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The fcileving series of zorot

m e s S O
Tl vhe oLy the hx.C‘Sa.;u‘ed

fro.. ccoyleted rescizcoh reperis,  arti i oo Johel oo enclzel =Y
erd persoral corouiizticns durlics the czrico o . L. 1%L 1L july
1946, Since that tiic mwch of Lhe wlr. nes hewn fFoishoel of icsued

the form of program cr final re cri.. llowever .uch is belin, cort.nued
and the resuits as yet un;ublizhec.

It is ;essible thev saie ¢ the ¢.clusi.ns corived el i) heve
beccie altered ty the coliection £ ro.ltler . 277, Yetever, in ..ost
instences, the inuilvicueal euthors cr project direciirs nove oo ioved
the ab.trsct. Certoin siall  robleis say heve tea. unintenticicily

ouitted in the searc:. Lxcest fir protten essi.nents .here Lhe reseurch
wes specific &ra liniveu, the rlan of ostricting nhes been to givup
auaobers ©f arzll rreclens ol rzlcteu niture inte generzl repcris vith
the elicdricticn of the authort's e,

In gehelral this series cf abstracis providass a4 clear concept of
the current statue «f results in the cversll rroject cnd as such
iurnishes u iar e amount of uszole info-colion -n abbreviuteu forw.
with the appecrance of the comjlele series o finel rcperts ana the

hanhattan Listricl lechnical Series, taie ccopilatiz. wiil be recalled.
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comeent on Hawloiiolepic il lech.. jues

1t is cbvicusly impescivie Lo ctsizocn @ul jecis oL this tyze
v . »r

]
teczuse inclusion f sjpecific uetzil is necessar; . However the

inclusicn of the index was fe:t Lc e vworrartes incs.uch as it

clearly incicetos the scoye cf the t.ori. on this i ;e cf pootien.
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T ITMELTION W

‘Traniizy cormounds have been utilizod industrially, in a linited
fashiion, in the cern:io industry for many ears. The ‘amniattan roject,
however, ™as the first industriai wrojoct Lo use the uraniw oo :ounds on
a wast scale,

The ~arhattan ~rojact -ms to ewnloy thousands of noorle -ho mould
work with umariun compounds. These paonle in the nlants, at worl:, would
inhale those compounds as dusts and fues, they would inadvertantly irgest
thess su~stances; their e7es and s-in rould coe into daily conmtact with

these matorials, " hat, if any, toxic effects mould these uraniun oo ounds
have on ths human body?

Animal oxnerimental tork has been dore with the uranium corimounds,
but there is only one brief reporb1 in tho soientific liternturc on the
toxicolorical effocts of those samounds, as uscd in industry, unon the
human Lody. This remort is fragmontary, but it does indicate tlmt tho urane
iyn oopounds may be rotontially torie and this noint ms vorified LY nmany
irvostigators in animal exmeriuontation. This notential toxicity is rathor
arusal beocause the sourco is trofold. Cne source is the rossitility of
heavy metal offect on the body, co.narable rith that of lead, meroury, and
arsenic; ard tho other, more remote, is the nossiblo latont toxic effect on

body tissue by the urenium comounds beecanse o ¥:eir inherent nronerty of
radioactivity.

The uedical autlvrities of the “anhattan ‘=ojoct werv 'menly armre
of these notential huzards, but the successful executi:n of the rar effort
made it i-“perative that the industrial rlants of the “anlattan "rojoct start
immediate operation. This 'ras acoo~lished in spite of insufficient nhama-
colorioal md toxicological data on the urenium corpounds. A medical re-
search progran, hovever, ™as also initiated for the srocific nurpose of
scourmlating sufficient roliable dsta as rapidly as nossible so that a nax-
1-nr1 factor of safet to tho emnloyoes exnosed to these substances colc be
established. This data, it tas hoped, would 6t help prophvlactically and

therapeutically in cambatting the possidle acute and chronic toxic effocts
of the uranium sacmounds,

Sines the nlants started operation botore suffiolent data could
be msccumlated to establish a maximumn allovable air conocntration of the

dusts of the urani'= o0 mounds in the plants, such a safe lovel had to be
set arbitrarily as a termnorary empirical standard. The consexsus of oninion
aon~ the nedical authorities of tlie 'anhattan "roject vma that it ms safe
to adont the same standard as set for leed by the Ancrican ftandards 15800~

jation, i.e., 150 microrrans per cubic moter of nlant air as the naxiram
allomalle dust conmcentration.

In order to deter:ine as ranidly as nossiLle the ovorall comure-
tive toxieity of the various uraniwn caipounds, thirty day inhalation and
inpostion ex~orinents ore initiated in vhich & wariety of animal gnocies
wore ox~osod to these comounds under conditions vhich sirmulatoed as noarly
as ~ossible the conditions nrevalont in the industrial -lants. In additlon

1 g Leat, "eurios, Ins. Chen., T. 9, pr. 247, 1976.
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o’ safoe standords for exrosire to uraniun and

Testinr of resniratory vrotective devices for inductrial
easurerent of annroxdnate toxicity of certain snecial

“sthods for rcco~nition ard cortrol of poisoning.

“ort «= ovomber 1943 to nrosen:.

"rotocol of ‘xrerirents:

Substances tostod:

mthods

T r,, T

o ps TR0y, 1., W0, U0,, UF

4+ Ja0gs !
t.'az'JeO?, (’.34)2!!207' "hi-rrade” ore,

OF,, Yy, .

NPz == dinotiyl ether conmplex.

A{
;02,

B, Dy
3Cl4.

C7F16' CGFIG, 021F44- (Fluomoarbons)

“ors, rats, raotbits, mice, catic, ruinee nirs and hmnsters

{four or more species) are »laced in inclosed chembors for nrescribed reriods

of tire from thirty dayvs tc ae msar.
larre to rermit statistical ewnluation,

The mrber of arimnls is sufficientiy
Tho atosvhero in mich charbors is

sontrolled as to the uranium contart, te:norature, numidity and rmarticle size

and concentration of the uranium comnounds,

Tenresontative ani wls in each

rroun are studied for the follovirg critoria of noisoning:

1.
2.
3.
4.
Se

;

151800

Tortality.

rwratolorical chanpe.

Cher:iecal elanres of blood ard urine,
“lysiological changes (weirht ohmnres).
Distribution of uranium in the tissues.
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Control animals aro studied in a si-“ilar chamber in vhich all wmricblos aro
eontrollod tut no uranium dusts are a’cod,

Table I suwmarizos the results of the thirty days inhalation exnori-
=ents. 7he overall mortality includes tho cummarised ‘worta.itv of all the
sreoies sttdied. The per cent rortality is derived by dividins the mmbeor of

anirals (mmorator) who died Ly the total number of animals studied (doune-inae
Tor.;
/

Tn Table II, tio renrcsontative larger species (do;, rat, rabbit)
are prouped and the toxiec effects noted, i.e., mortality, patholofical find.
ings at autopsy, loss of weigiht, abnormal blood chemistry, urinary findingcs
and hematolorical effects. Tho reaction severe indicates a raried derree of
patholoriocal olange in all of the oriteria noted above. The reaction classod
as modomte irmlies a noderate derree of damage in most of these oriteria and
the reaction notod as slirht indicates some chenge ammy from the normal in
some of the oritoria,

Tadble III reprosents a summary in which the high, nid and lowr oone
centrations of uraniun cormounds used in the chembers are comrared in their
effocts upon four animal snecies (dors, rabbits, rats and ries), with relatien
to abnormal chanres found in the lungs and l:idneys at autopsy, abnormel find-

in~s in the blood and urine chemistry, abnormalitiss in the hematonoietic sys-
ten and effect upom weipght,

This table clearly shoxss tlnt the slight untomrd effects noted at

‘ the lorr oconocentrations wmro neglifible®, vot these low concentrations wore all
well above the tervorarily established arbitrary tolorance fiure, i.0., 150
miororrans of uraniun dust ner cubie netor of air,

Thease oxnerinents indicated that the tolerance figure of 15 niecro-
~rams of uranium commound per cudbic neter of air rtainly insured a maxi~m
firure of safety, for at least thirty days of constant exposuro. The noxt
quostion vas whether this same flrure would still be a safe level if the ex-
posure were longer than thirty days. Since thw nlants of the '‘anhattan Pro-
Joct anticimated opsration for the duration of the mar and possidly longor,

there mas a real noed for information about the nossible toxicity of the var-
ious uranim cormounds as & rosult of clironic exposure.

The sars proocedure mas followed in the chromic as in the acute
thirty days inhalation exnerinents, Tho followin; four uranium comounds wero
selected: UFg, U0, UCly, and UFge -hose commounds were chosen because the

»It will be notod that there is a slight mortality anony the animal species in
the low ooncentrations but if reference is made to Tabls I, 1% till be noted
that there tas a slirht nortality even arong the control animals,

-3 -
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greatost number of emmloyees wero exposed to these irstances. Ucé(f‘os)zmt

aldo added to the above list becauso of tis neca3sity of a basse line of sy
varison with data available in tho selerti:ic litorutuye. (® o8t of o am=al
experirdutal worr dono ~tlor te the "“arrasan "roja:t tmp Cono with “"z("’x)z)°
Two condentrations of dusts wore to bo ussi i tig sroerivaptal ehanbers, Ono
dust level "ms sclacted becauss it was theu~'it tat 14 would produce no toxto
offodts and the other level (a~nroxtmatel:y to- tiro: aroater) ms choson bo-
canse it =onld probably cause . mimal twxic sf:scts. In this “ammer, the nrob.
able maxi=un safe level of dust concentraticn 'ould bo established,

Table IV eummariges the date aveilabls to date. The exporinenta}
chanbers have been in opsration fron four to eight moths, Pour a:dmal spegios
ere represented in the table (dogs, rabbits, rats and nice). Again, it is to
bde noted that mly minirel toxic effeots resulted at tho higher dust ocomcentre-
tim, and no toxié effsots have beon olservod at the loer conoemtrétion. This
lov' concentratien is stf1l well above tw established arbitrery tolerance level
of 160 nlorosrete of urenium sormound dust ver cubic reter of air,

In addition to these arninal oxperirents, ¢ prorran was carried out
to ‘study the effeptivencss of warious face msls.r Tho nurness of those experi-
ments ¢ to cive added nrotection to emloyees in ccso of accidental resnire~
tary exmosure to hirh comoentretions of the uraniun compounds,

Animel irhalation experinemts more also carried out enm spocia) coo
pounds, Scmw of these eomvounds were ertirely ner and other wore. conpounds
which wre used en & large industrisl scale for the first tiwe. The nobential
toxiaities of these cormdunis vere thus investigated and the decree of harard

( s avproximated. The resulbs obtained in tless erporiments helped to direot

%®» procautionary and pronhylactio moamures instituted et the plants vhere
thesa substances maye used.

Qutline of “xpérimontal Tosults on Inhalstion of EE elal Gc:no\mdn;
Tigh Concentrations of F, (Aoute): Tested at a soncentration time

level of 10,000 vym for five -unutes to Mve hours with the mortality porcente
sge at 30-100 in three species. Death wms saused by lun;; and kidney darege.,

Chramio Rxnosuse bo F.g

. 1. On a thirty day experiment at 4 m & low mortality obserw.
od. QOrowth mas

unchecked in all species exeent radbita, Serw milnonary ine
flaemation was chserved,

2, A% 0,5 ppm for thirby days no effect ma observed,
xposure to CoRyCl (P538)s
1. Te nortality st 100 pra for Pourteen houre,
Z. Very low mortality at 600 ppn for fourteen heurs exoept
in guinea nigs, '

“xposure to C2144

(righly nolymerized nuroéurbon): Yo nortality
at 5000 ppm for four hours. .

-4
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“Xvosures to loron m

1, “etihiods of anslysis dsvoloped.

2. Veorv lowr nortality at 20 npm for 211 hours. Death due to
unge, damape,

3. Toron trichloride showod no mortality at 50 npn and a slight

mortality at 100 ppm vhien in the dry state. In the et state, and containing
docannosition products, tho mortality yms anpreciable at 20 ppn.

4. PRoron trichloride~dinethyl ether commlex shixrs no mortality
at 20 pm in e X0 day oxrerinent, “ortalitr ms “rh at 100 nm,

5. An eleven hour cxneriont at 135 ppn showed no mortality.

Muorvearbons:

Cql'yg foreshot showed no mortality at 100 ppm at fourteon hours;
Cm&e shomed low mortality at 30Q ppu et fourteen hours;

Tefined showed no nortelity at 760 pm for fourteen hours and
4800 ppm for five hours. <!

CqFyg cruds showed low rwrtality at 8 - 100 npn for fourteen hours;

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

First fraction shomwed no mortality at 272 npm and low rortality
at 373 rpm for fourteen hours; '

Second fraction shoved no mortality at 1000 ppm for fourteen
(ﬂ hours, '

11. Inrestion "xrerimonts:

Sicce the meonle in the nlants would inadvertently ingest the
uranium conounds, 4t Tas irperative to carry out eni'ml exmeri-ental worlc to
determine the oral sonsitivity of animals to uranium compounds in order to:

1, Chock the semsitivity ol each commound as detorrined by in-
halation;

2, Deteriine the probable role of inrestion in the inhalation
oxvorinents;

3. It “ms hoved that tl:e inforration thus ~ained oould be ex~
trapolated to the hrman snecies with some decree of acourasy.

Protocal of lixneriments:

Tats ard dogs vere fod various ureniun conpounds over nerieds of

e —
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time extendins fron IC days to two yoarc. The rats vere rivon s-ecified nern-
centages o' each comound in their diets. Tio do~s woro ~iven anounts of
thase comrounds ~raduated accordin: to the Lody eipt o tho anitsl,

Obsermations on the rrowth, “eirht chanre, matholory and distribu.
£ion of uranium in the %!ssues wore made at s~ocified intorwvals.

Control aninels were tested under identical conditions oxce;'t that
uraniun cormounds vere ot ~resent in tleir diot.

It 8 nocesuary to use the mmber of caipounds and the various
duct conceontrations romortod in Table V in order to discover tho relative
4oxicities of the uraniun connounds. “Then this vas learned, Iive uraniun com-
pounds v®re selected and were fed for either ome or o years to a mmber of
animal sneciea. The virpose of this rms to see if there were any toxic effects
as a result of chronic ingestion of these camounds. The reasons for the selee-
tion of the five uranium eomnounds which wore uscd for the chronic inrestion
exnerinents have been amursrated in the sectiorn on {nhalation,

At the oomplaetion of the inrestion exmerinonts it tms nossible to
groun the various urarium compounds into ~raded toxicity table, (Seo Table
ViI), This mas obviocusly useful as a meoans of orientation in the industrial
vlants where theso cornounds were in use, This sorved as a ruide in direoting
the institution of prophylactic neasures, and in guiding the emphasis imto
vrover channels en um sual vrecautionar: stops in t'» industrial plants.

As rms nontisned previously, the <rorkers in the nlants wonld imad-
vertently get the dust fran these commourxis in their eyes, and their s:in, of
{ course, vould oore intc comtact with these substances. Infomation tms thero-
fore needed about the topiocal toxiecity as well as the pot- <iwl eye irritant
action of te uranivn ¢ompounds., Tables VIII and IX surmarizoe tl® results of
oxperiments on eyo and skin semaitivity to these cormounds.

It is of interost to note that a nuiber of the comnpounds mere ab-
sorbed through the #-in or conimotive in sufficiont anount to produce syctorde

changes wiich resulted in death, At autopsr, evidence of reml damre mas
found.

At the canpletion of t'e ingostion and inhalation experiments and the
aco-Tulated data on th» tcnical and eye application oxperiments, it was nos-

sidle to evaluate the degrre oi t:xieity of the wvarious uraniun compounds, This
information 1s surmarized :in Table X,

It 7as not only mcessary to learn about the gross toxic effects of
the dust of the variocus uranium comnounds on the human body, but it was also
i~perative to learn about the nhysical characteristics of these dusts, It
s 1rportant to loarm more ebout the effects of the uranium compounds on the
various bio-chenical systems and metabolism of the animal body, and it wms
essential to study the depree of tolorance vhich animals showwed to those come
pounds, It vas obviously necessary to learn about the distributiom, absorption
and excrotion of the uranium cumnmounds once they are introduced into the snimal
body, and lastly it rms importent to learn about the intricate behaviour reoh-
anisn of the uranium compounds !n the animal body. All of this work would be
of the utmost irmortance in helring to discover early indices of uranium imtoxioa-

tion ard to find nossible pronhylactic and theraneutic :-easurc:for uraniun
roisoning. 6
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The follorn~ is o brief rosrie of tho rory that vms acco nlishod in
those {ields:

1. Totontion Jtudies and 'article 'izo:

"ethods: Accurate —-etl.ods 'mvo been develoned Tor the suguro-
=ent of the marticle size of uranium conrnunds in air. Theso tochnigues are
used in the control of theo concentrntion of the uraniun camounds in tho ex-
rerivental inhalation chamters, tnd in tho ronitorin~ of the concentrations
of such camounds in irndus®rial areas viore humans are exnosed,

Teclniques for the fractioration of tlie particles of uraniun con-
nourds into lots of umiform size have been develomed. In this wmy expocurc of

oxnorimental aninals to particles of ¥movm cize can be detemined, Vrelinin
arv data indicates that tho snall particlos are nost toxic.

“'othods for tho uniform susrancion of such rerticles in exmeri-
nental chanmbors have also been developed.

A -wthod for the moosuronent of Y!v total dust inhaled by an ex-
verimental aninal is elmost cormnleted, and nrolininary tosts are satisfnotory.

2. Tharmacolory:

Lipids in "'ranium “oisonin~ (llaven '148): TFollowin~ oxnosurc to
toxic anounts of uranium comrounds, tho total 1inld of the liver and kidney
tend to be less than normal dus %o the inersased ~ater content, Tatty livers
tend to be found after exnosuros to uranium nitrats and oxyfluoride. The nhos-
pholipid fatty aclds of tho livor are more unsaturated than normal; those of
the blood, nore unsaturated; and those of tle tidney, less unsaturated than
normal, In penerel, there is no effoct on the total cliolesterol, In the liver
there is an increase in oster cholosterol and a decrocase in free cholesterol.
In the “idner there is an increase in ester cholesterol and no chanre 1in the
free form. Adrernl cholestercl is decroased to ono~-half its normal wvelue. It
is not ‘morm vhere the char~es in the unsaturation of the phosnholinid take nlaoce,

Tho “ffeot of Various Aponts or "raniwm Htrate and

Oxyfluorids
Toxicity (150)s 'he -ortality alter éxic doses (D mg/Xr) of these su’ stances

vas not changed by choline, neutralized choline, disodium hydrogcen ~hosnhate,

lactic acld scdiun lactate, caleiun lactate and essential fatty avid adsinise
tration, ‘

Renal extracts delawved bHut did not deoreass tho mortality 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 sodiun citrate roduced the —ortality
by arn anmnreciablo norcentarc in nitrate noisoning.

The Effect of Diet on Tranium Toxieity ( '38) ‘lowmn): The sair_

—7-
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tion of 0.5 sodiun bicarbonatol to the: JME, r~dvced tho - artalit:r fro: 300 to

20-30"-. This i3 less ‘ewerlicial 1 -iven Hgntr.Tour hours nfSer tlc toxie
dose is administerod. The salts of “wotabolized acids (citmto, :alate or
lactate) on iniection ~ivo sinilar res1ts to those obtainod widd: tho bieare

bonate., Acid in the for: of a moniun chloride incroansed the rnortality to 130
to 95.°%

Tistolorical Studr of the Tancreas aftor Truniun “oisoning ( 33)
vaenzg ¥ ovidenco of any abnorwlity of the TGNCrons "MmS round Olter uran-
iunm neisonine,

: oodium citrute, fumrete and suceinate are as offoctive
as 8 in the treatmont of uranium noisoning. A three to four fold
inorense ir the sitric acid oxcretion is noted after uranium poisonins. Thore
is no relation betwoon the citric acid and uranium comtemts of boms,

The Lffect of “xternal Tomporature on Survivel fromt “Yeniunm oison-
dnge: To : 8 ontimun for survive uranium poisoning,

The “ffeoct of Fluid Intalc on Survival from "raniw Poisoning:

Mestricted fluids raised the ~ortality in uraniun ~oisoning.

The "'ffect of Traniun “oisonin~ on "Mosnhorus Turmover: Therc is
no evidence, &8 shotm LY rediophoSphoru6 studies, of an enzymatic blook in
vhosphorylation caused oy the adninistration of uranium. A slishtly lower
rate of equilibration in bone is noted,

S. Tolermnoe Studies (llaven) (129);

Tolerance can be divided and studied in the oloasifications of
natural and acquired tolerance,

Yaturnl Tolerance:

8. OSnecles difforemce as illustreted by the fust that white
mice will tolerato thres times the acute dose for ‘istar ™ats (5 m-/kc); Cytt
nice will tolerate ore than ten tires the acute dose for rats, The follotring

table shows the ordor of suscentibility of various animals to uraium nitrate
both by injection (percutanoous) and by ingestion.

Traniwn i trate b T.n?ectim Tranius "itrate by Ingestion
. LD/50( ratio) _ o/ke, 23 "oy
rabbit 1 ' robbit 0.1 .
rats 3 dogs 0.2
suinea oig 36 rats 1.0
vhito nice 128 hansters 6.0
- 8 -
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b. Dora are moro sensitivo %o oral uranium ceapou~ds than
rats, a¢ 1llustrated by tie folloving tadie,

“axtmum Aneunt “axiinm Carrded
Co nound Toleratod for 30 davs for } yoar 30_days
' Tats (5 4n diet)
Cly Ofl , 10
MO 0.b 240
UF, 10,0 . 2040

G Nles are mare tolerant than females,

4, Interforonce in prowth of mts by bin. fellovtng uranium
cerpounds a5 an index of toxioity,

30 day exreriment

of Wo, Bs0g, in dicta causes no ryrowth interference,
of Ul'z'\n dgbts dauges slight srovth interference, :
%o 1iof UCl,, DOg, Mg, U wcastate causes seme grovrth iwter

8K

01 to 0427 of U0y, TWoFp in diet canses scme crowth interferonce,

One yoar exnerinent

" mo
mé

and
' at
years of feed?ag. .

TOSF ab Og%,) of dio‘b &5898 (’,mwth 11’1‘39!‘1‘@?3!100 &Mf‘tm yoars
27w 2
of f‘oeaing;

UF, alnost aonwtoxic over neriod of &» years at 207 of diet,
,(),3‘3 of diet causes detectablo grotth interference sfter tvo

Acquired Tolerence:

6. Tats acquire toloranse for leit:nl doses of uraniun nitmate
and ohloride by the repeated adninistration of mel). dogos frem day to day,

by Sex differences are alsc a-marent after mopeatod doses,
8, Inoreasingly larger dosos in rats shors

J. A ten day intorwal of desage 15 datter then toenty da'r '
" interval, '

2. A ton day Intorval shows mo mpprecisble mortelity

ocourred wmtil 16 ng/lg dose wms riven (threa tines
lethal dose), '

3¢ Tith twenty day interwal the nortality started at 4 ng /e

s

Sex differonces are anparent, “he nale being nore recis-
‘tant than ferale, - ‘

wwail,
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d. Tho cral - %0 ad-inistercd so that tolorn
apce is acquired is C,33 v nG E eee 0,) “i"A:~ ~ives no tolerance,

o. Tho reneat Aosaros aro lost tolerated :7wen the urinary
oitric acid excration is at its neak.

f. ‘Tranium is not ourcroted hnore raridly in tolorant anirals
than in intolerant animals.

Studies in Thenols in Nlood and “‘rine in ~ranium Toisonine (lavon

?32:
a. A rise in free and total nlenol excrotio:x follows adinistra-
tior of uraniun nitrete in doses of .22 to 2.5 M. Tis reach s o raxirun
in four dayvs. .

b, The inocronse ir -enol incroasos with the Adosage adinistered.

6. o ohange is observed in the conijuration of rhenols,
4, Distribution and “xcretion of Jraniun (5table ad 'metable Isotonoes)

“ewmn (152}

December 1944 to nresent,

ethod: Ashine of tissues, isolation of the uranium from a pro-
tein conlex and analysis Ly the lurcescent method.

( Currert: Results:
A,

lloxavelent urani'm - ano dose (i.v. T0z(I0g)p, (rats) - analymes

from a neriod of forty-five minutes after injection to fortr days after injectian
shows that:

a. Fifty percent of hoxavalent uranium is excreted in the
urine in twerty-four hours and mmall quantities are exoreted un to forty days.
Total excretion anounted to 65-753, o fecal excretion was noted,

b. Dlood concentrations dropped to less than 0.1 m~/100 oc in
four hours,

Ce

Tnitielly, the kidwey contains 207 of the doss. This falls
to 1% at forty days.

d. Done containe 307 initially w'th a ~radual fall to 13 at

e, Soft tissues at all neriocds excent the fortv-five minute
neriod showr less tan 2’ of total dose.

w 10 «

GRenEY— o
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T. Tetrawlent urant: cCsi.7., rats) - analysos
from a meriod forty fivwe -1in : ion tc fort:r da's show that:

a. V¥l is oxcreted in tont:-four hours with awll a-ount un

to a total of W’ in forty davs. lboal oxcretion initially low u to a total
of 20° at forty davs,

be Blood droos 'ore slowly than hexavnlent uraniu-, but shows
a concentration of dess than 0.1 =7 at trelve hiours,

0. Tidrmey iritially contains 15'5 of tho dose, falling to 1.
at forty days.

d, All soft tissues exce~t liver and spleen shor less than 275
of the d08e.

e, Liver and spleen initially contain 35'° of the dose, falling
to §° at forty davs,

C. Aoute dose with radiocactive isotope ('’ 232) (rats). Tesults

are the sare as the above with the excention that less retention or ranid re-
aoval oocurs in the kidney,

D. Am1ym§ on animals exmosed by inhalation (chironic oxnmosure),

Soluble ocinounds shotr no rote~tion by the liver or lung with
a ~radual riss in the bone and kidney comcentration. At the prosent tirs the
aonroximate levels to rthich this conoentration trill rise have not been roachsd.
Current observations indicate that th® curves are still rising and hawe not

levelod off. Conocentratiorns in the bame in no wmyr anproach those folt to Le
toxio from a radiatiom standnoint.

In the insoluble co'nounds the lumg continuos to shar an in-

creasinr concentration of uraniun vhile the kidney and bone cmtain vory s:all
(slirhtly more than trace) a—ounts,

S« Amalyees of Anirmals exnosed to uranium by ochronie ingestion.

The bome in chronic animale runs three to four times the ob-
served ooncentraticn in the kidney. Levels in bone un to 450 nmiororrams per
pranm of bone have been observed., Ilo placental transfer of uranium occurs.

Fs Techanisn of Deposition in Done,

&, In vitro - the bone absorbs the umnium fro: nlasm ultre-
filtrate ard fron a blcarbonats buffer, This removal is very ranid, reaching

a steadv state in twenty-four hours. Concentrntion ratios of bono to buffor
ava mava thar OO0 tn one.

IS1813S



b, In vivo - the arount of deosition in - given bone is
directly nroportional to the circulation of the bono, tho vortoLroe being highe

sy than ferur vhioh itsolf is hirsher than skull. Youn: animals denosit moro
than adults, Thus, less uranium roachos the kidney in young animals wiich mekes
then rore tolorant thar adults, In older rats a sex difference is obsorved and
san be exrlained on the bagis that ferales nature more quickly and therofore de-
nosit less uraniun in bone and more in the kidney.

6, “otabolisn Toste:

Blood Clottinr: Three different tests rore selscted, noel:r tho
prothreibin time, the blood fiibr‘i.nor,en level and the bronsulfalein roteution,

as egsures of testin~ tho resence or ahsoence of liver dawaro du to uraniun
so~mounds,

Short exnposures to urani:n hexafluoride ooncentrations of 2.0 rmg
per ocubie netar (six hours) shoved narked incroases in the nrothrombin time amd
fibrinogen levels vhich lasted from one wee': to oms month before returning to
normel. !'o change in bromsulfale in retention wms noted. Followin: ehromie
exposurcs to lovor levels sano fluctuation in t'eso determimtions was noted
with a tondenoy toard the reduction of the fibrinoren levels,

Traniun tetrachloride caused 25 to 307 retention of brausulfalein
after single acute oxposures, The lewels roturmed to normal in one month,
The kidney function in these aniiwls vas normal,

Uranium nitmte slicred sor® flucstuation in the atove rrothrombin
and fibrinogen levels after five to &ix months of exmosure at 0.25 and 0.45 per
cubio meter,

Phosnhatase Stains: The nomal kidney tubular oells stain with
vhosphatase staln, Followin: uranium nonhrosis o' tho tubules, these stained
areas disappear in amroximtely fourtoen dars. Althoush the epithelium re-
renerates to normnl ammearance histologically, the nhosphatase stain does not
return. This indicates an alteration of the vhysiolo~ical nroperties of the

tubular cell. This observation is confirmed in the absence of nhosrhatase ir

the urimo following rop2ated uramium oxposures to ani'mls. (Seo NDounsce in “‘oohe
aniss section), .

Carbohydrate “stabolian: Tollowing toxic cxmosures to uraniun
nitrate a oderate deorsase in the clucose tolorance of both dogs and rats is
observed. This is acoonmnanied by small deorcases in tho ability to for :wmsole
¢lircopen. o chenpge, howover, is found in the livor rlvcomen. The slucose
toloraroe ourvos of these anirmls show rrosressive flattening, of the curves up
to eighteen dava, The absence of typical diabetes is susrested by fasting

normal blood susars. Sowe slisht elovations of blood lactic and nyruvic acids
were noted irrmdiatel y folloviny exnosure,

Rlood %&im and Carbon Dioxide: ‘lo chanres wore observed in
the blood potassiun en ood pro

n levels followin~ axnosurs to toxic sone-

m /e
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oontratiohs of uraniuw nitrato m
The blood earbon followring axnosure and roachas ''ini-

) lovels Lotween tho rirst ond sevont! day. ollovring this i 0 thero is a

return to nor~al lovels. The 'inial valuesd are losc thar ono=-half of t!'o oon-
trol values,

Toemnl Cloarances: lollomine exposures to uranium nitrate at

3.0 :1;-,_/4.-\5 the inulin clearance is decreased reaching its -axirnue duriry, the
third woe': of exposure vith a roturr: to normal at the fifth veel:s Tho diodrast
clearance falls abruntly to from 30 to 757 of its normal wvalue at one weel,
Tormal values are obasprved again in approxinmately tid rty-five days, There is
a maintainod increoasse in the chloride clearance, ‘o chanre is observed in the
™, Proteinuria is noted during tho first three tmeeks of the exnerinent,

Tho urine catalase lewvols reach thelr maxirun at the lotrost noint of the dio-
drust clearance,

The c¢onclusions drarm from such observations indicate that uraniun
causes a decreasad tubular mnctj.on vhich connensates as the anirmals recover,

6, “"echanis: Section,

a. The toxicity of uraniun for the tidney tubules depends on the
release of the urenylion by the breekdorm of the urenyl-bicarbonnte ooplex at

e low plle The mechanisn by tvhich the kidney is injured is as follows: The

uranyl-bicarbonate caomplox passes throuzh the gmolmerulus into the tubulo at

vhich point the p™” frlls belowr e levol of 6,5; this causes a Lrealdorm in the

caplox with the JICO, radicle boin resorbed and the free uranyl ion now able
to attack the tubulad cells.

ay

b. Tetravalont uranium oaabines with nlasma proteins and doos not
pass through the rlomerular filter unless nrotein ale is passing.

o. The roduction of hexavelent to tetravalent uraniw: is dynamic-
ally possible in the aimal body althou~h such a reaction is undoubtedly very
slow and oocurs to only a small extent. Tho reduction of tetrawalent to trival-
ent is inpos3idble, Plentavalent uraniw is too unstable to exist,

d.

"o volymerisation of uranium occurs under conditions oonpat-
ible with life, ~

e, Tho oxcretion of hexavelent uraniu: demends tc a large exe

tert on the acidity or alkmlinity of the urine; the lattor nromotiry: inoreased
exorotion, the former denressing it,

f. A nmethod for the rmesurenent of urinary catalase excretion
hes been devolored and stardardized for use in the detection of heawy metal in.-
jury to the kidnoy,

g+ 1t has been detected that the urinary protein nresent after
uraniu poisoning is plasma albumin,

1151817



h. The difl\mun ocaiplox through e filterable oo~
brano is an incroasing functioc . bon dioxide contont of t'n mediw.
tpanium carbonate and Hicarbonate cormloxcs have beo: shovr. to Ve identical.

1. It is thaurht tlnt bicarbonate is the most irmortant carrier
of hexmawalent uraniuwn, Z%odiun citrate nnd bicarbomate incronse uraniun excre-
tion., It is compeived that the hexavalont ion is devosited or shows an affinity
for ovitheliun and the tetrawalent ion for endothelium,

j» The effect of the uranyl ion or ranal funotion is as follows:
1) the small dose shows no cf ‘ect on substarces vhich filter throurh the rlomer-
uli (creatinine, xvlose, inulin); 2) There is an increase cloarance of substances
reabsorbed in tho distal helf of the nroximal convolutod tubule (chlorides,
amino acid.nitrogen); 3) Thero 'wy be an increase in substances nartially reab-
porbed in the nroximal convoluted tubule (~lucose, urea); and docroaso cloarance
of seoroted substaroces (nhenol red, diodrast, hinpuran); 4j) larper doses reduce
anparent fillratiou in ~lomeruli by the blockade of tubules and diffusion of
wmator soluble raterial across demuded tubular vmll and thus reducing all clear-
ances; 5) In catalase oxcrotion in the rabbit, this substance is nomally not
f11terod or secreted by the kidmwy. The amount of catalase at ome and a half to
two hours after oxposure is a lincar function of the anoumt of hexawalent
pranium riven, The hexavalont ion is at loast four tines as effective ns the
tetravalert in sane'>'; the appearance of catalass in the urine,

I1I. Cemmral Conolusions:

In oonclusion, the purnoses of this ertire rescarch »nrocran mas four-
fold,

1, To sumply infomation whioch would be helpful in tho establiah-

nent of a maximir: factor o safety for the exmloyoes exnosed to the uraniwn coo~
nounds,

2. To furrish data vhich would establisgh early indices of uran-
fun toxieity,

3. To {find helpful prophylactic and therapeutic measures to com~
bat possible acute and chronic eflfects of twse substances,

4, To furnish evidence to the ‘nrhattan Engineering District
which would be helnful in the ovent of law suits by employoes for injurios to
health attributable to these commounds,
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Concentration
G gand WG umnlw Do Tat Jabbiy
- per cubiec meter
of air
m?e 13,5 ‘ove re Sovoro to ‘odemte Cevore
2,0 Severe “"odorato to Devoro ‘ody to sevore
0,2 Slichkt “one Slicht
i o] (nos) 11048 Sovere ‘oderate to Sovere  Sovere
2 2 2.4 Severe “‘ocerate Jevere
o 1.87 "odomto Slipht to “‘oderate -
O.“ . mnte -~ -
0.28 ——— Slight Slight
"!214 11,0 —e—— —— - Covere
. 240 — ':Odﬁ!ﬁ:te Sovere
L1 "odorate Abgent Slight
026 - S1ight Slight
c.11 e Absent Slight
UF‘ 30 "oderate "oderate ‘oderate
16,7 e Slight Sur,h’c
308 “Odo'bOSIiEJ]t Ab'.nt
0,5 o Abeent Abeem
Ty 19 —— Slight Vodorate
{ 9 Slight Absent Abgenty
Ore 22 — "oderate *‘od. to sovore
3 81, or absent Absent Absent
0.8 Absent Absent Absant

1151821



Concentration

Coopound  mgm uranium

per subic noter

of air

13.6

11.0
10.6
19

14,2

17
22

0.2
0.11-0,26
0,280,687
2

0.5
0.6

ss [l observation
¢ Albuminuria & Catalasuria

11516822
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MLATION OI' CPOIPTD CONCEITRATIONS

eripheral “eicht

Trine DBlood Nesnonse

Toderate ‘arked loss
loderate :‘arkod loss
—od, Loss to pain

Slicht S1. less
Tormal Gain

- Loss
Slicht Loss

“oderate Loes to pain

Slight Loss or pain
Tlo chanpe Loss or pain

—— Gain

—— Plus/inus
— Cain
Ylome Gain
None Gld.n
Tions Cein
Tlone Cain
Tlone Cain
lone Cain

TC TOXIC "IT".CTS
Abnormal C} os
Overall ':
“ortality Fatholopy Jlood
(A1b & cat.)s
ITTAIT CONCDITTRATION
fonal Pulmonary
75 Devere Jevere 'nrked '‘arked
13 Sovore Sovere 'nrked ‘arited
14,6 Severe Clevere ' od. Tod,
14 “"oderate Ilone M7 rise in —-x*
18 Slight llone IPI! rise in -
19 oderate llone U rise in --
13 ‘oderato “‘oderate P! rise -
Severe Severe in
'TID CONCENTRATION
35 Vod to mod -—- IPI! inrked
severe
15 Uoderate --—— IPII 'arked
11,5 od to mod - Sl,%to
severe severe 'mariced
2 S1ight —— — —
7 — TomAal wwe -
LOKT COTCEIITRATION
2 Slight e~ llom® Slight
2.6(7) Slight --- 1Pl Slight
1 lome --= lome Slight
1 Tlonse wee Tlone lome
17 llone «== lione llone
7?7



per cuwic meter

UFg
Uulh

Ui

J W2

Cantrcl

1151823

of air

U.<0
0.05
v.20
0.05
1.3

0.45
0.15
0.05
300
0.50
1.
1.0

0. LY

10 JUH LTI,

\-C..a' l-{\X

purction
renihs

(o2 AW B BN g o

ccCcCvewvmoeo oo

[

s£valuation

¢« Cl+ Ol

(@] CCOlItOiItI+

Bssults

Slight renal d
Mo toxic effect

[c tuxic effects
w0 taxic effects
Slisnt renal d.csge
wit. subse uernt
reccvory
o toxic eifects
No toxic effects
Slight rensl Jucaye
No texic effects
No taxic effects
10 toxic effects

no toxde cifects



UGy,
U acetute

High Grade
Cre

SBeRTT

baoY ..‘.}Jn_;....hl.l';; &HULJ:'L)

Anigal

Kats

Rets
Logs
Ruts
Dogs
Reto
Rats
Ruts

Retse

Dogs

P151824

.
» A L. oa O

Cencentrztions

0.1, .25, C.1, i.0, 4.0, 20.C i of siet

0.5, 1.C, 1.5, <.., 3.0, <0,

lc.u, 201'-1

210’ ‘O~C

2.0, 2

C.25, U.5, 1.0, ~.0, 20

2.0, 20
10

~ of det
» of diet
e/ sg/dey
.- of Jiet
cn/ig/day
% of diet
~ of diet
%~ of diet
~ of diet
£n/<g/aay



ﬁina;b Vl

LML Aboed. e

Co..pcund Ard, al
U,,(,3 Rats at 2.0, 1.C, C.5, v.l, U.05 and «.01l . of diet for 2 ,ecrs
Dogs at G.l2, .1, u.2, 0.5, <.0 end 10 gn/xgfacy for cne jeur
UCoF; Rats st C.01, C.05, C.1, v.15, v.25, U.5 » of diet for 2 ;ecrs
vogs at 0.0CCL, G.O0GLz, 0.001, C.CL25, 0.0C5, G.02, G.1, u.5 ana
5.0 for 12 rmonths
ucly, vogs at 0,002, 0.01, O.v2, U.CS, U.1, C.5 and 5.0 p o/ /day for
12 conths
LKy, Hots at 0.5, <.0 c.d <L.U » fer tuo  ears
Dogs &t 5.0, 10.U ard 2C.0 gr/kgfasy fer cre year
TaBLE Vil
CURRGLNT ReoULTIS CF Plhoe 4G BAF ORI LTS
L U, LO_POULLO
Rats Dogs
don! de or alightly toxdc UL, UOE
U4C; Uslg
R, G2
4
Ore
Loderately toxic &ch, Ucs Uiu3, U3
U scetrte paUzly(Riglz, U,
liighly tode CLoFy, VG UWakp, LC1,, W,
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Cc.icuns ucse Vehicle
?Cl; C.CCI rene
Uity 0.350 water
ucly U.25C witer
NagzUaln C.1  ..one

(WHy Uzl Goi ncne
Uz 0.2  water
UFy, 0.1 rune
Ucsy 0.1 ncuae

0.5 ianolin
uc‘.‘ 0.1  dry .

