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made it b perative that the industrial »lants of the. “amhattan T’rojuct mﬁ 5

R R SR

vrrrmmnom e e S
’!mnimn cmﬂmmds hiovo been wbilizod indu wbriallivy, ina lizxitéd S
fh&“is’i!‘. iz! the ecera-is industyy Tor many veari. Tho Tanhinthtan ‘reject, -
nwmr 3 the first industrial -rojoct to uso the uraniws oo mounds on

a vosh smle‘ ' S

The “arhattan “roject ~ms teo emloy u,.o sa :zds of peorle “ho rrould
work tith vrenium compounds. These moople inm the nlants, st trork:, roulds
inhnly thoss campounds ns dusts and frues, they would inadvertantly n‘.gant
these su-starces: their ovme and s-in frcsuld oon into delily conbect viith
thase rnmwmaj.w “hat, if any, toxie effecte mould these uranium cor-ounds
have on ¥he humen vody? '

Antrl oxearimentel vork_has been dore with the uraniur cemounds,
but there is oniy ons brief rencrt® in tho scientific litersture on the '
Loxissclorizal effects of these comounds, as ustu in industrr, unon the
hurmen Dody. This ronort is fropgmontary, Lut it does indicate tint the urnne~
ium oo noxmd“ rnay be rotontially torie and this noint was vorilied by rany
invostirotors in aninnl mori.uontatxon. ‘This notential toxicity io rather”
urpma) bessuse the scurece is Lwofold, "'ne sourco is the nossibility of
heavy metal effect om ths body, co: «arable Ath that of load, moroury, and
srsenic; avd the other, more rm‘cts ic the nossnblu latemt toxic effect on
todyr tissue by t¥s umniuvm co wour.d* Lecause off Hheir inherent nroverty of |
F&d'ﬁct.fful-itvﬁ . ’ = ’ :,~

The nodical nut‘ontxes of the Lm}L.'htan “ogoct Ters ’—mnl j mmm
of these notmﬁal huzards, but the successful executimm of the war effort

»

irmediate cperation. This tms accoinlished in spite of insufficient vhamge &
colosioal snd toxicologicel data on the uranium conpounds. A medieal’ re-ﬁ_v-

search rsrorfiw'r, hm':mr, w6 also initiated for the spocdfic nurpose of - o
asoumuletineg suf ficlent roliable date as rapidly as nossidbls Bo that o raxe.

Cirney fact or 0"‘ safebr to the ewnlovrses oxposod to these substances cordd be -

established. This data, it was hoped, tould 61so help prophvlact:.oa.'ly’ and
~theranevtionlly in amhﬁ’{‘-qn& the rnaseible: nnn*Fe end e’!amn‘in +oxie e‘_ 8
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of the uraniwm cmmmds,

. - . Sineco the nlants started ovwem'bmn bevore suf‘ﬁcaexrt aa*ha oould

be s.ccu:zum"*m. t5 establish a maximun allowable air concontration of the
dusts ¢f the urani'm cowmourds in the plants, such a sefe lovel had to ba .
- g0t arbitmrlly s o termorary smpiriecal omndard. The consé~sug of opinion
eon~ the medical authorities of i "'anhatten "roject vms. that it was safe .
-to adont the same standard as set for lead by the A:ﬂerican Standards 'zssoc- :
iation, i.e,, 150 microrrans ver cubic meter of nlant air as the rm.:umm S
2lloveble dust concantru‘bion. '/, O ‘

‘ "In crder 'ho doterr.lm as mmdlv as nossi! )le tho ovomll co"'mra- DU
»tive toxici.tv of the vuiious uraniun coupounds, thirty day irhalation and 3": L
inpostion exmoriments wors initiatod in vhich o varisty of anizal snoocies:
wore cxnosod to these comounds under conditions vhichi sirmlstod as zmarlJ ;
as’ ’\Oﬁolbla the eonditions n*-qvalom in the industrial ~>1o.nta. In addition .

1 I}a “sa‘b euricc, In;*,. "‘1&:1., Ve 9, Do 247, 13 6.~
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ronorties of these

" to the abova. *ir‘ha‘!nﬂon e:merimn
“roany of vhich ware-ontirely new and other which

tima on sush. a iarpe seals.
ubstm;cos alsgc Bo ingurs 4 @

.the e~-m1cyses oft the -

,.,mttan Trotect.

I. Ix‘ wmistion L worments-

T1for atian ves oovioasiy oo

ts OTO o&rmcd out on othor como.mda,
“mre usod for tio first
ded aboub tho toxie
mxivimy foctor of s&fe{:v uO

"ho sneciﬁ.c wurpo 8@ oI t’ 2 11&&39. ion e:monnefnts e fou*wld:

l.
other coarmounds,,

use (rmsks).

moterials,.

Da.te_s’ of Tork «=

.-..L..“

Davolorment of safe st

Testivg of resniratory nrotactive deviess for industrial

rethods for wocornition ard coxbrel of poisoninr.
. . . L - oo p

* Trotoool of Sxnoriments:

Sub s’car.iess m gtod:

“e‘hhod:

(four or more speoies) nre nimced in ire
of tine from thirty days tc one year.
“lerre bo nami{' stetisticel gmluation.,
+a the urauunlum contant, ten

controlled ag

ﬂcgs, rats, rabbite, mioe,

crds for a:mcmrc— o uraniunm and

- Teesurement of annrodizate toxicity

“ovember 1943 to nrosewt,

of earbein smecial
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and concentration of tiz ureniun ccmnounds.
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«"Eorbahty. T
jwcatolorieal change.

hariecnl elances of b'.lodd a..d’ uﬁm.
“rysiologicel changes (veipht chmg-os). .
Distribution oi‘ uramum in the tiasuos. Lo

VZITZQ (}luorocarhons;

‘7.

oato, ymneu »)i{'s e.nd ha"s‘beu o
losed cherbors for prescribed neriods "
T.ie meiber of arimls is sufffciently "
The etiosnhore in such chanbers is.. o
porature, numidity end rarticle sa.ze W

Tenrecontative ani'xals in aach
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some of L ceritorie,

Cnn‘hml animale aro studied in o sieilar chanber in vhich all va.ri.aales aro

‘tmzlgd Tt ne nreniom Augty arn ol catl,

Table T swmarizces the roculta of 'bhe th iz“tf dajs inhalation exneri-

“orts, The overmll mortelity ineludes tho cummriszed cortality of a1l the

sreeies scidied. The ner cent rortality is derived by dividinr, the mwrber of -
aniralsc {(mmorator) vho died by the total ruiber of ani:'nls Btudied {dene inge
tor, v
/ ’ .
rn Table TI, %ln ronmsariative largor 'sw*c*ss (29z, m‘b Tabbit)

(S

are grouped and the %.omc effects nched, i.0., wertality, p&tnclogzcal find-
k]

ings et e.“‘co 3, loss of welpht, abnorral blocd cheistry, urinary tindings
and MVC"G"lc&I a“i‘ect The reaction sovere indicates & marked deryee of

r;atholo«rica}. chans o in all of the eriterie noted above. The reaction classod
as modernte irnlios a moderate derres cf damarc in mogb of these eritoria and
4o recobicn nebod as slirht indientos seme change avay fr*n the gorxl in

Tadle ITI rnprssants 8 suary in vﬂuch the hith md and low cone
contretions of uranium commounds nsed in the chambers are comrered in their
effecss uncn Tour onimal snecies {dos, rebbits, rats and miee), with ‘rolation
to abnor-al chan-es found in the lungs and lidnavs at autopsy, abnormal find-
in~s in the hlcod ané urine chemistry, ebnermalicies in 'bhs hemumoie*ic SyS~

'te-.z end affoct upon weisht. -

This tabls clee.rlv shous tlx:"* the .,hgh't un'bo"'ard af fee-ts zm‘beﬁ at
4ue lov concentrations wore neglipible®, yet these low concentrations rore all
wall ebayvs Tie Semnorarily ostadlishsd arbitrary tclorance firur 0, 1.0., 150
miororrens of uraniunm duct ner cubic _.etor of aire. :

These exrerinents indisated that the tolera.nce i‘ir'ura‘ of 15 rd.c"x"ov- 4
~rems of uraniuw eonmound mv— cubvic meter of air roainly 1n51..-ed'a maxirr

- fipure or scfety, for et least thirty days of “cons tent exposurs. The noxt

questicn s vz’.zet‘xsr this samo firure would still be a safe 13?01 if the ex-
posure Tere lorger than thirty days. Q"*m:e tlp plants of the T‘anhattan Pro-
jeet anvicirated operntion for the duration of the war end pos sibly longor,

thero was & resl nced for information about the nossible tozicrt" of the vare

icus urenium commounds as o refult of chronie e;'.poaure. .

The same m~oeedure mas followed i‘r tbo chrom.c at 1n ‘!:he acu'be

- thirt* dave inhaletior exneriments. The following four uranium coanocunds were

selected:  UFg, U0, v7014, and Ulpe 4Jhese comounds were chosen becausa the
T , .

s
N .-
”

e

. eIt will be nobod that thers is b slish Fmrﬁéﬁty anany the enimel species in

the low concentrations but if rofsrence is made to Table I, it 1!111 be noted ;

- that there tms a sl:rht r-zortalitv oven aimon r t‘!-e control a'une.ls. R

. ¥ ¥ . i - B B . -
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.,"*.momros o !‘omn  ond 1te’ vowacunds:

1. Totliods of anclyvsis damloned

' 2w o3k - . P o A e el C1
2, Yory iow nortaliby ot 20 op Jor 211 hours. Ueath due to

iung dameprs,

~ 3, DNoron trichlorilde chowed us neorholity ab 5 nrm ard = s;ir;h‘b
ortality et 100 ppm whien in the drv s{;ava.. n me et state, and convaining =
deecrmositien producte, the mertelity vms annreciable at 20 ppx.

b
-u

4, TDoron Srishloride=dinetlhl s<hnr commlex shows no "oriality
t 20 pry dn g 30 Qo oxveriwrk. Cortalits s

.

-

et 100 npm.

5. An oloven hour cxneriont at 135 ppm showed no nerbality.

Fluorocarbons:

CyTyp Toreshot showed ro mortelity et 100 »pn ot foarteon hours;
Cm%a showed low nortelity at 300 ppa at fourteon liours;
TefMned showed no morbality at 750 nm for fourtaen hours and

£ive hourse. : . E T o

CqFyg cruds showed 1ov rortality at 8 - 100 ppn for fourteen hnurs;
LR A Foreshot shored low nortelity et 100-130 npn for feurtoen hours;:
: ‘ ¥irst fraction shovsd no nortallt" at 272 npn zmd low mrtali‘by

e.t 57% mpm for fourteen hours; -

Sscond fractiem showed no m:arta.,.i by at 1000 p;m f‘o‘ Tourteen

hours, _ .

s T I1. Inrestion Txmerimonts:

. Since the neopla in the nlants would inadvertently irnrsst tha
uranium commounds, it Tms mmerative to coarrv out ani-ml) exmori -ertal work %o
det emlna the oml sensitivity of aninals to ummun vonr-ounds in oré.er tos
i > ' 1. Chocl: the sencitivity ol each commound &8 deborrined by in-

halation; ' L

. 2, Dstersine the probable role of ingestion in the irhelation
experinents; ) ‘

3a It "ms honod % mt s inforration thus ~ained coulz‘ be X
tmnnlated to the hnman swocies with some desree of accumcj.

< "rotocal of ':-?xneri:nents:
: _ Pats and dogs were fed various uranium ccrpounds over neriods of
-5 -

1197178 . SRRt




‘time oxtendins from 3¢ days to twp vears. The rats werc riven smecified ver- '
ventages o each cormound in their dlets, The dors vere riven anounts of -
thoss acrmonunds ~raduatbed eccording to the body weifht of the animel.

ouservations or the Crowhh, ~micht ohangs, mathelony end distribu-
tiom of uraniua in the %Istues wom made ot grociiicd intorvals. '

Certrol animwls vsre tested wmder identical conditions oxcent that
uraniwr comoounds were ot -resont in thelr diet, ' ‘ SRR

It 'me nosesinry o uss ths number of caunounds end the va"zmm
gt copeontyaiions rosoricl in Teble Vo in order o discover the rolabive
toxicitios of the uranlum councimds. Then this wes le' tnod, Tive ur‘* i COD-
payrds wwre solocted and were fed for either ore or v yenrs Lo a mmber of
enimal snagics., Tho pirnose of this tas Yo see if there were any toxic effects
as a rosult of chronic inrestion of those cormounds., The reasons for the seleo-
Lign of the five urenim sommounds Thlch wers used for ths chronice inmrostion
eznerinecis heate besn *"’L”l@"‘&u&’a i the caodien on ima;&twn,

: A% tho completisn of the inrosticn experinomts it wes nossible Yo
prour the various urerium commourds into ~raded toxicity table. {See Table
VII). This -ms cbviocusly useful as a moans of criembtabion in the industrial
vlants vhere theso oomncumds tera in use, This served as a puide in dirscting
£ha institution of nrenhyluetic moosures, and in puiding the emphasis into.
rromey channsli On UM SUAl Droecsulicnery wcms in th indusbtrial nlants.

As wms mentisned previously, the 'roﬁ:srs in the niants weild inade -
verbently ot the dust fron these commounds in their eyeo, and their sirin, of
_eourss, vould core inte contact with these substancss. Tni‘ametion ms ‘hhero-
fore ,useauu abouwt the topical texieity as well as the pol~ el eys irritant -
actien of %'e uramium eompounds,. Tobles VIII and IX surmarize the reaulta of
oxperu.ca te on oyc ar nd gkin sensitivity to uhese cc‘:motmclsg

It is of interost tc note thet a nuuber of the comnounds tere ab-
 sorbed {hrouph the £-in or conjiwmetive in sulficient amount to produce syctenic
chenges which resulbted in death, AT aubopsy, evidence of ronal damre was
. ] ,
Sound. :

Lt the completion of e incestion and inhelstion experinents and the
acc mulated data on the tenieal and sy amplication experinents, it vms ros-
sible to svaluate the derrve ¢! i.wicity of the verious urenium compounds., This
information s smriz.ad .n Table e S ' ‘ ’

It es not cnly necessary to learn about the gmga toxic effects of

tha dust of the various urarium conmnounds on the human bedy, Lut it vas also
imperative to learn about thy phyeicel characberistics of these duste. It
s portant to learm more ebout the effects of the uranium compounds on the
various Dio-chenmienl systome snd mobdabolism of the animnl body, and it ms

essonbinl to study the degree of tolorance vhich animals showed to thoss comm
novmds. It wos obviously neccasary to lsarm about the distributimz, absorpbion -
end oxerotion of the uronium csmmoucds once they ars introduced inbo tho mnimal
bedy, erd lasily it wms imoorisitt to loarn about the intricate bshaviour riech-
anism of Yhe uranims corpounds !‘n the arimal bedy. A1l of this work would be

of the utmost irmartance in helpirg to discover early indices of ureniunm intoxicas
tion ard Yo find no saible prophylactic and “tvzemﬂewh*c ensure: for uraniwm
poisoning. 6
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. , Tl\ef f’allm:r*'!(' 18  a ,bz?iei‘ & ; !! u Hw. woﬁé fthné ‘s a'cc&“:-nlic)iod“in‘-? ,
thoso ﬂelda: R - : o ~

1. Totomtion Ctudics and toriicle Dizos

o ‘ ethinds:  Accurabe —ethiofs lnvo baon ffevalomd for ths TOLSUIrOe
-ent of the =artiole size ¢f ursmun ¢ . in gir, Theso bachriguos are
usad 4n the conmtrel of 't:m ccnce-ﬁn“'oa of aranim oo'mumms in the ex-
rariental inhalstion charbers, wnd in tho rnonitorins of the concentrations
of sueh conmeunia ;1 .uf}.‘if‘ ‘;m'ﬂ YOS THIEre Bumnng are oxnossed.

- : AY

s %he fLrastiomation of the purticles of uraniun come
“3'"“"@ Lnt = size have bson dovelemed.  In this wry exposure of
crneTitantal ond M<* L ,.ir'biclss o mawvm mize cor bo datertined, Vrelinine
g2 yerr mt& o srwll particles are r.ost toxic.
e ~:n‘:.fr;'~* imn¥ncion of rmaeh mardiclos in exori-

mantal charh ec.. (.3$Ls_1.0“~3da

»

A wihod for the moasurcnent of tlv totel dust inhikied by an exe
DETimo ntel anma’ is alnmost eommied tod, and ﬂroliﬂ.mxﬂ; tﬁﬁto are gatisfe

notorye
2. Tusrmmcolory: o , : : ~
Linids in ranium Telsonin~ {Tewven 148): Tollewin~ exnosurc to
- toxio n:';um-t 01 UFaniLl esmrounts, Lhe woual -iirdd of the liver anz kidney -

temd Lz ba less Than nerel dus b the dnerseased wmter content, Matty livers:
tend %o be f‘ound e foer exnosuros o uranium anit mts and crff‘l ioride. The nhos-
pholinid fatty aczids of the liver are more wsaturated than nowmel; these of
‘%he blocd, more unsaturated; and these of the kidnay, less unssturated then -
‘normel. In rponoral, thore is no effoct on the total cholestersl., TIn the liver
there is an incronse in oster cholosterol and & decroase in free cholestorol.
In the “idnes there is an ineroase in astar cholesberol and neo change in the
ree fomm. Adrenal ehelestercl is docrgasod to onc-hull its normal wlne. It
iz not ‘mom whare the char-~cs in the unsaturation of the phosnholinid take nlace.
_ The ~ffect of Various Arents on Tranium Jitrote and OxvPluoride
Toxicity {350): 7The orcarivy alter Toxic doses (5 mo e} of those su'.stances
we.s not chunged by choline, neutrmliizod choline, ”' ~n"»*u.1 %vém ~en —hosnhate,
lactic peid scdium lactote, caleiun lactrbe and case! ntial fatty evid adiinit-
tration. .

Nenal extrachs delammd but 4id not docreass tho “.aorta.l*ty frozn
lethal doses of uranium nitmbe. v ‘

R - : : : . . - ~

Adremal cortical hormones also causad o delay i"x the 'mrta‘!itv
bu* no re duction in it. : —

Oral sodium bicarvonate arid sodiwn citmate roduced the nortelivy
bv av arnrociablo w‘arcar‘b&."c in nitrate noisoning. ‘ '

The Tffect of Diabt on Tranium Toxicite { 338) louman): The gdidf.

RN




natural :Lnd aoquimd talemnee..

tion ofVO.SU sodilm 'bicaro:mate to the diot redused the Yiortality’ fro 00! o

20307, This is less hemeficial i* rivon tentr-Tour hours nfbor the' 'boxio
dooe 16 administersd, The salts of "wiabolired ncids (c’"m*‘o szlate or
lacknsa) on indesticn ~iva similar resulic to those obininad with thoe b“ SO

Rl
hanabe, ficld in e fors of womavivm ohlerids incronsed the o ali‘t «;0 .

e W AT e & e UL

P : S
to 907, : . ’

Tetolomieal huder 0F the Ponerecs aller Troniun Toisoning { 38)
aven): .o cvidelcs of sy auncr-ality of the vencroas tms ound after urane
ivm pelgoning., '

Jut

Themmreutic 7se and Tshabalie Tole of Citrates in Trmnium Peoisons
dne (2 128YTNRGRR T 2 hrata, Twmrnts and succinate Grp &8 olflfoctive
ag biesrbomase iw t}vrv £ urerianm neicoming. A thres o fowr fold
inerenso in the ciidric scid oxcrevion is noted after uranium poisouing. Thore
is no reintion botine: the 2itmie neid and uranius corxtants of bone,

Tho “Pfach of Wrberoal Tszmomi:um oT Sﬂ:v‘val Pren: “ranivm Coisone
ipp: lorngd Tenmsittie 18 o~birun for survivel irca uranium Holsonings ‘

The “ifect of Fiuid Intalo orn mmml from “raniwn Polsoning:

Mestricted fluids raised the mortality in urenium noisoni.rip;t

Tho "lfect of Tranium Tclsoning or Chosnhorus Turnover: There is
no svidence, as shown L mmdiovheosphorus sbtudies, cof an enzymasic Lloek in
vhosnhoryletion causad iy the ed-inistrabion of uranium, A slirhtly lower
rate of equilibraticn in bone ig neted, C !

3. TIolermnee Studies (Tmven) ( 129):

Tnturel Tolsrences

N

a. Smaciss d.;u(sre‘we 25 iliustrated by the fact that whi‘ba
mice will tolerate thres timss the acute dosc for - mfce.r Tebs {5 mp/e)s ol
mico will tolernts nore than ten tines the ncute dose for mts. The follotring
table shows the ordor of suseentibili ty of wvarious animals to urmaium nitrate
both by inaec‘hio*‘x (peruumnhcu*” and by ingestlion,

’;"ranlm Mtrate br Trjeection Treniu Titrote by Ingestion :
Ln/as(mmo)' o/ 27 Tog oo

rebbit R rabbit

Ol

rats : 3 - dogs 0.2

muines nig 3¢ ’ rats 1,0

vhito nmice ~ 128 A hangsters 5.0
. R -
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b. Doro 'ne neTo sansi,tivc to oral um'xium @nou‘ﬂds than
mts as ilmstm‘tad ‘o the followine o010 . '

e ' a:‘:iumm' Anount , “axiinm Carried ot .
' " Conound Tolernbod for 30 days for 1 yoor 3 davs

Zats () in diet)

M0,F, W02 | 0.5 N
CL, ' 04 . 1.0

o 0.5 2.0

IR, 10,0 ’ 2.0

'7’)2 » 20,0 : 20.0 ﬂlﬂs

¢« “hles are more tolorent Then fonnlas,

d. terforence in srowrth of rats by the fonomng uranium
compounds &8 on index of texielty,

35 dav e:’%m.mant ~

2077 of T"C , T <0, in dlets ceuses no prowth interferemces ..
207 of TJF in 'wa'%;s cavses slight mrowth interference. -
t »

-5 P < ¢
3.8 to YTof Wl,, MWz, W0z, U ccostote causes soms [rowth inter-
Porence, ‘ R . S : )

- A

%

0,1 To 04257 of U0y, U0,Fp in diet causes some growth interfercnces
, &5 22 : RO 94 e

One yoar emorinent

- . : - . . 4 .

v

. "G, and UF, &l‘”“ﬁa%‘ non-toxzic ovar neriod of t"n ,-uars a't: 30’; of diet.
et Oa 3 of diet caunses detectablo pgrowth interforen ce nfter two

*’025‘ 5 at C.Zo > of cu.ert; causss vror:‘ch inLerference a!‘bez- twe yoars

coding -

tecuired Tolerance:

o e, Ints ac .uim olermanece for 100-“&1 doses cf u"a..iun n..tmte
ard cl lonf..e by ths repected adnuinistration of sall dosas from d&y 4o da,j;

- bs Sex aifi‘erencos are also e.-marom. after ropeated. doses.
c. Increasingly larger desos in rats shom
- . . \

1. A ten day intorwal of dosa;_-,é is bettor than trenty day
interval, ‘ 4

2. A fon cay intorval cvrs no arprociable mortali.
cceurred until 16 nb/ eg, dose s given {three i:i-'xes
isthal dose).

TTith ‘xm“;' day int the nortality started at 4 np/fige,

i o

Ssx cuff‘orr« oS are a“pe.rent ths nale 'boin._, noro resis-
“tant than Xy : ‘




el i e 1tect W tn adsinistorsd 3 Ut tolon
‘ance 13 ncq!zired is 0,33 "\"/H' for TATEL T EEL0.1 it .;‘lV@E‘ no t"’lem"a‘

‘ . ) o

3,

e, The mreu’r Aesapros are est tolerabed me;a m m-imr"
citrio acid exom‘cmn is oh Lo weak, , ;

fo  Treniun iz noh eucroted ners rarddly in tolorant anivals
then in intolerant anirmals. o S Lo

Studies ir Phonols in Mlood and Vrine in “raniwm “oisonine {Taven

752:

6. 4L rize in froo and totml nhensl oxerotion follows ﬁd;r‘nistra-
tion of uraniun nitrete in dosec of .2 40 2.5 neAes. This reach s o cwmxirun
in four devs, .

b, The incrorse in -Twnol irerensos with the rosage nd u.us*tered;

—

. o ehange is observed in the cnnjur;&‘cisb. of rhenols,

4. Distribution and ‘meretion of Traniun {Stabdie ard ‘mstable Isotones)

wian ( 132) ‘

Vs

Deoexnbe 1844 to presant.

“othodr A4shine of tissuss, isolatlon of the ‘Lmnium fram a pro-
tmn corinlex and analvsis Ly the Llumoscadt sthod._,

Current Pesults: =

4. Toxavalent umni*m - ono dose (1.,. ’Tﬁa(r'ﬁs)z, (mts) - mml vses.

frcm & rericd of forty-five minubes’ ui“ber wiectxon to f’ortv da;s ai‘ter :.njoction _-
ghows that-

a, Fifty roreent of hoxavalont uraniun is oxc-etod in the
urine 1n toertyrafouy hours and amall z,.;wuueb arn excroted un to forty davs.
Tetal excrction anounted to 65-7573, 1N fecal sxcretion vms mted. .

: b.. Dlood concent mi:mns dmmed to less ﬂh.e.n 0 1 '1"/1(‘0 cc in
four hours.

L ; 'c'. ' Tnitielly, the kidrey contains 20f'§ of the dose_.- This falls
to 17 at forty days. , , ‘ L

d. . Tone conteing 307 initia 11y with & ~radual ‘f‘al;l %o 13 at
forty days. - ' - - , . - .

: - 84 Soft tiesues ot ell noriods excont the'fbrt}f-fivb 'x's.mte
nend show loss than 2% of Ltel done, oo L ‘

1071 e




‘ _rran fa neyriod forty ﬁve iinutes s.f‘ter in*}ectmﬁ to for‘bv da"s show 'bhat-

AN m"{:‘\l}. & mru un

a. 1"..' is evcm‘”ed in vmont-lfour he i
nitially wwu' 6 o totel

tc o ta{:a} of 70" in forty days. loecal oxcretion
of 207 at forty davs, :

}.!"
id A

be Blood drops ‘:ore slowly then hemvalent uraniwe, » but shm
a uoncmtm’cmn of Y¥ess than 0.1 =1» at twelve hiours, r "‘ e

6. Tidrey initiallv contains 157 of the doge, falling to 173
at forty deys, ' , S

ds A1l soft tissues excent liver and spleon shar less than 203
of tha doss. ‘

6. Liver and sn..e:cn mz%mllv conbalin 55 of the ddse; Talling
to 57 a*t forty days. » e

C. Acute dose with radiocctive isotope {7 232) (rats). Tesults .
are the save us the above with the excention that less retention or rapid re-
=l oceurs in the kidnoye Ly ; « o

D, Abnlyses on animals exposed by inhalation (chironic exposure),

Soluble coinounds show no retertior by the liver or lunyr with
8 ~rodual rise in the bone and kidney comecentration. At the prosent time the
emroximate lewels to thiich this concentration mll rise huvs not. been roachad,
Currert obserwations indicate that tl® curves are still rising and have not.
- leveled off., Concentratiors in the bone in no wy u.nproach !:hose i‘el‘ to ue<
. tmdc fron a radiation standroint, = . o PRI : -

I

. 1n the ineoluble oo"nounds ‘hhe lung contimos %o shcr.? an in- ‘
-~ ersasing concentretien of uranium vhils th -&ney and bone contein vory s.ul
{51irhtly more than tree) arounts. : e P

Be faaly‘sss of Animals exnosé& to uranium by éhrbnic {mesﬁim.#
g The bone in chronic anmals runs three to four times the obe :
served concemtration in the i*idxxey. Levols in bone un to 450 microgmans per
ram of bone 'xava bean observed. 1o placental transfor of uranium occurs.

-

F. '“"echanisn of‘ Denosition in Done. -

; : 6. In vitro - the bone nlsorbs the uraniwa frov nlosms ultm«»
f‘iitrate ard from & bicarvonate buf.'fer. This removal is very ranid, reaching
& steedy state in twenty-four hours. Concortrati on ratios of bene %o buffer =
nma mava dhon 100 +a one . . . AT .

.

}

w 1l w

1119160
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: 7 be In vivo - the W"Wition 1 s {,ivan bone. is -

_ dmotly nropertional o Gho circulaticn of the vone, the vortobrae boing high-
7 or than farur which itsolf is hirkor Ghan skull. Youns anirals deposib moro
than adults. Thus, iess urvenium reachos the ’;r:iﬁ:.:ev in vouns animals vhich makos
them more toiorant ther edults. In oidsr rats a cex diffaerence is obsorwved and
ean be exnlained on the bhaaic that fernles »«-w-m more quickly arnf thorcfore de-
wesit less uraniun in dens and more in The i ir’ 0¥ ’

5o "atabolim Tost'a: ; q‘,‘

Nlcod Clo*"rinm Three diffsront tr atg ore aeleatad m~31~r the
prothroebin $ime, the blood fibrinoren lsvsl and the Lransullaslein ro»oz:\i:ion,
as mecsures of tastin~ the »wresence or ohaence of liver donane due to urmnium
commoundse o ‘ ‘

4

Z%hort exposuros to uranium hemxlaorﬁdo conconbrations of 2.0 mg
per cubic metor {six hours) showod mertod inerrasas in the prothrembin tine amd
fibrinoren levels vhich lashsd fron one woo' To ore monih bofore roturning to
normel. o change in bromsulfale in retention vas noteds TIollovdywy chromie.
axnosurcs to lowor lovels scmo fluctuation in t'css determimbions tas noted
with a tondency tovmrd thoe reduction of the fibrinoren levels.

] Traniwn totrachloride ceused 25 4o 307 retention of broansulfalein
after single ccube oxposurss. The levels roturmed o nomal in ome month.
The kidney function in these anirals wms nomal, R

. Ureniun n;cmte showed sore {1l uctuat:.on in tho ebove rrothrombin -
erd fidrinogen levels after five to gix nonths of exnosura at 0.25 and 0.45 per.
cuble méter. o L ) L

‘

: “hosnhatase Stains: The nomal .J.dn.cy tubular eens stain mth
9hosplmtase stain. TFolloming urenium nenhrosis o' the tubules, these stained
areas disappear in anroxirately fourtoen days. Althouch the epithehtm ro- -
renorates to norml ennsarance histolorisally, the nhesphatase stain does nob
return. This indicates an alterstion of the nhysiclerical nroperties of the
tubular cell. This-observetion is confirmed in the absence of nhosnhatase {n
the urino following romaated uranivm exnosures to am:xals.: (Seo Dounce in [pohe
anisn sectmn). ST e .,g' PR

Carboh_vdm‘be “stabolisry Followiwn: toxic exnosures to uraniun
nitrate a oderate dscremse in tho rlucose tolorence of Loth degs and rats is
observed, This is accomnanied by small decrnaoes in ‘tho a.mlitv to. fom musole -
¢l7ooren. o change, hovmver, is found ih the liver rlvcoren. The slucose
tolorares curves of Those anirals show prorressive flatbening of the curves up
to eirhteen davs. The absence of typical diabetns is supprested by fasting
nomeal blood sucers. Some slicht elevations of blood ‘lac 1c and nyTuvic aclds
vere noted fmrwd =tely follm'ing‘ emouura. : el

.

~

Blood potassiun wd Carbon Dioxide: ‘o c’m"as vere observed in
the Mlood po’cassnm and blood protein levels fol lowing exnosure to tox*c con-

"‘13& ' ' ' oo ~

’
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.contrations of urenium nitrato {m

- : The bleod -onrbon ;L.G}:ii wmnq follo

ml lovels letwoen Ui fivel ond sovantll deye ol

f“’L e:moo:um a;m *“:mc‘:e ‘*iniw
ins this €3 w thero is a
rsburn to normal levals. The ~dnd :&1’1’&3@19;} nre lcooe tinr one-Lalf of ilo con-

3

trol velues, ' L S , ‘

= Tonel Clemrances: ‘o‘lewi'm sxnosures to vrandun nitrets ot
8.0 g MmY t.‘e inulin ¢learnnco is dccmased roaching its -axifsws during the’
third weer o exresure with & roturn to normal ab the £i1th weel, The ci‘crura.st
clearance fulle cbruntly to from '40 te 757 of its normal value a‘l’. ‘one teei.
Tormal vriuas org f"v.m«. eogin in arproximately Hhirty<live days., Thero is
& mainboined incroase in the c~~*oriuc cicarance. ’.To chanro is obeerved in the
™I Troteinuric ic noted during tho firct three wsols of the exreriron
The urine esbgliese lavols rsach their maxirum ab the lowost noint of the dio-
drast cleararnce. : SR

. The conclusions dravm from such observations indieate that urenimm:
causes a docreased tubylar function which comnensastes as the aninals recover.

8, hanis: Section:

&, "‘hc voxicity oi‘ uraniur for the T’:X.cx:nea y tubules dene*sdu on the
rolense of the urenylion by the dreskdorm of the uranvi-ticarbonnte cmmlex at
a8 low pll. Tho mochanis: by thich the hidney is injured is as follows: The ‘
uranrl-bicerbonato comulox nasses thiroush the rolwerulus into the tubule ot . oo
which point the »” falls below e level of €,5; this causes d broaldown in the
semplox with the HCQ, radicle uem" resorbed and t»xe fm umnjl mn novt a.:le
to aftac?- the “ubu'tar eells, -

- T

B S b, .af:mvnmn‘b ummun co‘abmes rfi*'h '>Iasnn ':rctemu ﬁn‘ dms no*h
pass tm'm.g} thn ﬂwemwr ﬁlter unless wm\:em also is passing. A

. 2. THe rodoec tion of horawlent to -b«tmmle*'xt uwrenim: is g M.ic-
' e.lly rcss*ble in the animal body slthourh such ¢ roaction is undoubledly very: -

slov and occurs te only & sall exters. Tho roduction of tetravelent to trival-
ent is innosa’-ble. "e*x’cavalent t.ra.nim 13 too mstable to oxist, ‘ :

i

d. ’o wolvmarimtion oi‘ umnium occurs under conditi;ms cmpa.t-

i
&
[y
]
g
)
$io
g
A

6. Thoe excretion of hemvalent uranim deﬂends to o lerge ex~ -
tert on the geidity or alkalinity of the urine; tha 1attar ﬂro.mt z:g increased
~ excmtion, the fome:- denressing it, : ER

t

f. A nethod for the reasurenent of urinary catalass excretion’

nes been dovoloved end stendardized for use in the detection of heavy metal ine - -
1urytothekidney, ‘ . . SR

e It nas been detocted t’mt t‘*e unnarr nrota:.n rresant aftor
umnn:ﬁ pcism‘in" iz nla elbwmin, . .
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'FW:.m camlex throu;‘,& a i‘iltom‘ble xm
‘brano 38 an inoroasxm mnction o*‘ Lo sorban dioxide combant of the mediwi.
Praniun carbenate and Jicarbnmf-v ‘uew chovr. . to be identiml.

g 4w9m~,4~ tiak b ~sz,z’“mﬂ"".ﬁ l‘s tha ".wsi, 1mm‘i.wm- can'ier
Sedium oltrnts avd hinnebe

rerets incronce uronias ncre-
thet the hermmmlont lon is deworibed or shows an affinity

e

e g W P JON : . P R Y
tavravaliont lon for endobholiun,

£ ¢ha uranyl ion on romal fumetion is au follows: -
font -y.v' ;}vm» eos vhich fMliter throurh the rlomer
uii gcrsu,dmineg :v‘"w””, svaling;  2) There is an incrense clearanco of substancos
roabgorbed in the distal helf of the rroximal cowvelused tubule {ehlorides, -
amine acid nitroreni; 3} Thoro ney e an increcse in substances wartiall: reab-
sorbed in €92 proxizml conveluted tubule (rlucose, ures); and deemese cloarmnoe
of sseroted subsiareos imenm re», ~3?cdmls‘b, hinpuran}; 4y larger doses roduce
arparent filitretion {n ~lomaruli by the blockede of tubules and diffusion of
mtor ssiuble m\,er‘su soross deruded Pubular i1l end thus refucin- all clesr.
mnces; 5, In eatalsce sucroticn in the rabblit, this substanee isg nomslly not
filterocd or secroted Ly the idduoy. The anow’ ci‘ cataliase st one ard a half to
two hours after oxnosure 1§ e linsar function of‘ the anount of hexavalent
aranium riven, The hozavelsnt ion is at léast rour tines as eflfectiva as the

tetravalert in cem- - the opponrance of catulase in the urive. -

IiY, (‘ener-'l Coneiusions:

.

In conclusion, the purmosos of this entire rescarch »rorram s foure

x L g i. To surmlv infomation vhich vwuld be helpﬁzl in 'b.w astablisgh-
ment of & maxtu factor of safety for pha @*1":3.0}'{368 e:mosed to t}ze urenlm con-

el ., 2» To furrish data thich v&ould\establkia;h ,'ea'rli;f indices of u .
T Aum boxieity. : . el tach S8 , | 1_'311"'

oo . 3 To ﬁn d heipful prophylactic and thempeutm neasures 'bo co:n-
m? A . o

.
ossible goute and shronis sflscss of u':ube buustamen.,

B+ ]

-
.

4. - To fu:m:.sh evidence %o the Emﬂmt‘ban .,n{'imerin( Dlstrict
\'hich would be helnful in the ovent of law suits by emloyees for *ngu’ies to
health a*‘tmbu table to these comrounds., - T : S

=




: “upey . exroyj ouon = ewou ewon L Gy 1O  guwon 7 evoyf 1 - 221/t g T
e o - TtTy " guoy eduweyo ou - eduwye ou ‘ oJuwyo 3 M " oBLODO, | Z osy/s 6 . "
: : osoy Jtye J0UTH 0DVLIOUT'TS SuvLIOUL” (& °09%AIOUT S VAIORT ° «  010A0003°D7 | a4 ma\wa 1. us
nyep ewoy o~ Falintaies w » M M u »n auenqy g9 mNA\ 8 ‘o 9%0
. . . , , Juon -
atey L m— —— © mes=  qOOg3e OW  goOzJe OU w QP 0 AUITTS 1L ,01/6 o°'s )
8801 . L douy] Rdutasnd P Llatal) egooIout 9980I0Ut " u OReAcR D2°PO; (31 on/%1 . 0°*22 g
« . o
C uyen —— - euou auou 300330 Off 3NGEI0 O[] “ " auey 071 NS\H ' 8% —~—
. uyed 03 88O1°1S ——— o ——— - ———- . .. prys Aany 0t 2 v/ 9°¢ —
. PEYOIONT esvolout : : -
8807 sOdUBYD Off ouon GUOuU  [BUOTERCO0  TUUCYEWODY - " odvuwp "po,. g'yl g/t 4791 c..E
* : ‘ 08BOXOUT osvolouy
apey e £V ER T UJTIe 400730 On 0833 ou " quiiis Aoy of0 8L/0 1 o
upey’ oduop’ 1y ouou OUOW  4001J0 O jIBFIO OU n PIL: €% 96/L 920
: etyatouy - OguoIouy .
‘ utey ————— s ITLe  Coul YIS Cout e u p  BYWp RITG 0/0 03/0 R A !
. *xoep g0 *xouy  qIHOCH*dceq ©9BOLOUY 0DV OUY osuedout egvatouy - - elwiep pe.. AT o1/ 1L ) o'z 4.
sy - eeoT peN ofL.*dour  peXdTa pOREUE  *0UT PORIMIOUT poywx -, OJOuwp eleros 1724 L6/0L o'Ti M
YU ared gydtts | mmmes  @3GOXOUT epusIouT Cmw—an GO T3BASTO “ o OSwmp AawiTIs B4 921/0% 82°0 \
’ } : . eouBLe{oq : i AH ;
8807 AYITIS o s 80BeIOUY efaolouy emoouyd peqingatp " “ odwuwp PIL.. 00 %/0 $9°0 v
ugey - " u oJduuop P, £°4% 2y 9L L8t
8507 .03 geduetjo ou . ) *ouy pORIEW *OUT poaen .
uyed LS sjefoperd posiawa 03 yfdyre 03 gy3tie 03 JUITIe " . ®Ieaos o3 "pO, Ot 602/52 ¥'2
: g0l Arrersn Ofli, Uy 68w Raatra : ———— e8vOIOUT  00VSIOUY " . 0OJuuep ereany goaY ¥ay/at 901 Sotn
: + (Twaon MmoYeq) . @8TV0I0UT ©9VOIOUT ’ . gedumyo
co - aped uETls mewmen  (EUOTEVIO0 - TOUOTSBOOD gt - . edvuwwp ou Tuesr pry.. 19 16/ 2°0
T : : , s _..b wTwapym
ured udie o e . " esvAIOUT esvelout 03 odeaes Jutdp (e ut edwawp ’
o 8907°pU;, Q. uy doxq ~——— § e 03BI6POL . B3VIEPOL’ Ay09wt0p0 J1RUGL OI6ROg 0 5e 86/%3 : ‘02
L o , o : eJutup ojurepou,  BYWLTUe
. pouBo L0UTU esvalouy SRV OUY QEUVOIOUT ©6BAIIUT 'O OI0ANS Fajip 119 utr o Jmmp .
03 ejuiepo, pexdvu peve poRtEl porava) - ATOAIPE] Teuer orenes  LT¥/ e1/9g g°el 9an
. . —— 19 Jo

. i S R — J0300 DYGNO 10U
) ,Huoaovﬂuo: VRINOULY}E) BIINURMATY  TR.U0X3Y) Bvalj Hdll Axvoowyng Touey RAastuato,, A3ITE.l6., _mnjumin ujum - punouliog
o : - Axgerwetyy ouyLy | Axgstroyy poory £&dogoyynd < TUsIaA) - UOTHWRUIOUG)




T LTY0AS

GgLbL It

11
R o M a "
. " " " u  OFwya o v
) 876 (T RWAR
" . » “ ‘ 21/0 m
. "~ A “ . g
gowueyo ou s u Sn . w O3 o 3 ae L 0
R ; u aUOU | . oHou o w a8 c? M:Cﬁ g0Y/ 0T 0
) , ou  oduwp O peliumio o op A )
C . ) . T L& ~ 0
Leswodaer A ofo .
5% qudre;: . S _ | BLINgUIvle) BrIMInqLy PACYTRT,
“1 5 Axa0 undoxqy;r aern 18 y0
. . 40 oY) oURL{] . L2 1 : (T Arewoupng J09.0L
. Ar0TUeND pooyy o ToUey,  AATLOAAD Yo% qeu 2tqno Lad
Liotoyavy A 3T7PQ20,, - wmypwean wdu
“ 115i080 WOTHAAFUOOUSY

| - G YT I

sl

To3u0g

¥ Geausy

Y



RET uranium
ppr cubiec motor
' 6f air

13.5 B evem s " Sovoro to odam‘bo
2.0 Devers v "c«lemte to Ssvoroi,
0.2. - 0 L Slight . auinT 5 Tome. s T
10,6 - - Sovero B "";cdemte to Savsrg
2.4  Devers -7 "clerate <

1.57 odsrats : .511"‘11: to - odamta
C.64 . oderate | eme

0.28 T "11@;?11:

11.6 Wt T ———
2,0 - SEeT e oderate
.1 AT Absent
0.26 L Slight
0.11 e T Absent

2}

) . Yode T roderate LT T U ttoderto
16,7 . ——— VT SHEnt - 0T “li{:ht

3,6 . od,toSlight ' Absent . - o
0,8 R - 4 Absant

"

T , ; }
9 T emer Sh.gh‘h.

