriun give: alone acts similirly to ursnium, i.e, large
doses (40-80 ng/Kg) depre<s and anall doses slowly incresse the total
urine copro excretion. If leed is given first snd fcllowed by thoriua
the thorium produces a secund pronounced incresss in the urine copro excre=-
tion. This is conpletely unlike uramium. It should be pointed out,
however, that urine specific gravity ie nct dim;nisheu b;vhhbrium,.aa
that the mechaniem of its actica is cuite csrtalunly diﬁ‘ergn’t fron t.hé.t :
of uranium. The possibility is lLeing invesﬁigated that thnrium.mobiliz;a
the lead which in turn produces the produces the pofphy!inuria.

e. Berylldum in doses of 2-4ug/Ky hes little effect on urim eopro

- excretion. In most rebbits, hovever, it ﬁas & profound affect ¢n iver
function, as indiceted by a marked incrsase in urine urcbilidggan dxnretimn.

f. Lanthenun in single or aumltiple doses of 20 ug/Ke or s:l.ngle dodes
of 30 m&/Ks.haé little effect on the wrine cepro excreticn.

g Arsenic in doses of 1.5 = 2,0 cg/Kg produses a marked pﬁomp£lriae'in
urine copro excretion +0 values of Y0 microzrams per day or more. Values
return to norzel within 2 few aayi. _

h. Effect of Bal BAL is quite toxio as indiczted by the increased urine
urcbilinogen and urina coproporphyrin excretion following adminisbration
of therapeutic uoses of 6=-20 mg/Kg {(in peenut oil). Administered before,
sismiltanecus with or after the administration of setals, it soemei to have

no sffect on their porphyrinzpethic action.
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By: Schwertz, Clickman, ﬁunter and .Jallace.

The dogs develoreu a severe ansmia folicving the wumindstraticn of

Fidtiylhjeragine. Fecal rpobilinc;en and urine tilirubin rose .arkealy
in the following several deys. These vere followed by increcsed retic-
ulccytosis to over 50b. At the same tics both urine and _escal copro=
porphyrin cxcreﬁion increased 200 to 300 percent. This increase was
shown to be due Lo the type 1 isomer. The type 11l iscuer was not affected.
This is in contrud:stinction to lead ex;csure wheré Lhe excretion of the
type 111 isouer is increased.

~ Two rabbits sinilarly trested with phenylhydrazine showed guesticnable

effects upon porphyrin excretion. Studies are still in progress.

i. stens, I Tissue Letabclis:

Barron et al.

_ Urznium when absorbed intc the beay canbires with protedn inaa
reversible state. The casbinaticn hus been desonstrated tc be with
the slbumin rother tian the globulin frection {plutonium). Uranium
combines also with doébum bicarbenzte also in a reversible stats. 1ts
affinity for the bicarbonate fraction is grestest in the rlus O state;
the affinity for the rrotein fraction is gre:test in the plus /4 state.

Uranium likewise inhibits enzyme systems in & reversible nature.
Bnzymes when insctivated by the aduition of ursnium are resctivated when
the wetal is rsmoved by the addition of either citric acid cr sodiux
bicarbonate.
kxtengive studies on the diffusability, {iltration etc: of uvranium

compounds nave been carried cut. The effects of uranium on specific

enzyme systems have been determined.

*[" JH 0
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e The problemﬁ of the research program, initiated orlginally unaer .
the auspices of the 0., S. R. D., 15 Qctober 1942, and later incorpor-
{r ated into the framework of the Manhattan Distriect Project, was to
h first evaluate the possible hazards arising from radicactive materials.
produced by uranium fission and, second, to explore the possible methods
of treatment of individuals who might become infected with dangercus
amounts of these substances. The first, and major phase of the re-
.search effort was devoted to 2 fairly exhaustive survey of the metab- )
olism in rats of the more abundant long-lived fissioa products, thorium,
protoactinium, neptunium, and plutonium. Prrallel to this comparable,
though less exhaustive, experiments were done to investigate the met-
abolism of the majority of these substances in plants and their depos-
ition in various types of soils. The second aspect of the general
program was concerned with possible therspeutic methods for treating
individvals poisoned by these agents and devoted itself in considerable
detail to the exploration of di.ferent procedures thet possibly might
prove of therapeutic value for the ther:py of individusls infected with
those of the long-lived fission products and plutonium, which are select-
ively accumlated in the skeleton. i

The work under the general metabolic program 1ncluded the _
study of the asaimilation, d&istribution, recteation, and eliminstion’
of the carrier-free radiosctive isotopes of strontiung yttrium,- sarconium,
columblumg ruthenium, tellurium, lodine, Xenon, cesium, barium, lant,
anum, cerium, praseodymium, thoriuc, protoactinium, neptuniumifpluidn
iom, and americium, using rats zs the experimertal animsls. With the
exception of thorium and smericium, these meterials were. adminiatered
by the three chief portals of entry into the body, namely, oral parent
eral, and intrapulmonzry. These tracer studies, in most -instances;:.
extended over periods of time up to and including sixty-four days.: In
the case of plutonium, the studies were for intervals renging up to.-
almost one yesr. In addition to the diroct determination of thg;ﬂ%p@s
ition of these various radio-elcients in the twelve to fiftéen post
important organs, a very detailed scries of radicautegraphic atuﬁiaa«
was completed with the two organs whore deposition and retenticn was =~
of greatest importance, namely skeleton and lung. In additién to the
anime)l experiments, 2 very extensive study with. plutonium 238 was