0.75 le.:no.u.n
Uslg V.l arg

L.75 lenolin
uc, .l ary

U.75 lanolin

t
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Ounage Luravion cif Duicpe Lervaliivy
L+ long (3-4 vieeks) </
34 long (2-i4 weeks) 3/4
P leng (3-4 weers) 3/4
3¢ short (4 days) 1/4
2+ shert (4 deys) 3/4
2t soort (4 days) 3/6
1+ short (4 uays) 3/6
0 v L/t
0 v
v ¢ O/4
0 0 G/4
0 0 /b
U G N
6] ¢ o/
0 0 /4

Fiidirgs

ot auter Si

Reral C:mcge



iuber of
U2 6
Us0g 6
UF, 6
Vi3 6
ucy, 6
Ut e
UGy 6
Ha:l)207 6
vy, 6
ur, 6
e 6
1Cly 6
E¥”dicethyl 6

ether

1151821

Tabll

DIJ:: IR YA a.i! !

Lose S £ay

L.0

1.0

1.0

1.0 ether
2.0 lznolin

1.0 lanolin
1.0 water

1.0 lanolin
1.0 lcnolin
1.0
1.0

4O li.s.

sortaiity

6/6

6/6
5/6

L/6
L/6
0/6
0/6

0/6

0/6
0/6

0]

C

¢

irritetion heworus

non toxie
ncr. toxie

non toade

1 ;lus Renal Jecege at wuto:s;

2 plus " n n "
C " " "

0 " " n

0 n " f n
C " n n n
o non tcxie

0 rnon toxic
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SuU. iuRY CF TOXICITY L.Ta

Cn the bosis cf corteliy, , welght loss, histcpztholcgical
changes, cheaicel chunges, tlc urunium cugounds cen v grouped for their
+bilit) to rrocuce acuie urenium pcisoning as:

1. Highly texde  UCaFp, UCL2(KL3)2, UCl,ind UFg
2. Loderutely toxic UGy

3. Slichtl; toxde Uglg, UC,, UF, &nd core
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RaDIATICN SECTION

Fili: londtoring Studies for determinction of rcdicticn exposure.

For the purpcusc of indicsting the intensity of reaiaticn tc which
personnel are cxpesec, film hos the ndventage of being subject .¢ fewer
accidents c¢f the type giving gress .rrere in rcading of indiccted oxposures.
Frimary disadvantzge is the fict thot bleckening to equally biclogiczlly
hazardcus amounts of rzijaticn is dependent upon the neturc and wiove len,th
¢f the radiation, In prectice this effeet has been lorgely overce.s.

Type K Eastman Kcdek x-ray filu nzde up in the size of dentzl packets is
used because of its greot sensitivity, Lead cross is cttached to filu,
meking possiblc by differentizl Jensity readings cf develcped film both
outside ¢f and ccvered by the lezd cruss, tc measure the relative aocunts
of incident beta ond gauma radiaticn and their quelity as well as penetrat-

ing power. With proper czlibraticn readings ere rede in r units cr their
equivalcent.

Suitable film holders were developes cs identificction bad,cs for
plent personnel. With each batch of filis ere develcped czlibrating strips
of the sime film which has been exposed to known gredueted eoounts of gar.a
radiction. Use of these celibrating strips makes it pessible tc cc. pensate
for unavoidable vericticns in developuent techniques as well 25 batch de-
velcped veriaticn in film sensitivity,

The results cf this standerdized study heve been used in monitoring
personnel in all parte cf the lLarhattzn District, enc a service divisicn

has been set up in the leboretery here to supervisc and interpret the result:
sc cbtained.

Develcpuient of Neutron Sensitizers for Film Werk,

A photographic film packet his been developed surrcunded by e foil
of cobalt, rhediuwi cr silver, These metals arc sensitive to slow neutrons
and egit beta and gawma rodietion when wxpesed te neutrons. If these badges
are worn by suitcble porscnnel, the hurvn body with its high hydrcgen cen-
tent slcws down the fest noutrons tc slow neutrens which in turn cct upon
the cetel of the fcil. Thus beta and gumme roys arc ecdtted which blacken
the enclosed filu. For the monitoring of lccetions thusc special film

packets erc attached te the sides of weter cuntainers which clsc sirve as
a means of slowing the fest neutruns.,

Developrent of Instruments for the iezsurenent of Radiestion.

The follcwing instruments hav. buen designed, fobricated, and placed
in operaticn by this secticn:

1. An all purpose (vane) reter for the nessureient of bota end
" gamma radiaticn,
2, A surface alpha meter, ‘

3. & btuilt-in alphe ieter for measur.nent of hond exposurc,
4. &lphe clectrometers.

5. 4lpha countcrs.
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6. Rcden eir recsuring epparstus.
7. Rcoden breeth wccsuring apparetus.
8. Thin windcw Geiger ccunters and dipping Geiger counters.

BICLOGIC.L RESEARCH SZCTICN

1. ketebelisc cf Pcliniun

A hnizal Experiment-tion: Foll:iwin, intrcvoncus cdministreticn,
the urinary excrcticn “n beth hich ond low Josc-es zaounts te 0.02 to 0.1
per cent f the wosc pur day except for the first ey when the highest
dcse shows three te ten tires the rote of exercticn., The fecel exercticn
is appruximately twenty tiies ta urincry rote on the first doy, rising
to scventy tines on the tenth dey and six tines on the fiftieth dcy. The
retention cquels twenty-five per coent of the dose in ten days, £ rty five
per cent on the fiftioth day, scven per cent zt 130 days and 0.7 per cent
at 300 deys. (This ircludes rciicective decsy cn the 140 doy half-life
basis). The distributicn ¢f pclenium in the tissucs shows the spleen,
lycph nodes, kidney, bene marrcw, and blood cells with the hi hest con~
centreticn in 10 deys. at 50 days, the blcod cells, tostes, and serinel
vesicles show opprexirietely the sare concentreotiin as the ten=day studies.

Following  bcutenecus injection, the exereticn retes, in terns
of the zucunt absc bed, are si.ilar tc these after intravencus adiin-
istration with thc exception ¢f & hicher urinary excercticn Curing the first
two days. Abwut 83 per cent of the dese resains in the bedy et ten days,
of which about 40 per cent is ratainc: in the injecticn site,

Orzl studics show that 3 pur cent to 5 per cent of the cose is ab-
scrbed frcn the pastro-i:testi.el cenal, Fifty per cunt of the cbscrbed
noteriel is exercted in the urine in ten cays. The focil exercticn is

apprexiiately the same per cent .f the abscrbed dese cs in the intravencus
ani.al.

Skin ebscrpticn in the huion subject indicctes thet no abscrption
is detccteble in four deys of exposurc. The feet of .ice show less thon
1 per cent of total Jose absorbed cver - two-dey experinental period.

By inhalaticn a large proporticn (prebebly over 30 per cent, and in
sa® crses apprexinzting 100 per cent) of the veporized poleniun inhaled
ty 2 rat is rcetoined in his lungs. Icost . f the peleniun capturcd by the
lungs is cbscrbed intc the bleod strean riving essentially the cffect of an
intravencus injucticn. Sufficient pcleniuu 2y be retained in the lungs
(11 per cent of the dese at 10 deys) for a prolenged pericd to preauce
airect effeccts on the clvecler epitheliu. (see L-l8ll§e.

B. lilg&".n Subjects: Fcllowing introvencus injection inte huncn
subjects (fcur czses) in aicunts freu 0,18 tc 0.3 .icrccurics per kilogres,
the twenty-four hour urine showed 0,07 tc 0.8 per cent of the desc. The
averege deily urinary cutput in the first week wes 0,06 to 0,24 per cont
cf the cse; in the sucond week, 0,04 to 0.08 per cent; and =t 70 days,
0.02 per cent of the dese per day. The fuccl drily excretion during tiac
first weck cucunted tc 0456 tc 2.03 per cent ¢f the ucse; Juring the secend
week, 0.73 per cent; cnd ot 70 days, 0.25 per cent cf the cose.

LT A
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ropid disappecrcnee of the injected paloniun fre. the blecd strauci, wWes

cbserveu as ovidenced by wnly 1.7 per cent of the tctal Cose rec.ning in
15 .inutes,

In crel adidinistrcticn of 0,19 cicerceuries per kilegres, the blood
ond urine values were ap.roxi.ontcely cne=tenth of the dese found after
intravencus injecticr: of a si ilar dese. This indiceted absorpticn of
less than 10 per cent. ¢f the wese., The foecl exerotion z..cunted to 77 per
cant of the dese by Lhree duys. at the end of 230 ¢ ys lcss than
0.6 idcrccuries re.zinca in the bedy of a tetal of 16,5 wicerecuries _iven.

C. affect of Varicus apounts on Poloniuw Excreticn: Of o large
nuber cf substcnces tusted, orly Bol (Britich anti-lewisite) ceused =
transitery rise in the fuecl exceretiin scveral wecks after injecticon,
This increased cutput wos brlonced by o later decrecsed cutput for a
few cays. 1In the first 24 hcurs oftcr intravencus injecticn of peleniuc,,
Bel produced a urinar excrcticn of 5 por cent of the dose &s cuntrasted
vith & norual of 1 perr cent of the dcse. Fellowing this, the sxcreticn
dropped to ncrrrl levels. Bal troct.ent incedictely after subcutenecus
injecticn ¢ uscd nc g@ignificent diffcrences in the excreticn ratcs.
Tissue enalyscs showgd essentislly sirtilar ccncentrations, except in
the spleen whesc zctavity wos considercbly lower after Bl tre t.cont.

2. Distributicn znd Excreticn cf Radiw.:

Rats werc injestel with 11.5, 16.0, 17.2, and 1000 nicrccuries
per kilciraus «f rociun ©8 the chleriue ond followed for cne, ten, ond
fifty dcys. The urdncry excrction cn the first dey aicunted tc
9.3 to 21.6 per cent, ¢f the dosc; the fecal exercticn, 0.18 to 25,2 per
cent of the ucse. ‘fhe totel exeritiin cbserved wes frew 14,0 to 44,0
per cent of the dcs: cn the first dry; a fall to 1 per-cent cn the
sixth day; 0.5 per eent ot 10 days 'nd 0.1 per cent at 50 days. at the
ten dey period, 4O to 60 per cent of the decsc re.cined within the enisalj
et 50 diys, 32 per sount of the dese, an z’ditiunzl cbservation indicated
that the excreticn rctes were nct influenced ty the size of the desce One
aniiel curried for 236 Jdoys still reteined 40 rer cont of the imjectud dose.

Distributi.r, studies showed thot ot 24 hcurs, 83 per cent ¢f the
a.ount reaeining inm the tcdy was depesited in benu; ct 10 deys, 99 per
cent; end 2t 50 deys, 96 per cont. The hi hest cctivity found in the
btone was prescnt 1n the trabeculac. The pcstreintestinal tract showed
8.2 per cent cf the tctal dese ot wne Jdoy, falling to 2 s.21l figurc at
10 wnd 50 doys. C(thoer soft tissuus showed 8.8 per cent .t cnc acy, zlso
drcppin, at the 10 and 50 day rpcricis. The blecd showeu 0.005 per cont

at 10 deys, end 0.002 pcr cent at 50 deys. Oridl administriticn studics
are in progress.

3. Ccrparativ. Lethol Dosc Studics of Rediun, Peleniwe, end Plutcniuiis

Using cosages uvxpress<c 8 rdcrccurics per kilegre.., the shert tora lethel
dose studies indicete thet poloniun is three tiies 2s texic 28 pluteniuc,

,\ - 5//
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and that plutcniun is 2t least thirty tines as toxic zs radiuc,

Cn the basis cf relative energies f the elpha pctrticles c¢f these
threce substences, it is apparent that for the radiun and its daughters,
pluteniuci, the cnergies per rmicrocuries are spproxinately equal, the amcunt
cf redium lost frcr excreticn being ca.pensated for by the retention of
its deughter prcducts. On the same basis, the pclenium/plutonium cooparisc:.
indicetes thct the feruer is c.pprcnru‘,t.elb twice as tuxic pur unit cf alphe
ray energy dissipated in the body for 10 days, five tires ot 20 days, and
as high as 10 tines ¢t the thirty uey period.

Biological explanaticn cf the differenccs way be explaincd on the

distribution of thcse J.em.nts thuwmmw

the plutcniuwz in t » °hd the polcniwc. in
the

er:atcpoetic and mhcug tissues thenselves.

The long tice (slx to eizht wenth) studies of the c..paretive lethal
dose tend to ccrroberate the cbeve findin, s.

Pathological findings indicite thit adi yows an ai‘flr}'lty for the

catcpoet i s Yoscular syst.s, hve;, y bowél, bong, and test&e
with damage proportionel to deose ond tire. __gLnj.m shows an affinity for

the hei:atopoetic system, howel end testgs only with doiz. e again probebly
propcriicnal. Plutcniw, shcws its effinity for the hegatiopeetdc systom,

l:.v\.r, kicney, bcwel, bene, anu lestes. The cheonges obscerved with radiuv.

ough ..cre widely distributc’, are in ;cenersl pgot a
An unusual flnunL is the developiint of fer edvanced artcriosclercsis

of the scorte and larger arterics inclucing the ccrenaries. Pluteniup tends
to show its xost svvere develcpient in the heratcepeetic systeo, liver, ond
S

L. Distributicn cnd Exercticn of Radiccetive iaterials in Nen=tcxic Dcses.

Studies zrc buin: ccnaucted cn the injecticn of non-texic ascunts of plue
tonium, pclenjuw., rediw., uraniwi, and pessibly lecd inte haian subjects
in order to deteriine the excretiin ratcs in the wrine enu feces of these
waterials. Thesc studies are not ruaody to repoert ot the present time.

The infcrration faind from such studivs will be used in deteruining
accuratcly the allcwable excreticns c¢f these sabstances in the carcful
nenitoring of plant personncl working with the.. The urinary quotient will

indcetc the cocunt of haraful .ieteriel prescnt in thoe body at thet anit
ti.r.leo

5. Suspested studies:
c. Fhysicleglerl axpeririontal werk with €3y and Hj, specificelly on

prctein petabclisi: such &8 in weund hecling, repedr, oging, canco.
and the like,

1., Hcw substituted aninc zeids behave in the body.

2. Iavestigotiun of bene mctebelis with an idea to therepy, ete.
Chronic effects f clphe euitters over 2 ten-year pericd., For us
in chraonic telerance studies.

ce Additicnal studies cn redicastive ._zterials, ietabclisc in gener...I
particularly with re;ard tc th&. ituis nenticned in (2) above,

~3r -
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REPORT CF INV.STIGATIVE WCRi. BY THE SUKGICAL SCTICN

The work corried cut and to bte repertel by the surgicnl Jepert.ent
czn be wivided int. the fcllowin, 3 divisicns:

1) The tronsplantation of tene o rrew,

2) The culturc f buie .orrow by tissue culture ..cthods,
3) The transplantaticn of < kidney.

In as much &s sc.¢ of the dote is still in the process of extwiinetion
and znelysis cnd experiients cre still under stuiy, this repcrt at the best
.ust be eccnsidered tc be of o provisicnel noture nd subject t. change cen-
tincent uwpen further analysis of the dota and experientction,

I Transplantzticn f bene rerrcw:

In undertaking such a problen &s rarrow trznsplantaticn it wos first
necessary tc estcblish certain bose line dcta cn the petenticl recipient.
This included selecticn of & type of radiaticn that wowuld preiuce dmag o
cf the proper ¢xtent or degree. Totel beuy radiation of 300 r ccute aoscge,
fro. 2 250 KV .cchane was finally selected since it produced approxicctely
an L.D. of 50 or slightly greater,

E.ploying this doscie of redizticn studies were then corried cut to

deternine the type and extent of da.ce tc viricus tissues cnd crgans cf

: the do: with cspecial refcrence to the heuatepectic tissue cnd the included

' bene iarrow. In crder tc dbteoin such inforizticon, (1d and new uiethods of
stuly had tc be tested and then usc.. Radizsticn doiage to the hest wos tha
estiiated by correlation cf clinical, heratclegicel and pathcle iecl find=-
ings. Radieticn daizge te the bene narrew at 2 (iven pericd of time could
be deotcriined rore preciscly by lirect exasineticn cf the ..crrew frou the
livins hcst by rerceving such a specicen as a rib,

[+

The experii.ents cn the transplonteticn of bone iarrew are Jdivided
intc the folluwin, frcups:

a. Ccntrcl Studlics
B. Transplant Studies

A. Ccntrcl Studies

1. Pilet, Rediated
A grcup of 7 neriel dogs received 300 r tetal bedy racicaticn,
underwent rib rcsecticns 3 days preradiaticn, 4, 7, 14, 21, 28, and 39 days
pest-radiaticn end was stulies s ¢untrels to detoruine the pettern and
extent of derangerzent of the clinicel course ¢f the periphcral blood &nd
bone rorrow plcture. Hematolopicel and pathelogrical studies were nede
as the time of 2nexpected death or sacrifice. The periphercl blood wes

exarmined at hously antcervels for the first A& hwurs pest-rodiaticn in
3 L cf the anirzls.

Threce of the 7 rediated deggs dled Curing the ccul“ile f study. ALl

151833 | @ s _
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of the anirals menifested dehiscence ond neercsis of their surgicel
wounds. Bine aarrcw studics showed conspicucus signs of degenerctiin
beginnin, 4 days pcst-radicticn end noxdic 1 dormaze between 7=l d2ys.

This degenercticn applied te the myelcid, erythrcid and megakaryceyte
eluients. At 21 dcys pest-radiction early signs of regencraeticn could

be detected which wos moere evident at 26 days. at 39 days post-rctiaticn
end thercafter the rmorrow wes hyperplostic but with s.2ll arecs cf debris.
2, Pilot, Non-Rediated

a group consisting of 4 normal dogs underwent similer procedures
and study 28 grcup 1 except that no rediction wes adcinistered.
Nermal findings were noted in these anicels.

3. Cortrol, Radisted

another :rup consisting cf 8 ncricl dogs was studied 2s contiols
to determine or cbtein the wrmal pattern and extent cf deringement
of the clinical coursc, the peripheral blood picture, as well as the
pathologiccl and hemeteclcgaecl pattern at tine of eneXxpected death or

, sacrifice 80 deys post-radisticn.

3

Six of the 8 dogs died of r disticn intoxicaticn i.e., purpura,
sepsls, orel ulcecroticn, depression of the henatepccitic system cnd the

associated panhcmetopenie. The surviving aninrls shcwed hyperplastic
c¢hznges in the henestopoeitic tissues.

Lo Ccntrcl, Redizted=-Opereted

a group of 4 ncrual dogs received 300 r tctzl body rociaticn, under-
went rib resccticns 3 days pre-radiaticn, 2, 7, end 39 days postercdi-
ation, hod pscudo r.crrow transplontetion procedurcs 2 days post-radi-
ation and was studied 28 controls to deturmine the pattern cnd cxtent
of derengernent cf the clinical caurse, the peripheral blocd :nd the
bene merrcw picture. Hauatological and pethclogicel studices of the

nerrcw were nade at the tdce cf ¢ich rib resceticn and unexpected death
cr zt sacrifice, 60 dc.ya pest-rcieticn,

Three of the 4.-dogs oo™ 2 dation intoxicotion with findings
as ncted above. Jh cdditicn wund dchiscence amd ncerosis was coanon.
Dorenerative ¢h 8 in the bure .arrow were ccnspicuous at twc days

post-rau;tlc ! considerczbly rore ncrked at 7 doys pest-radiation.

At 39 days -roaiation the nerrew wes hyperplastic but creas of debris
were still pfPesent. This hyperplasia epjlied tc errthrcid, myeliid

anu negakaryocytic eluients.

The data frod the precee.ing groups provided the bese line inferriation
upon which to¢ ccrpare the results frea the transplanted groups as ncted

following,

34

B. Transplcont Studics

1. Marrcw Suspensicn Transpl.nt

gl ~
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A 5th graup consisting of 5 nen-l Jde,os reccived 300 r tetol beoay
radiaticn, underwent rib rescctiwns 3 loys pre-rcdicticn, 4, 7, tm
39 deys pcst-radiction, reccived e single norrcl nerrcw suspension trans-
plantatiwn intc the distal end of the shaft of rizht femur, the right
hwerus, and the antericr cheanger of each cye, and was studied tc de-
ternine the pettern ~nd cxtent of derangezent cof the clinicil ccurse,
the peripherzl dblocd ond the bone orrow picturc. Hemetclericel eand
pethclogicsl stucdies were carried cut ot the tisce of unexpectoc Zecth
or sacrifice, 30 cr 60 doys pest-radiaticn.

-

Four of the 5 degs died frow rodicticn intexicztion with the
tronsplent sites of the long bcnes shewing considerable evidence of
¢1d hercrrhage, organizaticn but very little evidince of new .arrow
erowth, Residucl fet depcsits with ccnnective tissue rcaction were the
findinps fror. the errcw transplonts to the cntorior charger of the
cyes.

In the wne dog that survived cu.poretive studies of the lons boncs
dicd not indiccte thot the transplanted sites woere rore hyperplestic
than the non-transplented sites.

2, Bone and iarrow Transpleontcoticn

A 6th groaup consisting ¢f 4 noraal cogs received 300 r tctel bedy
recdistion, underwent rib resccticn 2 days pre-radicticn and 2, 4, 7
deys post-radiation, rocelved & trensplantction of normel bone merrow
and accoupanying bcne certex and endcsteur tc the sheft of the right ferur
and a transplonteticn of 2 seguent of rib to rib, 2 deoys post-rrdieticn.
A norrow suspensicn trersplont wes placed in the anterior chioboer of ecch
cye. In acddition this ;roup was studies t. deter::ine the _ittern ond
extent of derongexent (f the clinicel coursc, the peripherzl blcod and
the bone r21puw picture. Hematolegiczl end petholeogical studics were

carried cut 2t the tiie of udexpected wecth cr saerificc, 30 or 60 days
post-rcdicticn,

Threc of the 6 dcgs died of redistion j.nt';oxica;ir,n with the trzns-
plant sites showing cld hencrrhege, connective tissue recacticn and new
bone growth but very little cviience of new rncrrew growth, Residual fot

depcsits with ccnnective tissue reecticn wire ncted in the entericr
chacber,

In the threc dogs thrt survived wericus Jegrees of rerencrating
cr ‘hyperplastic marrow wes found but the transplonted sites clwoys
appeared lcas active thean the acn-transplanted sites.

3. Uarrcw Tronsplantaticn to heevily radinted loni bones

A greup of 4 nernal degs reccivid rodiaticn of 2500 r te beth
entirc lower extreritics siiumltenccusly. Twe doys post-rcdiaticn
transplentcticn Cf & nirmel bone Lorrow suspenadcn wes carriel cut.
Stondard studies werc carried cut to deteridn. the pcttern and cxtent
of derangerent of the cliniecl cairse ‘nd the peripheral blecu. Henete-
logical and pethelegicsl studies werc corried cut &t the tiic «f un-
expected dezth cr sczcrifice.
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all f thesc we, s survived these precewurcs. This
racizticn wrs net of sufficicnt .2 nituce to
Lrrew in the r itteo cextre 1tics.
thot less cctiv.

wcsoc e of
. destrey all f the
Coopor tive stu Zos rnulcitod
reew w s found in the tronsplontes sites,

The i.pressicn , cdned fra. the tronsplentition of Lorrow te loeng
t.ncs wos thot such »receuurcs were cssceictol with oo peew derl of
bl.cdn_ inte the iorrew cevity oot nc cvidence thot the . “rrov trons-
plontcti on wos successful.

acccrddn ly the next :;roup of oxperiionts were Lircetod o4 de-
ter.ining the potenticl cifcctivencss (f intirciuein, extraocmllary
~.yelopecsis,

Lo .zrrcw Tronsplents tc Spleen - iicn-Re irte.

A greup of 4 nemacl degs roceivea & tronsglontcoticn < f neral tone
;zrrcw suspensicn inte the splevn. Stonder. studies verc ¢ rried cut to
deter.dne the pottern ~nd extent of deran_o.ent of the elinieal course
snd the reriphcersl blocd. Hermetcele:iiedl and pethole ic-1 studics were
cerried cut at the ti.c - f unexpectcld it or sierifice,

all  f the aniizls survived the l.rccedurcs. Resiinel fet epesits
~nl ccennective tissue respcnse withnoeut evidence of extrasedullary
.yelcpeesis were faind at the sites of trinsplantcticn,

5. Larrcw Transplonts te Spleen = T tcl Begy Recicticon

agreup f 4 nermal acls receivel totel booy redction o f 300 r end 2
trensplentoticn £ narcel benc oo rrow suspensicn intc the splien 2 days
pest-ricictica.  Stamdard stucics were cirricd cut te deter.inc the prttern
on. extent f Jertmpe.ent of the cliniccl cwirse and the periphercl bleed.
Hematolo iecd and pethelepienl studics werce cirricd cut ot the tiic of
uncxpectel .ecth cr scerifice.

Threec of the L dogs died of rodiation intexiccticn.

The sites of
trensplantoticn vere as ncted cheve,

6. ierrow Tronsplonts te Spleen - Spleenie Redicticn

h gnun of 4 ncrial do-s received rodicticn of 2500 r te the spleenic

crea ana o tronsplanteaticon of nurncl bene Larrew suspcnsi n intc the spleer
2 Jeys pcst-r Joticn.

Stcndand studics were carried out to deteridne the
pattorn and extent «f Jderongecent of the clinical cwrse and the peripheral
bluod. Hemetclepical cnd pothele decl studies were corried cut at the tioe
cf unexpected decth ir sacrifice.

all _f thc eniicls survived thesc prccc.ures. The splecens were suell
=n¢ fibrobotic with resicuel weipcsits of fot and no evidence of extrancd-
wllary oyelopcesis ob the tronsplint sites.

5 the result of thesc rerrew trinsplonts to the spleen it did

nct zppecr uosireble to atterpt to induce further extremedullary ay-
elcpeesis inte the llver L retroperit.ogo ¢s by the direct trans=-




plantaticn of honcleicus tone aarrcw,

7. Lerrew Trensplontaticn Introvencusly

A group censisting of 4 nomel dops recoeived 300 r totdl bedy
. redicticn and introvencus injecticns of refined bene _zrrew suspunsicn
' 2y, L4y, 7, and 9 drys pest=redicticon,  Studies were carriel cut te determine
the pettern and oxtone of derangement of the clinical ccurse, cnd the
peripherel blocd. Hemetclogical ond petheleyiccl stucies were cerricd
cut at the tine of uncxpected aenth ¢r s crifice.

Twe ¢f the 4 degs dicd of r .disticn intxiceticn. Hewever all
enircls showed poericis of eleveticn - f the tctel WBC count thot were
nct nctea in the centrel reodicted group. st these pericis of <levcotion
st¥yiecl typus cf cells were nvted frequently., These clevated pericds
and. ctypical cells were not meted iimedctely after tronsplonaticn,
however, ncr cculd such findings be expained un the basis c¢f the in-
jeeticn f = particulete motter such =s india ink.

Pethclegical studics shewed riliary bone depesits within srall
veins throushout the lungs.

Bcceuse f these findings this phesc of the experiient is being
extendcad.

11 Culturc cf Bene Marrow by Tissue Culture iethods:

after Quc consideraticn it was deerd desircble te study the cultiva--
tion of benc rirrcw in vitre in crder t¢ provide 2 means (1) whereby the
marrcw could be studied in riore detail and ..cre cccurately with cspecial
erphasis vn the effcets of radicticn cn ccrtain cytolegicel alteraticns
(2) to consider the fecsibility of esteblishing & werrcw benk if marrow
could be cultivatecd successfully anc if rLarrow could be trensplentcad
successfully.

Such techniques &s the roller tube, the Cerrel flask, and the sitting
drcp slide technique have been crploye... wcch has their advanteges and
disadvantages but & coubinction f the sli.e anu flask technique appears
to provice the cptimmwi cenditicns fur growth ond study.

#ith thesc techniques the fclluwing studies were carried out:

1, the effect o«f varied rnedia on the growth of bene worrew.
2. the effoct of varied ges tensicns on the growth of bonce merrow,

3. the effect of varied stinuli to bene rrrrow and its growth is
standarc iedia.

Le the cc.perative studies cn the gruwth of norual end rediated bene
LETTOW,

5. the prepcration of cerrow fer trensplentations
The results f thesc studics are now in the process of tcbuleoticn and
interprctaticn,

Further studies will probebly be resune’ when the current repcrt has
been corpleted,
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I1I Transplantaticn ¢f a Kidncy

In the rccess «f werking with end the incilent:l cxpeosure to ureniun
and uraniun cenrounds, it wes believe. th't & si,nificent legree of renel
denmese weuld result. Because of this anticipeted deszeo it wes felt le-
sireblc to direct scme attenticn to wncasurcs which weula effect sioe benefi
to the damaged crgan and the essceclated cerengcients tc the hest, Cne f
the first prccedures considercd wes the ~oditicn <f 2 nerzl kidney with
the ultirate hcpe thet & cethoed cculd be werkel cut eventuzlly whereby
this transplcontcd kicney cculd functicn foer ot l.oast a shoert pericd of
tic until the Zriegc. kidneys had reccvercd sufficiently to carry on their
functicn egain., During the cairsc of study of the toxdeity of ureniu
and its ccipeunds it was fcund that the incidence an. de; ree of renal
dasece enceuntere  in industricl and! leberatery porsennel wes a greet deal
less thaen uxpected and accoruingly less attenticn neeu be directed to
therepeutic .casures.

This experiment cunecrnec itsclf with the initizl studies corried out
to Jdeteridne o surgicel technicuc thet cculd be enploeyed fer the trans=
plentaticn of a hcricgencus kidney.

The results cf these cxperiients indiczt.d thit the cannulae technique
for enastoaicsis cf blcud vessels end the transplantaticn of 2 kildney tc a
neck was ricre desirckle. When the kidney of cne .cg 'was transplanted inte
the ncck of ancther ucp ther. was an increcsed initial tlood flow throwygh
the artery seccndcry to the denervetion. This inecrcascd blucd flew ooy
last for seviral lcys and wos asscelated with excretion of abneroanlly
large quantities cf urine, providing the venws rceturn was adequete.
Scre of the transplrntoel kidneys functicned for «nly 24 heurs, cthers
fer cs long es 5 weys. aventurlly kicney function foiled lesving 2 large,
swcllen, soft deco kidney. Inasiuch 2s autc cnws transplonted kidneys
nay survive fcr os long as 9 nenths it cprears that the fiilure of rencl
heizotransplants to function indofinitcly cannot be ascribed to surgiecl
errors but to ¢ focter or factirs of incermpatibility.
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R.LICLCGY I

I. ACUTE EAF Il ENTS - Sin-le Dosc.

a. ledian Lethcl Dcse Exrcricents, The nocdien lcthel dese (that
anount required tc rroduce Jcath in helf «f the aninals) for x-radiation
was cdetermined in scv.ral specics of cniiials, the results being listed
in the fcllewing teble. Fer the purpese of coapariscn cf species, the
studies on rebbits carrica out ¢t the betallurgiecl laboraicry ot the
University <¢f Chiccec are incluced.

Rebbit 790 r

Rat 600 r

Monkey 5550-600 r

Dog dcrk not yot caspleted.

It must be commented thet the scnsitivity of the above species for chronic
x-radiction is in the same order.

The ret is oquzlly sensitive -t seven weeks and «t seven menths

cf age,
Meles cnd fercles show equel sensitivity with regoerd te acute lcthel

effecct:

If the dosa;e is adjusted by increasing the time of expcsure at constes
intcrvels, the .gan survivel time plctted agoinst the log of the dose is a
straight line. If the doszrc is adjusted by vorying the intensity at con-
stant tine, the rncrtality plcttid npainst the dostye squareu is 2 stroight
line. Evidence has becn gained which indic.tea that the injury tc¢ radiatic
is & "twe hit" phenomencn, or in <ther words, twe singlc hits by xeray

phctons have been iwde «n & sin: le clerent in 2 single culls, i.e., chrom=
osone, spindle, ctc,

Stucics on thoéu feeters which influence the madian lethal dose have
been made, but a2rc nct yet reacy to rerert. Thesc include studics as to

the rete of dese, metabclie effects, eénd the effcet of voriius drugs cn
x-rediation injury.

B. Pathclogy cf Acute Redieticn Damape: Tissue chonges in sacrificed
rets at 28 days werc different frei. thcse found in anicls dying frci.
irradistion injury vithin this pericd. The threc tissues primarily affecte
were the bewel, testis, and hematcpoetic system. The szcrificed anicals,
at least for dcszcge velues of 500 r «r greatcr, represented a2 group which
h:d been injured snd except fcr testicular choenges, hed repaircd itself.
Degenerate testes were pruscnt at the 250 r level. Significent chenges
in the hemctcpcetic syster: first eppeared ot 400 r. These chances were
only a little rcre severe ct 1000 r then at 400 r. This saue gredient

wzs ncted in the spleen end lyich nodes, The varrow, however, was scverely
depleted at cvery dosage lcvel at which the anicels died.

Tissuc chances in ncnkeys were found in the henctipcetie systenm and
tewel., Testiculer findings were difficult to evaluatc beceause 211 animels
were imaturc. The extent cf injury wes mcst severe a2t the hicher desege

levels, the rinimal injuricus doszec cccurring between 375 =nd 450 r.

"l'llll!'lll'b — 3?71_/
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Spueific Zcteils of the pothel. eic2l chon os cnl thedr cecurrence ill
be fcund in the coigpl b repirts. The chonces (tserves in the o ro
in prepiroticn rnl et yet ro dy toe re;ort. 1t Lust be ccmmentol thet nc
finin s . {

sorkes wifferences tore (bsorvel in the roview f the o
pathelogy.

II. CHECWIC R.LI..TIC) FRLGRe...

(dce, ..nkeys, rots, znl Gogs Wers oxzoSe. te chronic re iction in
the fern of x-reciction frono 250 and 1000 KVP mechines.  idce, wcnkeys,
and rets werc expesew te 001, 0.5, 1.0, and 10,0 r per dey six ueys por
weck for tw. yecrs. Dops werce expoese. te 0.1, 0.5, 1.0, 3.0, 6.0, ¢nd
10,0 r zer uy six .cys per weeks for two yeeirs. ouiteble centrils were
cerried with cech series arc received iuonticel trectient except for tae
irradietiin. The results will te ropcerted accoruing te the spscics.

The experinent cn iicc gove litble pesult boecuse ¢f on epiduiic
cf acuse typhcid which cccurred during the oxperi.cnt. OSuch rousults cs
wcre obteined arc elicst iipessibtle to analyze.

The cxperi.cnt with :wnkeys is likewise foult; for scveral re.scns.
Endc:dc tubureulcsis wes present in the ccleny end interferci with .ortalit
ficures as well ag with survivcl tises. One aoteklc cbscrvction wes thet

after 1% years «f reciaticn ot 2 level of O.1r per &y, 2 erual cffsprin,
wes conceive. in delivercd.

The rat exgeri ent geve the following bservitions which for the
puricse cf clarity con be listed,

1) The survivel is sisnificantly decrcised at the 10 r per ds
level but nct 2t the lower levels,

2) .rles cnd feirles are wauslly scensitive te 2 piven dise of
racicti n.

3) The ticle.icsl effect of x-rays whether (iven with the 250 cr
1 :3i1li.n vclt zachine is indistin-uishable,

4) Ilovels -f 1 r per lay and telww shcw no influence un sperLs
prcducticn, Definite orfucts are nctc. 2t the 10 r level.

5) The nuber of leuke. ias eppecring Juring the course of the
cxperiuent showe. 2 tctal of 12 in the 400 aninals stulied.
The frequancy is preperticnzl to the Jese of x-reiicticn given.
This is illustratced in the ceccopanying toble.

Dcesaje Dezths Tctel Nuober f aniccls
0.0 ncne 50 ani.z2ls

Ol r 1 100 cniizls

0.5 r 2 100 aniinls

1.0 r 3 100 zni. 215

10.0 r 6 5C =niricls

The 10 r lovel is epprecicbly highor then _shuwn, inasiuch s it
is necesser; tc ccrrect for the increcge crtality in this
group which in a twe year cxperi Phsilercble,




6) Stulics of the weight chon cs en these mninzls indcntes
thet weis ht cbs.rvcticns  re of little veluc in prodicting
the cutccie of the experiment «r as & poessible clinicrl
test fir cxyosure. The woi ht less cecurs .nly in the
peric2 just befurc death, at which tiic <ther observable
chan_zs cre well est.blished,

7) Survivel tinc stucies ere still in | ro:ress.