S].. or absent
Absen.t C

B




rpound
£

Conssntration
mm LYnriim

per cubic motsr

of aiy

15.5
11.0
'10.6

14,2

oy ded

a3

W;ATIO" OINI BB

T TOKIC BIYICTS

.7

Cverall ‘)

“ortality f

fn loj;‘v‘

x&lm{)m}

WOB

f’ex’i'}heml

“lood 'Tr“»zm ?nood

".'eig)x‘b

e C

(_ulb £ cat.__)*

TCTITRATION

fonal ° Pulmonary

TID CONC

Tiad to mod e
severe . . .

SITRRATION

it

od.e m"

Toasnonse

Severe Severs ‘arzed orisd “Toderate “larked loss
Severe Sovere ‘mrked  arked lloderate ['nrked loss
Severe Severe 'od.  od. of,  Loss to prin
"odorate llone M rise in --2= (licht S, loss
Slight lone I rise i = Tomal Gein

T'oderate llome 'PI rise in - - loss -
'oderate “oderate 1PV rise — Slight loas

Tevors Sevore in : '

Loss to rrain

2.0 T 15 lsderate == IPT "'m-ked Sli;,ht | Lo 5 or gain'

2.4 11.5 !od to mod == Sl.b0 . ,".ne ahanua Loas or gain

S sovere - aovere !mrked © . . . SR
uo,, 9 2 Slight - " wew NON®  =ee i Ge.s.q
UF, 3.6 2 SIEht  wee e — —— Plusfsinus
Ore ] 7 — g.omal- -—— ._._. - Cain

A Lm comrrm'm; T
W, 0.2 -~ 2 Slight  —- TYone S11pht " Yome Cain
wL, 0.11-0,26 7 Slirht T - :bgg" Siight  lone Gain
MO, © 0428-0.62 2.6(7) Slight :  -=- IPU Slight ~Toms Gain
o, 2 . 1 ' eew Zone Slicht  Tooe Gain
IF, 0.8 1, ' w=-  Tone Tlome  llone flain
Qre 0.6 7 --- ligno Iione llons Cain
w Ilo obsemticn o A T el s et e e
. Albwainuria & Catalasuria " LR e e T R e -
: — Z ¥y 5
1118187 SReREE ‘




Do MR
- Cogcogtraﬁ@‘ Rty e e A R
Qgggggga mgm wraniue 0 Durction S svalpation fe:
per cuvic meter Z_::cnt.ha) ' Sl s
of c..ir ‘ SR S

el

TR Sl.\ﬁm renal aamaga
7 ' Re, toxde efiect "
o Lo toxic sffects
»C toxic eifects
5liznt renzl dimage
wit. subse. uent
recovery
Noc toxic elfects
Ko texic effects -
L Slijht renal dusage -
PR Ko texic effects
No toxic effects
uO t.onc ei’fe»La

Py (SRt iy o
TR B ~Q.05 e
k Uulh .20

) ©.05

AVESE 2
Gl OI%

-

c o

-

¢ OWMOoCOO
SO OO
AR

*

UF’;*

o

C
[N R CEAN N &

U Ul

.

T C Ot O

’no t.ox:.c cdecta Coe

v . . . . - s

Contrcl G.

C
(\
&
¢
o

P
. d
i
)
e .
oY . E 2
..,.{‘- AL w
; ! N 2 Pl
" 5 1 g
. . E
- ¥ : N 0
-
- N i
, ; ;
B il - ” 3
. !
’ -
« S ~
2 - n
i * s
N P
. . }
! ~
3 .
.
3
. -
. *
\ . . -
3 ; *
. N N B
v
- - . i
s . 7

- , ,

' >
oot - . g
i @ . . :

N ?
/
T )
: = ¥
)
’ v
- - - .
. - . g Y
) 3
¥
o ) ) .
‘ . o N . N ~ W
B ’




—

B

D oraprE VLo

Y RGIC AT L RLLELAS.

Lig Rats &b 2.0, 1.0, C.8, ool 0.05 and C.01 o of diet for 2 yeurs ‘ .
S - P S ey LS e . 3
L‘QCS E‘.t \Ze -.--1;’: ey k-fv‘v’ U‘.,‘, A:.-Q":." il i
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‘For th purpose :
o:mal. are exposed, film hws'theiadvamage ci‘ being auh;r

" of the radiation. In prectice this ‘

" Type K Eastman Kodek x-ray fila made up in the size’
- used because of 'its grect sensitivity,: lead cross is a”ttac

. meking possible by differential ‘density readings of devéloped 2iln both
.7 ocutside of and covered by the lepd cross, to moesure the’ relative amunt
of incident beta ond gamma radisticn and their qnality as ‘well as per
» dng powgr. Wlth propcr calibrat:.on rec.dlngs are made in T 'units
t L,

' Suitable film holders weré‘ developed 28 ;
: ;plant persennel.- With each batch of films are: developed
" of the same film which hes Been exposed: to-known “gradunted tocunts o
“radiation.: Use of these celibrating strips makes it possible tc to.pensait
for unavo:.dable vum.c.tlons in development. techniques as well as batch

Pemomelin 211 parts of the ma&.gn Dlstr.'ict,
been set up in the "laboratory h

L ’.A phctograph:.c ﬁlm packet has been dcvelope surt unded'by

of cobalt, rhedion or silver. These: notals are sensitive to slow nedironsis
‘end  emit bets and gamma rediation whén' exposed’ to néutrons,.If “hese bad
are 'worn by suittble personnel, the humbn body, with its high hydroge

tent slows down the fzst neutrons to slow neutrons which in turn
the ‘metdl of the fcil. Thus beta and gemma reys are ecitted which'b.

the enclosed film.  For the monitoring of ‘lccetions these 'special £ili
peckets are attached to the sides of weter, contalners which 8lso

a means of slowing th i’ast mutmns




~_the, urinary excretlon in bcth high ‘and low QOS&EGS aucunts
+per tent of the dose per day except for the first dey whon thc hi
v‘-Ac_J,GSe shows ‘three tc ten times the rote of excrotion. ' The, fecal,excm‘ih

ret.ent.lon equels twenty-five per cént cf the dose dn-ten’ dqs, forby five:
- per cent on the fiftieth day, seven por ccnt et 130 days and 0.7 pe cent
2t 300 days. (This includes radioactive decey on the, 140 dey half-2if
‘basis). The distributloh ¢f polnium in the tissues ‘shows the spl: 4
lymph nodes, kidney, bone marrcw, end. blood ‘cells with the hlghest’ '
centration in 10 days.. 4t 50 days, the bloog eells, | ~

concent.r t,11 as ;bhe

ollomng bcnt‘..neous' inYection, the etion rat
T the astount -absc bed, are similer to those after mtrmrenou& 1
i istration ‘with the exception cf « higher urinary excrotic “Curing
‘two doyss, About 83 per cent of ehe dose repains in the b dy at ten
of ‘which about 40 per cent is retaineg i aite

“Orzl studics 'show that 3

sorbed fron the Lastro—uxtestlrﬁl znal, Ftif‘by par cent <
nzteriel is excreted in the urine i - _The 'fecell
~a.ppmxix..at.e_y the same per cent \f the abscrbed dose 28

Skin L*bsorpticn inthe hm;.n subject indicstes thet no Zbsorphi
is de?.cct.able in four days of exposurcs: Ths feet ¢f- “show le ]
1 per cent of total dose absorbedv over. 2 two-d‘_w; expermnt .od,;

lation a larga proportiun :
‘some’ coses approxn:@tmg 100 per cent) cf the v por:.zed polani
by & rat is retcined in his lungs; - .idst «f thu poloniun capture
Jungs is sbsorbed intc the blood s’tre& iving essentially
n.ntravenous injecticn. Sufi‘lcient selening: tay be retalne
11 ‘per cent «f the dcse at 10 days) for prolcna,sd eridd £B
ffpcts on the uleOln.r eplthehm.‘ {s -

'subjects {four.. i
the tmnty-—i‘cur hour urine showed O.
Aver: ".a.].y urinary- ‘cutput in the
£ thedoses in the sccond Week, O.Dh.ﬂ
0.02 per cent of the dose per duy. The ecd. dr. ily «.xcret ,
First week amunted to 0.56 te 2.03 per’ of the dose;, dm
eek, D.25 per of
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: : 9.

“and 'urine valties were a; ;rcxi.mz*tely one-tenti
dntrowvenous dnjection f e’ slidler ﬁosé,'fif"“'l‘his,,'_
‘less than 10 per cent of the ‘duse, . The '
cmt ,f the dese by thrie duys. 4t th

.6 m.crccur:.es re@nec in thb bc,dy c,i' ‘a‘totc.l

: v z..ffoct cf Vc.rlcus LF en’cs cn "Polcniui tiong . lorg
" number cf substences tesbed, only BalL (Britich mti-Lewﬂsite) caus

“transitory rise in-the fecel excretion several wecks ‘after inject Ny

‘This incressed cutput was balanced by a later ceeretsed cutput for a -

" few days. In the first 24 hcurs after intravencus injecticn.of pclondusi,
' 'Bal produced a urinar; eicretion of 5 percent of t ‘ag countrast
“with a norgal of 1 por éunt of the dese. Follcowing thid,

dropped “to nermel levels, BAL trectient ilu[.xe(..lutﬂly fai‘ter suiﬁcutuneauaw
“injecticn orused no signtficent diffcreénces in the ‘excretion ratess

~Tissue znalyscs showed ensentizlly siriler concentrations, exceptin
he yspleen whese' :;ct.lv:Lt," wes xt:c;n idcrably» lower, ‘ai‘ter‘BAL trc"t nt,;

per hlog;rams '

fifty deyss; The urinary Qxcrc.t:.on ‘vn’ the first’ dc.,y;ano aint
<3 to 21,6 per cvent of the dose; thc i‘eco.lf excrcticn,” 0,1
cent of the 'dose, . The tobal excr\.tiun cbserved wis 11
Por cent. of -the dcse 'on’the first dry; a £211 to X cent ol
sixth day; 0.5 per ccnt ai, 10 days ond O.1 per cent #4750 days. & =
ten doy perdod, 40 tc 60 per cent cf the' dos relicined within th anir_ml
ot 50 deys, 32 per. cont” of the ‘dosé. &n ‘ticnal cbegrvatio !
that the excretion retes were not influcnced by the sisze -of t};e dose
‘anical corried Tor 236 JS st:.ll retalncd hO per. ‘eeht cf the injected doses’;
21.; hours, 83, ¢
atiount ‘renaining in the btody was dcpcs:.{:ed in bene; & 10 deys, "
ent; and 2t.50 days, 96 per cont. The hirhest zctivity found i

‘bone was present in the trebeculac. The g‘..strcintes inal ‘tre

8,2 per cent cf the total dcse at cne dayy falling -

10 and’ 50 daysy . Other soft t:y.ssuus showed B8’ perrbent

dropping 2t the 10 2nd SO'tday pericd ﬁThe blced showeg

;at 10 days,




¢ 8, dt/is apparent- that ror the r
."1uton5;m'a the energies per micronunes

’ its dauglwa promct. .+ 0n the same basgis,
indicates that’ the former is epproximatel i '
'ray energy diseipated in the body for 10 days, ;f:we tigiod
2s high as 10 _times ot thc, t.hlrty d=.y periOd. 1

? , Bn.olog:ucd explanation of the d:.fi‘erences may be e}tpla:mcd on the«
distributicn of these clenents, the radium burying itself, dpep in the bone,’d
the plutomum in the endosteal layers nesr the LOTTOW, :

“the hematopoetic m lym.phc.tic tlssues theuiselves

| .:me,lcmg ta,me (dix o elfht mnth)‘ studies of 1

s

‘ 'abowe findingse

.'Pathologlcal fmdings mdic...t.e thet 1
».“'fhema.topoetic systen, vescular syst., ‘liver, iadney, hmel ‘bqn 5 and ,
“with damage proporticnal to dose and tine. . “Poloninn ‘ahbws ‘an affinity for
" the heimtopoetic system, bowel: end testes only with danzgce again probebly
. - proporticnals. . Plutomw.‘ shows its effinity fcr the” hem.topoe‘tic syst
~ liver, ‘kidney, biwel, bens, ond testgss The changes obsurved with' ra
' c.lthoughfuore, widely dlst.nbute“, are in Lunc;rul" nck. 2
‘ : ,is 'che devclopwnt of fer

belng, cundw:ted ca the, 1n3ccticn f nop=
un, 'po i, radiw;, uraniug, and possibly 1
:Ln order to detena.ne the! excretion rates in the urin
uater:\.a.ls. ‘Thesc studies are not ruauy te repert ot
.~ The informetion faind frcm such stuuics will be usex det
accura cly the allowable cxcreticns of ‘these snbstances; in 'the - ce cful

ai‘ plant personn‘.l working with the.s The nfmar; uotiemt wil
uf haruful seteriel  prescat inj ody. 24 that unit

Physualogic; ~experimental Hy,
protein netabclisi: such as in wound hc' ‘:Lng '&-epeir, |

' ,c; Addit:ional studies cn radloactive
' dpsitons L;enti ne




The -"runsplantumon ‘ ' L ;
The cilture ¢f bene ‘wa.rrcm y tissue culture
3) . The transplantation of & kldney. i

e I.n s much &s Bowe df thc. dg.ta is stlll in the proccss ‘o exacinetion
‘and analysis anl experinents cre still under studly, this report ot .the:best
daust be cunsidered tc be <f = prcv:.s;cnc.l neture and sibject i change oo
tz.ngent upon i‘urther analys:.s the d.uta and e:q;era.uent“‘ on

In undertakmg such a problcm £8 rorrow tranSplan_~ a.tion it ‘wes i"irs
necessary to estzblish certain base. h.ne dota cn the t.onti;i ret_:ipl tq
"This included selecticn'of 2 type of .radiaticn that waild produce daunge
‘of ‘the proper extent or dogree. . Tctel bady rgctatlm of 300 r ceute doscge,
fror:. 2 250 XV wachine wes fa.ng.lly selected =ince it prodnced approx:.rﬁtely

N t ‘
the dc{ mith especn.al refurence t.o thc. h

b N :In crder tc dtein such infor Lstion cldf
‘stuuy had to be tested and then uscle’ «
it ed by correletion of clinical, he:..atolcgicz‘-l

Rgdiamon daiage tc, ‘the, bcne ma.rrcw a.t B ﬁiven'penod time coul
- serrow . £roii "the;

R grou.p of 7 nomel uogs received 300 r tctal‘bcdy rudic.tion, :
‘underwent rib resecticns 3 days preradiation, 4, 7, 14, 21, 28, and 39 day
‘post-radiaticn end was studies.as' contrcls to deteruing he‘,pgttc. and
.extent of nerangu*ent of the ¢linical course’cf the peri; al. blood
“bone marroy picture, HeXIIcA.'tOlOt,lCo-l and putholﬂf_lc‘.l studies wor “made

o8 the‘t:.ms of. enexpented death w sacr:.fice. . The peripheigil‘é:}ood w28




wmmds ‘Bone marrcw studies showed’ conspicuous signs of degenerut* v
. bem’ i, days post-radistion and mexincl demege between 7~14 deyss
' This degeneraticn applied to the myecloid, erythraid and megakaryocyti
elerents, &t 21 doys pest-radietion early signs of regencreticn condd”
be detected whichwas more evident at 28 days, &t 39 days post-ratiation
end thereafter the narrow was hyperpl stlc bnt m‘hh Suall areas of d,e.bm

2. Pilot Non—Rudlated

A group consisting of 4 normal dogs underwent sunllar procedures
and study as group 1 except that no radiation was adm.nlstereu.. -
Normal i‘mdlngs were noted in these ariral 84 - :

;- 3. Corrtrol Radisted
Another £reup COﬂSlStlné, of 8 normcl dOgs was studled a8 acontrals
£ 7 7 %0 determine or obtain the normal pattern and extent of derangement .
el " of the clinical coursec, the peripheral blcod picture, 2s well as the -
" pathologiczl and hematclogicel pattern a‘t tme of enexpected de t.h or
sacrli‘:.ce 80 days post.-radlatlon. o e !

B it [

- 8ix oi‘ the 8 dogs died of r dlc:tlcn 1ntox3.cation i.e. s purpura, Gl
sepsis, oral ulceraticn, depression of the hematopceitic system and the -
~associated panhematopenia. The surviving c..nlmrls shcwed hyperplastlc :
" chznges :m,the hema"topogaitlc tlssues.

; Radluted-()perated

l,.. Ccntroi

. A g,roup of FA ncrmal dogs rece:.ved 300 r total ‘body r».ciatlon, u.nde
went rid resections 3 days pre-radiation, 2, 7, end 39 days post-rodi~
ation, hed pscudo r.orrow transplantetion procedures 2 days post=radi=
ation and was studied es controls to detcrrdine the pattcrn tnd cxtent
of cerangement of the clinical course, the peripheral blood ond the
~ bone merrow picture. Hauatological and pathological studies of, the - °
marrow were made a2t the time of ecch rib resecmon and unexpected deaﬁh
or at sacrlflce, 60 days post-rumatlcno
o Three of the A dogs died of radlatlon 1ntox1c:‘.tion w:Lth f:mdn.ngﬁ _
" as nobed above. In addition wound dehiscence and necrosis was € OmIOn.

Dcrenerative changes in the bone .arrow were conspicuous at two days

- post~radiztion and considersbly rore ncrked at 7 doys post~radiations

4t 39 days post-rociztion the merrow wes hyperplastic but areas of debrls

“were still present. This hyperplas:.a ap;,lled to em}nro:Ld m\yelol,d
“and megakaryocytlc elements,.:

7

- The.data i‘ro::i the preceeyu_ng groups prcv:.ded the ‘base.line informat:.cn
V upon !nhich to ccmpare the results from the transplanted grcups as no!:ed




A 5th group consisting of 5 ncrmel dogs received 300 r total body
‘radietion, underwent rib reséctims 3 drys re-radiation, by 7, ond Sl
39 deys post-radistion, received a2 single norral merrow suspension t.ra.ns-'
plantation intc the distal end of the shaft of right femur, the right =~ .
‘humerus, and the anterior chamger of each eye, and was studied to de-
termine the pettern and extent o derangement of the cliniczl course,
the peripheral blccd and the bone marrow picturc. Hemetological and
pathclogicsl studies were carried c,ut. et the i:lu‘e cf unc,xpectcu ue‘.th
or sacrlflce, 30 or 60 deys post-rach.atlon;. . N S

.

o Four of thc. 5 dogs died frod rmatlcn .mtcncutlon mth tha
L transplent sites c¢f the long bcnes showing considerable evidence of R
P 0ld hecorrhage, orgenization but :wery littlc evidence of new garrow - = -« %
Lo . growth., Residual fat deposits with connective tissue reaction werc the
. findings froo the werrow transplunts tc the ant.rior changer of :hhe

s CyeSa L . - R o L A

P In ’Lhe cne dog thet survived cuperative studies of the long bone‘s'; .
 did not indicate that the transplanted s:d;es Were more hyperplast:.c
P t.ha.n the non-transplented 51tes. LU e

e 2. ‘Bone and marrow Transplurrte‘clon ‘

: A 6th group consisting of L nor.nal dogs recea.ved 300 r ‘bctJ body'
r;.d:l."t:t.on, underwent rib resecticn 2 days pre-—radl;.mon and 24 &y T
" doys post-radiaticn, r.celved a2 transplantction of nermael bone marrow. ' -
_and "accompanying bene cortex and endosteum tc the shaft of the richt femr
“and a transplentation of 2 segment ¢f ridb to rib, 2 deys post-r cdistion, ©
" A merrow suspensicn trernsplent wes placed in the anterior chezber of ec ch
-eye. In addition this group was studies tc determine the pitiern and .
extent of derengement <f the clinical course, the peripheral blood- and
the bene rerrow picture. Hematologicel and pethological  studies were o
. garried out at the tl.ue oi unexpected uezth cr sacmf.lcc 30 or 60 days;
o post—rf_.d:.(..tlon. S . , S e

: Threc of the 6 dogs dled of rc.dletlcn ln‘tC.XlCc.thﬂ ‘with the trans--
. pla.nt sites showing old hemcrrhage, connectlvc, tissue reaction and new -
 bone growth but very little evidence of new nerrow grewth. Residual .’I‘at
R depcsrbs with ccnnectlve tissue reectlcn were ncted 1n the zmt,crior :

In the three dog,s th’t surv:ch,d viricus debrees uf reg meratmg
er hyp\,rplastlc LErTON Wes found but the trensplmteu src.es elm y5.1.

anrrcw Trensplc.ntutlcn to heava.lv ra d:u.ted 1on; bmes

A grcup of L norm’ﬂ. dog,s I‘uCClV;u I'Cdlc.tlon of 2500 r tc both
‘entire lower extreritics siumltanecysly. 'Twe days post-—rad:ahicn :
transplantzticn ¢f & noreel benc corrow suspendcn wes carried - vuibe
Standard studies were carried cut to deteriine the pattern and “xtem; :

AP . of derangenent of the clinicel caursc cnd the peripheral blcod, Hemato-r

' logical and pathclegicdd studies were crried out &t the tice of un=- o

Lo expected der..th or socrifice. L SR :

HW“W




SEES & TeleT -y mrv:wud these ;tocemras,j This uész:.g 4
radiztion wos et of sufficient iz nitude to destroy all of tha,
,urr;sv in the rc.ﬁhte“ C.a.trb. _1t:u,s. Cka_.p..«r t:we sthw:.-,s _uu.,lﬁe ted -

The :u.g)ressun guned i‘ron the tr‘.nsplant;.t:.on of ir nrTow 0 J.mg
bmcs was thot such procedures were associztud with 2 ;:wd dezd of i
"blocding inte the rerrow cavity und nc ev:ulc,ncc thd: ’the LT POW tnas— o
,;ﬂ.:ﬁb;.tlun was BU.CCCSSfﬂl& S SRR

. ncccrunf_ly the next rroup of cxperiiants were. J.lI'uCtGu ot de=
tor.ining the potentizl eifectiveness of 1nt,rc.mc1n tmtr&.xcmllary_ T
, rqelopoesia. ‘ T NI Y

”L. LETTCW. Tmns;l ants tc Spleen - licn=Rocirted >

‘ A greup oS 4 nominl degs received = transblgnt‘.tlm Lf nurual buxe '
errow suspension intc the splecn, Stonderd studies were c rried ‘cut to.
" determiné the pottern and extent of deranc.cnt cf the clinicel course: -
" and the periphercl bleods, Hemetclopdedl and pothele decd studma *v»ere .
carrled cut at the tn. 6 f unexpc,cbod wel tn er sg,cri_fa,ce. e : e

all o the am_mls Sumwd the prccedurcs. ,Res.umc.l fot Cépcsits,'f
~apd cunncetive tissue respcnse without evidence of cx‘truc.edull;cy
LJelcpccs:.s wers fcund at, thu s1tes of trc.nSpluntction@«

g Ji grou.p of 1; ncmgal dces rvceiveu tc’bcl buuy ‘rwﬁ.utlm
%rensplentation of nerwal bonc LETTLW suspensicn ;mto the splwn 2 da.ys}f
pest=rcdiaticn. Standard studies were corried cut’ to deteriine the patter
ang exterrb cf dercnte.“cnt. f the clln:l.chl carse. and t.h,. periphcrel bl‘_’_

transpluntgticn weru as ncted above.

6 Yarrow Trunsplz‘nts tc Spleun - Spleenic R: ! tim o

_ A gr..up z..f 4 ncre Al do: s received ro dlc.ts.on of 2500 r tc thc szleenlc
zrea end a transplantation x.f norial bene Larrew suspension inmte the sp,leen
2 days post-radicticn. Standerd studics were carried out tc detercdne the
© pattorn and extent f dercngecent of the clinicel caarse and the peripheral
- blood. Hemetclogical and potheolepiceld studlcs were m.rr:.cd ot eb the time
. of unexyecti.a de'*th o sacrlflce. e T ; '

,».

"All uf thc an:u..‘ﬂls surv:wed 'bhcsc pr-occ\axresm The‘spl‘.ens vere small
mu i‘lbrobutlc w:Lth resicual ueycsits d’ f t and nc evicence of extra.medw

S das* thc. ‘rosult cf these i..u.I‘I'(.W tnnsplgnts to the spleen it did
" noct eppecr-desirable to atberpt to induce further extromedullary iy~ .
. elopoesis into the hver ¢r rbtropcntxnwl t.:.s,sues by the direct irans-




- A grmxp ccnsn,stlng o:f i; non:.cl aogs rece:wed 300 r“hotal bedy
radiation and intravencus injecticns <f refined bone merrow suspension .
24, 4y 7, and 9 doys postercdizticn.  Studies were carried cub to determing.
“the pattern and cxteni of derangement of the clinicel course;” “end the
péripheral blcod. Hematclegieal and pathclogical stucties were carﬂed
out at the tiwuc of unexpected dceth cr s“crlflce.. P e

Two of the 4 dogs died of I‘«-dla‘blcn mtoncc.ticn. Huwev‘er a.ll
anirels showed poricds of elevaticn «f the tetal WBC count that were
not ncted in the contrcl radisted group. st these periocds of wlevetion:
&W" types of cells werc ncted frequently. These clevated P\,I'lOdB
and ctypical cells were not noted immediately after trmsplmatn.on, :
howeyer, ncr could such findings be expained on the bas::.s c;f the in—

, i o Jecta.cn Lf a pc.rtlculate matter such as maia m

~veins throu,c:hout the lung,s.

BGCC»U.SB uf these f:mdlnbs thls phc.se cf the exper:.‘ bent is belng
‘ ‘ ext,endeu.. :

A Af‘bc.r due’ t:ons:.deratlcn 1t was deem,d desa.ruble stua‘y the cultivaﬂ
"+ tion of bone morrew in vitre in crder tc provide 2 means (1) whereby tha
- warrow caild be studied in more detail and zere accurately with especi
~ emphasis un the effects of radidtion on certain cybolcgical alterations.
{2) %o consider the feasibility of esteblishing & merrcw bunk if marrow
- coudd be cultlva’oeu successfully and ;Lf weyToN could be transPl;.nted ;
: successi‘ully. ‘.,?f

A Such technlques 2s the roller tubc,, the Cc.rrel flu.Sk, and the s;tting
drop slide technique have been crployec. liach has their adventages and .

" disadvantages but & ecbination ¢f the. sli.e and flosk technlque appears,
to prov:.de ‘bhe cptl»nm ccndltlcns for grmbh md Studys e

"3.,. the effoct ci' er:Led mecia on the growth c.f bme mm*om :
_ 24 the effect of varied gos tonsions on the growth of bene, COTTowg
3‘ : 'the efi\,ct of Varled st:.;ull to b»ne mrrow and its ;_;rcwth‘ -

[ ’1"
ﬁmarrow.{zf S
s the prcp‘_rutn.on cf marruw ,fcr t.r«.nsplgnt,ation :

o "I‘he results r.f these studles ere now in th.,

_.J.nterpr‘,tatlon, ;

... Further studies w:Lll probc.bly be r‘.sw.‘e“ when the current rep r 'has
, been corpleted.. , :

| | aqem - “ égﬂ
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; and uraniuu ccopounds, it wes believed that a significant degree of renal
demage wonld result. Because cf this anticipated damage it was felt de=

~ to the damaged organ and the asscciated derangements tc the host,  One of
the first procedures considered wes the acdition <¢f a ner.al lac.ney with’

‘less than cxpected and c.ccor“lnbly less attenticn nued be dlrccted to”

N ple.ntc:blon cof a2 hCIL(,éCnOUQ k:Ldney. REIPERAI

for anastomosis of blceod vessels apd the transplantatlon f 2 kilney to A,
- neck was nore desireble. When the kidney of cne doug was transplanted into

‘the artery secondary tu the denervation. This incrcased blocd flow may
.. last for several days and was asscociatec with excretion of abnorzxally
. large quantities of urine, previding the venwus return was adequetes
~ Some of the transplented kidneys functicned for cnly 24 hours, ‘cthers

"“*'-"swollcn, soft deac kidney. Inasmuch cs auto,;cnuus transplanted kldneysv
“mey survive for as long 2s 9 months it tppears thet the foilure of ren

In ‘the prccess c,i‘ worklnp mth and the 1nc:uent 1 \,xposure to ur"'nium

sirable to direct scme attention to measures which would effect some benefi

the ultimate hope thet & nethod could be worked out eventually whereby.
this transplanted kidney cculd function for at lcast a short period of
tine until the dcmag_c\ kicdneys had reccvered sufficiently to carry on the
function again, During the caursc of study of the toexieity of uranium - .
and its ccimpounds it was found that:the incidence an! degree of renal - -
damegse enccuntere . in industrial and leberatory personncl was a greet aee.l

thcrupcutlc [1825Ures.
g | ’I“us experment cwncerned J.tself mth the :m:.tla.l studles currleu;ou ,
tc determine a surgical technicue that could be emplcye,d for t.he, 'hrans-

The results of these experlmnts 1nd1cc.t d thr.t the cannulae techmqme

the neck of ancther dog ther. was an increased initial blcod flow throug}a

for as long as 5 deys. Eventuslly kidney functiun failed leaving a large,.

honotransplants to function indefinituly cannot be ascribed to surgz.cd
errors but to 2 fgctor or fu.C‘bcI‘S of 1nc<,mpat1b111ty. s




. x—radlatn.on injurys

mm: manmrs - Sincle nose; S

- ;A.' Medlan Lethd. Dose Expcrlments. The r.;edlan lethc.l dose (that
ammmt required to produce death in helf of the ‘anipals) for x-radiations.
‘was determined in scvcral species of animazls, the results being listed
in ‘the following tzble. Fer the purpose cf comparison of species, the
studies on rabbits carried out &t the Iuetallurglcul Iaboratory at the
Umversn.ty of Chicagc are mcluded.

Robbit 790 r

Rat 600 r

Monkey - 5550-600 ¥ . :
- Dog : Werk not yub completed.

X*I'&dlutlcn is 1n the same order. A

“The rat is. equally sensa,tlve c.t seven weeks and u.t: seven months of age.
Males "nd i‘emp.les show equal sens;tlnty w.1th regc.rd to acutc lctn‘.l ei'fect

If t.he dosa;_e is ad,}uste.d by 3.ncrea51ng the time of exposure at constas

lilrrbe.rv‘.ls, the rean survivel time plotted against the log cf the dose is &

- straight line. If the dosage is adjusted by varying the intensity at conw
" stent tine, the mortality plottvd against the dostge squared is a straight

ﬂ'line. -Evidence has been gained which indicetes tha:h the injury to radn,ati

is = "wo hit" phenomencn, or in other words, twe single hits by xeray
“photons he.'sre beun mede wn & =1nt1e clemerrh :.n s::.ngle c:.lls, iae. 3 chrcm-

' been made, but arc nct yct reac.y tz. report,_ ‘Thesc, J.ncluue studlcs cufB'tvO

" the rate of dose, metzbclic effects, and the ef.fect of vg.rn.ous drug,s

B. Pathc,logv cf Acute R d:Lat:Lcn Dansge: Tlssue ch‘.n;es in sacrlmed
rets at 28 days werc different frcu these found in anials dying freii” :
irradiation injury vithin this pericd. The, threc tissues prinarily affect
were the bowel, testis, and hematopoetic system. The scerificed animalsy
at least for dcsage values of 500 r a greater, represented 2 group whish
hed been injured end except fcr testicular changes, had repzircc itself
Degenergtc testes were prosent at ‘the 250 r level. S:Lgxufic:alﬁ changes

" in the hematcpoetic systen first eppeared ot 400 r. These changes were
“only a little mcre severe at 1000 r then at 40O rw  This saue frre.uient

. was ‘ncted in the spleen and lyuph nodes. The warrow, howevcr, wes soverely

depleted a’o -every dosage level at whlch the animc.ls dled.

TlSSU.b chanaes in mcnkeys were found in th hem-.»tvpbetlc system und

“bowel. Testicular finlings were difficult to evaluate because 21l animels

were immature. The extent of injury -8 facst severe at the higher dosag
levels thc mm_mal mjurlous dos‘..ee cccurmn: bbtween 375 ond ASU re.




in prepwaticu ap2 nct yet ferdy to reyort, 1t must be ceoment s
flming;e ci‘ ma:kcd u:.fferences xlere c:bs::md 1n the rc.view «vi“the Jo

3 Bﬁce, 1‘.cnkeys, I'o.tS’ and aogs were cxposc.. to chrona.c I’c..lc_tlun dinttos
the form of x-radicticn frow 250 and 1000 KVP ma:chmes. “idee, ncnkeys, -
and rats were expcsed tc Ouly 0.5, 1.0, znd 10.0 v per dey six days per
week for tw. yeors. Dogs were exposed ko 0.1, 0.5, 1.0, 3.0, 6.0, end .
10.0 r per 4 y six u.c.ys per woeks for twe yeers. Suiteble controls were o
carried with each series emi received identiccl trcut.ment except, fcr the
J.Iradlc.tun, The results wn.ll e repcrtod accordin g tc t.he Spc:Cl«:S.

v The expenmnt cn rice gave llttlb rcsult bocc.usr.. cf on epide;ﬁc
“of nouse typhcid which cceurred Quring the experd uent. Such r~su1ts j‘ :
‘were obt.;:.neu are almst lf.:.p()ss:tblv t\, analyze‘ o L

e experluent 'wa.t.h uonkeys 15 hkewise i‘mlt.y for several recscns
" Endeuic tuborculcsis wes present in the ccleny and interfered with rertality
ﬁmres as well as w1th survival tiues. One ncteble cbscwutlon wes thutr

1 m.lllon 'Volt. Lachme is :Lng.ﬁ.st:.n ulshablea by,
- levels ¢f 1 r per day and belcw show nc luence un speriz
‘preducticn, Definite effeets are ncted at the 10 r levels
The murber f leukcidias appec.nhr Juring the course of ,the”’
‘experiment” showe. 2 ttal ¢f 12 in the 400 anipels stmlied'
The frequuxcy is prcpcrtlund to the dese of _x-rw:wtﬁ.cn'
Th:l.s is 1]lustrateu in the “.ccc.upangln& Lblcﬁf

Dosc.ge : Deeths
O.G . nf.ne‘ |
DL rf] ST O B

1.0 T -

10;39 3‘

The 10 r*lu vcl is apprecm,bl,y high».r )
is necessar; te correct for the increese :Ln mrtahty if
»group wh:.ch in a ’if.wc ,yeax- expur:.ment is cunsiuer"ble.w




_)',Studieacf ) it chenr pd i
7 thet weight- cbs\,rvg.tions rye cf httle valpe in preuictlng ’
the cutcoue cf the experiment cr as a pogsible. cliniesd -
“‘test for exposure. The weight luss ccours only in the
pericd just before death, at which tine uther observable
cha.ng,es are well estg.blzshed@ 2 T

‘ TIJ:AOI‘S - pr hr.J_narv studles :mglcate th % somé types,
perticulerly mamoery tumors, ore induced whlle cthers
are spontanecus in typu. ’ '

'. Hematology - nct 1nc1uded.

The deg expe.r;munt was carried it cJCCLng to the folluwlag
plan' Aninmals receiving 0.0, 0.1, 0.5, and 1.0 per day six deys p:’f
 weekly were corried for 622 {restients (twe yenrs) end then sc cmf.weds»
The anirizls receiving 3.0, 6.0, znd 1000 r six days weekly were given

500 treatrents and 11 seorificed. The plan ¢f scerifice fcr the lower

groups is as follows:- at: the end «f the perlcd of cxposure, cne-third

of the anincls were sacrificed; the remaining twe-thiris cre parried

for an additional three munths for reccvery studies at theend f which

~ time the fe:zles.zre sacrificeds The malcs are kept an .for auui‘blofml
recovery studies cn spers formations: - -

g

: Mortallty f.Lgures at the' end of’ the Iirs’b 500 tre‘,&mr,{ts
(udca ava.lloble) 2re as’ fc,llcms‘

it ‘hhe presen‘t ’ta.z.he only g
nod I’E:Culveu the course ci‘ lO T per day treat :se“ts,,




: lr per da@v J.evel is real will be shown by the ' TeCOVER)
progresss It reguires 270 to 300 » tCf sterilizge 50 po
dcgs tt the 0.5 r per day level or the 1,0 r per doy level, FO!' sterilw
jgaticn et the 10.0 r per day level more than thirty trestuents (300
‘are requirei. From this cbscrvation it is deduced. $h:t = $ine ﬁ.ctor
.Ls mvolved. in the mturr_tlon cf sperm.

Scue anlxmls accumlc.ted over SDOO T bei‘«,rc dying, .\whila othera
“dded at 1100 r.of chrenic irrediaticn. . Tais 1llustratus t.hb voria=
bllltj in the spcc:n.es themselves, Lt e e

A e Pathclog‘z Chronic Irradlg-‘hlon. Pathcloglcc.l exa...inc.tim

e oi‘ rats followin; exposures tc chronic x-redicbicn for twe yeers:
forioulates the Cplnlcn that there is nc¢ good histolcgical criterion
_of chronie x-redisticn damzge when sdministerocd in dosares of 10 ¥
“por day and lesse Changes in the hezatopostic system were. .nct inpressives
Testicular deiege was nocted with dosages f 10 r per Jdey but nct belowy ow
It is suggested that the leukerdas and'roprary tumors arising in'these
. amimsls nay have been produced by the irrediation. There is no evidenc
of injury related to irredistion in the heart; lung, liver, kidney,
'howel, pancrezs, thyrczd, truche'x, sk;m, bcn\,, wary, LI' beng merrow.