’ M
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undortaken employing a relatlvely normal human subject’ from whom sev=
eral highly igportant tissue Samplcs were secured including btone. In
this particular instance, & complete cxcretory record was obtained
for almost one year. - The results of all of thesc tracer metebolic
studics may be summarized in the following wanner for those radio-
clements listed in the footnote.* The alkalinc ecrths, rare earths,
zirconium, colwumbium, thoriuu, protoszetinium, noptunium, plutoniuz,
and auericium, when introduccd into the body were deposited primarily
in the skeleton and the cversge degree of rotontion of the absorbed
radio-clcment, regardless of the route of administration, rangsd from
25% to 75% of the amount initially absorbed. The fraction of these

‘radio~clements reteincd by th. skelcton is eliminated =t rates which

arc less than their ratcs of radio-active decay with the excv ion

of the 340 day corium, possibly the 30 ycar strontium 90, P39, and
4, The remaining five long-lived fission products, ruthenium,

tellurium, icdine, xenon, and cegium do not show any significant degrec

of localization in the skeleton, In addition, there is no very strikdng
deposition in any of thc other tissues with the excoption of the accum~

lation of iedine in the thyroid. The rates of elimination for all

of these five radio~elements arc mmch grester than their rates of
radioactive decay, with the exception of radic-iodinc (I131) aceumu-
lated in the thyroid. In this particular casc, the releasc of accumu—
lated dodinc in the thyroid is many timcs slowcr than its rate of
radiocactive decay. The membors of the long-lived fission products
group which are sbsorbed by way of the digustive treet to a 31gn1fi-
cant degree include strontium, tarius, tollurium, icdinc, and cosium.
The other members, notably ybtrium zirconium, colusbium, rutheniom,
lanthanur, ceriuu, and prascodynium arc not sbsorbed by way of the
digestive tract to any sirnificant dogree, likewisc noiligible oral
absorption was notcd for Th, Pa, Np, Pu, aznd An. A high dogrce of
retention by the lungs has been obscrved for yttrium, zirconium,
coluibiun, ruthenium, lanthenum, cerium, and prascodymium which fre-
quontly approaches and in some circumstances, cxceeds the radioactive
rates of deeey of thcesce substancces, The pulamonary retention observed
with strontiuw, barium, tellurium, iodinc, wnd cosiur, is negligible
under the conditions of the wpericunt. The valuc of the goneral data
suanmarized above was thet cqualitative cstimates werce pussible in the
cvaluation of the relastive degrecs of hazard to lezlth for thosc in-
dividuals who might come in contact with the agents listed abovo.
Pulmonary rctontion was elso high with Pz, Np, gnd Fu,

A large sharc of the total cffert cxpondud by the group working
on tracer and retaboisc studics wes devoted to an cvalueticn of the
behavior of plutconium in animels and in man., The results of these
studics, which werc far. morc coxhaustive than the attention devetcod
to any onc of the fission products and thce othor hezvy cloments, re-
vealed the following 1nport&nt wo.nts. Tho absorption of plutonlum

#reY, 5290, BalhO 1’91 Lalw Ce 140, Prind, zr95 Cb95 TH3h

Pa233 Np239 Pu238 pu239 and 3.1214.1 Rui03, Tol‘?i 113 ):_0135 Cs 134.

-
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from the digestive tract in rats is of the order of 007% of the oral~
1y administered wose, which is negligible. The chief organ of accum-
latién of plutonium absorbed into the blood stream 1s the skeleton.
The rate of releasc of plutonium accumilated by the skeleton in rats
is extremely slow; the estimated helf-time of the excretion has been
gvaluated to be greater than twe ycars. 1n the human study, the elim-
ination was far less, giving & lower limit for the hazlf-time rete of .

‘excretion from the skeleton of 50 years. Horecover, thoe. radjoauto,rephic

studies revealed that plutonium is deposited primarily in the region
of the endosteal layer of thc corticzl and canccllous bone. Presumably,
this material is accumlated within the ostecoid matrix. Relatively
little plutonium apparently cnters the mincral pertion of the bone both
in rats and in man, This intercsting behavior explains, in cur estim--
ation, the very high toxicity of plutonium since a large proportion
of tho alpha rays can entcr the rodio-scnsitive bone marrow. An ex-

tensive series of inhzlation studies were done cmploying asrosols of

Pu0y, produced by burning chlorides end nitrates of plutonium and the
metal, These studies revealed that of the order of 10% of the inhaled
material in rats is depositcd within the alveold where its rate of re-
lease was of thc order of a fraction of 1% per day of the retaincd
amount.. Comparablc rcsults wer. obtained from studies of the inhal-
ation of fine asrcsols of soluble compounds of plutonium with the ob-
servation that a significent frwcticn was absorbed through the lungs

and deposited in the skeleton, while in the casc of the oxide amokcs, f

negligible absorption through the lungs occurrcd.

4 survey of the deposition cf risslon products and plutonium
in plants and soils, revealed that all of these radio-clements tended
to be immobilized by scil colloids to a very high degree. Plants grown
in such infceted soils demonstrated an extremely high sclective accum=

ulation of these materials in the roots. With the exeeption of strontium,

only minute quantities sppeer in the stous and loaves. This phise of
the work, of coursc, indicatcs that the rcleesc of fission products or
plutoniun into the agriculturzl arcas will probably be attended by &
vory scrious problcem of considereble durcticn.

