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The folilcwing cseries cf zbstrects wes wrencrea Ly the undersigned
froi. cocyletec rescerch reports, paitiall; ceopleteu cud cnalyzed data
end personal commmiicalions during the verica of L lzy 1946 te 1 July
1946. Since that tiue much cf the wors nes been findshed wod issued in
the form of program o final repcrts. However .uch is beliy centinuead
end the resuits as yet unpublished.

‘ It is ;ossible thet soue o the conclusions crrived i may have
becasie cltered vy the coliection ¢f zdudtionci deta. Hewever, in .ost
1ustunces, the indivicuei zuthors cr project uirecters hove wioyroved
the sb.trsct. Certaoin siall | robleis iay heve teen unintenticielly
oitted in the search. Lxcept fur provlen sssiinuents .here the reseurch
ws speciflc &nd licited, the plan of cbstructing hzs been to group
nuabors of szell rroblens ol releted nswre into general repiris vith
the elimination of the author's nzre.

In generzl this series of abstracts provides a clear concept of
the current status of results in the cverzll rroject wnd as such
turriishes & lar;e amount of usabie informucion in avbreviited forii.
with the appearance of the conilete series u? va"L reports ana the

wanhattan vistrict iechnical Series, tiis cerpilation wiil be recalled.

%2‘0&
GJLL s AiC--LnIb‘
“ojer, .
Lhiel, Zesesrch Branch
wedigel Division
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Comzent on Raaiobiologiccl Technicues

It is obviously irpossicie to cbsiruct sukjecus ot this type
tecause inclusion f specific getail is necessary. However the
inclusicn of the index was feit to be warranted inasauch as it

clearly incicstes the scope of the worx on this type of pooblienm.
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rITMmeTION:

Traniwm cormounds hnve been utilizod industrially, in a liited
fashion, in the cermic industry for many vears. The “‘anhnttan 'roject,
nowever, vas the first industrial rojoct to use the uraniun oo:rnunds on
a vast soale,

The “anhattan “roject ‘ms te enloy thonsands of neo-le tho trould
work with vranium compounds. These people in the nlants, at o1z, would
inhale those compounds as dusts and fimes, they would inadvertantly ingust
these su“stances; their eves and s-in ‘wuld cone into daily contact with
these materials., “hat, if any, toxic effects tould these uraniun 6o rounds
have on the human body?

Aniral exnerinemtal tork_has been done vith the uranim ocorimounds,
but there is only one brief reporbl in tho scientific literaturc on the
toxicolorioal effoots of these samounds, as usad in industry, uwon the
human Lody. This remort is fragmontary, but it does indicate tint tho uran-
ium compoumds may be notontially toxie and this noint vms voritfied Ly many
irvostigators in anirml exmerinontation. This notential toxiocity is rather
urmasual because the source is tirofold. One sourco is the possibility of
heavy metal offect on the body, conarable -rith that of load, mercury, and
argenic; and tho other, more remote, is the nossidble latent toxic effect on
body tissue by the urenium corounds because o' Heir inherent »ronerty of

radioactivity,

The medical autlorities of the “anhattan .‘»ojoct werv kwenly avmre
of these notential hu=zards, but the successful executicn of the war effort
made it mperative that the industrial nlants of the. "anhattan Projoct start
immediate operation. This vas accorrlished in spite of insufficient nhama-
colorical and toxicological data on the uranium cormounds. A medical re-
search progran, hovever, s also initiated for the spocific murpose of
acourmlating sufficient rel iable data as rapidly as nossible so that a rax-
i-un factor of safety to the enloyces exposed to these substances sonld be
established. This data, it vas hoped, muld 62sc help prophrlactically and
therapeutically in combatting thoe possible acute and chronie toxic effects

of the uranium comounds.