8) Tuirs - prolisinary studies indicatc th t scms types,
perticulerly oemacry twiers, are inducod vihile (thers
are spcntenecus in type.

9) Hematcligy - nct included.

The Z¢. experiiient was carried wut zcccrding tc the fullowing
plan: anincls recciving 0.0, 0.1, 0.5, and 1.0 per 2oy six deys
weekly were corricd for 622 trectuents (twe yenrs) anl then sccrificed,
The cniricls reccivin: 3.0, 6.0, cnd 1000 r six deys wcekly werc ¢iven
500 treat:.ents and 2ll sacrificed. The plan f scerifice for the lower
groups 1s as fcllows: ot the end o f the pericd of cxposure, cne-third
«f the aniicls were sacrificed; the rezieining twe-thir.s cre carried
for an euditional three runths for reccvery stuides ot the end f which
tiiie the fc. 2les are sacrificed. The weles ore kept cn for adiitional
rccovery studies cn speri fermaticn.,

P hertality figures at the end of the first 500 treatrents
(Ceta availeble) are as fcllcows:

Level Mertality
0.0 r 0
O.lr 0
O.5r 0
1.0r 0
3.0r 20%
6.0 r 40%
10.0r 8045

ilertelity figurcs at the end of 622 treatuents zre as fullows:

level hertelit,

e ——————

\
00r 0
O.1r 5%
0.5 r 9]
1.0r 15%

At the present ti e crly cno cnimel hes died of leuka.ia, That
ani:rl reccived the ccurse cf 10 r per doy trect.e. ts, ’

( As in the rzt experiient, <bservetiins ..ade un weifht chb.ngcs
have little velue in prvdicting the wtecie f an experiment,

A
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Sperri fer.aticn is influenced a2t 211 levels e2bive 0.l r rxr
dey ond - ucesticncbly ot the O.l r level, Whether this chenpe in the
Oul r per day level is real will be shewn by the reccvery study now
in prcrress.e It requires 270 to 300 r te sterilize 50 pur cent of the
wgs et the 0.5 r ger day level or the 1.0 r per Jdny level., Fer steril-
izaticn =t the 10,0 r per wy level rcre than thirty trezt.ents (300 r)
zre requirc .. Frow this cbscrvetion it is deduced thet = tiie ficter
is ipvelved in the seturcticn of sper.a.

Sc..¢ zniumals accwmlated over 5000 r bef.rc dyin,, while others
dicd et 1100 r cf chrenie irrediaticn. T.dis illustretoes the vorie-
bility in the species therselves.

ae Pathelepy - Chronic Irradicticn. Pathclericel exainsticn
of rats follcwin, expcsurcs to chronic x-rodicticn for twe yeers
for.sulates the cpinicn that there is no fecd histolegical eriterion
of chreunic x-rcdicticn canege when ¢dministercd in cescjes of 10 r
per oy am less. Champes in the he.ntcepectic systen were nct inpressive,
Testicular deczge wos nctel with disages of 10 r per lay but act belew,
It is su¢ cstecd that the leukerias and icirary turers erising in these
endnels say heve been produced bty the irradistion. There is no evidence
of injury related to irrediaticn in the heart, lung, liver, kilney,
bewel, pancrees, thyrcid, trachea, skin, benc, ovary, «r bcne merrcw, '

ketbtits which have received siidler Jduszgpes of x-redizticn

cver ooicricd of <ne year enly, shuw sicileor changes tc these noted
abive.

Dcos uxposed t¢ 10 r and 6 r per doy for 500 treataents arc
iost opt to dc with cvidences ¢f ha crrhege preswiebly sccondary to
leuecpenic, thro bucytopenie, and bene wzrrow hypeplosia,
ceipletely cepletid of per.inel eells. Lyiph nudes and splecn shew
cellulcor depleticn and sue henmcrrhege. Sipns of infecticn superinpesed
cn reduced bune correw cetivity cre ccoian. ot levels of 3.0r, 1.0 r
the testis is depleted of sperictogenic clec..ents,

Tustcs rre

Following pilct experiients cerried wt in & l:berctery elscwhere
(see repert frer Cclunbiz project) 2 pregrai wes instituted for the
contrclled chrenic expesure of rets and deps tc fest neutrons, The
dcsa; es selcected were the cquivalents to the previcusly selected
experiiental x-raciction deseges, nezely 0.1, 0.5, 1.0, and 10.0 r
per Cay six deys weekly. The equivalents in n coseges are 0,017,
0.085, 0.17, and 1.7 n per Jzy six ucys weckly. The ncutron experi.cnts
were corried for o cne-year period instecd of the two-year pericd
usud foer the x-reys. .

Findin, s werc significant =t the hi host desage level (1.7 n
per dcy) in both thc rats eni dess. st this dwscge the effect on
survivel wcs :mch rcre .arked then the sujpescl eauivelent o f 10 r
per cay. uwertelity fijures in the r:ts eare difficult t¢ intcrpret
incsmch 2s decth in rnany instances could not bo attributed te radia-
ticn demeges ot the 124 nacnth pericd in dcgs, however, 21l five cf
the anicals at the high level had sucewbod with typica]:. changes.

o™ /-
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No sijnificent .urtality was (bserved in cither species ot the lower

dcsege levels, J

h tatel cf nine leukea.lcs wes observcd' in the grcup of 50 rets
2t the 1.7 n per doy lovel, No leukw.las wer. cbscrved in icos,

Cateraets were foried in czny of the rots at the 1.7 nojer oy
levcl. Ne catir cts were cbsorvel in the doys. No eff.cts at the
lower Jcsage levels,

Graying <f the hair occurred in the dcgs at approxicctely the

six tc¢ scven-rienth pericd. No eifcet wes cbservel ot the lower dosape
levels.,

at the 1.7 n per doy lovel the spern were clininated cpparently
acre effcetively than at the equivalent 10 r per dey dosege of x-rod-
iaticn, At the lower desere levels thoe effects on the sperm foramcticn
were not cs striking ¢s these follewing x-readiaticn.

#5 in the erse of the chrcnic x-r2y experiients, wei ht chen;cs
were fcund t¢ be of little velue in predicting wtceciias.

, B. Pathclcgy Fellcowing Neutren Irradiesticn - Dr. Letezlf#* The
cbserved date su; est that after irr.dicticn of rats over o scvun-.cnth
pericd at 1.7 n per dcy, the lack of cvarien fcllicles .oy be a goed

, critericn of neutren irrcdicticn. Chonges in the heuatepeetic syste:.

( ore not i.jrussive excopt fer otrephic changes in the spleen =t tio
1.7 n level. The testis is darcred at the 1.7 n level but not 2t
any cther desage useds  leukendos were dia; nescl as st:tol earlicr.

Dcgs which have been ¢iven 1.7 n per loy for 123 .acnths show
in .cst instances changes in the hciat. pcetic systen, testis, and skin.,
These chenges 2re in the mature f he..rrhoge, ly.uphcic hypcplesiz,
testicular dasage cne bene Liarrow hypeplosic s well s degencrative
chenges arcund the heir fcllicles., anicals cxposed at lewer levels
shew nc changes typical of irrzdicticn desogo, .

C. Cu.parctive Stud
Neutron Radicticn. SuLary

1

f Chronic X-rodiatiocn and Chrenie

1, Descie for descge, the chenges which cne iight
csscciate with irrcdiation were .ire proncunced
in th.. neutrin expcsed eniizls than in the
x=-irrcedicted aninmhls,

2, Except fcr the cvarian changes in noautren exposed
rats, an! the p ssitly simificent hair fcllicle
. . changes in the neautren expesed deps, the tissue
- changes werc quclitetively the sw.e in beth
. x=-radiation and neutron rodiatel aniials,
3. The frequency cf lcuku:zics 18 related to the Jdesape
{ cf radicticn in beth the x-roy and neutren jroups.
It is possible thot neutron irre:diction nay cause
the. tc¢ appecr scuoner than x-redicticn.

-ypertt— />
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Dy The Effect ¢f ng! izticn cn the Chu.ie’l C.nstitucnts

of the Bloods Dr.: Kethryn Fink et cl.

The fcllcving censtituents of the tlccl were lsteriinew ot
frequent intervols in the dogs cxpese. tc chronic (daily) expesures of
x-rodioticon at 0.1, 0.5, 1.0, ond 10 r per dey six .cys per we.k:
serun protein, serun chleride, serwa 2lkeline phosphotose, sorui
cholestercl, serw eci. phesphctese, plesie fibrinc en, an. whole
blccd nen=pr tein-nitrocen,

althcuch finel anclysis of the 2:ta hos not been rzlde, 1t
ap.ears thit these coopoiunts of the bleed are not si nificcntly

(ltered in eniicls expesed to 622 treat.ents of x-r.y ot levels
of 0.1, 0.5, 1.0, &nc 10 r per day.

Beccuse cf si:ilerities in the reccetiun f dcygs to
radiztion and tc ccllierein, 2 non=liclyzcble censtitutent of urine,

a study : £ ccllicrein wes wade in dogs 2nd rets. Ne clear cut relaticn
t¢ redicticn uc..ere was found.

E, Attanpts to Deteridinc the Prescnce of - Circulating S

Present in Bl.cd fcllewin; Irrc.joticn. Dr. Jchn S.o Lewrence ond
Captain Willizr: Vilentinc.

The genercl ain of the investigaticns here reperted has been
tc tain ovidence for or against the presence of ccertein “indirect™
irreciaticn effocts. Twenty=-six successful crcss circulntion exper-
ircnts (carctid ertery to carctil urtery cnasta.csis 1. cats) have
been perferrcd boetween nermal and irrcdioted aniicls, Cress circula-
ticn wes established in west instznces at su.e specificd tile interved

after the radicticn of cne portner.e 11 intervels up tc 82 hours
after irradiation were covercd,

In seven experirents, cruss circulcticn wes estiblished onl
then one onial irrscdiatel while the cther wes shiclded. Thesc were
ccngidered. the rxst criticel expericats «f the ;rcup. Detailed data
on & leucceyte and lycpheeyte ccunts in the noricel cnisel <btaized
during on opproxicetely 28 dey rericd . f fcllow-up does mct support
the thesis cf indircet effects peculirr tc¢ racdicticn. o trend toward
a slightly lowerca czbsclute ly‘..phocyt» count in nun.zl enimnls after
crcss circulaticn wis et considoered si: nificant. In no instance
did leuccpenia develep in the nurmel cniiizl.

F. The Rite ¢f Utilization of Blood Platelets in the
Threobopenic Cote Dr. Jchn S, Lowrence and Coptein Williao Valentine,

Tke rete of utilizetion cf bleol plctelets in rodieted,
throrbopenic cats hes been weasurcd Jdirectly. Threabepenic cninels,
incapable ¢f si_nificant pletelet rejencrcticn were cress circulated
via carcti’ to eirctil snestoucses with nor.el oniisls. ofter return
te indepenient circuleticn, the rete of dis:ppeerance «f ercss
circulatcl plotelets wes oeasureo by pericdic caints.
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By this methcd it was pessible to elevete the platelct caunt
anywhere frcm 100,000 to arcund 400,000 platclets per cubic williieter,
The hifhest ccunt cbteained fellowed cress circulztion with 2 splenccte-
viges aniel. In mest instonces the pletslet lovel ctteoinel wos within
the rhysiclceiic ranpe of thet found for neracl cots by the swic wcthod.

The cress circuli ted platelets grecuclly disoppecred fra.
the circulcticn cver & twe tc a2 sliphtly ..cre then fair-coy periwd.
Under the conditicns of this experisent the entire platelet nzss weuld

have t¢ be repleced thercfere cvery tuc to five doys. The sawe ficures
- prcbebly apply wvathin e nirrev 1i0dt tc the noricl cct.

The averzge rcte of platelct utilizati-n wos epprexilately
2500 per cubic millileter per hour. In scven of eight exporiserts, the
rate .f discppearance varic.. frei cbout 1600 cubic rilliieters per hcur
to about 2800 per cubic aillircter per heur. In the experiwnt
usin- & splenectcmized dencr, the rcte of discppecrance wes about
dcuble the averzpe for the rest of the greup.

Attenticn is called tc pussible thercpeutic impliccticns of
these findines in the treatient <f idicpathic thra.bopenic purpura.

G. Further Studies on the lete of Utiiigeticn ¢f Croees
Circuleted Leucceytes in the Lcuccpenic Cat. Dr. Jchn S. Lawrence,
and Coptein Willien Valentane.

( Stucies cre in pre:ress and arc nct yet recly to repoert.
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EXPERI.ENTS TC T:ST TUn VALIDITY CF THE LlNEnh r-UCSE/UiUTATICH
R.TE hul..TICN ..T 1CW LOS.CeS,.

1. ACUTE EXPCSURLr

On the basis cf 200,801 test cultures fcr lethzls in the X-
chrcrescze of the frult-gly-Droscphila nclancg nster, of which
73,901 fraa flies irradicteld at 25 r, 31,560 ct 50 r, 23,195 at 150
r, and si.2ller mukers ct 500 r, 1000 r, 2000 r, 3000r, =nd 4000 r,
it has been shown thot the lethel .mtoticn rate is direectly propertivn-
al tc the r=dcscie cven for the lovwicst desapes useds. We are forced, cn
the besis cf these findings, tc conclude thit there is nc tcleriace duse
cf radicticn belcw which .utoticn dese nct cecure Our date indicate
thet a desepe of cbeut 35 r actually Jcubles the neturel lethcl mata-
ti.n rate in flics, Less extensivc dota en visible Lutctions seen to
show the scue relctiunship. If thesc finlin,s can be shewn to hove
transfer vilue t¢ the offect of redizticn <n the hurian race throuh
their ccercborzticn by exporirents wa the nouse, 2 norwal, then it be~
ccricg clecr thet racdiasticn in Jcsages which nmay be tolereated by the
bedy cf nen 2y hove dire effects upcen the hunen gerc-plesn. In terus
f socciety and thc hu.an rzce the risks cen cnly be stated when a
statistic on the preperticn of individuals of reprciuctivs ape expesed
tc lew desege rodicticn is intrcduced. For the individual exposed and
his descencants, thc risk is cbvicusly :mch ;reater. These fects should

be czrefully c¢:nsidered in any prcpesed use of ateric eneryy cn o large
scale.

II. CHROMIC EXFOSURE

Exporiments were carriud cut & test the lethel Luteticn rate in the
X-chrcacsaie of Droscphilc under the influence of low .oseies of geiuat rays
spre2d over & cunsidercble tice., Flies were irredictod with radiun

for three wecks ot a desare of 28 v, units per dy. The tctzl dose wes
52% T units-

On thc basis of 48,648 tested X—chriiisw.cs fre. irrciieted flies
and of 52,182 tested X-chrc..osuies fra: control flics, no significant
difference in the lethel mtaticn rate betwoeon cxporisentzls and con=
trols wes fcund. These results seen tc bo different frc. these expec-
ted according tco the vicrk ¢f Spencer. The difference ray be due to :
differences in teipsreture, in aging «f the sperm:, between the cctiins
f X end germa rays, cr te difforences between the activity of chroende
vergis acute exposure et low deses.

Befcre it con be conclucel thot chronic exposure to :dnute doses
of redicticn is safe fro.. 2 genetie peint of view, it will te ncecssary
tc exclude the cther possibilities indiczteud ebuve,
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General Back; rcund

A hunan speri. ccntains 24 chroresc..es. Each chre.csuie contains 2
"strins" «f scue hundreds ¢f (enes.

a human e conteing a sindler set of chroicscmes and genes.

So in the nucleus ¢f ¢ fertilized eg: there are 48 chrw.csvmes altc-

gether = 24 hinds, e2ach in duplicate = and perheps 10,000 kinds of
gcnes alsc each in duplicate.

Each gene hos twe rmein typos of acticn:

a, Each catalyses su.e particular che:xdcal process, given the pru.per
nateriels, .
b. Each recuplicates itself at, or scme tiie befwre, each cell uivi-

sicne (In this latter cctioun the bonds betwuen genes in the szae
chro.csuse elsc recuplicate,)

So each new call (f a develcpin, embryc is equipped with 24 poirs cf
chraicscies with thelr assceiatel genes,

S.re genes cu.e intce acticn at «r shirtly after fertilizaticn., They
operate in ¢ "field" of lirdteu cumplexity, i.e., the cytoplasuic
differences alrealy existing in the fertilized egg. Thelr activity

probably increases the regicnal differences and perzits cther ceres
in tum tc ccuc inte play,

In ;cneral, dfferent batteries ¢f _[ones cw.e into acticn at different
tircs, in different cells cf tissucs, an. for varying int.rvals deter-
cinel by when and where the raterials for their cperation beccne avail-
atlc, Sunme geres perhaps raucin incctive untal long efter birth.

Yost, if nct all, genes core very slightly unsteble., Anung for exauple
a oillion Cescendants by recuplicaticn frou a2 single cri inal gene per-
haps cne cr & fow will heve & scewhat Cifferant structure.

Once a gene hes undericne such = change (nutaticn) it reduplicates the

chan:<s structure thereafter, oxcept fur the cccurrence of further mu-
taticn,

Mataticn probebly decrenses the cctalytic activity f seness Sc a

mutant gene M' acts in the sawe prucess as the norual gene i frca which
it arose, but less effectively.

A chile whe inherits 2 mutent ' frcu cne perent an. the ncrmal gene
L fren the cther parcnt, may or ray nct shew effects ¢f the mutant.

a. If il cells are able tc¢ do mure of the specific L-catalysis than is
necessary, M4f cells rey be cble to de enwgh s thet the presence

AR~
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of L' is nat indicated by any cdeviation from norral structure or
functicn. The mutent ' is szid to be recessivo,

If L cells U jJust encugh cf the L-catolysis, ii.' will not. Suc
enbrycnic process will deviate fror. its ner.al course anc suie
detail of structurc cr functicn will becuiie ebneruel, thcuch nct
necessarily harnful. A rtant of this scrt is said tc bte -lozinent.

Reviation-induced .utents, like the spuntonecus, Loy be edther re-
cessive cr deminant,

In ran, the potentielly don,ercus mutents are the dcainants, anl the
recessives in that (nc pdr «f chrimcscaies which Jetornines sex,

a third cless <f pctentially dan crcus inhsritcble chanies can be
indecod by raddotion: ghrewcscue mutaticns. 4 pilece wcy be broken

off one chre..csute and attached te ancther. 4 sceticn may be inverted
in situ. Chrc.. scmes uay exchan ¢ scctions.,

Thus, in & sperwu which hes besn expesed to raddzticn any cne cr wore
¢f nany thcusands <f genetic changes poy cccur; any <f the thcusands

of genes nay rutcte and chrenucswues moy break ond re-attach at 2ay of
the thcusands «f bends betwean gencs,

Since any c¢ne cf these changes has 2 very luw prcbability at mcderate
expcsure, the majcerity (f expcsci sperm will mct underpgc any Luteticn.
In the aincrity which are affected une gene will outate in cne spers,

a differermt fene in encther spem, in still a third cell there w1l be
a chrcuescie mutation, 2ni so on.

Experirent el Prccedure
The generzl plon f the work i1s inlicated by the fcllowing table.

Purc Streins (ndce) bred in Jacks.n Laboratery

"dbat "osT "Bagg albinc" x "Swiss albinc!

albino hybrids

Crcases r:alo at Richestor

L2
(rayed
daily)
Floo + Fy e albine hybrids

(autopsied  (bre. fcur

F151848

nct bred) tires, then

autcpsied)

"Fo" litters testinge fertility, and renetic
gignificance f any abncrralities, of the Fy

ed & few days after birth,.
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Gene ani chreioscme mtaticns which cccurrcd in the spern of expesod
and contrcl r.ales werc detected as follows:

If the sperm conteined a

The effuct in an ffspring
fermed froi. that spoern was

daszinant pene sutaticn devieticn fros noricl struc-

ture cr function
recessive gene mutaticn nbne in l;:l: but half f the
in the sex chroucsune scns of are affected.
(tronsmitted to Flig nct Floo) 142

chroacsaze .mtaticn reduced fertility
(transcitted to Fyoo cr ¢g: .

studicd cnly in ¢¢)
++

In trief, the prccedurce was tc hunt cueng the offsprin, of exposed and
centrel iele mice for

2, Scns onl deushters with sce abancroelity -f structure cr function;

b Jdau.hters prcducing lefinitely fewer thon ncriel offspring in feur
- litters; '

c. dJdawhters producing only helf as :.any scns &s daighters (i.e.,

Jaushters receiving sex=chruicsc..e rccessive imtants with lethal
effects,)

The prccedmrc was cayliceted by twe rain factors:

a, all of the effects <f .utent tences «r chruwsuses ney be duplicated
by Jevelopintzl end post-natal accidents quite independent of
heredity;

b, the effects «f rutant penes ronge fru.. large and ccnspicucus dewn t
very slisht and difficult tc detect,

Sc the pricedure involved & dcuble sifting: first, each F; pcuse had to

be

classified as ncrmal cr abnerncl (with respect to the threc criteria
in item 3 abcve:) secind, these classified es ebnirmal hed te be tested
tc deterrine whether the abnerielity was hereditary cr nut. The latter
discrimineticn is pessible tecause the hereclitary sbncrpalities are
transioitted by the individual carryin_ them tc¢ helf of its cffspring.

Results

The essential results ar¢ shcwn in Graph 1. The lcftucst peint shows
the propcrtion of spern, frum cutrel nales in which there was & mutant
gene <r chrcucscne, The next point to the ri ht shcws the proporticn
of mutant bearin; sper. fror nales receivin: 0.1 r/dzy. This pcint is
plotted abtive that pcint on the Cose scele which represents the aversge
tct al reentgoens received bty thuse speri from which the £fspring of 0.1
r. (2les hcd been fcrued., The recaining peints represent cerresponsing
data for spern of males expcsed to 0.5, 1.0 end 10,0 r/doy.
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The slcpe of Graph 1 is the prdbability per rcentien that 2 rutetion
(of the mapnitude an. types we studied) will cccur; the valuc is

6y x 1075 rer v Thus, <f = millicn Spem uxpesen te 30 r, abaut
1900 underge cutatiwn in :ne cr ancther genc or chremesae. I cne

cf the unaffectel sperr: heppens to be usea in furtilizction, nc harn

has been dene; if cne of the affected, the result will be cne of the
abnecrmalities listed abeve,

The mutaticn hazard inudczted by Greph 1 is lower than the true value
because of defects in cur prccelure. Abncrmalities feunld in Fy co
were not tested by breediry, nor were z1l defects in Flgg, because cf

space and time liritaticns, Amon; the untested abnom:alities should
be scne Gwe o Jduiinent ¢ene rutcticns., Since eny perticuler mitetion

is nct likely tc have cceurrce mere than a fuw times in the experinent,

the nissec mutants shculd be arrn; those aberrsticns which were nct
fcund rcre then a few times altcgether. Sc in Greph 2, ere pletted,
as in Graph 1, the prcperticns cf sperm frem which were formed Fie¢
plee showing soue type of structural sbneriality thet oppeared
altogether fair or fewer times a:rng the 11,000 F] mice exaained,

The increase in properticn with increesing dese can cnly mean genetic

effects cf the racieticn at o rete of about 4.2 X 1075 per roentgen.

adding the twe wlues tegether sives an cvercll .mtaticn hazard of

1.1 x 1074 per r. This value still excludcs recessives an. dominants
or chreisscme nutetd (ns wdth small effects.

The twtel cuteticn rete is distributed raughly as follows anong the
several classes ¢f nutaticns:

dominents with structurcl effects  30%
- recessive lethals in sex chrowcsine 20%
chranescme mutatdons _ 508

Twe majer uncerteinties remain:

a. Is the X-rey mutntion rote in amn es hich as in wice?
b. What preperticn of the putants we have feund would be sericus
if they cccurred in man?

Obvicusly, neither questicn con be aenswercd. With respect tc the firs
we cight better wark ¢n the censervetive assumpticn thet the rutation
rete will nct be lower in man than in ncusc. On the secoend, it might
be wise t¢ take 2 sirilar attitude. Certainly, in the crecture wirse
genetics we kncw best, Drcscphile, nearly every nutent gene hes dele-
tericus effects. We rey first nctice the presence of & .mtant by an
alteration of suwic mincr iorphclegical detedl, like eye ccler, but on
further stucy we fin thct superficicl chenge te be accumpaniel by a
greater cr less recucticn of suneral viger cr of life span.

If we teke this view, we are forced tc woender whether a hunzn expesure
cf 0.1 r/day is acceptelle. It reens an increcse of 1% in the hagard
of transudtting a rew rutant fcne far each 100 r & parent has received
at tine of ccnecpticn,
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*athodg of ‘x—osure of Ani-
Maren, Zirkle,

'se of “he Clintor 'ils for Madiobiolec~ieal “xmnsuires to fast .eutroms,
Slov “outrons and Ca-ma 'avrs, Z2irkle and Maror,

“scimique o 'xternal Irradiaticn vrith “eta Tars. Taper, Ulrkle, and “arnes.

“poduction of Padioactivo ‘er_.n for Anirml Ux-osures, J\brums, Neilman
and orris,

Techniques of Animal "xosures to Rndle

Sine Tmiaxl rblem,

Productior -l Rl Low Azixial LDom: Pozia

B s~ ey Mewmnnds e

Crestoenlua D Dharpge led te Ialavcil Tmitters. Cohn.

cadloelacions of Sz Tue To Non-uniformly Distributed Intermal Initcters.
ocle.

o zy-apaie "esarement of Dosage Due to Intormel Fmitters, Cole, ‘oon
~0d Sl

‘e

‘arcaromemt of Radium by Beta Counting., Tompkins amd lorris.

“sintenarce of Animals Conta.ining Dangerous Anounts of Radiocaotive Sub.
staness. Prosser.

Special Mistologiocal Techniques. Wehmond,

Apperatus for Injection of Anirals with Dangerous Amounts of Gemma Smitters.
Anthony and Torris,

Apperatus to laintain Constant Rate of Injection. Snyder.

‘lsthods of Inmuring, Localisation of Injected ‘aterials. Nrues amd Tompkins.

Administration of Redicactive ‘'aterials by Tracheal Trmtubation. Seibert.

Quantitative "stination of Teta Activity. Toresi,

Preparation of Isotopes Ised in tho Niolocical Prosran, DNroido.
Amalytieal "ethods. Dreido,

A “odified Progedure for the (uantitative Neterminstiom of the "rinary
Coproporphyrin Isomers I and III. Schrvartz, Cohon and ' atsom,

The Preparation of "orphologically Intact Loucocytes from Peripheral Blood,
I. The Use of Saponin as a Lytic Apent. Schwarte, eGraszla, Cheneoy,
Nasenfus and Cohen,

1I. The Combined Mse of Gramieidiu wul Lysolecithin as Lytie Agents,
Singer, Silverbach and Schrarts,
I Z-

i
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A

Effects of Single Duses ¢f X-rz;s cn Rebbits.
1. BEffects of Surviva., el ht anu F.oi lntake. Hegen and Sacher.
%. Histopatholoj.cal Chenges. Llurra,, Blos.., Rhoawes ana Heller.
3. Chonges in Ferirheral Blood. Jacobson.
4. Statistical Analysis cf Hematclcyical Lota

Secher.

B. lethal Action of Sm},le anu falred D.ses of A-riys on uice. Hape., Siuans
and Sacher.

C. Acute Histopathological Changes Due tc Single

cnd Feriocic Doses of X-rajs
on wice. Blook, wveBru,n and Lurraj.

L. Kffects of X-rays on Rits,

1. lethul action of Single, Piired ani Pericuic Louses. Hagen and Sccher.
2. Effccts of Single and Feriocic voses on .ei,iit. Sacher and Pe.rlmun.
3. Acute Histopsthological mifects of Single enu F.ireu Uoses.

Lvelru,a,
lleller ani Blocx.
k. Physlolo;ical and Clinical k:.fects of Single i-ruy Dcses on vogs. Puinter,
kresser, Barron, Schwartz ancd Juccbsen.
F. Physiclo ical und Clinicai EBilects cf Deily M-ray Louses o Dogs. iresser,

Loore, Berrun and Schwartz.

G. The Course of lortalit, Auon. (dcc, R:ts anc Kettits Given Sin, le Loses
of X-rays. Sacher

H. The Course of .ortelity Accng iice and Drosophila -lricges receiving Feriouic
Loses of X-rzys. Sacher.

1.8J. Acute Histojetnclogical Lifects of Single Uceses of X-reys on Chicus.
Bloom, Heiler, Rhoades znd Jacobson.

K. Acute lethzl Action of X-ra'_\;s on Guinez Pigs end Birds. Ha,en.

L. Therapy for and Prophylaxis Ageinst X~-rey In} ries.

Simicns, Presser, Sacher,
fFecrlcan and Jaccbscr.,

K. &ffect of Agc of Lice ¢n the Ledian lethzl Dose of Gaizz Rgys. Curtis and
Zir.le.

N. Bffects of X-rays on hthenylhyirazine induced aremie in Ritbits. Jaccbson,.
wurks &nd Sivzens,

C. Lifects of I-ra;s on Anecia in Rebcits broducen t, bleeding. Jacclsan and warks.

I. Effect of X-rays or. the Life Span of the Reticulocyte in Vitro. Jaccbscn
ana . «xrks.

P Effects of Fericuic Guum lrrauciztion on lice and Guinea Figs.,

Lorcrz
Heston, Eschenbreuner und Derringer,

S. Effects of Laily Ltight-hcur Gauwna Ray vLoses cri Guinesa Frigs.
1. Hematoloyical Changes. Jacobsen, Sacher id Lorenz. _
2, iistopathclegical Chenges. Hel.er, Bloc:. sna lorenz. _ S ° f
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Bifects of Dally QW Loses on .dce.

1. Heuatcalogicul Chinges. Jeccbsw., Sicher wa lerenz.
2. HWistoputhclo icel Chan,es. iurrg,, Rlhcc.es wul Lorong.

Effects of Raulation
Kffects of Ruciulion
cpffects of Radiaticon

affects of lu:udation
Singer, DeGrazia,

aofiects of Radiatiod

Lh

0i.

ot

on
b

on

Hc. o actin betziolis. Schertz, Tinsiey and hatz.
For; hyrin kxcretion. Schrartz, ooperie onc Litson,
Liver Puncticu. Schvurtz, Tinsle,, Kutz and ..aslece,

ohite Elocu Celil .etetclisi.. Schicrig, wattemteryg, Cohen
.irds, Fiox umi Beore.,

the E.crction of Urorosein ard kelcted Ccopowwds,

Schwicrtz, Hagedern, and Cliver.

Spectrophivtabetric Studies ¢n Urine of lrruuiated Anicels. Schwertsz,
watterberg and ia.igan.

‘Twoor Inducticn «nd Cther lete Effects of Single Lceses of Xerays on Ruts
and lice. Drues and Lisco.

cffects of X-ruys cn «weigits of lndividuel Crpens. Sacher and Lrues.

Effects cf X-ruys cn enzymes unc Tissue .etabolis... Eerrcw, et al.

Mysiological and Cl.nical uffects of X-ruys cn lelbits.
Berron, Schwertz and Jacot-scn.

trosser, Fulnter,

Hyperheperinecia. Aller.

FF. Effect of Radiation on Lunp Tumor Incidence in CF 1 !ice, by P, S, lenshaw,
E. F. Diley, G. ©. Stapleton, and ', B, Cupp.

GG, An Attempt to Detect Snmall Amounts of Irradiation Iziury, by Cupp and Henshaw,

1151853

SEeRTY



i

C.TLLRY 2: CFbanio Ur A i Capmnn an* O,

gt

11-A. The Lfiect cf Siryle Loscs of A-revi:lici Co L&iiibs.
g g en ang Sccher.

Roli its woro exposeu to &ul VI x~-ri s in sin le ucses &
5.0, Wi, TW, W, W0, 1000, 1iLL, unu 15C0r. The Lusu ol the
J0=diy periad wus forin to te op rexdcotely  COr.  anczlisis of the
over-all .orteiity inaicitea thit cur.r, the first threc 4, s,
15 jer cent of the trici.s succu.bed, vniie the re.il.der ulea
beti.ecn the 4t. wnd Db, da,.

wei ht of the wniciis ¢ perred te Le w, i.jertint fieter
«a Lhut rcpurdless of sex, uni.iis of 2 1.G or cver tore ucfinitely
less sensitive with respect tc beth l-da; ond i0-de; . lilings.

diles ajpesreu to be ..ore sensitive thun femcles during the
first three dajs. iurin; the next 17 dc s (up tc 20 ¢oys Letel tie)
the fecales tcnded to ule fasler sc thut Lt Lie end 8¢ tLhis pericu
there wus iittle diffcrence in the portality of the sexes.

The cesn survival tiue uecre:seu si.ul, as ws.fes frum
L te 90 vere [iver. PBetween $00 zrd 11U0 r, the shertening of
the life of the wriu8ls iith the increzsec dese of raciciicn wes
Wdgnificunt. Heavy &niceis tended tc survive longer than light
aninals.

Same of thc anir:ls vhich had survived & .rovicus singie wose
of x-radiation vere giver. & second trsctuent of &L r, 1CC days
after the first wus given. Results of this slud: irdicsted tiet
neightr resistance or sensitivit, i.ere inducea ty tre ricer, Jose of
x-ridisticn.

Histopithological stu.ies are irn ;rerur.tion.

GIIE—_
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A, Ch nes in the kerirherai Eiccu b, Jeccbscr.
Ardcils reculvin;; wn ex csure of (.0r (less oftei. Lelo.)
devellp 3 noricchrande cne il ot the 1L-l:y j;ericu. Retl.cuiccytes

Lro reuucec by duscy es €8 iow as 10U r. Iy rhoc tes ore sa.sitive
to 5r and vith s0ses of 1(C r t.d chove, the blcca levelis recch
thedr wdnli vl letiew. & o, cd Lt hwr jerioow. Recovery of o neral
clrcul#tinc ayujhecyte level re uwire. nere than sixty du,s 1.. Jdosos
of JOu r end higher, Heterg.hyl values ctservea at the Zi=hcur
period vere markedl, eleviteu. This was followel t; a .cpressicr reaching
& coxdeum level in $6 hears, There is 2 tendenc: Lcouurd an cicrtive rise
in beth 1 rphocite and heterophyl levels Lel.eei tie Lih ond 9Lh do;s.
The ;liteibts shiow .dnicmno levels beti.een the 5Sth wid “th days at
dosares ¢f 5.0 r ard zlove,

Statistical analyses of the heratclo;ical uztu wre not et
cogpleted (Sacher).

B. Lethal action of Sinfle and Faired uoses of X-rauduiion on .icc
by Scsher and Hagen

In sin;le coses, the IL50 for 3 days fcr CE-1 fenzle :ice
is spproximtel:;: 515 r. ~BC nice which were ei;csed before a:ril,

1943 had &n LU 50 of 450 r. However, :icc of the seme strein recelvea
later then the sbove dite showed an Lo 50 of 5.y r without chage in
techrique. This would indiczte ‘t.hat there is scie veriction even .
in a cert:irn stredn of anicals. Lo sex lifferences vcre ncted in the
#EC iice.

Folicwing & peired doee of x-radiction in which the secend

dosegce of radiztion was adoinistereu zfter = rreueterrired recovery or

1151857



cunuitioning period hed lteen ulloved, there was so.e eviu.nce thit
gice did develcr amuincreased resistunce to x-ruciaticn occurring
op} roxi:atel; one week ift.r the [irst exj.sure. The hilf ti.e

fcr recever: froo the f{irst ucse is (pjrexinatcly tio t thre. sgys.,

C. Acute Histopcthelopical Chiryes Lue tc Sinple anu feriodic
coses of X-rucistion on .dce. Ly Llcem, Debruyn, and Lurruy.

The datu cn the pathole,y of Jin le and rericdic ucsages of
x-rouiziticn is not corpleted. o ccrjplete account of Lthe hisiojatho-

lo,ical changes cbscrved is given.

D. The iifect of X-ridiation on hats Feilci.iy 2iny le Lcses
of X-radiation, b; Sacher, Hegen, ana Fearliin.
of

The redian leth:zl wose (Lo £0) for S ripue-ue.ley rits at
200 ¢L. .eight was tound to be OO r. The ne:n survivaditime
ranged from 11.3 days 2t 500 r; 4 deprs st 15Cr; and 3 wiys et
28,000 r. No conclusive evi.ence was cbtiinec that weight, sex,
uge, or stage of estrus hed any in luence on the survival cr
cortatity in this stuay.

In the studies on pcired .oses of x-r:uiation, mele anizals
received an initicl dosc ¢f 3.0 r of rauiztion folioweu by ¢ ueler.ina-
tion of the wedian lethul cose (LU 50) at one, two, and three w.eexs
after the first dose. A plotting cf the rcsulils sncweu thut the
residual effects aftcr the first dose cecrezseu expcnenticii; «t
8 rate of 8.2 per cent rer day. This rate was not mqintaine¢ be;yond
the three weex :eriod.

In the experinent on pericuic doses of x- rucdiation, anincls

were given duily doses of 12.5, 25, 50, 100 (tuo doses), 150 (twc doscs),

>
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200 (twe woses), wrnu 500 r. At .ses cboeve Su T oier oo, Lue _=an

survivaui ti e feili with.n thaet runfe cr.ervel 10.T 8in e wloel, ohd
could be expiuired cn the tssis ¢f the recover, studles carrked cut v ith
the jcired dcse studies. At ucses beluw the 20 r jer o | ievel, Lhe

cean survival tine vas cornsiderasvl; extoraca.

wei bt stu.ies ire .cu ret w.aijzed for Lhis roo.ort.

£. Fhysiolopicel and Clinicsl mifects of Single Xi-ra; ruses
on Dors, by lresser, tainter, Lerra:, Schwartz, con. Jeecison.

wOfs were pivern [rilec ucses of 2ov LV x-riys runging from
2u r to E0 r cver the tctdl tody. The 200 to €GO r ceses Lilled all
animals .n three to twunty—-cne da:s; the 300 to 5. r willed sevon of
eleven animals in 14 tc 2U dasys vwhile cil arizals recelving e tc 250 p
are living six wonths zfter Lhe sose v&s [iven. From the aliuve _nforca=-
tion the zediaz. lethul dose (Lu 5U) is probatly srouna 3. r. The
anizals survive shorter tires :«{ter the doses cf 5.v tc €00 r than they
do after uoses of >0 tc LU r.