The sccond phasc of the project at Berkcley cncompassed the de-
contamination of skeletal deposits of fissionablc meterials., Up to the
prescnt, oxperinents have boen confined to plutonium, and to the radio-
active igsotopes of strontiug, yttriwsn, and ccrium which cre produced by
nuclear fission.

The behavior of these clements was comparced undor conditions
prcfoundly affecting bonc motebolism, Growing rats fed a diet low in.
calcium absorbed over 25 tincs os much Sr¥ from the gt as did adults
rceciving adequete calcium, Thor. was a four-fold differcnce in re-
tention of injected Srét between the two groups, but ne apprbclablc
cffect on Y%, Ce¥, or Fu®,

Scyere phosphate deficicney was producced in rats with a syn-
thotic diet conteining washed blood fibrin, or by adding aluminum
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hydroxide to = normel dict to precipitatce the dictary phosphetc and
prevent its absorptien. The deficiency produced severs deesleification
¢f bono, end roduccd the rctention of Sr# threc cr four fold, but had
no apprecciable offeoct on the rotention of ¥¥#, Cc®, or Pu¥,. In ad-
vanced stages, large creas of the bonc consistcd of organic patrix

fre. from bone salits. Radiocutographs of undccalcificd bones from such
aninels showed thot Sr# wos deposited cxelusively in the remaining min-
erzl bone salts of the shaft, whilc Y¥#, Zr¥, Cc¥, and Pu® were deposited
in the uncaleificd organic metrix. These cxperiments indicate th % Sr¥#
follows the path of caleiur motebolism and is depegited in the mincral
of bonc, whilc the retzbolism of thoe other cluments appeurs to be
unrclated to that of celeiwi, and they arc depesited in the organic
gotrix of bone, Even in the forming bone of a healing frecture, Pu¥
end Y# wore depesited in the callus severzl days before the onsct of
céleification and the deposition of Spit,

The elindnation of Sr¥*, Y#, Cc¥, and Pu® by rats was followod
for soveral months to deteruine the offeet of prolonged troatmont with
perathormonc, asmonium chleride, citrate, cor cther agents uscd in
trcating chronic lecad and radiua poiscning. No significant cffcct
wes cbscrved, except for a swell inercase in the excrotion of Sr¥,
Thiz does not held out much hopc for decontamination by such mcthods.

& proccdure was suggosted for roducing thC'toxicity of the
plutomium deposits in the skclcton by coverlayering thom with now non-
radicactive bone, This would shicld the scnsitive cclls of tho bone
marrow ond bonc from the shert reng. clphe perticles, Various mezns
of deealeification followed By now bonc formation were investigabed,
and radicautorraphs of th: bones showee thet overleycring actually did
take placc,

Experiments were also corricd out on varicus phasces of bone
nst"bolism, ineluding rickets and scurvy, and cn the foctors 1nvalvcd
in the new bone formstion associzted with fracturce hcozling.

The werk planncd for the coming fisccol yecr includes the follow=
ing major items. First, we plan te perfern more adequate inhalation
studics with rats using the wors ioportent long-lived fissicn producta,.
Many of the carlicr inhslation studics with fission products wer. un-—
satisfectory duc to the unavailability at that tinc of what we now
consider suitable touchnical mcthods. The projeeted oxperiments in-
cludc the inhelaticn cf exides s well as'scluble ccripoutids of radio-
cloments such ag yttrium, zirccenium, and columbiun, ruthcnium, ccerdiuw,
and prascodymium, Those represent thoe rerbors of the leong-lived
fission products group which show & high degrcs of retention in pul-
monary tissucs., In additica to the animal studics, which arc in thom-
sclves relatively streight forward and bricf, it is plenned to under-
takc inhalation studics with theosc agents using normel human sub jocts.
A very satisfoetory technigue which has already demonstrated its coffuct-
iveness has beon developed ond subjected to trial by one of the mesbors

—
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- of the Berkcley group, Here, of coursc, it will be neccssary to usc.

~

the shorter-lived isotopes and under such conditions, the experiments
can be donc without risk to the subjects., Seccondly, tracdr studics

in rats are planned euploying carricr-frece razdiocactive isotopes of the
following agents; notably, gellum, germanium, arscnic, sclenium, '
rubidium, molybdenum, elemcnt 43, rhodium, paladium, silver, cadmium,
indium, tin, antimony, ncodymiwm, clement 61, samarium, :nd eurcpiuam.

As many of these diffierent clements will be studicd zs time pormits..
Thirdly, tracer studics will be initizted cmplcying radium, actinium,
uraniun, americium, and curium in animals and humans using clinical
material aveilable fron the liedical School. In addition,. tracer
studies employing the most irpertant of the long-iived fission products
in such human subjects will be attemptod if time is sufficicnt. Fourth,
tracer studics arc plannecd with such clements which although not nat-

urally redioactive, can be made so by cxpesurc to irradiction by a

chain roacting pile, These includc possible raterials of construction;
notably, chromium, iron, nickel, cte. Fifth, traccr studics are planncd
using & radicactive isctopc of beryllium, (Be7), in ordcr to study

the metabolism of this substance, which is most certainly werranted

in vicw cof the ominous toxic charactoristics of th. closient which is _
appaerent in industrics whore this substence is encountered in large

Under the decontamination pert of the progran during the comihg'“
year, it is proposed to extind thesc investigetions to inelude: uranium,

* thorium, actinium, protoactinium, radium, and clements 95 and 96..