Since the nlants started opveration bot'ore sufficient data could
be accumulated to establish a maximun allowmble air concontration of the
dusts of the uraninm co mounds in the nlants, such a safe lovel had to be
sot arbitrarily as a temorary empirical standard. The consevsus of opninion
armon~ the nedieal authorities of tiis ‘anhatten "roject 'ms that it vas safe
to adont the same standard as set for lead by the Armerican Standards ‘issoc-
iation, i.e., 150 micromrams ner cubic meter of nlant air as the naxirne
nllowmble dust concertration. '

In order to deter:ine as ranidly as nossiLle the ovorall cowmara-
tive toxicity of tho various uraniwn coupounds, thirty day inhalation and
inpostion exroriments tere initiated in which a variety of aniwal snocies
were oxnosod to these coounds under conditions vhich sinulated as nearly
as nossible the conditions nrewvalont in the industrial =lants. In addition

e Leat, "eurico, Inm. Chen., ™. 9, pr. 247, 19526.
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to the above, irhalation oxmeriments mero carricd out on othor soumounds,

any of vhich wore ontirely newr and othor :rhich vere usod for tho first
timo on such a larpe seale., I:for atia s obvionsly rooded about tho toxic
wronertios of these smbstancos also to insure a roximum factor of axfet; to
the omloyees of tho "anhattan "roject.

I. Inhmlation "xvoriments:

Tho snocific purnpose of' the inhalation experinents wms fourfold:

1. Devoloment o safe standards for exnosire to uranium and
othor camounds,

2. Tastin of resviratory nrotective devices for industrial
use (rnasks). ‘

3, !easurement of annroximate toxicity of certain shocial
=aterials. .

4., "ethods for rocco~nition ard comtrol of poisoning.
Dates of "ork -= “lovamber 1943 to vrosexnt.

Protocol of “ixperiments:

Substances testod: UO,T,, Wig, 1., Vg, U0, UF,, Ug0g, 105,
a U 07, (--fq,) 20-, "hi-grada" ore.
0 1‘2, :'l'i"‘.
B, BP5 NFg - dimtlwl ether complex.
13013.
C4Py6, CpFig, C23F44. (Fluorocarbons)
CoFsCl.

Zethods Mogs, rats, rabbits, mioce, cots, puinea pigs and hansters
(four or more species) are nlaced in imlosed chembors for presoribed neriods
of tire fron thirty days to ome vear. The mrmber of animals is sufficiontly
larpe to permit statistical ewaluation. Tho atuiosnhers in mich cherbers is
controlled as to the uranium contont, tenporature, humidity and particle sige
and comoentration of the uranium caomnounds. TRenresomtative anials in each
rroun are studied for the follovirg oriteria of noisomning:

1, TYortality.

2. Il@mto:.ogim emgo.

3. Cherieal clanres of blood ard urine.
4. " lysiological chanpos (weipsht ohanres).
5. Distribution of uraniunm in the tissues.
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Control animals aro studied in a si-ilar chamber in vhich all varialles aro
controllod ut no uranium duats are eddod.

Table I surrarizos the results of the thirty darys inhalation exnori-
ments., The overall mortality ineludes tho summarized hwortality of all the
srecies studied. The per cent rortality is derived by dividing the mmher of
anirals (mmorator) who died Ly the total mmbor of animals studied (done inae

toro/

In Table II, tho renrosontative larper species (doy, rat, rabbit)
are grouped and the toxic effects noted, i.s., mortality, pathological find-
ings at eutopsy, loss of wveipght, atmormal blood chemistry, urinary tindings
and hermatolorical effects, The reaction severe indicates a nmarited derree of
vatholorical chanfo in all of the criteria noted above. The reaotion classod
es modomte imnlios a moderate derree of damape in most of these critoria and
the reaction noted as slicht indicates some chenge ammy fron the norml in
scme of the coritoria,

Table III reprosents a sumary in which the high, mid and low cone
contrations of uranium commounds used in the chembers are compared in their
effects upon four animal species (dors, rabbits, rats and rdoce), with relation
to abnormal chanres found in the lungs and l:idneys at autopsy, abnormal find-
in~s in the blood and urine chemistry, abnormalitiss in the hematoncietic sys-
tenr and effoct upon weipht,

This table clearly shetrs that the slipght untormrd offects noted at
the low concentrantions worc neglipible™, yot these low concentrations vore all
well above the tatworarily established arbitrary tolerance fijure, i.s., 150
microsrans of uranium dust ner cubic neter of air,

These exnerinents indicated that the tolerance fipfure of 15 nicro-
~rams of uranium comnound rer cubic meter of air rbainly insured a maxirum
firure of snfety, for et least thirty days of constant exposure. The noxt
question mas vhether this same fipure would still be a safe lovel if the ex-
posure were longer than thirty days. Since tlw nlants of the ''anhattan Pro-
Ject anticirated operation for the duration of the rar and possibly lonper,
there wmas a real nced for information about the vossible toxicity of the var-
ious uranimm comnounds as a rosult of cironic exposure.