Phyddale ical and clinicel cbserveticns vere mzuc cn the heart
rate, teaperiture, blood pressure, hexmetclogy, blcou arnd rlasca ~oluses,
veicht, fuoc und water exchange, nitrogen exchenge, ki.rey tunction,
rlasma protein chinges, histzcine changes, electroccrulogrephic ciun;es,
gress clinical findings anu petholc y. A fow perti.ent co.u.ei.ts ohly
cen be made of the finuings irn this rejcrt.

1n general there is a ternlmel rise in the hecrt rete, temper~
vture :nd a fall in blood pressure as a shock-like state devclops.

(This should be cistinguished frcc the pricary shock that develeps in

certain species exyosed to x-rcuiction). The blood volume snows a fall
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in red cell elencnts uith an increase in jics.o velwe. Heratilepyical
chinges are tyricil of those of leth:l x-ri.ictlen in other species.
Histarine studies are ecuivecal unc iipessille to intorpret. .eight
changee und metalcils: varicticns tre not coijletely interyretod at
this tiwe Lut incicute a less in wel;ht sli; i, grectur Lien in thu
festing endial with the devuicio..at of ¢ negative itregan b&iaqce.
There is a decrease in the aucunt cf .etitclites cleared b; the xidney.
Electrophorctic patterns of the :lasi.z prcteins shoaw o fsil in the
alburin values unu a rise in the tet:c _lclbulin ircetior.

This paper will be co:.pleted in cicut cne wnd onc~hulf ccnths.

F. The Cliniczl ihysiclogy of Dors Civer Daily Totel Doauy
Y-raaiation, b; Frosser, lcore, Barrcn, .nd Schwart:.

Dogs w.re exposed to 12.5r, 25 r, 40 r, ani 50 r duily.
The dogs which received 4O r wid 50 r daily cied in about the samze ti-e
as anigals receiving a single lethal icse. At the SU r level (avercge
total of 917 r received) the survival 1.as 1€ tc <0 days. At the L0
level (average total of 9.0 r received) the sniizls ded in 24 to 32
days. At the 25 r level (averzge total of 92t r received), the ari-~cls
dled in 27 to 4. deys, and ct the 12.5 r levcl (&verzge total of 127€ r)
the survival tice was frouz 73 tc 209 days. All oniczls exce:t the
215 r daily ones died wucute deaths wit!: leuco, enia, lyz;hopenii, end
throctocyto: enia typicel of acute x-rcdieticn death fron single lethal
doses. st the 12.5 r levsl (plus cnc aniial at 25r) <eath vus .Jue to
the uevelojuent cf an gplastic anenla (tie red .arrow also ieing
invclved). Young anliels wcre core suscejtit.e thar ceture anisals.

The heiatclegicsl findings snoied an initizl ropia Jdecrease

of tne white tlcod cells with the hetercphiis follio.ing this gereral pettern.

GO
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This was lcllioned b ¢ slow decrewie 'ntr & suuden lrop short. teicre ueatn,
The 1:.;huc, tes shciou eirly reducticn follcieuw ©, a slew fall. The red
blocd cells sheved & slow Jeciine in the first iew .cens whd u .orec rupid
fall eftem.cras in all tut those ardials exposes tc 12.5 r. In the lutter
the decline ajpezreu after tic .cnths of ex;csurc. The reticuicc;tes
shovied an initial reducticn follcucd by ¢ return tc norsel vilues. a
fall wus noted cyedn seversl vecks befcre .ecth. Clottirg ti_es iacreuscu
L.cediately Lefcre dectl . Sedimentiticn reles ..cre increcsed irre.’.ztiel,

before tle onset of the teriin:l perica.

The bleod volu.e detcrilneticns except fer the 12.5 r greup
shoved & decrease in the tectal reu cell volw.c. The plusme volu.e
exce;.t the i2.5 r resained constint. The 12.5 r anirzls showed no
change for about four ..onths afier vhich the cbeove described chunges vere
noted.

weight changes vuere siiilar tc Lhe ccute experiments in doses
gre:ter thaen 25 r dail;. In the 25 r end 12.5 r greups, the wei it
chenpres occurred efter e provizitely 65 to £0 per cent of tne ucse hid
been accuculatcu.

Co..plete studies &s cutlineu in the preceeding rep.rt on the
rhysiolo: ical «nd clindcal effects of single x-ri; Jdcses ve.e c.rried out,

but eslae frum the :Lecve zccount are not yet sufficiently cci.;leted for

enclysis.

1¢&J. The acute iffects of 200 LVE X-ray Treuticrt on Chicuens,
b) Bloon, “leller, ™ordos T Tenetae

Chickens were trecteu with single uoses cf vhole body

x=rcdiaticn in doses ranging froc 2 r to ig0C r. The cecian lethal dose

T
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{(LiL 50) ajpeared to be between LU0 wra 8L r. Histeputhelegicwd chunges
in the llth veecr chicken jiriileleu ll.cse re,corteu for ce. . ritie nilurity

vilth the exceptic:. of utiupe to the enruvileirmi sheatl: cells in the chickena.
The three ueek chi‘ckur. cufferes wuuiticnal u.nage to iiiture structures,
but the tLhreshcld cf cbservable Jduwnage tc the lyiyhatic tissues (25 r)

was ca.jereble to thut reperted for .acwals.

By appiicction cf & slight redificatiun of leyes' cethod for
peri;heral tlood counting of Jcwa, dr..ilic wec.cises in Lloovu cunslituents,
paraileling those rejorted elscihere for r.a.cals, w.ore seen in Lhree seck
and five viee. chic.ens ufter treaztient with GLO r ard 8L0 r respectivel;.
Numerous de_enerating cells ivere ctserved in Cry sicirs mude Jduring the
Tirst wecks after irrcuisticn, in contrist tc the sc.rcit, of such findings
in smecrs of uacralian tlood at the scume rerioa. although the norval valiues
for leukocrtes cf chic.er blced vers founc to Le severcl tires these of

~=alian blbod, the aifference could wuccount orl; in pert for the grecter

degecnerstion cbservec in the chickens.

.. Acote lethel setien of A-ruvs on Guinec iifs wd biras,

by Hagen.

Acute lethcl wose studies vere corried cut ocn guinea pigs awad
chickens with the s ecial purycsc cf estiblishing the relctive sensitivity
of species.

The cedian iethal icse (IO 5C) for guinee pigs sas fourd tc be
betveen the 150 r and 20 r levels fcr single doses of vhole beay radietior..
This estubiished the guinea pig as a very recicticn sensitive specics.

Similer studies cirrded cut on six - eei chickens showeu & very
lerge .ortelit; auring the first 24 hours.

The .caicn iethei ucse vus not

cilculated due to aany interiering factors.

S, -

1191862



L. Thor:;: fer ira ircphylicds ap .nst Xer::

Infvries, bt Si.scns, lrusser,
Sacher, le. rlian va. Jocotson.

In ¢ svirch for scue substinces to use in therz y ler and
Jrophy lixds e iirst ccute a-rey lnjuries, studics vero carrded cut on o
nuler cf substinces vhich .lyht e cffective. .hele Ledy x-radiation

in uoses f (AL r n.us ;liver t¢ anlicls (willirg _usepe). Vericus co ieurads
vere injecteu beth [rp hyloctleall; end thersycuticall, to dJeler.ine uhut
if any effect i.as cttuined &8 evidencel Y, chis;es .1 the circulaliiy

Jeucccyte level cf the tlced.

The fellowin; ct..;cunds vere tested: pentnuclectiue, asccrbie
acid, ribo-nucleic acid, crude liver extract, je.low borc marrg: extract,
1henol compounds (acctyl-icthyl-acine end 2 chloro=5 hycrexy-toluene ),
BrL (British Anti-Levisite) ind oruirnery ncrial s:line. These cc.jounds
waere ail injected into the animals.

The ly.;hocyte and heterophyl counts vere folivved &s inuices
&s to the extent of the injur;, znd the value of :ny teneficial effect
of the injected substunce. lone of the tre:trents :reventel & dacrouse
in these blcod cwuits zfter irrciiition. lorrmal scline injected in
wdequate cuantities peve the nost Lenelicial e.fect with a longer

survival time, ond less Zepressicr ol the circulating vhite ceil count.
’ ng

L. The Effect of Are on the Rudlosensiiivit, cf .ice, by sirkle, Andersorn,
Biley, and Curtis.

lice of aifferemt ages ranging fro 1.5 to 12 noaths have
been ex;osed {¢ gaima rays in an effcrt to Jeter:.ine the churpe in
raulosens tivitly vith ece. The dose necesscr: tc czuse 50 per cunt
killing was ueter.irned for each itfe greuy anu sea. Lo change ic
sensitivity with aie vss cbscrved with either sex zlthough the exgeri-

pental error in the cuse cf the riles wes ruite lorge. T.e females iere

found to be ..ore resistant thin the ;_ales.i,' i i/
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K. iffects cf Total Beuy X~ridatlicen on ¢ Ire-exis.ing iniuced Aic.ia

in Rabbits, by Jacobscr, wiris wid diicns,
L.

The Resronse of ani cls with a itier)l Hy.razine Iniuced Anexis;

S —

The heritelogicsl effects of €U0 r tetal Leuy x-rouiztion on snecics

prcuced b, phenyl hyurozine administration .ere cu.jared to the effocts

on norcel dsbveread axli-als, n animals tivei. ;hen;l hyuruezine wnd alloved

tc rocover spcntinecuny and on & group of enivcls uhdch vere glven K r
alone.

Ariowis recciving x-radlatiun wloene wevelcred an anecia caxiius
et 1L deys with recover, at I3 dg;. Thenyl hydrzzine ;rounced &neziss
radiated at cr reor Lhe point cf Loxinel zneria cevcleped ne further

a&nc.ia, and rc ialy returneu tc¢ nerowl. The rhenyl hyarazine alone

roturned to norccl scmevhet core re idly thin either of the Loove grouss,
Reticulocyte vulues after a hijh eieveticr rewurrsd to normal

in tvo diys in phenyl hidrczine Lrecled arirmeis. after . -rey and ihenyl

hydrazine the; fell maximally in tvo uuys urd returnes to noriel in

and recovered in 23 days.

C. The Response of anii:ls with Bleeding Induced Aregia.

A rerenerative ane:.jia was produced by the withdreuzl of 30 ce. of Llood
by cardiac runcture daily for thrce days. A siciler study to the atove
wes carried cut in these ari.alis.

The findings 1n this study aro sizilar tc Lhe (bove ard
indiccte thet x~-rcy superin: cued on &n ane. ic stzte uoes rnot produced
further anecdu with scre differences due to tiie incuceu iren deficicncy.
The ruticulocyte counts remained elevitea far a period ici.ger than vwith

the -henyl hydrezine induccd aneijas.
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R.5.& T. The Lkffects cf tericdic Ga.c Aiktion i.. aice, Guinea Figs,
Loy Lits, by Llorenz, usclentiuwmer, Hestern, verrin: er, Jacouscn,
bacher, blcom, R.ocdes, cnd iurrey.
MKice, ,vinct (a8 &nd raibits verc  ivea acil; exjosurcs over

an ef ht-hcur rerdod te paisis ruys fre. reciws ncedles. The .oszges

receive. vere L. r, Lt ry, 2.2 r, 1.1 r, and C.11 r. Arother _1rcup
reccived 5.5 r given in ¢ sitgle heurl, dese e to aniils ¢n & chranie
Jdaily expisure to U.1l r. adulticnal anizils received chraic enpcsures
over Lle entire 2 ~hour ui;, in Jdoses of ¢t r, 4k r, 2.2 p, 1.1 r,

0.55 r, and O.11 r per day.

Conclusions vhich can be Jdre.n 8t tihc present staze of cc.., leticn
of the ex;crirent li.dcete thil ritklts wre co.parctivel, s.onsitive to
radiztion. Guines pigs on the other reud cre extrenely recio-sensilive
re;idl; devcloping 2 teruinel stute cf cpliastic ane.da. ko tuiors
¢r leuke. ias v.ere observes iu fuinea rigs.

dce are redio-insersitivz as for as the tlood | icture is
ccncerneu but Lre rcajo-scnsitive with respect tc the avvalepient cf
1; ., hozas, cvar.an tucors, «na perhe;. cther foris ¢f tuwors. The
uevelopient c¢f 1:.jhoraus 1s directl, rileted te tie totel uose received
bty the wrinal. The develcprert cf ovirici turers st & relitivelr; cld
agj depeaus on Lhe rate of wa.iristr:iicn cf the redi tion &s well &s
the tctel aount rece.veu. The overies ¢f ._ce are icrc recicesensitive
than those of puinec ;ifs, tut the oppusite is true lc¢r Lue teslis.

All three species, tne riitil, gulrec pig, «nd .cuse, show

wigel, Jdifferent reicticrns to irrzi.silion.

‘ AN e
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1. Ureedir;: kxp.ri.ents. L !

Usicg striin <3H cdce (lov w..or strain) te.is for sterility,

devilejzent of déndiiant tutatiens (porticonlariy ictihaus) anag devele: et
of perctie chiw. es in pre,on) vere corrieu cut lin tho iiove study.

wples ot L.c r rore steriie citer 1%0C r Lié Leen receivewd, iut
re sineu their furll.it, in ¢, roviictel; 2 iontds. At 11LU r eaid
Ci0 r & definite reductics i. the siz. of the first Litters wus noted.

No effect wus noted &t OLO r. usher the L.4 I &nd «.2 r _or cuy ..08::€8

were studies at tre llUC r reriou, no eiliect tes nctou 25 Geacriied in
the c.t r jer Jiy ex;erizerl.

Ferales recelivin; ..t r rer d'y shoved weilrnite stesllity ellcots
after rece:vi..g 770 r. These vwere tcre roncunceu at the (€0 r ievei.
heducticn in iitter size wcs roted ¢t 35C r (£.0 r per day). ani.els
receiving L.i r ;er duy olsc showes reduced i tter size st thé 550 r
tctal Jdose. The (.2 r anc lower .oses w.re ncriel zt the 550 r total
dose perioca.

The esfect c_i Lhe ¢-hcur exrosure was slightiy .«re severe than
thet of the z4-hcur exrosure. Feicies at 2.5 r jer cre hicur sho.ed
steiility effects et the 77V r tetel dese. A single experiiert using
3 r total beuy :~-reuiction in a single ouse prowucec cne titter of
reduced sige follovew by ccitlete sterility.

In the wtouve stuules, the ferale anirczlis .id not recover their
fertilit; whi.e the rales regi.ned U rroxiiatel; rorcas Sunctic...

ho upe effects were noteu in these eageriie.ts.

At the tine of report, no evidences of zny pernetic effects

or changes had been fournd.
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Hezztclojicel stuuics corried cul on Lhese zniiczls siGeea thet
in the ;u.nea pig Lhe ;latelet ciu:nls .cre Lhe nest sersivive index

of irrauicilon. There s no chuipe In other circuliling eleents

in the pulnea piy wntil iseuiclel; telcre decth. In rats awd . ice

no characteristic charges were fcuud in tle Llcod | icture.

U. The Re:olytic tffect cf hedjeticn, by Schiartz, Tinsiey, aad i:tz.

The arcendas follovdny teth ccute - iu chrande i:re dtion oy _emernlly

s:ld to be cue Lo tre inkdlilicn of er;t.repcesis. This is onl. &
portial truth. a hewcl tic ca.jenent is ofton the najor ciuse of the
anexic. This is eviucneca b, the fcllowing.

Bilc-rencl fistula .ogrs shew a i.r.ed increc.e i: tilirubin
excretion fcliovirn, tetal toyy irruadzticn. Unorercteu wogs show
increuse fecal urctilinogen anu urine tilirubirn exerelion foirloving
irreaiation. Severcl humans given F32 showed an actual reticuloc;tesis
during the jeriod ¢f rajia hero;lobin ind red tiood cell decreuse.
The he..oylovin fell is tco repid tc te accecunted fer oudy Ly irhibiticn
of red cell foriatici.. when the cssuijticn is nade thot the averige
red blood celi has & 1ife of 100 deys, & coc.plete cessction of er;thre-
poesis should result in & crep of ¢ roxicatel; 1 per cent of tne hemeilotin
dzily. Actually a tivo tc scven rer cent fa2ll is ncted during t..c .ost

rapid period.

V. The Effect of Rediation on Ccproporphyrin ixcreticn Ly wetsom,
cagerie, and Schwartz.

The eifect of external irrs iziion giver in either single
(300-2000 r) cr munlti;le icses, and cf internal irrealzlicn has beern

studied .n several uozen dcgs. o censistent pattern of tctel porphyrin

L, A ee—
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A markeu depress.ior. ¢f urine cu:ree-encretlicn occurs ré, iudy .
For several duys before cesth, hovever, v.lues rise and ge=neridly
are several hundreu jer cent elove contrcl vzlues b the day cf
death.

Adequute iscrer st.udies‘ are ot jet cviilatle to jeruitl a
statcerent regrrain; the pessible cechunisn. ¢f the ecrly uecliire.
The late Incresse in cc;ro excretlion is undcultedly associsted with

iiver uysfurcticrn.

W. The Eifects of Radlaticn on liver Functicn, b; Schieriy, sorter
Tinsley, and nailace.

Liver functicn has bteen studied in humans by means of the
urine urobilinogen excreticn and the serum cephsiin cholestercl
floculution, collcidal gold, and thy.ol turbiuit; tests. 1n anials
only the urine urctilinogen test has been found to be applicable,

There is a .arked increase in the urine urotilinugen excretion
during the last several da,s belcre ueavh cf wiirzis iver tetal
bouy x-ray. tlutorium produces uefiiite iiver o sfuncticn &8
indicated by this test. The various .etals especlall; beryiliua
and lead produce liver dysfunction of var;ing degree.

X. The cffects of Radisticu on wnite Bicoc Ceil letalolisn, by
Schvartz, Cheney, Cohern, LeGreziz, Flex, lrizek, zmi .ettenberg.

These studies vere planned especielly fcr the investigation of
the nucleic acias &nd their derivatives and asscciated coopounds.
whike cclils viere isclcteu py the sgponin methcd. They vere trogen uown
into vericus rerts, anclyses teing msie cn the total sac;le, the tri-
chlerceelic ecid sclulle irzetica., the cleohel sciulle irzeticn ana the

R residual sczple. These analyses iere for phos;horus cud its cuubinaticns,

T emm
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ribose, des.xyribcie cnd tie ultiuviciet clser, Lic spectruc
(Leckoen).
Data hes bteer ccilected in huwicn, wcp, wru r bLits sul jects.

Cortain changes heve teen ctscrveu tc uate.

A prident receiving tctel Loy x-rey ond @le dieu o fou
canths leter cf e netastloicing ;arcliy turor shived a jrolange.
ircroreu of severias musires jer ceat in the "ilencsiic Urijhos Lete"
phos;j horus. MS ci.enge ;rcceweuw the Lro; i vhite tloc. cell

cor b,

At & prexinctely the tiie thit the -hite tlccd count st:rts to
fzll 2 corsisternt increuse in the ultraviclet chscriiicn ir the
tlcohoi solulle froclion has beern noted. Tiis is greater then thet of
the :hosphorus, ritosc or descxyritose increcscs., The iceriily of
the substance or substances res_onsikle f{or this relctive iancresse

is unknovn.

Y. Radiaticn=lnuuced Changes in Urine Ultraviclet wbserction Spectra
b, .atterberty anu Schvartz.

Two gener:l changes arc seen in the urire ultriviclet sbscrption
spectrun foilouiny subecute cr chrorde irruiicticn of deps. Theso zre:
(1) increused atsorption in the rerions <f 235 and 310 wu, aumd is .ue
to hynurcnic acid, a tryptarhane derivative; cnu (2) increased
cbsorrtion at 200 ra. cue tc uric acid.

A wethed is .escribeu for the cuentiteiion of hynurenic ceid
by cearns <f vilravicict spectrc, hoicuctr,. The cuzntitstive increase

in nynruenic ecid excruetiun is thus ..easured.

—éc/,
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The jossitie s.‘x.y_.unc.;x'?;e CI this :herioe.cn is (iscussed,
for exorzle, & correleticn with urcrosein, c tryric:hene cerivitive

obleined frun huiin urine.

Z. The bLifect of Irradiulion on the kxcretion of allanitoin wnd Urie
Acid by Dors_and Rabbits, by krizei, Uinger, Silterlach, ond Schu.oertz.

lreliiinery results indic:te thet Lhere is cn incrucse in the
uricclyte index (the retio of uric cciu tc wilent@in) indieeting &
relative inaldlit, of the cuincl to destrey uric scic. The _ossitue
inhibition of uricase cfter yadiaiicn is bteing invesiicled.

AA. Tumer lnducticn inc Cther L:te wifects «f Sinyle ucses of X-rays
on Rels anu idce, b; brues ard Lisco.

Anizi ls hive been cc.lected from other perts of tue x-rudiaiicen
Fro rarcoend are being held in order tc stue, the ;ossitle deve.opmunt
of turors frim virying ezcunts of 200 ¥VP x-rzy.. These animels
ure bein; studied jpricsril: fer tu or lnciderce.,

The experi.enl is still in :rogress znd results wi.l not ze
aveiist le uitil cost cf the wriicls have cithor uevelo, eu tuici. cr

have Jlec cif.

BB. The kifects of Totzl Bed, X-rav on the wei:rnts of Crgons in the
Rat, b; Sacher &and EBrues.

welrhts cnd water centent of orpins icre investifateu o a
reup of groning zale rits which hud received 149¢ r et a 1i.82 r
per day everzge. The veights of the m&,]orit.; of the visceral
organs were uaffected iess thui. bed;y vel; .t a's a vhole, weijits of
suscle ana fe.ur were affetted .:. Lhe sae ritio &s bou welgits,
and spleen, thy.us, genads amd  cnasal fat vwere reduced cut of
roiorticn to btoudy weight. adrenzl we. hts were ncrtei. Jeter content

rer grac of tissue in wuscle :nd berd cf irrciistes anials was

whiiiiip—© -
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4.3 rer cent recter thon in the coentrels, Thus ihe retarcolicn il
trovth is siciler tc that seen i inzniticn excejt fir the reictively
. re. ter effect on or;ins kiewn Lo Le i uiesunsitive.

trran veigits coe tetal Logy wei it of rovs which hau receiveu
sirgle ucsey ot x-riy up to 10U r osever:l ionlhs _sovicuoly shevea

ne devicticn freu. Lhe reriai.

CC. The nifects cf X-rays c¢n inu ues and Tissue leteleliism br Barrcn, el al.

Y

To ceuse any effict cn eny e systecs it recu.res ¢ vor: lurge azount

of x-raiiitien., This is in cxcess of 20y .. bnsyze systens are not
affect.u &s are tissues beciuse of the lzck of .eny sulfhyuryl grougs
(=SH) in their structure. Raulation irccuces cxicéiicns which _n turn
act ujon the SH greoups, when an enz,ue contoining SE _roups is trewted
with 100 r of x-r&; (2000.VF), the enzyne is inhitited. Additicn of
€lutsthione, however, cuntaining excess SH grou;s rocetivates the cnzyie.
An effect (in vitrc) using irradicticn vith dcses as sc.l as 1 r

con be roted.

X-redietion likevise irhilits the SH croups irn proteir.. if the
dosege of irraciation is lov, the cbove Inkititica-rezctivetion
pueiorencn 1s noted. I1f the dosaje is large, & uencturziion of the
protein of irreversitle nuture is noteu.

Tissue studies sriow thit ucses as s .a.l as 25 r will cause
changes in the respirction of liver, kicney, and intestire. Such tissues
show no pathologica. chenge. Th.s effect Is roted in the intest.rne

in as litile as three hcurs after ex;osure. The tissue enzy.es
containing ShE groups vere ncst affccted beth in vivo and in vitro.

‘ Ani.als irradizted and xilled zt varying intervals cft.r the ex;osure
continued tc shw rether ..zri.cd effects in those tdsbues rich in enzy.es

with SH grougs. — 7//
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., Hypverhc;crine ia- n llevv Herorrhe jc vigsecve Ciused L C(verexs osure
te londzing hiwdutions, t; alien, venuercon, wnd Joecbuw:..

n characteristic ha.crrha ic dscruer ccecrjponies beovy ex,csure
of the entire tody of -crs tc x-reys. This is ¢ hererrn: _ic uiseuse
whose tature las nct bteen previcusly descr.ted. 1t is cher.cterizeu
ty & jrolengeu clotiin; tice, on. vas bewn ciserved in ihe Lvine. I,
ti.e riblit, the rit, tlhe oot cuid Lhe dog. 1t wes ulsc rejortes i, aue
of tiie survivers of the hircsniiz and lLiguski Loilaspo.

This hecorrh:_ic uiscise i3 wue Le¢ an increcce in the :Lount
of circwietdng le, vrin ¢r 2 hepzrin-lilie sulstorce. .hile the
che.ical co.position ¢i hejuris is net xni, the sctive _rirci le
resyonsible for the cletting cbner.slity tehaves liie hepuriu tcth
biologicail, and cierdcaily.

Tiis ebnerunl tleeding cau te vunmtreclles or _reventew i) the

sdeinistration of toluiuine tlue.

The plas.i prothrosbin wnd f{ivriic en :re not siynificantly
altered. The serui. calcium iy fell tul tiis chunpe does not -roduce
the hecorrhagic steote.

The rrofound thra.bocytorenic assccicteu ..ith this cisease
sprears Lo rluy iittle if ary rcle in the ilceui:. tenuency.

FF. Effect cf Re.izticr, on luns Tutcr Inéidence in CF 1 lice, by
F. S. Henshayv, E. F. Rley, L. b, Stajleton, end ... v. Cupp.

Sy utiideing certeir ov.r-iped steck criinels, sume syecific

caLblols Vil verc MU LChfer .CceuB., Lla SCEC ~urvivers of certa.i.
1L 50 stuules, 8 {uir ezount ¢f pre.i-inzr, icfor_.ticn uis Lecoe

&vailalle on the curciropgenic acticn of cediunm gaas ru; s on lung



tissue {n CV 1 tice. The lumys o L3 célftBels Ll 309 drruuiites
snirzls huve btean ex:rined.

The dcses of roui:itdcrn nerc 525, 07%, wund 350 r «frlicu s
sitgle exposur.s .0l the wriicls were three wil cne=hilf wenbhs of
L ®.

All feerers co.oluercu (ige, sex, dcve, ebc.; esoenudeil, ac
auiffeirence ncs been found in Luwcr inciuerce, Lhe ruder cf tu ors
jer &clizl, ind Vhe size cr Lehnvicr of the tu.ors :ler the irriuieted
end nor~irreiicted mi:cly erc eccicreu. For the ccnditicns useu,
no significint eviuence ras teen ctitinew inuicilicng thit the trewt.erts
glven vere ceicicogenic teor lung tissues.

The follwving stetewerts appl: fer veth irrcdeted chu non=
irredicted unfieis: (1) luug tu.ors be in to z yeer in CF 1 .4ce ot
three Lo four conths cf ace, (2) the nuzkor oi Lucrs Lo wdcel did
not increase after six ronths ¢f 2pw, (3) while the ruier of tu. .rs
in 'a rapticuler animel ves ws W} as eleve:, Lhc‘ zver. e Liuber
per anlcal vas belveern cne and tro, (L) the cverije nw.isr |er
anirel of those thet tore tuiors ucs betiocen tic enc three, and
(5) tre sverire ircidence of aniiels with .ung tu.crs, irrespoctive

of sex or t.eatient v.¢s arproxictely 6C per cent.

GC. »n stten-t to Letoct o

il soounts o4 lrridiclicn Inje
eur, , &na Henshs: .

A stud, of toth numul ard hewvdl; irrzaicted tloo. serud
foileu to ucronstrate wy eviuence of & ueccijositicn ;rewuet vhich
cdused the destruction of cither rorzoi cr itnorinl ieucec,tes ir

nermal cr leuwiesic an.tils.

_/73/
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te abilit; of _lce tc tuke Forced a..ercise.
Curtis ind oStc;letern.

Indicsted that the work wes curricd cut ot the Cli:ten Lilteritories ad
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odiove 17 Clac:ide otuoaes ity Sost leubriit, ooc. LentanLs otad vi 4
ys. oy Henoiov.

Vi 11=l% ecibolirs Irfor Luicn iodoxen @ owiie o, o F,0H, Cite or o,

L 1ds dste. unol titde Vitolit;.
Usli. jcGie.siilg o laticas [ lvei

<. . - . M P .. ~! yer e
FEPUNT - NN l'\- o o If Al A't"- (SN VI s IS SO

wCeC8, € Ll Ly ere e8] ea L Ith e foskinla, clicelives iao.aug

(1) Lo deterilie tic niture ¢l the - Le elfects (siertend., i liic, c.ici=

-~

clicr, tuwr scnellc., sewttlic de L rrd blstiice dcal chii, es vic.y; (2)

ile tlreshold ievels of tiese loie efficcts fic. crlccic ex osure; ard tie

(5) reictive effecctiveness ¢f 100 ielir.s, ficl ;evbrias fa.a

L. ILS

it ;roewucl; thesc i:te efiecis,

Cro chrosde expesure Lo tdd L e, O o [esriiee of ewd, ofing oi the

Caads viLs bhed. AL JCTLiSe QL. LSt & luu on.o hi€iis cver LYese o oiT-
. L' P

it L. the contres iniu.ls wis nitoo. e | cr.ou of Lrjenrunce of Liwse

leuke.ics aew 1:. ;hats wis ot

¢ rwd.sley; the 8 ¢ oo e s Lie cunlblrcls,

¢ heustolopiced chiifes . erv clserve. except in ccute or heev, wall; e. cswee.

The retio of r (roenviens) te n (rcitin:s) ,er the weutc cl. le ex,csure

vas shain be ke T te b dn fever ol tle Lcutre. . boer Clrcilc ex:osures tue

blolc;Lcai effectivercss co tie .evtror VLS It v.¢ Lt G P L .es Liis
fi-ure.

Toe level <f chroandc neut.wr drredleticn vis slotn Lo ke cprrexioitel,

1.15 no_or ur) sitiothe jrocuction ol snertuionp o Live, oL L 4€55 Loiouls

irctu or Leluwace. (loo r. or L) of (& @ FLliilioh L lCGUCES Coil . Cluwie

-

lire cidi us in. these cite cries.

Usiig @ hi.h iung tu.cr strei. (otrein a) of wice, & weries of cnincls

verc l.racittes utol 200 of the corircl :vinp shole tie | resence ci lomy

o

tu.crs. axeldnition of Lhe irrucizled enliis sh.ovel 6ic L. oroesse .. Lhe
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action on lLice.
G. E, Stapleton.

by:

I
> Jo K. Barer, £, P, Riley and

By exrosing variws groups of rice to grzued descs, the me.ilan lethal

dose of eech cf the follciirp r uisticrns was deternined: (&) fest neutrcs

fro.. the pile; (b) reuietien G censisting of gawra ro,8 containzted with
fast neutrons; (c) rediation .., a mixture of !:8t :eutrons and rediation v,

The LD50 of r.diation G. Theoreticzlly, the suw of these tiwo fractions shwuld

be unity if fast reutrcns anu raciction F are redictiologicel additive. Since
the expericsat devictio: Irom urity (7 percent) is within the srror cf the
measurvments, ls conciuded that complete additivit;, of thesc Lwo rediutions

has been democetrated. It is assumeu thet this ccnclusicu conceraing aduitive

ity of fzsb neutrons ant radiuticn G rzy be extenued te eduitivity cf fest
neutrons and pure gaine ra; 8.

The 1D5) of fast neutrcns, wirectl; deteriineu, was 91 n. The IL50 of
pure gw.ma rays, indirectly detcrminec fro: the experiiental uats, wis 8lc r,
In snother expericsut, rerforued later for & diffcrent jurpcse a corresponcisy,
value of €40 r was obteined.

1. BX12-20. Vitality by: Henshaw.

an expericent on a rethiod to deternine .hether .ny eviuence of the
effect of penetrating ricdiation can be detected &nd ccasureu in the terus cof
fatigue using an exercise vheel &anu stinulating cpperatus to irevect rest,

liesu.ts of this study do not allcw interpretaticn ot this tine.
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Gross kEffects cf Bete Irrcuiction of hestricted Surfice of Riliits.
R.per, oirth, Dimcs

Histo; ctholio, ic.l Effects of Betc Irr. i tion of Restr_clew Surf .ce
of hutlits. DBy: Srduer ord Roper

Cegoritive woute _ethil acticn of Tt Surfice Loty Irrialatic.
Rijer, oirtic w.a birnes

Gress kitecis prowced Ly Letad Surfoce betl lrriuicvion.
R.per ornd Burnes

Rute «f hecovery free. Totol Surfice Beu: Irrcaiaticon.
Repor wrd burnes

adudtivity of kxterncl Eetu und Gaw: Irre.iction
Ruper, Burnes

. Influence cf Tot:l Surtcce Lebz Irrudicticn un Gross letuiblelic

Fattern of Huts. Uy: and.pser, Eirnes

acute Nistcputiclogicel Etfects of Sirngle Loscs of Tetuwl Surf .ce
bBeta lrreuiction on ice. B : OSrider Lu Luiper

Chunges in teripherel Dlood ofter Sic le Lcoses cf ruternul Beta
Radistion. By: Roper unu Burnes

Reictions of Hurzn Sxin to Sirgle woses «f Beli Re:s.
wirth ond Reper

Deluyed Effects cof Single Exyosurcs tc Totzi Surfuce Bete lrrudiction
R_per, Henshuw &id Snider

Effects of Icriodic Tctul Surfice Eetz Irrcaiction.
Ruper, Hensher cnd Snider

Effects of kxterrncl lrraaiction iith Let: heys cn the reripneril
Blcod of Relbits. By: FEirer -nd Gornes
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4!~.!u ;5. d!‘ Ibn i sistricien Surf.ce cf

Retidts., by: .irth, icier wiw Lernes

ae DA12-5 Gross Lifects

e P ——

The exjosure to Lite rojs in weses (ro. iln to 0,0l reg to restricted
irecs of rub it skin cau felleved fer Line ncuths ives t.e fullciling inter Ltien,
The pecction pittern is =lidilir in woses froc 5uL te 3u,llh r. Luin effects
in their oruer of ¢ ecrince viere (1) erjtie.s, (2) Fijietirdon, (3) e tictian,
(4) Loss of cuter lojer of skin thruugh une of three jrocesses: () siiultune-
ous sepcrition of the sujerficlil io ers over ihe trected wurez, (b) ur
descuu ctien wa {c) vet Les wureidon; (5) c.ust foracticn, (¢) heclirg cna
(7) recravth ot Leir.

izte ulecrition felleiing heoling vias cbscrved Ja o ifew wrinals.

The suverity cf the siin res;onse v.ories u_th the ucse tut rot strictly ypro=
;orticrii itk the dose. The tiie cf wrpe:rince viriea witiv tie fw.cticn of
uose, ojpeuring ecrader ot high dose lovels.

The du...ge tc the skin ;rouuced b, zo.sive ucses of eti r:ys resecbled tierucl
burns except for (1) vericus sticcs of tet. turns re.uired four tc seven ti. es
<8 long to uevilo; 3 (2) dircct wcticn of bLete ruys wee cuifinea to supsrficial
tissues 0.1;.

The effects ir penerzi rcsecble the efrects c¢f cther iondzing ruaiation such
o8 X-TLyS, Foile Tiy8 and grenz roys (porticulerly the lstter). The effects
on humun skin zre thought tc differ crnly little frx tiose olserved in the

rabbit.

C. Ble-1l Cuperative Lethel iffcets of E vern.l Bet: lrr:
J. R, Riyer, K. B. airide, end &. K. Lornes. Cet. 1944 tc Feb. iy,

The ccute lethil effuects of Lotel surfece tete irrodistion hove been
inveoti,cted in o series cf liberitory wninils ronging it size .. 7 to
U U gos. The xeuien lethel woie, tiw LU, of externdd bebo re)s voried frea

2200 roentpen ecuivelents ;hysiccl in the siculosl widiel ¢f Vhe serics to

j
co
Lo



Tyoul rep i Lhe .oriest \u;ur_l‘:

Gaico T, survivel stuuices with the sw.e strioins of _ra...i8 uel.nstroted
IL50%s ranpong frow 040 r.o Lo WL270 ¢, tie sersii_vil, she.ing ne cerrescticw
vl size,

» cumperisen of tle totul encrpg; cbscrbteu nore, pr 23 o8 bote riys onu
Cusfs Toys, to  rowuce 5u. Killlnyg give totll let: totil ,uiné riticos fer the
sevur.l onitcls of +he scries .s ’fcilous: bel, ruls (ene uo, clu), <.01;
wice, 1.75; ruts, C.lo; pulnew (ics, J.cb; cnu riilivs, uv.Ye.

The relction bet.een itscrbed cner;y re uireu tc kill Sua of Lhe
andividucls cf cccl. species wid wnu al size 1o, le exjressed In the folloning
egucticn: tEeK.i where th is the totcl ener.y .t.crled in rep  ril.s, W,
the welight of the enl -l wue L & consturnt,

Tic &itll voricticn in the cbscrvec viiues <f .. for the iiferent uni_:ls
indicites re li iiie scnsif..i.vit; differerce.

D. Fen. 8Ali=1 Gross iifcets of Tetis surfuce Leti=lrriuiction
By: Iwrer wnu Bernes Sue Liles

Totzl surfuce irrcdisticn <f Lice, r ts cne rollits with Letu ryy results
inccrspicucus and cherecterist. ¢ gross dawpe. Jitiin wide 1ildts of dcscge
the jcttern cf effects vuries iitiie, whiie the sevur_t; f dizzpe viries
rouchly with dcse. There ere orly uinor iifferercos ln the  ress durnc e olserveu

in the udifferert uniicls.

Ti.e cutstundirg 1citures cf the ross response to bete irrudiution, in
tiie secuence in vhich the, <;je.r crc «. follows: infli.cition of the ¢jetius
unu erjthea. on the cars cru feet; clcsure cf iie ejes; «¢;iliticn wnd
ues-.,ua;.;tion wround the e¢yes, rmeuth wnd est. lisy hyjercuic wne ooelling of
e.r tirs excert in ruttit; generzl e:isution cver tedy; wescuw .ition over
cxtensive creus; resustiug .n sevire ulcercticn; hewdding -md 1iidted re;rcuth
of Leir. Tio lute eifects wre teecuentl, oiserved; lale ulcerctici, invilving

the trozxdcwn of . revicusly heulec os«in, wii tuier for-ction.
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Righ doses f exteriil vetl ri, s ;refevnuay 2fect tie ol .l cf Lae

sever:l nii.ols,

The survivil tiiec of w_ce is sigdificantly shertence Ly deses f beta

re.8 3000 ryp cr icre. T rechuils.s cre irndlcuted us res, c..sille icr

lethel cetion ot Figh wnu ot Lo ucve levels.