Motabolic studics of the cffcct of age, dictary calecium, and phosphate -
deficicncy will indicete whethor or not the clement in question follows
the path of calcium mctabolism. Radiocautographs of bones from injcct-
cd phosphate deficicnt rats will show whother the sitc of deposition

is exelusively in the mineral bonc salt, or in the organic matrix.. ..

Agents which wight incrcesc the climinstion of the cloments
under consideration will be investigetcds Those will includc compounds
forming sclublc conploxXes with the motels, Bal and non-toxic mctals
(such as Zr and Hf) which might competitively roduce the deposition
in bone.

The cxperiments on overlayering of plutonium deposits by new
bone will be cxtonded to cther cleomeats which omit alpha particles,
Toxicity cxperiments will be carricd cut on swall mammals to debormine
the cffect of overlayering on mortazlity. The overlayering oxperiments
are also to be carricd cut on puppics and cats, adding alurdnun hydroxide
to the normal diet to produce decaleificetion, Phosphatc deficicncy,
particularly thet produced by adding aluminun hydroxide to 2 ncrmal
diet, will be furthcr investigated in animels, aend possibly in select-
ed clinical cascs, tc deternine its value as a means of producing bone
resorption. Experiments will be carricd out tc cbtain infomsation cn
the charactcr and reccticns of bene, including the noture of the
organic mctrix in which these elements arc deposited. Three types of
animals should be particularly uscful for these experiments: growing
animals which cre actively ferming new bene; phosphate deficient cr
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rachitic animals in which bone salt is resofrbed leaving large areas

of uncaleified organic matrix; and enimels with healing fractures in
which there is a very zctive local formation of new béne in the callus.
The effect of preteoin deficiency and plasmapheresis on tHe orgonic
bone matrix will alse be studicd, to determins the influence on the
deposition of these slements,

Another phase ¢f the project at Berkeley was the use of radio-
eleients in agricultural rescorch. The absorption of minersl nutrients
by plant roots mmust be accorded a rank with photosynthesis ns ooz of
the truly vital processes of plent growth. The process constitutus
a major field of study for the plant physiologist, and in its diversc
aspects, is the control theme of all investigetions deeling with scil
fertility. Hlthurto, ion-absorption by rcots has becn studied elmost
exclusively in terms of net gains end losses of ions by the root sys-
tem or by the culture medium. Virtually no attempts have been rade
to study the process freom the point of view of plant anatcemy, Little
- information is availeble es to which cells or regicns of the root
systen are involved in the precesscs of mincral cbsorpticn, ion-exchange,
egbe, Almost nothing is known concerning the physiclegical role of iong
such as Naz, K&, Cadd. and the so~called "trace clements." . In the
proposed work, these vitel snd c¢ssentially untcuched flelds will be in=
vestigated with the use of radiocactive isctopes.

It is anticipeted that many of tho above menticned physiclogical
preblems in agricultural research.may be sclved by the develcpment of
methods ¢f preparing radiceutogrephs of plant tissues. By these mcans,
it should be posaible to study the mechenism of absorpticn of many in-
organic ions by roots. Alsc, it might well be possible tc determine the:
rele of particular elecents in the dcvelopmpnt c¢f perticular tissues
in the growing plant structure.

Inseparable from the genersl problem of mineral nutrition of
plonts ere the innumerable preblems prescnted by the corplex colloid
chemistry of the scil itself. There again our knowledge of the surfoce
chemistry of soll is far freoua adequete. Existing information concerning
ilon=zbsorption resctichis in scils is confined chicfly to nore divelent
ions. With the use of radio=eluments it is expucbed thot the behavior
in soil of most of the cleucnts of the periodic syste.n can be determined
with great convenicnce. It is hopod thet this brief cutline will provide
sone concepticn of the megnitude of the problems to be attacked. 4

isfactory investiga ation of the field will take many yeurs even with
thy best o¢f techniques. Nonetheless, it is felt thct such = plun of
research will amply est:cblish the fact that inferretion jained in the
developrent of the ctorde bunb clso will contribute irmeasuribly to one
of the i.ost basic endseavors of man-growing of plants in seil,

The foregcing summary roy serve to prescent the gener:l pattern

of work t¢ be pursued in the College o sgriculturc., Certcin aspects
of the work are of cencern to the Lionhatten District and should be
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incorporatcd in the work plcnned for the bioclogical program during the

“coming year. These aspects deal witr the behavicr in soil and plants

of those radio-:lements created in tne production wnd applicaticns of
nuclear energy. Studies of ¢ preliwdnsry nature in this laborotory
strongly support the conclusion that the accidental or intentional
relezse of fission products to soil ¢r irrigstion water may constitute
o grave agricultural hogard. It is proposed thet these studies be con-
tinued in the ensuing yecr to embrece problens of toxic liwits and of
soil ducontaminction for the more inportant long-lived radicelements
invelved in muclear fission,

In cdditicn to this progrem, work under a separcte secticn hos
been sterted cn the study of the effect ¢f fissicn reeccils on tissue,
This iz of importance frbm the health aspect and alsc from the funda-

mental peint of view. The broad purpose of this werk is to determine

the Specific biclogicel effects of fission rcceils produced by slow-
neutron borbardrnent of fissicneble metoricls administered to -nimals,