The sare nrocedure mas followed in the chronic ae in the acute

thirty days inhalation exneriments. The followin; four uraniuwm ceoamounds mero
selected: UFg, U0p, UCly, and UFgs Lhese cormounds were chosen because the

*It will be notod that there is a slight mortality amons the animal species in
the low concentrations but if reference is rade to Table I, it will bLe noted
that thero was a slipht rortality oven aronp thie control animals.
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greatest mumber of ermloyees werc oxposed to these substances. TIC,(70g) s

also added to the above list becauso of the nocessity of a base line of ool
varison with data available in tho scientific litoraturs, ( ost of tho animal
exnerirontal vorir dono ~rior to tho ‘arhattan roject was done vrith uoz(’:os) a)e
Two concentrations of dusts wore to bo used irn tho exneriomntal chambers. Ono
dust lovel -=as solected because it was thought that it would produce no toxic
effects and the othor level (a~nroximately ton times roater) was chosom bow-
canse it rould probably cause &1 mimal toxic effeets. In this ~anver, the »rob-
able maxi-wm safo level of dust concemtration would bo established.

Teble IV summarizes the data available to date. The exporinental
chambers have been in opsration fron four to eipght morths, Four avinal specios
are represented in the tablo (dogs, rabbits, rats and nice). Again, it is to
be noted that only ninirnal toxic effects resulted at the higher dust concentrae-
tien, and no toxic effeots have beon observed at the low concentratiom. This
Jow concemtration is still well above the established arbitrary tolerance level
of 160 microrrams of uranin conound dust per cubic neter of air,

In addition to thwso animal oxperinents, a prorran 'ms carried out
to study the effectiveness of warious face masks. The nurpose of those oxperi-
ments vas to rive added nrotoction to erwloyees in case of aceidental resnire-
tory oxmosure to hirh concentrations of the uranium compounds,

Animal irhalation experiments wore also carried out on spocial oons
pounds. Scme of these comvounds were entirely new and other wore conpounds
vhich wore used on 8 large industrial scale for the first time., The notential
toxieities of these commounds were thus investigated and the degree of hazard
mas anproximated, The results obtained in tlese exnmoriments helped to direct
the nrocautiomary and nronhylactic moasuros instituted at the plants vhere
these substarces tere used.

Outline of “xperimontal Tvsults on Inhalation of Spoeial Capounds:

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

level of 10,000 vom for five :inutes to five hours trith the mortality percent-
age at 30-100 in three species. Death wns caused by lunf and kidney danage.

Chronie Fxnosure to F,:

1. On e thirty day experiment at 4 ppm a low mortality observ=
ed. Growth as unchecked in all species excent rabbits. Some ymultomary ine
flarmmtion rme observed,

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

nxposure to CoF,Cl (P539):

1., "o mortality at 100 ppn for fourteen hours.

2, Very low mortality at 500 pyr for fourtsen hours except
in suinsa nigs. ‘

"xposure to C2144 (hirhly nolymerized flurocarbon): Yo nortality
at 5000 nrpm for four hours.
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“xposures to Doron and its Cormoundss

1., “ethods of analysis developed.

2. Very low nortality at 20 npn for 211 hours. Death due %o
lung damage, '

3. DNoron trichlorile showed no mortality at 50 npm and a slight
mortality at 100 ppm vhen in the dry state. In the wet state, and comtaining
decarmosition products, the mortality ims anpreeiable at 20 opa.

4, Doren trichloride-dinethyl ether commlex showrs no nortality
at 20 pm in a 30 day oxrerinent. “ortality vms high at 100 npm.

5. An oleven hour ocxperiront at 135 ppm showed no mortality.

Fluorocarbons:
. CyFyg foreshot showed no mortality at 100 pym at fourteon hours;
Crude showed low mortality at 30Q¢ ppn at fourteen hours;
' ©  Tefined showed no mortality at % pm for fourteen hours and.
4600 nppm for five hours, ’ : o

QSFls crude showed low rortality at 8 - 100 npn for fourtsen hours;
Foroshot shored low mortality at 100130 npm for fourteen hours;
First fraction showed no mortality at 272 npm and lov( mortality

at 373 rpn for fourteen hours;
Second fraction shavwed no mortality at 1000 ppm for fourteen

hours,

II. Inpestion "xverimonts:

Since the neople in the nlants would inadvertently ingest the
uranium commounds, it tms imperative to carry out aninal exmerimental worls to
determine the oral sonsitivity of animals to uranium compounds in order tos

1. Chock the sensitivity ol each comnound as detormined by ine
halation; -

2, Deteruine the probable role of ingestion in the inhalation
oxpoerinents;

3o It mms honed that the informmtion thus mained could be ex-
trapolated to the hnman snocies with some derree of cceuracy.