B. PEXlz-4 Rcte of kecovery fric Tot:l Surfoce let: Irradictics:.
By: Reper, J.R. «na Buirnes, f.i. Cet. 1.4k te Feb. 190

The recovery of wdice frun the effects o¢f tctel surfoce irrcdiction w.lith
tet. roys his Leen invest gitod for & yericd of 1o weeis folicuilg o 8iipie
ax; csurc.

A split dose fLechiique wius e Lo ed. a conditicuing ucse was folloved

at viricus intervols b, greces test ucses to uetern.ine the reccvor: of tne
wnirzls frow the etfects of the condiVicnlng exjcsure.
The totil uose recuired iu tuc exgosures tc ;roiuce 50. rortuiit; increcsed

:wpddly zs the iilerva. letueer expusures vos icngtienca. cLver, | receeded

very ropludy et 1irst, 1.5 to 2 auys wna & ulys teing re uired for huif ard
co. plele recover, res;ectivel;. Luriiy the jericd { uiys Lo 1o weeus tne
recover; velues excecc luv,. i.e. the cinditicndng uwose i..crteu o silyht
lotanit: wgoinst waadtionad en, csure.

P. Y.n, Bdl2-5 saditivit: of Letha
Irruaiction. By

i bilects of rxterncl bet. ond Gonge
Reper, J.h. (nu Bernes Y.L, Cet. 1944 Lo Feb, 1u40

anzlysis cf the survivil of “ice foiliwing cdaed ucses of exterrcl
tet: wnd gorri roys dercnstrite tict the zcute lethicl cffect. cf tle tuc
ruaictions are not cciyletcly cdiitive. Four scries of expericernts siere
performeu; tie resuits cf tic series irnuicote rartiel caaitivit; of efiects
while the cti.er t.c scries indicute ccs.l; -ele indepencence cof cction of

bhe two radditions.

crE—
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BAle~9  oter wCtoicdls.. By n‘”

This exjeriient wes o %L ., L Lo el rudre ichner tic Zrore: sed
wdbandstretion of witer or oiaine teule ove noerfect on the 1L/50 ef
rts ex cse. tu lethnel weocs of rouiciviu.

iwsuits of Lhese ex; cri.enls _ro e clive,

BrlZ=6 rtoree Feeciry Dy: anacrson

Rits when ex;esea to w iiadl. i wcee of | cidw s (130 Lo it 1) wla

uied witide e weea. 33 1730 destrese s lajocte. [rte he p.oriuvencil
cuvit, lofore ex;isure, cre the i) of e csure ww coe Lhe &) Wl ux couwre

wit! su:piieenbir, ucses Lheresiter Lo tiet.r..re whethior ony ciZect i

rorbidit cculd Le cioserveu. Aal Pit8 au€u b tie s.0€ I T Lo L.C ctrlrels.

LA lc=sy The Lertercte ictiicelis. of tore Ey: Curdds.

Tre ,urpcse of Lids ox;croinent wWes L. stud; the ret beiis. of Lene se o8
te better unu-rstiia Lhe e, coition of viriwes elea cnbo i ie, wnu il cositue
t. sug est _uticus f deconterination.

The rrogrwu ccnsisteu of tie wcriristrition of Cl4 in the lor. cf the
curl.cnute wrd foliov the tiie distribulic. of this sutstoercc. Foiiowing
tre wssitiiition . histclogicel nd reuvicrutepr.:nic stue, of ivne bene for
curtonste excnarie is iice. 1f such asstucy is suceessfui, o study of

vericus cpents anu their effect cn taue ceccrtundnation cun Le currie. out.

ireblers

Jhetier iniclez sutstenced (roaicuctive) cun cuuse in lucrewse .i tre
lung tumor ircidence cver un extended ;ericu of ti.e.
~hether cidoide low dosapce cun ircroease uvie .unLg biicer inc’lence cver

[ ]

an extenueu jcericd of Uie.
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G. bAle=t Mot wet lediac. By: mpuaroc:, Femog o hirer.

Jhen groups of rats tore exioseu to boet. rodditlan teda pheg acerus
:lacues in the ucsege of L,Un, LU 10,000 r¢; wny iclloued curefuil,
for o (U uuy :eriwi the falucvung finuddrgs tele nctew,

Ko chunge tcs observee up te the fiftr diy ot vhich tie o pereril
decrc.ge in focd :nd vetor Irb_ke cii..enced Luu cortinued Lo the bt
dey. ofter this tiie thore wes on increcse ~u atea i1 wlber coost blich
80 thrt Ly the tiunty=fifth dor 30 to 50k uicre v:iter s telug essiidictea
by the exjeriiontel wdiils v r Lie curtredl roto; the ficd icvel dicreoses
up to <5 tc 30~ wcre tien the ceotrels. Froo the <5tis te the 6Lth ugy the water
int.ke re..ins tre s.uie, und fter tiis ti.e .roys tc centrol icvels,

The vieight legs in 21l experiiemt.l wnl-clis. They icse velfnt stewdily
Loettieen the 1Uti wnd 25t doy ol whicl joirt they wtotilize. The ec.tradl
wei ht hes not tuen repuired bt the Judtl .o, :ericd,

1n zn effort teo discover silether bete ri; lurns con ie cerrelcted uith
therrul buri.s, & series of ecsurincits of lcictcerit _nd specific ;ruvit;
of tlcod ; lesni were tonern on tic rets . .oich tiw received totes beody Jrreuiction
with 75W rer cf Leti ruys. Teclind ues we:e seiectes -idc.. _.ve s.curute
reedings 'ith stall swrles of tloc.. Tie cocper suifcte nethod wes used for
ceusuring the specific jrovity of tie jlesii.

o significunt chinige in the henu.tocrit .s rccomc;, tul specific grevity
rezaings vere bilcw tl.e noracl rage fCr rote iu the léth , dLbh wnu Jith duys
~fter exposurc. These results su,y.st: (i) tict the ;lus.c lost wue tc
bets riy turns is lost ot such w iow rute thit Lie iloud voluno recins

unchanged but (2) thet tre lost ;lusie ;rote_ns cuunct te roiluces .uite

fist ercugh tc keep their cencentr:iticsn norwel. Since aedti

~SECREL
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thermul bturrs is rrircrily aue EE‘. :E ‘11 Licos velvne, it otly o ,clr

thit the  hysiclogic:l chii_ce Lo«dry iice :re .uitc ci.ferent for Lie

tuo ty,es of Luirs,

H. Histep.l.clojiccl Studiea or. iice Fe law_ iy Siryle Luses sxtern.l
Beto Kuy Trectuent. B;: brdder, swgcr.

Studies on :ice (CF1l) fclloving single externul tele ri trecieris

of <5 ud SUL r. Lo C wu8 restricted to thise suorficicl tissues
fenercily susceptible to dus.ige by irrwcdction nocely the epdderds, deriz,
perts of Lhe 8 leon wru Lestis, ond the btone iorrcu. Linige wis ucre
sevore ficr the iarger dose. Losefc to Lie celis in the Losul luyer i.cs
found .(l.ost li_eciutkly ofter irrcdiition vith degenerctive sigus Lecwdng

core ccnspicvgus tnrcuphcut tle € und 24 haur irtervils. .t 15 Lo 21 uuys,

the tisci iuyer broke do.n co.paetely in riny repicns «f the body wnd rany

ulcorations were not recled ¢t 3 cunths. ln uniiels survivirg the 3 ronth

period, the erideriis conteined thicwered (recs iru woun grautns thou; it

b, soie tc huve Ludignint tendercies. The deris clsc siwwoy eriocts with ece..,

$rev.sion bty lewcicyt.s, «rd occlusion of tlood vessels.. In gener.i the efieats

wn tissues t.ere copircbie wit.. those cf x-ruys.

K. BA2-1¢ Del:yed Lffocts of Sinsle ixjcsures tc iet: Rays.
By: Ruper, lLic.shaw and Snider

Ruts wnd puineu pigs were givet‘.‘gm.dea woses of tet. ri; 8 virying froeo
1500 to 15,0L reg. The ecriy effects (see repcrt cu single uose rudiuticn)
were noted over L perlod cf wbout three conbhs. all coses except the 150u
re; caused increcsed rortulity long witer tie rejpuir of Lhe wcute process hai

bcen cu.; leteu.
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Tre roeaticn8 cbsorvea fler Lois | orico were (o) oo ccie = weses
i e cul8 of Lhe Li/uL tor L s ecivs resust di Xtensive ¢ ddcticn .itidi.
twe ceLihs., dSuch Lei.ness .op Lo or. ent; (&) teli: decl.sis = cecurs
vilian severcl Lanbig. Lt s Lore corada. 1 Uhe Lostrictoa surfice exper-
Lrentes; (5 eire; bl = Lhe siln Lecuwnes .ry, noacslie ciw cruci.s _uite o sii,.
This covers tle ertire ourfice in lce ww isclileuw crecs ik rovs, gaduew ;18
Lha rebbits; (4) kerctes.s = o ebrcreul ;roevih of aadn is scen in rots a
sace of the Xab to HULL re; reu:s; (5) Lite uleercidc:. - seen in ola cniuods
exce; b puinel jo, 8. 1t zppecrs in re_luns Cripiniii, Lost sovee€s) e, wu
ind wuy Lecuwe infecvee; (U) geeit; of e es = . ice Lhilch survive soses cof
3000 rep uevelor cpicities iitnin L ientis oft.r ex, osure; wn ccconsioncl aniicl
with the .50 rep oxjcsure is ciscrveu. (eccosiunil rito uevelicy ¢ ccities .t
540 res. Heliits ond guine: jigs rever wevele; Lhis caildtici. (7) lncuctien
of tw.ars is 1llustritec in the cceccuyunying talic o . lce,

Tu.or Freiuercy i Survivors in .ice

Lose 6 .erb.. reriou ¢ _orth Yeriod 1o -nth ferica

~ ourvivers  » Tuicrs » Survivers 5 Tw.crs « Survivors . Tuikrs

Lr b ¢ 5¢.5 # ie.0 i0
501 Y0 C &, v VY 6
2500F 5¢L C 57 6 L.6 v
30 70 0 5€ 31 26.0 31
300 o0 U Ly &4 <7 100
500 64 12 lc 44 C.u -
5000 12.5 ¢ 7.5 v v.C -

% zewns sucrifice graurs
The loc tioms of the tu.crs cun e adiviued lite tiose wn the ewr anu ticse
eise:here in the tody. The farier vey Sisi; eir Liter unce ucveio; e., Llse-
where «n the skin ¢f Lie Lo.. they cre superiicicl, rec, virt-li.e or
sutcutirewus i Line smurLiry lires wod tiy or Lo} ¢t te neerctic ia ncture.

The superficiel tu.:rs cre fir .cre rwerwus Liiin the suicctiiccus luuers,

160 ~ fo-
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5 L [Xl<-2 The tffect cf ie adcticn.

Ti:o pur: oses of tris stud, werc (1) to estotlish o . adncd joricale

(chruide) ucse of tet: rouioticen wlich whe: wci.verew cver . Lu; | cricd
of Liue would ] roduce rc celectlie elfceus cn the crpcnisig (£) Lo ueberiine

the Liidizl letizul sose (1u/50, foi ehrciic lebl: riuictice; (3) to cu jire

the aeffect cf tet: riys cru jonetr ving ((iuis wna nouirm.) irroddctivig
(4) uetermine tie turcr inclicence urider ;rolaigcu tX osure vo iobe reys.

Iwus (Lic suls;ecies) wore ex ¢scu .ily Lo Lol rooicviern in .oses L.
Ved LE BH Yup L er wly until w€.Lii Fiu COCUrIia. SUilicas cu._t.;'-.;.s WeIC

hdiulCuw -& the lucitices fos. i cv.copt for Lile ea caure Lo Lrrialition,

The results of 43 ox;ericert shen Lhet =t t e Miphest level (025 rer)
tiuc eficcts reseitle these resulting fro. ¢ si.plie .ocule wcie of Lete r s,

ol the lovcr levels there wes Littlc esicet pf roulatic..  .ith the 625 rep ucse

tre ruts ales relctively socn vith tarica ¢ lictien. Wit 50 reoj andicds
w.8 lover t.uan the contrels. .0 deteclilie cecrge wis nobed Zn the V.5 reg

anirils. TFeriodic teti r:dictici olsc shete: the Sovelo; it of o nifgh [ re-
.erticn cf sutcutirecus tu ors L8 cortrosted with the ;redosinince cf ¢;itheilics

tuicrs .n uhe siipie ccubte wese. These curcisted rouygihily ws wiuinr)
C.rCiintii8 LIl srew.is o yreiiciior, exuriilticrn.

The feiloling ctrc.usivas were urain {ro. this stu.y: (1) reriouic et

Pu) X LBUTC Fetires .c88 I .c.e8 Lo _ivauce lethel ellect Liun 3. ie ocute
ex: osures; (2) singic ..i¢i ucses of Lete ruciition re.uce .ore _arked

atoticte eif«cts vhile it Lthe  ricdic qoces e liwtion wus . cre exteco.ve

joP wl dese whu Lhe eizccts on the iest wru ; .ritilic vere _ueci worse; (3)
the Lcute ucse .routcew o high .re,ertion of e;lihesill Lu.ers, hile the
Feriodic c.useu : ;reut.inunce cf subculelccus tucre; (4) coupor.tive eliects

of bet wrd [ wai ricicticn incicete Lizt thile _recter wiinc.e tc ihe suin is

1151887 CRETSN
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(resuced b, osele ro s, Gl cruiav aCSes of poaa. 35 (Lo ruduce
aelinite int.rnil Wiiip0; iGe Chreic ceses (f tetl roys | rosuco cnly
surerficicl dlic,e vhile [erevrctdng rodition <iso ives .eiliite —itornad
diawtty ndnids cpe Qrle to vithsleid ci7her aocte of teb: poulcotion Lhc

¢ e dacke rl-M-.LuttiOI. L]

A

H ae Tendde=l The nffects cf scternit .rr.uicticn . : .
kerd;ticred Licc. of Rellits. By: Riper ond Burnes dSwie bLutes

blcad stuwius i riblits thich recelveu tetui surfoce irrcaicvicrn with
Leta reys, i wses rongiin, Ira. B e Lo L9, tep, revelled oe dircet
etfect on thc cellulur const.tucils ¢ -eri;helcl Yiocd. Sporedic _nere. ses
of het re hiis Lo inn.ng three wew.s (fler irro.icticrn vith it .p.euicte
doces, 10,000 re}. wrd 13,00 rey, culnecidec witi. didceticn of wvlceritec sed.

ho eviaence cf ..cirect effects on vhite tlcou celis wis Jcund nor was
there ury eviuance tc sutstinlicte cclul. of L oy ccyte sticvlation o, sujer-
ficial irrcdiitic..

The leck cf cifect is consiacreu censiotenl .ilb tac hysic.l .rc erties

of the ruuiction und the Lnibeoicel lestiures of tLne rotlit.
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HX 110 Biclgpac_i .cudterin, b MLCS.

WultaS, Lil, olw. PoCh LLua LLI11S

ln oruer t¢ Lusess cccurctesr, the 5, ecicl hozorus vidch vere ticu ht teo
exist ot Clinten Literiveries, (nliciS 1. Ie [ 1lCEu . PLULA e [TLULas, wid
in buiidings voere toese 1.:z2ara8 Lagict exest. Tirce prog, s of il rotlits ecch
Lived vutdoors cne yroy. of 6 roltits ilveq o, -irst the pile she, wne ,roy;
of 30 rieblits liveuw i an otios rere coojcesen cf the undiiutew exhiuse | us
tra. tie  ile, wne preyp of 16 rits .iveu ln . iitoritory rew. Jhere ior e
cuintities of jiuvtwidun were humdleu, wnd if.ro;ricte centrel wndi..ls were

aept in the crl il forn. These widialds vere exulines ;erivudcais,, inciUu .y,

blocdccwts, wnd free tiie to tine were sucrificed .. their tissues ex.di.eu
histeie leudly for o ge ana realo-chericully tor the presence of rudiccctive
rutericl. Their fertiliit, wi.s teste. b citing the.. fiv: tiie tc tire. Tie
experirent Vius tercinitea cfter atcut 1, icors b, scerificing wnd wxrandiing
exch aninal.

1t wes cancluded tiwt none of Uiese wd:iils suffered iy ue::..u.str;.ble
dopege a8 & resuit of thelr ;ossitle cxjosure. .t wes rel _ossitle e fird
any ruaicuctive .ztericl in iny cf the Lidsues of these wnirils except tie
ruts siving iu the ;lutcrdun iiiceritery, wng herc thele WuS a Saiiis a.uilt
of plutcadun ¢n the skon unu & litlle iz the gestroinlest.nel trict but none

in the internil crpwes zncluaing the luigs.



bi=dl b fue betetoadsn, of ohert=s @G oir-cerre Fossicn Irc.ucts.,
H.C. Lope cua J.Ue lerss “

n Fisolen reccil pporitus hios teen coenstrusted i Lich L 5 . zeter

cf Lire uronlue 1eil 35 3sul jec.cu e rovtren cu) oraneny i Lhe | lic. Gos
FaSsing, cver Lhc ‘iLil paCe8 up Lho fission reccla ctans cnd co.ries the. Lo
(tdicd exposure cuabers ond Leisurlig ewul set lecibow cotsiae t.e | ile
shield. The tice Liien for w tteo Lo o fro. Lhe Zcii ve Lie wcoure chiker
(iolu=up tiie) veriec fIvi. Lié Lu 3U c€C. n ujGClia Zonizobion choiler wos
aevelo; ed Lo weisure tre ccotivabty, wilcii verica ire. &7 te Coo e, cc.  IL
t:us leer shown thit this (s contidns nct (nly the ncide gos fissicn | reuucts
tut Llso ¢l fissicn ;rouucts chilch nerncdl, oxXist in the wlly stite.

Rits tna rdce exjesed te this (os in (n exjcsure oh el sulicr Ginipe
:nd Jdie, tut nc itre sc Lhe. wenla te expeclou i bhic coont of exteriid
fonsa roeaicticn vhicli Lhe; receivel "hile ir the en cure chiker,

A specitl epperctus wes conslrueled “nich weulu Liich. r. LS to ire tie
tie pes withicut recelving exv.rrsl riaiclic.. fits receiving sijcsures of
{ hieurs zer wiy Lor 5 ccnsecrtive deys roceived Lurns ol the .cuthn qw u, per
resparater, trect. S.ue of these aniicls lived Lub .est of ticw dieg,
worarently fren ol rvoticn :eciuse of fouiiure to Wit

~ctitcliar ex;eriicnts nuve shewn thet of the Lol ricd thot 1s luncled,
wbort <5~ oes to the sacielon ony 25 OXcictew ver, oloul.; leout &e stes
in Lhe 1ungs wrd is (xcreted siculy; cbeut 6. foes Lo bLhic idver und is slowl)
eacreted; nd ihc recc.nder _s oxcictuiu ..cuerctely ropica, . Te idghest
specific uctivity is fcurd in the ithyroid.

a histologicid stud, of tissues of wnilcls suerificed ot vericus tiies
folloring exj:osure has shewn Lhot tie ost sevore Lrewtnont pcs ille uith

this ojpuruabus les feiied to rrouuce oy cetectilie tissue uiripge which cuula

P Le cttriluted to interncl cejusition cf riliccctlive iterlils.
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Ricloiutogriphs siovew Liwt tlo cctivity wiw ce caiteu Liirernly wer
the brorcliil wu clveclir ocurtices.

1t s cwncluaeu Lt Ior siert-iived Jir-iciie fissicn  ro.ucus Lhe
hizuru is ver; .ucen _re ter ird. Xtornod rocictic.s Giih are. —nberiias;

de; oslied rocdoective Litericls.
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GO.‘I%RX 111: C\l .u}.u'flVb u}l“:.k:’rb \.F i'h;)T ....,U'lh\..é “..L l \-h Gl-.d\ iddb‘.

B. Cm.gg;nt;ve Acticn of Cyclotren Keutrons and X-rays, b Hopen
«irkie, Jicobson, and learl.an.

1. lethal Action on iice und Retbits: The aeuian lethil ..ose
and ce:cn survival tize were ca.pirey in ice ana relbits ax;csec to
2.4 KVP x-roys and fust ncutrens penercted by deuteron reection on a
berylliw. ;rote. The .tice. used were CF 1 femeles weigidng 20 grucs;
the rcibits viere 2 kg, welipit.

In the ..icc, & medi:n liethil Jdose (Lb 5C) was shorn to be
515 r of x-r:dicticn and 55 n (tl.e n &5 usec in all of these &acccunts
is thet accunt of lonizition iezsured vwith & stinderd 100 r Victcereen
cherber). This wus .eteriined over a three to tventy-dz; rericd.
Thus for the -ice, the retic cf »-r&;s Lc neutrens (x/n) is ap;rox-
irateiy 1U. No ratio is obtainable fcr the survivel curve because
of the pre.ter spread in the wortality f the neutrcn-exposed aniials,

1n the rubbits, a reaian iethal wose (LD 50) was ottained us
825’ r for the x-rauiation and 145 n for the neutrcn exposurc. As in
the rice, most of the rmort:lity occurred betveen the 3rs anu 20th da;.
The x/n ratio here is epproximately 5.5. FPor the ..car survivael tire
the x/n r<tio was aeterrined at 6.4.

2., Hematolcglcal Effects: The effects on the circulating
tlood elements were studied after Juses of x-raciation ranging fruu
25 r to €00 r, anc after doses of reutron irrauiation ranging frex
9 n to 176 n.

The general pattern: of response of the blicd elewerts is
qualitatively siuilar for fest reutrons :ud for x-rays. This hes been

described elseihere in tids account.

_/71,-"
1151802 eniGRip—



Fage 20 2

o Stutisticsl Araiysis of Dleod wetu: An wnclysis of Lhe
hecatologlcul ucto obtudiied in the ateve cxporlent inaiccteu that
folloviing ex; osurv to¢ a-readilicn wnu Le  neutren recictiun thepre
were intervals in vhich the res,.cnse (recucticn) in the circuict.ug
welercp hyls vas ulrecly; ;rejorvicnes to tie duse v.d feve a Lipewr
relationship:. Anzl;ses f these ;crious .n vhich suck s..ilarit;
was obtained witi beth x-ruye cmi reutrons ;ive an x/n retic of
6.3 to 1 which co..pzres ver; favoracl; with that cbteinec in the
survivel tlioe stuc; . A less critica. ancl;sis ¢f the . :u hocyte
res;ense in @ sizilar war sives an »/n rotio of G.4 <t L.

An sllerrite tnal;tical rethod give sigjiler results.,

EBD. Acute Cciperztive IHstorathclop, in ldce Due to Fissicn Ncutrens aad
Gecma Reys, by Srider. S

Histologciceli cbserviticns were rude cn the follcviig structures
of CF' 1 cale und feziie oice zfter exposurc L¢ 65 n, %6 n, and 117 n
units of fast .eutrcns. The t.ne marrcw, thyrus, lymph node end
spleen suffered severe dacoge, amd the irtestircl epitheliun wus
dacyged to a lesser eatent. All of these crgins iid ¢ pletel: reccverea
b 30 da;s after the ti.o lover uvses. The testis which ues also
badl, daszged, shered a fow 8i;ns of repsir after 65 ara $6 .. All
other organs otserved were resistint tc irracieticn by fast neutrons
at these icses. Daruge wes nmore severe cficr the iarger doses, but no
alterations were churacterisitic of cne zose urd nct of ancthor. In

generzl, the changcs .ere sizilar tc those descr. ted fer x-re; damage.,

/73 —
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CnloGURY 1V, U, Acute Histo ci%ides icul affects f Simle oses of Siow
dleutrons ou lice, b; Srider

Histcicgicel observiticna ere iade ou the folleuii,_ structures

of Cr 1 fewale mice efter exposurc Lo LO0U arbitucr, unite of sl

neutrcns. The spleen, ly.ph ncde, tone carrov aid thymus were orgens

nost severely dauaged by the trestient. 4ll of these returried to the

ap; ecrance of control anirzls by 30 uays post treuicent tiue. .o

daci&ge was noted in tone, cortila e, skeletui .uscle, jeripheril nerve,
sutonoudc ganglia, liver, xidney, pencrees, heart, iung, surenal,
sta.cch, Fallopian tule, or colen. inor daszfe w:s noted in the

ovary and duodenwa. The tissue response following slow: neutron irrauisticn

is siicilar to that foliowing x-ra; trezluent.
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c-A.Lu'LLLY ..c Coh o v ad (W u}\lu.u.n.. Luih ..n'._i,

balcise

H. Histopetholoyiccy Studies on (dice Fol:c i:.

3.r,1e Dcges cf .xicertiul
Beta iay Treatrent, by Si.der wng Repcr

-d w

Studies cn ..ice (CF 1) followiny single exterrzl teta ra,
treat._enis cf 2500 onu Sve r oinuwic.te tih:l ve.o e wios restricted to
those tissues cnerai.; suscepiible Lo uazre o) irreddcticn sael;,
the ¢piceruds, uerra, parts of the spleen inu tesiis, cny the boue
wLorrow. LUDaunape .S ncre .everce fiter the .orpsr cesce Daucje te tne
celis in the basdl layer wcs found alicst ii: ealatel; efter irredicticrn
witl degcner:tive 8i;rs bece. i.; nore cengpicucus tira: hcut the £ and
24 hcur interveus. At 15 and 21 &oys, the besal leyer troce do.
cormpletely in rany re;ic..s of the toay &anc .asay ulceriid:rs were nct

besled at three mentls. In aniiels sviviving ihe three-zonih jerica,

the eriderr.s ccitel.el LiLcua.el arels anc wow.groilns thou it Ly scie

to have .alignant tencencies. The deria tise sheved eillecus with eceva,

invasion by leucoc;tes, crnd occlusion of tlood vessels. 1ln penerzi,

the effects on tissues i.ere conrarztie vitrn tlose cf x-rays.
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Rudluietivo dowinedsi wes obtulned frow ¢ voriel, ¢l wcurces. w.tn the

datien o oo o dulzing punl douino | L8 vus evclved vhicsh «o8 in Lurn sixeu
With cir wnc aricieu by rots in wn exjeriient. o chiivr. The tissuvs ..cre eal.lneu
for 1131 cuntent.

Besils obtiined lrudcuted Lhet ciaut oo jercert of Lhe inhielcu iwvadie ..c8

retuilieu by thLe rits. st tie end ¢f & 30 iinute exjcsure cildy 50 of uw e (isurbeu

ount wus in the lune :tadcating i.seuiite itar tion. The tixyro;u cu.blired LUp

of the retuirned lowine =t 4t Lrs. wod Lhe rercining YUs w.L8 excroteu In Lhe urire.

The .ite cf icdine ibiorteu fru. the lung Is si:dilor tec that of irgeste. lodlze,
E.

'll;rg cgr Studies witk Iuh.led 3.0 Yeur Rutherdww, b, L. bLeziley, 1. wender i
» AbTULS.

This yiper .culs jri crily vith the fote cf tPaeer uwntities of Lirtorme
rutneriu: ofter iph:lition ) rots.
1. In the caurse of the i.oru it w: s nucces ry to nive o 8. ple ~ualititive

test for Ru, &d & colori.etric test viis cevelcjed thicih ugjenus <n the .lue ccior
forumd with rules.ic icid. It wus ;cssitle Lo uelbect 2lug of Ru with 1U ;ercent
wecuriey .
4. 1n orcer to exjcse wni. c1s t¢ hu(y vaiper, . pereritor w.s needec wanickh
wonld su:;a, MuCy, ot ¢ ociidnrcus und . cre or ices wi.cr. site. (f o nucker of
oxialziiy weems iuvestipcteu for Lids (ur ose, ctisai o jenm.iiginale ir suz.uris

acld vas test cuiteu.

3. a rcuih determm.nutici vies t.iue of the chaidcuwr teudeat, «f Ru for w.ce.
By intruecuraiue isjectiun, uwses _n the rasgc cf 3 u /e uere acutel; toxic.

L.

iethods seve Leen covear; eu for cssiyarg tissucs for r.usccctive rut..eniu..

Tre hard telc f the i.u jr. Ru-30 secth systec is ccunted. To uveid valitiidty

7
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108g€8, 3i..1 tissves :re rdnceu, .JIltu ot 11l .. CCUNLCG. LT 2T tis:-&eT “re

affled ol & cerrecticn roce fer lousscu wut Lo veaobinity,
5. Thre. t::es cf Wy ex,c.urc t.cre curricd cut — to Rugy vepor, "ury ReCly”

zeroscl, itw lwCls scluticn. 1o 3l cuses the hu s ri iciy wbscried {re. the

lue s anu ropddd) excreted vie tine urine wia feces. The oiune, torws to retiin &

cuenaideriliyy ligher coocurtration Ltea. cthur Lissues. Tie ri.iu excrctiaa,

crprexi.ctbesy $C percent in 30 Jeys, :inlilves the Liverd resuiting frec. o.tornall;

de_ csiteu Ru.
1. Rketebciiso of lubcley Filasion lrouuct acroscls, by abrurs, Scitert, botts
Lohr ol Lestel. o S ==

T.is gaper decls with the .etubolisn in rits of cir-berne fissicn ;rouucts.
Four Jdfferent isotopes i.cre used, sclecteu fcr their _ory iives (nd o8 repre-

sentulives of the vericus chaudcer species cccurrin; in fissi.n. Tiese were

SrE9 (55 de;s), w9 (65 duys), Y91 (57 days) and Solik (275 duys). nercsuls

of these .utc ' !s were rrecuced b, ebc Ziicg & vecus scluticns ana b, turniang

dried resi.ues in & curbcen wre.

Strontium ditfers frci. the cther ele;cris investip.ted n the z:se with vidch

it is cbsorted frcc the iurgs. Cvir 500 left the iungs vithin e cotter of Linutes,

and 95« .8 gene witiin cre hour. Cf thie srt%originully in the lurg, OU percent
w.8 dejositec In the skeicten in less ti.c:: L hours, wna :fter i hwrs tne Lotal

rudistion ucse tc the skeietcn excecaed trut Lo thie lungs. These resusts inuicatec

that i wlation wis as c{iect.ve a . ewns cf Laniuistrition s introvencus lujecticn,

and thut lung comopre @8 & result of inheletion of or€9 woule be cf less i portonce

thun tone and bare wurrew delipe.

ihe ctier three eiewonts Y, <r und Ce iy te groured togetner insof.r os t.e,

I'd

alffer fru. or. T.ey were il eddrniritea freu the Llung wwen sore .lcvl, Lhen wassyp.

s
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SANHCE were YPL, i zeys; wv5, <5 uys;

Thus the tiies rciuirea icr ;0 .ecrce.

ua Cedlk, 4, i 8. 1n Lll cuses the sicittin ...5 Lhe .ajgersite cf .e,csilic

wnu eventually cot.tiined 15 ona 5C jorcent ol the lidtidd lurg ;.e,csh:{ in no
Cc8u il leriods rine-rng v Yo owU Giys e tic tetld rodiition dese to the tune

exceeu thot to the lw,, u«s it cia within .« irs. with Sr. «ith i ulrec elenents

t.c grobuiilit, ot roddiotion wlus e Lo the aiuig 15  re.t.

Very iittlie uejositicn ceceur:eoe irn the coit tisoues. Tioe .ddreys centi_red
cbout 0.5 ;ercent of the dese with ¢11 uic elerents. ceorcuntricdon i vhe liver
wus lower then in the .ldre; vith cil isclc es excopt Coibb, Tids e.cuent ohe.cen
¢ ver: :igh drdticl liver de;colviarn, tut Lids wis groavaad; eliiiniteod s thet
fter 2 wanths the liver cuicertroalion Jedl .cicu Lnit in the iunc;.

J. BEXl.-16 - The Effect of C.oy on the Intest.ncl .bseriticn of Strutiw., U

i.d. curtis. )

L:ts rove becn lea «ctive stroitium which wis utscroeu oni clyy, whiie Lielr
contrels were lec e swe u;xuurﬁ. of cetive stroartine i ayuews sclubici.. Tuere
was no significert Hif{er.nce .rn the L.cuit uwe, ¢aileu o the caeletoun tetieen Lhe
two grars, wnd it si ccncluwes thet if icns cre obserted en inert wiverici, the,
will be eluted durirg their ;ussager trreugl. the fostreintestin.l tr:ct.

K. 143 LAl 2040 - accuculasticn and Listribtticn of Keoiocetive Strentiuc,

Burdur~Lonticoun, Fission cixture wuno Scdium ir Geldfish,
by C. L. Frosser, .&. bervinsek, J. arnold, G, ovihle
aml r- c. TO Ek—-rLSO

Sc.i.dl nen=fuiauing geialisn cccwaulitec rodccctlive strectiun, beriw=sunthuanu
fission cixture eleients ana sowiun frow sciutions L. which they vw.ore dalsecc,
accwul tion wis ropde initicuily ond cuntinuec ot o rete grecter iLhun the loss of
ruoadouctivity in the reciuw Ly uecuy onu cbiscrition. Herce, the ritic of the

cencentiation of etive _steriul in the fisa t.

i

thit in the Jolution incircusec
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vith tire. .ftoer o fev O ys this circertr ti . roiic

s S USUeix, . b.Con 10
oid 10U, Tie cencertrilioni ritic ins Luue; hweni ol aese over Lthe rio e lavesti=-

citec (ULl ie be 1.0 _c/ia.

Cile.ricus tissues, sucl .5 S.Ciclil W@ 8CL1€5, LCCW LinlCu .cub G,  oreedt

of Lhe reult=st.enbiuw. ciu rouich. viv. i the whede Lisi.  La el ihia o .eo.ture
cf ceriu., yibritv. .o zircucivi=coluidiwe. ijeares Lo Le cecu.usited o0 viscesr:.

L.issues, ..pecicuiy the intestine, wrw te le .are cetivel; clocrbea cn ieccs otic

rless tiun were the cincling e ribs. T.e coijpor Lic dstrilution | rticulerd,

of toie=-sciikers, o Linersion wnu lnjectdeorn diciciteouw thil thicue e.e eits ese
tiken vy Lhrowugn piid cnarcd emlrones wd were dstrituted Ly tie tlocd., Hedde-
souiui. wes present in [ recter ;ro;orticn ir Lie ¢iiis o4 six hLiours t. o icter.
Fission tdxtures shafied ii ciurainice iru. ofb ;irbs te ton, ortius £ tue

giils wuring the .iirst few aeys. lajectic eaperiients indiccteu t..ct tiere vis

no fecul excreticn of stroatiu tut tuat there vies o sncli wuount of feco: encreticn

of LelfU~Lil O cnd of fissicn zixture. e [issicn nixiure cun onctits oiecre.

to be Luren ocul of tle ..ediu.., either fra. lec.s or .cter, wid jrecijitited icng
the irtestinael foids. The ;cik cf cpys 1n rire cviries cccuul.ted scue cc. perunts
of fissjon rixture tut ot strotium or biroui.

Yourg ;roving or re, cnercting Lone cceurmleted iore ro.diocctive oo tericdl thun
did older tiie; cortili e ccecwnlitea .cne ¢ tie bene=-seekeros. Lorge ' clure cau=
fish accwauleted ruutueciave zbtorizl oore sloul; Lien Wdu siias fish. T.ds .o,
j.wve bech i .t re.zteu te their coalciun turncver. Uitawe of strontiuz % wha
vi;late of fission 1ixture vere sioin te te precter the. Lhe surroflnuing ;crnd woter
28 low in caaciurn (1.8 ppm) then she. it was Ligh in eclei . (30p1..5. 1n.clive

strontiul cise rel:ricu the ujte.e of raaicstratou.

_ 77
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v Lie L1181 ore Lrafe=rrca 1vvi (CLLIve Lo L oTlLVe Uik Lo Wel Tlg, 164U

g.e bo~li ates fi8sicrn rnlxiure roo.cociovity fre. ocft tissuus .urang Lie l.arst

for. rarrs tut Lie Wia not 1cse tie .o cer

orb o theldr riuicecblinay, oy Lo osber
Lo by seci, lone. Tle rote of 1e88 of rouwsestrooion, o jewred L0 ne uncllccieu

by tne cuiclu centent of the water.

Goldfish were un.ble tc descrb wuny o;preci.ble quontities of iissiui vaelants

fra. 8us; enuca cle) .

C. Tue Sidit of otro.

&5 fre:. ihe Lother Lo folus win Yeui, o 1. Finges
und brues. ‘

Stroutium€% .rer injected intec Jie .clher is truus.itteu Lo .cetus b, the
;lecented circuaclion, and oftor Lirth is .o wstoaw L) the suciaa ocnl<l in Lne
riil:.

The plecantil tronsiiscicn is gre test hen in’ected Zutc Lhe _cller in the

lest three doys of jre.nircy. The tobir w.crrnt pussing ceress vie | iccentcl
coerkroues Leccoes rrogrecsive.,; less wo v e lilorve. icticer Lie iijecticn «f the
strortiucty ond jarterition incroises.  «ith dnjsction wuraiy vie list threc <.;s
of _re.runcy, huieover, tiic young ire tern vith = tiier _er (rowves .t ;.c»wit‘.;

tiirn thet nctea in the rither. Thds ar.cunt never reccrce o congentrilion ..ore

thar. tvo Limes the 2r _ro. wicunt in the wcther.

atisols torn . cre Lhos. oever o8 .ter irjectlen receive 1 _ger wrcints of

the strcit.umt?throut the irg.sticr of the "wctive" ailk then Lhrou_h the
rlecentol reute.

In the cuse of the glccont. i trinsidssicn tie :wctivily of tre .elus is
aliectly ;reportioncl te the uose of strutiutVicainistercy to the .cther. 1n
tre cuse f excrelici. intc ihe .ilk «nu aigesiden Q, e Jownp wniucl, the nigher

do.es yiela relutivcl lesser acounts to tihe c.ispring.
C o
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U. Tie Shiit of routenin. i vag .

<o Bryes. —

ctus .i.a Yoy , t- Forael

ad

ohet,  Juta.duil i vhe for. cf the _us ¢ ._tiile io injeCleua anlr.ve.lu.a;

o
inte o re naal cndiil o tie Jut tiirec oo s o8 regro.e, Li€ iluts LLuuiLs
tp L ou. Jf the uose tircyh t.e , licent. .