The work was started by prep:ring colloidel urenous oxide, cnd studying
its toxicity when cdministercd introvencusly to leboratory mice., 16 wos
found that one milligram in suspension ney be given inbravencusly with-
out lethal effect, as long o5 thers are no scluble uraniun cospounds
mixed with the UC2, Alnost all of the collcidal suspensicn is taken up
by the liver and the spleen, which will hold these compounds until they
are chenged to scluble uranium compounds. A lerge fraction of the
scluble part cf the colloidal U308 is taken up by the kidneys. Colloidal
U30g is, therefcre, such more tixic then cclleidal U02 (50% of aniuels
die after 0.9 silligrams). Using UQ2, the density of uwraniun in the
liver and spleen is eround cne milligrau per cubic centimeter, high
vncugh to chserve the effects of fissiocn witheut interference fraw cther
bioclogicsl effects of theruzl noutrons, espoecially if uranium enrichoed
with the isctope 235 is used. In feet, ccleculetions ond meosurcnents
show thet a certain amcunt of ;emme roy background is alsce tolerated.
Thus, the first experiments will be ccrried cut with & paraffin medere-
tor cnd the 60" Cyclotrcn, We intend to cbserve the effect of fissicn
recoils in the spleen. Sindiler studies using P32 hove shown thit,

given adequate doscge, the splecn will shrink to less then helf of its
size. In dogs, bhe spleen con be wode to disappecr by this method of
selective irradisticn. Seccualy, histelogical secticns will be prepared.
Thirdly, the nucleic acid wmotebelisi of the liver will be Btudied under
the influence of fissicn, by meens of tracer amounts cf p3<, Finelly,
the distributicn of fissicn products in the enimal will be rcasured -
i.ee redicicdine, redic-strontium, cte. If the results shuw that fissicn
reccils are very effective ir producing lecal changes or biclogical
effects, other uranium cerpounds will be prepared (pussibly with thu help
of Dr. Calvin's group). alrcady, work hes been started cn bying uron-
ium to T pe II pneumoccccus antibody. Reports in the litoraturc indicate
that it is pessiblu to cttoch urapiuwn te antibedics in such 2 way that,
after intravencus injecticn, the ontibodies will czry the uranium with
then, uniting with the cntigen. Thor. they roaet with the antigen,
depositing the ureniw: in the tissue. This mechonism will be studied
with the hope of prepering suittble urcniune=pretein ccubincticos which
could be depesited in oy given part of the btedy, ospecielly in regions

m . N
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of tumors. There arc pessibilities of rntteching urariun also to azo
dyes, saue of which nzy be taken up selectively by tuuors,

Farallel with these investigetions on uraniun, werk hes been
sterted cn boron end lithiwe combinaticns suiteble for studying the

(n,d) reacticn, The line of work will be the seme cs in the case of

ureniuc; we will start using ccllcidal suspensions ¢f inscluble sclts,
and later synthesize cther corbinctions. Deecrocse in nucleic acid met-
abolism and possibly recueticn in size of the spleen, when attained by
rieans of chremie radic-phosphate, borcen, lithium, and ureniw:. after _
fission, cte,, maey give us iwpertont infermation cn the biologicel effect

~ of specific iondzation, or better, spucific cnergy losse Zirkle!s date

indicates that alpha particles are seven tires os effective for the sche
energy loss in the cell as gamma rays cr x-reys, Fission recoils ionize
thirty times mcre pewerfully than alphe reys; their specific effuct may

‘possibly be significantly higher. If the uranium fissicn werk leeads to

significant results, we mey sttempt to study the effuct of fissicn of
plutcnium, and pessibly thoriwa. The case cf plutenium is especiclly
interesting, since this element is sclectively teoken up in the pericst-
ews. Since the renges of fissicn reccils are very short, therc nzy be

a2 possibility of dimage tc the pericsteum alone, without influencing any

of the surrcunding tissuss, The study of the effects on the grouwth of
bone and cn the developmont of bene conter way be of iusportance, This
wholz study has bearing cn the health problaus of pile workers and on
the mechanien of action of icnizing irradiztions, and indirectly on the
canczr problem,

_ We fcel that the experirental progrem now in progress and outlined
for the coming year carries cut an importent duclity of interest., From
the point of view of fundomentzl resecrch, it is of considerable impert-
ance t¢ oxplore the behevicr cof clenents in aninmels wnd men thet here—
tofore have been expused to little or nc investigetion, Not only is

‘the infornstion of interest for its own feetunl werth but already it has

been shown that detailed investigation ¢f the bchovicr of the long=
lived fissicn products cnd plubcnius in the skeleten have brought out
some significant points of inturust reliting to the overcll field of
bone metabolisi. It is ecrtain thet further investipsticn will in-
cruase our knowledge of this wm.st iwpertant physiologic:d ficld.
Lorecver, it is guite epparent thet o number of the less cbundant
fissicn products epbroce elerents cf considercble medicol and toxico-
legicnl inturest cntirely apert frow their concern in the field of
atcude encrgy. On the othuer side of the picture, it is apparcnt, of

coursc, that & lerge shere of this werk is of iumediete cnd prectical

conc.rn to the nany problems arising in the ficld of health pretoetion
incident to the develupmont of nucleer cnergy. In perticular, the tracer

studies with fissicnable natericls ond the furthor study of therapeutic

nethede for the treatrent of individuzls whe nmcy in the future becwse
poisoned with either cf these substances or the long-lived fission
products is of censiderchble impertonce in our wstiuation.