Protocal of xneriments:

Fats and dogs were fod various uranium corvounds over meriods of
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tire extemding, from 3C dayis-fo two vears. The rats wore civen snecified ner-
centages ol each cormound in their diets., The dogs were niven amounts of
those oommounds rraduated accordins, to the bLody weipfht of the anizal.

Observations on the rrowth, 'eiplt change, vatholosy and distribue
£ion of nranium in the tissues wore made at specified intorwals.

Comtrol amimals were tested under identioal conditions oxecept that
uraniun compounds were ot wresent in their diet.

Tt 'me nocesuvary to use the mmber of caupounds and the various
dust concentrations rovorted in Zable V in order to discover tho relative
Yoxicities of the ursnium comnounds. “hen this was learned, Iive uraniun com-
pounds vere selected and were fed for either ome or two years to a number of
anirnl snecies. The pirpose of this rms to see if there were any toxic effects
as a result of chronic inrestion of these commounds. The reasons for the selec-
tion of the five uranium coanounds which more used for the chronic inrestion
exnerinents have been srumerated in the seotion on inhalatiom.

At the completion of the inrestion exmerinents it wes nossible to
proun the various urerium compounds into ~raded toxicity table. (See Table
VII), This vms obvicusly useful as a moans of orientation in the industrial
plants vhere these sompounds were in use. This sorved as a puide in directing
the institution of prophylactic nessures, and in guiding the emphasis into
prover chanmels on umsual precautionary steps in the industrial plants.

As ms nentigned previously, the tworkers in the nlants would inad.
vertently get the dust from these commounds in their eyes, and their skinm, of
course, would core intc contact with these substances., Tnfomation tas thero-
fore needed about the topical toxicity as well as the pot- “iul eye irritant
action of t'e uranium compounds. Tables VIII and IX summarize ths results of
oxperiments on oye and skin sensitivity to these cormounds,

1 It is of interost to note that e rmber of the comnounds ere ab-
sorbed through the s-in or camimetive in sufficient anount to produce systeric
changes which resulted in dsath. At autopsy, evidence of remal damre mns
found, ‘ .

, At the campletion of the inpostion and inhalation experinents and the
ace;talated data on the tenical and eye application experiments, it was nos-
sible to evaluate the deprie of t:axicity of the various uranium compounds. This
inforrmtion is surmarized in Table X,

It vas not only necessary to learn about the gross toxic effects of
the dust of the various uranium comnounds on the human body, but it was alse
imperative to learm sbout the nhysical charactsristics of these dusts. It
vas iportant to loam nore etbout the effects of the uranium conpounds on the
various bio-chenmical systems and metabolisnm of the animal body, and it wms
essential to study the depgres of tolorance vhich animals shoved to thoss come
pounds. It mas obviously necessary to learn about the distribution, absorption
and excrotion of theo uranium cimmounds once they are introduced into the amiral
body, and lastly it vms imnortent to learn about the intricate behaviour rech-
anian of the uranium commounds in The animal body. All of this work trould be
of the utmost irmortance in helyring to discover early indices of uranium intoxica-
tion ard to £iad nossible prophylactic and theraneutic :easurc:for uraniun
poisoning. 5
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The following is a brie’th vorle that wmo ascoinlished in

those {ields:

l. Totention CStudies and 'article Lize:s -

‘ethods: Accurate —ethods have been developed for the -wcasuro-
ment of the nmartiocle size of uranium cormounds in air. These techniques are
used in the control of the concentration of the uraniun cormounds in tho ex-
reriental inhalation chambters, znd in tho monitorins of the concentratlons
of such camounds in inrdus®rial areas where humans are exnosed,

Techniques for the fTractionation of the particles of uraniun com-
nounds into lots of uniform s.ze have been develored. In this way exposuro of
oxporimental aninals to particles of kmovm size can be determined, Trelinine
ary data indicates that the small particlos are most toxic.