R.bblts wiich have rccelved simlar dos abus "cf X1 uimcn .
over o pericd cf cne ,year only show siciler changes te those, ‘pcyed
abQ‘Vw. 5 :

Dc,:s ucposed tc 10 r c.nd 6 r per duy fcr 500 treatments are:
most apt tc de with evidences of huaiorrhege presuubly seccndary ¢ .
lencopenia, thre beeytopenie, and bone marrow hypoplesiay Testos”
“egrpletely depleted of geridnal eells. Lynph ncdes and spledl show
¢ellular depletiwn and sdie hemcrrhage. Signs of infection ,supermpcseci
on reduced bane rarrcw netivity are coiricng ot levels:of 3.0 7y 1,3 T
thc, testls is depld;ed of speri,atcgenlc cla ents»* :

i

- Follow:na pa.lot s@urmcnts curned at in a__lb’our(.tcxy efi.azawh«al:‘fe~
(see report frcm Cclusbia project) a pregran wes instituted for the &
controlled chrenic exposure of rats and deps te fast neutrons, - i‘hei
‘dosages selected were the cquivalents tc the previcusly selected. o
_.expericental x-reiiation duseges, nemely 0.1, 0,5, 1.0, and 10,0 r
‘per Coy six days woekly. The equivalents in n dosages are. 0,017,
0..085, 0.17, znc 1.7 n per day six doys weckly. The neutron experdit
‘were carried for 2 une-year period mstec.a cf the two-yedr pericd
u,scd for thc, x—r;.y& e T

[

: Fmdmts were sun:.fmmt 2t thc hlghcst desage level (1.7
puI‘ dey) in both thc rats and do;S. At this descge the effect on
_survival was 1mch rore serked than the suppesed eguivalent of 107
per day. i rtahty figures in the rebs ere difficult to interpret
" inesmmuch as death in meny instances could not be attributed to radis

~ticn camsges &t the 123 menth pericd ‘in degs, however; 21l five of
“the an .:als at, the, high lw»l ha.d auccumbm wrch typ:ucal changes

111980% jj(ff;*s




.,A tota.l ¢f nine leukenizs was sewed
at the 1.7 n per doy lcvel Nu leukuuas wer.i r.bscrvad

~‘_‘1ower dosage levcls R

Graying -f tho halr occurred in the dog_s ‘at apprmtely
six to swm-rcnth period. No effcct wes o’b.scrved 2t the 1wez‘ ucsa -}
' levcls. C L R . .

-

: ut thb 1,‘7 n per d‘_y lcvel t.he ssperu were eliminated pparently :
acre effectively than at the equivalent 10 r per dey. deszge of X=rod=-
“.istion, At the lower deszge levels the effects on the spcrx; Jormaticn
~ were nct s stnkmg 2s those follow:l.nL :o-radlatiun.

\ B. Pathclorv Follow:m;: Nx,utrcn Irr ulbts.cn - Dr,

‘ cbserved date suriest that after irr.dicticn of rats over: n-
‘pericd at 1.7 n per day, the lack of ovamc.n f»lllcl:-s ,.r. be a‘;"
eriterion of neutron irrcdieticn.

‘zre not inpressive excopt for utrcphlc chenpes in the s;d;

1.7 n level, The testis is derared at the 1.7 m-level bﬁt not 't
any othcr dcsage useds Leuke;:i“s wyre diagn el &8 sbi rliér,

ST pogs wh:.ch heve bean civen 1.7 n per Joy for 123 montd :
in .cst instances chenpes in the hemstopoetic systen, testis, and skin
: ‘These chenges are in the neture f hercrrhoge, lymphcid _hy ch.sia i
testicular dausge ond bone marrow hypoplesic zs well os degenerative
chenjes around the heir fcllicles. "Anicels. c::posed at lcw'

shicw no chanf_,es ty}.lcd o,f.‘ 1rrc.d1c.tion d age.

in th\, neutrunu expcsccl ammls than in
x=-irredicted a.nimals.
 Except fcr the cvarian chc_.ng
rats, and the pussibly szl.gmficant halr
changes in the neutron expcsed’ ders,’ ‘h' v
- changes werc qualitatively the.suue in both
x-radiztion and neutren redlated aninalsy ¢
The. frequency of 1eukc:,.1us is rclated "to t




“"int.heaogséx Bod ’
: v{x—radl,..‘blcn at 0.1, 0.5, 1.0, and 10 T per day »s:.x uzys pe’r
- serun in.,, seTun chlumdc serm le(-llfi. hotese, sorug

Although f:mal anJ.ys:Ls of ‘the wba hw nct been. m;,de, 7}
aplyears thet these coupcnents of the blced are net s:LLniﬁccntly
tltered in anincls exposcd te 622 treu.t;.‘crrts c.f x-r».v
ofOl 05, 10 anlerperday‘

. Bec‘..use cf siz :Llurlties 1n the re,g.c‘bian u.f acs Js‘h. ﬂ
“radintion and tc. cc.lllcre:.n, & non=cizlyzeble censtitutént uf'm'lné"‘

“a-study <f ccllierein wes mede in du,;s md - No”»cle P C .G
to rm.lg.tir.n duaere 'ﬂas :found., L ' L

P E, Attenpts to Deterya.ne the Presence cf
Presen’o in Blocd followine Irrcdicticn. Dr. John S, Lawrence: :mi
Cc..pt.a:.n W:.lligm Vg.lent:.nu, .

;The genergl &Jh of t.he investlgatluns here repc, ‘tad
£ ccrtein

irmdlaticn effacts,. Twenty-s:x successful er«
inents (corctid ertery to carctid urtery cnastaccsi at8) hav
" been perfermed between norcal end irrcdisted ani.x.ze.ls Cross cire
tion was estoblishod in uost inskances at scue specified 't
‘after the radisticn cf cne p;.rtner. all J.nt.erya]s p bo £2'h
ai‘ter 1rrad1at1x,n were covez'cc..., : 4 !

ccnadereu the rost critlcd. expcrn....ents cf tm £

L..one leucccyte and lymphocyte ccunts in the ncrnel anlm..l -."bt

dunng an approximetely 28 day per:.m of fcllow=up -G 'nc '
" the thesis of indircet effects peculiar to Tadiatiid, “4

. a slightly lowercd cbsclute lyunphocyte ceunt in nurmel arﬁ.mals afber

, ‘cross circulatlcn was not considersd sa.Lm,f:chnt.. In n¢ instance

thi orlbopenlc cats ‘has been a.easured dlrectly' -”Throgbopenlc =i
incapable of si nificant plefelet reg enc.r‘.tl Were Crass, circulated
via carctid to earctid snastoicses with nar 2l oot

. indepenﬂent c:chulc.t:.cn, the rate f dis:zppe

circulated platelets wes, measureq by: pericdic counts




y possl
‘anywhere frcm 1@@,000 to arcand’ AOO C’O
‘The highest ccunt cbteined fclliwed
rdged anisdls - In most instances the pla:r.e’let , ‘
the physiolcgic range of thot foun for normd. cuts by‘ the |

. £r
“the circulation cver a twc to a slightly icre pe e

Under the conditicns ¢f this experirent the entire platalet 12 ss 'muicl’

have to be replaced therefcre every tuu to five doys. The B flburcs
probc.bly apply mth:m & nIrrev lmﬁt tc the ncru.al Cc-'t,,

B The average r‘,i.e of plc.tol ut. utlllzatlfn was apprcmaately

- 2500 per cubit milliieter per- hour.. In seven of eight experiuents, the
rate of diseppearance varied frem cbout 1600 cubic rilliceters per hwr
£o a2bout 2800 per cubic millireter per thour. In the experiient

usin; 2 splenectamized ‘doncr, the Tete of dlsapp_ec..r- » aboit
double the averugb for the rest £ the '

- Attentlon is called to possible t.herp.peu'ric ‘impllcc.tlcna ‘
A these fn.nd:.ngs :.n the treatment c,f 1diopat}r1c thru.bopemc purpuras

Ga Further Stucaes on the RJGe of Utlllz:.tlcﬂ of Cross
C:chula.ted I_eucocvtes in the Leucopenlc Czet., Dr. John S. Lc.wr nC/:.
and Cc.pbgln Wllll Vulentlnc. >




* ' On the basis of 200 801 test cultures .fcr lethc.’ls 4n the J{.'--
chroroscne of the frult-gly-Drosophlla nelencgaster, of which™ o
73,901 frenm flies irradisted at 25 r, 31,560 at 50 r, 23,195 &t 150
r, and spaller nusbers zt 500 r; 1000 r, ‘2000 r, 3000r, end 4000 r, -
it has been shcwn thot the lethel Amt aticn rate is alrectly proportiuﬂ-
-8l tc the r-dcszpe even for thé lowest deseges useds We are i‘orced, .
the basis cf these findings, tc cmclude thet there is nc tolercnee duse
-of radiation belcw which :mtaticn dese nct cceur, Our data indicate®
thet a doszge, of abeut 35 r actually Jdoubles the motural lethel mta=
ticn rate in flies. Less extensive dsta on visible muteticons. seeia 1o,
show the saue relaticnship. If these findings can be shown to have
't.ra.nsfer volue tc the offect of radiation ¢n the hunan race through
.- their coorcboeraticn by expc,rir_.errts on the nouse, 2 mamal , then it be-
comes cleer thet radiaticn in desages which may be tolerated by the::
. body cf nen sy heve dire effects upen the hunon germ-plasn. In terns
. <f society and the hwian race the.risks cen cnly be stated Whm "

" statistic on the pGCCrthn of indivicduals of repreductive ape expised’

Ute low dusege redicticn is intrcduced. For the individual exposed and:
. his descermants, the risk is cbv1cusly mch Lreuter. _These facts shcmld:_
e curefully ce n31dored n.n any prcpoSed use ‘of’ a‘ibtmic énersy tn:o

=%

o Expvrlme,n'cs were cc.rripd :
" Y-chroioscaie of Drescphila under the 1nfluence uf low Losaes. of gc.mm rays
" ‘spread c¢ver @ ccnsidersble time, Flies wcre irr ddoted with radiug

. for three wecks ot a dca age f 2% . umts per ry. ‘The tctal do

sz% r. hniﬁs. g B R

TON

On thc bc..SlS c.f AB 6h8 tested X—chru.&csc“es fro irrcdiated.
“and of )2,182 tested X-chroi..osunes fron cuntrol flies, no m,g,nif:.cant
' difforence in 'the lethal mutaticn rate ‘between experizentzls and con
“ 4pcls was found. These results seen tc be different freu thouse expec=
T ted B.CCOI‘dlng_ to the wicrk of Spencer. The difference ray be. due LO7;
~differences in tecperature, in aging «f the spert, between.the nct
jfof X L.nd germa, rays, or to uiffcrences betwcen the ectivity Lf ch cm.c“




. «'!3.‘

A hmnan -Ee ) g ‘ccntalns ZL chn.msu:.es,
“Btring“ ﬁd aome Imndreds o.f genea@

So in the nucleus c.f fert:.l:.zod eg there are 148 chroncsomes all; '
gether - 24 hinds, ezch in dupllcate - and perhapsélo 000 kinds ‘of
gcnes alm egch in dupl:.cate.

Each reunpl:s.c ’r;es 1tself at or scmektz_ne befars, eac /
-Us:Lon. (In this la’c.t.er uctn.on the bonds between genes :in; the B

cporate :m = "field" of llLiited canplexity i
 differences alrealy existing in the fertilized g_g The
proba.bly :mcraases the regional ¢ifferences en 'permﬁé O

In.general differcn‘t bat‘teries 5 into
tircs, in different cells cof tissues, ond fcr varying ‘int rvals c}at«

" mined by when and ‘where the raterials fur their cperation becaie avad
o able. Some, genes perhaps renum ing.ct:.ve unta.l long: ai‘t.ar bis

Jiost, if ncfb all, genes' ore ver,y sllghtly unstable.,ﬂ J
a million aesce.mants by recuplicaticn. frau a single Lrig;ma £ene

haps cne (.T e ,f‘ew w111 have & sorewhat d.ffcr ,t structiaré»

L Once’'a Fene hes undg,rg:ne such

chanbcs struct.ure thered‘ter, except

Mrt.at:.on probably decreases the cutal yt.lc actmity «f penes.

gene 3 £roi

A dule vhc mherlts a mutant /an frcu cne’ par

"V fron the other parmt”l gy or’ myi not‘jshic.w effects <f tha mutmt




‘b. I.i' W cells & just enough ci‘ the L.—cat...lysis,' id ,
embryonic process will deviate frown its normsl co urse and Suze:

. detail of structure or functicn will become ebncrel, though not.

= necessar;ly harmful. A mta.nt of thls scrt :.s san.d tc be domin

T

;L2 ‘ Ram.atlon-mmced mtmts, llke t,he spont...neous, ,
: cessive or deminant, ks . ' :
In ma.n, the potentlclly cu.nr*ercus mutents are- the deﬁ&ﬂts 3 anl the
recessa.ves in that one pm.r f chrcmcsu.u..s whlch ueteruines sax.
A ‘bhird class cf potpntlally damerous 1nhor1t‘,bl‘. chanws can 'be ,
indiced by radiaticn: chroucscme mtaticns, A piece way be broken
off one chroi.cscme and attached tu ancther. 4 sc.ct:.on may be inverted
in situ. Chrc‘..(.scmes may exchange secticns. i

s

- Thus, :m a sperm which hc.s been expcsea te ra.ch‘.t:.cn any (66 OT 4G

of many ‘thcusands of genetic changes pay ueeur; any of the thcusands‘
“‘of penes may rmtote and chrciwswaes ey break. ond re-attach at 2ny ©
- ‘the thcusands o bonds between gem,s, . e e

S:ane m,y one ci‘ these changc,s has a very 1uw prcbability at mouarat. >
eXposure, the mjcrity of expesed: spern will nct undergc. anyfmtatim.,
" In the minority which are affc,cte& Lne gens wuil smtate in.cne: ss;:erm.f’
2 differert gene in’encther _spersm, in st:ll a third cell there will b
a chroucsme rmtatn.on, enl so rm.L

{autopsied  (
not Zbred)' ‘b::.r.‘eS, t,hen

' "Fg" litters testing fe
sx;:m.f icance f any abncrm,llties, o
’ ngrlly discc.rded 8 few .iays aft.er
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. chramosase nmtaticn
(tramnﬁt’wd to Floo o

. Sons znd daughters wi.th Scre abncrmallty (.f strnc :
daug,hters pruhcin{, definitel , fewer thm normel I‘s;;
3 K (L < 9
daughters pmducing cnly hd.;f as r.;any sms as’ mglterﬁ Aetey

h AM‘ T

hcred:.ty 3
the ';eﬁ‘ects ot r.nitm

i R
'ﬁ}f )'procedur 1nvolved 4 double 'sifting ~
"be classified s normel cr abnerpsl (with resp ct t he
in itén 3 abcve:) seccnd, these classified es abmcrmal ;:dii;o
jto deternine whether the abnwrmahty was hereditary ‘ar, nobe ”
‘wiscrirdneticn is pcssmble because the hereditary ebnormalities drdsy
d:w:.dual cc.rryln then 1 ha.lf, df its frspr" T2

Th essential results. 'a?re shcwn . : y

'arz:x frem catrel n.ales in v “Wa :

. The’next point ti the right 5hcws the preportd

ji‘xc‘ neles receivini 0.1 1/da int

he - Qose. scale vhich regresants the ave,z'

~ , hich the’ cffsp npicf0

T4 12les hc.d sen fornéds’” The rem«d.nmg, polnts re )

rmof mgl}l.es exPcsed 15 05, 1s0 £nd 10
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_ epace an ‘time hadtat.iuns, ‘nmo,n. tha untested ,,
be scme due tc dominant gene mtatd cnss Since any‘ 'rti,
is nct likely to have ceeurred more than a fow Lime

the missed mutarts shculd be amcng those ‘aberrations
" found more than a few tines alt.ogether., 'S¢ in Gre
a8 in Graph 1, the preportions ©f spern from

ifce shewing some, type of structural abncr:.ality ,thach ap" '
‘eltogether fair or fewer times awng 8
‘The. increase in proportion with increaa
effecta of the rac iat:.on at & rete ‘of abou

either. question ,
tter wcrk bn. the‘ COnSBer..tJ_.Ve assuaphic

! phila, fearly evgry
We' ey f:.rst nota.ce the pr’asenaa;‘;fg
rph&lLLlCul detcjil 1
i chc.n‘g Lo be;
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. - . [
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in red cell elements with an ;ncu.!m, l:ss;.-a vilure. Hexwtc'lcgical’

chinges are typicul of those of loble i xericiuilcon in olbor species.

Bistarine studies erc ecuiveesl wne Lipossille to i tcr; ret. .eight
cha:;;‘tes and mete;bc'l}.s:‘: varicticns cre not curpletély iunterpretod st
this tie Lub incicute & _LW._ inovel W sli;nuly grector Lien dn the
feeting wnlnel with the deveicin.ab of L negstive oSbregdh belance.
'if‘;xf:;e iy o decrease in the zucunt oi celcbilites cleayed b the xidney.
Llestropherctic palterns of the [lomue prelelns shoh & Yall i'* Lhe‘
albwrdn velues und 2 rise in Lhe Leto '_-“_f,L»uli‘n Irceidor.

Tnis paper will be cou metea in cleut on :..u cnwhg.l enths.
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Dogs w.re expesed o 1.5 1, 253 r, 40 r, and 30 T doa ;..

Thc dogs wiich recemeu AO rowg 50 r deily died in abcdu the sume tice .

as anirels receiving o sicgle lethal dese. At the 50 x level (kveruge e

M

total of 917 r received) the survival was 1€ tc 20 days. At the LOor

¢ total of )‘,-";',O r received) the-.zani-,;.ais a,e..\ in 2& tcs _32 “ -
deys. At the 25 jevel (avpn £e totzl of 9ut r rece veﬁ); the az:l,za:.
c?.:'r.ed::n 7 to Lo Qeys, {:rm the 2.5 r level (ave 288 total of 1278 r)

’ .

the survi vel time was frow 73 te 209 deys. 411 aniuals erce*-t the
ed

L5 r <¢ally ones died scute gealhs with leuce;enls, l;~:3imponia,- &nd

th ro‘.}.oc;;to eria Lypiccd of acute x-rudisticn deeth frow single lethal
dcses. A+t the 2.5 » levsl {rlus cac aninel et ‘)r} ue‘.‘ah V.48 uue to- -
the uevelorment of an z;lesilc cnewda (t.ze red .erm: l.;o ..ein

inveived). Young aninels were more suscer‘title tran vature .ihala. .

'I‘ne her~tzlepicsl findings shiied an m»viw. r—yi.x “ecr ease-
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blocd cells shoved a slow weciine ir the first zev veews wnd a “ﬁfe rapid.
full eftervoras in ail tut those arivals exposes te 2.5 r, Infthe lutter
the decline'ag;earea aliter tic wnths of ex; czure. The retiéulcc;tes |
shoved an initiel reduction followed by o relurn te nermel velues. A

fall wus neted epuin several veeks Lefore Jecsih. Clottirg ti.es iacreusod

Lediately vefore dest! . Sedimont:iion rales wore incressed inusoloteol.

!..h

(Y‘

before Lie onset of the terninel period.

Thc ulcod voluie detur;inaiicns except fer the 12.5.r'grcnpl
saowéd & decrease in the tctg- r q}ceil volﬁua. The ;laéma voluze
except the 12.5 r repained constunt. The 12.5 r aniualérshpwed no

o

change for about four :onths afier vhich the cbove descrited changes were -

noted,
- PO Jeigh chonges were si.ilar to the cecute experiments in doses
gréager then 25 r daily. In the 25 r &nd 12.5 r greups, the weight

chcnres cccurred cfter a provime tel; 6~ tc &C per cent of the ucse hud f E

bsen'accumulatCu.
Coiplete stucikes zs cutlined in the precceding repprt on the
rhysiclo;ical wnd clindcal effects of single x-ruy dcses hb*e c.rried OUu,‘,

but 2side from the tbeve cceount are not Jet Suf;lClenLl} cc.'leted for

analyals.

I& J. The acute iffects of 200 [VE X-ray Treatncrt on Chicuens,

bj Dloom, '“110; ’Wﬂﬂﬁeﬂ ot ffC”IS”“.
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Chlckens vere tre“teu uith single uoses cf nhole body

x-rediation in doses renging freo 2 r te 1XCC r. The xcaizn luth al dose

— b -
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degpcnera ion cbserved in the CnlCLCnu-

culeulated uue to uwany iuteriering factors.

Histe; othelegiowt thunges
in the 1lth ween chitken prroilelzsi Lhose re,orlée. Jor oo« reble sowurit)
itk .the excepticn of daroges to the enrvilie.sn shentr ¢slls in the chickens.

The three week chicken wuiferey wuuitionsd uuuahe o lniiture btru»turea,

bul the threshcela of cbservebie cinmere to the Llyiphotic tiooues (25 v

*eve o=y
g

v e + + . b
wes coupareble to thel romortes for Lonuils.

By arpliccticn ¢f & slight reaificstion of leyes' oethou for

periihierel blood covnting ¢f fewa, dr nitle wesieises in bloou cuaslituvernds,
pargxicling those rejorued clsenhiere lor nawhals, wore scen ;n'three weck
and five néek chic.ens tftér trectient with (L3O r and 80 r raspectivel; .
Numerous de eneraling, cells vere c"suvve in 2y 5.2:18 aadevduring phe

first we ks ofter irrscizticon, in cocntrist to the sc_oreit. of such findings
] {.

in scecrs of nancalien ticod at the same periocc. although the morwel vaiues

for leukocvtes of chicien blecd vere founc to Le seversl tines these of

pacsalizn b100u, the aiiference could weeount only in pexrt for ihe grester

, f.. acute Lethel seticn of A-rais on Cuine: tigs and Birds,
by Hagen. . i E T
acube lethal cose studies uere corried cub con guines piys and

chiﬂ{ens with the sreelal purpese of estiblishing the relotive sensitivibty

¢

of upecies. | " E : . R

The redlan iethal cese {1 5C) for puines pifs wus fouwd to be

Y

between the 150 r &nd 200 r levels fer single doses of whole boay radiztion.
This estabiishec the guines pip as & very reciction sensitive species.

.. 8igiler studies cocrrded cut on six :een chickens showed & very

vlarbe wert it“ uur‘r the first 2& hours.  The .coelin iether wose was nob

= 'II SRR
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Ther: ;v fcr nu z*cxh;i A A inst Xerrs Infvries, b S51,.en8, Presser,

L.

;L“ Sachir, e rlusn wno Jreokcon. )
i . In ¢ seireh for scue subebiness Lo uce in therc y Jor snd. o
) Froghylomde epndiot woute xeruy Injuriss, sutados Lers cmimied wbt ta o
neler of substinces uvhich necht Be offestive.  wilo Lody x~radi&uion
in upsen éﬁb'r L8 4B Lo emincle (Miiline ooy ). Forizus co. peurds
vwere injecleu tolth prpoyhyliclically zeull, bo veteridine what
’

if zaoy effect ios chicined as evicenced L, zhorges 1 the c;zculatixm
levcceeyte leved of Lhe leed,
* The fellowing cc.cunds vers tested: pentnuclectide, ascorbie

acld, ribe-nucleic &cid, crude izver exiract

~

Je.dlow bone acrror extract,
phenel compounds {ascctyl-sethyl-znine znd 2 chlore-5 hydrexy-tolugne),

Bl (British Anti-levisite) wnd oruinzr; novriial silinc, These ceopounds

were all injected into Lhe u!lﬁ&lb

‘f'\i” S :,l'bihsuzyajhacyte and heter o;b;l cournts gére i;lluﬁéé ?s ér‘éces

s to the ektenf of the injur;, trd Lhe velue of coy beﬁéficial,efféct;’

. of tha lojected substince, hone of the Lre:iments rrevented L decreass
in these blacd ccu@ﬁs zfter irreciction. Lormal su&lneklnde"ted in
sdequate guauLities peve the Lost beneticiil e.fect with a lonLer

arviv time, epd less cepression ol the clreoul Lhnr tbltv CBL& count.

.. The Ef’ect of Ape on the deiossrs’{ivit- of ;icg,~by dirkle, Auderson,
Riley, &md Curtis.

lice of aifferent ages ranging frec 1.5 to 12 ucovhs have

bean’exyosed tc £aLra Yays in an eﬁfcrt Lo zeteriine Lhe ch&nge inf

rguiosens*tiv1t; u1th aL Thc dOoe necessur* to chuae 50 pcr cunt - .
hillln" nee uﬁhﬁf&;ﬁ€4 feo *’each uie 5rou; onu sCh. 0O cbangc 1o
sensitivily wilh aze wos observed nilh either sox alihough Lhe experi-
mental error in the cese of the Liles wes rulie lnrre. Toe females vere
N, -

1

found to.be ..ore resistant thun the .ales.y

mq 7 4—-65f s R
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2\. &ﬂ’ecta of Totzl Buiy X-raviztion on £ Fre-exis.ing ln.uced Aic.ia
in Rabbits, by Jaccbscr, durks wid blooans. : ‘

N

L. The Hesycpse of anic ,4,5 with o rhencl Heourazine Inouced Anemiz;

The hecotolosicsl effents ¢

te

o

£00 r tebal Lowy m~rouistion op spnenics

proauced b prenyl hidrozine zdministroticn ters ccajared ¢ the effects

% e detei DIt R - oy P T I S .4 M * Lee g
stod el mols, -n snimals plven rhesl byarazine wnd ailowed

!

on normael unkds

;

—

te recover gnonbonecusly end on ¢ group of nlasi wilc

¥

Y tore poven COU ¢

p

alone,

’

ALilmens recelving seradiftion clere woye.cped an anecls neXdid

at 14 doys with rooover, at O3 . Iheny" hyar.iine ;rounceq shenles

N

rediebed ob or reor Lhe point of Laximel weerds wevelceped no {urther

The rhenyl hyarazine alone -

S ; ,

rcturneu to no»-m:ﬁi. scmevhat sore va, idly thin eithar of t,he LCOVE Zrou;s..

snc.diu, and ro daly returne. Wwonermid

-+

R:eucu' ceybe vilues after s hich eleveticn resursed to nermal

© N

P ‘ . ;oo . .. ., ' ' ."- O ‘. C
in two w;,s in phen;l hjdrszine Lreateq arimeis. afler .=-ray and :henyl

'marhz:.nc th» fell maxinc w;.ly in Lwo uLyS wnd returned te norual In

i

nine days, ena in centicls with Eu‘O r bhey fell senipadly o tuo deys
and recovered in 23 days.

¢. The Resronse cf aApnisela with EL dmf: Induced Anepia.

A& recencrative aneids v 's"*rod'mﬂd by the withiraual of' 10 ce. of 1l ood

by cardiac ;fuzic‘cum daily for three days. & @*:'Llaz: ‘&:Luc.;, to the zbove

%us carried cut in these anicels. )
The’i‘indings in this study are si:.ila: to the cbove ond

1nd:.c..’oe ttu,t. X-rey sSuperin csed on an ane. ic st.at.é g};es net ;:rcducei

further anesiu with scr e differences due to tue incuceu iren aei.gc.gc...cy.

The ruticulocyte counts rewmained elevateu,i‘cr a pericd ic.ger whan with

the rheryl hydrezine induccd onerias.

119827 T
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The Effiects cf teriodic Ga.ma hzy Irriiiation
sna Rablits, by Leronz, G ‘ Haate

-
Szcher, i

17X 2 iett LT e et C ey e S e % s e g L .
SABRR, (UANCL a8 AU TUloLLs vere | dvor wrlls 2xIosurcs over

-

an el ht-heur rerdcd Lo gjuwisa reys froi. reciw. needles. The .osapes

/
“ we v e r o s . P 7Y%y . e
receives vore L.tor, Lo4or; Zecr, 1.l or, and 0,12 r. Acclher Cruoup
z O T T coed AT . . .5
PEDLLVEW. DL D T gavon oL 8L ds heuri; oacsn & & chronie
e i (1 sacitiensl anliils peeeiven ahre 360 e .
oLy BRLLEUY G o I Savaive ClEL &iilll o 8§ YOLELWEN 207000 'cl.x‘:,'l.-SuJ.LS
.
T FEg L - . i
over Lhe enlire da-heur we, in uctes uf @ . o hadh <Yy deao Ty

Cenclusione which can be drain at tro yreseat stoje of col, leticn

of irhe e orizent dnclcate Lthil rolbits wre coparctivel, sonsitive to

reaiction. Guineo pips on the cther rond cre eatrenely
rapidl; developdng ¢ terndnel stile of cplostic-enenis. hw buuers
er leuke.sas vere cbser\e' Ao fulrea rigs. ! .

£ L ’ BT
1

2{‘*2(”" ‘ice arc-radio~ nsecsitlve as fhr7;s the i¢ood Jlctore is o

" cencerneu but cre ieuio-sgnsitive Lith rES§ect tcibhe ;qv cicyoent of
i’udfwr"s,'c% iraen tuLors, ena ;erh;yu’o{her,fcrms ol tunors. The-
uevelopient of Liiihcas is direc ﬁi, r.lztea to tie tolel aose received
by the animél. The dévelc;;ent ci eviriun burers 5L & balativel; ¢ld
aje depeéus en the rete L aJniListr:yiOL cf Lthe reci ticn as well es

the totel w.ount recelved. ‘.he oviries ¢f iice £re ioro reclo-sensitive

than Lhese of pulnec yifs, tut the orpesite is Lrue for Lue testis.
ALl three species, the ruibil, pfulnee pig, «nd .cuse, show

viasel, Jdiffcrent recctiers to irrcua_aiion.

11198286
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Ppé:e 1
1. preedirs Layorinents,
; -
? foge. & R 2o YA . e wmf e Tl P p WP A 4 e
U;;.L‘Zi; BT L vy T aice (Io wu.or sira. t Lasus lor ;ﬂ.;; L.:..A.‘u',,

devoloirenl of gdinont cutetions {pirticuleriy oo ctheas) anu devele;zont

¢l feaclic Chic. 88 in LIt on) werce coirrieu cut in tie crove study.

.o S ek o e .
wides of% oo roaere steriie Liver W70 r Lid Leen recelvel, Lut
. :
o Y yon & A - S - % ; " ¥ o Y
re Linea Lhear foritioit, o oop,reviictely 2o seaitis. AL 1l r oaad

.
L0 r & Jefinile reductlicn i, the siz. of the first Litters vy ncteu.
o effect wos notea 2t Ll ro uhen Lhe 4.4 r amg «.2 ¢ _Or Qo) .coupes
m&gu stuties ot Lhe JIuo r reriou, no ellecl tes neteu &5 descri.cd in
the (.0 1 ojer uuy e

Fareles recedvin. oo T over dry shovel ceilnite ste;‘ﬂl‘“ ellcaoly
were rore roncunceu ob bhe (80 r level

4

size wes noted ob S50 r (.0 r per day). aninéls

shoves reduced 1itter size zt the 550'r

~ - total dese. The D.2 1 ond lower soses were mernal st the 550 r Lotul

fo
%
2

343
e |

::lw
¢

P

The eifect of Lhe c-hour exyosure vas slightly .irc severe than
thet of the Zl-hour exyosure. Fenzics at 5.5 1 per wne hour sheled

stcxi;itg effects at the 770 r tctal dcse. 4 sinrle’experiuent'u ng,

W}@var total bcc; ;—raplot-cn in a sinple wose rrc_uveq cre iittur of
reducec sigze folleveu by ccorlate ste;ility,
: 1n the alove stucles, the feﬁﬂ‘elanigzis id notfrecover ihei}_k
fertilit; whiie the pzles reQ;Lned o rroxisctel; noraa; fuﬁcticu,f

Py .

o Lo uge effacts wore noted in these esperinests. |

N

g S o * » oS A e e D ke Pl oo gnt o e Al Sl
Af the Uline of repori, nt evidences cf any gonetic ellects

/(oé/
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Hematochlcg; studius c;rr¢eu out. o thege eniizls 5honcqlthaty

. iz the gu;aea Fip the y;ai siet CDUM». wore Lhe oSt sensilive index |
cf irrauiziion. fhﬁre wus ne chunge 1poovher cirouliling elenents

in the guinee pig entil fnsewislely before desth. In rats awi .ice

no charscleristic chan vs vere fowd im tle Lleed ~iecture,

U,  The He.olvtic Hffect of Felaticn, by Ychiortz, Tinsiey, end iz,

The arendces folicning Loth ccute @iw chrerde drrc.ditdon cr. _enorully

.

szid to be Jue ¢ tre inhililicn of eyt repessis. This is ond) a

pertial Lruth. A hewcl:tic coojonent is often the iejor ciuse of the

anemiu. This is eviccncca U, the fellowing.

-

BEilc~renzl fisiula uors shew a L;rhed increcie in tilirubin

-~
excretion folicilhy, tebal bouy 1rru¢4=t1cn. Unoyerctee ucgs show

increuse feczl urcbilincgen chu urine tilirubir excretion furloving

ig:aaiation; Seversl humens givsn’P32'showed en actual retleuloc;tesis

during the erlod of rajic henoglobin mnd red tlood ceil decreusa.

The he_oslobin {21l is tuo ropid to be nccounted for enly by inhibitien
¢ A0 b MR 4

of red cell foriatici. when the essunpticn is maae thot the esversge -

red blood celi has & rife of lU0 days, & co.plete cessction of erjthre-

poesis should result in & crop of zpproxicatel; 1 per cenlt cf the hemoylobin

deily. Actually a tic tc scven per cent fall is ncted during bic .ost
rapid period.

V. The Effect of Radizticn on Cc T«”OPFh"rln Exereticn Ly watson,
tzgeriz, and OSchuwarta.

The eifect of eAtLrna, *rra iztion piven in either single
£

. (300-2000 r) cr multizle deses, aiad ¢f internzl irrcelalicn has been

studied in scveral cozen cogs. -« consistent p&tterr of tctel porphyrin

-

excreticen has been lfcund &s follows, *

1114830
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é\.mrkéu‘d'epresslon‘of ur.irne co; ro-excrelion occurs rt-.,iu‘q . ERAPI

For “everal d"vs ce:ore qutn, no*’vvr, v lucs ribc and vncrnlig

are several hundred ;.:er cent aLov %ntrol vc.lues ‘L ! the day cf

Lo . death. |

Adequate isorer studies axle not yet aveilable to jerndt ‘q.
stateent rep:raing the pcssible rechuni s;:.. ¢f Lthe ecrly uxecline‘.
” Thé lztle increase in coyro excretlon is undcutted '-associs.t.ed wi
livér u\sfuncblch.'

W. The Eifects of Radiztion on anr Fur cfl,u, Ly bch\ arbz, ;orter
Tinsley, and wallace. = SR

§

Liver function has been studied in hm..ans b;, .means of the
urine ur Obllané,eﬂ excreticn and the serum ce,,hmln cho;csterol

i‘loculat_uon, collozuc..L gold, and th,;..ol turh;mt. t,est.s. ln anlx.uls

only the urlne urobmlinoben test hes been ioum. to ‘oe appl.lc.;ble.

.,«,_

'I’here is a .arked increzse m the urme urou.lmogen excretlon SR

k'during ‘the last sc.veral dz,s before ueanh of 4.1;.:.".8 :wu tc.tal

) bou} x—ra;) E.Luuor.iuzu proziwes u_h..,.t.e J.iver dg s:.uncticn as

( H'indicated by uhls test. The various ﬂtu.LS es‘.ec;c.ll bcr.,lllw.l

and 1ead ;roduce iiver dgsfunctlon of var; inr aegxee.

x. : /The n.{’fects of Rc.dlctim on white bmo\. Cell LeLaLohsm b,y
‘, Schv.artz, Cheney, Coher, beGruuw, Flox, Lrizek, amd ..attenberg:.

These studies vere plonned es“eciuly for “he ir‘west.ig'ationfcrf'
bhe nucle;c acias and the;r aer‘\rctlves anc aosccmted co..pounds. ‘
4.ih1§e colls ere isclated b_‘, the sq onin met,hcu. They were on:cex. O

Yﬂint.o véricus ;'rrt.,, ‘.rul ses 'Lemg r.aie on the total S&IL le, thv tri- "

golulle ;r,.g.tlcx ’ ;.hc “lbohol scu.l.le 1rc.ct1cn g.n..‘ 'che ,

Thr’se anely: ses xcre 1or hos hcrus r—hd it..; co‘..bJ.n...L:Lons,

—H«




Tauge l&‘:h;@,ﬂj

= ribose, descxyribcse wnd the uMsw; Lio spectrum

(L:éckmn). '

Yol

bata hes teen coilected in hwin, cop, ona r blits subjecis,

Certain changes heve been cbsurveu tc uate.
s prilent receiving Letel Loy x-riy ond wlco diew @ fow -

. 1
v '

conths loter of & netostouicing rerolliu tumor shivicd 2 jrolcnge.a
& i _

irerecse of severii hundres yer ceat in the “edencslic “lrijhos hite"
phosjnorus. This cnenge jreceaes the urop in vhite cloc. cell
co b,

At o prexicctely the tice thet the thite blccd count stirts to

-

.

fz211 & consistent incresse in Lhe ulircviclet ttscrylicn Zn the

tlcohol solulle frection has beern roted, Tids is greater than thit of

the : hosphorus, ritosc or descxyritose increwscs, The identity of

" the substance or sutstinccs res_oncitle for this reictive increuse

is unknovn.

Y. Radiaticn=]laguced Chanpes in Urine Ultraviclet abscrpti.n Spectira
by watterbery anu Schrartz.

Two genercl chaﬁges are séeu in the urire ultreviolet zbscrplion
spectfuxxfcilqwing subzcute c¢r chrordce irreiicticn of degs. These are:
(1) indreused sbsorption in the regions <f 235 aud 310 au, and is ue
to‘hynurcnic acid, a tryptorhane derivetive; cﬁu (2) i@creased‘
cbsorrtion &t 200 ru. due tc uric acid.

A cethed is cescribeu fer the cuantitziion of hynurenic ceid

by reans of ultra#ic}ctvsyectrc:hoLcmctr;. The Quantita;ive increase

~.

in wynruenic acid excrution is thus ..easured.
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- Page 15
The possitie sijudticince of this chencoeicn is (iscussed,
for examzle, = correleticn with ercresein, © tryricihine cerivi tive

c¢bleined frow huer urine.,

4. The bifect of Irreuisiion on the lxcretion of Allantoin end Urie

Acid by Do:s and Rabbits, by irize., Sinper, Silberbach, wnd ootinartz.
lzflininary résults incdiccte thit Lhere is L Incruese in the
uricclyte index (the retio of uric ceic tc wilintiin) indieating &
reletive inatilit, of the crinsl t¢ destrey uric scia. The ,ossibie
ivhibition of uricsse cfter zadiziion is Ledny investliicled.

Ad. Tumer lnducticn znc Cther L:te £ffects of Sinfle ucses ¢f X-ravs
on Rels anu idce, by brues and Lisco.

Aniz:ls h:ve been cc.lectea frcﬁ other perts of the.x~rLdiaLicn
Fré renoend ere being held in order tc stu., the pcssible develosment
of tuvors frim verying ancunts of 260 KVP x-rzy.. These animols
ure beinp studied pricaril:’ for tu or ‘neidence.

The exreri.enl is stili in ;rogress end results wi.l not e

aveiistle uitil iost of the wriscls heve cithor uevelcpeu Luicro or

have .ied cif. '

EB. The Etfects of Total Bed: A-rzv on the wel. rts‘of Lrrons in the

Rat, b; Sacher znd EBrues.

weirhts ond water centent of orgins wcre investigateu iz &

ey of prouing sale rits which hed received 149¢ rat a 15.82 r

per day aver:zce. The vieiyhts of the uajerit; of ihe visceral
organs were affected iess thun bedy iei, .t as a vhois, weijgits of
suscle ana fe.ur were affetted L:. Lhe sae rutio es bou, welpits,

N # ) - .
and spleen, thy.us, genads ard cnaazl fot vere reduced cut of

rerorticn to bud; weight.  Adrencl we. hts vere nernel. Jdeter cuntent

rer grac of tissue iu nuscle znd bord of irredicteu anicals was

1119833
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L.3 perr cent precter thzin in the controls. Ti;xu,s the retarditicn in
rovth is sizdiler %c thel seen Iu -“Lulclvu,VACe;i fvr Lhe relotively
. re. ber effect on érgans Kuawn ic be rogdescensitive.