Iozu221
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COLUMBTA UNIVERSITY PROJECT

4. The Measurerent cf Fast Neutrons for Biclogical Dosage, by
G, FPailla.

B. Effcets of Smell Daily Doses of Fast Neutrons on kice, by
T, C. Evans.
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The keasurerent of Fost Neutrons for Biclogicol Desage

by G. Failla

The purposc <f this experiment is to measure the tissue dose
delivered by a beanm of fast neutrens in terms of the ionizing energy lib-
erated in the tissue, This infermation is necded in order tc determine
the true biological effectiveness ¢f fest neutrons and to evaluate the
results ¢f biclegical experiments copnducted in different branches cof the .
kienhattan Project..

Methcd. The extropclaticn ionization chasber method, previcusly
devised, has beun further develepoed as regerds btoth the constrution of the
ionization chamber and the deteeting instrument. The electrodes of the
icnization chamber ore rade ¢f mat.rial sizdlar to animel tissue in its
atamic constituents. Two indepencent determinsticns will be mede: (1) Vith
air as the ionized modium (2} With = ges wixture heving the same atomic
constituents as the electrcies of the chamb.r, The final result should be
the sane in both cases and therefore this provides « check of the accuracy
cf the method.

Extent cf Progress. The work up toc the present has involved the
construction and testing cf szppzratus cnd the neking cf & great wany neas=
urements under differcnt conditicns. Numerous difficulties have been over-
core and the expericental procedurc is now quite sctisfectory. Werk is
still in progress and it is preferesble not to jive the resalts obtained
thus far, since they arc subject tc sodificaticn. : '

- In order to determine the biclogicel effectiveness of frst
neutrons in the caose of biclogical experiwents earried cut in other parts
of the Prejoct, similor smwrsurcments will heve to be mede with the neutron
beans used and under the physiczl ceaditicns cbtaining ot the tlue the
aninzls were irradiated.

It is expected thet final results will be c¢btidned by July 1,

1946, in the ¢ase of the measurenents in which zir is used as the ionized
£E4S.

Effects of Small Daily Doses ¢f Fast Neutrons on idce

by T. C. Zvons

For the purpose of deterrdning the ratio of biclogical effects
of nultiple small doses cf 200 KV x-reys and neutrchs, it was necessary

“to carry cut e series ¢f pilet uxperiments with & single treatment, The

pereentage of survivel, the medien lethel tine and houetclogical effects
were uged as indices cf cowperiscr. The exporlmonts indicated thaet the
decsage of 8 r pove cluost idunticel findings aos those with e dosage of 1 N,

A sceond cevnperiscen pilot expoeriient using multiple doszgus of
80 r and 10 N per doy for 25 days showed sicdler cffccts on the median

™
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lothel tine and hemcgrrii. “

In the sclection of daily deses of neutrens which were to be used
in the deily cxpericents coverin: 2 pericd of cne ond 2 helf years, the
fcllowing cheicus were nade: 1. h, O 14, 0,07, and 0.0L4 K equivalent tc,
respectively, 11, 1,1, 0.55, cnu Q.11 r, 2cccraing to the zbove antland
ratic. Thesu dos gies werce given (using the qyclctrcn 2s a scurce, five
ti.es weekly, The ¢niicls uscd wore Swiss and CFl wmice. Twenty-five males
er . twenty=five fu.cles of coch type were used &t each of the cbeie dusage
liosls. Each strcoin ond coch sex of aniwels hed o suiteble ecatrel of
twenty<five., Five hunurd wdec wire uscd in this. oxporivent.

In the lergest chronic Jose (1.4N) aftcr fiwve menths of drredietic
the aninals sterted to dic, A1l sninels hed started to losc weight with
beth. leucepenie end lyiphopenis being produced et this time. The proups
were down tc o 50% survivel lovel 2 fiw wesks loters. The CFL mice dia not
survive &s long os the Swiss strein. The approxi.zte mewn lethal tine wa
L9% of the centrcl time. Catarccts begin toe cppear in the &xp05vd anlmals
after approximately 80% of the tctal group had died.

In the noxt dosage level, O.l4 N, the necn lethal tine wes 86
of the contrel tiue., The offeets on the blocd were nct as definite as
ocbserved at the higher dosage level, a slight reducticn in lpucocytes
being cbserved os compeared with the cuitrels, A light reducticn in fer-
tility was ncted in the nales and o light but definite reduction in the
frequoney of the estrous cycle in thc ferale. Thore was & slight increase
in the incidence of cetarzet when the nunber cof survivors had been re-
duced te a2 few animals, C

In the two low desage luvels (0.07 end 0.014 N) no noticesble
effects have bueen cbserved as regords the survival tine, weipght loss,
blood counts, patholcpy, changes in cestrus, or breeding. By the tiue the
latter studies (Cestrus and breesuing) could be dene the aninels had eged
congiderzbly but a cuipariscen of the centrol znd experinentrl groups gave
very similar cbserveticns.

In all ;rcups f older sniuals varicus forns of necplasuz have
develcped., The cauparctive frecuecncy in -centrcl and experiventeal Eroups
has nct yet becn detertined completcly,

Patholcgical study of the tissues from anirsls dying in the ex-
periients deseribed above rives the felloewin; information. With a mexdiac
single dese of ncutrens, thore is on aplesic of bune Lorrow, torked re-
duction in lymphceid tissue, degenerative ching os leacing to aplasia cf the
testis (ger.inal elewcnts cnlbg, cestructicn of intestinal nmecse, ond
gencrel atrephic chenres. In the 80 r/dey - 10 N/dey experiient, the effcet
were ricre or less sharply lccalized te the blcod forming organs and gpcnads,
With the 1.4 n/day dcse the nust rarked effect wes the dévelcpment of
testicular ctrephy. Scow sli ht depression of bone narrow cetivity woes
ncted, Splenic ctrephy was produccd with en increcsc in fibresis. " Lany
chenges coupatible with carly eging were ncted,

g, N
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The highcst desage level (1.4 N) was repeated for the specific
purpose of folluwing the effect on estrus change, sperm preduction zad
cataract formation, Swiss cnianls were used. In two cxperiments cotaracts
eppeared in animals surviving after 80% of the ordgincl experimental group
had died. In the rals group storility was preduced sboaut the fifth week of
exposure. In the fermles the estrous wes completely ibhibited after abcut
12 weeks of expcsure.