"‘athods for tho unifom susnencion of such rarticles in exneri-
rental chambors havn also been developed.

A “wethod for the roasurcnent of to total dust inhaled by an ex.-
perimental aninal is almost completed, and wrelinminary tosts are satisfactory.

2. Pharmacolozy:

Lipids in 'Tranium “oisonin~ (Jlaven '148): Followin~ exnosure to
4oxic amounts of uranium comrounds, tho total 1ipid of the liver and kidney
tead to be less than nerrai due to the inereased wmter content, Tatty livera
tend to be found after exnosurcs to uranium nitrate and oxyfluoride. The nhos-
rholipid fatty acids of the liver are more umsaturated than nomal; those of
the blood, more unsaturated; and those of the kidney, less imsaturated than
normal, In gemeral, there is no effoct on the total cholesterol, In the liver
there 13 an inoreass in ester cholesterol and a decroase in free cholestercl,
In the vidney there is &n increase in ester cholesterol and no change in the
free fom. Adromal cholesterol is decreased to one-half its nomal walue., 1t
is not ‘morm vhere the char~es in the unsaturation of the phosnholinid take nlnoce.

The Effsct of Various Apgonts on Uranium 'itrmte and Oxyfluoride
Toxioity (150):  The rortality alter ’a'Exic dosas (D me/kr,) of thoee su;:MS
was not changed by choline, neutralized choline, disodium hydrogen ~hosphate,
lactic acid sodium lactate, calciun lactate and essential fatty evid adiinise

tration.

Nenal extracts delayed but did not decrease the nortality from
lethal doses of uranium nitrate.

Adrenal cortical hormones also caused & delay in the nortality
but no reduction in it,

Oral sodium bicarbonate and sodium citrate roduced the wortality
by an annreciablo nercentarc in nitrate noisoning,

The Effect of Diet on Tranium Toxiecity (:'38) ‘louman): The siai.

-7 =

“
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tion of 0,5) sodium bilearbona reduced the nortality fro: 30! to
20-30". This is less heweficidl 1™ 7 went:r-four hours nftor tlo toxic
dose is administerod. The salts of ‘wwtabolized acids (citrate, :alate or
lactate) on infestion ~ivo similar results to those cbiainod twith tho bloar-
bonate., hHoid in the for: of armoniun chloride inoronsed the nortality to 80

to 957"
‘Hstolorical Study of the Pancreas aftor Yraniun Toisoning

Tlnven):
fun ncisoning.

Thorapeutic 7se and otabolic Tole of Citrates in Traniuwa I’oison-
(='128) ven ) : un citrate, fumrate and succinate are as offoctive
as bicarbonate in the treoatment of uranium noisoning. " A thres to four fold
inorocee ir the citric acid oxcretion is noted after uranium poisoning. Thore
is no relation betwweon the citric acid and urenium comtents of bone.

™o liffoct of Vixtermal Tcml?mtum on Survival fron ‘raniun ‘oison-
ings Tormal Temme:=t'1e 16 OnGinun for survival fram uraniun polsoning.

The “ffect of Fluid Intal’oc on Survival from “ranium Poisoning:

Nestricted fluids raised the mortality in uraniun roisoning,

The "ffect of Traniun “oisonin~ on “hosnhorus Turnover: 7Therc is
no evidence, as showm by radiophosphorus studies, of an enzymatic block in
vhosvhorylation caused by the adninistration of urenium. A slightly lower
rate of equilibration in bone is noted.

3. Tolerance Studies (Ilaven) (:"129):

. Toiemnoe ecan be divided and studied in the clacsifications of
natural and acquired tolerance. ' o

*atural Tolerances

, - &, Snecies difforence as illustreted by the faoct that vhite
mico will tolerats thres timss the acute doso for istar Mats (5 np/ks); Calf
mice vill tolerate vore than ten times the acute dose for rats., The following
table shows the ordor of suscentibility of various animals to uranium nitrate
both by injection (percutanoous) and by ingostion.

fTraniwm Mitrate by Injoction Tranium Titrate by Ingestion
LD/50(ratio) _ o/ 20 T0g
rabbit 1 robbit Oal
rats 3 dogs 0.2
guinea nig 36 rats 1.0
vhito nmice 128 hansters 5.0
-8 -

e
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bs Dors are moro sensitive to oral uranium compou~ds than
rats, as illustrated by tle followrine, table,

aximum Anount “axiinm Carried
Co noumd Toleratod for 30 days for 1 year 30 davs
Rats (5 in diet)
roze 02 065
‘101, 0.1 1,0
’71103 0,0 240
UF4 10,0 20.0
Uo? 2050 20.0 plus

ce “2les are more tolerant than femnles,

d. TInterforonce in prowth of rats by the following uranium
compounds as an index of toxioity.