Urren veiplts cne tetel bogy wel it of rets which hau i:ceiveu LY
simple ucscs ol x-ra& u; te 180 r severil antha _eevicuoly shuvea |
nc devicticn frew Lhe roerisa,

CC. The Jifects cf X~rays cn Enveowzes anu Tissue Letelclism ke Barrcn, et cl.

+

To cuuse zny effcet en enuyme systems it recu.res o very lorpe zoount

of x-radictlen. This is in cxcess of 20Lu .. bnzyme systess are not
affect.u cs are tissues beciuse of the lack of .uny sulfhyule £TOuLS
(=5H) in their structure. Radi&tionvprcduCes cxiceiions which in tu;n
act u;on the SH grouys. when an ensze centeining SH _roups is tre vd
with 100 r of Xx-re (2OOU“VF), the enzyne is inhitited. Addiéicn of -
‘glutathione, hoveVer, ccntb1n¢ng excess SH grou,s PGuCthatCB the engyue.

>An gffect (ir vitro) using irradicticn vith deses as & _¢1 as 1 r
ccn be noted. ‘ |
X-reaietion likewvise inhilits the SH rroups in protein. if the

dosage of irraciation 5s lewy the sbove inribitivn-rezctivetion
juesorencn is noted. 1f the dosé;e is large, & denaturatioh of the
protein of irreversitle nuture Is noted.

- Tissue studies show thzt doses as s.ail as 25 r will causé
changes in the respirction of l¢vcr, kiune é end intestire. OSuch tissues
show no patholojica. chenge.. Th.s effect is noted in thé intestine
in as lﬁttle as thrée hours ai£er expbsure. The tissue engy..es
cuntaining SH groups vere mcst affceted beth in vive and in vitro.
" Anirals irradisted and «illed ét varying intervalg aft;r the exposure

continued to shcw rather ..eri.cd effects in those tidBsues rich in enzyues

with SH grougps.
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siv, Hyperhc) zrine .is- & lew Hecorrhe; . & viserse Ciused iy Cveres.osure
te Jondzing haciations, vy slien, zauerson, i o.ﬂ.ccbu‘..

» characteristic he.crrhagic & scraer (_..ccu;..mes Lieuvy cx,ouﬁfe
of the er:.t,.iré tody of <eps te x-ruys, This is ¢ he:.prr'r;z_i_c udseuse
'.-;hose nature has nct Leen yrevicousi, cescr.bec. 1t is -ch:;.r\cturizcu
by a prelenged c‘lot;h,gl tiee, cno cas been chserved in ithe puince ;:;‘_,
ui.e rattit, the ra.i, Lhe oot zud Lhe gdog. It wis uise rejortec i sie
of tie survivers of tie Hircshice snd Ligeski Lol swihpo. N

This hemorrhi_ic iiscuse is uue Lo an incerecce in the cuount
ot circuia.t.ing Le, ¢rinor & ha;::-:ri::-lil:e s;ﬂ:st:r;ue.h ..'h’ilc the
cherical couposition o he;-c.ri:. is nel xnov, the activc"..rix.c:,i_ ie
A;res;:-onsible for i.he clctting abzicr;..ulit.;: tehaves lile hc“- rin toth
bioiogicsil, und cherdceily. |
| T;_Ls é.b'zcrx..al lleea;m'- cai. Lc Cunty cllﬂeq- or  revenlew ¢ the
sz..inis ratior. of Loluiaine tlue.: 4 o : S N , |

The rla.a..., prothrosbin ind fibriacen :re not ol nlflC""tlyr

"'ultered. The serus. ca.Lciur:. Ly fell tul tids c}:ux;:e“ déea not ;roduce

!
)

the hezorrhagic state .

"L’he frofound thra. boc‘ topen assceicteu with this Cisease

'ap“ears Lo rlay iittle if any role in the .,lceu‘..,g tenuency .

FF. A&ffect cf Re.dsticr on iung Tuzor lnnz.dence in CF-1 lice, bty
F. 8. liens huz. b, F. Riley, L. &, atd,letcn, B0 .av Lo Cupp.

-

Es ut .aiz_nt cext.,..u. ov. reifed stcc;c erinel s, suae g ecs.nc

.,(x.tzo;.s Lrit e‘a ne .Lc.nger -CEUBw, LIl sUMGEC .‘umlvcra ct ccrt‘.u.
\IL 50 studies, & fdir ¢ ount cf ;z'e.al...m\r .u.for..).tlc.n LS bgcc...e

>

av“lal.le on the c..rcz;.c&en..c sclicn c.f caaz.ur.a~ EELLA ra;'s on lung
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tiasuo in CF 1 ...me. ; Thc lum s m;s z.m. :

. ouy;., &nd Henshai.

., normal or lewieric animuls.

39 iji-igﬁxi;;"é-.;' |
ani:..als ha‘le been exerined. .
 The dosg:a of r:,\.'.l:ticx..'..-erc 525, 675, wmd 650.:' a:;.‘ylie.xvas

Binjle exrosurxs whern the erissls were ’o! ree nd vne=tu lf L.cnths of
e,

All‘fact,ox-s ceLuluereu (:;ge, sex, ucse, eiLc.) eSbur';ui&;l“, v
diffevence hos been f cung it tucer inciuerce, the runker cf tw.ors
per ariial, ond the size er bchr.-i;icr ef the‘ tu.crs uher Lhe irra.;.'ieted ‘

end nor-irr:dicted zzi:zls erc coungareu. For the cenditicns usea,

no sigrificant eviuence hos been ctiainec indleulirng thil the treut.ents

A

given vere carcixﬁo;enic ier lung Lissues. .
The folloving stetecents apply fer toth irradeted anu nﬁri-—
.era.dlc.t.ed aniveis: (1) luug tu ©rs begin bo g ‘:'.'eeir in GF 1.dce b '
three to four r.onths ;:f ace, {(2) the numLex' i tu: £rs .~.r ;na..y..L Gid
not'ing:x'ease after six ronths cf FYTR (,;)f while the ru..z.,er oi tu.ors
in a perticular anir:;z-.l ves &s high as eleven, thev&vc’r-_ e x’.uu.'oe:r"_ :
::t,r:nir.al was belveen cne and tvo, (4) the L,ver-te freen L..I‘ er

--al cf those thet vore tm crg 1ies ‘*ch oen t'~f &N -.xee, and

(5) tre averure ircidence of anizals with ‘xm,_ tu...crs s ;r._rrespeéi.i?e

of sex or tieatrent wes arproximitely 00 jer cL:nt.

GC. an attemt to Letect ounil smounts vf lrradiubicn injiry, vy

’

stud; of ioth noricl zrd hewvily irregieted tloo. scrud

faile to deconstrate ug evidence of & deco;iqosit.ien’ jrocuct which

causm the c.estrucuon oi’ c*ther rorzal cr ‘.knoru.:. .Leucoc;,tes in
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S0 CLTEGONY 3p Gl RV ,.»,m-'Wan;,:.s pek X Ol Grdun fn¥S

a. scaitivit, of Fission Heubroens und Cuoms Keys in Thelr acute Lethul .ction
cn idce. zZirkie, heper, Riley onu Suuploton.

B. Coiyerative scticn of Cyclotrorn liewtrons wulia X-rays.
: : 1. Letnsl action cn Lice crd Helbits. lopen.
24 Beretclogicul EBffects on hobbits., J'cobscu, cirsle wnd Hupen.
3. Stutistical Analysis of Bluga Lete.o FPecrlian,

€. actte fonparcilive Histcputhcleyr, in Zice Lue ¢ Fisglorn ieutrens wd Ganat
h&}“{, S, SZ.\iC‘Lﬁ-r .

D, hcute Conyorctive Bistcpathoicry in heliidts Dur tco X-roys wnd Fiossicn
r.euvru..,. Snider.,

Cx E. Cu puretive lethel mctien of Xeruys woa C;clovrern wwulrans on Urosophila
h{;g_’,S. u.er.J.e g yted L..l-lSu.

C¥ F. Cco.jorutive bffeclivencss and adcitivity of Fission leulrens :nd of
Ce.ne Rurys. liensicwwr, Srdwer, Rilcy, Ste;ielci wny olirasc.

Cx G. Curorctive Lite &ffects of rorioaic Boses of Fission I‘eutrcus wng of
Ga";\f._m;l H-n...:.f:?e !Cuuuyfn, Df.l ic ', .Rll&d' 5 btau.pl.uvon, Sded élr‘uiee

-G H. Cc.poritive Leicyed bffects (i Single beses of Flssiin heutiens wnd of -

e ' Gozrs Hoys. Henshevi, Suider, Rlley cnd Stepleton. :

Cx I. affects of Fust Leuticns on tie sbility of .ice to tuke Forced s.ercise.
Curtis wrnd Stepletern. ~

C% Indicsted that the work wes corriced cut ot the Clitten Lilerctories ixd
cun Le feund in thet list of ro oris. '




]

%

cx

acute Lcthal ucticnlci bia. Leubrois wn _ice. ciree, mdloy, vty leton.

Rouicuetivities ihhuCEG -t eiipilian Tissves by Siow Leutrens. (uprtis
wrd Teresi, '

nbser; ticn cnd heficction of Siuw weutros by Tissues. Curtis ~na Crexs,

Loyithologiedl Bffects of Single Duses of Siiw heutroas on Sice.

acute iHis
:i er.
leliyed Effects Lf b*ngQ Leses of Slon Levbrens.cn Lice. iiensl.e., Srdder,
r L e ’

1041c Lcses Lf Siew NVLLroLa on iicc. Hershuv, Srdcer, kiley

Indiceted Lhet the work wus curried cub Mt Lie Ciinton Lahor;tcries and
~can be feund in thet 1list of reyorts, I =




bl e s g e e

ediove 17. Chrerde oiniies vily Foel Leutrc's, O “uutxo“s 'nd Wi i

o qe T P
VS Lyt nensiiive
N P FARGLA S~ LA

>~

o 11-17 cortedins infor diicu dodexen o Suiepern o F UGH, ctte e 4,

A ] Y& . PO [ ST I
- F 1 ds . disten unee. tilie \Ia.t-c.-...LL.. .
Uslt. reangatiing Toolatlons (dven L L 51 Ly ool oI Lo Pepuiula clironie

. . s N
o D, ocijeeliv Dl e}

I

woocu, ioerl.uls vere sl Les cithowee ¢
(1) Lo dotern e tue i:tuwre o Lhe 2o ue effects (shortendn, of life, c.ici=

N o - - . - Iy - - LY - s N i T .. r <
cbicn, toer Licncbic.n, fewatticsicil ond nastiic ieal chidl g5 oll.j; (2)

&

Lie Lireshold levels of Llese lrie effects fico. erledic e osure; ard tue

(3) releidve eifectiveress ¢f olon Lenire.s, fust revircis aod - oie ri
i, rowucin;, these site eliecls.

. Cr. chronde exmesure Lo tli bojee, ohoooCerrince of ecvi; apiog of the

4 -

a

P s T vy - . . L3R N " ‘;. v
acol.oels wes nebea.  An Lnerocse i dethsude toa 1) hities cver Lhcse of eir-

ir. i, the contrel endicls wis nctew., 1he [orlcs of wrjecrwnce of Lnese

leure dos s 14.;hoLas wis b ¢ roddictel; the s..e to.e o5 the ciulrels.
..o heniteloyical chaises & ers chserve. excapt in ceuto cr heav; Geily en osure.

The retic of r {roentiens) to n (nentiv:s) Ler th~ ceute oo le ex;osure -
v AS
YL

was slicin Le ke 7 to & in fever of tle seutre... bor ;Lrt:ic ex;csuraes L
biolcriesal effectivencss ¢l the ieubron ves Ire. v. ¢ Lo i r L .es Lids

fiiure.
T..c level «f chrenic nevt.on irradiction ves shown Lo te tpprexiatel]

1.15 o oer wop with the sreoucticn ol shertun.ng ol 1ilve, L€l .8 1088 dooruisd

i

in tu or Lelucuce. (1.0 r. vor ooy of [&L.8 Fewdibiuh ) FGLUCES Coi) b CPael=

line cialy S in vhese citegcries. )

. ‘ Usiri o hi.h ivnoy tu.cr streii (sirain Aa) of Lice, & .eries f znincls
‘ . ~L £ . | ) h

verc isracicted untll-20. of the ceiircl | roup shove. the | rescnce ¢l dung

13

tw.irs. axindincticn of the irredicted aniicls shanee nc S..8rosse i the
a . .
119839 _—— 4
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t“‘of F g& Negt.;*ons aridl uux.gga Hav g m Thaiv ncut.e M§;
action on Lice. By:- R Lie alrkle, J. Ka Baper, i, F, f‘llev and

-G, E. Stavletcon.

. By exposing vorious groups of rice to greded doags, th © e edlan lethal
dose of each of the following r.oulictions was determined: (a) fzst neutrons

. fro. the pile; (b) rauistion G censisting of gewa v s contziinsted with

fast neutrens; (¢) rsdistion i, a mixture of f:st reutroas end rodistion U
The Lus0 oi‘ rs,uiat,_ion U. Theoretically, the suu oi; these twe iractions should
be‘unity if {zal reutrouns rl;:u radicetion F are rrdicbiolesicel additive. Since
the experisent devicitio: frow urity (7 pgrcén J is within the error of the

measurcients, 1ls concluded that complete additivity of the.x, vivo reddctions

has besn democetrated. 1t is assuoed thet t—hia ccz‘.clusicz; concerhing aduitiv-
ity of fasbt neutrcus anc radicticn G rey be extenved Lo nu4n1v1t cf fas
fieutrong end pure LELLE YL Se

The LUS0U of fast neutrcns, wirectl; detercined, vus ¢l n. The Lu50 of

pure gauma rays, indirectly determined froui. the experi.ental Jats, wis 812 v,
In znother expericent; rerforued leter for a different jurpese & correspotuding.

value of L0 r was obleined. o

Io B.:‘."J..Q-*QQ. v.ﬁ.'&}alfﬁ. x’ .':‘;: HC‘ﬁSh&"J'Q

an expericent on a rethod to deternine .hether . ny evivence of the

effect of penetraiing riciation can be detected und measureu in the terns of

n

fztirue using an exercise uheel zna stl...ulat.z.m cpperatus to Irev.,x.t rest.

hesm.ts of this study do not allow interpreteticn ot this time.

¢
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4

A, Grss Effects of Bete Irreuiction of hestricted Surfico of Rliits.
' Ruyer, airth, Limes

‘ B. Histe; cthoio, icil kffecta of Uete Irre.iction of Resiricleu Surfice
£ ‘ of iu.‘.:tits. 'Byz Sricer ond Ra.per , :
C. CL.., r‘ tive cute _eth.l wcliun of Tetel Surfece Dete Irrccletiui.

Riper, sirlie g Lirnues

L. Gross Effecis yrwuced Ly Lotol Surfuce Detl lrrodiction.
_ Reper wnd burnies
B. Rute <f lecover: frc. Talil Surfice Bei: Irrcaiztion.
Riper wd burnes

F. nduitivity of Externil Betu wund Gases Irroaiction
Reper, Bures ‘

G. Influence of Tctul Surfoce Lete Irmudiction on Gress letilelic
_ }"attcm of Ruts. bBy: and.pson, B;rncs '
. ,Acute ﬂlstomu: wlogicel Eifects of Sirgle Losos of Tetal Surf:.ce
Beta lrru.l» tion on icc. I s Srider iwu iwper -

- I. Chenges in leripherel Blood wfter Sir le Loses 24 mxterncl Beta' |-
R&dlutlcﬁ; By: rL,.e:r' and B‘.*nes . - o, ot

= J. Reuctione of Hucen Skin to Sirgle voses of Betw R‘.‘,s. - BRI
R wirth cnd &per L ; ‘ S e

K. Deluyed Lffects of b:mg 1le Lxgosurcs te Totol burfa ce Betu_ lrrml;tlon o

_ 4 Riper, Henshuw std Snider S B
) L. M‘rects cf Icriodic Tctul Surfuce bete Irr_u(.t,icn. S e
‘ Rz.,.er, Hen§hm. cna Spider ; o T e
K. bffects of kxterncl Irraaiction iith Let: huys cu the reriphneral
_ Blcod of Reltits. By: KReper -nd Barnes )




522

BY) long to evelo ; (2) direct weticn of Lete rays “e8 cenfired to superficialjf 

B erays failfi. FLY8 &hd grenz rugs (perticulerly the iubter) The efiects f’ ,f
on humun sn¢n ere thought tc d+ffcr cnlx *Ltle fr(¢ tdOu€ oLsched in the

C. Blz-1 Cupcrstive thhgl ificets of K vern.l bet~ lrrhdlatlcn

1nvv¢u1,gted ir @ series cf ickoritory wnincls anc¢ng i size f " 7 to

TR

» 20 U gos.  The zeiicn .ethvl wou€, biw IL,u, cf e&tgrnhl vele raJa \ertq irg*? '

Lich (4 iestricied Surfoce of

Bklz-p &ross Lifectb (Sl Cice Ci

Loy drr di.
RubthS. By: airth, Reper wi Dernes

 The éi;osureito Lete r;;sllnhQOSus (T 1600 to 56 réy to restricted
(rers of rubiit skin unu felleved fcrv;ine nenths (dves tie fLilc;iLL infern wtien,
The recctian ,wttern is oirdiler in woSes fPLL.5be tc }b,va r. huln effects
in their order of o .ebrance Yiere (l) er\tue-h, (2) Pl{leut-blcu, () egiiaticn,

(4) Loss of cuter lojer of skin throurh one of three jrecesses:  (w) siiultune—

ous °e;~rgtzon of the sujerficicl *_dbru cver uhie trected wree, (b) ury
descus ction sa (e) vet ses wawviony (5) c.nst ferncticn, (G) hegling onid
(7) regrovtn of Luir.

Lite uvleerition felleving hewling wes ctscrved ;p « few uhinels.

The suverity of the siin Tes5] Chise

S

v.ries woth the ucse tut not strictly pro-
porticril with the dose. The tire of arperrince veried with the flclicn of

Jose, oipeuring ecrsder «t high dose levels.

The Qg@;ge tc the skin ;rouuced b, Ze.ssive dcses o*.keth rh,s reseLbLeu tnbxmml.’

burns excert for (1) vericus stijcs of tete Lurns re u;reu fcur tc aeven tl‘eb
1 N

tissues only. : ‘ - — .-7 -

The effects in generzi resesble the effects of cthor *cniz;ng ruu‘gclou such

Le —
IR

]

J. R. Riper, R E. zirile, wng h. K. Eurnes. (et. u& Lo Feb. 49@6

The scute lethel Bifbcta oi totc; bu'f ce L 1=r'di tio h@ve been B

2200 rcentLen eLLJVuLPntS hJU*chl ir. vhe soislesh arioel of Lhe serics ic
3”1

frreges _ e




19,500 rop in the wurpest cnicil. | R s 5

Gawss rey surviﬁa.i stuuius with the sw.e striins -oi D L8 we nstiitea

- I50's runp.any frow 310 r. to ch r, tre sersitivii, shouinp ne corresilicu
\s'.;"uu size. ‘

s cunipirisen of the totll encry; ibscrbed ‘;n re, ¢r o5 o8 bote ruys :_r.u
flatits roys, to | rowuce ,31. nalling pive totolld Lcﬁ;'tci;-l i TLEiCS i‘c.f the
sever.l znitols of (ke series us foilous: bel, rols (ene wg Llu),. ;.Ol;
nice, 1.75; rubs, G.inp guinen 408, rech; wha rillles, v.<.

The relction betueen ilscrbed cnery) re uireu te hill Susx of the
lhdix'idu;,ls cf cucl, species «ud wni ol size iy le exjressed in the folloving |
eguctions tr=Ks vhere t8 35 tre tobcl ener; y .t.oried in Pep (iLs, o,
the veight of the enlicl uw o & cw;:st.:..r;t. :

Tie si:1l voriniicn in the cbscrvec voiues of i for the diferent cni wls

indic.tes re, Lo iiie sensitivity iffercrce.

D. Fon., DAl<=1 Gross Lifeccts of Totis surfiece Leti=Irr: uiuticn

By L or and Bernes Sune Lites
. - Totel surfuce irrcdisiice of sice, r ts enme robtits with tetu ro; results

inccr.é‘;icucus wnd chorecterist_c fross dercge. «iliiin wice il.dts of dcsage |
the 1;Ltem cf effects v;ries iitiie, r:?x:';;e the severlii afd:.::.age‘ v.-..riés
rouo‘ll;‘,' with dcte. There cre or.ly riner differerces in Lhé .recss .iz;:‘;bé “oL.servéq'
in the wifferert wrdicls. Q ’

Ti.e oubstundirg 1cutures cf the (ross resionse to bote irf;;_u.‘.at.ion, J.n
tie se.uencc in which the; orje.r wre oo folicus: izifl;;:@ti(;:x of the w; eiius g
uﬁu‘er;ﬂ:émg on the cars onu feet; closure of liie ejes ; e;»i;;ticn wna f B

s

uesyuaistion cround ihe eyes, meulh cnd zest.llsy hyzerewic cow o.elling of

esr tirs excert in ruklit; genercl e:riscticn cver body; wesuua ction over
oxtensive creus; resultiug in severe vlcercticn; hewling :nd Zirited rejrovih
of nadr. Teo late effects cre leeduentl, oiserved; lale uleerctici, invelving

anid tuicer foroeticon.

the btreckdevn cf . revicusly healec g};‘
L11agut

"

i}
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Righ ccses f externol vebe riys 3rcfguhd¢y hifestlthé welL..b of Loe

severil wuinels.
i Tre survivol tiie of s_ce is sigi.ificantly shortencd Ly doses .f beto
vr;;s 300 rep or cere. Twoe pechunls.s wre ialicoteld o5 res, cocille ier
lethel cetion ot high wnd ot Lo acee lsvelis.

B. IEXli=t Rete of hecovery frir Totil Surfice lete Irrodistici.
By: Reper, J.R. cnc Bornes, K.b- Lot., 3044 te Feb. 19en

The fecovcrb of iice Irun the efiects cf teotel surfoce irroddction with
bet: rois his Leen invesbopibed ler e ;ericd’of 16 weels fOLiCulLE o Siipie
eX; CSure,

& split acse Lﬂcnuicue u.s e lc.ed, o conditloning wese wes foisoved
ot vericus intervils b, groued lest uoses tc ueten.ine the recover; ef tne
freo the erfects of the conditicnlng expcsure.

totul uocse rEguired in twe exyosurcs te jroduce 5Us uOrLg;lto increcsec

s the lilervo: tetveern exycsures Tas ;cngthencu.v 2cLver; ;ruceedei

very r;v;u;o <t 1irst, 1. 5 tu 2 Geys wnu & uuys beling re. quEu fur heif und
>: co.plete recover; res; ectivel] s Luri L thé rericé ¢ aiys Lo 19 weols tie
recover; vzloes exceed luu. 1.€. tie c;uditicgin; wose i...crbeu o sxﬁght
Lgunity epoinst ;uditionai en, Lsure.

P, FP.on. BA12-5 Aacitivity of LduhuL Livocts f bxternei bet. ond Gunaoe
Irrcaiition. By: Rgger! B, ctu Bermes hok. et 194l tc Feb. l,go

Anclysis cf the survivel of tice forlowing widaed wcses of uxternhl
bet; urd geutie roys dencusirite tixt the ucute ;etnul effectb‘cf tle trc
rugictions are- not cu. 'Lstv¢} wd ‘1t;ve. Four scries of ex;erlherts ucre'
performeu; tie resclts cf tuc series iruicute ;ortiel wacitivity of efiects

-é%% while the ct”cr t.c series iudicute cu g -ele lL c;cngence of ceticn of
the two redlolions. , ég
\ , 2 —
N . —]
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CBX1a-9  Loter petoicilisic Byt z‘_‘M T
. This exjeri.ent wes o (tl ., t L WOl.ruine lebhsr vie Znere sed

cdhonistrotion of wiver or oiaine teule neve noedfect oo othe 1ID/56 of

rits ex, cse. tou letnel woses of roaioviwu.
heouils of tlhese ex; uri.erds _ro ne (bive.

-

Bilé=b rores Feeclr: Ly anderson

Rets when ox esea bo oohaais, | wcae f ._;.nf..:: r. _s‘(l_"jﬁau Lo 2400 T) wla
vigd withde CLE weki. O3 1/ 5 destrese wis lajecten Irbo uhe porivenool
covit, lufore ex;isure, e the wip of eojcsure caue coe Lhe ) b vy csure
with sucDioenlir, ucses Lherealter to uet.r..ie vwhelh.r ony ciZect 2

perladit Condd Lo CLOUPVCee, skl TITS 4.Cu b tihe §.02 L0 so LC vtnlluds.

LA le=2y The Lertorate cctoiclils. of tore Ey: Curels.

Tre ,urpcse of Lids o oronerdt Wwes Lo stuiy the Let beiis. of cene so L8
te betler unu.rstiia the de; cuition of viriws ez chibe o 1010, Lt i ,cusitue
L. snL est .ctlcous ot decontearination.

- The proiru cuisisteu of Lie weriristrition of Cl4 in the lori cf the
;arl,m;tc'..r.d toliow the tie distribulic. ¢ this suistince. Foulowing
tie sesindsiticn o Listeicpicdd nu reuicoubepra; ndc stue, of iie tene for
cerbonste .cxc‘m;r.;..‘e is iwue. If such asstucy is b‘;JCCCSSfU.L, u study of
v.ricis wpeuts anu their effcet cn iwue gecﬁt.taa:..ix;(.tiarx ¢ul. Le currie. out.
irebiess
+hetner iniclez substinces (r:.dic;.ctive) cLL ciuse n Zueresse . the ’

1ung tumor incidence cver on extendod jericu of ti.e.

shether cirvidc low ausupe Cil irCreese ire .ung tLCr incl.ence cver.

[

an extenueu jericd of tise.

1 198Lb




B;, s AL recn, beltes .z;,ﬁ(. En;c . R
.-hu: grouy s ui rits tere exnoseu Lo L:.t r‘\uhmx o 1ru.x 1hw ALI‘US
}lw..nes in the 4O 8 cfv;,wu, LA T 16, Wl ry; wnu ;‘guc;.eu cuz‘ciu;l,
for & U Uy :eflui tre f@l';_c‘.:.‘;:;g firnddrgs teue reten. ‘ |
1o cha.nge s obsurvea up; to the fi.,i‘th d:y ot j..hich tie o gencr';_vl .
decrecse in focd :nd witor ‘nboke clL..enest Lou curtinued Lo the 15tu
dey . after this ti.e thore wes un increcse i Lo 1. iLber ct. st bl
80 thet Ly the tiunty=fifth dey 20 tc 50. ucre witer ;-s teing sslzilatod
* Lhe oxperinonbed niills evor Lie cutbrel rotu; the f;c‘u; lovel l..crc;,ks‘:s.
up-to <5 te }(,,,, .ore tien the centrels. FPron the <500 te thie 60th doy the wutor
- intike re.sins tre suie, wnd ofior tids tie ~10} S te 'ccntrdl .Lcm.;.s |
~- The wieight lers in cll cXperinert. l unlocls. | The, icse vicd; x.ﬁ stw;dii;‘
b;.ti‘.'ec:' the 1Utl ond 25ti wy ol wh;c‘.. poirt they ctoblilive. Thé cz.;ircl‘

\.e“,_ht hes rict L\,eu reg cdred ut the VAN b eI

1n an effcrt t.o dise: ver whether bete rey Lurns cahi i@ corru..t,w Uith

. t!.eru.l bur:s, & s»rles i iec ur;x;‘cnts of heictocrit Lad s}ecnic g,r;.v;t;.

of tlco..x i L.sx.... sere toien on t. C ruts v adch hc.u received tcbel bedy srreaiction

.

mth iSUU rep of Let.u r,.,,s. Techni: pes weie selectou wude.. _ove cucurule

rcg.d;ngs .ath Sti:ll s;..c:les of iloca. Tl;e covger sulfote sethod wes used for =

measunng the s;ecifzc (rovity of Lhe ylc.s. P

r

tlo s;gnlilcgnt chenge in the hemitocrit vis rocomw, :ut spc:c‘uc ch,vztg

reé.dings were blew the noriasl raye for roty in. the, l.ct.k lgtr :.ru 'tu -A‘..ys o
.‘fter ex,,osurc. I'hese results suqr.st: (i) Lhnt the 'rle.s;..a‘ lost wue tc oo

bptu r._s Lurus 15 lost : t such o iow r;;te tha,t 'L;;e"i;lccd volu.“é re;..e_i:;s

unchungw‘ ’rut ( ) thet tre .,.cst. L.sru. ‘rotc-..s cwr.ct te r\.~l¢.c=m .ulte

.

fwt ex.u.hn t.c m.e,. the.z_r ccx‘ce‘ ‘LI‘;LJ.G.. lO!‘xm..L Since ae@.} utur ut.eu to

e n e ameg s o = S g gme ¢ G ETRRL pmeessiiogsmwmim s g




_in Vleod velvme, it noulya & jour

thit the jhysiclogicel chin_ce Lidny [luee wre Luite wiferent for the

tiio ty;es of btuins,,

VH. Bisto; . Lioloicel Studies cfs ..ice i'c*lu,.‘.ur, Sinrle Loses pxternsl
Bete Ry Trectuent. B;: Suddur, ig.or.

Studies on :ice (CFl) felloving single externcl tole roy trecicents
ef 250 wrd SKL r. ool c wu8 restricted to thise superficiei tiscues e
ienercily susceptible to ducge by irr:.uigtic.g n.cely Lhe e; ideriis, dcrz.ﬁ,
perts of the 5 leern wna testis, wnd the Lose paPro.  Lisige wis :;.cre
severe ;ftcr the ierpur dose. DLouipe to tie cells in the tusud loyer 3.8
found Ji.cost ii.;..e<.‘;g.t.k;l;)~ sfter irrcdiction with degéner;,tive si:x.s Lecuudng
rore ccnspicugus tircuphicut Lie € ind 24 hour intervils., b 15 Lo 21 uiys,

the tusci icyer broke do.n ce.paetely dn muny repicns of Lhe bady wnd Leny

ulcereticns were not hecled et 3 sonths, ln wniiels curvlvu.& u! e 3 zonuh

veriod, the epideruis conteined thicukered (rets ifin WGuhL gru t.ns t,hou‘ hu
'b; soie tc huve nalignunt tendencies. The dernu wlse showed el 1ects \:1t,h ece. L,
~ Smvesicn bty leucceytb.s, «nd ceclusion of Ulood Vcssel's. m g,ener‘..:. the eiiects

N

on tissues l.ere capircbie wit.. those of x-ruys.

K. BEA12-1€ Lel:ived Lffccts of Sinsle iLx;csures tc Lele Reyse
By: [Ruper, Luashew and Snider

Futs wnd puines jigs were given prided uoses of Letu ri;s veryiug fre.
1500 tov 15,00U rep. The euriy effects (see refert cn singie uose redicticen)
were not,ed over o ;er.wd cf wlout thiree ronths. :ul coses exce,t tie I)Uu

7 rep caused increcsed rortulily ‘Long .;tcr vie ret..;r uf Lhe wcube ,.rocg:s:—_x had

bcen cc..;.; leted.~'
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Tre recolicns cbsorvec Jfler Lids | orics nere (L) ol cele = ueses

: 7 : 3 : : I N TR O S ety
in e dews of the /UL for o s, eciug resu.t in oxbensive ¢ idotlen .ichin

teo stuihs. duch Loi.ness .oy Lo, oro neii; {2) Lelardecusis - cecurs
Liliah sevelied Lalibig. b L8 clle claaGn i Ui costrdclow surfuce expers-
Liente; (O) cbrejly = Lhe sicu Lecaies ary, locicslic Clie CTuCi.S ;uite vaii;.
Ttiz ccvers tle entire worfice in @ lee w0l iscinteu cress in riis, gaduen 1:8
Liw Tobbits; (4, kertics.s = o cbneriua rebh of sade is scen in rots
nace Of the XU Lo UGG re; reuzs; (5) lete wleercidcn = seen i oda cndacas
a}.ce;t.g_uihc;‘ PeeSe b gppecrs I re lons (risincady 05t 8OVl weee, wd
chid m;) Lecaue infeceee; (O) ¢ ccit; of e us - . ice which survive Joses ef

3ulU rep uevelo! c¢jcCities vituln L ientis oft . r ex; osure; un cccusionud uu“.l
with the .50V rep cxpesure is ciscrvew. (ecesiencl rits ueveiop ¢ oCibles .4
SUU0 re:n. Helilits ond guine:. jigs névz:r wevele; this canditicn. (7) lnuucticen

of twars is illustroted dn the iccoupanyling telic on . lce.

Tu.or Frecuency i Survivers iu wlice

080 G .cernb.. reriog ' ¢ _onth Yeried 1o wanth lerica
- . wurvivers . Tu.crs » Survivers  ~ Tw.ors . survivers . Tucrs

lae. b i
PLVRY 6
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2.7 100
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* rewns sucrifice grours
The ioc tions of tiic tu.crs cun te uiviued I.te t.oso wn the err wia those

elsenhere in the tody. The forier ey cisy; e:r Liter unce aoveio; en, flse-
where cn the skin ¢f the Lo, they ore svperiicicl, rec, wuirt-li.e or

.
o

subcutiieous in tne snmiary lines und twy or o) b be neexctic la niture.

The superficiel tu.irs cre [ir .cre rwercus Lhin the sutcrtuiccus Luuers,

| S
lrrague am R
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5 1 rX2z-2 The tffect cf lerimrf co Det. Liaievdcn.

horer, lons'oyv pu ooducr.

‘h, pgr oses of this stug; were {1) te estiilish o ”-;i;;l ,.rieuic‘
(ehrerde) uuse of tets rouioticn wlich when ci.vereda cver o iuly ;cr.}_‘cd
of Line would ]rocduce nc delezcicile elfcocus cn Lhe orgihisiig (2) Lo uetoriive
the 1didned lethel wose (1u/5C, foo enrciic tet: rioictice; (3) to cog .;re
the effecL ef bet: roys ot enetr. iing (pouns wna nuu£rgm) frrocicticng wad
(4) weterzine tie turcr incicence usder | releoigou X csure to Lol rayu.

fuis {L.c suls)ecies) weolw ex, (sCu idy Lo toti rolicvien an (Cses e
C.5 Lo Ouf rLp Ll uly Crbii wellin Biu CCCUTTew. Stilicec Corlivus woge
hufiuicw & bLhe luc:llicus fus..icn cocopt for Liie ea; osur. Lo ..x'r:;ui: ti;n.

Thc; results c¢f tids ox;erizert shet thet =t t e i é'k:est 1evee (625’re1")
tic eficcts reseiile those resuliing froi o s;.;pie .cule .cie of iete P ;8.
al tle louc lcvels there wes ..tblc e,icet of rouletic... .ith the 545 reyL ucse
t.r.e rits aies “elc_tivex,, ;ocu with sarita iiatic:.. ."iti'. 50 ro} gni:..:.ls;
1::..3 lo*.'.er t.uon the ceonlrels. o deteclille cucrge Wus noted _u Lhe u.S',ref.'
cninils. Tferiodic teti ridictico slse shctes the vaelo"»xt of & ul{L ‘rc~
_erticr cf sutevtoiecus tu ors o8 corbrested wilh the ‘;redo::.imnce cf eiitheiius
tuicrs .n Lf.e s.tgie c.c'uvt,c, WLSE . V'I‘hese cc:;‘sisted roug hly L8 Ll
c-I_'cix.u,;_s LI BITCLLLS Ol rreiivior; exwnducitiorn, ‘ |
) Tk;e fellening cercausions were drann LT Lhis sty (1} ;cfiéaic tetu
Foj €X;LSUre Pelires 4C38 T ol.es Lo _louuce tethal etiect Lhun sungle ccute
v(,ux,: cetres; (2) sin ie i} ucses of ;e‘u‘ix. r;ui;.t.:ion 1 rC.uCe ..Cre _ulked -
adedicte eifwcts vhile with u.e »ordeddce doses e lirvion uLs . cre extegzg;ve
per un-l dose wru Lhe elicts cn the foel crs g _nitiiie vere .uch ncrse; (3)

the Lcute ucse ;.rocmceu N Iy ’.rc‘cruua o e Zikesicl tue crs, '.“'.Le the -~

reriodic c.usea & jreuccincnce of subculetecus tucrss (u) cc...'..L.‘.r;.t.im eii‘ect.s,“

.\

of teta end pwra reddcbion incicete Liit hile _reuter .iLic € Lo ihe scdn is

119650 h ;
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ireaneed by bele ro S, CLipeTatic 1086 of peiic Tey8 JAsc }roduéé
dériuite iﬁthrnal GLiip@) 4Uw Chrc..ic ueses of tebe riye  roduce eniy
superficiul dumcge vhile ;emelrotlng rodiction iso ;ives «elliite nt.rned
dricue; nincis wre wlie to uithsterd .ipher wesoe of tel: recletian then

t POV o8 rtouihtioh .

'5 L. F.s.l2=l The Lffccts cf haberncs .rrocicticen ..oth bebs Rirs on tre
teri;hered LPiic. of Retlits. By: Rapor one bernes Suie Lotes

sleed stuuius . robides hich receiveu betul surfuce irrewiuiion with
Leta roys, in auses runging fro. J500 1y Lo 59, ror, reveusled nc aircet
effect on thc‘cellular corstitucitis cf ;eri;hsral'hlcod. Speredic —nere: ses

- of het rephiis bu;iun¢ng three wedw.s ofter irre.icsticr nith i.tormeddate

doces, 10,600 rey. ;ndvli,LOL rej, cuinciiea wvith irdceeticn of plecerctec sk;ﬁ.

fic eviaence ¢f itcirect effects on while tloou cel.s wis lcund nor was
there.ang ev;dencé tc sutstenticte welul.. of l.z; ccyte stinvlsoticn ty super—
fieial irrcdicticn. o

v

The luck cf sifect is cunsidered ecnsiotont ilb toe thy:ic;l irc, erties

-~ of the rauizticn und the cncbendcal leltures of Lne reitit.

11149851
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BX 12-10 Bicigpiccl sendvering, 0700 Ui i oy LCTACS,
vLrtis, bot, ala.loCh eld Lerris

1n orcer te Lusess wecur: bel;, the s oecicl hozorus Liich vere zizéuLht to
exist it Cliuten Loterziceries, wiiicis t.re ,lucea Lreend v STCULGS, Wi
in tulivings viere tiese Lizarad .ochb exest. Tirec grou s of .l roblits ecen
1ived vutdocrs tne jroup of 6 rultits ilvey o cinst the pile sr.é, e (jruzzj
‘of 30U rubolts livew L.oan ctoos, fere cuogcesen cf the unciiuted exhinsd | us
tra. tie _ile, cre greuyp of 26 rots Liveu in o litorilory rcoui Jhere i.r e
matities of [ dubtundun vere hondlew, wnd o re;ricte controd wdills were
acpt in the wrisl firmn. These wnlials were exwidneu ;criwicu;_, R iz.ca.-u..‘. iag,
blocdecwits, wiid free tloe to tine nere sucrificed _uw their tissues exu.ined
Listedle denciy for duage mng roulo-cherlculiy for tlie presence of rudiccctive
r&.tcrie.l; Their fertiiit, wies teste. L) riting the. fici tlie tc tice. T":;e
experincent vius terninctea (fter atcut 1, ;zc:,r:;\t.;_. sierificing unid eXendidng
exch aninzal. ‘

it m.s canciuded toot ncne of u:ese ax;i.;...;ls sui‘rt;fe.z iy ucyz:;-z;str;.ble‘
diemcge o8 @ resuit of their  ossitle cxjosure. .t wes rt .ossible e i‘im:
any riaicuetive . zteriel in wny of the Lidsues of these wnirils ezcapi, LhLe
f;.t.s 4iving in the ;lutciius scierctery, on@ here there wus a s;.;;;k u@t Lt
of plutﬁnium «n the sk.n ing o iitLle in the Laétrcintcst.ngl trict but jicme

in the internel crpwns zncluaing the lungs.