4 group of femsle aninals of hybrid strein with black coats and

.pigmented eyes werc alsc studied at the high level (1.4 N). Caturacts

were formed in approxinately the same fashicn and degree as dhserved in
the albinc pure strains. An interestin. esdditicnal cbservation iz that
the heir turned groy after cbout 6 weeks of exposure and later became pure
white in those animals surviving the medicn lethal time.

Attempts worc nade tc cerrelate the testicular weight with exposur
level :nd damage. In those animels reccivi.ng L.4 N a definite reduction
was ncbed; at 0,14 N change was doubtful; and ¢ 0.07 and 0.0l4 N no change
was ncted, Splenic weight showed definite reduction in the highest dese
level., Occasicnal enlarcged spleens were noted in the 0.07 and 0.014 N

~and contrel groups,

An additiocnal expericent was cerried out using 1l r tnd l.4 n
per day to determine vhethoer x-rcdiation elsc produced cataracts, at the
time when l.4 N showed weight reducticn and mcrtality increase, the 1l r
of x-radiation animels showed no chenga., With the centinueticon of the
expoerinent the effect of the l.4 N was shown to be definitely more severs
than the 11 43 and the apprexicate bioclogicel effect ratioc wes tentatively
placed &5 12 » ® 1 N, Cctaracts were produced by x-rays but nct to the
sane extent,

Several cther pheses c¢f this work will be rcported later.
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Fish Progran. (CSED El34, 135, ELL5)

Site clocted - University <f Weshingten Depirtnent of Fisheries Research

under dirceticn of Dr., Leuren Dencldson.

Purpcsu - Hegards tc fishes by beth externcl redizticn and redicticn from
fissicn preducts dopesited within theow

Hozerds roleted to chewicel uispersicn in river waoter froo
effluent of pile ot H.E..W.

Hazards due tc tonpersture cloveticn.

The wojer interest in this study is the atteupted protecticn of
the salicn runs in the Cclucbkie River, and correeticn of eny pro-
cessing rethoed which idght be deletericus to the sefety cnd future
cof these runs,

It is olsc necessary to remcve the government fror any ¢lain a8
to the injury tc the large and luerstive salicn inaustry in the Col-
wibia River. )

Detes of Gicrk = August 15, 1943 to present.

Protocol of the Experiments Cenuucted (as of prescnt date).

sixternal Radieticn (by contrclled X-roy descge)

i,

2,

3.
Lh.

e

7.

1024234

Chincok Soluon adults treated with 25, 50, 100r.; mole 2nd
ferele; spowned cnd cny effect in size, growth, cte,

Hatching of sbove eggs. (1) tc young cnd cbscrvaticn for effect.
The 100 r fry released to return fron the sea in 1946,
1947, 1948.

Scekeye Szlmen adults trested with 25, 50, 100 rj izle and
ferrle; spawned -nd pessible effuets chbserved.

Hetehing of abeve (3, and 25, 50 r iry relessed to return
1946, 1947, 1948,

Steclhesd Trcut sdults trected with 250, 500, 1000 r. Obe-
scrviticn o8 to effcets on growbh, nmortality and hist-
c¢logical chenge,

Chincck eyed egss 25, 50, 100 r, Hetching rote cnd observe
aticn of fry.

Chincck Byud Egee 250, 500, 1000, 2500, 5000, 10,0G0 r.

Hatehin,: and cbservoticon for i.ortality, growth, histo-
legical Jffect. '
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8. Silver Selmcn adults 25, 50, 100, 250, 500; 1000 r. effects
on skin end external crgons.

9. Reinbow Trout adult nale, fomele, 500, 1000, 2500 r: Death
of fish, effect on spowning tc hetching of eggs.

10, Chincok Fingerlings male and femele 100, 250, 500, 750, 1000,
125C, 2500, 5000 r. Cbscrvaticn of rortality and section-
ing of ti:si:z for histelegiecd effcct.

11. Rainbow Trout yerrlings male and femsle; 25, 100, 500, 1000,
2500 r, Observetions ta the above to sexual naturity in
spring of 1945,

12, Chincok adults wmale and femcle 25, 50, 100 r to spawning.

- 13« Hatching of ecgs (12) to fry stege snd cbscrvetion for effect.
Releose 50 ro cnd controls to retura in 1948,

14, Steelhead male ond female 25, 50, 100 r. Treated and spawned.

15. Eggs from above (14) Hetehing end young observed. Relezse -
: 100 r and contrcls tc return in 1947, 194E.

16, Goldfish male and femele trected with 25, 50, 100, 250, 500,
750, 1000, 1250 and 2500 r, OCbserveticns as to effuct on
rertality, histclogiezl changes and growth.

Chenical cnd Terperature Chenses

A suries cf specicl punds wes constructed ot the H.E.. . and a0 arranged
thﬂt the weter supply be connectod with the effluent of the plent in a
voriety cf ways sc thet the effect of viricus concentraticns of plant ef-
fluent &t various tempcrctures could be tested on salizon znd trout adults,
fingerlings and eggs.