Fautordu, .8 been shewn to be traass rred Lo Lie oLigprd . turou o Uhe

~

tdli dic o, 2le of Rie ficl Lict Lls sulotince i el (iulPlew il L _colre-

.i.ntcsti:.:.l citicd 4 tre :ludt.

Tac survivel of Lcebiore  avern itier ;ovboiduw. v ;it.L-:.L;;u..é"umﬁﬂX‘.g
pregroney is tellcer thun the survivil of wiliis ivern uie sie |or wol;it ac.e
rot curing jre;n.ucy. 1n tie cuse .f lie stre.tiunt’/ rinlls Lids ccuia be wve

Lo the rucver of L isclege b, tue fetus. 1 the

N

estonee of L Ltbeiw thas
ceraict te Lle wa lii. Licn.

autho_ro bs I Lhe o tiu s.ow Lot Loe ctroctiwnt? is in the sCliiis of
celeificolicn,

Bene tuiors fove cecurreu in ine offspring cf Lithers receiving strontiwd”
bt the norcil cricd of <« deys. The Lhres:ole of wosiye io reiitea to Lie
specific iectivity in the retus ot Lirth rutnor to.o Lo the _ault sto e,

The retenticr bty tne mev. tiri onli 1 oj:reecics Lok,. 28 ccnir.sted -.ith
wnisils iore tian 15 238 o Lo WG wader.

vyec.cl Trovlaols

Piutondue oxige o8 been dijectus Lrve onioodis (Lenesth skin) in crder to
follow. the ciranic effects f siow  ieberl o lser;tion cne .cssi.:e Lw.or ceveic, -

acnt. voses of i.U ny in & single icse were irjected subcubinsousiy in r-ts ac

rubbits.
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Be

’F.

*G.
®H.

1.

J.

See

A,

C.

Lok ChY O LaoigiUile.. Uo doiatwdenne o debese Joo ulin o LLT

tobebelim, i Bistrituticn cf Voricus F.e.icn Ircoucts, lincliben et ol
abiiclie. of lrgesteu cna lujectua Telluriun. hiditern.

ctitelise of lrgcsted ledire. i iltenm.

Lo tliu. of Lijole.s lwire. alriio, viiley umd wcndcr.

swclboiCllis of 1 hilod imtheniun. «brens, Liiley ohiu wonaer,

nbser, tici rnd Fixition of s ion Freaucvs i, clints. Cvorstreet cra
Juechset. .

Bolertian of Fissicn Trouucts Ly doiiv. Cveroiiest uiu Jucelsan.
Atte:. jts to remove fissicn Ircwets iccclizeg on Bere. handliton ciw Cu, .

sabsorbicn cf sercuouls frea the lu.g cna wevetoils. of Fissicu rrewnct
Aurosols. atrui8 ot al.

“ot:) cilan of Sr.&Y itsorieu ua cliy then iigesied. Curtis.
stlolise of fisgicen irouucts L; wiie Gu_alisl,, lrossor ot Ll.
Scie Speclal Feutures «f Lhe i tuicliia. ol Injecte. &c$. aithony wnu ictirep.

S0, @ S;ecii Fectures cf the _et-belisi of or=oL¥? cno of Fissicrn iiature.
actiony o hervis.

Shift cf 5rfY¥ frw iother te Fetus. OShift of Fu frecw .ouvker Lo Fetus.
Brucs cnd Finsel.

Shdft of 5ri%, Y9 wnd Rudine in Culeiw ~ict:beiizing tissues of ic idg
Figeons. Bleeu end lurr.y.

~potebolise. und Listrivuticn of fluteciw. in Rels., Hodlton ot ol.
setibolisn of Intriverousl; injecteu tiutoriu.. Sijyucr wiu Kisicics.s.
wetebicaisr wnd Lisbritution cf loheled (lutcidiw.. sibrevs.

Kethods of herovel of rv in beow,. Laiiten et ui.

Listrivetien of iu in Ver; Young aricis. Fizied,

wtik in index ..,k,C,F,0,H,.,1 to gc vith legend - rec,ert iaclude
in Cclifuernia Series else.rerc in this vclune.

’h/&v _
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¢+ Jracer Stuules :ith Inhelea 1.0 Yeur Rutheniv., b; Lailey, .ender and

abrams.

This paper wesis yprimerily vith the fate of tracer guantities
of airtorne ruthaniun efter ilnhzlatlion by rats.

1. In the course ¢f the wor« it wes neccssary tc have a
siple quantitative test for hu, and a colori.etric test was developed
whicnh depends on the tlue coior foried with rubeanic ecide It wes
possible to delect 2 zg. of hu with 10 per cent accurac; .

2. In order tc expcse esnixcls te Rull vepor, & generutor was
needea which would suppl; Ru(y; at 8 continuous end core or less uniform
rate. COf a nucter of oxidizing 2¢ents investig:zted fcr this purpose,

potascium ermarganate in suifuric scid was be.t suited.
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CosnbtdY T BFFWES Wb Ledianl i %

Yn. Tho Bffccts of lu<h

o, ;TOALLbua) 3o sderccuries of roodoocvl.e seuiw. “A (14 br) cer ro. ot
Loy, wedpat gaiven drbicjeritciciany, aee oo olce Lithin o o 39, within tic
1i.its of (.o ethuus e leitu, At nee Culictea Lol tobl s orideies tra. sedin e

wre bout L3 effcctlve Ly singse wscs .f X=r:)Ss it wlaaldl, ..Ce.

The wice excreted 330 of Lue injecleu scuiunm i the first dcy wnc Sue in
the tir.t turee acys. Sici.orl, dijected rits excriteu the souiwi were sicil) .
lrereusin; the tctii sculum cilorice infecticn oica faur Lo Taenb; =iwur .. (el
iouse ircreosed the exc:urion _n tie Jiril o0 hures by c.cut Le,..
indicuctive cciivu cuwlruster.u litlreperiterici il 17C 11CeS L 1€UaC] Whai,
poutre enii ona i . .Ciecde in sdce nithin ( do,s frer Jcses of &3 .ici.curies/g.
or .«re tere guver, No sa pificant leuco:eri. vecurs Liitor o wese of 1o Jdcrecuries

1‘;r l:l..'

L. The

; eclec i3- by antlen . Suyder, Heiier, .Lurr.y,

Jucolsen o Sitscii..

aBC .dice c¢f <0 8. wvera o Lolght wire piven int;re.;;erit.one. -1, coses of
F32 pon ing Sici. U.55 ue/gm to €.4 ue/ ... (bserv.ticns on the excreticr, re-
tention, dalstritutica., ciiniccl si nu, survivel, herevelo: lewl wnu wlhele, icud
fiu;.'.xggs wuere iLade.

The poclea excretion of urine wnu .eces sl.cieu thet wuring L.e first auy
220 of the totsal uose wus excretedu. abl tle cnd cf the third dz 3Us of the totel
dose lLaa Lecn recovered und ot the end of tio weeks, 05« of Lhe tctel duse.
Aprropricte wlicvences for the r.cdi.cctive decy) vere niue.

at the end cf threc deys the sielelirn comtczined 190 per  reiw of the in-
jected dose; the iliver, 7.7.:/gm; the xidney 7.2nf m; the s loen, <.l./gu; the
hecrt 5.20/gs; toe itngs, 0.3./gm; the stcouch 5..0/gn; tre inteatlie 4.un/gr;

the cuecul 4.0n/gi; the lirge .ntestire 6.Yn/gn. The circaus (contiining
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ori.n8 ufic tLissues not ex - :c. i;\;-;v;.mji,, et Lhe use. L0

totul reccevery culculotlions wre | dven.

a brief descri;ticn of the clinicai fl.dr,.s is Ivern.

Survivel stu_ics shav tict Lhe :edi.n leth.i wose (LL 50) for 30U ucys
is teticer <.1 urd €.4 ue/gr, ond is jrobtibly, slighul, less Lhen o.0 ue/, i

L8 whin 18 (b Lo ve/in suriivee onoLver e of li.couys,

Foblheaggicel studi.c cf Lhe vifect cf i9% i Lexic deses Lru civen.

:. debiaicil su Lolilalie L iy,
in Rits o0 Jice.

‘lce ond rots wesre lnfected Litrijeritocedll, (ith te.dc woses of riuice
boriuwn. sbscer tion wis rolotlively r;ld cia 8XCretich Clewauelii-C wLTilg LLEC
first do; . idee usuiil, excretea 25+ cf the i jcclec wese L] .2 uLiTS chd IoLS

exereted o cogirelie weunt by S5u ncurs. Tids exereiviorn rete is cu.pirille to

Lthet reperted b hicniite. Lhe femand in rots o Lot oacreticn Qi o uoys of (tout
L6, of Bel23 i 25, of Belll, fxceretion decionec r Cialy st thet Litor six

duys tace cxereted Uob. inu rits U.5. ¢f the iijectec wse [ cr coy. Un ruts

= iittle .ore tiun Luice os .ucn LalbV wes excretea L) o, of reces .8 i, LriLe.
Tids elso greed rouvphl: with roouats <t irocer ievels.

In 1ice cbeut 454 of the lnjectec dose of Lziu0 viis ye osited ir Lone o
in rets tbout 60+ of the dcse. 1n toth srecies these values represent ;r.ctico.ly
ull of the retiinea ba+4U. abuorition tnu ceciy cu ves o scft tissucs, nowever
shovw thit ..cst ol the injecicu l.;.]""o w8 in splecn, liver cru uiuney L.ieuwiitely
Lfter injecticn. iiiteu usl. indiccted tlit ; rictici.ly nene of the 1214C
for.ed in tone b, bussV _ecc; iuft tic Liue Icr scit tissues.

1t cun te ccnciuacu th U the exereticr wn. Jisvrittticrn of reddctoriu.

«I.a the Wistritublcn of rocie=lenthonuw. ot toxic ieveus ure cc.. _riile tc Lhose

.t urucer .evelpg,




The uose of B.L.VLL1L0 (o5 r i i !!

ew -8 DoY) pe uired to Li.l 1iiv, | .rcernt
cf Lijecten ._ce if cne nonth wis cicut 3 te 5 ilcrecuries [or .. The acwe
Te uireu tc _ull hlf of the injectec. rits in SU uiys wis Lab0 i Wll 4 secrt=

curies , cr ..

The ~.cigtl curves inilcite thel Locre wis wellidte retication of (poth
in wlec wb <.25 “lerceuries L€r v o0 dn Pobs it 1.96 _icrecuries jer ... The
threshold .cr veligit .cos tics, sbirt Lelf ule ;.i;.lcl.l‘:-.lb ~CSe.

Hecotoleplcal dute inddcitou Llit dn clce Lhe Lirclheia or elfcets on
haoglotin ind 1. tlood ce.i cout _ust te cieve .0 wocrecwardis er m., thet
oL 119 wicreciries er po. the heler hils cnd lysnpheeytes counes -d.aidoiied wia
thot the wese of (.< racerceurics ;or g, irpeered Lec Le just Ledcn Lhresl.oiu.

"1n rats o ucse of .5 cderceuries o or g, decrecved tie thite cell caumt Ly
tbeet 30 ;orcent € duys =ftor in‘ectici. ’

Hiustclo,icca resuits in rice .re cf Lwo sorts, (1) tne ducge to scft
tissues purticulurl, sricern, cesenteoric iymh nodes chnd lymphitic wnd ¢ itielial
tissues of postreintestdiel troct jrobetly due pricarily to irrcuiction frow
lenthenue ond (2) dicege to bne wrc bune iarraw uue to irre iution frim dejositew

burium. Ducoge in scft tissues vwes s.en four hcurs wfter injection und darige

in garrow was sipurent ot 17 heurs. lLuch recovery in the scit tissues i.zs cecurrec

by 2v dzys.

The s;leen tcok cver ruch tlood formction s tre tone .irrc: ues dimigec.
at 5 cicrocuries/gr.. the red yulp becaae hyperwctive with orjthrc;oesis und
granulocytoroesis vhilie st 1.5 _icrccuries ;er ¢... the mirrou wis not sevirely
deylef.ed arnd the red ;uly showed no cverretivit,. The weciewse in nuwler ¢f
circuliting notorcphiles wnd 1y: phocyles ;eriileleu the nistciciicel 2:mige

alllicugh vihe .ecreese irn iy ilocytes whb .. ricrcourices/ga vice ;Mo orticrally

ol

greuter.
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Threshi 1d for Lene Lorrei uceo, e ;xmeex. PR FIR T

aderccuraes [ er .. nu for s seon tetieln w5 nd Ul2 derecuiics [ or

dirigfc to bipme Lirrew wue jre tucst La Lhe | cti oyeds wne Sl o she. Lin t

irrcaditicn here s soie ton tiies tlet i e oh . fus. The wiioge U4 Lhe st

4 the ich which reccived § ndcerccuries  of ;i wi8 €u  aTiiee Wit Lot ue to

50U r ¢t Jingle cze Xeruy. Tils corres;cnucnce is siiil.r e tie corres, cn.clce

ef Lo awelhis (esCc b 4 _cltcuries (CPf p... €L, LPOS WiBh SuU r. o Loboa

Loc, ro-livlor.

The icvest .c8Cs ot “hich histiiciic. . datige wius delectea .o . ice .cre

1.5 iierccuries ser . for zarrch and C.5 Zierceuries _er .r.. fer s;lean. The

lenest .cse ot vhich (. decrecse in tie court of circulitong .hiite Liocoua Ceils

w.8 wetected inoidce wus 1l.Y sicrccurics er goi. wrd .r ritb. of G.o .3erceuries

yer g.. The thresicld for othal cetlen (im 3 ccuths) was ctoet .3 idcrecuries

per g.. in .ice wnu for vel it 1oSs «.< idcrccuries ;er .

The Sffect of BallOLaliU o tie Herctolo —c.l Const.tusrts of the Feri. heral

Blcod of lice ornd Rots, b Jigobscr.
0.2 zicrccuries/c. of bo Y 1alhU .o iristered intreperitenecll: Lo idce

groduced only o cuestion:kl; sijrificinl .ecrecse in the :crijhicrul bleed clecents.

a dose of 1.9 nicrocuries/g: rroduc.¢ in the .cucceytes, 1. :.ocytes unu nelerc-
ghils 4 sigrificint und regpld reducticn sust_oined for o:;read. itel; 60 ulys.
Rerid reductdan cnd .eeth tithin 15 cys felicoing wanlidstrovic. of 17 (icro=

curies ;cr ;r.e.. .0 chinges _n the cryihree,te wnd iao ictin veaiues .oie ncted.
In rets & tonoriry wopiessicn L the leucccyles wiu 1lp.. hoc,tes Liilo.~

irg the _ntraperitorecl wdednistrotion of (.5 ricrccuries rer  roa. ho effec£

on erjthreccyte cr heio, .clin vilues vis notew. The resuits  rouuced b, L.5

wicrocuries/gr. irn ruts vere inter—edi:ite lestiecn the effects of Lo and 1.9

L-crocuries/g ir nice. _ ////
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ate ora feviits, o,
antiot, . To ;..ing, —LLire, fia Falio.c.

abv w1l pdce of QU 8, DR GUmOLlAL) T lue vi o~ U (L8 Llid ouifL
roiidte of dow~c w8 nere Lven saarqperito el Lnoucost TonpLag (T
V.5 Lo &0 . lcrccuries _er ro..

hxeretion studdes snuicorer Lt the cice shawa oo ever o1 cierevian
S4a o the uose, iU~ in the .irsiu O hours; <O. ¢t & hours wnd 45-5Un ot 7 U8
»o diffvrence .5 the size o f u.c Jcse (nu rite of excrivacn s wobeu. Kois
stiowsu .n excretion of €. of the wose in the first fv. .ce.s; 10. ct 6 hours,
1ye bt 24 hours und L5~ ot 7 wiys. In o Wdiferunti:l tetieen viic rotio of
urinery tc fecul excretion the retic ot Lsirst Js uite viricdlic wul &t t.h.e Cha
of the first ween ijpro:ches o 1/1 relctionsii;. In reblils Liic totil caceoticn
Letveen 70 -nd €0p in the . irst t.ree uwcels. Fecui encreticn decrecues to low
levels wut the end «f 1u deys tine. & coigeralive study of i. Lhree sjecies
indicctes th:t the roltit, icuse cnu rit excrete 5r€% in decreus.ng crder cf
tetal ancunt with the robbit excreting ti.ice thet of the rit. Exercticn is
&lost cajlete irn i0=15 duys i: Uil species. 1n the next %0 d.,8 oniy ubcut
1Ce of the in evcted cce 1s excreted.

Retenticn studies .rdicato tLh .t ofi-r Liree weels Lice 1etiin cbeut 45+
of the irjectec uicunt; rits, S wnu retlits <iw.

Listributicn studies irdiccte thet tie soft tiscues icse the Srt: very
rupiuly sc thit ot Lle cnd «f the first 3 duys —ess thin C.is of Lhe irjecteu
dese/pr: cf tissue can te .e:surci. Bene centoins @il of Li@ reiinikg woeurt.
The fermr hac the lighesl cecncentretion jor (rec.

Toxicit) stuaies shuw Lh .t doses abcve iU rderccuries/gn ciuse 1U0o

criciity in cll species in leus than 2 uce.o. LL/5 studies for the 30 duy

;jerica for the Lice - 7 tc & .derccuries/in; icr Lte rit loss teun 5 :iicrocuries

W/ias

"'SEC'RET\
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SheRpp—

per gos e for the robiit, ess than 5 iderictioes er _Pete ot LIC iyu uly

perica tio «iCe w ret show o Luo fuid wecrecue L tic re.lires wuse e uile

tic rubbit shovs c1l; ¢ b uecrevse.

o brief clirdc:l aeseri tion or the s, z3tai.s of Src/ toxicity fer o.li ls

is given. Gross puthoicziccl exc.iieiion sheis o decrecsc in .y, hotic eiccents
and u Zerked ovidence of Giciorriw; i€ tenaenc .

ei bt less ¢ juront i ocni i1s sheuiog ne cther sigp. of wexicit,. Tils
s re. ted in ocie extent Lo Jecreise in fwau corsu ptica.

RS ! .

in licgi:ls, by Si.ssts ond Joecbson.

as——

Heritelo iced studdes ¢ Lre  erijocr.l tlooc of retilts, r ts oad

vdce

ft.r the lutreperitenecl or stacch tute cdnivdotrotion of 5rY in doses of
fraz 0.0i5 to L .5 uc/y for virying pericis u: t. 37 wre re:cried ibeve,

wobi. the tecrricues e.pioyec irn this exyoriict o reauceict in Lhe intere
#hil velues wus Lhe iost sernsitive inuicitor of ccule :nu subacutc eifects.
Loderite but significunt recduction in hetore; nii vilues ic.icieu tie intro-
peritcreul injecticn of C.008 uc/ in o mule iice; ne effect wus o riru.t wfler
the adninistretion of U.ULl5 uc/g oy Lue su.e rcute in 2 siruits. x.ro&_,ressivcl:,f
wore signiticuint anc sustosned rewuction in heterc hil wmu ay.; hocyte velues
followeu higher doses. Ko u.eid: in rdce cccurrec vith ucows of 0.034 uc/y, wnd
belou. but .wierite wnu sustilned wneniis .cie Lrjorent with deses of ¢  roxiiutely
2.0 ve/s.

The ndninuicl dosc exerting i ..ewn wetectitas reduction in hetercihil vilues
in rets viss betveen C.<2 und Uec5 ue/; ; doses ctove this prouucing = -rogressively
sore severe heterc:hil uepressicn cmu s;1jhcpenie. lntrzjeritonecl canin_.oraiicn
of tre isct¢ @ L.is &ne in ruts for cuujiriscn with the L route; wniintriperitunecl

Rl
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wse of ..o ue/ wes roulred mctiu; ¢l heterc el Vo lucs of

si_r.aficince in the rctiit.

£. ouube o odolexicity of lojecten tocdocctine sure soru lsobe os, L, iats e,
artbiny, ithre: , oo Lerris, occher, JoCelseh Lo Urreg.

1. sncute v ictasicity of Coriuldd
Cerimdtd (270 wo, Loli sifey w. o . wdrnldstereu Liar.encusl; inte

SprL:ue Linde) Pube -k tine folleiing o est =k, 3, 5, T, con ov ue/ . . Tie

totis eacretic:, rotentian, dotriiuticn, ciitae L Ciiges e urvivel tiles

ore Jludes (b o Lle voricus uesig. ievels.

Tetia @aciubivi, oloddes sicie. Vet 1o wiC weeo @ ol 2 uc/ i 4.Uo UL Lie
injecteq ucie Lig coeroteu ot Lie O mur |ericy, 13. Lt tie e hr. roriva, iu
(bt slx seei8 Liee dn Lhe 10 ve ucsi @, 1.7. WS exc..te= b Lac o hr. | ericu,
Y. b tiie AW Lr. peoricd ofd oL six wolis 3. oS exdicleus Toe uriior ox-
creticn 18 o strii; v osite functicn Jdth o wonadizra tromuee Toe leccl excretic.
rese to Loxiiun crounts & i6e icurs _t .itich. ti @ it .8 copPexabely 4p uics
the urin.r; vilue.

Stuuias on retunvian dncicite Lot Lt Lie 6=7 -‘~.' suPica Yua o The Jose
re..ineu i the winiiy ¢t 5 0.8, . i'er.».:.-ine:.’; ided TU YU AL, 8, dc~e  The disir.-
tution of Lhe ciu ent seoves Luct Uiie udver (nu c.rei.s cuat:.iiea Lhe .ujer Locuats.
The iiver ¢t 7 a8 cCtianed . of Lhe uose; il 5 LiliD, ceny Jfnu it U alys,

Sme  anm CLTCLSB CLLTLLIBU 5. (L 3 wecas risiig b 4. i 70 «iy8. The Lijor
.ortion of Liis w.owl 8 Jn bone.

a brief cliidc.i cescri Lich of tre el vicr of vie 2.1 .18 Lo aetned coses

ct ceriuisbb is _ive:.

SUTViVii Studics SiCw. T.iv i€ . €Ll ebic. 88 (iu 9) fer Hu w“. 8 is

ietieen 5w 3 UC ... FlP 1eU uiys, it is lel coe <« viw Jue/.ce The survivel

o —

tize is directl)y ,ro criicned LU Lhe ulsege recelve..

wei ht stuuies .re :ow I rc uri.tlch.
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1ot qtt

1. see eacnicls, o 1o SUNOTRET™

£ . . 1 [N ) .
Yotrduwn 7 (57 uos) wio oldosbeitu dull Vo toa, oL TC o, X ue

punley BoL8 i Ve 10ilonity L0BLEELE = iy Oy by Uy waa JLoue/ . Tac totld
e.creticn, retentiorn, uistrivution, clillco. Sl © 66 (ru CUTVIV(L L...08 .ClO

studled .t tie viricus Jos., e levelis.
Totea cXcretion Stuuicy S.G.Gu Lol L0 4 wll8 e OF Whie L., eCléu ww3a

we8 excrcteu, wna at < wiys, <O Lo <Y of the injoclec ucse.

AAU

1he excretion . s

dlrectly irg.ortichul o t.c uusi;e iver. The urine cuntiiiew 7u~ f ihe totid

excretic:. t the 4 ol ;ericc. at the Sth ..y, the iuced iuu riscu vo S, of tic

Lotu -

hetertion stucies (CC=90 <i.;8) sholeu thut €0, of iive tov 1 wos retulued
b, the woisls wiiti 5.~ In Lhe cireuss, .1. in the visce.. Lid <.5. in the leawr.

Tet:.l reccvur? viives ierc 7. cf the injecteu .ouc.

o
Listrituticn studles shoved thot the Liver ciuliliceuw e o LG ulS3}

LAY 8 L.UN) (LBLIUL=ILbOBT . ca LG QL) TELUr, <.5.3 BOLPL, Siledh i aligS,

iess tran l. ¢i Lho wcso. )
« Lrief descrijticn of Lhe Clis.jCil‘.VC‘.E&LLb- ol ,,'..Lri;..."l is _iver.

Survivil ctualee srcieu ivhot the  eul.n iuuwhel cse (b Su) for O dlys

wos toligan 1 oxd 3 ue/ii. The wnl.cls receiviig ig/ . Wdeuw irc. Jbv to &bl

., 8 ufier i(ne uwwse w.s 1. ecte..
«eh: kL stuuice cioweu Lot Lhe Llo.est wcsc (1 us/@n) ueprusses (ruili. .

t(;’se r. t'S .

-

F. The ..cute hialctcaicil; - lcecten circcuniuueCeiwciwd, . Fincie
.o t0rris, Scerer, doccosen, Siciins heaswr 2w .icrce,

- boChy

The dube on this 6xjori.ert is Loe iice ;lele Lo er iV (ncayods ot tnis
tie. Tre "rerodel 18 s lior to thict usew i the raicduder L Lhe S.uuscs (2o Lle

eiroeus of irterncl .rraadilic. a:Go geroct.riisy Lllouuceuw surstilces.

~ N
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C. & H. The bLffects ¢f Irsclut
L. Brues Pincic

kl&ilun ¥
SL.inS it 1iclGH.

lhuts ver. teu ytcrlux,"* in 8if lo dOSOS I'li wf AT,

aw (Lher Fis.icor (1vancto
Suclier, Jucetsce,

Liunchoustc

1uc/y Lo o, rox=-
Liotei, 2 vefei. The edion lethel uese (3u w.ys ) for the fcewStos yivriu7+

wes fourd to te <5 uc/i:.. Death wis cluse. &y dctesbinoy (iee.ing. wagancbica

of surviviy orni_ 46 slo.es ri.s Wlidch s recelives fro. 10 to U ue/, o0 - cingle
gose coolinued to seccncirate inlestindl lesicns ot < L.ys Jhu Lore,

huts vere clso [ivern ,:.tri.u;:.";L cudliy in ¢ chroide fooud'ng exierdient.
The uos.;Cs usec .sx¢ vj L€ < ve/uu for o Lhrec .uath | ericu whw v, L0 1 ue/ii

ior ¢ six merth :ericd. Lurlng Wie iecdicg jcricu i@ Lighest .sevels 1. weth
the Lhree :nu 8ix nunth wagori oiis s.iweu o 8ii:t ret.ra.tien 1o :rouwth wnd e
1yofhe; 2atde. At tic eno of the fesdirf ¢f the yt.triu:;g* the eniiiis clirdce:lly

reccvereu. e hundrod Ciy8 ufter Lhe initicl feeding sc.e (f the wniils iu tie

tdiheut ieveis ded wd shaeu zntestiici iesicns <t autc:s,. 0 tw.ors nave been
proven .istoicgcicilly. st vhe .resent ti.e w.ly filrosis cna v.r, i prudes of

antestin el ctstructior. ¢ n te rei.ted Lo the urcctient.

Cilculutices live been cttorjted Lo uoninsirite the wos.ge of ricicticn

received b, the lutestinid cunul fria Loth ccuie inu cuirdiic yi.t,rluu."“ exj.csure.

ln chronic redicticn the wcse is ¢ proxi.ilel)y 5up of the icute teccuse of the
uerreadicn c¢f intestlril .ctilliy t t the tcute ex. csure in high cinceniriticn.

ke hijhest ciraiic ucse is :/iuth of the tcuie icthil cese. Lith the 5Ua re-

gucticn .me to lnere.sec teuel metilit, the :clual esgeswre Lo teti Iey wiesge

is cpprexinately i/20tk cf tie .cute icse. 1n o serurite experi.eut it wus

Jdetcirired that tc uepress .ntestinel wotility Le vie scre ye ree «s ucted wltoer
zeute hi,i coicentriticns cf Y91 resuires - cresdnebely tuo POl X=roddcbion

(20U X¥I).

The total urxunt of the 3ttrium91 bsorbed frae the ;ut v.us cetercineu us

10~4 to 10=5. of the wiri:istered dosc.

—~//6 -
W
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Realciuterrophs woere niue of cniills Tecsiviig sotria?l Lld o Linstrote

the iccilizitiu of Lthe sutsti..e .rd its eliect,

bi{fe { Inoolulle ip:estec W94 .nc (ther Fission Fro.ucts

The cuciristroticn of the insciutac Lete elibeu Y7L to rets in siugie

cute doses end tie ucily cwendsirovicn by goviepe wver e.tonces jeriods ... | re-

wce welecville e U Zerdcis ¢ics Sa the (orl L.ril (iClu.

A Ll e wese of QU uc/E | reaucus i ocoretic th@cia ofw @ 40 hesenis,
o ucse of 10 ue/p | reauces o ben oror ol bic enii . Retore; il vilues ofter
wdistdsirition of Coll ol ithese uuses cre eaure el erritic. we hieibteanC_icil
erfcels follcw & singie cose of 2ess thwn iC ve/i. we wrnilde is re.ucea Ly dolay
pivice of YL in ccunts frc. .3 to 2.0 ve/p for o erica of 17t 4l.s. A sus-
tidea doerecse in feterc.hil vilves cccur: wuzing tids | elatu of cu oniseiotbion
I aYis HOCHTUE ViiuCs lide SaGel; to L oidlatain ot WL Le LU GulS.

10 LOrnilegiced change 1 Jirrdi.cince Is ciaierves it ohie lucle teu ccius

or ur,t.roc;tes witer singie r dudly Y4 pavige.

1. ncute Ruidctoxdeity of injectea Rudiwa, b . ierris, Toeopkins, Fonkle, bvi.ns,
webiors , bechep, Juectoe:., SicoCin, wurrss . i %

bebru o eng deller.

Kits, .ace uni retlits rere injecteu intrprerictoe:lly .it: sciutle sults

of reuduw i orvuer to wetorrire Lue ucute Leiicit; of T.e substunce. Sirypue-
Duwley rits of <00 gos. Looy ei:b receiveu wese. frui. U.W ue/ic vo U.Y ue/pi.
AL atrain cice (uiles cmi fensles) of <0 gus. wvere e tew; wbizht received
G.U0 tc 2.0 ve/gn CF 1 fencle i.ce ¢f <U g.8. wvergie wel, it receives u.Ub te
2.0 ve/rL. ~ucricer. Liue mele rei:its of 2 hg. wvery, e veipit receives u.Cly Lo
0.1 ue/gw.

lxcreticn Studies. The wrount of riaium excrelec in mds viries il .ctly
vitih tle wosz; e used. In Lhe 1.6 uc/ n. grovy « 5o~ retenticu of Lhe rouius wes

fourd ab <0 wiyw vhiile _n the next <ot Liys unow allicnl l-c. unly a8 eacretec.

QE:“BE;E/7/
LIS 1At ‘



The ,creenli e of .ctenllicl. Lscow

WZeJ8

MC sC Lit b ouhie veua ‘\‘C/L...

wovel, o retonbivi of wildy 5. 3.8 feuia oL welti,

It wdce b Lhe 2.0 ue . WOBL € ieVel . AL Teterntlon os tcted oL ouecth

which occuirceu in the wewns dter the Znjectic, o Tre jercante;c retentlc. ge-

ercuseu Vith tne dose witii ot the 0.00 ve/pr. sevel, idy 10 Lo 15x w8 fourd
vt ueuth., &~ struin tiffercree ii. sctentiorn wis fcunu. The CF 1 mice shued
groctor weeric@ in reteriic.. witic Lhe woler acies thon wid tie il .ice. .o sox
wiffurence %.s nictec.,

i itel unulyses on Lhe reiiits (s.sii scries) inuicibed it vhere is o

a¢crecsea retetion ALk the waicr uuseo.

The Lotir excrebicn di. L2l thro. g vCicu shiv.tu © @Qeirulsc tiich wos ex=

jonenti l .itl tize cut to i(5 acys.

Listrituticn znd hetentica., Distribtubticr stuulcs corried cut o rits

ord; showea tnct (fter ¢ shert (roiin nir, rericu $&o of the tot:i ucse was

feurid in the skeieten with ¢riy la eviselierc. In suie wni. .8 .rnere _rérecs.d

s deifiecticn had beewn czused .noooft tissucs (Lorte, lji:n nedcs, fi.rcus Lissue),
this celeificeblen wos ‘tiended ¢y o grect increszse irn tie wucunt of ruciui. .o-

positoec. a8 ruch s 5 1o <l of Lhe Wlel woue i Citen lond in such coaci=-

ficiti.nve

ourvivi. studies shcuea Lt longti oL 1ifc &) ,6irea te uecicase ca, L Lriicdly

with the dc81€ recciven. The .eddin .othil uese (uh 5u) bt U u.ys ik the r.t

o o roecimaucl; 1oue/im Lo, uel hb and et 1w diys, o [rGE.lied] ved /L.

The <urivil stuadcs i wlco were wi,tst 1sonticol witl Ll.ose irn the ruts., .0
sex a_lfir.ces were ntbea. The wosige voeu i Lhie ri.ilb sludy wes toc .ot to

eltect un L 5u.
Cilidead ciserviidcis on the tencvior ¢f inc threc s,ecies .re ¢iven.



woa bt clases oty Snav Ll

vh Ceaml UG/l i waietl

(icss) ..s neteas T.is w9 vecliceiae 4 oclbo g/ i o Lov diy o erde.

SL Alir Cioli vy ..re G S:=rve. o olcu,

bothodegician chuty wo netea tere Lhe wencachinite «f clldeific bive b
the cespe of Uoo ue/ o _drdias Lo o oxioue o4 Gogh ue/ . These ture .cst
COL4.Of 1l the stanich, alvel na oocisi..ay, oesticlew. wcertic colcidlciiicrn
118 nest _rocunces Wb eipl sovels (0.5 te 1.0 ue/n) cna cccurreu o, ruxdi ek,
wb tie <UL an, ,cricu. The reiiliuer of Lie | ctiioiglels Tluuw i8 are oiul cuer-
istic of tilne iurren weprescicn which 1ellchs Poolili we, Ouilicl..

The heciteio; ici . cherres widceh wore neled siere Lp el o1 Lo e coroiuy

Jescribea for rouiw ;cliscadng.

J. The bffecis of Inh:led dencrl33, t;

b, slPeiss, niocaes ond Jucctsin.

nll ¢ feritbus wWis Cesiro. 10T Lhe ex:csurc ¢l idce cha juoned 2 s te

rozicocbive xepondd3.  These eniiils cere  ive. ex osurss L: Le 7?2 curies/cc

for serious u: to threc wesks. Tils inviived & rexirun. wGsege of TWC e, (reetipete

e.uiviients= U lolciicll).

Cf six wanirals (rels) oxgssou, three died. No evide.ce us to the couse of

veutl.. The rer:irin; .hree =pircls vere scerilicoed . 1.0 Lilstouac,icei eviu .rceo

of uimupe wcle L[iuna.
e neistoacgicetr chiosy es were :oted.
Tie (ulnec .igs vere cx;useu L. the si.e vy to sighil, .ower _evels.

The results of tiis e peri.ent wers _idei.lsc nopitive,

K. Redic .nd Che icel Toadcaly of Vericus Fission cdlercnts for Gulufish, i

= - =1L 411 W
Frosser, Hegen erd Gru:.houser.

The survivil tices wfter cciufisht werce Limersed i: sciutions cutiliidng

rncwn concentroticns of reuicberi webl<lirthinumidl, .nd irantiw€? were wetcrmined.

NS s
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The ulli tive Lol jel Leen wicayec suiil chviita, Lo o ort.

L. \.- "’-e ) t > " ; . .C: S(.‘..a.bel't Lok l\brw-’-

In wnoGbleg b Lo estiote the weute Loxiciiy of ioscoiuile rouic ctive

weterius du the cunds, roLs @ re ex  o8eu to s.uRes clolililng <79 g Cuthb,
Grouts of < (i. rets were ex;csec Lc the fulic. iy waest 3.2, ik, Iy ihw
<W .icrweuries cr rot. e lb 1css s sionotieconl cniy 3o Lhc <UL _crecurie

rits. These hid . .euiii, survivel tite of 5% ©iy8 cflw “Civ .11 uCiw .olhin leu

di, 8. Tho 37 sderceurie riis hou ¢ o ealw surmivel tice of €2 uljs, .hile Su

porcent of tie .4 zicrocurie 'nliuls ..o Still tl.te st.r U uys.

o8 L8 boun du.cnsirites 11 Lr.cer ex;eriicits, :beor ticn or.i. the lung:
LS 810V, .lw Ldver (i sceletud Lere the (ra.ixy, sites & . csilion of e
cbuorte. ucterici. It a8 rot 1dssilie te shaw ) uef rite efl. ot of wwe L
wistrlbtbico,., Freidiircr, ddsloleldicud exu .niticr revecled scie tenyenc; for

tie truchill eritlelive Lo wierge « s.ue.cus  relifercticr.

K. Lite hftects cf boby biittors iocesizct irn the iung, ©

trues, un. Lisco.

Ruts wrich hove inhilced cercerzraticns of riddc.c..ve itrius Y+ _nu
cerluctid . re beiry cilrtiire. ior the cevesc:zent of  coosi.ie i bent e:zfccis.
Wt tie resent ti.e the ariuilis wre sti.d SUPVLVILE ahiw o€ .Ti:.enb or

cuciusive icforraticin is wviiallbie.

L7 on iorpe anrcls, b, ircsser,
}aint.,cr, b\..x.ft., Jacobscn und kdwards.

Tnis study nes not beun sulficlenti; el zed ot the present tize for

any rejert te be given.

S 20
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we Jle Cociritive ncujg ] . - . ety Soca :ng hoa-

Irevicus ax;eriicnts “ith stratlusb rol sicia. cerked e ress.... b the

~eucicyte geries ... .o cifecl on Lhe er; Lirec; te series e tiis sulsio.ce .8

Lndecsten. o opesaitle ex liicticn w08 the | lesence ol VP, LI GeL.C vty S

Lie 8 sk, accurubligly the aaeericut .is reyectou wite 3, de. e Aokl Wdia.s,

g vhile tiw cutrl wliols robiard.y their 3, «&.0S 8Ll 9w M L3 e Lo, te

county, Lle o lcrdchadcec (rov; Leci® roqrcesive.) iirv irendc. Tiuds core
fir.ou the resence cf fuicticniny sTyllirctlestic wolivit, (s .Pevicusy; ;cst-

ul.teu.

K. Styciesd 6 seigcythe.iC ililiinias .. ..iobole. i hus hcerusi<, L JoCUCSOnL .l
51 ..uns.

4 pv.;chtleldc stute is _rluced ii rellits Ly the cacd.istriticn of
cclilt. Such ¢ stite is treited :ith i3< wd bie . cssille eilects .cte..
The stuuies sre in [rojress .t the ,rescrt tiie, i nc ;readicicery

re_ort c.n bve given.