.
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24i=x1 B Tie betebeilo: of Shc‘m-';ix.ztmngsim drcauctse

H.C. Lonz il debe Jeres.

i Fissicn receil cpperitus hies teern-censtructed in Lich 1 s . zeter
cf vire uronlus fcil 18 sulbec.ud te renblen @} rawend in Lhe iie. Gos
reSsing, cver Lhe £oil jices up bthe fissian reccli :bes and ci.ries tue.n Lo

Cendiil exposure chonkers ond .ecsuring euul teit leccton cutsiue tie ile

4 . -~

stield. The tire tonen for ar cteo Lo g fro. the lcll e Lle wjceure chuuler

(iolu-uj tiie) varied frmi. 1.d Lo 3U cec. n o CCiI_.‘LV_iLILiZLLi~ﬂ chonler wes
aevele; ed Lo aewsure Lhe wcotiviby, Wilen verisa Irc. 17 to Goo te. ec. I
t:us Leen shiown t.h";t this pis cortedns oot cnly the nolle pos fissicn | regucts
tut «1sc cul fissicn ;rowucts ohileh npernedl; exist in the w1l stute.

Rets wng :;r.ice ex;esed e this Jes in own oy esure oh.ier sufi cr’ur:.s.;;ge -
ba.nd die, tut nc rore sc then weula Le expeclou aren the cowrnt ol ext'e;'rr.;.l
Farse rodivticn vhicli Lhe; reccived “hile ir. Lhe e coire chiler.

A srecicd spperctus .‘.aas censtrueted nich weula tizc. r.is t.’c,- ire. bLie
’t‘;}‘se g@.s withoeut recelviig er»--rti:.i rearclicie. Bets receiving =xg c;sur.ea‘:bfk
C bours per oy for 5 cansecriave deys r.;cﬁveu‘ Lurns ¢l the ...m:th ..tu Y, per
vrcs;ir.;t,or; trect. S.me of these anliels lived tut oot of Ui died,

oy rerentl; frow st orveticn teciuse of fudiure to wt.

. Letitclisc exjeriients hove shown thet ef the ot rici that Is lnhcled,

sbert <5. poes Lo the sh;:letcvn aliv 18 cxcmtég ver, situll; ulout Ep st.é;;gs :
in ihe 1ungs a,mi; is aixcreted sicwly; cieul O goeé io the iiver k;;n;i‘is‘slon:k._‘,
ehcreted; LGd The renconder s cxciebliu .Cueritely rogica . Te iichest
specific wuctivity is leurna in the Lhyfol;i.__ | L

H

a histologicel stud, of tissues of wniicls swerifliced Wb vericus tices

felloving expostre has shown Lhot tie ozt sev.re trectnoat ceos ille with
this wuperutus lLas feiled to yrounce ony uetectilie tissue urnege which coula

Le wttriluted to interncl uejosition cf roliccctlve .iloeoils.

1118853




Riudoixtoprephs siovew Lict the ictivity wis e oalited u:

‘ Tl over

ihe brunchiid e ilveclir susicces.

1t v s cuncluasu Lhet Ior siort=sdved wir=Lerie fassiun | ruoucis Lhe

© hegiXu i85 ver; aich _re Ler Ira. otorned rocioticons llon e cnberiias
ue, celred rocdoective Leberiiis. ) S

: ‘ / . R ’ -
1ragse 8 S |




" CASGCRY 131 CornbafIVE DFFRCTS F #10T LolTRUS sndi X Ch Geows 1Y,

84. Cciparative Acticn of Crclotren Leutrons znd Xersis, b, Hogen
«irkie, Jicobson, and feurlian, - ‘

1. lLethzl Action cn lice and Retbifs: The seaien lethel uose

and rewn survivael tize were CQupoEd i .ice and riibite ox; LsouL Lo
2.0 IVE x-reys and fasi neutrens pensrited by deutoron reactioln on a
berylliw. yrote, The ;ice used were CF 1 femeles weigiing 20 grovs;
the robbits vere 2 kg, weipit.

In the ..ce, a medicn iethel Jose (LU 50) was shovn to be
515 r of z—radiaticn and 55 n (tle n s use: in all orithese accounts
is thaﬁ,&;ant of icniz;tion L.essureq nith;a stinudcrd 100 Viétcreed
cherber). Thi; wu8 ceteriined over & three to tventy-dez: reriod.
Thus for the zice, the retic ¢f .-rays Lc neutrcns (x/n) is piToX=

inately 1U. No ratio is obtaincule for the survivel curve because

of the greuter sprezc in the wortality of the neutrcn-exposed anials, .

1n the rubbits, a reulan iethal uose (LD 5U) was oltained as

825 r for the x~radimticn and 145 n for the rneutrcn exposurc.  A4s in

the rice, fiost of the mortalit; occurred between the 3rs and 20th day.

The x/n ratio here is apprqximately 5.5} For the :.can survivel tire
the x/n r-tio was ceterrined at 6.4.

2. Hematolegical Lffeets: The effects on the\circu;aiing

tlocd elemehts were studied after duses of x-radiztion ranging frgm
25 r to £C0 r, and after Joses f neutroﬁ ir;adiaiion ;éngipg frcm
9n te 176 n.

The»geﬁeral\pattern of response of the blecd elewents is
qualitativel) siudlar for fust neﬁtrons ‘nd for x-rays. This hgs been

described elselhere in thié sceoount.

1119855
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'j 6tat*stlcul AI&LMSlS of Blc sk webu: Al ;ncl;éls of the

hamatologicui acta vhtuined it the aiove oxjura.sut indicoiea L
folloving ex; osurc buAA-rcdiLLiLn anvic neuirern ra.lcticn there
’wéré intervals in vhich the rea,cnse‘(reducticn) in the ci#cul#tiug 
selercphyls vas uirecls) [rojervicnes tu Lie duse wik geve @ lipewr
relationship. Analyses of thesc ;criods in which suck s ilarit;
was cbtained with beth x~ruys aru reuwtrons gfove an x/h retic of
6.3 to 1 which cc.pzres ver; favor&élj with thet cbbednes ln bhe
survivel tie stud;.' 4 less critica: ;ncl;sis cf the ‘:m;hpcgtc‘
resjunse in a sizilar way ;ives an h/n.ratio of 0.4 ¢t L.
An‘altern;te wnulylical rethod geve similar results.

BND. Acute Coiperestive Mistcpathclor, in tice Due t¢ Fissicn beulrons and
Gorrme Reys, by Srider.

Histclogicel coserveticns were rude ¢n the iollu",hc structures o
v : : b

of CF 1 nole. ond fesaie uice aftef exposﬁrc Lo 65 n, 56 n, and 117
units‘of fest seutrens. The Liyne marrcw, thymué, lymph ncde,and
spléen suffered severe dgmagé, and the;intéstihal e;itheliﬁ; ﬁas_
déczged to & iesser extent. All of‘theée LrEens uid Cprthéig;?CCCxereay
bg 30 days after the ti.o lover doses. The testis which wes also

badl; demsged, sheved a,fc% si;ns of repair after 65 ana 96 n. All.

other orgahs otserved were resistont té irredisticn by fast\ﬁeutrcnsv

at these Joses. Dana;e vies mbre severe citor the 1argcr dOSéS 'bﬁt ho‘

~

alterutIOdS were characteristic of e zose ond not of uubthwr- In

~

Sl

general, the changes vere si: dlar te those descr. bed icr x—r : dam4ge.:'

. .
A
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LnleGl ny 1V, ¥, Acube ! is—;é-«.ui’;x%f deal effects of Sinple Loses of Siow
devtrens o Liee, b Srdder

Histocicsicel observiticns were iade on the follouing struciures

of C¢ 1 femszle uice after exposurc to &0 erbituer, units of slow

1y-ph rnade, bene carrov ard thymus were orgons

'

the Lrestuent. 621 of these returned to the

- L1
newtrong., Ihb

3 geya rost brscinent tine. w0

Cunppa Weu nobes in tone, coertila ¢, skeletal inscle, }Crlyh“!\.l nerve,

ey, periereas, henrt, jung, wurenal,

)

sto.zch, Fallepian tutc, or colen. iinor casire w:s noted in the
ovary and duouenws. The tissue resgonse follouing slow neutron irraui atic,.n

iy

is siwilar to that folicwing x~ra; trezluent.
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H. Histopitholo, icocl Studies ¢n dce Folicudn S.nie Doses ¢l
Beta iay Ireatzesnd, by Sn.der oud Hepur. '

SXiertul

Studlies on .ice (chl).followiug sinrle externcl teta re;
treat._enis ¢f 2500 ana Hue roinuicite thol uc.g e wes restricted to
those tissues yenercl.; suscepiible ic um.gre Ly irreJdzticn navel;,
the vyl cruis, uernu, rerts of the spleen cnd teslis, wnu the boue
LGPrOW. Lanape V&S Lere «evere citer the Lorfsr ucsc. Duinie te tné
celis in ithe basil iayer oo found alicst iiceaiotely after irredicilcon
with degcrier: tive si;Ls bccc.ﬁ.L LeTe ccugricucus threw hcut the € and
2L hour iaterveis. At 15 end 21 doys, the basal leyer troae ddi.
completeiy in ran) re;icus of thé toay enc rany ulceriid: s were nct
hesled &t three menths. In audiels svieviving the thres-zonth perica,
the eriderr_s cuutelie. thicucnea aress and wovL.gro.ins thou bt by scie
to huve wnelignant tencencies. The derna ¢isc shewed e:iecus with ezena,
invasicn by leucoc:tes, cnd ovclusion of Llood vessels. 1n renercl,

the effects on tissues iere cogarctie

e

sitn these of X~rays.




L., The Letcbolis, of Irhidec Icohddy V5 Lrile:, scnder cnu okras. 00

\

Rudicictive icuinels: ves obtuirew frii o voriely cof ucux"ce:,., ..;..i.';x’t;hc
audaticn of i o.;is.,;iz;f:g cpent dowdrne | os wus eveiveu thlen wos Lo Lurn ...;.\e»..
with uir ang ;rx.;l.eu by rids in on exjeriient o clicicr. The :stuug were eainliieu
for 1131 cuntent. | R S
| Resulls obtained indicoted Lhet ctaut oo jercent of the anheled ivdalie ..o8
retuined ty the rits. st Lhe emd of © 30 Linute ex;csuc. Gdy 5o of u ¢ iisurbes

wount wus in the luny inuic;.t@iz;‘: soseudete chsir tien. The thyrolu cal.ined lUs

of the retuired louine ol 46 lLrs. wnd Lhe reicining $Ux w8 exercteu in Lhe vrirne.

4

The .ete cf icdine cbiorted Irw. the Iung s si:dlor Lo thel of Irpeste. lodine.

- [N

E, Tricer studies nitk Inh led 1.0 Yeur Rutheniuw, b, i. beiley, 1. wender iiw

R. abrucs.

This peper .eols jrierily with the fote of LPeser cuwntities of uirtoernc

rutaeraui Wfrer Inhalotien 1) rots.

-

1. In the cwurse of Lhe iwori it w s nmecess rp bo hive & sl ple suerntitutive

test for Ru, ard & coloriietric test wis ceveicjed :.‘zxigi'; Qei yenﬁs’ cr'1 the «lue cclior
forued with rulec.ic zcid. 1t wes jcssitle Lo uelect .a;.g of Ru with '10’ jercent
LeCUric) . |

2. i ciﬁ_er Lo exjcee wnl eds te hly vaper, o ;cz;ér;.t.or H.8 needec '.'.'.fzich‘
wonld su: ‘ 1, BuGy ot ¢ ccridnreus wnd . cre or icss wil.or site. o “ nuiker of \
oxidiziil.g upenbs Livestipoteu for tids [ur use, ctissioo —;ex-;,.;i‘i.a.i;ul;c}';;'_ 31.1.1...!.&1_'33
acid Tzs Lest -uited. |

A'3- a reugh determ.natici. Ues newe of Lhe: chaadcus tesdear, of Ru for i.ce.
By intracuraice h;;}ectiu:; .,.c..;cs _n the rag.e of 3 uyfe vere aci:tel;, t‘or.‘ic-:-,

ke Lettods ieve teen aovese; ed ler LSSy aly tissucs for r. \.'.Loa.c'pi‘veA rut..eniui.

TLe harc‘i»_‘t‘._eﬁt_;. of the 2.u jr. Ru=30 secuh syster. is ccunted. To wveid volitiidty
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w.dg deposites in the s.«:e.'.etcn in less Ll 4 }.Lur..e, wna iter i;zxu.rs the Loted

Lo it g ] e it Krn T2n

;ossea; SLL;L’tissues wre vinced, WL e CCULDCG. L;r{ef.LJSnues Lre.
suffled Lo & cerrecticn Lowe Ser 1osScn wue Lo veeobiiity.

5. Thres t;3e¢s of B ex;c.ure ".<re currici cut =— to Huly vipor, "ury RHQ13"'
ceroscl, wiw bwClsy sciutlcn. In 31 ceses the hu wos ropiudy wbscrted {r.. the
lurgs cou ropdad; excruzeé vie tie urine uu ferﬁn The “iune;'tﬁnus-tc rct;iura
coengideriba, Lirher coocuntration thes. cthor Lissues. Tie rogdd erxcrcelion,

~prexi.octbely SU percent in 30 ugzps, :inlilues the lLisurd resvuiting Irei. wbornall;

¢e ositeu hu.-

1. Ketebeiisn of IALu4eu Fisaion | roduct scroscls, by nbrecs, scibert, botts
Lohr Wrnd lbet@l- )

T.ds cuper decls with the .etubolisa in rots f cir-berne fissicn i rouucts,
Four different isctopes i.cre used, selectes fer tﬁeir -ong iifes wid L8 regre—A
sentutives of the,varicué cheadcer species cceurrdng ik fissi‘;.’ Thescfmeré
§r89 (55 Jdu;8), er¥s (65 duysl, yo1 (5& dags) wnd Serbb (295 duys). nércscls_
éf these .otericis were rrecuced by ebe.luiig & vcous sclutlons atia b, turning
dried residues in o curien ;rc. | |

Strontive differs fre.. the cther elencris ¢nVth,bbted n tnc i 58 with’mhich
it is chsorbed froc the iungs. Cver 50, left the iungs within & motter of iinutes,

and 954 1.5 gene witiin cne hour. (f tne spf¥oripinclly in the lurng, 60 percent

rodicticon acse Lo the skeieton excecued Lrut Lo tne lungs. These resuits 1&ulCateﬁ

thet iz olaticon wus as clfeclive a . euns ot @a;iniétf;tion s intruvencus lujeclion,
and thut lung cumipe ¢8 & resuit of inheletdien of or€? wouls be cf.Less i.portonce
thgn tene and bane marrow deflge. | | |

‘e cther three e.e.cnts I, o und Ce ey te grculed togetaer irscfy L8 tueg

uiffer fra. or., T.ey vere cii exlkin;ted fres. the lung _uen sore ;¢cul; then vosS¥p.
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‘. ) - . . ope .. . ¥ - -“' aals i .
Thus the tites rccuirea for 50 ;ercent sli.inllion el I’l, FWPA ER- 34 ur/5, <5 duys;
crat Celhh, 4 di s, In @11 cuses Lhe sueielin oD asgmr5¢te of e, csitien
inu eventuelly coinined 15 wnd 50 juercent of thie initicl lurg ue,csit. in no

CeSe L 5eriods Pilip-ne G O ool wy's oiu the tetil rediction cuse bo the Luie

. \
exceeu Shot to the lur, «s it ol within -4 “rs. With Sr.  oith (i ulrec eiecuents

t.e grobuldlit, of readition i, e Lo the aung .5  re.l.

. N

Yery Little wepesivicn coceurree in the coit tissues. Tne ddneys centored
- 'd
cbout 0.5 ;ercent of the Jdese with o1l tle elorentu. voncustricion i ihe iiver
’ i

wos lower thon ln the ldoe, vith cil isciees excc:t Co+bh, Tiuls e.cueit sho. e

c ver; ich initicl Iiver ge; coltdern, fub tlds vis grouneedy elidnitow se thet
Wftor 2 renthe tho idver~concerntralion fell lelkew Lhut in che .dany.

'J. BX1lo-10 - The #ffect of Coov on the Intesi.pel .bserpticn of Strenbiw, b,
hode urtis.

Lits Love beon fea .clive strciiium which wos utscrbeuk~u Ciyy s whiie Lielr
controls wele lew the swe watnt of webive stratiuc LMICchcus scluiicii. There
wEs no siynificent Hiffercnce an the w.cunt we, esiteu s the sheielon tetween bhe
tve crovns, wod 1t si cerncluwes thet if iuns cre gbécrtcd Ll Snert ;Lbb?i&;, theﬁ

will be é}_v ted Lurlrg thed

£
s e

r
-

Lo 43 LAH 2040 - accucnicticn and Lis;riLttlc. of Ho.icuetive Str Lhtlhu
Diriuvne~lont!enun, Fission sixbure ane Scdius ic uolgfxsn,
) by C. L. Frosser, .z, rervinsek, J. Arnclu, G. svihle
©oand Y. C. Tc.rk.rs. :

.

Sti.l nen~fueaiing goialish accwiuloted roddicective stro:tiun., LQP¢UL ;unth“nuu,
fission mixture elenents ana sociu ffom seiubions ;L,thch'thsykucre S I'SeG,

accurui. tion wWes rupda inleicily ond cuut¢nuec bt L rete Lreuter Lﬂun the loss of

ruaiouctiivity in the reciun Ly accuy ona ahsar;tion, Herce, the ;Ltio of the

1
L%

ceneentiction of Letive .atericl in the fisn to thot in ithe aolution_inc:c;sed
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..i‘tor fe» g yS this curcentr. ti o retic t.s tsvelly .obicen U o

| ir.jv.th tire.

rd 206 ﬁ'.e cc:.cgr.tz'e_Liou retio s Lnge; stiwent o acse wver Lhe zl‘cn,gc Zuvesti-
“eatec (UWLL fc te 1.0 c/u. |

Cileiricus iissues, SUSh & 5.6ioluk und 8CLAEs, CCU u;;.pcg iwtul 7y, vreend
of the riuie=st, entiw. i I».L.LCL rivi . the ‘..m‘,le + 48l L@L'xu.nuz.. u;.i';-. .;_..Lﬁz';:
.cf ceriu., ;,'Lt\x\'i:u.. Glaw ZaTecrdri~coluidlu. oijesria Lo be wocwauaited B8 visceris
L.ssues, <. pecicaay the inbestine, i te le are retivel, chocrbea cn ieccs orid
r1.88 ti.un vere the cincline e ribs, T.e ceupoir Llc ..ist,;.-ibutiux; ;;.rticulcr;;,‘
of bt e-su.rer.,, c. lLisersion unu ..l.dc-ctlo.. ifnaieiteu th‘,b tnc.., e-e..ext.a ere.
toket, vy Lhrougn it crardd ccomlrones wid wcre Juul.&yutﬁd L; the Llood. Hz.d.c-
sodiug. wWis yrcsem. in [recter ;rc, ortich ir Lie ¢ilis b six huurs t. Ll J-utvbr-
.Fis;:icn idxtures s}x;ﬁcd iLokivnasnce iru. (ofb coris te Lon_. ;orticz.s af the B

giils wuricge the iirst few awys. lnjectiu cajcrients indiccted .ot tixere 18

of Bal&O-LLL U .ud of fisslen zixlure. oSce :Cis.sic,n r:ixt,ure ccr. oncnts o ye:,ru;

‘t.o ’be Lu.en out. of t.lc .Gulum, either frc.“ lec.s cr .bter, ..xd re:.l, 1t‘.te\. g.;cng

‘ t.hc H.tcbtinul foids. The jelk of o(es iu riye ovirles :,cc:uk.ul_teu sCLk cCh pcr.e;:xts
of flSBiOn xl,{tul‘e tut zot atI‘CL Liug or LeTalie A R
. Young gror:iz:;, or re; uxen,tmg Loze ‘-.ccuml‘.teu xﬁcre rwlo..ctnc i tr,n‘.l Lhm

3

did older tie; c;rtzlut;e accux:.uli.ea .cne oo the Lu e—bcek\.r... L._rge 1 .,turc u.....\.-

'fish acw:.ulated rudiweviave atoricl oore slyo‘.’.'l.; tian wia s._u.... ilb}.. T..LS it
zgve b‘.cn oot reu.teu to their codciuws turncver. U:ta}.e of str\nt.iw.-:' c‘.‘;_ a.r-.d |

!

vtwe c.f fissicn xgd.ure were si.ovh ti te precter .I‘e. Lhe bUI‘I‘OﬂHuJ&L cx‘d 1...t.c.r

Vs low in carciur. (1;8} [rs) then vhe. it wes .1th ir. c‘,.x.c; i (jop;‘..). in. cl..ne

st.rox.t.iu... alst ret réea the u; to,c i r‘....u.btu t_.u.-.

M N . T

T e e TR A VO Y ST e S 1 A e S p e e

R Al Ty St e vt
- M TS TR
< L3

1 J».’ ) - & : .~;“ . A.--\ B . ' ' . " ' - ) B ‘.v, " . | ‘-‘4 vf’ ‘ "

¥ : no fecal excreticn of strotiun bub thet there wes o sneii cmount of feccu e.xcreticn__

"y




~ ;-, V_, 'h;' !!...-Fj,

ohen Lie risi wore Lra.oferecd iiw.. cCtfve te liccldve pond o bor T8, ot

s, € LimLi chiu £28Sich 1 XLUTC Tew.CoCLivity fre. ceft tissues .urirg Lne 1.rst

.

fow rorrs Lub Lier Wlo not lese tie uotor | ort £ thedr roadeectlnily oy ioster

£y

Ao, dere, The rote of 2eos of PLulesiriiloni. o peares Lo e unsitecieu

. | I
2 VN A

by tne cuiciw. centent of the witer. .

Goldfish vere uncble to descrb wny o preci.lle quuntities of @dssic vreieils

fro. sus; enuca cla) .

L. Toe Snift of strontiws? Iron Jhe .other Lo fotus ood Yous, , t binsed
und brues. . :

th

[ £

Stroutiunc? shern inlected into Jhe .ether is Lrups.itieu Lo actus b

cizcentel circusction, chd ofbor Lirth Is in, ustou i,

the suc.aaf, eofdocl i the
£ilis.

The plecentcl trinsidscicn is pre.test then inlecled lntc the mcthervin the
lust three diys of ;réen;nc;.A>The totil LLCVLE‘LLSSiE{ LCILss tie [lecentel
reckries lecwi@s propressives; less ws L e Lilorveo ictucern e iijecticn ¢l the
«ith injection Lur_ug tie lust threc aiys

strortivcf¥ ond jerterition incrooses.

of | regruncy, hwwever, the young ire bern hith o Lljher _er (Toaoves ot wooavily

thon thot notea 1. the rather. This w.cunt nover recgncu o cuncentrillion ..are
thar tuo times the 2r _roeo c.cent in the wctherds

1

ardzcls torn (ere
the strout.untthrouck

rlecentol reule.

¥

Lhii. o8ven wo)S _.ter dijectlon recelive o ger wocints of

the irgosticn of the "uctive® nilk ther {trou h the

‘

In the cuse of the ;lecont.l trausidssicn tie cctivity of tre .elus is

di.ectly :reportionl te the wose of structl &Y. amunisterca Lo the .cther. In

w6 cose of excretici, intc the . ilk oh, sigusiden ., lbe jounhg ohsiel, the nicher

do.es yiela relotivel;

1 1198b3

N

lesser a.ounts to tie c.ispricg.

N 1

e e et e ET e




U. Tie Shiit of rlubtaniv. im ;“mL t e letus s Youny, o Foirgel

na Brues.

ohet,  livtciduin-do Lhe for of the | _us ¢ . ticie io ipjecbew lilriveacu..)
.

iLnbe o _re nuabl andiicl Ul tie uot thiree uons of  re noae Lie fobis Jlsert
- N J . 4 o "

v bo v UL the yose tircwh toe [ loconto.

Fautoriw. o8 beén shown tu be :rghsi.rreu.tg Lie §I;siriLL Lhrou 4 Lhie
bldic ai. o 2le of Lie feet Lict tils Substizeo is el Jboeried in the _coire-
intestined cincl <« the :duil.

Tie wurvivel of cconors (iven Lather foolcdu. or sb.ooesilw Cocandng

vel. Lag Gune [ or welnitb ucae

[N

cf mnirls

}._.I

pregroncy is tetlcr thin the survive
rot curing yre;nincy. 1n the cuse .f the stre.tiuc®’ rizlls Luis couid be wve
Lo the rucovas of Lie dsclege U the letus. 1In the ..stonec of | atieoiu this

cerzict te tLe c¢a, lii. Licn.

) authc, ro L i Lhe sotes siow Lict tue ctrontiuwm Y is in the fuinis of
celeificelion. )

Bene tuiors teve oaﬁ:urfeu Lnoihe ci'fsfri;:réf .--.:.thcfs receiving strputiux.f“‘-’

i +t the norm.l | uficu of < deys. The Lhres!old of wosiye io relilcd Lo Lue
. specific wetz ity in the retus ot Liith rather tnoo lo the o.ult sto, e.

The retenticn ty the mew t.ri cnli 1l of:reecies lou,. 28 conbrosted with
whinicls poere tren 15 Sups of gie whl .uele S L T |
Speciil Frotlols |

Pautordur. oxive :os teen injectus irte aniiids (Lencazth skin) in ordcr to

- ) '
fellow. the cirude eifects of siow Zviend s tlseryiion cng . essicee Luw.or aevelo, =
‘u.ent.. boses of L.0U g din o single iese wers irjested subcutinseousl) in rets ena
rebbits, ‘ '
o ] .
e - | :

119804 o
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Ruthenins, by Lailey, .ender and

¥ro. Iracer Stuuics vith Irheles 1.0 Yeor
sbrams. .

This paper vesls prriperily wi

ol eirtorne ruthenlum efter irhzlztion by

- 1. In the course ¢f the worx it

the fate of tracer quantities
rats.

was necvssary tc have a

. siiple quantitalive test for hu, snd a coloriietric test was developsed
. §

which depends on the llue ciior foried with rubeanic aceid., It wis
rossible te delect 2 ng. of Lu with 10 per cent cccurac:.

2. In order to expcse anincls te Rullh vepor, & generutor was

needec vihich would supply fw(y 8t a continuous end sore or less uniform

rate, Of a nucker of oxidizing agents investigeted for this purgose, -

S potassium rermangenate in sulfuric acid was beut suited,
4
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!b L!" AT SIS SRR TS I

a. nc,ute hwict.uuc.i Ly of ln'e,c,t.c.. ansh, '
Introuuction im. Luthoas. Firkie.
Ltethis octdon, | Fllade ofid Srgdere
' - affects ¢n ..eiLht. rinkie ena d:;:,o.er.
S - wffects cii reripheril Llocd. -Jucobsor.
@ T Histegatacdepted offects. l..urra:,‘ £d Looch.

B, ascvle Rociotoxicity of Injected Fies \
elhul nclicn. anthony cnd Soyder. B : .
Hivtepotholopy. leller wang wurrey. o
Hersve.o: el bifects. Jocobsern Lid ol g,

C. ncute hedictosicity of Lo=icthl for LLUS LG Ldce..
Irtrozueticn.  Ficaie, Suyucr, T alns ong 1Tesser.
ieterulise. of ithe acitters wna Their Jc'lotAJ.LUC’Oh ALCLE (eryu 4

Fir.:le, Sryder end Ilsielesai. . e
Ruadcwuberrephie bistributic,. of Lie u..;'».i,ters. .,.urre.‘y, e avlhl:}..
lethul Action. SryGer ana Fidle. ' S

kifectas cn elght wrd Foed Irt.:..ke. ceher Lod :3-“.(‘.‘.4.-
bifects on beripherel Biitud. ocbso. . _

Histc; cticleopdcedt aficets. Luzn.;, Riocies und Heller.

» ’ 4 . 3 - <L . . ) L oA
L. aente Riuictexicity cf Injected Srv’ for Ruts, .dce dhu Rublits..
Intreunclion Letlhods, anthiny, To.pkins, lat.ror wna Fiakic.
wetebcldsic omd Crgen Listribution.. Asthory wnd Lothrop.

Letial actiun.  antheny, rothrep, Snyuer wtd Fink J_e.‘ L D
: pfiects i wel, ht. Sccher wna anthony .« e e S B
<L lienatcdo jeal Effects. Jucotsa, wnu SLoLan8e o o

fhbuUfl‘.ti.QlOé}', Rauicuutog ru his. lie;wr, hhc;e.ws S 3y Iu.ou...

y E. aerte hidicto.deit, of l‘.jcctcu Recicuctive (wre u,,nh 150»0.;8 _
o Cne Series for Ceriuve. wnd Une for Yétriwe. o TR
Lubrcducticn, ietliods. Finkie wnd swthony. ‘ Lo ,
ietibolise wnd Orgen Distributicn. F..x..v\le, mthcx.gz, L.;L TOp GhA e korris.
; Lettizl nctlon. antheny, Lutircy enu Fingleo o :
Effects un welistkt., Sucher wid anthouy. oL
Hewwtolepicil Ettects. Jecckso. e
Histor mthcloglcu uife(,ts, E,ulwutc;ra; Se  LUTTLY .
- F. Acute R:.:lotcxic:zt,y of Iz‘.jcctecz Lr=Cb73. S
Intrccuction, .ethous. Finide and anthony. L A
setebolise. wrd a.rg wn Listrivution. Finlile, m.thcn LhU . AOTTiS. o
Letlil action. Firulie, santhony wnd n. lcrris. - T )RR IR
Ef:ects en Ledy, G.eipht, m.t' cny .hd Seehoer. oo T T e
Leretilericnl Lfieels. Jucobsu: wra Siltans. . L
Lo Histgothologlecl wlfecls, miultitbe; roghis.: zu,u.\,r el '1;urce..

!




6. Kifcels of Insciulle In eobod Y"%r;ru Ciher l‘lou.E. Lrou.u Ls.-

L. thal wetion of Jriicled Helico-ceriun..’ n}.r '$ et. 91.

fn Ldsty; cthilegiced ifects of Iuh;..'mq h‘-...o-c‘.riu‘... R-.owes Lrae ﬂbrw-ﬁ -

. Histeputtorepicad bffects of Redivi ord Ur: .nim.. 18er L1 ,e'Sit,c of I:."jcct“iiv,v..ﬂ :

P. Acutc notion cf lniected brc"i on Large M:u»ols (ucua, ucbts

R Lte .ineLts of Injectu br59 cn po~s. h..u ter, brues, ‘Liscc vm o..lft. .
u

V. Lc.Le histqrethole, s wue Lc lr.A,cL.c. -)rt7 - Bice, jarrey uid Hesdere

5

bitrouwuntion; wethods Brues and Finnlo.
~tibolis. .unt,hon; Lk (xl'l nohiuser.
weisurerert of Lesipo. Foon, Svihil, (ruishouscy ume sullany.
actte letind .et :u,u. Finile tra notlon). '
Chruiie letiudl sctici, brucs wia Gruocahcuser.
bitects i eighit. antheny, wocher wnd Crrundku_t..wr‘
Hictepelhelo denl atiects. llerce. ,
Hurolodo; deal oifects. 8Sliieus wad J:.-ccb:scn.

V. . <A . S T, -G UL PR S - S s .

H., ncute ¥i e, tenl Zifects of lijecte 91 1l wilig Hodloaube rophs.
n N , B
- -

I. seoube Reddcotooledil ¢ iiceled Rewiui. ]
Libroducticrn, Letiouis. .. norris, T jkizs cna Plalde,
cotuclisk. . nerris, Lvens urna Finose.

Lelinl mctitc. oo lLorrasg, santhon; ana &vins.
bffects .. vedi JL. Orcler wrnd e Lerris
Hew.tolig icua L_»rm e Jrcoisei, Siuiw s nQ Quchil.

1.

Fis onuthereg deal wiicels. Lurryy, Leliu x., Lid lelier.

o

J. Bffects of L.cled Xet?3, ab.w 8, Ricudes tna dicilsuan
E. Houde sne Cherleci Texdeil, of V.oricus Fissicr kle.cnts lor Goudfish.
iroosser, Hieporo ind Crurchcuser. :

-
-t

”

. Lute citects of bete inittcers {Ce, Y) l.o.‘ .u.zeu ‘n u}.e ;.m‘,_. ul,I.,Hs, m,
7 R oudes, Biocm enu Lurro,y ’ , S

«

{Lk Qv\ies .

-

,I rosser, S

Puirktbr, D..lft JVCLLS f‘ uha b‘)‘u TuS,

Ceiy crative '.uc“cx‘ cf In eut.ec br“ on bpler ectiized L Z:Ori-s;.leneé'pz;ized.
2.1ce. Jueetsern end Sik.cns. o SR T

k. »btu;i‘le,s i el el thienic .Jw.u ta lsQ....lI'..L..vtuI‘c.x 15 . Jeecotson wnd Sch.rbz.

3

F. P

-

. Pe..,.tmo Aces Lifects of Lixed rissin rroaucts. Ja,ccr.-‘uon ;..nd Lai;_:,.‘a.-ns*.z,“ S

¥

. lote offects cf bméle snd R\pe ted 11- ;ect.s.(,..d f brE”p Brucs, rrmca, *
~ lisce wnd Finked. S _ S o
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- Lte bffucts of ln ec»&u Reoiw ! i.ee, Lisee m l‘inkal.

L;t.e l{istc;.ui.hcmg_;g bug to J.x.,}ecte“ .{x‘.J»LJ e anTrLy, lelisr dio ihouacs.

Y. locel aitects ¢f Ineclubiv becte moitlers Tultoced into Lhe Sille Lrues ad
Fiukel. ' R '

o, acute Tuxicit, of Firtudw. for Lice uw Rais. . R
Introducticn. Flrlle wid Sryder. - '
Letilclion, Crpon Listribttion. OSnyder cnd hisiclesid.
Lethicl nctlen. Snyder, Kisielesal wnd Finkle.
bffects on Leuy weight. Sicher ahu 2iguer.
Ver tolepicel silvets. Jocobscl, Swcher wnd Si.ccns.
Histepitheoop;, hodcivtopre hs. lcudes, votoin @ id wbITL -

na. lebtia. ocbicy of 1lrdiied lutwsdwn,  Alries el oi.

bpn., 1lite uwifccts of Flutcidua o¢ osited Lio Lthe lui..
Gress Lffecte.  wlruas wno liuss.
Hestepoticlopy; Lhclaes, bicG.ind wurriy.
He: atoig, e duccusln wnd Siiiuns..

CC. Itrsiocleoyiczl stfects cf Indec:s.eu Pl terdue o Legs,
~ C.l..uch. (bscrvetions. Peds mr wrd iy,
wxcretien znc Distritutiocn., DNussell anu [russir.
Hezetolegy . Fuinter, Juccbson ent sdwilus, ‘ -
Porghyrin und Herog .Lo. Znolebclolisn, Selsnrty ond eignral.

~ wifocts on liver Functicr. Sehw: riz, .u.eu.*' end u‘_“._ce.w-, e
bftects cn Servz lrcveins. burrdi. RO SRS S & P

" we. Late wffects of Infected Flutosdus on bice wnd fets. Brues, Frooece, Lisce
S «nd Firkle. : ‘ E i »

b, Lite Histo; ethe ;c.g;;, wue tu lnjected rivtuniu.. r.c.uer, i Cei& 3 and La.oo....
FE. lste Eftects of Injecwu flutordus or Logs. Puinter, Lrues s Llsco and b.aift..
GG, Studies cn Fluorescence of llutcr.im,. lrice ot e.l.

inl. bpectrot‘.otm..euuc stuaies cn Urine of nri ls voz;t‘.-...x.n,s I.Lrt.u.iu“..
--attenbcrL end Schwertz. : , St Y

»
t

1I. ::t.ift ¢f rlutoniuc in the Ce lciu‘.-..et..ucuz;ng hssues c.f La.;,irg PLevna.
Bloou e.nd pR rra}. -

. Histo;z.thcl\[ ¢ 1 -ficc\.s oi Plutonim I.eur Lie ba.te Sy l. jecbior.. ""R’:.o;v.ades._
i e v I:'io’lcf_'ic:..;. L.ea‘suru r.t. of }lutu..:.u.u b Lap® tc Lhe LLVLI‘. brues. }-’"ff-?"" -
§ Li. .»»L‘.Lolls‘. snd ffocts cf Ing,estw llatoni F,.“me, ouyu..r, A..s“ wiGbia
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3

absor;:ticn frow souna Sites wnd attespts ot he.ovul. rlacle, leresi i Uose.

. &ffecls of Pavtordw. co Tissve heluilalisi. Lorrcicel wie

(0. Bffects of rlutcniw. on bBrngy.e U stuo.  Liriul GL L.
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%in. Tho bifects ég fuld

dose Laza been recovered cnd «t the end cf t.o weeks, 05« of Lh‘e.tctu_ go'sea'

Aprropricte wlicwences for tle rodiouctive uec.._\, LErD fiuc.

HA

{3

. - i i -

o Poxdiatbeny S ndcrcouries of rooleuCul 0 slLau. “dy (114 nr) R LI

Lou,, welift given :mLL ArAtCLei i), L.L.. C.iact Lithin wv ;,'s. Cwithdn thoe '.

114 st ol ..¢C ..BLHLU.S L-'IN .Lc Luy J-t.c Ve eub.!....pbuu. L.'a.'l'l lUL...: ;rhi\;&éu 1. Suui.um‘“

ere (bout os effcctive os singae woscs f X-roys dn lanin Sice.

The tice excreted 430 of tue injecled scaiuw iz the firstbigy Lns 5ux in
the tir.t turee acys. 55“‘-_1;;,-1‘ injected rets excrotea the seuiwi LLTe .,-z,L.L .
Ircrewsin; the totil scuiun clloriec&i;jec:icn 3. teur b zycnt;F;onr/.f. Lex
Louse irncrcrsed the excrotion i Lie Jirsl <o havres Ly ~c,uL PRV

iu.dic.-‘,cti\ve ceviun cwlracter.a bidreg eritenvizd: 1TC 1;ces L LUl vlind,

nevtre ohil: ond if.. oCpecde in cdce tdthin O doys ofrer doses of 23 iictocuries/i

S or .are vere givoer, Lo sionificent leuco;erii wccurs Lilur o ouise OF ie nacrecuries

}‘;I‘ fi.e . . . . ‘

. N . : . " o . . Sy

L. The ictte Redictoxicil. ef 1. 'sclec [9- by intlor: , Suyder, Heiler, lurrey,
dJigobsen wnu D1inily. . - : R -

L

-

aBC ;..ice cf <0 £1.5. wvers, e wWelfiul wire (.’ivet. ir;tm_::erit.cne. -l;fdbses of
F32 pop, - d0E Jrca. ©.55 uc/u:: tc L. uc/,. . Lb.,exv ticms on t.he exuetio... re-
LenLion, di strituticrn, clinical s hu, servivel, horiid 10 .LCu.. Lhu ‘_.ut.holo icad

fincings were Lude.

The poclea excretion ¢f urine inu .eces si.cuveu thgt wuring L £ f.:.rst. ac

22p of the total uose wus excreted. sl the end cf the third de, ,)Jp of t.he tot.al

¥,

at the end cf L}'rcc dqs the s‘.e,let.»r. captuined 19 i er (,I'c.u.t of the in=

gected dese; the nver, ,.7,./gxr., the widney 7 .4;¢/Lm, the 5 1ocn .3_,,/5;,‘, the

hewrt 5.20/pn; tie lumys, O.jp/ £m; bthe stc‘;e_-ch ..-;,o/gr,;;‘ re J,m,c.zt-z,e k- w./;_;x.‘,,

the cuecuu 4.0p/gi; the lirge ntestir.

L1198710
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oryuns wnu tissues nct exXin. Liu iz«.’.Lvigum:; 35,. of Lhe wse, (.0
totul recovery cuiculcluons ire [ iveli. .

.

~ brief descri;ticn of Lhe clinieni fidlrgs is iven.

Survivel stu.ics show thot the .edlon iethor wose (L 50) for 3U uwys
is Letucer 2.1 wnd .4 ucfgn, cnd is ;-ro‘:,p‘Ll;, slizhtly less Lhun ;,.o ue/; s |
LS wnit. 18 ot her UC/iL. SUPLIVEL of LVer (¢ Cf li.c wuySe

Fothoicgicel studles of the cifect of P24 4n Lexie descs Wi Jivel.