Cencentrations adopted using river water as coabrols were effluent
pure containing oll the szlts ard bedng cocled befcre the tank; efifluent
refrigerated, end effluent mixed with river weter in the following con-
centrations: = 1 te 3; 1L to 10; 1 to 50; 1 tu 2503 1 to 500 and 1 to 1000,
Steelhead trout ond chincok salmon were tested in the same tanks divided
by portitiins, The fertilized selmen epgs were placed in identical con-
centrations leter in the experinont. _

Verious tusts cof spec1“1 .aterisls used by the plant {oils and the
like) werc clsc tusted in the nuxuully vsad diluticns in such tonks and
the effect un the fishes 2n. e rs cbserved.

Abscrbed Radicactivity

Adult fish, eggs and fry werc exposed to ccncentrations ¢f cffluent
water containing beth lung ond shert lived fissicn preducts. Fellowlng a
standard cxposurc these werc killed, eshcd and excrined for residucl redio-

/56



l-}

=
activity which remained. In adadition E of vericus species were colleeted

fren the Colusbia Kiver end examined in o similar fzshicn, This was to
determine s to whether enough compar:ble rodiccetivity had been 2bsorbed
te cause datege.

Current Cbservaticns

Kedistion = Adult Fish - nc observable chenge in any species made after
exposures to 25, 50, 100 r. Definite increese in mertality in trout
exposed to 1000 r cr more. Changes at 500 r show very little distinct
evidence of damage in grewth, weight changes. Scme cytelogical chenges
of trcnsient neturc observed in the .ut cnd anturior kidney (base of
the hematopoetic systens. In small EOldflSh the changes occur at zbout
the scme level (1000 r) with total mortality at 2300 r.

Egis. In the cyed stige {(in which the eye pigmentaticn
first begins to shcw there Ls 2 definite reterd-ticn ia growth at
1000 r although histolegiczi chonge is first apperent at a lewer
level 250 r. As in the abtove the rost sensitive tissues zre the gut
and anterior kidney. & 50 jercent mortality figure cccurs arcund the
1000 r level as cbserved cver & period of time ond 2t & level in excess
of this but less probably than the cbserved 2500 ry & 100 percent
mortality is reachod.

In fingerlings 2 reterdation in growth occurs at 500 r with
histclcgicel chan;es eppecring ot this level in the spleen and antericr
kidncy which in this fora are sites of bleod fermation, At 1250 r an
approxinate 25 percent mgrtﬁllty is reoached for the several species. ab
sore point in excess of 2500 r. 2 100 pereent nertality ceeurs. Unfort-
unately nc level of an intcrmzdiate.stase botwean 2500 and 5000 was used.

In the radisticn of perent fish unoer 500 r. ho chonges hove beon
cbserved of significent neture .s to size of hetch, fertility, abnormality
of doveloping cygs and the line. Siegnificant chonges do not appesr up to
the 1000 r. level zs notcd 2bove.

Statistical analysis of all dote ccnecerning the above problems
is in pro;ress, but nc reports have been subnittea for survey.

Date will appear throughcut 1948 cn the results of the fish that
have gone aat Lo sca and returnsd to apawn.

Cherdcal and Teuperaturc Chengses

Beth fishes cnd egs expesed to the effluent unrefrigercted,
refrigercted sne in o 1 to 3 ceoncentration show incre:scs in uortelity of

" significent degree.

Cortoin of the chendcals als. increase w.orbcliity duo to actual
cherdcal injury to gill structurcs snd pcssible ruspiration of the egge

Increase in tempersture deos noet influence the severity of the
developuent tut only in the rapidity of cnset,
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Abscrbed Redicectivity

after livins in effluent (pile) woter for s leng as twe uenths
under centrolled cenditicns, the chacrbed and deposited radiocctivity
was neasured. In ne instonce was it grect enocugh to cause dawegse The
pajor porticn of the depesiticn was in the form of the short lived prceducts.
Only traces of lcng lived rediccetive neteriels were found., as correlated
with the effect on the offcet of external racicticn, the desage received
wos cluost ne  li;ible cooporud to that reguirsd to produce demacc a8 such.

appiicction of Fusults

Knuwled. e of the tetal aiucunt of external rediaticn necessery to
cause daage te fishes of verfous sizes and ages is applied direct.iy to the
analysis of tctel radicactivity liberated by the piles inte the Cclunbic
FRivor. The assusption thet this concentration 10-10 a5 giluted is totally
gbscrbed =nd all is gronted. Further applicction of the Clinten laboretory
studies on the abscrption of the varicus preducts and their effcoets cfter
kncwn exposures is alse included. In this fzshicn concentraticns can be
kept belew the hezerd level fur stleen, Alsc this 1s true with respect
to the chemdecl and temperoture hazords «s well.

Future Prcgrom

The prcgrar through the next yezr is already zuthorized end coun~
sists .f (1) follow up of the prescnt experinents extending through 1948.

(2} Ccntinuaticn of the exposures te cheudccl meberials ond alsc
chserveticns of possible effuct in the Columbia River.

(3) Cempleticn of the histclupicel studies clready in progress on
fishes demaged by the veriety cf X~-ray Jdousages.

(4) N¢ pregrom which is not ccmpletely releted to district oper- -
aticn is necessary, -

Remuneration: No addaiticnsl funds necessary tc cooplebe present study.
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