- 30 day\exnei'iriibnt
207 of U0y, UgOy, in diets causes no [rowth interference.

2075 of UFA in"alets couses. slight mrowth interferonce.
+. 0s5 to 1570f UCly, U0z, Mg, U accetdte causes, soms (rowth inter-

" 0.1 to 0,257 of Ub4, T0oFp in diet causes scme growth interferonce.

(ne yoar exneriment -

i 'TO and UF, al’*tost non-toxic ovor neriod of two *yaa.rs at 207 of diet.
at 0,57 of diet causes detec'bablo growth interference after two
years of feeding

MOoF..2 at O. 2577 of diet causes growth interforence after two yoars
of feedinp.

Acquired Tolerance:

a. Iats acqu‘i.re tolerance for letl:al doses of uraniun nitrate
ard chloride by the repeated etdninlstration of snall doses fron day to day.

b. BSex difi‘erencos are also amarent a'.i‘q‘gr mpeatod doses.,
;.

¢+ Increasingly larror deses in rats show:

1. A ten dey intorval of dosapge is ﬁotior than twenty day

interval,
)
1t 2. A ton day interval shqs no appreciable mortality
' occurred until 16 ng/"3%dose ~ms riven (three ti-nes
- . lothal dose).

i'w T

3. Tith Twenty day intervel the nortality startod at 4 ng/ue,
4,

£. Jex diffloronces ame a“pare?rt the nale beinpy noreo resis.

o . uant'than 'e 4
- - . 9 o vl '
e
1 . RS /3

é
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d. Tho orallsst dose tl Ewa uo administered so that tolor-

ance is aoquired is 0,33 mrfg for matse --- 0.1 m/icr, iVes 1o tolerance.

e. The remeat dosaros aro Lost tolerated vien the urinary
citrioc acid excretion is at its nenk. :

£, 'lraniun is not crcroted nore ravidly in tnlorant animmls
then in intolerant animals. : ‘

Studies in Phenols in 3lood and “'rine in ranium oisonine (ilaven

73)1

a. A rise in free and total pherol oxcrotioz follows aduinistra-
tion of uranium nitrate in doses of .22 to 2.5 nr/fks. This reach s a moxirmn
in four days. _ o , ‘
b. The incremse in nenol ineoreasos with the dosage adiinistered.

¢6. o change is observed in the conjuﬁa'bioh of rhenols.

4.(, Distribution and “xcretion of “Traniun (Stable avd ‘'mstable Isotones)
“eunan (:'1

Decembar 1544 to prosent,

' r'othod: Ashine of tissues, isolation of the uranium fron a pro=-
tein comnlex and analysis by the {lurcescent nethod.

Current Rasults:

A. Toxavalent uranium - onc dose (i.v. U0p(103), (rats) - amalyvees
from a neriod of forty-five minutes after injection to forty days after injectian
shovrs that: .

"a. Wifty percent of hoxavalent urenium is exoreted in the
urine in twerty-four hours and small quantities are excreted um to forty days.
Total excrotion anocunted to 65-75. o fecal excretion was noted.

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

 e. Tnitially, the kidwy contains 207 of the dose. This falls
to 17 at forty days.

, d. DBone contains 307 initially with a ~radual fall to 13 at
forty days.

e. Soft tissues et all neriods excent the fortw-five minute
period show less than 27 of total dose.

—— b p
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%. Tetravmlent uranium - one doso (1CCszi.ve., rats) - analyses
from a nericd forty five uinutes after injection to forty da-s showr that:

a. Y¥' is oxcreted in tontr-four liours with =wmll a-ount un
to a total of 307" in forty davs. lecal oxcrotion initially low u» to a total
of 20° at forty dayvs.

be [lood drops ::ore slowly thah hexavnlant uranium, but chows
a concentration of Yess than 0.1 =7 at twelve hiours.