- . . - . . . . LT ., g .
. The ncube Kadcboiicat ag acibclic Ligtritutden of soriu H4Y Lontienued 5%
in Rets oog iice.

iloe ond rots were Lifeeted Litroyeritosenll; Jith bedde acses ¢f reuvic-

boriue. sbscer, tion wes relotively rid wia exerctlon SO biueTin € LTl the

.2 NLiPS nd IoLs

first dop. Lice usuwlil, excrcted 25+~ cf the injecled ucsc ¢

3

exereted o conjiriiie weunt by 5o newrs. Tids exereilon relé n.is cu.l rJ le to

Lha.t reperted b‘ Landiltan vhic feonc in r\,ts ‘. tctq ca.wc.uc,x S gy uweys oL Lgut.
L6 of Bc‘/3 wrd zﬁp of BelLO, l'ac.rct.ioz. deciines v idly o th;.t Jtur six

'8 L.ce cxeretea U.h,. ond rets U5~ ¢f the ix-;'ectec;_qcse ;er wiy. Unorots
¢ Little ..re tiun {vice o5 .uch LetbVY uus excreted by i ;c;“ 1‘ecss. oS b Lrirc.
- Tids elsc ..br-e; roughl |

- 1 - i,
.1t;. rocusts &t Lrucer ievess.

In x.....ce sbeut 457 of the injected dose c.f bpli0 vius ue 051t.eo, in Loz.e ‘.x..x

.;k

in rcts Lmt 60/4 cf the Gose. 1n Loth ,-:-;ecies L.cs= values rep rwent rvctlc...bl,y
411 of the retuinea LuihO, ub:scr.u,ion na weciy cu. ves on soft tissues, however
B v

showi thut o8t ci the injectea L;l"o wes in spleen, liver cma uidney .u.,..eu*_te}y

fter injecticn, idiited usli indicated thid yrectica-ly none c._f the Le.l"{’

for.ed in tone b, Busbl _ecuy iuft t_.c Lene fcr scit tissues. -
. 1t con bte ccunciuvacw h. t the cJ\C;e'L.LCX'. Lhu \..J.Surltutl(.x. c.f recicto m

era the Gistribublen of reuic-lcnthonun it toxic ieveis Lre Ccl.. ;;r;;%vle tc Lhose .

Lt uracer sevels.
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| oL U0 (L SO R
The uose Of B‘..L'{)L&AJ’.‘O (:’.’:CL.S'.'.I‘EQ PoR -] DI:'LAU) rcu: red t(' ‘..i.\.l iii'Ld ."Ivcem-

.cf'iz‘}ectw.;.;ce i wne ronih wes siond tc 5 nlicrocuries DO g The uo.,;- .
re uireu Lo .2il hoif of the Injecbol ribs in SU L8 W8 LasU ol 4 ;.;.crc—'
éuriés N JEYI

The wcirht curves Irniiciie Lict Loore wes wef.uitc z-utyﬁ ‘, u“n cl ,mth
in wdeh (b <.2b Lderocuries cer ;... ono i robs b 1.96 Licrwcuries jér L..'. The
threshuld _or wei;ibt cess vies, olevt 18 ole Lidlclh.l wcsc.

Hecotelepdeod dete dnddectoa Lhib I oZce Lho Larcilesw o7 Cllce t(‘. on
hawelolin wng oo tloocu cool coul ust te tieve .0 - CTLCH ios er ., thit
l;t. 19 ;icrgccz'ies Le€r t... tle hech-L,.hils cud lynpheeytes couns doanduned ;JQ..\
il the ;.c.sé ¢f Gud LACrCCUrics ;Cr . oijcor.d Lo Le lusb?muZ WLreshoiue
Ir rats « uese of vo) . derccuries or .. decrecvea tie thitve Ce..; c.outt by .
steut 30 ;orcent & ulys «ftir In‘ectlicl. .

liistelede el resuits iu ilce .re of Lwo borta, (1) Lre ua*ce to bcft

tissues purticulurl; spacen, .csenteric ;.,n.\h nodes ord ;ym; h,uc .,.m € ;t..ed.al

tissues of i‘,strunt.c.atl..-l treet jrobebiy aue }’11..;.1'113 e .;rrw;..t.;on Irc.u.
lunthinw. ind {(2) duc qe to t.ne .2 ke . g.rxn aue Lo Axr- blgt.lon 1'r\m-ae. osiled
b;riun:. Lirege in scft tissues wis s.en icL.r hu.rs ..ft,er ~hgection wnd d Life
irn u.rrév.' Vies a.,,;.;.rent ¢t 4 heurs. luch recovery in the sat t,issucs {8 ceculTea
by 2 duys. \ |

Trie s:leen tcex cver zuch biced tom niion ws tre lone . (Prov wi8 dilbig €.
at 5 ricrocuries/zr.. the rea gUl}v Lecu.e ':;y-cra,ct.ive with ..x-'.‘t.,:‘rc- oesis and
franulecytoroesis vhiie t, 1.5 _icrcouries ;er 5_. . the HLTTON wis 1OL sev..x-el,

dey ieted ird the reu ;ulp sho.eu ny cvere ct,.a.vz.t The wees e:.se in mu‘.Ler f

- circuleting tetircrhiles i 1 1-hoc,\_ tes L.r...ue“...; the matu..c 1c_l 'u.;:.gc

mltheugh tiie .ecreise in iy roceites ot -l ;.ic;'wuri»s/t;:.-. LS L rC ox:tic;;a.ll;.

prewter.
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» 'ih‘hi'é‘sbhxld'i‘or.bm' PTG i Wiy @4 ) BUTCU t.c -.;.c Lety cez ...)‘L'nu«}.b
;1icr‘;curles per Che ok for s deon Let&:e;x; U5 u‘d G.2 ;‘.i_cnacu:-;cs .or .. The
d:,f.;.{;c to Line oriiw wias jre btect Za Lhe joti oyeds ohe wuHiFrs, he she. Lt
irrcaicticn here wis suic tan tines that iz \.«51‘..." o s, The wii.ge -x Lihe sLut
in the idch which recuived 5 wicreouries  cr ;. wi8 €. - iriae witi Lt .uc do
50U r ol Lin die cse xeruy. Tils corresionucnce is u.;l- ;.( tic corres, ;.x:Acx.ce
cf Le :iu;cu:;..;. GOBC LU L oLoCreCuries LT pas Gl lP@a wabh el re ol Qot..*
Low, 1o .litiae.. : : -

The ilowest .wses ot '..'r;ic;. histile dc.a danige vios &etecteu 1. dive .cre
1.5 iierccuries yer i fer narrew aud G.5 nlcrccuries | er (. ter s;lcecn. The
lewest .cse ot which o decreuse in Lie count of Clraniliong ..iiittc LaCOu Cuil$
viL8 wetoected iﬂ Lace w.s L.Y sdcreccuries _er gil. LG o rote oi" C.. .Agrccuries
‘jer [N The thrresucld for Jthel eiicn (in 3 rcuths) wes cient o3 ;icrccuriés
rer pe. inudce wne for nel;:t 1oss <.« Lderecurics ;er il

2

The Lf.;ect of Bc:u‘(-‘l-c.:‘-z‘U on_the Merctole c.l Censbituerts of the Fori heral
Bicod of lLice cnd Kots, b; Jucobscr. '

-

.2 sigre curws/t, of Bo24V LaldU cyiiristored imtroperitonesll; to wice

.

Froduced ondy a cuestion:lly sigrificint Lecrewse in the ;orijheral blecd elesents.
»'dose of 1.9 uicrocuries/gn rreduesnc in the .scucceytes, i, ;hocytes wnd neterc—

fhils & si;rnificunt und repld reducticn sust.ined for :ppremi.stcl;, 06 wels.

a

Repdd reuuction wnd .ezth ‘.'.itlzlz: 15 j:.ys feosenlng :.cz..;.;iﬁt’r;z,ich of 17 :dero=

curies «r .;r‘.s:.. wo clienges .n ivhe c.r";.rru,‘,t,e crd - .wLJ..‘ Vedues .ure nobed.
in rc.t.s -3 tw..‘ c.rur} wuiession i the ‘euuc‘.)tea Ll l « hec; tes .tulo -

icg the -ntr_z eritcinecl s.dx..mistrutmn of L3 r_'Lcrz.c,umes rer. n..... l-o bffeut

on er'.tkrcc. 1-t.e cr .;e;.ouobix: veiues W3 note:i. l e re uu.ts 10“ucna b LZS .

...).crocuues/g:. in ruts v ‘ere mt«.r..e,......t.e Lﬂt. een Lie efi‘wt.s cf el mu 1.9

Locrocuries/g ic iice.
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ce ilid feiiits, o,

n.nthu, N TL. dadlB,y LiVi I, Elng EN

u}:.s;~ e pice of du v CHy DLEL GEOLNLE) s ebe o3 e b LS Wi wudfl
PLLLILS of loUUmciol (.8 hiePe |, Vit oLBDejerils fei o iy =B dlows TUhpild, Ire.
Veah Lo <UL Zeorcecurn cs LB Toine |

kxeretion slucics inuicorer Lot the wice shaued oo Cver. o4 cacrevicn
Sha ol the uose, iU~ in the . irst o nours; <6. b & hours wrd 45-5Ua b 7 wigs.
bo difference L the size of the deoe (nu rite o excrebach 38 ucbeu. huts
suoweu Ln excretion of 3¢ of the wose in Lhe first fer veeus; 0~ &b 6 hours,
Ive &b 24 hours wnd D0, oU 7 aeys. In o Gdoiteruntiil tetieen vho rotio of
urinery tc fecul excretion the rolic ot iirst is  uite v;xi;L;c il Lt the §n¢
of thé first weex ujprocches « 1/l reletioensiii; . In reilits ke tetod cacroticn
tetveen 70 ond €04 in the . irst tiree wcels. Fecui encretlin decrecues to low
Jevels ot the end «f iv da;s ti.e. & c\ayaratlfe study <f 1. Lhree s;ecies
1nulc“tes th:t tle ruktlt, icuse ww ret ex-:»Le Sptd ;ﬁ uecregs-nb cruer cf
butcta; arount with the rcbtit exercting tuice thet of the rot. ExcrcLion is
al;ost co;;lete in. 10-1% diys iz w1l syecies. ln uhe next $U u;ds onx; gbcut
10s of thre in'ccled cce is excréted; " |

Retenticn studies indicote ihot oft:r Liuree weeiis wice lebLiL'LLLQtygﬁﬁ-
¢f the irjected a;cuntj’raté, S5¢ra ehia Pelilits i |

vistrilbutico studies irndcecte thot tie soft tisuueé';ése tre Sra? very
repivly sc thet ot the cnd of the first 3 auys -ess thun C.ia of Lhe iz ected
dese/gr of tissue can te ~€z8urcd. Bone cuntiins w1l of tie recinihp ;mcuntf‘
The ferur kac the i host corcentriticn [or (Tei. » |

Toexicity stuuics show Lh.t doses sicve LU nicrccurieé/tm‘cause 10p
hcrt;iity in &il species in less than 2 wcens. LL/5u studiéé {er £he 30 duy

;ericd for the idce = 7 t¢ ¢ .icrmecuries/n; icr tre reb less tuwn 5 iicrccuries

iagTy R




pc‘r“gx... J:u for the 'r:.:.bi it, .ess Lhwn 5 sder.curles er g_‘rc,’ n,t,t;:,c ’}.')u'"uq,
rerica tic wlce e ret show o Lo foiu weerciue oo thc ‘re..,L.ireu wUBL e h.ile
tiic ribbit snows cildy ¢ b wecreise. |

» brief cliric:l ueseri ticn of the 5 Zpses of Sre7 toaicity ivr uz.;:*/.,ls _

is piven. Gross retheicgicdl exe dretlon shevs o decrecss in o). hetle eluzcnts o

WA Lo Zuriicd ovidence ©f nCiorrin, 2C Lenoenni.

ei ht loss o jaront Lo owndools showioy ne cther sipn of toxicit, . Tils

2

wes re. ted in stie ertent Lo Jocrense in foca eonsu, §Licus

The Hepivelerdeod eavects of woberr 1 iy boropteriils s dristore, Strenuip &7
in Lwgeds, by Silsons Ll JoecbSon.

Hewitedo icad stucies o Lie (eripner.l bloow of ratilts, r ts ~ad dce
(ft.r the Litreperitenecl or stuwch tule «.LL‘;‘I..“‘LI‘.LL;;I;) f 5r€% in doses of
fraw 0.015 to 1i.5 ue/y for vorying pericis v . 37 ure re; Cme;ﬁ sbeve.
wabi. the techrnicues e..;:iq;;e\. i this expoericcdl & reanciicn in the interc-
fhil vilues wus Lie x,cst sensitive lruleuter of wcule ::u... subacntc_ ei’feéts.‘
wocderite but. significent recuct.ion in hetlre; n1l vilues icuiciea the 1rtr\.
,erlt.c‘.eul injecticn of L.UGE uc/b in B¢ mele iice; nc effect f..'.:s a, rirut -xter

tre sdudristrition of G.015 ue/g vy Lie su.e rcute in ¢ siruins. x‘ru;,ressivc.uy

iore signiricunt ami ststeitied rewuction in heterc hil wnd 4y hOtyte vs.xues
followed hLigher voses. kLo w: ea.L, in LJ.L(.: ceeurrec 1ith dcoes of 0,034 uc/g wnd

below tut .cdercte wnu sustrined cnemius were oporert with doses of o roximt.ely"
2.0 uc/g;.
The m.ux il dosc exexm-xg uo.eun wetectlitie reduc stion .m hetc.ro‘_k.li v-.Lues

in rits vics Lctr:een c.,.z ux.d C..5 uc/; ; do;ses Ltove this prou.ucing % ;.A.rog_ressivel;,'

sore severc heterc: hil gejresslcn wru ol .,'!;c.;.eui-c.. Intre;eritonecl wandini_oritien

~

of tre isctc ¢ wis &ne in “.t,s ic.r Sl brlucn ;.ith the 1L route; ahidantroperitonedd

-y
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ucse of L.v ve/; wus requires to .reauce & rewucticn of heterc ill volucs of

‘ue_r..:.flc Lee in the mliit,

E. agute o ololexdeity of lnjecte. fucioccrive .ure sirti lselc ws, b lasde,
" slithicny, LobhrPor, .. worris, Scchor, JoCllsis il . Urral,.

1. acute iw.dctonicity of Coriucddd

Ceriundbb (70 uiy Loli sife) s. s candnisterwa Ziire.encusly inte
Sprisue Lavley roto onotne follainge .est;es: -';.-','j,- 5, 7, taald LU L.c/,‘ . Tie
“totaa exeretici, rolantion, ddotriiuticrn, elitle:l cirnges “-urv1v~l t.ii..es
ere oludien :t Lle vioricus uesey. levels.
Tebod ‘e).crut.ic:: sbuldes oicie. Lhat i Luc ga,,_e of 1 ue/.t ioUe of Lie
injectes ucoe vis c.ereted ot e & heur [ ericd, 13. b tie W hr. reorica, G
’:.t six tec.s J3n. dn the 10 ue uCsi.i €y 1.7 '.;;-;.s exc...tew &b Lne & kr. | crdog,

Yr ol thie VU Lr. Ferdcg cnd ol sin solks 33. wLs exciebeu.

L1ad

Tne crinory ex-f }

cretion is o strod; .t sine funcuice sdth o wonriera trenc, 'T..e leCu.L excrebicz‘

rcse to LaXdiug crounts ot 168 Lours ot ajich ti.e it ‘.us T ,,ruc.;.u.t,cly 5 .,.L.‘eS‘

.

the uriner; clllﬁo
Stuuies o rotemidon inade.te Lhet ot bhe 6=7 ii, perica Yue of t.t;e,‘doae
rewcines in the widpid; et 3 echs, SUe. remuined; wrd st v ALy 8y Héms Tk;e qisLi';?
tution of Lhe eciu:ent srcvel Lict the liver 14 c’ reios e .m diied tne ch.r Lue cunts.
The dver ot 7 d.ys cuitiired ¢Cu of the uose; it 3 '.‘;cc;'_:, <&y i b /0 d‘._‘,a,
.S;J. slie cereess contilged <5, ot 3 \'-.'ecks risiig te 45, 1. 90 wuys. The L jor
;orticn of tlis wound w8 ia bone. W | B
# brief cliricii deseri: Licn cf the telovicr of ‘;I"g-‘.:ii..;_ls Lo .;et.m.l coses
~of ceriunsbb is ;ive:.

N

ourvivel studles sicw it t“e elen -etz.-;. use (iv bu) fer 30 “;s is

o

letieen 5 cnu : we/i... Fur .L‘U aLy8, it is teb.co & Lk juc/,;.;. Tne sn.z'v...v..l
tive is directly zro;‘crtir.’ml ¢ Lhe ulscge received,

«ei . ht stuuies wre Low i: _re ;‘»r.‘tic'?xf’//
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41, .cute Rzuiotexicit, of Ytbriuil-

Youriu s (57 o185 wls bl ebeiCu AT VO Loa -TC O YL Ue

bueder U6 Qn L'm ic;lo:.:'.z.;_ UBLLELE = 1y O3 5 ',' s ik b uc/;,...‘ T toh;i

.cr:.t.u_n, retez.t;.«..., aisirivutics, slisace. ch .Lcs .IL.‘ .,urv..xu; [SRCE IR

studied .t Lie virlous ws., e levels.

Yocbea exeretion SUUdics :;..o;.c.. Lhel 2.0 4 w8 ..j"‘,,. c}. ulie L;;aéte; v‘.mae
wes uxercten, wic at e wiuys, <0 te &l o the injectec ‘ucse. i‘ﬁe eygreiior‘ V.8
uirectly |rg¢ eriicnul Lo t.c ovesile iver.. The urine corv.liiew ‘&U,a_'cf vhe xj,ct:zl
excretics. (b the & u’; .ericc. st Lhe Ytk .Y, LHE Leces Lia Pavei uC 5.,, oI the

Lotaa. . ' | |

| hetertion stucies (CO-90 Gips) shotou thh GO ol e tov d 5 relilngd

b, ile ug;}.z_als- watl ~5;,.' it the cireess, .l. in ihe viéce;;‘ ol Eab in the ileLair,

fet.l recover \'.':..Lui::s werc 7. c¢f tie i:;,}eéteu wCikia \ - o

{:g | Listritv utlcn st?.xqics sho:j:cd tha{& the wiver euubiiica ve i Li.el ;V-;.ses .
B laers c.0a; (esuromlibosiotod Lriet 2.0y Tewur, ei3 Boory , Syleen LG itig S,
. IR R : N

S 188 trou 1. ci teo peoe. T I

.. Lrief uesr.m; t«.u.t. of Lhe clindies. cliects o wr.. ...71 'is",_‘iv‘er-.“.;"*"

: .';igr\iw;i stuues_ sncuen Lhet the  eal.n T bl f_ 5@ (;.b ,.,) ior _,O qﬁss

| s é;c‘iz.geﬁ. 1. 3 owefia. the wul.ls r;..,en-..; i l,-/u.. ...Leu iyt €.u »c d,.- o
a‘.;‘..,at wfier he L0SC S 1. ecteu, ' A LT

.' o R Wity stp‘;li,s a}m:c-_;"i};:,t‘,(:he lo.esi '.,cgc‘ (1 ve /o) uo:ressew ,ru‘ui.w

' t.ese r.ts. o | _ : o -

b :"l'he l.cut;e hi uictc;;i;;'it:. ol i ecter eirccs zv‘..n..“-u Liiue?d, u ’U?iiu:iive‘;" Jgi“tiz;;rx; s L

L e Lorri.;-, S;_c'r.cr, J;‘cc;.sb.-., SiniLns, hc-,-;er_ _na . lcrae, W

’ CooThe &.L- or. this ex;eri.ert is Leo i::/::;::‘"_.lcte Le _,cz: iv ,1.14;, ...3;;' "

t.;...s. u*e “rejosei is solier tc t:,kt. use. it ur.c PCTESRERAEE .,‘; ‘_Lhe} is;u' ¥

elicees oI lrterncl I‘I‘...\.,.,Li(.. e lin ~6‘J‘»xt ru_\ . \,1 c.uu:eg. sur st.L.u.es.
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G, & H, The bffects of Irsclutlc Im 91 _ae (ther Fis.icp irca wucts,

b, Brues, Finnlc, aAnthoay, (vum.muucx', L oo, 9vihle, Socher, Juc.c.cvsox,.
-').L‘.utnb ChJ 1igl'Ce. '

liets verce fed ;ft-brluf.f‘l in single Jdoses roig L iric 1 ,,c,'ﬁ' Le ol TOA=-
iatel, W ve/er.. The :edion lethel ucse (30 wiys ) !cf Lhe ia.(;;gstc; :,‘:."uriu...‘*
wes fournd to ve 25 uc/ii.. Declh wis cuuse. by litesldnot Llechi:;;:.ﬂ L&.‘;u..*k:a,biurg
of survivi.g «ni.:ois shooed ro.s which soa reselves L 10 te U oue/in Lui ;iz.g,le
sose viotinued to sesencirale latesiinul lesiins b 200 Zoy8 ona LOTe.
striwYd €ildy in o chreide feuolne exiericent.

Kubs were clse [dven

£%

The s ;o5 usew ~ere up Lo & e/ for o ihrec .anth [ ericu ohd U, LO L ve/ i

“ior & six merth poried. burinp Uhe iesdisg joricae ihe ligchest sevels i, teth

.

the Lkree .nc six conth eaperl cios sicweua o 81ii:t retird.ticn in proubh und e
-~

yepliegardic,. ot tie enc of the ree\up cf the ytirius 91 the srincls clirically

reccvereu. Twe hundred s efter vhe initici feeding scoe of the wiliids &t the

pighest ieveis aled ‘.x;u shawea sabesbii.cl iesicns b autc s, »0 tunors have been

- proven :dstoic icedly. st vhe grosent tine w.ly filrosis wua v.X)ly grudes of

irnbvestinel custructiorn. ¢ n Le reicted Lo t.he. urcpu._ent.

Culeculutices liive been cttonpted te detik: surute the- uos%e of r: n.i;_tzc.n .

91

received b; the iutestin:d cnnul frou btoth cocule tnu chz-uac FiLiriue ex;..csure’.

(- 3

In chrorde redicticn the cose is o proxilictely Sw of the wcube bec.use f the

ue;,ressicn ¢l intestisn:l ..Jct..x.‘lty t:t the zcute ex., ¢sure in kigh ccn c.ex.Lr‘_ucx..

“ane nijhest c;.rc.xic wose is i/ivth of vhs ucuLc .chm.l dcse. with the 50w re~.

ducticn .ue teo lrere.sed bouel metilit, the zetuzl exzesure Lo Loti Iiy ulidge
is cpprexinately 1/20tk cf tiie ucube dcse. lIn « seruribe experi.ent it wus
deter z:..med thet to sepress _ntestindl notisity Le the scie ue ree «s ncted oitor

ceute hipn ccncentroticns of 191 resuires o sresdmitely Bl v of X=~Touictliu.

' (ar.Ou K¥i).

-

‘The totel u'.wnt the 3ttr1um9l ...bsorb 4 from the cu'c. Viu$ ueterr.l neu us

104 to 10=5. of the wdniiistercd dosc.

-
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| L win

Howleonbeprophs were neve of onlildl

.

the lcerlizition of the subtstuc. ond its efiect, - :

The ggects g Insoluble Inestec %1 ..o Liher Fission I're.ucts

The wusinistreticn of the insclutic tcm g..albleu ysl tc rets in smg;.e

cute doscs znd tle uuil: cwrnistroiien by guvige wver entencea jeriods oy . TO=

wice webecville e b Serdcur € Lnoes dn the jord Lorel (illue

"

-

A Gl i@ wese of U uc/p precuces tnocorebic wnede Lhooo L)y he,eni,
cawese of L0 ue/y [ Tlluces o Lol oPLr ap.g e enic.  Retore;ids vilues ofter
cdisnistrotion of Cotl of ihese uuses .re eavre.ely errctic. we hweateao acil

erfects felluw © siiglie aose of Less Lbi;e,.n it ouefi. i€ ereidi is ;.:g'c..ﬁée(l‘.;) woda g
geveise ol YY1 in clounts froi. L.3 to 2.0}:&/{. for sevica of 17t 4o 8. A sus-
t.;,ix,e‘:d inereese in heterc hil velues ocour: uui‘i:;g tiis ,uricu of :‘.q‘_.-'.hisuz.;tlc.tl
‘m. Lyina kxéc;,ze ViiUCs 1';..;‘ saCwly Lo L ondudnan b oL te ,L \.u,s. |

Lo ...oi‘;:l.oic;,iica.i ghiunic ol bi;r.ii;.c:;uce i’s ’ l,‘ .r ec in L.hc ..uuix.”teu cc.n._L

ur or bl roc;res witer sing.e .o dedly Y9 gavige-

1. uscute Ruddcotoxieit: of iniectea Redlui, by o, ncrris, Tu..,.k*ns, F.ni.le, Lvins,
b ol , Yachel, Jucol sti, SiianCic, wurrn:, bebru i end Hellop., '

[

its, wace und reblits vere injeclea i:,t.r;z;;r'i;.d:nee.ll)' .;if,:. .sc;u‘uyle: sa.l‘r.rs
of rodun in wuer to wetercirc Lhe ccute Leidciy; ’c.i' T.e suhst“.r'.ce.& S‘;.rz.g,ue-v
Duvley rits of <0 gLs. Loy el b feceiveu atse. froa. G.U2 uc/g_;r.; 1o U.Y uc/Lha
«LC erz-_ih sice (uiles cm; i“ex.,z.le:;) ui‘ <0 g;..s. LVETL, & tc,u' wm,}t mcelvad

U006 te 2.0 ve/gn. CF 1 fersle iuce ci‘ 0 £as. ‘.;/cr_,_e ue.., Wt receives G.Ud ...:.

3

2.v ve/pn.  aericern Liue mel€ reliits of 2 ke z,ver:-_;_ e x:rei,_,'nt. received u_.COu Lo

0.1 uc/".;..

kxereticn btndus. The crecunt of roaium exv.r\.t.c.u Lis n.ts vt,r.Les al. .ct..L;,

’

vith tle wosi, e used. In the 1.0 uc/, ,_roa; & oo retcm.lcu cf Lhe rouiui W8

foerd &b &0 wiywoauhide on the rext 2wl wips in L aitierel 1—4,.. only w.es eac.reteu.

NECEACI. d./?’




PRt . | LT

. ok - : | | o e - |
: i vl R . L .o . :
X . - . )

The ,ercent: e of icetoiiic.. .sCouuses tith the se sC Lilt b uhe LU ve/f i

iuvel; © retorbicn of wildy <50 oS fetne U ekl

1, .ice ot Lhe <.C ue fhe WUSLL U LGVl o Ao Tebenilai Liu :.ct;:q VT T &
which otoui rew b WO wels LLter the Lnjectico . Tre percentipe retenticl we= .
crc;;::se; vitl tone uc,.ié uwidis ot Lhc OGO vepa. ievel, ol iG Lo 15,. w8 founa
ot decth, & struin differcice in sotenlis ves found, The OF 1 mice shaod
¢reilor weerviee an retaidon viti Lhe soier acees Lhon wid o€ .l ..icc: WG SCX
aiIIurence L.5 LLted.

Liitel anclyses o the roicits (s.iil sories) inuicites it clere is o
Gecrecuuva retenticn Lith the acior wuses.

The Letua excreticn da ool thre. 5 vCico shewoa @ Geddoisc vhich nos exe~
jonenticl itl tuze cut ve 405 doys.

Listrituticn ond hetenticn. Distritulicr stuulcs corried cul on rits

nly showed thet fter ¢ shert (reiiuonory rerica 9o of the Lotzl dese was

iw,:»d‘ii: the skeiclon JiLh waly 1. uise‘~.t;err;. 6 SULe Llii.ia8 .A;’(;cre._z;cx-e;.sud
culeifiaction hd been coused .I.‘ ~Git t‘l.ssuu-s (-z,crta; iy ;:cucé, f';“;.r"ms L'is=sue),
- this celeificciticn wis ctlenced ‘c;,’ N gre;t,. incresse in tLie wisutt. L ru*u,e~
L-ésitc;. AS ;_uc}‘x -;s 5 0 b ©f e Wiel ol wis Citern L0t 1: such cuiaci-

ficiti nu. : ' 4 :

SUrvivi. studies slouea Liib iengte o 11ic e iren t@ u.;c;-c:;.s;é Cay L u.t.‘i.:.J.l;.
with the descpe receivin. The secliun wth.-_i wse (iff 50} ut SO W3S ln t.‘hé r.t

WS .ii_rc.-.iu.wl; 1ue/in le o weo bl and et LWl doys, o Treillited] Q_B NEYZEMR

Tire ..i;r'.iv;,l stuuics- Cli wlCC LLYe LS 24 nlicel will tlose irn the rLs 1.6

sex w.lfir.nces wesc ncbes. The JOBLLC vut joo Lhe rooclt sl;ux;i;\ es 't‘<1>bc':w-<.7..:t.‘o'

- efzect wn LU 50,

M B

% Ciiideald ciserviidcts on the Lehuvior of Lic threc s ecies re clven.

A
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e et mmemo e e et e

oGt clabges dn lito sl thobl it lue —ovel 3 Cedmd UC/ k. ot wmiietl

&

(l_c;.sé} v 8 ni.té;. T:is .8 ‘..l"c..;‘u.;u;. _.-.4e AR O x.::/‘a;. in . Ll dny :‘ eric..
Si dLiP Chili Lu wol€ LiS=YVC. Lo i iCt. |

FoLhode, icos chuag us nicteu Lere Lhe ;c*-.':,-,.c,-};..‘,'..ta ol cueleific.bicn o b
vhe woeascie of U ue/, o oLdrdiiun Lo ezl b Cled uc/l_;;. ‘I‘hesé '.:v.-:-e C5t
cutatts 10 the $taeci, iver .t voensio il .estlclew. .orbic c;lc;i';c;,'\,i‘.x.

.

1B oSt | rootunces Ll iapl .ovels (0.5 te LU Lo/l o ccewrTes oo rexdia Led,

A
1

Lt tie <UL an, ,cricu. The re;iliwer f Lie CobitaigdCis Tot i 8 oTe ST Cuer-
istic of iine merrot wepleseicn mhich 10Licus ool we, Culvdil.

The hemutoic, ici. charn:es widch nore niled vere Lo iotl o1 Lo torvedy

describea lor rosdun ;oiscring.

' J. The Effecis of Inksled Xencntd3, U iires, Riowses end Jucolain.
all ¢ jerctus w.s sesi-ro. ior the ox;csurce cf plcu ;n# caneo ,;‘-_s te
r?;i_ic...ét.’.vc xorond33. ’lhe..,evgn.u‘, s ere ;ivei ex OSUres Ui Le . -5 curies/cc
“fer , ;;ric.;s u; f,o threc weeks. T.is invelved & roXxinuc uos..(',-:. cf 7 re, k;‘cem'..tcui—
"el‘uiv;;icr.ts- 1.* -iclc;,ic,l}; | | Y |
Lf six wnirals (rats) exp”sed, three k..J.Eu. No e\ride‘.ce w8 to Liﬁeﬁ’ couse cf
'ldeuth.‘. -The: rex..:.i:.iz.; Jhree pinils vere suerilliced ind 1€ l.;..h ...c.é.(c“ evic.nces
of cwtipe nore faunu. |
nG k‘.é;.atc;oé;ic;.l clicr; s were :xot.ed.

Tic ;uine. ,igs vere exjcseu i the siie .y to Silghul, .cwer _evels.

The results of tiis enperu.ent were _iieilise nogitive.

K. &.m.o .nd Che.icel To,q.c;L» of Vuricus I'Ls.;lon wlercnls ior GJui-sh. u,'
Pro.;s:.r, Pagcn e bl Gru..*h_u..u'

The survivcl tices witer rc“h sh ore i) fersed i:.‘ sclutiuns -cu;t;if.ir.g_ .

fnown c,n,ncent.rutlm.b of reuicbar ri -ﬁc-ﬁ.r.th,nummﬁ' ond orertiwidEd were \.etcm‘ncd.
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R . | A

IPE
(LR

“Tie dube }:;’vc 1.c1. Jot .,een laysed sulal b ut-.x.; Lc ra‘crL. ST IR

e IR T P
s ’ : . . - ke

L. & .. ncute Tc_._a,it o of philes 55 Liv Celbb Scibert .t nbri

In o Jtlug b Lo ostisibe the wouve texicity of insc;uLle ruuic ctive

. etk

;;teriu; i the cungs, rous . re;.\, csuu e S‘bnes LL-.»;..Lu.u;_, <75 u..\, Ce
Grours of —w [i. Tets .ere ex;csec Lo the fc.“c ang Ge e8! 3.2y iy .)'.; Ll
ZUU .1crweuries | or rot. e lb 1ess LS s;\.,;z;fi'*c..r;t oLy in the £uwv .—crecurie
rits. These hLid . .tuicn surviveld tdne of OV s ;x}; WL U Lda ue‘.u,..LL‘h;nY .L.u
de, 8., The D‘/.i..icz‘oc{lrle riis hou o £a-ui smnivel tiie of w8 uys, Jaiae LU
rercent of t‘..i.e i, alcreeurie iriacls w.ie still tlove Lt.r b ST ‘
a8 108 buol doocnsivotec ;x;v Lr. cer. ex;cri;..c;.ns, : bLsor, Liﬁn iroi. the iung;_‘ .

WeS SOV, i +1VED Ll S.e.ellli Lere thc cTioay, Sites o4 a-..fcs.l.\,iv.r: ci‘ tue

i@ssitie t.c, Shuw J.J uc.i L.Lve ell. ol of Ltee oL

i
a

Lbsorbe. noterisi. It nes rot

distribobio., Fkreddidner, nist ‘.J.c icul exu.ioitich revehl-d 5C L0 tcx"'enc for .

the brenchill epitheliug Lo m;dcn.:o < s.;ue...bus,_.,rc;ifer.;.t,lg,;, | « .
K. I.\,te bflet.ts of bote Ledtters LOC:J.]-AC-J ir. the uum, b;. .‘.i’uel—s,' ;:".\. Liscc.
R..ts wi.ich huve ichuicd -Ll.vehuruLlCds ci r..ic. c,-.e Ltr-ur, /{- N
N

ceriucsss ,re bu‘.a.uL e icr the uE\t,J.L~..e[.L of | cssi.ie .L...UB“& ezfocis.

& tie  resent thoe thie wincis oo .Jt.*.L SUIVL va.z.g i Lr‘..f_..eg;t. or

cu.ciusive iiforruticn is wviislbies R R

7 k. The rcube octior cf iniecteu Strontiuly on lorpe anonils, by L TOSSer,
tainter, Suift, Jaccbhscn cnd h.am.rus. R :

e

l*m.s stuu, nes not been sulficientiy t.x.d._,aeu 2t tre yrcscnt._' tize for

any rejcrt to be f_‘iver..

-

3
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' ;mecgorg,zca t.lce, by Jr,ccbsh.; &na b.u”.c.n..l .

. 1'rcv1<,-tis experis cits with stratiunGskes sicis isrked e, ressii. of the

leuceeyte suries (.. it cifect o Lhe erpturec;te series when tris sulstoice w.es

il.jioclew. o pessitle explineticn wis the [resence of er,lire,eov.c ;‘cuq;%,;,i..*

the 8; 1oui.. sccordingly the cxperiecut .is rejelted with s is.ecte died niiads,

wna vhile the cuntrel whinels nobauri.g their s..ieons sic.ew norol erturee te
counts, ble g lenecteudigel provy Leciime rorqressively intre entuide. This core-

fir.cu Lhe reserce of futcticring erylhrcllistic wcbivit, s | revicusiy jcste

s \

ulstea,

B. sStudies o relreythonit Ml id .ide.s..obulu i hos herus?<, by Jagbeson .La
Si .ens. : , . ‘- ‘

it pe.ychthenic state is _rduced in retbits Ly the tadidstrovien of

colult. Such 2 stite is tre.tled '.‘it.i; }32 id bhe s tssille e.ti‘ects icbes,

‘I‘he studies ere in iro;ress .t the ,rescnt t.u..e, md nc rc;.i.m..;rg

re~ ort c_n be g:wen.

-

5. The Hex..at.c,log‘ic:.l Effcets of Lixed Fissior Precucts, by Jacobsor cha Sil.cens.

It w.s desired to et uu e whether nixtures of Lhe' slugs usex lu the

*ile process cenbuined elercrts vaich :..lght. hc.ve a possmw elf‘.ct L thc her:.a

t.clo,_:xc‘,,. cu-st.itu\.nts cf Lie blccc. uccor\..u.,.g xr.;xtures cf s:.ch‘ J:‘ugég' a‘;.p';-e.
ulSSC.LVed wnd t.Lvex. Lo niicis N stoiuch tube, L ke

| ' The ucses cf this x..u“t.ure e...plo ed r,nte\i’frc,.l u.5 t.o j U uc/y‘ bouy 2
xeig,ht. Fouc’ mg, .;..;_cstu,h of ¢ sii_ le cese ¢ acy-walun u:.s uot.ed J.h Lhe
lCuCOC‘ tcs cid .L;r hcc_,t.es shich roazcs 1e:z 1ts u,xlm.... in 15 to B.u dag The»"

observeu dupressian WS .lr.-ct.l;, LTT; ort..u (.l 1.:. Lne ..o.ae m uc/,_;... :

‘ /"//
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FIEAAN ':.'.:t. not pretly dncrocoe. wab.. !u, her we.es ¢l ero..t.m..‘.

o ' | Ao e

5, b.' LI'UCﬁ \.41\1 L-Ls"v‘-.

" btr(ltot.‘n4 t / .8 -L.-.«ecbbu MI»LC ~lb' o e L L\as . s lli:t) B ves lb/i‘..

A

g o . Y s VRN Cars s Ty ] . RTINS
r[ivb whidoaaS R of ¥ !_u..zui v.,i b‘\:s"'.!.‘.; il LL‘-’ u.\,'r’a.._'.\«..mu;.u L1l Lluiw -d..,b‘-’-bu, R

cul;..i‘.z._ Viorae Luicrs. ‘ ; . )

U. the L.te wffects of Siroae pus € bew Lo teclicis of th;mi\;t;f—‘f, L, Lrues,
P e, raolt Gho Filide. ‘

Ti .t cifecte of sl le cues L sty bivitY ccrres, vl wacses, Lo tle

ciicuté Cf e f Lie 8.8 wtee IC eten ot tothly BN S o P ::t.ry;.:‘,-z‘;‘."’-‘i,n:
Bir. 1€ wowes tf 2.5 Lree oo U/ e DG b Poputbed clots L ouel Lnu Lew UG/, I
‘z'esu.‘..ts oL Very (o b ix.cﬁx,{:r;cc‘ -cf ieze tu ro. The poriia. i tu;:t '; 7} JEI for g
t.he aev»...r.. u.m. ol L.ese LWLTs 38 e-b weyu. 4 Lwc .,t,r;;lhs o4 ;..icé, the Lu;e ;
tw Or inci.ence i the surviviig hewids ur€ I'voj cebively s ux;c". tu~e This ";s"

iuch L4 der tion the lrclcence oo Lice s Whe 8 .e sirilin Llieh ore .L'vcr. r...‘iux...

Lcc‘.siq.‘_u, boie tu..nr.. h.. e bc»uarc... feoid .‘.L.‘_' .ao.,c.., ..s ,.u.. .,s 0....5 uc/w )

L <

;iven in a sii le 1ujc ticn. Tie ;..t.u. -cric; i, wile te e “..out ,5u ""5. el

5 e

) T}‘c. irciaence of ki, n_ht. l Gl Al t.ne e ..tr....a r.i‘ ...‘:,e *s .,.th...il-‘,

,h;,‘ . ; Y

2

V. Libe Histo oihcley, wue te liijectea Stra.iiucty, Ly Do, SUluy ola Helief.

Tids slucy 18 Zu ; rejorcuics tub neb j 4 rewe, te reert. . o

oaie The Lite piteets '¢1' 1L ecleu ;'L;uiu;., L Lrues, Princc, Liuk-(, Y Fiimdes

5

LaLeuLuuc girce.ws bove leeln fetnw dn v Lo ....Lcc ...*.,n . u.rc .Ludsctn.u

ath r...&.iux.. L surviveu .cre t:.;.x. Q.L Caju.  Tae 11‘91\.»‘&0 c:; tm.ors .at Lue
v..nous acs: pe levels is s fc,.uu...,.‘- ‘.’o the U.03 uc/ ;_h .ev..l, 50 cf z.u s..xce,

ut t..e v U6 uc/u._ *evcl, G cf 20 rots; ..t. v.l zc/;_’:; ,L,,. c,.f r.,.,Ln,s t. L,bb to A,_'

l')(d uvéa, s..tl b (J‘ UC/!,-. lhvsﬁ Cl l‘ hb‘tu \Jt U/ Uu b. (lu rcLthh &c-uJ EJ ruLLits B

1

-

usea in the iutter tic series). - .} 7/ -
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Cudeiticitioh of the @orta ciu .3LiTLil Lrwe Lis it

nicefrcculvihu wooes Lf Powim uiicn jeriaile. 2ifs foer

T e h\bedAl lloc»u\-;t‘uc Li tn‘b A.Ln l.—:‘bs e S ;Ut- el L:.C’—JCuZ_g’_e rt;.“‘{;-} L:-. '\Jt‘os

wnd l.u uc/;& Le., welgit. Those cuwcilicu reic:s cht.-‘o“ hl -k LVLCClLr ti "8

ot r‘diu.n 08 notcd rmvinu 517 cth r coleildectlictd wele Juind Zu the ;;vcr,
-4 - ’ A N

starch ud coceslenils, testicles.

v

The heretclepicel tirdin, s shuned tiit Lhe aniiids oo of L Lpeeslic
wreede . TLis wir ossceirtow ity waure ¢ ercclclic..