5. The Hegeteloderl Lffcets of Lixed Fissici }rocucts by Jecobsor. cnu Si. ons.
-_-—-_——_—-———'———_-—-_—J-__‘“—_—'_

It wis desired to .ict Ly Lo hether wiaturcs of Lhe slugs usex iu the
file process coutuinea ciw.crts vnich cight huve & iossiLie eifcct ¢ the hers-

tclogdicil cunstiluunts of Lie blece. .cceor.it, o mixtures of sucl SLUES .ure

dissclved wna ,avern Lo .nicas i, ste.ich tuue.
The ucses oI ti.s .ixture e plc;ed ringeu frow ve5 t¢ 3.v uc/iu Louy
veight. Foiscuing ingustiue of ¢ sl _le cese ¢ acy.ussdin wzs woted i1 tLhe

leucoc; tes cod iye;hoeytes vhich rocches its woxdin.. i 10 to o0 ar,s. The

observeu depressicn wus .ircetl, .ro,ortic. cl Lo tiie -o0se in wes; a.

i
m

¢
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1. The icte buiccts of lrjectew otrurbiu -y ¢, .. s, by LPUCS wiid o.SCC.

. . MRS i . ) 3
Struitic.t/ s Lijecluw wnle Lo a oo (o5 .8 :drh 8 ves v/ L.

Tucve widwas (o bosy elseriea 10y Ll woveat b ol Sbul waceluo, | ati=
Culurs, trrw Luacers.

U. The L.te w.ffecty cf

ecticrg of otpiiaieely, Lo Lrues,

Friuce, iicce wanu Finde.

Tin J.t8 eifccts of 8ii,lo .csed 1l stre.tivilV corres, ciw cicser Lo the

cffects ¢f .. ¢f Lie 820 wied re ecten ot wecthly Jeboervoas. otr..i.t’-in

8if. 10 wCies of <.5 i Lev ue/ie W Al Popeited wtes f uel Lhu Leu ue/,n

recuits 1 . very gl dicivenco cf icze tuoarcs The wordiua. 4 tent ;eric for

the uevuicrcnl ¢l liiess Lwers i8 <0 aiyo. In Lhe otrins of ndce, the Lue
twor lnciuence .. the survivii, cno.ily ore roojoctivoly Ve onia ¢u.. This .o
och i3 jer ti.on the Lciuence o .ice ¢f the s .e sirclin wlich ore ;iven roaiuc.

Cecusichiily buse tucers huve cccurren fo.lcndif woucu w3 acv o8 0..5 ue/y
tiven in a siigle inJucticn. The iibent ;ericu ¢ wire te to wioul L5 s,
The inclidence of wclljmibit 1y o i the L ¢ striis of coce is sigdli-

¢intl, tut not prectly dncroczed it hipher woces ¢l strontiu..

V. Llite Histo cthedcgy

Thds stuuy is L ;reporcide. wut nct 3 .t reae, te re cort.

w. The Litu nffects
(stec enic a..-arcc;.us kive teen fand fn rats oo sace wadch were lajsclou

With reaiuc wna survivea ..core that ;o0 o s, Tue irciuc.ce cf tmuwrs ut Lie

virious dos:ye levels is s folicto: = ot the G.03 uc/ge sevel, 54 cf «C iice;

at tie v.Ub uc/ir ievel, 5. ¢f <0 rets; b v.l ue/iz, 3C. of ruitits ob LG to

A5 wiys; ot UGz ue/iz 1c.5p of rotbits ut 05 weys. (10 reibits wau € retlits

used in the lotter tic series). #



Culeiticition of Lic aworta _..u J!E& i Lr.c .5 (toerveu i. rts 1w

~ice rucelvin, ueges of roeow niden jereaited Jde {or Lient, or ..are oo 8.
T e _ixinid dncauence of bids fiwuings .o8 letive. Lie wCuir@ I ¢a (5 L.oh
ind 1.0 ve/:. Loy weigit. Trese ciwcifiou re ic:s cuntil.ea high concerlr ti s
of riddon. w8 noted revicusi; cbhor ceiei.icelicta veoe £Ciin Zui the liwver,

sta.och nd cecesiuiar:, tosticies.
The nerelclegiecl tindin 8 shined it Lhe aniials dea of oo jeedlic

il . This wio osscei:tou wit, waire ¢ ecccictic...

Y. 6gi. wilects of Liocavez. L@ut mitbors tetbeows dabe L oani, b

g L, blues
oLu Fingcie,
The eriglnis exjoriients «cre . uite wswilafictor, ena . .ve w. re.ictolic
rewuits.

o Lbi experi ent usi.y Lhe stliculi ewus oo iantrroussuocr lijectica of
; yr.triu..f/l 208 hibe ahics is cuite luscliilc hive bean slirbea.  rrelinlicrg
studies liuicite Laib Lids ot juuna s ,ricticiliy ditect Lt tie Injecticn ite
8.x woctlhs dter its irtreauctian.

trelicdner, recvats cre iwedtiy nciysis.

Lo

Tie Teadcit, oo welobedisn ed rivloriur i.. oiberctor, rude b a8y (swCC oty
¢ Ly Fir le, Stguer, hisielssi, Jecchsc:, Sccier tid Si.cus.

lhe uii'feréxzces in the cistritutica of  lveciiun in rebls _od .ice .hether
riven es 1iis 4 nitrete cf jlus 6 titrite wsre ol grest.

dce, retbitd omd rits vsea. 1ln’ectec irtrivencusl;. Rutls (opregue
Panley) miles uoses L.C31 to <.U ui/g ef +4 Mitrcte (Uoull) = 0.125 uefg) wrd
<8hitrute nc Citrote; uice .0 riles wrd le.iles received L.Uly to loug/g of
L vitrite wnu 6 nitrite unw citrite (U012 -~ G.035 uc); reblits received C.. uy/y

(0.wb5 ue/: ) of +4 ritrite cné G.i-w.be fo +6 nitrate (UC63 uc/ 1)

( ab 4 wiys ofvor isectici «Oa cf the dese tos jouna 1. the tiver of rats.

— (23 -
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ove dn ke, Toe 8 leen Liw LU L.au;..‘li, i. IP. e TAULCLALL w. o e Sl Ll

Lo sose cencabri Lions  or  ra. oy Jdic the ddver. Tho seoevir of the  itiiidu..

fro: the (cft tilsuus liis vir.il.e cut.C Lhere “io 1'Sui i), o .CCIuiot il Cll=

centrobich by L fieter of 40 or LU 2. oW wl ey tub citin ZZvers ctla Le founa
thet cantiined ot 1w wiys wu iteh ws LU~ ol the wver. e iriticd carcentr Lict..
oL other tui oo Ve WD Lire ol liver e.ceretich win i wip8. 2w 2ivers oLoust
imvericliy slisl reb: Uica 1 te 2. of the ueve or us loig -8 ol il 8. The o icer
ohd UL GBLLIL, WCC. L Obu ibL L, C SLLE r:,‘?e L8 ¢r . :r:c ro;ddly Loaii Wdia Uhe slver
L s - G Cloe8 Lig Bpdoeni W b, o (. LiBls Sratiinca L8 Luch L8 J o_.cB

tue cuncentrovicn L tle diver ob o U duys.

Boicvel froi. the it tussues .8 _resu.cliy r.o unsitee fer tie id:in
love.s feund 2i. the licod olreii.. In riibits fiu.. C.2 te .o of the uo.e s
stili i circuallicrn @t 40 woy8 .ricc L rits Gola wus o circul.vicn b Y
doys.

In ribs the Jlutcendui souviig the scft bLissues ..y illrgvi) excrete. siice
tiere ere uecrc..es in the s.c.<len ira. the wir., Ii 1res. Holever i: ._ce
b lecst o reticn of tie  lutindun rewcveu froa. the Ziver werl te tlu sieclelcn.
Tic fuilure of the tecll excroiden oo [icvent vithon o lew ul,8 ofter ... uction
wes  robitly aque to e:.creﬂi\.n of the : ivlcriu .civing the Jiver. hetentic: ...
the skeiolen vis £roa LU~ L6 S0~ &n rets an2 frc. 30 te S5Us in cice.

ot b 4 ys de coltion in the sge.ston .ver ;ed Llu. of the rcto.ne. wose
pob po of Lene wshi. 31ipitly nd her coicintravicns ere fowdi . vhe sl r onu
thorecic sectiurs of the o;ire wnd io Lthe Litius ulilise scior cuncencr.olicns were
found in the redil, wowil, juiicies wnd rigs.

Intromsculer inlecticn ¢f - leberduc - lus © nitrite in _ice re.c_ted in
tuet s.cuver cisorpticn. <., wes stsorted in 4 uays wrd 400 in 6, uars. U uie
cbsorbeud pobdicn 2ua wics icund ir the iiver iluiticliy.

— / 77[ _
%

This uecrecseu tu Lo ot
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6l uilys m probitly represented a TeXs yrcor. cectatloLith oS PoeaVed LPe

t..e siver.

The «dstriluticn of | lutgeiuc civen Ldriycrittne.ily o wice wis siudlar

te thet glven intruvencusly. The cLsor, ticn .9 Sicwer ald Wis it cou. lote

until scretine ofter b uiys. The vitr:te n..s Jbsoricu .cre P iday thon the nitruie

aid tue sutse:uent reovil fre.. the Suft tiosues Wud ..Ul To in. Tue idver

snaticlly coslecten ol b e of the <coe.

as with the intern:l wistritetics, uilfcrercus 1o c.crotica «fter intru-

yencus «r intr.ocemiise injectlicn wue Lo viriitions ir the silt cr viience \.cre

not striiing. Vuriatious within given serics ucre relctively large bub iude} unaent

of tho ccse ¢r of siruin, Lecoruang bo Lhe uatc cLteirgw. icts wwi  ice excreted

et Lle sue ceoint in 50 uuys re; .ndless ¢f Lre Jifferences enrwile. The

14 3ten uiti. {pdiceted that rebiits e.cretc _ess biur ruts cr ice.

Ruts cicieted 17, i ln wiys el i iio b veeks. Tie luecs to urine r tio

e ot 3 to i The lecis excrevion icvelea ofi uftor 40 ciys. The ratc of

erincry wnd fecci excoetion ot AU Lo SU duys wes otevt C.uok ror cg; -
ijce excreted lin i ti:e first < veess ina <he in 10 w.cis. Tie rete at
10 wewys 1.8 cbeut U.UT. per dey.

The excretior of ravtiriw. copirdstered introouscusird, Lnd irtrp; eri-

teneilly to LicC wad not fo.ichiod.

Encretion of tus plus 6 nitrite by rubiils s be duri.g the first 7 aw8

amw b o rete of frue L.O07 to Lei5e per dc) & 5-b vedis. The feces to ur.ne

retio wus out < e L.

F1518235
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The Survivel uw Grot. o f rlutuaiws Injected and. 1S,

In rots the 30 ary 50 .:s cbeut 054 we/p; WU ouuy, oily olijhtly less
o ot Uoan, s, 0.003 ue/y; ot o0 deys 0.G31 ue/y;. Sore of the lcwer aowes
0.L16 wu L.WsL ue/g o, peirec to be .eticl tul deuti. uue L¢ secw.acry infection.
seifht losses ucfiritely vetectiile ot levels o8 1luw w8 V.07l uc/g. At
toxdc iuvfeis tie | iutcriun crused gostroinleat ol teec.rhige wd nypcereas..
or ve.erritege of 1y h nodes unu (Otiuwu. ab subacthel levess (LU s or
longur) severe ciroply of the terteu, thyins wrd sj.cen (ulsc noses) s
noted. Gross liver duiigw vis rited Gan te ¢ woce lover of U.La4 ue/g.

Skeletil ie.icns ncteou ot UL031 cid .C16. Lol cue ostoogenie ord 3 ooft
tissue tu.ors toted in wnliels pive. CLOLL to o 001 uwe/p cnd oying  fter 150 doys.
In cice the 30U uuy L% wes wbeut 0.0LL uc/p; OU wiy voUT5 wnd 9U woy
0.u09. Llower Go.es nct 5Cr icthal u; Le <0 agys. weligit erffects noted
¢t 0.031 Ltut ot ut C.CLE6 .fter OU to il dyys. Fethilogy wes sioiicr to

t..t roted Ler rits. C.0l6 uc/g ciusea eaternsive pri;irg of hulr in ABC Licc ot

150 tc LU Gy s.
Loses of L.y ue/E wn. below vere nct icthel i: riibits u; to LW ags.

The Ligher dc.o cunsou & slow sbteuw, weliit icss edter 10 uzjs.

The ifiects ¢f lngestea iivtciduw
Kots were ;iver jlulcrdu.. ;lus 4 ndtrite b Gullll ue/g ond ;ius o witrete
&b U005 uc, g orall;. & single ruse Wos piven 17.2 uc/g .nd unilyzed wltor
b uuys-
(f tae ix.;ust.iua experd; ents wliut Uo3. of the ; lu.wduc wes cbsoriea
fro.. Jhe gustroivtestingd ciiciin wune ecgeriicitil grop wnd en o sccoru
croup in vhich tissues were wrulyzed n a.cunt of U.GL3. wus found.

i

In the i:dgh do.e icuse exyerirent Lhe cmcunt (lsorbed o8 L.dm of Lhe dese.

tlo cniiils were killed b, the |, lutcniuc given. ko diffcrences Liti.cen the




i

The Effecls cf ingesteu ilutcriu.

4 ond 6 vilerce stites L_s 1oted.

as. acuty Texdeity cf Tincled §lutordur. Ly abrers, veilepu, rorier,
Greenbery, :rd Lisco.

Flutcrduw. i the tetrivilent stite wnd in the clsence of cu...leniug
fents wus Ldvindsteroc Le the lungs of rets by trucheil Lntoboti
of aclutiwns. Fivu grou:s «f wniicls received ucses runging fru. 7.5
saereers.8 to LU dero . riis tor oW ke reb.  all of ticse ucdes Lere
lethil the .sun survivil tiie ruan .. froeL o3 cuys for tne ictiest Jdwee
to .6 duys fcr Lhe riphest. Inhilitdion is L :cst dingercus route
of wldnisirition, the 15u dJdi; .dl beling orly U.1 Lhit of lrtrovencus
iniecticn.

Uncae in the lury, tu secumd tc tou tip.tly teumi. Even eftur <10
duy 8, <5 percent ¢f the indticl wose wies still in the lurg. This ruy hove
been e tc the influ.ed nd cu estes st:te .f the lung. Apzreaiiately
19 jercert of tic Liitics ucce teurd its wiy Lo tihe sueleten.

bacapt for the aurgs no civious _wthelcogicel chunges vere scen in
these wnincls. The aiui;e  reduceu in the lungs wes coisiderelic in wll
andruls. At wes cliricterized by severe i:fluicciicn, necresis und
«bscess forrubticu. Anucls surviving & zantl or lcnper shcwed wiae-
chrirde inflsmuction. This ves icconginiew i muny ndiwis L, o
striking s uuscus meturlicic of the trenchicl e ithelius vhich often

showed rezciraotle jreliferztive cctivity.

,-/37/
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7BB. Lote Effects of 1ivtendu. ' * ve Lun; . by olrg.s, Lrues,
Liscc, Rhosues Bloui, na Lwrrs.

when jluterdus is (dven b; the wwindstrotic. of tho lus 6
citrite (by lung uri.) uireetly ittce Lhe iung, 0L i) Scvere UuwrLiry
cudi 8 Lre :reduced but clsc thuse churges chorictoristic of lijecteu
jluteniue cloevhere in the louy.

W irsciutle ¢ cunds of sluterniuc (such us the «xide) .re
inhiled, tire , wbtheoy, 4o i Jted Lc the iung end cors.sty of scitiervy
censcliwtdons throyg ot the | uiionr teve ccitolaang rilier
chor.cterict e e.ri, chutges of icrescopic iature.

Tre results «f the resent e.;eri.cnts .re prell Z.ery i sufficiert
tice la:s 0t jet eii;sea Lur the uevelt cent cf luriler iLlter ticus .n Lhe

lurg by tie cepositeu pictodw..

The Heritoicpicel iffect <f Flutaiduc o

dmin.steren b
to Ruts. By Siccns onu Jucckser.

Piutond: .. ves cordrdotercd on the [ lus 4 sloie Lo Spropue o.vley, rois
vy lung drip. Grovps of oniiads uere gdver 31, 13, w3, 1.5 amt C.5 uc/
per rat. llcotologicel studies cf the :eri;hera:l tleed of these uniiils
werc i..ue betore und ufter trectient. Lewlh of the wniscls in the
grei; hich receiveu 31 uc ;er r:t recludeu siryling teycrd <8 agys.
lrior tc uecth, icvever, un initics rise iu ho. cgaciin cnu .rjtirccytes
.Gd hetcrophils. s dese bf 13 uc/rct ;ro.cced in irewic, syLihopenic
anu heteropeni. sustiined througchcut the t4 duys of cbaerv Licn.
Hecntolcgicil studies .ere tegun on the grcurs wiieh vwe.e glve: 4.3,

1.5 wng L.5 we/rut e:proxic.tely 50 duys citer tie w.iiistriticn
of the rztericl. The tlccd studics .o the grcup which receive. 0.5 uc/ret
werc vwithin oore.l liits uno e ired 8¢ throvihoul rore tha. <wW alys

of obsurveticn. .. cuesticiil iy ol saticent redvelicn in Hotsre n.-s




ahd L Ly topenic wis cbserve. % - l!’ culh i <olla Lo) Laoiie

:TeUp Vhici. receiveu 1.5 ue/rit. uuring tilis sco¢ ericd . .nesic

heterc; i1l reuucticn (ru Iy ;hicgenic cecurred n tiie reu s “.l.ch Lere

civen 4.2 uc,/'ret.

CC Puysicle; icel Effects ¢f Injected Pivtenium cn ivers
By: Prosser, izinter, Bussell, Jaccbscp, Schwartz, Uar:oq

Legs vere injected with plutomium plus 6 citrzte and ritrate int-
travenously and intramuscularly ii woses frax C.075 ug/c tc ¢.756 ug/en.
Twelve amiizils were used iu this series. (f the five ani.:is receivinug wore

than 0.35C ug/cm, three died vithin 15 to 16 Jgys of the injection.
Excretion ct the fiftcen dg; jeried verlec frei. $.935 tc 24.550
in the high dose anizals (0.287 to 0.750 vy/gm) anc {rcm 6.0 tc 4.9
of the low dose anizils (C.075 wi/fim).
Listribution studies showed & concentreiicn (ia ug por grao of
{ tissue) vere highest in the spleen, liver, bcne and lyzph node.. The
amcunt in the liver wus 34. of the cose at tie 16 cey ;ericd ter the
~lus L nitr:te and 25.2,. fcr the plus 6 citrete. The liver alue
at 234 dzys in one anical was 10.9%. The ccncentrziion in the spleen
in two anirels exceeded the Liver concentrution. lymyh nodes :.ere
relatively hich .r plutonium content. The ; estre~intestinal canal
and kidneys were quite low. The fewur cort:ined as high as £.27~ of
the do=e at 15 days. The hishest amcunts i the tissues (excluding
bene) were in thuse rich it reticulo-endctheiial tissue. The wzount
of cbsor:ti n fra. .trecuscular injection shovec only 1. at the site

of injection in three aninzls.

A cescription of the clinicel fi_uings ip: plutoniuz peisoning is

given.

Hematological studies show that in anircls receivi:g ai h .oses
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with early death, the total leuw% te less thau 500

ceils buicre death. The heterc hils 2t this ti e iicd e...ost Lisypeirca

an. the l:i. hocytes ccrstiluteu ciicut <11 of the renci’rn, celis. 1In
the curviving wcizils there is on initicl cejpreosicn of ithe aeucce,le

cwnt follovieu by a ieveling off to & subner.l counic. s terwinal urc,

occurs i .e:iately tetore wcath. Thne 1, :i;hocytes renci: it a

reduced iovel durirg the entire ex;criie:t. It is su;pcuted tnct the

extramedullar; ryelopoesis cbscrved it sqie ani.iis oy cuit.ibute

tovard Lhe maintenence cf the c.irculec...  icucee;te lovel. 1n ihe

acute aniinils (deutl withir 10 wsys) the roticuloc;tes wliest <isa ;eor

icredietely ana are folloved by a slcw reduction in the red tlood count

and he.oglotin devels. In the surviving eni.ils ot idd dosipe, the

observed phenomena resc.ble the i2.5 r. deily x~r&) arisvals. At the
low levels (0.075 u; /. i) no effect on the red blcod ccunt wes ncted.

In the acute dcaths the tlocd voluwe irncreised citer the _iuton-

iunm vwas sunin.stcred. The red cell volunc cecreuseu at the swm.e ti.e.

A dilution (b; an increcse in the plasrz vulune)ssgerved to maintu.n the

blood volume at the slightly increased or nort:i level. In anizals

surviving sevcral wonths the totcl cell .£ss tccrecsed tircu hcut iife

with a parallel dro; in the tlood volume. st Lhe iow Cosc, ese nc chinge

in the blood orplesiia volumes was ncted.

All anmirmals lost weigit steauil;. The inlerredicte .wvels shoved

a phenouen of loss znd regel.ing of a :orticn cf Lre lost weight. The

low level anirels shoved nc chinge in weight.

Pethclogical find ngs showed that befcre death henmcrrhe; ic jhencena

extensive edera (inclu.irng ascites), orei ulcerzticn znd like changes
of reciition uumige of severe r.zture uere ncted. icraciatfinuoccurred

in suie of the lower level ani:als with resuitznt trephic ulcercuions.

Ja
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The ;atholo icdldl examinaticn &b ;uatkwute «eaths

resecbled thcse <f hi h .cscge x-reciiticn eicert Lhat the hecrrhe e
ic less cuun. The idd-levcl anirils shov . eriod anecic, heuc rhage,

Liver dises.e, tscites ard ecaciaticr.. The low level uniiils shuw no

reaiation cffect,

The late effects of the injectiwn of ; lutuidun in 2t3 viricus
forus c.nsist cf the deveacpicnt of (1) bane tw.icrs and (2) Liver
disease.

. Bone tucors hive occurred in irci.ence cf uy tc 25. ¢f the
ani: als treated vith the opticl desgie rang. of betvoun G.5 aud .05
ug/xm. One tucor has been cbserved at a level cf 0.02 ug/fi..

liver uiscase sh.cv:s its saxicum incidence <f 5.~ 2t the zbove
o tical Josage range. Fstholopical examincticn sheus thet liver
chun @8 ccnsist of ctre by and Jogeneretive Cr re crerillive Cui.ges
in the fererclynel cells. This often re.uits in the devcelopucut
of asc_tes, znasarcc ord Jaunduice. |

Bone tumors follow:ing plutcnium administraticn usually a; peur in
tte axial sieleton (vertelrue, relvis, jcv, acapulae) in contrast to

the typical long Lene (e;i hysecl) which develeys foli.v.ng strontiuct”
administration.

Apdustic wie.dia is a cocrkn tercinel resuit of ;lutondun awlnistreiici.

Following the subcutanetus injectic.. ¢f ;luicnium citrzte several
fibrosarca.as have beer ctserveu sl e irnjeclicn site witer 1.00' 4y s.
These have ajreared with doses as icw &8 l.u ug/gz aucinistered.

7 FF. Tie lote Effects cf Injected Plutondum on Logs.
Bryes, Painter, lisco, Svift.
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Aiiags lich have rnrevicuoly roceuaveo _njetticns of jauteniuw.

are beir; foilovieu for the develc:.eut ot iitent effects., Su.ficient

tice Lus ot elajscu for evan reild.ery andlysis of data.

7 K. The biolceficsi eusurecent of Flutoniu: vi..je tc the Liver.
By Urues

The worjloiorical piclure, radiviutogra hs and ricteoniw.
ccucentraiion of the liver ure being cumpared in a serics of ondiwls
{reviously injected with doses «f pLlutoniwn which: jrowuce liver injury.
(Lher ani.cls are belrg treated with tetc anc gen.s emitters to uelcer-
nine the coijtrative .irju.icus eifect ;rouuced.

Results are still iu the ;reliminar; steses and have tecn btricfly
Jiscussed under several titles.

.0 Fhysiological o fu:ction:l studies are coitenplited.

7 Nk and 7 (0 The Eftects «f Flulciiw. «n Bz r.e S5 sters and Tissucs
wetabolisc. By: bBurro: et al

The ettect of the alpha rcys (- lus cheadicei) of ; lutoniuw
cocpounds on enzyie s;8tens is sldlar tec thet os rrevioudly describol
for x~rudlation, rnacely on the sulfhydryl systers (SH ;roips). The
relative effect has been determinec 2s &, ,roxizztely 1/10th that
observed with an ecuiveiont amounmt of x-raulatior.. That this is due
prinarily to the alphe radiation is presuceu inssiuch &s oliniuc has
ap; roxd..ztely the site eifect as does :lutoudus.

The eifect on tissues is like.ise nct as marked. The changes
in the tissue ictabclism cre nct sitilur to heavy rxtal (uraniurm)
but to that f x-raaisticn. 1l tissues exce;t bcne viere aifetted.

A general densturstion cf protein wes prouuced vith i vy exposure.

T/ F2-
“wiijhppm—
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V. Ursciuw. bistritution in Tissues of Experiiental aAnlials
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&, The Effect of Urenium bxpcsure on Urine Cestalsse bxerction
Kotz, Holt and Schwartz

F. Ursmu. Excreticn Studies ii. Hw:an Subjects
Ferretti, Price and Schiartz

G. The Effect of Lctal Exjosure cn the uncretion of Naturall, C(ccurring
Forphyrins. By: Schwerty, <2gariz and watson
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A. The Toxdcology of Uruniur Coiicunds By Taniernvows .. Silverstone.

This report deals with the toxicclcgy of ureniun cw.puunds following

feeding or irjecticn into rice. The criteria of toxicity \ere; cppearauce

of the rice, weisht changes, gross ana ricrusco;ic rathologiczl changes

and oortality. The urenium content of the crgans and tissues was actercined.

Un subcutanccus injecticr, uraninm cuupcunds zre very toxic. Depending
on the particulisar strain cf mouse utilized in the experinent, a sin;le sub-
cutaneous injection of U.5 Lo 2 cg. of uranium as the wdtrete, produced a
mortality in sone weubers of & group; 4 mg. wes lethal to all cice. Strain
is a nodifying factor in toxicity while age and sex play less izportant roles.

Injections of the above-centioned amounts of uranium produced an acute
intoxicetion; the rost constant and striking rathclogiccl chenpeswuzs an acute
necrotizing rerhcrsis. ‘'lhe deaths cccurred duriny the acute intoxicalicn
(first two weeks); othervise the iice recovered mcre or less capletcly. The
main sites of uranium accummleticn are the kidneys and bocne. Disappecrance

from these organs is & slow rrocess. Uranium is excreted in the urine and

feces.

In the ingestion experisents the uranium cuspound wes incorporsted into

the clet. Ually dosages of 10 mg. of ureniuz as the nitrate prounced relative-

ly low toxicity and no mcrtelity, while dcesages of €0 mg. of uranium dsily s.ere
taxde and lethal. It is clesr thet tne relativel, 1o toxicit; cf uranium
campounds in ingestion (cogpared with injection) is due to the low rate of
absorption of these ccmpcunds from the gastrointestinal trast. .'I'he nzture
and duration of the intoxication, the jyross wud :icroscopic pethclogical

changes and the distributicn of uranium in the ti ssues were all sizilar to

that found in the injection studies. Uranium accumuiates slowly in the cidneys

and borie, arnd disarrecrs sluwly aiter the removal of uranium fronm the diet

AN -
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Stuaies on corpirstive t,oxicn.g.\,! !nm:rth-t. .. foliuiing ca.pounds

mcy be grouped vith reg.ra to their toxicity i ingesticn
UGy, U3lg, UF), are non toxic
W3 is texde i high aoses
UCl,, is nan-toxic in .caer:te dcses; taxic in hirh Joses
UGz (803), UO,, NagU207 are toxic in moderate doses
UOoF, is toxic even at relatively low doszges.
In considering the toxicology of uranium ciipounds it is necessary to

clearly distirfuish teticen the expcsure to uraniuu, the rresence of uraniucm

in the tissues, and uraniuc taxicit;. The lack of reluticnship of Lhe aiount

of uranium in the tissues and the state of intaxiciticn ¢t an; cne time is

discussed. It 1s sup;ested that the zcute intoxicaticn bte considered zpart

from the subsecuent ccurse. The significance of the anicns of the ingested

compcund is discussea. For exarjie, it is ;robetle thot Uok2 is nore a

problem of fluorine toxicity than uranium toxicity. The course of chronic

uraniuc. poiscning is still tc be recosnized and uescribed.

B. The Distribution of Uraniume32 in the Tissues of Lice Pollowin; lInjection
of Uraniume32 plus 6 nitrste. By: Tacnenbaum et al

The uistribution of uraniuc®3? in the tissues of mice fcllowing a

single intramuscular injection f the ccapound was determineu. iLice

injected with 1.5 acdcrograms of the corjound were sacrificed for
analysis in two wecks; mice injected with 4.5 micro;raus, ir fcur wecxs.

Approxicately 900 of the maierial was excreted. Bone was the ;rincipal

site of accumulation containing gpproxisately 700 of the rctained amounts.
Kidney was next in isportance. The liver contained lp» and the other

organs 3 lesser amount. The distribution of uraniu3? is sizdler to

that of uranium?36, Both accumulste irn bone end kidneys, ana both are

excreted tc & relatively high dogrce iimediately after ianjecticn.

< —_—
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Tre distributicn fi;ures o:u the six mice are as fuilons: the
percerntage of the dose reteained ir. the cuinzls varied froo §.5 to 11.1e
of the dose; bene ccrtaineu 66 to 76.3,.; kidney ccntained 3.4 to 15.2
liver cartained 0.€ to 1.6i; the injection site ir three anircls varied
frei. 10.7 to 16.6»; the rest of the (rgans conta- ned 0.5 to 0.8, of dose.
Ccrnperison vith expericents con the fecding and ianjectic.. of uraniuc<3€
is given. Ani:als receiv_.ng this curpound for 76 weeks as 1o of the
diet (nitr:te) showed 7lc depcsited in bene, <€« inkidney and 0.5 in
liver. Anicals injected vith 2 ig. cf uranium nitrite showed &t the 41

day period 66% in btcne, 33x in kidney ard 1% in liver.

C. The hicrofluorimetric Detercination of Uraniun. By: trice, Ferretti
and Schwartz

The method described for the quantitative deteriination of uranium

is sensitive to 0.0001 zicrcpra.s. As such, it &s the most sensitive

wethod for urnaiuc analysis with vhich the suthors are familiar. This
sensitivity and accuracy have been maue possible by the develipaent cf
a gpecial florophutcmeter., The advintage of this instrucent is that

emall samples cen be anzlyzed and it is rarely necessary to resort to

preliminary purification.
D. Ursnium Distritution ln Tissues c¢f [xperiiermtel aninals.
by above aythors.
Studies in ; rogress. To be ccipleted in abwut three weeks. The

chief interest is in the central nervous system uraniuw in chronic studies.

E. The Effect of Uranium Exposure on Urine Cstalase Excretion.
Katz, Holt and Sclwartz.
Through rabbits injected with kiuney-dameging doses of urznium excrete

increased asounts of catalase in the urine, no i fference was found in

ur-ne catalase activity in exposed and non-exposed precject persocinel.
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F. Ureniuo Excreticr Studies i: cls. By:
i.d_bﬁﬁ!"_a_-..&

Ferritti, Frice

Orinar; uraniuw. excretion has bteen stuvied in perscnrel truu verious
projects. Urarduu cxcretion egreed guite weil with uranium expcsure.
kelatively heavy exycsure gave an average of 75 uwicrugrens/liter e.cretion;
uwoderate exposure, L0 microgrums/iiter; and l'if ht exrosure, an average
of 16 .icrogrecs ;er iiter. Incidental exrosure geve less thor 5 cicrorraus

per liter.

G. The Effect of Let:l exposure on the Excretion of Neturzli; (ceurring
Porphyripe. By; Sclwartz, ss;aria and satson.

a. jiead Thirteen rabbits werc acministered up to 45 nge. of leau acetete
[er kg bouy weight. In all the total co.roporihyrin excretion rose from
an average of 1lOwl5 microgracs per day to atut 200-600 wicrograus per day.
Values returned to norual only after severzl wee.s to several ucnths.
The increased copro-porphyrin excretion was found to te apecii'icail; due to

the copro 11l isocer.

Red cell protoporphyrin also rose from ccntrol vilues of atcut 70

to over 200 zicrcgrams jer 100 cc. of cells.
There was no apprecizble effect on the wei;ht curve during this jeriod.
b. Uraplum Several dozer ratuits and cne dog have been injected with

0.05 to 5 wg. of urani:m nitrate per ng bocy weight. ILarge doses cause a

preciritous drop in total urine coproporphyrin excrstion which j.arallels the
kidney damage as reflected in the deciine in urine specific gravity. Saall
doses cause & slow increase of total coproporrhyrin to 203 times the control
values. Preliminur; studles indicated that this increase was due to the
type 111 isomer, but further stud, is desiratle.

c. Corbined lean ard Uranium
~ /38 -
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c. Cortineé lead and Ur@ irfiecd is administerec first to cause

a8 merked rise in urine coyro excreticn, i.e. to 300 microgra.s ;er aay,
the ad.inistrstion of « large awcunt (2.5 z2g/Kg) of uranium Lo a robtit
couses a precipitlous dro; to a iew .icrogra.8 rer day within 24-48 haurs.
Tids is undoubtedly rel:ted to kiuney uvmage.

d. Thorium Thorium give.. alone acts similiriy to uranium, i.e. large
doses (40-80 ng/Kg) depress and snzll doses slowl; increzse the totel
urine copro excreticn. 1f lezd 1s piver first snu fcllowea by thoriua
the- therium produces a secund ; rencunced iicrecse in Lhe urine ¢o, ro e.cre=
tion. Thie is corpletel; unlike uranium. 1t should bc jointeu out,
however, that urine specific graviiy is nct diiinisheu b, theriuw., so
that the rechanism of its actica is (uite certainly aifferent fro.. that
of uranium. The possibilits. is iecirg iavestiyeted thet thorium ..cbilizes
the iead which in turn ;roduces the produces the perphyrinuria.

e. beryllium in coses of 2-4ng/Ks has little effect on urine copro
excretion. In uost retbits, hcvever, it has a profound atfect on liver
function, as indiceted by a narked increase in urine urobilino;_:en excreticn.

f. lanthanuz in single or sultiple doses of 20 ug/k; or single ucses
of 30 ng/Kg has little effect on the urine cojro axcretica.

g. Arsenic in doses of 1.5 - 2.0 ug/Kg procuces a markea proupt rise in

urine copro excretion to values of $0 uicroirams per day ¢r :ore. Values

return to normel within a few cays.
h. Effect of Bal BAL is quite taxic as indic:ted by the increased urine
urobilinogen and urine coproporrhyrin excretion following ad..inistration

of therapeutic uoses of 620 mg/Kg (in peanut 0il). Administered before,

siimltanecus with or after the administration of metals, it secmed to have

no effect on their porphyrinzpethic action.
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h. The Effect ¢f Bcne ..gro. Stirulation on Cerrero
By: Schwertz, Glick:an, Hunter and .lellace.

The dogs develojeu &

severe anemia folicw.ng the cumirdstrazticn cf
PMdylhyurazine. Fecal :robilinc. en snd urine btilirubin rose iarieuly

in the following several dsys. These were followed by increcsed retic-
ulccytosis to over 50s. At the same tice both urine and .ecal copro-
porphyrin axcretion increased 200 to 300 percert. This increase was

shown to be due ¢ the type I isomer. The type 111 isa.er ias not affected.

This is in contrudistinction to Lead ex;csure where Lhe axcretion of the

type 111 iscuer is lncreased.

Two rabbits sicilarl, trectea with phenylhyarazine showed guesticrable

effects upon porrhyrin excretion., Stuaies are still in jprogress.

i. e t of Urenlum on Enzyme Systeus, Frotein and Tissue Letabclisz
Bayron et al.

Urcnium vhen zbsorbed intc the boay canbires with protein inaa

reversible state. The cautinaticn hus been deronstrated tc be with
the albumin rathcr tian the globulin fraction (plutonium). Uranium
combines also with goélum bicarbcnate also in a reversible state. Its
affinity for the bicarbonate fraction is grectest in the rlus 6 state;
the affinity for the rrotein fraction is gre:test irn the plus 4 state.