' 0. Tidmey initially contains 15') of the doge, falling to 173
at forty days.

d, All soft tissues excemt liver and spleen shorr less than 27
of the dose.

e. Liver and spleen initially contain 35! of the dose, falling
to 5 at forty daws,

C. Acute dose with radicactive isotope (7 252) (rats). TFesults
are the same aa the above with the excention that less retention or ranid re-
noval ocours in the kildney.

D. Abalyses on animals exposed by inhalation (chromic oxposure),

Soluble eomounds shorr no retertion by the liver or lung with
& ~radual rise in the bone and kidnev conmcentration. At the prosent time the
amroximate levels to vhiech this concentration will rise have not. been reached.
Current obserwations indicate thet thw curves are still rising and have not
levelod off. Concentrations in the bone in no vmy approach those folt to be
toxic from a radiation standnoint.

In the insoluble cowmounds the lung continuos to showr an in-
creasinr concentration of uranium while the kidney and hone contain very s:all
(slirhtly more then trace) amounts,

Be Analyses of Animals exnoged to uranium by chronic inpestion.

The bome in chrenic animals runs three to four times the ob-
served concentration in the kidney. levels in bone un to 450 nmicrograns per
gran of bone have been obserwed. I1lo placental transfor of uranium occurs,

Fo T'echanism of Denosition in Done,

a. In vitro - the bone avsorbs the uranium {ro: nlasm ultra-

filtrate ard from a bicarbonate buffer, This removal is very m-:id reaching

a steadyv state in twenty-four hours. Concentration ratios of bone to buffer
fwa mAna +han 1000 to one.,

1024094




be In vivo - the a*ou! ! !enosition in 3 given bone 48

direotly nroporticnal to the circulation of the bone, the vertobrae being high-
or than forur which itsolf is hisher than skull, Youns animals deposit more
than adults, Thus, less uranium reeches the kidney in younp animals which rekes
them more tolorant "ther ndults. In older rats a sex difference is obsorved and
oan be exvlained on ths basis that fermles nature more quickly and therofore de-
»oslt less uraniun in bone and wore in the kidney.

5. “otabolien Tosts:

Blood Clottine:s Three different tests wvore selected, nxely tho
prothrerbin time, the blood 1i'1brmoren lovel and the bronsulfalein rotention,
ag measures of teatin{- tho "resonce or absence of liver danago due to uranium

ocormoumds.

Short exposures to uraniun hexafluoride concemtrations of 2.0 mg
per cubic netar (8ix hours) showed marked inorecases in the nrothrombin time and
fidbrinogen levels vhioch lasted fron ome wee': to ome month before returning to
normal. %o change in bromsulfale in rotention wms noted., Iollovdny chronic
sxnosuros to lotj:or lovels sono fluctuation in t'ese determimtions tms noted
with a tondengy tovmrd the reduction of the fibrinoren levels,

Traniun tetrachloride caused 25 to 3073 retention of bromsulfalein
after single acute oxposures., The levels roturned to nomal in one month.
The kidney funetion m these anirals vas nomal,.

'Jranimn nitrate shosd sorm fluctuation in the u.bove nrothrombin
and ﬁbrinogen lovels after five to six nonths of exnosure at 0426 and 0,45 per
cubio neter,

Phosnhatase Stains: The nomal ld.dney tubular oslls stain with
phosxyha'baao stain. rollowiny urenium nephrosis os the tubules, these stained
areas disappear in arproxirately fourtoen days. Althourh the epitheliun re-
penerates to normal anmmearance histolorisally, the ﬂhosplmtaao stain does not
return. This indiocates an alteration of the vhysiolorical nroperties of the
tubular cell. This observation is confirmed in the absence of nlhiosphatase ir
the urino following ronsated umniun oxposures to a.ni:mls. (See Nounce in “loche
anisn section),. )

- Carbohydrate ‘etabolisn: Tollorrin: toxic oxwosures to uraniun
nitrate a moderate deorease in the rlucose tolorance of both dogs and rats is
obgserved, This is accomnanied by small decreases in the ability to form :msecle
¢lircopen. o chanpe, however, is found in the liver plycoren. The ;lucose
tolorance curvos of these animals show prorressive flattening of the curves up
to eightoen davs. The absence of typical diabetes is suprested by fasting
pormal blood surars. Some slight elevations of blood lactic and nyruvic acids
vere noted irmediately follovin: exnosure,

Blood potassium and Carbon Dioxide: ‘To chanres vere observed in
the blood potassiun and blood protein levels follovwins cxmosure to toxic cone

-12-
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z
contrations of uraniu nitrate (3 ng/”),

The blood carbon dioxide drops followiry exnosure and roachos :iini-
mal levels Letween tho first and seventh dayv. ollowing this ti o thero is a
return to normal lovels. The 'iinial values are loss thar one~half of tls cone-

trol mlues,.