®

Y. lec.. _‘iects Li Tisarecy ol t redlbors Totbeows dnle e Saci, b Liues
' Pl....-&(ro ‘ -

Ihe eri; iLi. ex] ori.ents .ore . uile w.suuiofictur, el o Ve UL resdcbilie
rewuitls.

o Len experi.ent LSy Lhc sulcut;necus eod dntrrauscu.cr Linjectiva of

gyntrlumfl ,.oarhute ihicn is »u¢te .usalun¢» Live Lew, sLLrte_. rru$¢”.‘kr3~

. stbdies .huxcbte LaLb LIaS CLs SLUNG 4B ‘ruct;c-¢*, futect i tse"” ‘ecticen u;te

's&x upnbrs hitcr its ¢:Lxcuuction. N

.

trodloiner, re.u.ts wre ;hgxtl.t unh;gals.

w. Tie Tuaicit wna wel:lolis:, o;’r;ngU‘L“ iz &gLLruLG.J n.;.gLs, {...CC ol
Laz, by Fin. le, Siodnr, .;bleluﬂl, J cctsc“. JuCibr ~“d:d,ﬂ&n3.

TR

¢buri‘uticu cf i uchxun ib is

NEN

1ne#u11rerences in tre;c
s L Litr_te ci 1us o LAtrth were xoL gneat

1n ecteu 1ntr vencual,.

mice, r‘Lbitu ,nd rgta Lbé&og

,vﬁhltrute ;nc C;trute- rice ,bu (hles end 1r.‘lua received b.ulv to &Cug/g uf

fA ultrute hnu 6 n;tr te i uxtrutc ( uolz - U b3 uc), rebths xcce¢veu VY u&/b

":,(0 uué; uc/ ) of ﬂu r¢tr_te wng ;~u.b4 fc -6 nltr“Le ( uLLj uc/lu). ’   ';; ;I

st 4 Gy s ooy ih tlcu ¢C~ of the dcse L:b jonnd 1u Lhe x¢vvr Lf re tuc

1119885




‘ ] whu

ctelree | LuLeLiws NI O WL 7 -V

_)Un i Lacu. Tc éiilee\:!-‘.'\:.:‘;u el o LOUTS
L % B.ne unc m.r. Liox-s ur ,'r;w:’ ...d;g the siver. The 2uov: . f"tl'..g;. u,u,mu.“
fre. _t.he .oft tissuus '..'e,‘sv vir.ul.e Latae Lhcrb '.‘.; rSUi—a) - ucc:';-.::u‘u .‘u.,ung-

centr.bice by f.-.ct.u" of 16 er U i - ;_‘ >3 iub catin overs .,u:l; LC fuund .‘

thot centiined ot 10 Goys wu s tch s ,u,-,ci the .vor. e it ;u‘l z,c:...ex.t.r u.LLI.-‘ '

L other ti. .o tle hilf tine ol liver e. cretith wiw in wi)S. 4.8 ivere L.-..nst

inv.riclly stiil ret: e 1 te <. ci’ the JLs€ 10r o8 LCip 8 «oU dv, 8. The o lven

atod UG UBLLIL, wCUlewdbw (b L. @ 518 iule L8 T . I, 1uly Lo wiw Lhe Ziver
Licl s e § .6 TLLLS Lo Bidove G &, of (o LiBas Srablilion &8 Wil 08 5 dante8.
tie c\.uccm.r..\.itn i the hver ol o U Uy

Foiovel froo the wuit L.ssucs wi8  resu.iliy e c.r.szl ~C iur tie il

leve~s feund i1 Lhe Liced otren. 1n r'.:‘oit_.s fie, Log 0C vuio of the a8 LLs '

t

sto1i fi Circuiclicn ot 40 .oys rioc di ritos Cula tes 1a clrcul.taiul. 1t 1Y

r'd‘a.ss‘;' B o

v

In r‘.t.s tne .Lu‘l,cn...m.. .Lo.,u..‘_ the scit L-bﬂu&ﬁ& EINCINES Ao excretew siice

t.'w y.ere uecrc‘...es in the a.c..-.u. ird. t!e eirL, ii l!‘" Ho:.cvcr ‘i;,{_’.'..f..qef :

N

ut l\.sst - rc»iv.r. of t..e lri.;:;i i, re,.weu fr( .. the _:wcr wetl t.c Liw bt.ele.cn. :

Tx.c .{‘..J.u re of the tec.l e..u ..Lit.h “C , dilent \...u...x. “‘ie'.‘. 4L, 8 urt:.r s, leon

wes’ rob._l.l,/ aue Lo e:.cret.lm c.l the : .Lx-t.;r.xu., i v1..b the _ivers .eter*b:.c.. ....‘ "

. /
tne s::m.oL«.r. voa fron LU to ;b,- ir. r;.ta ur...' iro. }L' t.:; So,.. in zice..

i

ot ZHG dl _\,s ue c.,n.ion in the sre‘etnn ..Vcr_‘.bq .Lu,. of t,r.e rg.t.une\. wose

#

s

»
s

_found it the r:;dii,_f SilaL, juenicres uild ribs.

a7

Intrzmusculir injecticn of cleterdun :lus 6 nitrite e ”._uce resss tea in

z..v..cl' s.ﬁc .er cteorpticn.  <u.. wes stsorbed in .4 weyS il bo. in 6., uu;s." Lf t.ue

z.bsorbeu pc?:'i,ixcn‘ch wes icund in the Liver luiticlly. This uuyrmseu to Lw c.t.

111988b

‘er te cf Lc.ne g.siz. Siigitly nicher o :-c;"l‘u:'u»icns Lare 1‘cu.-.z.-. - ule ,Lu;..b..r T

t.L.om.c.Lc ::ec.uu S oi‘ the cine end intie bitdes ullee Loner concenorulicnw were



6k u.qs orid ;rob..Ll; rq 1-¢sente..z bidiie boyucon cecwalilich ohd Pe.uved Ire.

Ty R [N

tl.e xive.r. ;

T The @ strilution of | luténiun ¢ dven utriyeriteneciiy 1o sdice wes sieilur

| te M...t g;iveu L.tn.vcx.oua.l,, 'I'Le LLsor, ticn s &cwer wnd m.s m.t CCLy. lata
uhtil acretdae &itur 4 uy,s. Ihe citrite L8 htsortsu ;ore r-.ia‘, th.n the n;trutc
e.-x.d tie sulsesvert rescvil fre., bl soft r.‘:...,:;‘ues Va8 iol'e Tl la. , Tue iiver
lnitielly coilecteu ulaut 3Ue of e .uoe.

h8 with the irtern:l .istritutics, Jiiferences ix c.crelion ofter irbru= '
vencus cr iutr.cordice injecticn .ué,t.b virictions in the s;lt cr v:.iencé Lere |
-niot st;rl;..i.ug. V.:.riations'r.‘th-n fiven scrics ucre “eibt.woq L.rge Lut sucie] unuent
of the ccoe cr of ...t.rur‘, Lecoriing te L}.e .-nt-. thc._rcu. iats ;.:uii ice expret.ed'
atout. Lhe sw.s we.unt in 50 uiys rcg,;.rdlcss of Li€ Jifferences enrcole. _'The
1i.ite. Q:.t,:. i:::iica.ted thot riliits eucrete less tiwn ruts r i%;e - |

Ruts t.a.c...eteu 1. ic Ly -.._;s LN :.u. i, _'c. »'. ecks. ka.e, ivees to urine o tio.,,;..

Rl

L8 whout 3 to de The leci. escretion .chele..x ofi uitcr 40 \..,;s. The re.tc of

urinury ‘.:.u fecci excretion b 4 b t.c 'U m,s viLs ..bcut. 0 w,. 1cr ae\,

o ‘.ice cxcretc.u. L.N i t.z e first 2 -ueéks L.m‘ 41.,. :u. 10 ‘.vc. Se Tx.e rc.t.e .:.t
10 weelss w.u8 cbeut GuU7. por dey. - . e ' _
The excrelior of ; rivterio, curiristored intromuscusirl; ond ictrpjerd=

tcne;li:, to idce m.s not IO.L.L(o :c-:i.
Lhcretion of tz.e ‘lus 6 n..trut.e b‘ zn.tut.s s b duri.g t.nc nrs’o b ah 8
atd ‘.t L rete uf fru L.07 to v-lsp per dey a 5-6 \-;eui.s' Tie i'eces tovnrine

r*.tio ns ‘..Lcut P 'oc .L.
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[Pv—. DO S U U R

4

~The Sum‘v:.l"u.d Growd . of plutuuivm Injected wni 18,

1n rets the 30 dry W50 .:s chuut 0.5 ue/p; 00 euy, ouly ‘.slig'nt.lyi _ess

Cotid ab v a:.;,‘é,’ G.b3 ue/e; b 20 deys 0.031 we/y. Soce of the lcwér uo;,eé
0.U16 wnu L.WUst ue/g «, peured to be lethel tul decti uue Lo secuacry ini‘lection.
seight losses -uc.f;x;ltcl:,' uetectuile ot levels s 1w w8 L7l ue/g. At
toxde icfeis tire ; luterdu. ciused postrolitest il Lencrrhige wud hypereasi
or Le.crriiie of Ly b nodes whu  Gtiuws. ot subicthil levess (LU duys or
longer) severe ciropiy of the testes, thynus wid sja.ven (slsc noues) s
noted. Gross liver &;.x..a.g;e 1.5 notew daun te :,'...o;,e level ;f LU, ue/p.
- Skeletid ie.icns ndtew ot U031 wid .,;Cié. CLny. cne osteogenie ond 3 ooft
tissue tu.ors noted in wnlicls ;ive. C.OLL Lo .01 ue/e cnd o ix:;_-" [ter iﬁu duyse.

', In idce the 35U uyy LLSU t.;;:S cbeut 0.CLL we/p; OUL wiy v.UT5 wna U u;},.
G.009. Lewer uoces ot 5Ch lethel u;_.Lc. <0 .\.z.:,'s.r b.ieigﬁ;-;t effecls noted
ot 0.031 lut Lot ot C.CL6 cfter OU to il duys. Fethilogy ves §i;.i;;.r to
t..t noted fer rots. C.016 ue/g ciused emensive‘gr:;,ix.g, ¢f hulit in EC uice :_.t“v
150 te <00 Goys. B | 2
L h Leses of C.ulus uve/y ona below vere not icthal ... r;.LLit.é u;- to )L/U Qg s(.

The Ligher dc.e cuuseu & slow sbeayy wel: b lcss efter el wejs.

The Lfiecls of lipestea :iutcidu

Rets were siven ;luicnin.. ;ius 4 mitreie @b Gounll ue/g ond ; lus O aitrite
st u.OOS uc, ¢, cra.ii;... 4 single cuse wos piven 17.2 uc/g ‘;rxd axia.lyze.; wolor
<6 ui;s- 4 |

f toe irngosticr. extu'i.‘er.ts dlout U3 o t}";e ‘;‘\;muz.iu:;. w.s cbsorbea

. fra. Jhe gustroirtestincd cunciin cne esjeri.citil crop and cn o scconi

(roup in vhich tiusues were .iclpzed ur a.cunt of U.LU3,. wus found.

In the idgh do.e icuse exreriuent Lhe wicunt tlsorbed .8 L.<n of Lhe dose.
£ 4

lo cninils were killed b, the | lutiniws piven. Fo diffcrences Leli.cen the

1119868 -/%/




B R T

The Effects of inyesteu ilutcrdur. “ RIS E R

L wnd 6 vilerce stotes uls noted,

an. acuby Texicity ef lincled !iutoriur. Ly abreis, seciberu, roricer,
Greenoery wrd Lisco. ~

Fluterduw., . the toetrevelent st..-.ie, hd in the ilsence vof cu.'.._vle;-..';;.g g
«ents VLS, ~diinbstercc Lo the lungs ¢f rots by trechecl intobolds x; .
of sclutiwns., Five greu;s of wndills recelivou ucses ringing irc. 7.5
naCreirs Lo L, .“iérc(r;_:;s [§%2 v ;_:; rat. wil od t;;.csc wlses L.ere
lethul the .ewn survivel tiie ron. o v o3 au;s for tre licuest dewe
Lo <O deys for Lhe riphest, Inhilatdon is Liw icst wwngercus raute
of udi.dnislrition, Lhe.lf,u d:!; il Leling erly L.l that of intrivencus
injecticn. |

nce it the lury, iu secred tc 1., tir.tly beunu. Even fter <10
diy8, <% percent of the niticd wese *.;';‘s sL311 in the lung. This nmuy hwve
@‘J’W A been‘d.le te ‘the J_.:Jl;.x..ea “nd cun ested stete Jf the iung. AL.;I'O.J.‘(.L“\.I.} e
15 ,Ler:c‘a b oof the dnitics wece found ibs vay Lo the é.;eletcu. T

Except for the Lungs no civicus _tthelogicil chunpes were sceen in -

thesé wninels. The aiuiye  reduced in the lungs \.;S ‘c;.nsidcra.Llc 1: all "
‘.ni.’alb. i;t wes cliricterized by severe i;.flu.;:..".uic-n,‘Axaeﬁlz'rcsis wnd

"";’.bs‘cessr forruticu. An.i."”;ls .surviving & nenbh or lonper shcued ‘x‘iue; v:'

*.chxu E.ic infl:—.x:@.;tion. This was wicuong- nmies dn k-,:,n‘\’ WMikuls L, ; |
stri”king‘s;’uz;zx:us metirlecic of the brenchicl e it.ﬁeliu::. <hich oft.cn‘ o

shoved renuruecle jreliferstive cctivity.

’
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7BB. Lot tffects of IlUtCBigi:LGLLbiLeu wi bhe Lun; . By nbrg.s, Lrues,
Lisce, Rhosges Blooi, ond LWiTsy. S

'..hén}.lutc:'.iu;.. is gdven b: the wdnictroticn of ’thc Jlus 6
citrite (by lung uri;) uirectly intc the atig, sob +iwg sc;\)em QL rlry
Ciudi, €5 Lre ;rcauced bul clsc thuse chirres chorocturistic of ijecley
iduteniue (levhere in the teuy. |

‘

when dzsciutlie co.:cunds of [luteriun. {such us the uxlde) .re

ichiled, vic | wbhooo o L oted e the vy sno cens.sts of scubierca

censtliciad cins bhroy vt the | Rd.ner toce cCibooding o iher

chorcoteraitic eors, cia, es oI icrescopic iibure.

Tre resulbs :f the resent e erl. cnts ore proli f.er; . sufflcdent

tice ics nol jet eno sea dor the ueveld .ent ot luriher dlier.ivicns Zn Lhe

iung by tie cepositec jictudw..

The Herctolopdcel iffect ¢f Fluterdun cdministeres Ly lun. uri;.
to Hets. By Siicns ina Juccksel. ‘

Flutoni:.. vies condrictercd n the [ lus' 4 stove Lo Sprogue o ide) riis

vy lung darip. Grarps of wninaus were (dven 31, 13, 4.3, 1.5 omi U.5 ue/o

per rob. Hozotologicel studies cf the reri;korel bleod of these cninls

vers Loue betore und ufter troectrent. Lewlh of the uniiils in the

greuy hich receivep 31 uc :er r:t  recluded surling teyerd &8 alys,

~ trior tc ueath, tcvever, wn inilics rise in ke ciicilism cna orptircctes

:£d heterophils. & dese bf 13 ue/rit (ro.cged wn irewdc, ayiphepenic.

and hetercpenic sustiined taroushiut tle ¢4 duys of cbserv ticn.

Hemztolegicel studies 'ere Lefun on-the grours wiich we.e giver 4.3,

1.5 wnd .5 ve/rt o proxipotely 50 doys citer the cwi:istriticn

¢f the rztericl.” The Ylcod studicvs or the L‘_'I‘Lu;.‘ whieh receivé-..kjc.5 uc/i'e;t

werc within nermal 1iiits one ra dred so throvghoul core tho. W ays

of otsurvition. .. cuestidizl Ly

L
-

ai;_x.;i‘ﬁce;n{. ruin,ctlicr’; i ;';,t;r'c.; ho_s
L ’ ’ / . — /% — o :
1119840 “ | | Sl




ﬁﬂ ’ J.yu* “01 Qlll‘. wed cbssrve«.. \mth i 1 dt(ﬂ:fiu:.s J'.LILtB
L TOup \txc: received 1.5 uc/rVJ. buring t1is sooe erlrd Laownesies

hetere, 11l reuuctiun trwd 1y chejenia cecurred s the (rou s whech vere

riven 4.3 ue/rut. .
CC Physi le: icel hffects cf In1"~ ¢ Prvtenium on DOfS
By: Prosser, izinter, Russell, Jauch(L, Scmiartz, Berrop

Legs were injeéted with rlubomium plus 6 citrate and nitra&e’inté
travenously &and intramuscularly i:. woses frax G.075 ug/g e G.?jé\ug/gm.
Twelve apincls were uSﬂd it this series. (f the {ive ani;;ls receiving rore
than 0.35C ug/gm, Lhree died vithin 15 to 16 deys of the ;njection:,

Excretion at the flftueﬁ_dav';efiod,varicd frci. 6.935 te 24.53m

~in the high dose anizals {0.287 to 0.7’ ug/ gm) and fr<m 6.0.tc lh. 9»
of the iew dose zniscls (C.075 wi/en). - . o B B -

. - ‘ »
~ Listribulion studies showed & concentrevicn (invug¢;cr_;ram of

tissue) were hlcheut in uh

.-

spl ec, llver, tene and lymhh node\.5_Tﬁ§f?' f”5“5"”’°’
5 amoLnt in the l¢ver wus )Lp of the cose =t tie ¢6 da4 er&ou icr the -
’ylua k nltrhte and 25. Zp fer the plus 6 citrgte. "he l¢ver value

at 23h dzys in one animal was 10. 9#. The ccncentraLiox in Lhe s*leen*;w_@?

L two anlmnls axceeded uhe Liver conccntrdtiO;. Lymh ;odes here' ,
o relabively hish .o ;luLOnlum cuntcnt. The Lastro-Lntestlnal cénal o
: \and aluneys were ﬂpl e low. The fezur cor tuineﬂ as h¢gh as g_aiﬂ of
;\ the do:e at 15 days. Thé highest amcunts in Lhe tissues (excluding i~.;
f bcne) were in thpse rich 3. ret1cu;o~endgtﬁc¢ial tissue. The amount Vg~b;“  ;Li'f g>”
T ‘of ubsor'ti n fraoi. htramusculur ¢n.ﬁnt1cn shgm ec oﬁlJ 1. st the Slte St
2- i:of ;:Jectlon in uhrfe animgls. ‘ ‘ﬁ ' S
o e A uescr;pt;cn of the Cl;hLCal rLuuian ‘n pluton> i P0139$in3 isf f ﬁ?;;;
T glven. | ot T . U BT

HematOIOglcal stuqies ‘show that in an.mbls receQV¢ug niih .oses

’ = SR , — /24 —
1ragael _/7
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with early d'aﬁth 1 the total vleur‘;dcyts count drojjed t¢ vlcy:ssn than 500 v

ce.Lls boicrc dea h. The heterc_- hiis ot this t..e hod a’....Q,pst ‘;isappez;m. '
an. the Ly hocyles ccrstiluteu 'z;L..cuL il of thu 1’@;..5:1..'.r.‘, velis. I_xi
the curviving w.ilils there is wn indblcl weprecsicn of ihe *euccc_',i‘,»ev
ccﬁnb 1’611'6i;e;, Ly a leveling off to.a subner.al counv. A Lorminal urﬁ,
cccurs 1. neaiately ‘tefere weoth. The 1 i;hocytes reucin it o

reduced igvel curirg the entire ex; cri;.&:;.t. It is su geuted thnct the
extramedullary iyelepoesis cbserved i suLe aniwcls aly ccut-¢uute

Lovard the r:.a.intenance cf the circula i, souces; tc loved. In the

acute anis .uls (dewti, within 16 ua‘)S) Lhe T t:.cu;.ou Lo s-z.lx..ost, “sa ‘e‘..r

i;a;sdiat:l:; ana are followed by 2 slow reuuct.gon in the red bloou count

and he.orlotin ievuis. In the surviving e ,ls ot ,.igaosa.gc, the

obaerved yhenowena resec.ble the 1.5 r. delsy X-rgy amu:.als. At the

\ low levels (O 075 u, /,_;.) no effect cn the red L;.ooa ccunt wes mted. ,

ar e

In the acute ucatl 8 the Llood wiuu.e :.r.cre‘ sed ts_r t.he luto:.-

Ed v

fum was saminsstored. The red cell Vo lutic Gecreased at the sei.e L.Ls.

A dilution (b; an increase in the plasz:a vclur.ze)sserved-to mai_nta.'.n thq S

' bloou vclume at the siightly increased or norc.a.l levél’ In ani,'fa};s'

.aurvz.un;_', ..evcrul months t.he totJ ce.Ll LEBS uucree.....ea turbu(_hout .ui‘e ‘
with a parallel dro;‘ in the tlood vclm:e. at LHe 10'.-: Gost; es nc ch&nge

in ‘the bleod orplasia volumes vas ncted. L : B
All animsls lost weigit steadil;. The inlerneaicte .cvels shoved |

P

a pheno:.'.-en of loss end regaliing c,f a ;.oriion of the ,’.oétr weight. The

low level zniczls shov.ed nc chinge in v'e‘g_ht. . .

P‘.thcloLlcal fmd.ngs shoved thet beicre uec.th hemerrhe, ;c ghenoena

' EAT
extensive edena (ir.clu..Lg ascites), orei ulcerauon :.na 11:.e chcng:ea,;-,;; '
of raéi:tion :mz;ge of severe r.:.t.ure Lere ncteu. 5 ,.‘cxab!.mnuor.curreu

in su e of the .Lcmer J.evcl am.x..‘.ls vith reau.;tc.nt trcphic ulcerr.uion:..

r19sez ~.._ /g,




resax:bled ﬂ.cse f h; h ..us‘,ce x—r&.u:utic: e..cej\t. that the he:..crrhabo

: ic less cuawcsn. The :dd-level an.u:zls show . uriod at,ema.-, hene rhege,

Lver dises.e, tscites a.d eaciatici. The low lovel aniiils shew no

& ‘ ( . : * \ AN i,

reciation effect..

7UD. The late kffects cf Injected fluteniun ir Sdce and Rots.
\B,): Brues, ras.nter, tisce, Suift.

The late effects of the injuctien of ; lutcnium in its various

forus c.nsist of the deveacpuint ku-f (1) bere twicrs ard (2) Liver
uieease. ’ o |

Bone turors hive occurred ir irci.ence cf ur tc 25 of ..he
ani. als treated vith t.he c;,t.;. 21 uOS;.LC rung L.f bet'.';o«:n 0.5 a;.d C;OS
’u:/m. One tur.or has bean cbserved a’c a level cf 6.02 ug/pi. |

LiVer uiscase st.cvs its m mcldence »f 5”. ;.t. ths above

"p

&

ﬁk;o* t.sx.:ai ..osage rsnge.’ l- tholo; 1cal ex....m m.tun shc... 'L‘- b ‘iver
"chun;,es ocr.s‘st ¢t ct.rc h, ¢nud \I..L&“L-rc.t ve cr rc,‘_cr.er..\..,vc c,s..,..,_es - |
: x jin ‘the rc.rer.ct y...‘.l ceils. Thds oﬁ.eu re. u;t.s in t.he ueVulO}mnt |
“ic.f ascl tes, wnasarce :..r:d ,_aum.lce. ‘ ’ | |
Bone tun.ors follon: ix;g }lutzmum admxu.,trptlcn usuall a, pe;.rm
'_vt.!e axial sieleton (vert,el ree, rc.lv....,, Jjow, aczpulae) in contrast to '
‘the t3 ;ical long, Lene (e,i hysecl) s.hicu c:xevc,lcq s foli.vn.is .g strontmx‘nQ‘t':’, |
administ.rution. o o
Api..stic ‘..z‘e. da is a con,.u,n t.em:mJ I'esu.t of lutox.ium &w!llﬁt!‘é.tic-..‘
Follwmg the subcut.uncms .bn‘,ecbio. cx ,4.uuc.n1um ..1Lr‘,t.e SeVLIu.l

¢

. Izbrosaca as have becr. cbserved ct t.‘e i:.JecLicr. ute ‘.iter LOO u&,s. ’

These heve apy reared v.:xth doses as .LC’w' e.s 1 v ug/g..‘ auz.m.stered.

7 FF The Lute Effects cf In*,ect,ed Plutor.lur on Dogs. o ,‘ R |
Brues, Palnter, Lisgo, ,12 . T




'but to that Lf x-radiaticn‘ Ah t:.ssues exce t bcne viere auected.‘

o

Auiiaus ilhicl have ;,x'*evicuul} recuives ‘njettions of ;iutuniu.

P

are beir; foilioveys for the 9evelr_:.v ent of ictent effects, Su.ficient

tice Lus 1ot elapswu for evan | relind. wry andlysis of data.

7 k. The biolesical ».euburen.cnt of Fluteniug Uc..-.j& Lc the L.wcr. '
By Urues

The rerpiciorical piclure, racivivtogra hs and piuvteniw.
cencenbrilion ol the liver ure belng cumpared in & series of uniiels

[rcvicusly njected with deses «f plotonlun wiich ;roiuce liver injurs .

(Lther ani.cls are belis trezted iith tets ang gaw.a cmtt.ers Lo. uetcr-
sdne the coiyerative .rnju.dcus e;fect 1rouuced, |

fesults ere still in the "i'elimim-.r;. steges and heve tecn bx_'iel'lyi
discussed unf‘cr several titles.

o ﬁm'siological or furction:l studies cie coitenplited.

m’»

f M, end 7 L Thl: Eftects o f flui,cr.j..&..' in E.* i€ b ste LS a'.d 'I‘:La.:m.s
setabolisc. By: Barren et al R

'l‘he eiiect of the alpha reys ( lua chc....:.c:.;) of ; lut.cn‘iu..a

cun.poumls on c.nz,,...e s, sbuns is hL..lluX‘ tc thet as rrcnouug acscribei

or -ruu.at.lun, luaﬂb.s‘, u the sm;hydr‘l s,stems {SH ;ro _L.SJ.. Tne AR
’relative effect hos been uetcrr:ine:: 2s &, rcxi::.:.t.cly 1/10th‘that

observed with an ec uivucnt. anocunt of x-rgui.gt:.o‘.. That this is du"iav“

prinaril t.o the. alph radiation is ;presu::.eu iuasxz_uch‘as oluniuam has .

ap; roxiicbely the sine eifoct as does :lutoudusi.

The éffect. on tissues is like'.;i‘se not as merked. The chaszges

- T

in the tissue 1CtaLC1.Lbn cre oot sind iler to hcavy mtal (uraniuxr.)

S

A general dem.turation cf -rotein was prc.‘uced with } avy ex;"n‘csuré‘. S - 1_,:,_‘
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' 'A. The Toxicology of Uranium Compuainy nierbeus gnd S il erstone. o

This report deals with the toxicclogy of uraniw;. Claplunds i‘oimwg.ng
feeding or irjecticn into G, Zm criteria of voxicity "\«eré; Lrpearance
of the L.lce, we...bnt chenpes, gz'ose and ;;:".crosco;‘ic ;;:uthclogicel changes
and cortality. The urenium content of the crgans &nd Lissugs oS aetén:ined,

in sz:bcut@ww injectior., uranium ccupcunds are VeEry toxic. Dependaing
cn the perticuler strein <f scuse viil zed in theve eriient, a siigle sub=
cutenzous injection of U.5> to 2 ag. ¢f urenian ac the witrets, produced a

wortality in sone nesbers of & groups b rge. wes l2thel to all sice. Strain

=

is z modifying factor in toxicity while ape and sex play 1ess importent roles.
Injeciions cf the foove=idr A,J cnied cmounts of uranium proauced an acute
intoxicetiung the nost constant and “str ikdng - rathclogieel chengeswes sn acute

necrobizing nerhorsis. The deaths cecurred during the acube intoxicelion

(first two weeks); othervise the idce recovered more or liess conpletoly. The

-

rain sites of urcnium accumuletion cre the xidneys and bene. - Disappecrance

bay

TUi thesé organs is & slow gvrocess.V Urenium is eicréted iﬁ_the u:irze' and

in the ingestion experiients the uraniom c,vx.psund WS ,.ncert,or..\;eo. .mto
the clet. Uaily dosuges of 10 mg. of urenicm es the r,..t"ut.e "roauced rﬁlat...ve—
iy low toxicity and no mertality, while desages of €0 ‘:::g."of uranium ded ly vere
toxie and lethal. It is cleor thet tne r ¢lotivel, low toxiéitg of izfaniwn
compounds in ingessticn {corpared wilth iiject.ion) is due to the low rete :of\'
absorption of these cumpounds frowm the gastrointesiinal tract. The n;&'ture'
and durcstion of the 1mox1cetlo.-, the gross znd cicroscopic I‘:.‘u:.hclog ical

c"zamfes and the distribution c,f uraniuvk in the ti ssues ve:e all swll‘.r t,o

that found in the 1r\jcct.1c;n studles. 'Lr‘..nmm GLCUL’u.Ldth sxc‘.ly in t.m. lg.uneys_

angd bor.e, and aisaprecrs slowly a-ter the removal of urmwn fzw“ the diet

—/35-
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‘Approxirately 90 of the melerial was excreted. Bcne wus the ;r‘nclpal

vesl thit tie follouing co.pounds

Studies on corperstive Lexacllyof v

oy be groe ped with resird to their tozieity on lngesticon .

are non toxic
U0y is toxde in hiph doses
UCLy, is non-toxic in .ccerite deses; toaxdc iv high doses

Ll (H03)z, UC,, MezUsly ere texic in zgﬂertte Zoses

o
*
[

UOoFs is toxic ewven 2
In considering the toxicoiogy of uraniun corpounds lt is necesszry to
clearly distirguish hettéen the exycsuré to urenius, the ;reéence of uranit
in the tissues, and uranius toxicity. The lack of relaticnship of the aiount
of.uranium io the tissues‘anu-:he state of ;ntuxiéetiun ub en; une tlme is

discussed. 1t is sugﬁesteé thzt the ceoute imboxicalicn be considered zpert

from the subsecuent course. The significence cf Lhe anicus of the ingested

-

compecund is ciscussed. For exaryle, it is ;robatle that UCQF2 is ﬁore’a'*‘

problexm of flucrine toxic city than uranium tex@city. "ﬁe cuurse uf cnronic

uraniuni poisonlrg is still tc be reco;n¢zed and uescrlbed.

'B. The Distribution of Uraniusd? in the Lissues of Lice Followin lnﬁection

of Uraniuvme3l plus € n*tfcie. By TathnDcum el al

The cistribution of uranium?3? in the tissues of mice folleowing a
single intramuscular injecticn of the ccipovnu was detcrmined. Hice
injected vith 1.5 micrograis cf Lhe coz@ound‘were sacrificed for

analysis in two wceks; mice injected with 4.5 micro; runﬁ, *n four \ecké. :

e

‘site bf eccurmlation coniaining apprcxiu tely (O% of the rutaluad amounts.:”ﬁ

Kidney vas ne in importancs. The liver conualned 1p end the other

organs a lesser amount. The d;strlbntlon of uranluﬁf3 is siuil@r to .

that of uranium<38, Both accumul te ir bone and nldneyu, ang boch are

excreted to & relhu,veEy h;ih degree A;Lﬁu‘atel) afbvr 1ujectlon.

0893 o "7/36‘?'




The distrituticn i‘igu'z'-eé"an the#six mice are os fqlldv:éé the

percentape of the dose re t,ai ed in the anirsls varied froa 6.5 to ll lfc

of the uose; bone contained 66 $o 76.3.3 kicney contelned 3.4 to 15.2%

liver couteined C.E fc l,é&; the injection site dn three anizols varied v

fro:. 10.7 to 16,563 the fsst .03? *;he ';rgs;r‘;s cortal ned O 5 to O.cp of dose.
Conpsrison vith axperirents i Lhe feading end injectic. of ura:uum‘as

45 given. Anifzls receiviny this cunpouns for 76 wseks as 1p of the

c;;:';et {nditr te) shoved 7lx deposiisa in bune, e iréddﬁey and 0.55 in -

liver. Anirsls injscbed with 2 ip. of uwrarivs nitrote shoved &t the.4l

day veriod 65% in tene, 33k in kidney ana 1% in liver.

C. The lizrcfluorinetric Den;e-.‘,:.n_t.lc.n of Urcpiwa. B,; | _i;gg_g_, Féfrétti
- and Somwertz . -

The rétiacd descrived for the qﬁantit.ativé deter.—:_lnation‘oi“ uraniﬁm ,

is sensitive to 0.00CL micrcprans. As such, it &s the rost sensitive

..‘-.et."xou for urnsiws analysis with which the euthors are familiar}.‘} Thls

bnnaltivit.y and aecuracy have beex jmaae poséiblje by {.he dre'_velupm’em:{_ of“

& special florop}*xut.c‘;;‘.eter.‘ The adventuge of this inétrumént is tixat ’

'small samples cin be am;l;;z;ad :md it is rarely he;essary to resox'bt.o

preliminery purification. |

D, Uranium Listribution In Tissuse of Ixperio e*xtw, ininals.
" by above cutlhcrs.

Studies in ; rogress. To be cc: .uleted in sbwt three weeks. /Thek :

chief intcerest is in the central nervous system uraniuc in chromc studles. -

.

E. The kffect of Uramu;r Exposure on !.L.Lnn Cuta] ase E}xcretion. o
Ratz, ,_Holt ami Schwartz.

Thrcugh rabbits injected With kiurxey-dazragir;g,dose_s Qi‘ 'uranium excrete_

increased d.:..ox.nts of catalase in t.he urine, no mi‘i‘erence das found in

ur.ne catelase activity in exposed and. heggexrosed ;roject perso:.nel.

ir9gag @ L




_ F. Uranium I:a:cret.icn btux.leq in AR R ,;/§_.:’By: .'Fei-i'itt;i,' Price
end bch'mrtg o e o e

Ur;uar‘ uran;un excretion hmb Lesn btUmLed in persunnel'frvm vafﬁods
projecis. Uranluu.cxcretlcn ;graad cuite J&LL vith uraniws exyvsurs.
helatively heavy exycsure Edve an axerage et 75 A¢crog‘¢xs/l¢tbr e,creulon,c
npderate‘exyoéure, 46 chrogr"ns/¢1ter, and lizht expe »sure, an average
of 16 .icro;ress. rer liter; Incidental exybsurc gawe'léss thern 5 micrograné
per liter.

G. The Effect of Let:l exicsure on the Excretion of Heturell: Lccurrlyg
Porphyrine. DBy Schwartz, 48 zria and daLsSoulia

a. iged Ihlrbeun rebbits vere ’am;nlst :red. up to 45 ag. of leau acetate
;er kg body weight. In all the totul co,roLothdrin eacretion roge from
an average of 10+l5 micrograns per day to abwb 200-6C0 rieropras per day.
Vaiués rcturned to normel only after several ﬁeehs to several mcnths; .

*he increased copro-poryhyrin excreuion was found to be specifically due to

the copro JI1I isomer.

&

Red cell protcoorphyrln also rose from ontrol‘values of atout 70
to over 200 micrcgranm\per 100 cc. of”cells.'h

There was 1o ‘apprecicble effect on uhe W t u*&ewaurlng thls 1er10d.

b. Uranium oeverdl dozer rathtS 5ﬁﬂ cne doa haVu besn 1njepteu ulth
0.05 to 5 ug. of uranicm nitrate Ler ng body weigrt large doses cguse a
precipiﬁous drop in totul urine coprop or;hjr¢n eYDPthUu nthh nrallels the
kldney damaée &s re;lected in the aecilne in urine s;eclflc brayxty ’ Saall
doses cause & slow increase of totul copro;orphyrln to 203 tlm@s the control
values. Prelim;narg studies indlcayed,nhatity;a increase wasAdue tq}@hs

type 111’ isomer, but further study_is dasirable.i':

c. COhblned Lean ard Uranium -  _ °‘g7 R - ¥“'?

NN




Cou.hmed loag and UrarSdyms M ‘ is aam.mlstered i‘irst to cause

Vv

a murked rise in urine cotro excretion, i.e. tO }uO mlcrogr&ms \er day,

s T3 . s P Ler N - -
ths aumlnzstratlon.cf & large atount (2.5 m5/Kg) of uranium to & rabbit

ccuses a precipilous drop to e rew uicrogrzzs per day within 24-48 hours.

Tiis is undoubtedly relcted to kidney demage.
d. Thorium Thoriws give.. alone scbs simileriy to wraniwn, i.e. large
doses (40-80 ng/Kp) depress and socll doses slowly increase the total

urine copro excreticn. 'If letd is given first eand fullewea by thoridm

the therium produces 2 secuid ,écncurc ed incre:xse in the urine co, ro oncre=
tion. This is corpletel: unlike urarivm. 1t shoﬁid be }ointed cut,

however, thﬁt urine specific gravity is nct k;u¢nloheu L thcrluu, 80

that the iiechanisn of its acticu is pulte ccrtalnly_alfferent,froa,Lhat'

of uwranivm. The possibilit; is tecirg investigsted that thoriun ..cbilizes

the iead which in turn x.rc»ciuce:a the prodnces the pwrphyrlnurla.

e. Beryilium in doses of 2-k .5/Kr has 11ttle effect on urlne copré -
N f” ‘ " excret 1on:k”In QOSt ratbits, no.ever, it has a Irofound aifect on Liver
fanction, as indicated by & narked lncrease in u*;ne urcbzllnoten excretlcn.i
‘ . lanthanun in single or &Ultiyle doses of 20 a@/ﬁi or 51nble qoses
of 30 ug/Kg has little effeut on the urine coxro excretiun.
‘ £. Arsenic in doses of 1.5 - 2.0 xg/Kg pro@uces a markedléfonpt rise in
urine copro excretion to values of S0 nucrogramé rer day cr more. Values

return to normal within a few agys.

bowe h. Effect of Bal BAL is cuite toxlc as 1ndlc;ted by the 1ncreased urine

K

uroblllnogen and urine coproporrhyrin exc"etion following adm¢nistration

E i of vherapeutic uoses of 6-20 mg/Kg (in peanut oil) ﬁdmlnlstered before,

51ruitaneous with or after the aumlnlsuratlon of metals, 1t snemed to have

- no effect on their rornh;rlnnpethic action.A

l1reagl | -
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fect cf Bone - : ; ,
Bf: Schwertz, Glickmun, Hunter and J°413ce.;~

The dogs develoreu a severe anemiz folaciling uhe'gh. nistraticn of
;ﬁ@ﬂylhg&raéine. Fecazl +retilinc:en and urine vilirubin rose warkealy
- in the‘folivwing several days. These vere fo 1omed by 1ncreused retice

| ulccytosis to c§er 50s. A4t the same tine both urine and .ecal copro-

-

vorphyrin cxcreticn increased 200 to 300 percent, This increase wes’
. AN

shown Lo be due Lc¢ the type I isoner. The type 111 isoc.er was not affected.

' ) . : .
This: ig in contrwd.stinction to lead ex;csure where iLhe excretion of the
type 11I iscier 1s 1ucrcased. ’ » - T

Two rabbits smm;lurl trecteu xlth phenylhvaruzlne shcued questionable

effects upon porphyrin excretion. ‘Studies are stl&i in progress._

‘

i. The Effect . of Ureniun on Enzyme S\sten@, Prote_n cﬂd T*ssue “etabcLJs“
Barron et al.