Uranjum likewise inhibits enzyme systems in a reversible nature.
Enzymes when inactivated by the aduition of uranium are resctivatea when
the metal is removed by the addition of either citric scid or sodium
bicarbonate.

kxtensive studies on the diffusability, filtration etc. of uranium

compounds have been carried out. The effects of uranium on specific

enzyme systems have been deteruined.
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SECREP

The problems of the research program, initiated originally under
the auspices of the O, S, R, D., 15 October 1942, and later incorpor-
ated into the framework of the Manhattan District Project, was to
first evaluate the possible hazerds arising from radioactive materials
produced by uraniuwa fission and, second, to explore the possible uethods
of treztment of individuals who might becane infected with dangercus
amounts of these substances, The first, and major phase of the re-
search effort wes devoted to a fairly exhaustive survey of the metab-
olism in rats of the more abundant long-lived fissioa products, thorium,
protocctinium, neptunium, and plutonium. Prrallel to this comparable,
though less exhaustive, experiments were done to investigate the met-
abolism of the majority of these substunces in plants and their depos-
ition in verious types of soils. The second aspect of the genercl
program was concerned with possible therapeutic methods for treating
individuals poisone. by these agents and devoted itself in considerable
detail to the exploration of di ferent nrocedures thct possibly might
prove of therepevtic value for the theripy of individualc infected with

those of the long-lived fission products and plutoniui, which are select=-
ively accumulated in the skeleton.

t swwe

The work under the general metabolic program included the
study of the assimilation, & stribution, rctention, and eliminction
of the carrier-free radioactive isotopes of strontium, yttrium, zirconium,
columbium, rutherium, tellurium, iodine, xcnon, cesium, bariua, lanth-
anun, cerium,, presecdymium, thoriuu, protoactiniw:, neptunium, pluton-
jum, and americium, using rats zs the experiizental animals. ‘ith the
exception of thorium and americium, these meterials were administered
by the three chief portaels of entry into the body, namely, oral parent-
eral, and intrapulmoncry. These tracer studies, in most instances,
exterded over periodes of time up to and including sixty- four days. In
the casc of plutonium, the studies were for intervals ranging up to
almost one year. In addition to thc dircct determination of the depos-
ition of these various radio-elc.vnts in the twelve to fifteen most
important ergens, a very detailed scries of radioautographic studies
was completed with the two orgens whcere deposition and retcntion was
of grecatest importance, namcly skeleton and lung. In addition to the
animzl experiments, a very extensive study with vlutonium 238 was
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undertaken ciploying & relatively normal human subject from whom seve-
crol highly important tissuc samplcs were secured including tone. In
this particular instance, a complete cxcretory record was obtained

for almost onec yecar. The results of all of thesc tracer metabolic
studics nay be summarized in the folloving wanner for those radio-
clements listed in the footnote.® The alkaline c-rths, rarc earihs,
zirconium, columbiui, theriun, protozctiniun, ncptunium, plutonium,

and a.criciwg, when introduccd into the body were deposited prinarily
in the skcloton and the cversge degrec of retontion of the abscrbed
radio-clcument, reccrdless of the route of administrztion, ranged fro.
25% tc T5» of the amount initiall; zbsorbed., The fraction of thesc
radio-clements rctainced by the skelcton is eliminatced zt rates which
arc lcss than their rates of radio-active decey with the excggtion

of thc 340 day ccrium, possibly the 30 ycar strontium 90, Pu239, and
AmRbl, The remaining five long-lived fission products, rutherniunm,
teclluriun, iodine, xenon, and cggium do not show any significant degrec
of localization in the skeletorn. In addition, therc is no very striking
deposition in any of thc other-tissues with the exccoption cf the accum-
lation of icdine in the thyroid. The rates of elimination for all

of thesc five radic-clements arc much greatcr than their ratcs of
radicactivc dccay, with the exception of radio-iodine (I131) accumu~
lated in thc thyroid. In this particular casc, the relcasc of accumu-
lated iodinc in the thyroid is many timcs slowcr then its ratc of
radioactive decay. The members of the long-lived fission products '
group which are absorbed by way of the digustive trect to a signifi-
cant dcgree include stroatium, tariuk, tellurivnm, icdine, and ecsium.
The other members, notably yttrium zirconium, colw.biun, rutheniur,

( lanthenus, ceriuu, and prascodymium arc nct abcorbed b, uay of the
digcstive tract to eny si-nificant degree, likewisc no.ligible oral
absorption was nctcd for Th, Pa, Np, Fu, &end Am. A high dcgree of
retention by thce lungs has bcen obscrved for yttrium, zirceniun,
colusbiun, ruthenium, lanthanum, cerium, and prascodyzium which fre-
quently approaches end in somc circumstences, cxcueds the radioective
rates of dceey of thesc substences. The pulionary retention obscrved
with strontiuu, barium, telluriua, iodinc, wna cosiw, is negligible
under the conditions of the wxperizent. The vzluc of the gencereal data
suamarized above wes thet qualitative cstinat.s wer: pessible in the
cvaluation of the relative degrees of hazard to ezlth for thosc in-
dividuals who might comc in contact with thc agents listced above,
Pulmonary rctcention was elso high with Pa, Np, and Pu.

A largc sharc of thc total effort cxpoended by the group working
on traccr and mctabolic studics was devoted to an cvaluation of the
bchavior of plutonium in enimels and in man., The results of these -
studics, which werc far morc oxhaustive than the ettention devotcd
to any onc of the fission products and thc other heavy cloments, re-
vealed the following important uo.nts. The absorption of plutonium

#5187, 5190, BallO, Y91, Lalk0, Cc 140, Prls3, zr5, cb95, Th23k
Pa33, Np239, Pu238, Pu239, and Axbl, RulO3, Telzi, 13l Xe135, Cs 134
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from the digestive tract in rats is oi iie o!!er of ,007% of the oral-

ly administered wose, which is ncgligible, The chief organ of accumu-
lation of plutonium absorbed into the bloeod strcam is the skolcton,

The ratc of rclcasc of plutonium accumlated by thc skeleton in rats

is extremely slow; the sstiwctced nelf-tine of the exercticn has been
cvaluated to be greater than two ycers. 1n the humen study, the clim-
inction was far luss, givin, a lcwer limit for the half-time ratc of
excretion fror the skcleton of 50 years. larcover, the. ralicaute raphic
studies revealed that plutonium is depositced primarily in the region

of the endosteal layer of tnc cortical and canccllous bone, Presumably,
this matcrial is accumulated within the ostcoid matrix. Rclatively
little plutonium apparcntly cntcrs the mincral porticn of the bone both
in rats and in man. This intercsting bchavior cxplains, in our ustim-
ation, the very high toxicity of plutonium since 2 large proportion

of the alpha rays can entcr the rodio-scensitive bonc marrow. An cx-
tensive scries of inhclation studies werc donc wmploying acrosols of
PuOg, produccd by burning cnloridcs znd nitrates of plutonium and the
metal, These studics revealcd that of the order of 10% of the inhaled
material in rats is decpositcd within the alveoli where its rate of re-
lease was of thc order of a fraction of 1% pcr day of the retaincd
amount. Comparablc rcsults wcer. obteincd from studics of the inhzl-
ation of finc acrosols of solublc ccmpounds of plutonium with the ob-
servation that a significant fi:cticn was ebsorbcd through the lucgs
and depositcd in the skcleton, whilc in the casc of the oxide smckes,
ncgligible absorpticn through thc lungs ocecurrcd,

¢ A survey of the deposition cf fission products and plutoniua

‘ in plants and soils, revealcd thet all of thesc recio-clcacnts tended
to bc immobilized by soil colloids to a very high degrec. Plants grown
in such infccted soils demonstrated an extremcly high sclective accum—
ulation of thcsc matcerials in the roots. With the cxccption of strontium,
only minutc quantities asppcer in the sta.s and lcaves. This ph: ac of
the work, of coursc, indicatcs thot the rcleesce of fission products or
plutoniun into the azgriculturel arcas will probably be attended by &
very serious problem of considerzble durcticn.

The sccond phasc of thc projcct et Berkcley cncaspassed the de-
containation of skclctal deposits of fissionablc meterials. Up to the
prescnt, cxperiments have been confined te plutenium, and to the radiq-

activc isotcpes of strontiwi, yttriun, and ccrium which urc produccd by
nuclear fission,

The bchavior of thesc clecments was comparcd under conditicns
prcfoundly affccting bonc mctebolisn, Growing rats fed 2 diet low in
calcium abgorbed over 25 tincs es much Sr¥ from thc gut as did adults
rceciving adequate calcium, Ther. was a four-fold differcnec in re-

tention of injected Sr* between the two groups, but no appr.:iable
cffect on Y¥*, Ce%*, or Pu¥®,

Scvere phosphatc deficicncy was produccd in rats with a syn-
thetic dict containing washed blood fibrin, or by adding a2luminum
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hydroxidc to = ncriiel cict to precipitate thd dictory phosphete and
provent its abscrpticn. The dcficicney produced sovers deeceleificetion
cf ten., and rcducid the retention of Sr¥ three cr four fcld, but had
no apprccizble cffzet on the rotention of Y#, Cc¥, or Pu*y In ad-
vanced stages, large wreas cf the bene consisted of organic ratrix
frc. frouw tone sclts. Radiosutographs of undecelcificd bones from such
aniricls sheweca thot Sr¥ wes deposited cxclusively in the reraining min-
crzl bonc salts of the sheft, whil. Y¥*, Zr#*, Cc¥*, ani Pu® wcre deposited
in thc uncalcificd orginic metrix. Thesc cxperinents indicate th t Sr¥
fcllows the peth of czlciwn rectebolism and is dopesited in the mineranl
cf tonc, whilc thc retobolism of the other clominte appeirs tc be
unrclatcd tc that of celciun, and they arc depositcd i the orgenic
motrix of bonc., Even in the foming bonc of & hezling frecturce, Pu®

end Y¥ wore depesited in the callus scverel days beforce the onsct of
calcification.and thc deposition of Sr#,

The clisdinaticn of Sr¥, Y¥, Cc¥*, and Pu® by rats was followed
for scveral ronths to deteruanc the cffect of prolonged trcatrent with
pcrathormonc, armonium chloride, citrate, cr cther agents uscd un
trcating chronic lcad and radiun poiscning. No significent cffoct
we.s obscrved, except for a small incrcase in the excrction cf Sr¥,
This does not hold out much hopc for dccontamination by such mcthods.

A proccdurc was suggestcd for reducing the texieity of the
plutonivn dcpesits in the skclcton by cverleyering them with now none
radicactive bene., This would shicld the sensitive cclls of the bone
parrow and bonc from thc shert rang. elphe perticlcs., Variocus mccns
of dcealcification fcllewed by noew bonc fermztion were investigated,

and radicautographs of th. boncs showed thet overlayoring actuclly did
takc plac..

-

Expcrimcnts woerce 2lso cirricd cut on various phascs of bone
rctabolism, including rickets cnd scurvy, and on thc f.cturs invelved
in thc new bonc formeticn associzted with frecture hcalaing.

The werk planncd for the cering fisc:l year includcs the follow=-
ing major itcms, First, wc plen to porfer. wore adcquat. inhalation
studics with rats using thc morce important len -lived fissicn products.
tizny of the carlicr inhclation studics with fissicn products wer. un-
satisfactory duc tc the unavailability at that time cf what we now
consider suitetle technical methods. The projccted oxperiments in-
cludc the inhclation cf cxidcs 2s wcll as scluble corpounds of radio-
cloments such &g yttrium, zirconium, 2nd colusbiuc., ruthcrium, ccriun,
and“praseodymium., Thesc rcprescnt the membors of the long=lived
fission products group which show a high dcgrce cf rctention in pul-
monary tissucs, In additica to thc animal studics, which arc in then-
sclves rclativcly straight fcrward and bricf, it is planncd tc¢ under-
takc inheletion studics with thcsc agents using normel human sub jects.
a very satisfoctory technique which has alrcady demenstrated its ceffoct-
iveoness has boon developed and subjccted to trizl by onc of the merbers
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of the Berkilcy group. Here, of coursc, it will bc neccssary to usc
the shorter-lived isotopes and under such conditions, the exporiments
can bc donc without risk to thc subjects. Sccondly, tracer studics

in rats are planned euploying carricr-frce redicactive isotopus of the
following agents; notably, gallum, germenium, arscnic, sclenium,
rubidium, molybdenum, clemcnt 43, rhodium, paladium, silver, cadmiuam,
indium, tin, antimony, ncodyrium, clemcnt 61, samerium, :ad curopiunm,
As many of these diff.rcent clements will be studicd es time permits.
Thirdly, trecer studics will be imatictca cmpleying radium, actinium,
uraniu, americium, and curium in animals and humens using clinical
matcerial aveilable froo the ledicel School., In addition, tracer
studics coploying the most inportant of the long-lived fission products
in such humen subjects will be attcmpted if time is sufficient. Fourth,
tracer studics arc planned with such clcucnts which although nct nat-
urally reddoactivc, can be made so by cxpcsurc to irradisticn by a2
chain rcacting pilc. These include possiblc teterials of construction;
notably, chromium, ircn, nickecl, ctc, Fifth, trach studics arec planncd
using 2 radioactivc isotopc of beryllium, (Bo ), in ordcr to study

thc mctabolism of this substancc, which is niost ccrtainly werranted

in vicw ¢f the ominous toxic charactcristics of th clorent which is

apparent in industrics where this substencce is cncountcred in lorge
anounts,

Undcr the decontamination pcrt of the prograr. during the coidng
year, it is propescd to extund thesc investigetions to include uranium,
thorium, actiniuw, protozctinium, radium, and clements 95 and 96.
kctabolic studics of the cffcect of zgc, dictery celcium, and phosphate-
deficicncy will indicete whother cr not the cleaent in question fcllows
the path of calcium mctabolism. Redicautographs of boncs from injcct-
cd phosphatce deficicnt rats will show whether the sitc of depositicn
is cxclusively in the mineral bone sclt, or in the organic metrix.

Agents which wight incrcesc the climincztion of the clements
under consideration will be investigotceds Thesc will includc compcunds
ferming soluble coiplexcs with the wetals, Bal tnd non-toxic noctels

(such as Zr end Hf) which might compctitively reduce the deposition
in bone.

The cxperiments on overlayering of plutoniuym deposits by new
bene will be wxtcnacd to other clements which cmit 2lpha perticlces.
Toxicity cxperiments will bc carricd cut cn suall memmels to determine
the cffect of overlayering on mortality., The overlayering oxperinents
are also to bc carricd cut on puppics and cats, adding alurdnw: hydroxide
to the normal diet to producc decalcificction, Phesphate deficicney,
particularly that produced by adding aluminum hydraxide to 2 ncroel
dict, will be furthcr investigated in animels, end possibly in selcct-
ed clinical cascs, to determine its valuc as a wcans of producing bone
resorption, Experinents will be carricd out tc cbtain information cn
the cheractcr and reccticns c¢f bone, including the neture of the
organic nztrix in which these elecments ere deposited, Three types of
animals should be particulerly useful for thgse experiments: growing
animals which cre actively foruing new ¥ phcsphate deficient cr




rachitic animcls in which boiue salt is rescrbed leaving lerge arecs

of uncalcified crganic matrix; and enimels with hezling frzctures in
which there is o very cctive local fometien ¢f new bone in the czllus.
The effect of pretein deficiency and plasmapherisis on the orgenic
bene matrix will zlso be studicd, te determin. the influcnce. on the
deposition of thcse clements.

Another phasc cf thc project at Berkcley was the use of radio-
clenents in agricultural resccrch. The absorption of rminerel nutrients
by plant roots imst be accordcd a ronk with photosynthesis rs oi.. of
the truly vitel processes of plent growth. The process constitutos
a major field cf study for the plant physiologist, end in its diversc
aspects, is the control theme of £ll investigetions deeling with soil
fertility, Hithertc, ion-absorption by rcots has becn studied z2lmcst
exclusively in terms of net gains end losses of ions by the root sys-
tem or by the culture mediwa., Virtually no attempts have been made
to study the process from the point of view of plont anatcmy. Little
information is available es to which cells or regicns of the roct
system are involved in the proccesscs of uincral abscrption, ion-exchonge,
etc. Almest nothing is known concerning the physioclogical role cof icns
such as Nas4, K4, Cass. and the so-called "trzce clements.®™ In the
proposed work, these vitel and .ssentially untcuched fields will be in-
vestigated with the use of radiocactive isotcepes.

It is anticipated that many cf thc above mentioned physiclogical
problems in agricultural research.may be sclved by the develcpuent of
nethods ¢f preparing redi ceutcgrephs of plant tissues. By these weans,
it should be pcssible tc study the nechenisu of ebsorpticn of many in-
orgenic ions by roots. Alsc, it night well be possible to determine the

role of particular clecents in the developuent of perticular tissues
in the growing plant structurc.

Inseparable from the generel prcblou of minerel nutrition cf
plonts are the innumerable preblems prescnted by the corplex cclloid
chemistry of the scil itsolf, Therc again ocur knowledge of the surfoce
cheaistry f soil is fer froa adequate. Existing infermetion concerning
ion=cbsorpticn reecticus in scils is confined chicfly to niore divelent
ions., With the use of radio-elcments it is expceted thot the behavior
in soil of most of the clenemts cf the pericdic syste.. con be deturmined
with great convenicnce., It is hoped that this brief cutline will provide
so.e concepticn of the megnitude of the prcblems to be ettacked. A
satisfactory investigation of the field will take many years even with
the best cf techniques. Nonetheless, it is felt thct such & plan of
rescarch will amply est:blish the fact thet informction gcined in the
developrent of the zterdc buwb elso will contribute irmeasur:bly to one
of the rost basic endeavors of man-growing cof ylants in soil,

The foregcing summary miey serve to present the gener:l pettern

of work tc be pursued in the Ccllege of agriculturc. Certcin cspects
of the work 2re’cf ccncern to the isnhctten District and should be
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incorpercted in the work plonned for the biologic-l progrem during the
cormding yecr. These aspects decl witr the behivier i soil end plonts
cf those rodio=-.lements created in tac preducticn ¢nd applicatic..s of
nuclecr energy. Studies of a proliruanary noture in this loberotory
strongly suppcert the conclusicn thot the accidentzl cor intentional
rclezse of fissicn products to soil cr irrig-tion weter may constitute
& grave agricultural hezerd. It is precposed thet these stirides be con-
tinued in the ensulng yezr to enbrace problais cof toxice lidts and of
soil decentominction for the nere i.portant leng-lived reaicelement
invclvea in nuclear ficsion,

In 7dditicn to this progrem, work under e separcte cecticn hos
been storted on the study of the effect f fissicn reecils con tissue,
This is of importance from the health aspect ad also frem the funda-
mental point of view., The brcad purpose of this werk is to deturuine
the specific biclogicil effects of fission recoils produced by slow-
neutron barberdment c¢f fissicneble metoricls administered to -nirels,
The wcrk wzs startea by preporing collcidel urcnous oxide, ¢nd studying
its toxicity when cdministercd iutravencusly to leborestory cice. It wos
found that one rmilligram in suspension mey be given intravenously with-
out lethal effect, as long os there cre no scluble uraniui caupounds
mixed with the U02. ali.ost all of the ccllcidel suspensica is taken up
by the liver cnd the spleen, which will hold thesc compounds until they
are changed to scluble uranium compounds. A large fracticn of the
soluble pert cf the colloidal U30g is taken up by the kidneys. Colloidel
U30g is, therefcre, mich more tcxic then cclleidal UC2 (507 of anicals
dle after 0.9 rilligrais). Using UC2, the density of uranium in the
liver cnd spleen is arcund one willigrau per cubic centinetcr, high
encugh to cbserve the effects of fissicn withcut interfercnce fru: cther
biclogiccl effccts of ther.al ncutrecrs, espccially if urcnium enriched
with the isctope 235 is used., In fzct, cclculetions cnd measurcments
show thet a certain amcunt of jecmmz ray beckgraund is alsc tolerated.
Thus, the first experiments will be ccrried cut with o paraffin woderc—
tor and the 60" Cyclotren., We intend tc cbserve the effect of fissicn
recoils in the spleen. Siniler studies using P32 have shown th:ot,
given adequate dosige, the splecn will shrink tc less then hzlf of its
size. In dogs, the spleen con be Lade tc disazppear by this method of
selective irradieticn., Seccnaly, histclogicel secticns will be prepored.
Thirdly, the nucleic acid mctebelisu of the liver will be Studied under
the influence of fissicn, by means of tracer amounts of P . PFinzlly,
the distributicn of fission proeducts in the znimel will be mensured -
i,c. radiocicdine, radic=strontium, etc, If the results show that fissicn
reccils are very effective ir producing lcczl changes cor biclogical
effects, other urenium coupounds will te prepered (possibly with the help
of Dr. Calvin's group). Alrcady, work hcs been started cn tying urcn-
ium to T pe II pneumoccccus antibody. Reports in th. literaturc indicete
that it is possiblc to attach uraniuw to zntibedics in such a wey that,
after intrevenous injecticn, the antibcdics will cory the uranium with
then, uniting with the zntigen. Ther. they rcect with the zntigen,
depositing the uranium in the tissue. This mechanism will be studied
with the hcpe of prepering suitzble urcnium~pretein combineticas which
could be depcsited in iy given pert of the be gp¥cciclly in regicns
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of turors. There cre pessibilities of <tteching urcriw. also to azc
dycs, saue of which ey be takern up sclectively by tuacrs.

Farallel with these investigzstions on uraniuw, weri hcs been
sterted <n bercn :od lithiw: combinaticns suiteble for studying the
(n,d) recacticn, The line of work will be the szme cs in the cesc of
ureniw.; we will start using cclleidcl suspensions of insoluble sclts,
and later synthesizc cther ccikinstions. Deercosce in nucleic czeid net-
abolism and possibly revuction in size of the spleen, when attzinced by
reans of chrcuic radic-phcsphate, boren, lithiuw, and ureniu. aftor
fission, cte., mey cive us i.pertart irfcrection cn the blolegicel efiect
of specific ionizaticn, or better, spocific cnergy lcss. Zirkle'!s date
indicates that z2lpha particles cre seven tines os effective for the szme
energy lcss in the cell as gamrma reys cr x-rays. Fission recoils icnize
thirty times rirc pewerfully than alpha reys; their specific effuct may
possibly be significcontly higher. If the urcniua fissiin werk leads to
significant results, we mey attempt tc study the eff.ct of fissicn of
plutcnium, and pessibly thoriwa. The ecsc of plutenium is especially
interesting, since this elewent is sclectively teken up in the pericst-
ews., Since the renges of fisslen recdils are very short, therc wcy be
a possibility of d.mzge to the pericsteum alcone, withcut influencing any
of the surrounding tissucs. The study cf the effects on the ;rowth of
bone and cn the developmont of bone conter ney be of iuportances This
whole study has bearing cn the health problems of pile workers and on

the pechanism of action of icnizing irradiztions, cnd indirectly on the
cancer prcblem. :

We fcel that the cxperimentil progrem now in progress and outlined
for the cuaing year coerries cut an importent durlity of interest. Froa:
the pcint of view of fundementzl resccrch, it is of considerable impert-
ance tc «xplore the behavicer of clerents in ani-cls :nd nian thet herce
tcfore have been expused to little cor nc investigetion. Not orly is
the inforriction of interest for its own fcctu 1 werth but alrecly it has
been shown that detailed investigztion @f the tehivicr of the long-
.lived fissicn procducts :nd plutcnius in the skcleton heve brought out
sone sipnificant points cf interust rele ting te the cvercll field cf
bone metebolisn. It is cortein that further investigcticn will in-
cr.ase our knowled.c of this wnst important physiologic:l ficld.
Loreover, it is quite zpperent that 2 numbur of the less cbundant
fissicn products cobroce elenents cf considereble mediccl and toxice-
logiccl inturest cntirely apert frow their concern in the field cf
atcuic energy. - On the othur side cf the picture, it is zpparcnt, of
caursc, that a large share of this werk is of iumedizte znd prectical
concern to the nany probluss arising in the field of health prectection
incident to the devclopmont of nuclecr energy. In particuler, the tracer
stucies with fissicnable raterizls and the furthoer study of therapeutic
methods for the treatment cf individuels whe ey in the future beccie
poisoned with either cf these substances or the leng-lived fission’
products is of ccnsidercble impertince in our csti,
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7 COLUMBIA UNIVERSITY PRCJECT W

A, The Measurement cf Fest Neutrons fcr Biclcgical Dosage, by
G. Feille,

B. Effccts of Smcll Daily Duses cf Fast Neutrons c¢n hice, by
T. C. Evans,
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The Lecsurement of Fost Neutrens for Biclogiecal Desoge
by G. Failla

The purposc <f this experiment is to mezsure the tissue dose
delivered by a beam of fast neutrcns in terms of the ionizing energy lib-
erated in the tissue. This infcrmotion is necded in order to deteruine
the true biological effectiveness of fost neutrons and to evaluate the

results cf biclcgicel experiments conducted in different branchcus cf the
Lienhattan Project. .

Methcd. The extrepclition ionizetion chacber method, previocusly
devised, has beun further develeopoed 28 regards toth the constrution of the
ionization cheabsr and the detecting instrument. The electrodes of the
icnization chamber zre¢ made cf met.rial sicdlar to animel tissue in its
atamic constituents. Twe incepencent detersinaticns will be wade: (1) Vith
air as the ionized nmediun (2) Jith 2 ges wmixture heving the same atomic
constituents as the electruics of the charb.r. The final result should be

the same in beth cases and therefore this prevides ¢ check cf the accurccy
cf the method.

Extent cf Prcsress. The work up tc the prescnt hes involved the
construction and testing of epperatus cnd the neking cf a great many oeas-
urcpents under differeat conditicns. Numbrous difficulties have been over-
cone and the experimental prccedurc is now quite sctisfzctory. Werk is
still in progress and it is preferable nct to give the results obtained
thus for, since they arc subject tc¢ sodificaticn.

In order tc deternine the biclcgiczl effectiveness of fest
neutrons in the case of biological expecriuwnts carried cut in cthoer parts
of the Project, sirdlor mersuruments will heve to be mzde with the neutron

beans usecd and under the physicel cc..diticns ¢btaining at the time the
aninels were irradiated.

It is expccted thct final results will be cbtiined by July 1,

1946, in the czse of the mecsurements in which 2ir is used es the ionizcd
£88. '

Effects of Smell Daily Doses cf Fest Neutrons on Lice

by T. C. cvens

For the purpose of determining the ratio of bilologiccl effects
of rultiple small doses cf 200 KV x-reys and neutrcns, it was necessary
to carry out a series c¢f pilct experiments with & single treatuent. The
percentage of survivel, the median lethal tise and heustclogical effects
were used as indices of couperiscn. The experimunts indicated thet the
dosage of 8 r gave cliost idunticel findings ¢s these with a dosage of 1 Ne

A second cc.pariscn pilot experitient using multiple dosegus of
80 r and 10 N per dcy for 25 days showed similer effocts on the median

—
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" frequency of the estrous cycle in the femalce,

e

lethel tine and heucgre...

In the scleeticn of diily descs of ncutreons which were te be used
in the deily xperiients coverin: o pericd of cne cud a half ycars, the
fcllowing chcices were ade: 1./, 0.4, 0,07, ond 0.014 W cquivelent tc,
respectively, 11, 1.1, 0.55, cnu O.11 r, acecruing to the cbove iwnticncd
ratice Thesc cosa,cs were given (using the cyclctren as a scurce) five
ti.es weckly., The cniicls uscd were Swiss ond CFl nice. Twenty-five mcles
and twenty-five fe.cles of o.ch type were uscd ¢t each of the cbouve dcsage
levels. Eech streoin ond eich sex of eniisls hod o suitcble ceatrel of
twenty-five. Five hunared iice were usco in this expericient.

In the lergest charcenic Jdese (1o4N) after five nenths of irradieti-
the anirnals storted to dics  all cninecls hed stirtod to lose weight with
beth leuccpenizc cnd lyisphepenic being preduced ct this tie. - The creups
werc ucwn tc o 50% survivcl level & fow weoks loter. The CF1 cice diu nct
survivc &s leng as the Swiss strein. The cpproxi.ate wein lethel tie was
49% of the cuntrcl time, Catarcdets begin to tppecr in the wxpesed animals
after approximatel; 80% of the tctel graup had cled.

In the next dosage level, O.14 N, the necin lethal tine wes 86
of the centrcl tie., The offects cn the bleced were nct as definite as
observed 2t the hi her dcsage level, a slight reducticn in lceucocytes
bcing cbserved os comparei with the co..trcls. 4 light reducticn in fer-
tility wes ncted in the rales and ¢ light but definite reduction in the
There wes & slight increzsc

in the incidence f cetaract whcn the nurber cf survivors had bcen re-
duced tc a few enicals.,

In the two low dosege levels (0,07 end 0,014 N) nc noticeable
effects have buen observed as rcgerds the survivel tive, weight loss,
blcod counts, patholcgy, changus in cestrus, or breediny. By the tiie the
latter studies (Cestrus and breeding) cculd be dene the anirals hed sgod

considerzbly but a cu.pcriscn of the cuntrol ond experiment:l groups gave
very similar cbserveticns,

In all grcups f clder oniizls various forns of necplasiz have
develcpeds The caparztive frequency in contril and experinentzel sroups
has nct yet beun deteriined completecly,

Patholcgical study of the tissues frum 2nirels dying in the ex-
perinments described above gives the fcollowing infernatione. With a mexdiuc
single docse ¢f ncutrens, there is an aplesic of bene rorrow, orked ree-
duction in lyrphcid tissue, degenerative chin is leauing to aplasia ¢f the
testis (ger.inal elerwents cnly), destructicn cf intestinsl rmccese, and
gencral atrophic chengese  In the 80 r/dcy - 10 N/dey experi.ent s the effect
were ricre or less sharply lccelized tc the blcod forming organs and gcnads,
With the 1.4 n/day dcse the wnest mirked effect was the deévelcpment of
testicular otrophy. Scie slicht depression cf bene nerrow acctivity wes
ncted., Splenic ctrophy was produced vith en increasc in fibresis., " kany
chonges cucpatible with ecrly aging were notcd.
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The highcst desege level (1.4 N) wes repeated for the specific
purpose of fclluwing the effect con estrus change, sperm pruducticn ama
cataract ferpmetion, Swiss znianls were used. In twe oxperinents catzracts
oppeared in animels surviving after 80% of the criginil experimental group
had died. 1In the relc group sturility was preduced abaut the fifth week of

expcsure. In the ferzles the c¢strous wes conpletely ihhibited after about
12 weeks of expcsure.

A group of femele animals cf hybrid strain with black coats and
pigmented eyes were alsc studied at the high level (1.4 N). Cataracts
were formed in approxirately the seme fashicn an! degree 2s observed in
the albinc purec strains. An interestin additicnel cobservation is thet

the hair turned grey after cbout 6 wueks of exposure and later beceme pure
white in thcse animals surviving the sedion lethal time,

Attempts were rade tc cerrelete the testicular weight with exposur
level end damzge. In these animels receiviiy l.y N a definite reduction
was ncted; 2t O.14 N chang. was doubtful; anu & 0.07 and 0,014 N no chenge
was ncteds Splenic weight showed definite rediction in the highest dcese

level. Occasicnel enlarged spleens vere noted in the 0.07 and 0,014 N
and control grcups,

An additional experinment was cerried out using 11 r ©nd l.4 n
per dey to deterrine whether x-rcdiestion zlsc pruduced cataracts., 1t the
tire wher l.4 N showed weight reduction and mertality increase, the 11 r
of x-radiation animecls showed no chinge. With the ccntinuetion of the
experinent the effect of the 1.4 N wzs shown tc be definitely more severe
than the 1l 4; 2nd the =pprcxirate biologlczl effect ratio was tentatively

placed as 12 r = 1. N, Cctaracts werc prcduced by x-rays but nct tc the
sane extent,

Several cther pheses of this work will be rcported later.
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Fish Prcarai. (CSKD rl wl P

Site cloeted = University of weshington Depirtixnt of Fisherics Research
under dirccticn of Dr. Lourca Dencldsen.

Purpcse - Hezords tc fishes by bcth externcl rodiction ond redicticn from
fissicn preducts depesited within the:.,

Hezzrds rclated to cherdesl aispersicn in river woter froa
effluent ¢f pile ct H.E.u.

Hazards due tc¢ terperature eleveticn.

The mojer inturest in this study is the zttenpted protecticn of
the salixn runs in the Cclucbia River, and correcticn ¢f eny pro-

cessing cethcd which cight be deletoricus to the sefety znd future
of these runs,

It is alsc necessary to refove the government fron eny clain as

to the injury tc the large and lucrctive salicn industry in the Col-
urnbia River.

Detes cf Jdork - August 15, 1943 to present.,

Protocol of the Experiments Concucted (as cf prescnt date),
sxternal Radicticn (by contrclled Xercy doscee)

1. Chincck Scluon adults treated with 25, 50, 100r.; mele end
feonle; spowned and cny effect in size, growth, cte.
2, Hatching of ebove eggs (1) tc youns =nd obsecrvaticn for effect.

The 100 r fry releaseu to return from the sez in 1946,
1947, 1948,

3. Scckeye Salmen adults treated with 25, 50, 100 r; .ale and
A ferrle; spawned rnd pcssible effcets cbserved.

L. Hatching f abeve (3, and 25, 50 r fry relezsed tc return
1946, 1947, 1948,

5. Steelhead Trcut Adults treated with 250, 500, 1000 r. Ob-

scrvetion ©s to effects on growth, wertality and hist-
clogical chenge,

6. Chincck eyced eggs 25, 50, 100 r, Hatching rcte end observ-
aticn of fry.

7. Chincck Eyed Eggs 250, 500, 1000, 2500, 5000, 10,000 r,
Hatching and cbserveticn fur wcrtality, growth, histo-
lcgical effect.
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8. Silver Salien cdults 25, 50, 100, 250, 500, 1000 r. effects
cn skin and external crgens.

9. Heinbow Trout adult nale, femcle, 500, 1000, 2500 r. Death
' of fish, effect on spcwning to hetching of eggs.

10. Chincok Fingerlings male and femecle 100, 250, 500, 750, 1000,

1250, 2500, 5000 r., Cbscrvcticn of rortality znd section-
ing of tissues for histclcgiccl effect.

1l. Rainbcw Trcut yeerlings cale and femelej 25, 100, 500, 1000,
2500 r. Observeticns (o the above t¢ sexual maturity in
spring of 1945.

12, Chinook adults male and feumcle 25, 50, 100 r to spawning.

13, Hatching of eggs (12) to fry stcee and obsurvation for effect.
Relezse 50 r. cnd contrcls t6 retur: in 1948,

14. Steelhead male and female 25, 50, 100 r. Treated and spawned.

15. Eggs fron sbove (14) Hetching end young observed. Relecse
100 r and controls tc return in 1947, 1948.

16, Goldfish male and femcle trezted with 25, 50, 100, 250, 500,
750, 1000, 1250 and 2500 r., Observcticns as to effeet on
cortelity, histologlecl changes and rewthe

Cherdcal =nd Tecperature Chonges

a scries cf speciel ponds wes constructed at the H.E.'. and so arranged
that the watoer supply be connected with the effluent of the plant in a
variety cf weys sc thot the effect of virlcus concentraticns of plant ef=-

fluent at verious temperctures could be tested on salizon and trout adults,
fingerlings and eggs.

Ccncentrations adopted using river water 2s ccntrols werc effluent
pure centaining 21l the szlts and being cocled befcere the tank; effluent

refrigerated, and effluent mixed with river water in the following con-

centretions: - 1 tc 3; 1 to 10; 1 to 50; 1 tu 250; 1 to 500 and 1 to 1000,
Steelhead trcut znd chinook salmon were tested in the same tanks divided
by partitiins, The fertilized salmcn eggs were placed in identieal con~
centrations later in the experimont.

Verious tusts cf specicl .aterizls used by the plant (oils and the
like) werc clso tusted in the norually used diluticns in such tznks and
the effect un the fishes ani e;gs cbserved,

Abgorbed Radiosctivity
Adult fish, eggs and fry were exposed to concentrations of effluent

water containing beth leng and short lived fission products. Following a
standard exposure these were killed, ashed and exemined for residuzl radio-
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activity which remained. 1In auditicn fish of vericus specics were collected
frcm the Colurbie River end examin.d in o similar feshicn., This was tc

detcrine as to whether encugh cawpzr.ble r-dio.ctivity hed been absorbed
tc couse dauege.,

Current Observeticns

Rodisticn - Adult Fish - no obscrvable change in any species mede after
exposures tc 25, 50, 100 r. Defirnite increcse in mcrtality in trout
exposed to 1000 r cr more., Chznees at 500 r show very little distinct
evidence cf damage in growth, weight changes. Scme cytclogicel chenges
of trinsient naturc observed in the (ut cond antirior kidney (base of
the hemetcpoetic systems., In small gcldfish the chenges occur at about
the scme level (1000 r) with totel mertclity et 2500 r.

Eggs. In the cyed stoge (in which the eye pigmentaticn
first begins to shcw there is 2 definite reteru~ticn in growth at
1000 r although histolcgicel change is first appcrent at a:lcewer
level 250 r, As in the above the rost sensitive tissues zre the gut
and antcrior kidney. &4 50 percent mortclity figure cccurs arcund the
1000 r level as cbserved cver & period cf time and 2t a level in excess

of this but less probably than theu cbserved 2500 ro. & 100 percent
mortality is reached.

: : In fingerlings e retcrdation in grcwth occurs at 500 r with

: histolcgiczl chenges ezppecring et this level in the spleen and anterior
kidncy which in this fon: are sites cf blood fcrmation. At 1250 r an
approxinate 25 percent mort2lity is reached for the several specics, At
sore point in excess of 2500 r. & 100 percent cortality ceccurs. Unfort-
unately nc level of zn intermediete stz e between 2500 and 5000 was used.

In the radiztion cf parent fish under 500 r. no ch;ng._es hcve been
observed of significant ncture .s to size of hetch, fertility, abnormality

of developin; ergs and the like. Significant chonges do not appear up to
the 1000 r, level es noted zbcve.

Statistical analysis cf all cete concerning the above problems
is in pro;ress, but no reports have been submitted for survey,

Data will appear throughout 1948 on the results of the fish that
have gone cut tc sca and returned to apawn.

‘ Cherdcal and Tempersture Chanpes

Bcth fishes and egys expcscd to the effluent unrefrigerztud,

refrigerczted and in a2 1 t¢ 3 concentraticn show increises in wortelity cf
significent degres.

Certoin of the chemicals als. increase nortality due tc actual
cherdcal injury to gill structurcs and pcssible respiration ¢f the egg.

Increase in teopercsture dces nct influence the severity of the
developrent tut only in the rapidity f onset.

—~ /J’Z’



http://kdi2ti.cn

Soner

after livin: in effluent (pilc) w:oter for os leng as twc Lonths
under centrolled cenditicns, the tbsorbed and deposited radicactivity
wes pessureds  In ne instince was it grect wncugh to cause daue e, The
rajor perticn of the depcsitiin wos in the forn ¢f the short lived prcducts.,
Only traccs of lcng lived radiccctive neoterials were found. as correlated
with the effect on the offcet of external raicticn, the desasc reccived
wes cliest neg li; ible co.porvd to that required to preduce decacs &8 such.

Abscrbed Rodicietivity

applicction ¢f Results

Kniwled e ¢f the tctel aicunt of external radiaticn necessary to
cause dacage to fishes of viriwus sizes and apes is applied directly tc the
enalysis of tctel radicactivity liberoted by the piles inte the Cclunbic
River. The zssurption that this ccnccntration 10-10 a5 diluted is totally
abscrbed and all is gronted. Further appliceticn of the Clintcn Laboretory
studies cn the abscrption cf the varicus preducts znd their effcets cfter
kncwn exposures is alsc included. In this foshicn coneentraticns can be
kept below the hezzard level for sclocn. Alsc this is true with respect
tc the chericcl and temperaturc hazords s well,

Future Prc¢iron

The prcgren through the next yezr is already cuthorized end con-
sists .f (1) follcw up of the present experinents extending through 1948.

(2) Ccntinuaticn of the exposures tc chericel witerials ond alec
cbscrveticns of possiblc effect in the Columbia River.

(3) Ccmpleticn of the histclogical studies clready in progress cn
fishes damaged by the veriety of X-ray desages,

(4) Nc pregrac which is nct ccmpletoly related to district oper-
aticn is necesscry.

Remuneration: ﬁo additicnal funds necessary tc ccoplete present study.
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