)

3

-,

25

 M?'f;‘ | Uranium yhen absorbed into the boay ccmb¢nes W1th proteln xnaa\*'
reversible state. The caitinaticn hes been dernvutrated tc be th

> _ the albumin rathur tian the globulin fractlon (plutonlum) | Uranlum

\combxnes a;so w;tn soﬁium.bicarbcnate aISO'in‘a revvrsible stéte. Its; .:A

affinity for the L¢carbonate fraction is greutest in the ylus 6 state,w

ithe affinity for the grotezn frdctlon is Ere;tegt in the 1lus k stata."':r

Uranium likewise 1nh1bits ensyne s;stems in & rcvers1b1e nature.'
Enzymes when inactivated by the aduiticn of uranium are reactivetea when\"

thevmetal is removed by.the addition of either citriq acid or sodium -

bicarbonate. )

§ S o " kxtensive studies on the dlffusabi 1t3, flltration etc. of uranium

\compounds have been carried‘out. ‘Th e;fents of uran;um on specific ’

1119902 —
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he auspmas of the »‘ﬁ._ 15 October'l‘;&, ‘and 1ater im: 7o
‘ated ‘into the framework of the Manhattan District Project, was to
“fz.rst evaluste ‘the possible hazards arising from radioactive materials '~
“produced by uranium fission and, second, to explore the possible uethods
of treatment of individuals who might become infected with dangerous -
amounts of these substances. The first, and msjor phe.se of the re<
search effort wes devoted to. a fairly exhaust:we survey of the metabe:
¢lism in rats of the more abundant lohg-lived fissioa products, thorium,
‘protoactinium,; neptunium, and plutonium, Prcrallel to this oompara'bie, e
though less exhaustive, experiments were done to investigate the mets
abolism of the majority of these substances in plants and their depos«
ition in verious types of soils. The second aspect of the general
program was concerned with possible therzpeutic methods for treating

' individuals poisoned by these agents and .devoted itself in ccns:derd’ble
 detail to the exploration of di.ferent prccedures thet possibly might f"
prove of therespeutic value for the therepy of individuels infected with
those of the long-llved fission products and plut.ommu, which are select-
1ve1y accumulated in the skeletorx. ‘ B
i The work under the general metabohc program mcluded the

study of the assimilation,.distribution, rctention, and eliminction <~
of the carrier-free radioactive isotopes of strontium, yttrium, zirconiumg
columbium, ruthenium, tellurium, iodine, X¥enon, cesium, barium, lanth-=.
anum, cerium, praseodymum, thoriun, protpact.mlm.L, neptunium, plutans

~ _ium, and americium, using rats s the experimental animals, With the

- exception of thorium and americium, thes¢ meterials were administered
by the three chief portals of entry into the body, namely, oral pc.ren
“erdl, and intrapulmonary. These tracer / stuties, in most instencesy
: extendcd over periods of time up to and/ including sixty-four dayss
" “the case of plutonium, the studies wer / for intervals ranging up o

_ “almost one years In addition to the dircct determination of the de

“ition of these variocus radlo-elomnts in the twelve to fifteen most

important organs, a very detailed scries of radioautographic studie

, was completed with the two organs whgre deposltlon and retention was.

-, of greatest importance, namely skelefon and lung. In -addition to the 4
“anime] experiments, a very extensn.ve/ study W:Lth plutonn.um 238 was

P11990U




“this part:.cular ‘instance, 2 tomplete excretory record was obtained . :
‘for almost one year. The results of all of thesc trecer metabolic ;" '
studies may bc summerized in the following manner for those radio-. .
clements listed in the footnotes¥* The alkalinc czrths, rare earths;
z:.rconlum, columbium, thorium, protosctinium, neptunium, plutomum,
and amcricium, when introduced into the body were deposifed primari

 in the skcleton and the everege degree of rotention of the absorbed -
radio-clement, rcgerdless of the route of administration, ranged from
25% to 75% of the amount initially absorbed, The fraction of these
radio~-clements retained by the skeleton is eliminated a2t rates which
arc less than their rates of radio-active decay with the exception
of thc 340 day cerium, possibly the 30 yecar strontium 90, Pu? 9 and . -

» The remaining five long-llved fission products, ruthenlwn, ' L
tellurium, iodine, xenon, and cegium do not show any s:Lgnlflca.rrt degrec .- ‘
of localization in the skeleton. In addition, therc is no very striking -
deposition in any of thc other tissues with the cxccption cf the accum-
lation of icdinc in the thyroid. The rates of elimination for 'a.ll
of thcse five radio-clements arc much greatc,r than their rates of -
radicactive-decay, with the exception of radio-iodine {I131) accumue -

 lated in the thyroid. In this particular casc, the relcase of accum-—; 5

~lated iodinc in the thyreid is many times slowcr then its rate of
radicactive decay. The members of the long~lived Ffission procmct.s
group which are absorbed by way of the digustive treet to a signifi= -
cant degree include strontium, bar:um, tcllurlum, icdinec, eand gositm.

The other members, notably yttrium zirconium, colw: ib;Lum;' ruthcniom,

: ;.‘;lanthaxwm, cerima., and prascodymium are nct absorbed by way of ‘th

" digestive tract %o any si-uificant degree, likewisc negligible cral

. 'absorption was noted for Th, Pa, Kp, Pu, tnd Am, A high degres of

.. retention by the lungs has bv(on obscrved for, ytirium, zmomum,

. columbium, rutheniu, lunt.humm, cerium, and prascodymium which fr
guently approaches and in somc m.rcumstc-nces, cxcceds the radiozctive
rates of deecey of thesc substanccses The pulmonary retention obsvrved. :

. with strontiuu, barium, tellurium, dodine, and ccsiul, is negligible
wnder the conditions of the oxperiment.  The valuc of the gencral data
sunmarized above was thet gualitative cstimatos were poss:Lblc in the
cvaluation of the relative cgrevs of hazard to health for thosg in~

dividuals who might come in contact with thc 2gents l:stcd a:bovc,
;Pulmonary r;t;.nt.:.on was also high mth Pa, Np, and Pu. \

i

A largc. sharc of thc total cﬁ'ort cxpondcd by thc, gr0Lp v*orklng

““on traccr and metabolic studics was devoted to an cvaluation of thel. . °
behavior of plutonium in animals and in man., The results of “thesc

~ studics, which werc far morc cxhaustive than the attention devoted

to any onc of the fission products and thc other heavy clements, r

‘, ycalcd the fonmng,lxnporpant ‘Jolnts " The absorptlon of plutom.um

"SrB‘? Sr90 Balw z91 Lal’+ , Co 140, prlh3, Zr95 x;b95 23
a233 Np239 Pu238 pu239 and Amzu 'BulOB Tclzi 1;3 § 




“fron the digestive tract in rats is of the arder of J007% el

‘1y administered dosc,  which is negligible. “Tho chief orgad of atcums
“lation of plubonium absorbed into the blood stream is the skeletons:

" The rate of releasc of plutonium accumlated by the skeleton in rats

7 is extremely slow; the estimeted helf-time of the excretion has been

- evaluated to be greater than two ycars, In the humen study, the elim

" ination wes far less,’ giving a lower limit for the half=time rate of
“excretion from the skcleton of 50 years, larcover, the. radjocauto Teph
studies revealed that plutonmium is deposited primarily in the region.
of the endosteal layer of the corticel and cenccllous bone. Presumably;
this matorial is accumulated within the osteoid matrix. Relatively.
little plutonium apparcntly cnters the mincral puriion of the bone both

in rats and in man, This intercsting bohavior explains, in our estim—

. ation, the very high toxicity of plutonium since 2 large proportion -

- of tho alpha rays can entcr the rodio-scnsitive bonc marrows An cx=
tensive series of inhalation studies werc done amploying aerosols of
PuOs, produced by burning chlorides and nitrates of plutonium and ‘the

 metal. These studies revealed that of the order of 10% of the inheled
" meterial in rats is dopositcd within the alveoli where its rate of ro~
leaso was of the order of a fraction of 1% per-day of the reteainod -
amount. Comparable rcsults wer. obtaincd from studics of the inhal~
ation of fine merosols of solublc campounds of plutonium with the ob=
servation that a significant froction was absorbed through the lungs .
and deposited in the skeleton, while in the casc of the oxide smokes
negligible absorpticn through the lungs ogcurred o

 #% 3 Sarvey of the deposition of £15sicn products and’pluton
in plants and soils, rcvealed thet 2ll of thosc radio-clemenis X
‘40 be immobilized by soil colleids to a very high degrec. Plants grows.

in such infocted soils demonstrated an extromely high sclegbivoe sccum

‘ulation of these materials in the.roots, With the cxception of strom

only minute quantities appoer in thc stous and lcavess This phrasd of
. thc work, of course, indicatcs that the rclcass of fission producte.or
. plutonium into the agricultural arcas will probably be attendod'b

very serious problem of considereble durations

- The sccond phasc of thc projoct et Berkcley cncompassed the. de-

" contamination of skclctal deposits of fissionablc meterials, Up to the
prescnt, cxperiments heve boon confined to plutonium, and to the r

- active isctopes of strontiua, yttrium, and ccrium which zre produccd by

R The boﬁav{i:)r-"o:f £h055 clcmcn‘hs wascomparodundc‘r conditions
_ "profoundly affccting bonc mctabolisn, Growing rats fed a-@ict low i

calcium absorbed ‘over 25 tifics as mich Sr¥ from the gat 25 did adults
reeciving adequatc calcium, - Thore wes a four-fold differcrhce-in ires
tontion of injected Sri between the two groups, but no appre

effoct on Y¥, Ce¥, or PuMty . -4l AP

Severe phosphatc dcfiéiéney we.s pfb&hcod in rabts with.

dict containing weshed blood fibrin, or by adding 2l

H &




,mwdrnxidc to & ncrnal Qlut to prsc1p1tato the tary phosvhatc and
. prevent its absorption. Thc deficicncy produced sevorc doceleificat oﬂ
©f bene, and reduccd the retention of Sr¥ three or four fold, but had’
no apprccisble cffcet on thc retention of ¥¥, Cc¥, or Pu¥, In ed«
vanced stages, large arcas of the bone con51stcd of organic ratrix
.. . fre. from bone selts. Radiotutogrephs of undeccalcificd bones from such,
-7 " animals showed that Sr¥ was deposited cx~1u51vcly in the rewaining min-
cral bone salts of the shaft, whilc Y¥, Zr¥%, Ce¥, and Pu¥* worc deposited
in the uncalcificd organic mbtrlx. Thcsc oxperlmcnts indicate thit Sr¥
- follows the path of calcium mctebolism and is cdepesited in the mineral
s : of bonc, whilc the mcteobolism of the other clemente appeurs to be
unrclated to that of culcium, and thcy arc deposited in the orgenic
metrix of bonc. Even in the forming bone of & healing fracturc, Pu¥.
s - and Y¥ wicre deposited in the callus scverel days bcforc the onsct of
O calcification and thc deposition of Sr¥, . I

The climination of Sr*, Y¥, Cc*, and Pu¥ by rats was followcd :
for scvcral wmonths to deterine the cffect of prolonged treatront with oo
perathormonc, enmonium chloride, c1trutc, cr cthcr agonts uscd .ini o
trcating chronic lcad and radiuw p01son1ng.. No significent cffuct
wes obscrved, except for a swall increase in the excrotion of Sr¥g
vThls does not hold out much hopc for dCCOHtaﬂlnutlbn by .such mLthOdSa

. 4 proccdurc was Su&ngtCu for rLduCLng thc tcx101ty of thc
plutonlvm,dpp051ts in the skclcton by cvorlayering them with new non- o
_ radiocactive bonc. This would shicld the scnsitive cclls of the “bonc -
. marrow znd bonc from the short renge alphc perticles, *Verious mez
" of decalcification followed by now bonc formztion worce inves tAgutﬂa,’
and radiocautographs of the bonw shawcu that ovcrluynrlng "ctu ly aid "
taku plaCL.,\ e R Wb,

’s

o Eprrlnpnta were also o rrlvd out on various phas s of bond -
) mcthollsm, including rickets cnd scurvy, and on the fictors 1nvclvcd

;iln thc new bonv formeticn asscciatced with frecturc huullng.p
. _ R

, Thv work planned for the COLlng fisce l yo@r 1ncludus thu follaw-f
ing major itcms., First, we plan to perfcrw wmore adcquat. inhalation
studics with rats using thc wmorce dimportant lon_-lived fission produtts.
leny of thc carlicr inhclation studics with fissicn products were un—
satisfactory duc to the unavailability at that timc cf what we now
"considor suviteble tochnical methuds. The projected oxperiments in-
cludc the inhelaticn cf cxides as well as scluble ccmpounds of radio-
clements such &s ybtrium, zirconium, and columbiui, ruthcnium, curluu,
and prascodymium. Thosc represcnt the membors of the 1ong—llvcd
fission products group which show a high degroc of rotention in pul—
monary tissucs. In additicn to thc animal studlvs, which arc in then-
' sclves relatively straight forwerd and bricf, it is planned to¢ under— |
take inhelation studics with thesc zgents using normzl human subjectss |
a vory satisfuctory technique which has alrcady demenstrated its cffcct—
‘ivencss has boon do vclop,a end Suchctud to trlal by one of thc mcubcrs‘

AT -




of the Berkcley group. | Here, ofu&)ursg; it will dbe cssary
the shorter-lived isctopes and under such conditions, the expor ‘
‘¢an be donc without risk to the subjects. .Secondly, traccs studics:
in rats are planned employing carricr-free radiocactive isotopos of tho
following agents; notably, gellum, germanium, arscnic, ‘scleniumg s
rubidium, molybdenum, elemcnt 43, rhodium, paladium, silver, cadmium,
indium, tin, antimony, ncodymium, clement 61, samarium, nd curoplum,
“As many of these diffcrent clements will be studied es tinmc pormitse -
Thirdly, tracer studics will bc initietced cmploying redium, ‘actininm, |
uranium, americium, and curium in animels and humens using clinical
material available from the ledical School. In addition, tracey:+ .
studies cmploying the most important of the long=-lived fission products
in such human subjects will be attcmpted if time is sufficients Fourth,
_ tracer studics arc planncd with such clcments which although not nat—-
urally radioactivc, can be madc so by cxpcsurc to irradiction by:2 - .-
- chain roacting pilc. - These include possiblc reterials of construction;
notebly, chromium, irom, nickel, cte. , Fifth, tracer studics are planncd
using a radioactivc isotopc of beryllium, (Bc7), in order to study - oo
the metabolism of this substancc, which is most certainly warranbed
'in vicw of the ominous toxic charactcristics of the cloment which is
* apparent in industrics whorc this substence is cncountered ig large

o4

" TUnder the decontaminaticn pert of the progran during the coming
year, it is proposed to cxtond thosc investigetions to includc uraniumy
" thorium, actinium, protoactinium, radium, and clcments 95 ‘and 96¢
dictebolic studics of the effcct of age, dictary calciun, and phosphate
“deficicney will indicste whother or not the clement in questicn feliows
. the path of calcium mctabolism, - Radicautographs of boncs from injoct~
ed phosphatc deficicent rats will show whother tho sitc of dcposition
is cxclusively in the mincral bone salt, or in the organie metrixe

Eop
g am

<" hgonts which might incrcasc the climinction of the cloments
undor consideration will be investigeted., Thosc will inelnde compounds
forming sclublc couplcxcs with the metals, BiL and non-toxic motals
{such as Zr end Hf) which might compctitively roduce the doposition

%

BT The oxperiments on overlayering of plutoniun ddpbéits'\ by new
bene will be cxtonded to other clements which cmit alpha perticloss
Toxicity. cxperiment's will be carried cut.cn suall menmals to dotormin
the effect of overlayering on mortality.. The overlayering cxpoerd et
‘are also to be cerried out on puppics and cats, 2dding elucinum hydro
to the normal diet to produce decalcifications, Phosphete deficiency
particularly thet produced by adding aluminum hydroxide to = nermal
diet, will be further investigated in animels, and possibly in scle
ed clinical cases, to determine its value as a ricans of producing bone
‘resorption. Experipents will be carricd out tc cbtain information on
‘the character and reactions of bone, including the neture of th

‘organic metrix in which these clements ere depusitedy ‘Three types of
‘animals should be partiéulerly useful for these experiments: growing
animals which are actively foruing ney bone; phosphate deficlert o

5 . : EEPT % - . “ - . O
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rachitic anlmgls in whlch bone salt is resofbed leawlng lurgu areas
of uncalcified organic matrix; and animels with healing fractures in
which there is a very active locel fometicn of new bone in the cellus.
The effect of protein deficiency and plasmapheresis on the organic
~ bene matrix will.also be studicd, to dctermlnw the 1nf1uencb on the =
“_‘depositlon of these elements. 2 . ’

) - Another phese of the project at Berkeley'was thg use of radlo~
elements in agricultural rescarch. The absorption of minercl nutrients
by plant roots must be accorded a rank with photosynthe51q =8 one of
the truly vital processes of plent growth. The process constitutos
a major field of study for the plant physiologist, and in its diversc
aspects, is the control theme of all investigetions dezling with soil
fertility. Hitherto, ion-absorption by rcots has bevn studied zlmost
exclusively in terms of net gains end losses of ioms by the root sys-
tem or by the culture medium. Virtuelly no attempts have been made
to study the process from the peint of view of plunt anatemy. Little‘
e  information is availeble =s to which cells or regicns of thu rooh -
R system are invelved in the proecessus of udneral ebsorption, ion—behungeg
. etc. Almest ncthing is known concerning the physiclogical role of icns -+
such a2s Nas*, K&, Cgs. and the so-called “trzce clements.® In the i
proposed’ work, these vitel and c¢ssentially untcuched flelds W1ll be in- .
vestlgated with the use of ruleaCtIVC 1sotcpcs.w /‘“~. L :

o It is ant1c1pated thut mdry of the ebove mertlonbd phy51alog1cul~’
“problems in agrlcultural research may be solved by the develcpuent of
‘methods of preparing rediceutcgraphs of plant tissues. By these m~qns,
. it should be possible t¢ study the mechenism of absorpticn f many in=~ .
organic ions by roots. Also, it might well be possible tc determine the
;role aof pgrtlcular clezents in the develcPthx cf partlculur tlssuo»

in the growing plant structurc. f. ' RN

N

A Inseparablc from.the gencral problcm cf mineral nutrltlon uf
‘plunts are the innumereble prcblems pruscnteu by the corplex collold:a"v
chemistry of the scil itsclf. There again our knowledge of the surface
chemistry «f scil is for froa adequete. Existing infermction concerning
ion=absourption rescticus in scoils is confined chicfly to swore divelent
ions. With the use of radio-elements it is expcocteu thet the behavior
in s0il of most of the vle.ents of the pericdic syste. cen be uetvralned ;
~with great convenience. It is hoped thet this brief cutlinc will provzde
, soue concepticn of the regnitude of the preblems to be attackeds 4
- 'satisfactory 1nvLst1gatlon of the field will take many yours even with-
" the best of techniques, Nonetheless, it is felt thet such & plan of -
" research will amply estcblish the fact thet informetion g*ined in the
" development of the ctondc bumb elso will contribute lmmeﬂsurgblyfto'one
Vof thc uost bESlC endcuvors of man-grow1ng of plants 1n 5011» " :

e

g w2

2 v The foreg01ng summury m%y ssrve to preSent thu’gcncr.l pattyrn
o, of work tc be pursued in the Ccllege of agriculturce ’Certoin aspects:
' ;9£ thy work are of ccncern to the anhvttgnthstrlct and should be .




- " after intravenous injecticn, the antibodies will cory the uranlum.WIth

incorporated in the work plonned for the biological program during the
coming year. These aspects dual with the behovicr in soil and plants
of those radio-clements created in tne production and applicaticus of
nucleszr energy. OStudies of 2 prelivdinary noture in this labcerstory
strongly support the conclusicn that the zccidental or intentional
release of fission products to spil or irrigetion weter may ,onstltute
e grave agricultural hagzerd. It is proposed that these studies be con-
tinued in the ensuing yecr tc embrace problems of toxie limits and of
soil dcecontamination for the more inportent long-lived radicelements
involvecd in nuclear fission, '

In ¢ddition to this progrem, work under 2 scparcte section hos
been stirted on the study of the effect of fissicn reccils on tissue,
This is of importance from the health aspect and also from the funda-
mental point of view, The broad purpose of this work is to detcrmine
the specific biologiccl effects of fission recoils produced by slow
neutron borbardment cf fissicneble matoricls administered to onimals,
The work was started by prepiring colleidal ureznous oxide, cnd studying
its toxicity when cdministercd iutravencusly to leboratory mite, It wos
found that one milligram in suspension noy be given intravencusly with=
out lethal effect, as long os there zre no scluble uronium conpounds . |
mixed with the UCR2. aAlwost 21l of the cocllcidal sucpension is taken up
by the liver and the spleen, which will hold these compounds until they .
are chenged Lo scluble uranium compounds. 4 large fracticn of the . i
scluble part cf the colloidal U30g is token up by the kidne Collcidel”
U30g 1is, therefcre, much more tixic than cclloidal U2 (50%yof animals.
die after 0,9 Lllllgrc¢5) Using UC2, the density of uranium in the
liver and spleen is around cone milligrepm per cubic centimeter, high o7
~_-enough to cbserve thc effects of f1351on without interfercnce fro: other
biologicsl effects of thermal neutrens, especially if uranium enriched .
with the isctope 235 is used. In foct, cclculeticns and wmecsurements o
show thet a certain amcunt of gamuz ray beckground is alsc tolerateds o
Thus, the first experiments will be carried cut with 2 paraffin moders= 0
tor and the 60" Cyclotrcn. We intend tc cbserve the effect of fissicn.
recoils in the upleen. Sindler studies using P32 have shown thet, .
given adequate doscge, the spleen will shrink to less then half of its
size, In dogs, thc splpen cen be wnde to disappeer by this mcthod of o
selective drradisticn. Sccondly, histclogical secticns will be prepared,
Thirdly, the nucleic acid metzbolisa of the liver will be itudleu under .
-~ the influencc of fission, by mezns of tracer amounts c¢f P Finelly, .

~ the distributicn of fission products in the enimel will be mousured -
~i.c. radioicdine, radic-strontium, etce If the results show thet f1331on v
recoils are very effective in producing loczl changes or biclogical
- effects, other uranium coupounds will be prepared (possibly with the hClp'gJ‘
- of pr, Calvin’s group). Alrcedy, work hos been started cn tying urans - o)
ium to T:pe 11 pneumoccccus antibody. Reports in the literaturc indicate .
that it is possiblc to attach urcnium to antibodics in such a way that,

~them, uniting with the untlgens Ther. they rcect with the entigen, -

' depositing the uranium in the tissue, - This mechanisn will be studiod
with the hepe of prepering suitce ble_urgniumrprutuln coubinaticns which
could be depcsited in cny given part cof the body, especially in regicns
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The leasurenent of Fbst'Nautrons for Blclog;cul QA h“-
by G Fallla

Lo e : . PN . ¢

CoaT The purpose ot thls experlment is to heasure the tissue dose-
delivered by 2 beam of fast neutrons in terms ¢f the ionizing energy 1ib=
"erated in the tissue. This infcrmation is necded in order to detcrumine
the trne bioclogical effectiveness of fast neutrons and to eveluate the
results cf biclogicel experiments copducted in dlfferent branchcs cf the
liznhattan Project. S

o -~ Methced. The extrapclcotion iconizetion chasber methoa, prev:Lously
devised, has beun further developed as regards both the constrution of the
1onlzatlon chamber and the detecting instrument. The electrodes of the
icnization chamber zre mode of met.rial similar to animel tissue in its
atomic constituents. Two incependent determincticns will be wmeade: (1) vit
air as the ionized mcdium (2) ¥ith a2 gés wmixture heving the same atomic -

constituents os the electrodcs of the chambor. The finel result should be
~thc same in both cases and therefore this prevides & check of the accurzcy . -
,Cf the mpthod. - : R TR T S S P

. Extent cf Prc;ress. The work up to the prescnt his involved the ™ -
construction and testing cf epperatus znd the nzking cf a great meny Leas-

urements under different conditicns. Numerous difficulties have been over-.

come and the experimental procedure is now qu;tu setisfactorys Work ds

- still in progress and it is preferasble not to give the results obtaincd

: thus far, sxnce they eare subgect to updlflcatlon.,gﬂ 3 » .

N In crder to avtermlne the blologlcal effectlveness of fest :
.neutrons in tho cose of biological experiionts carried cut in cther parts
of the Prcject, similor nmocsurcments will heve to be mede with the neutren. o
beans used and under the physiccl cciditicns cbtzining at the time the ~ 2 -
- anipels were irradiated. st e R e B e T

“ o an faes
. Lo e ey pes

It is expccted that final results will be cbtainédfby‘July'l, o
19A6 in the case of the necsurements in which air is used as the lonmiged: -
gas. ST e g T A :3jj-{i,f:“g -

Effects of Smell DallY Duscs cf Fest Noutrons on Llce 11;:[‘

.
i .‘,"

 1' - 1_".. by T. C. dvans vf

" For thc purposo of dctermlnlng the ratlo of blOlOglCul effects ‘
of multiple small doses cof 200 KV x-rays end neutrons, it was necessery
to carry out a series cf pilct bxpyrlncnts with a singlec treatnenta.. Tne»*
-..  percentage of survivel, the median lethel time and hematclogical effects
", were used as indices cf compariscn. The experimunts indicated thet the.
- dosage of 8 r Eave aloost 1dent1cal flndlnga as thcse w1th 2 dosagc of 1 N;
L A sg ,an ccepariscn pllct expurlment us1ng multlple dOSagLS of
80 r and 10 N per dgy for 25 days showed sirziler effccis on the medien

Itreers . -

ST




: In the soloctlon of dwlly deses of m,utrcns whlch were to bc uscd
. dn the deily cxperiments covering - pericd of cne cnd a hal:f years, the
‘fcllowing choieus were wmade: 1.4, 0,14, 0,07, and 0,014 N cquivalent’ to, -
respectively, 11, 1.1, 0.55, znc O.11 r, ecccruing to the ebove mentioned
ratios . These dosat_cs vere given (using the cyclotrc,n as a scurce) five
",'t:u.xes weekly., The enimcls used wiere Swiss and CFl mice., Twenty-five males
and twenty-five feuclos of coch type were used et each of the cbove dosage
levels., Eech strzin and ecch sex of aniwsls hed & suiteble contrel of @0
twonty-five. Fa.vc hundred wice woere used in this cxpc.rlm,nt. -

- In the lc.rgest chronlc Jose (1. LN) uftu,r five menths of irradiatic
the 2ninals storted to dic. 411 oninels 'had sterted te losc weight with
becth leucopenia and ly;-Lphcpcnlu being produced ot this tise. The groups
were down tc o 50% survivel level 2 fow wecks loter. The CFl mice dic not -
survive os long s the Swiss strein. The cpprox.zte necn lethel tiie was’
. 49% of the contrcl time. Catarscts begon to appesr in the bXpuSyu anlmgls

after approx:.mgtel\ 80% of the total grcmp hud un.cd. :

: In ‘the next dosage lcvel O 14 N the neon let‘nal t;me was 86,1o
of the control tiwe, The offects un the blccd were nct as definite as
observed at the higher dosage level, a slight reducticn in lcucocytes
being cbserved os compered with the coutrols. A light reducticn in fer-
tility wes ncted in the meles and 2 light but definite reduction in thé
i‘requf.,ncy of the estrous cycle in the femalc. Thore was & slight mcrea
. in the incidence of catarset whcn the nu:,.bcr cf. surv:Wors hc-d bwn re-
S ’duced ‘bo a i\,w ;.nir.:als. s ' '
In thc two low dOSugb 1w:.15 (O 07 .—_nd O Olh N) nc notlceable

B effects have boen cbserved as regerds the survivel tine, weight less; -

~ blood counts, patholcpy, changes in cestrus, or bresding. By the tine ‘the
latter studies (Oestrus and breeding) could be done the “anirnals hed aged |

. considerzbly but a cuuparisen of the eentrol and exper:x.lent”.l grcups gave

"ramy alr:llar ""S@"’V ticns.

-t . . - 8 L
s . N : R .

- S In all groups of uluvr enizls varicus fcr 18 of neoplg.sx.u, hL
develcpe.d. The cauparctive frecuency :m contrcl and expcrl.uerxt el 5ruups
has not yet becn detc,r'ined cor.Lpletc,ly. Lo e e

: O
W LR A : N

Patholu;c ] stuuy cd‘ the tlssues from anine r2ls dylngln thc. X",

| periments described above gives the following infermaticn. With a mexd

single dose c¢f neutrens, there is' en oplasia of bone raorrow, nerked re-

‘duction in lymphcid t:.ssue, degenerative chan s leaiing to zplasia of ‘the -
testis (geruinal elerents only), destructicn of intestinal muccse, ond
gencrel atrophic chenges. In the 80 r/dcy = 10 N/dey experiient, the effec
" were ncre or less sharply’lcczlized te the blcod ferming organs ond ¢ cn us.

BORTIrS the 1.4 n/dey dose the mcst marked effect was the developmc.nt cf

- ‘testicular ztrophy. Scioe slicht depression of bone nerrow cetivity was :
-ncteds Splenic atrephy was produced with en inerecsc in flbrus:x.s- L:a.ny ,
: ;chgnges Cm.&pz..tlbl(, with early ag,lng were note\.u “ : e




.~ The highcst dosage level (l h N) was repoatnd for the Spec;flc
purposé of following the effect cn estrus change, sperm production and
cataract formaticn, Swiss aniocls were used. In twe uxperlments c tgracts

 2ppeared in animals surviving after 80% of the origindl expcrimental group

_ hed died. In the nale group stourility was prcduced sbaut the fifth week of

. BXpesures.  In the femsles the gstrous wos Ccmpl»tely 1hhib1ted aftbr about oY
: 12 weeks of exposure. ’ e
o A group of female animals cf hybrld straln with black coets and
pigmented eyes werc alsc studied at the high level (1.4 N). Cataracts
were formed in approximately the same faghicn and degree as observed in
the albino pure strains. An interestin: additicnel observetion is tha

the hair turned grey after cbout 6 weeks of exposure’ and later becone pure
whlte 1n those animals surviving the median lethal tlme.,

Attempts were nade to ccrrelate the testicular weight with exposur
level end damage. In thouse animels receiviig l.4 N a definite reduction .
was noted; at 0.14 N change was doubtful; and = 0.07 and O. 014 N no chenge
was ncted. Splenic welght showed definite reduction in the highest dose
level, Occasicnel enlarged spleens were noted in. thc 0 07 and 0,014 N
and control Eroups.

[

‘ An aaditlcnal expurlm&nt was cerried out u51ng 11 r :nd l.h n.,; ,4
per day to determine whether x-rcdistion elsc produced cetaracts. st the, o
 time when 1.4 N showed weight reduction and mertality increase, the 11 r
of x-radiation animzls showed no chonge. With the continuetion of the
experinent the effect of the 1.4 N wes shown to be. definitely more severe
. than the 11 4; and the epprexivate biological effect ratio wos tentatively
L placed 25 12 r = 3 N.. Cuthrgcts were prcduced by x~r“ys but nch. tc the P
; same extant,;1a, : ; Rt e o
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' Purgosr. - Hc.z‘.rds te flshcs by bcth extcrn“,l“ raﬁlc.tlﬁn
fiss:.cn prcducts clcposited w:Lth:Ln them. S

Hazg.rds ruln.tcu to cherlcd spcrs:.on in r:wcr lw*.ter from‘
‘effluent cf plle et H EdJiie N G s

«

I-L..zards due tc tor..peruture elcvutlon.

The o Ljor J.nt»re,st in this stuuy is the (.ttex.‘pted prot,ectlcn of
the salicn runs in the Cclucbia River, and correction of eny pro- = -
cessing met,hcd which r.a.ght be duletprluus to tha s‘i‘ety und futura
of 'bhese runs. ) . A 1

It is alsc necessary to remcve ths gvvernmcnt frou any claim a8,
to the injury to the largc and lucrutlv‘c sg.lz.lcn :anhstry in the Col-
umbia River. : ‘

Chlncok Selron adultsxtreated'w1th 25,
fcm.le' Sp‘..wned md e.ny effect in szze, growth, ctc

‘ Hatchlng oi‘ a’bove eggs (l) to younr end o’bservauon .for ef
~ The 100 r fry. relr,usea to return from the sea in ‘91;6

Scckeye Sd.non adults treuted w1th 25, _
‘ i‘er rle; Sp_.wncd "nd possmle ef“cctq observed..;

Hatchlng of sbove (3, and 25, 50 r fry
(1946, 1947, 1948, :

» Y *.v

'rSteelheuL Trout hdults trected with 250; 500, 1000 7" ,
. scrvetion o8 to ei‘fects on growth, mortal:.‘ty md hlst-'

atlcn of f ry.

””Chlnook Eyea Eggs 250, 5oo 1000 2500,15 00,
" Hatching and. obsex:vc:hlon fcr z“cr’oal:.ty, £
) lLElCul uffbct. /J/g o




¢

on skln and cxternul organs.,f

‘Death. R

Reinbow Trout udult male, femgle, 500 1000 2500 ri
of flSh effect on spuwnlng tc hutdhlng of eggs.

,,,;

Lin

TIQ;f Chlnook Flngerllngs male and femgle lOO 250 500 750 lOOO, ;
. 1250, 2500, 5000 r. Observetion of nortallty uﬁd section—
e 1ng of tissues for hlstolugicul effect.-» »

PREERTS R b B Rainbow Treut yearlings male and fpuule, 25, 100 500, 1000
T ‘ 2500 r, Observations ca the above to sexual nbturlty in
CREI R S R | spring of 1945, . . .

12. Ch:mook adults rale and fem le 25, 50, 100 T to spawm.ng.

13. Hatchlng of cggs (12) to fry staéelind dbsprvuthn for ef;ect.‘
R Rel&ase >O r. cnd controls to retur1 in l9h8.1 w

| 14. Steelhead male and female 25, SO lOO Te Treated and $pawned;j£

15, 'Eggs from asbove (L) Hutchlng and ycung dbserved. Release
: lOO T and ccntrols to return in 19A7, 19A8 ,
call { : :
Goldflsh male and femﬁle tre;ted w1th 25, 50, 100 250 500
750, 1000, 1250 and 2500 r.  Observcticns as to cffect on
v mortallty, hlStOngiCul changes and browthsv

‘ “that the water supply bc connectou with the effluent of uhb pLQnt in‘a .. -
5 variety cof weys s¢ thet the effect of viricus concentraticns of plant ef=
fluent ai vurlous tempurctures could‘be tc=teu on s#l‘on tnd trout udults,‘f

Ccncentrutlons adopted using river wutcr 28 controls werc effluent e
¢~pure ‘conteining 211 the salts and being cocled before the tenk; effluent -
refrigerated, and effluent mixed with river water in the follow1ng con= -
‘centraticns: - 1 te 33 1 to 10; 1 to 50; 1 to 2503 1 to 500 and 1 to 1000
"Steelhead trout and chincok salnon were tested in the same tanks divided
by pertitiuns. The fertilized selmon eyggs were plcced in 1dent1ca’ con—,

SERLY

centrutlons latur in thc cxperlmpnt. ' ,1,~_ - :]y ~3gyy

t

bvurlcus tcsts cf sp901 51 haterlgls used by the plunt (0115 _nd thc ?
llke) were tlso tested in the nomially used dilutions in such thnks and"”
the effect on the fishes gnd epgs observed4 f*'* o P

Absorbed Raalouctlvxgy

, :Adult fish, eggs and iry'Wcre ezposed to concantratlons cf cffluunt
wuter containing both long and short lived fission products. Following &
Standard exposure these were klllﬁ?j/pshed and eralned for resxauul radlo»

ki




activity which remeined. - In audltlon flSh of vurlous specie
frem the Tolusbia River end examined in o similer fashion.
. 'determinc as to whether enouch cor“vr;bWL r“dlavyuiv1ty hod been
S ite cause damaga.>j; RN : » :

‘FCurrent Observutlons fﬁ.”¢~,

Rudiation - Adult Fish = no observable change in uny species nade after
" exposures to 25, 50, 100 r. Definite increase in mertality in trout ot
. exposed to 1000 r c¢r more. Changes at 500 r show very little distinct =
<o o evidence cf damage in growth, welght changes. ocme cytological chanees
e of trensient nature observed in the gut znd anturior kidney {base of + * - <o
the hemetopoetic systems, In small goldfish the changes occur at ‘..bout CE
the same level (lOOO r) with totel mortullty &t A,OO r., S T

. EgLs. In the eyed stoge (1n which the cye plgmsntatlcn

first begins to shcw there is a definite retirdsticn in growth at

1000 r although histolcgiczl chonge is first epperent at a lower
‘level 250 r. As in the zbove the most sensitive tissues zre the gut
‘and antcerior kidney. 4 50 percent mortality figure. veeurs around thsd :
- 1000 r level as cbserved over a period cf time and at a. level in excess :
. of this but less probably tn;n the cbserved 2500 Te @ 2 100 percent. .~ .
'v.'nmrtality is reached. EUE T ‘wi

oot In flngerllngs 2 reterdation in grcwth occurs at 500 T w:th
”hlstologlcal changes eppearing at this level in the spleen and 1nterlor
“ kidney which in this foru cre sites cf blood fermations At 1250 roen -
. 2pproximate 25 percent mertality is reached for the several species.: Ht
;‘ﬂone point in excess of 2500 r. a 100 percent nortality cceurs.” Unfort=
' unatuly no lvv l cf an 1nt»rm@d1ute stgoe bctWChﬂ 2500- and 5000 was useda

~ In tho rad1at10n of p@renu fiah under SOO T. 10 chhnLes huv been
_nobserved of significant ncturc .s to size of hatch, fertility, abnormalxty
.. of developing epgs and the like,' Significent chenges do not appesr up 1o
the LOOU Ts levcl &8s noted &bCVu. " j‘~ e R e %'7 ovh

... 'Bcth flshcs and egbs expcscd to the effluent unrcfrlgergtud
: ~refr1gerutea and in 2 1 tc 3 cancentrhtlcn sh ow ~'ncrmses 1n mortallty
'w 51gnlficgnt degreea\,_,v I . g




Abscrbed RudiCuCtiVi E"‘

>3

Aftf.x }.ZLV" n in ufflucnt ( 1) weter for os long as twe Lonths
undur ccntrulluu ccnultlcns, the tlscrbed and depusited rogiccetivity
‘was m&wsurqﬁg I nC inst: nog was it grect encugh to cause dawz c. The
m.jor pertica of the depcs:.tikn wos in the forn of the short llvec. preducts,
L Only t.n.c’cs I icng lived rad:,u..ctlvb neterials were found. as corrx,labed
L with the effect on the effcct:of external rualqtlbn, the Qesage rccu¢ved

) wts dlucst nwhtible CO.. ~p«,~ruu te that I‘L.C‘L;lI‘eL. to produce deuiags @s suche

o Applica.tion «f Results

pad

Knewled o of the tctol acunt of oxternal radisticn necessary to
cause dazage o fishes of vericus sizos and ages 1s applied directly to the -
analysis of tctezl radicactivity libercted by the piles intc the Cilunbie~
River. The cssumption that this concentration lO"‘lO es diluted is totally
abscorbed and all is gronted. Further ppllcd’,lon cf the Clintcn Laboratory
studies cn the c.bsurption ¢f the various prcd uct%elr effects after
kncwn exposures is alsc included. In this foshicn ntraticns can be
kept below the hzozard level for scloon, 4lsc this is true w:Lth respect
to the chemicel and temppr;:burc, h;.zmrds es wcll

\

Future Prosran

The progran through the next yecor is c.lréé.dy cuthorized and con=-
sa.sts f (1) follow up of the prescnt expx.rla_xents extc,nulnb through 1948, -
" (2) Ccn"blnuutlon of tbe exposures 'bcv chgric;l @Ltcrldls md alsc
cbservg.tlons of poss:fblx, effeet in the Colur.bla R:wer, B e T ..«,p

TR e

L = " (3) Completicn of the histclogical stuules dready in progress on
f:Lshes denaged by the veriety of A—-ruy _<,sagess~

(4) N¢ program which is act cer pletoly relut.eu to dlstrlct oper-

- "’133_0{1 is necesszry. R T N

: nuneratio‘n: No adrh.tlonal funds ncee ssary tc cu*plet.e present study. S ;
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