Tennl Cloarances: Iollowinr, exposures to uranium nitrate at
3.0 sngﬁ.ns the inmlin clearance is decreased reaching ita -axtirnon during the
third wme'r o' exposure with a roturr: to normal at the f£ifth weelz, Tho diodrast
olearance falls abruvtly to from 30 to 757 of its normal value at one week,
Z“ormal values are obasrved again in anproximately tidirty-.five dayvs. There is
a maintainod inorease in the chloride oclearance. ‘o chanre ia observed in the
PN, Proteinuria is noted during tho first three twmeks of the exnerinment.
Tho urine catalase levels reach their maxirnm at the lowost noint of the dio~
drast clearance. : '

The conclusions dram from such observations indicate that urenium
causes a deoreased tubular function rhich comnensates as tho aninals recover.

8, ““achanigm: Section:

a. The toxiolty of uraniua for the sidney tubules depends on the
release of the uranylion by the breakdorm of the uranyl-bicarbonate cceplex at
@ low plls The mechanism by vhich the kidney is injured is as follows: The
uranyl-bicarbonate somplex passes throush the polmerulus into the tubulc at
which point the n™ falls below e level of 6,5; this causes a brealdorm in the
saaplox vwith the IICO, redicle boiny resorbed and the free uranyl ion now able
to attack the tubulal cells, B . |

- be Tetrawnlont uranium ombines with nlasma probeins iml doos not
pass through the clomerular f1lter unless protein also is passing,

. Ge . The reduction of hexawlent to totravalent uraniw: is dvnardo.
ally possible in ths animal body althoush such a reaction is undoubtedly very
slor and oocurs to only a anall extemb. The reduction of tetrawalent to trivele
ent 18 inpossidble, Pentavalent uraniw: is too unstable to exist.

, : d. o pelymerisation of uranium oeocurs undo:? oonditionsg éu:put-
ible tith 1ife, ‘ '

& . Tho oxcretion of hexavalent uraniu derends to & large ox=
tent on the acidity or alimlinity of the urine; the lattor nromotins inoreesed
exorotion, the fomer denressing it,

f. A nethod for the msasurenent of urinary catalase exoretion
has been developed and stardardized for uze in the detestion of heavy metal in-
Jury to the kidney, .

Ce It has been detected that the urinary protein nresent after
uraniun poisonins, s plammsa albunin,

SRy
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jun caiplox throuch a filterable non-

brano is an inoroas in{; function oI v 17257 conbont of tlw medium,
"raniun carbonate and icarbonate cormlexos have bee: shovr. to be identical.

i. It is thaurht thot bicarbomte is the most irmortant carrier
of hexavalent uranium. Sodiun citrate and bicarborate incroase uraniun excro-
tion, It is comceived that the hoxavalont ion is dewosited or shows an affinity
for onithelimm and the tetravalent ion for sndothelium,

j» The effect of t'e uranyl ion on ronal function is as follows:
1) the amall dose shows no cof ‘oct on substarces vhich filter throush the rlomerw
uli (creatinine, xvlose, inulin); 2) There is an increase clearance of substances
reabsorbed in the distal half of the nroxinal convolutod tubule (chlortdes,
amino acid.nitrogen); 3) Thero ray be an increase in substances nartially; reab-
sorbed in the nroximal conveluted tubule (rlucose, urea); and dacroaso cloarance
of secroted substances (phenol red, diodrast, hinpuran); 4} larper doses reduce
anparent filtration in ~lomeruld by the blockade of tubules and diffusion of
mator soluble =aterial across demded tubular tmll and thus reducing all clear-
ances; 5) In catalase oxcrotion in the rabbit, this substance is nomally not -
filterecd or secreted Ly the ldidmey. The amount of catalase at one and a half to
two hours after oxposure is a linear function of the anount of hexavalent
" uranium piven. The hexavalont ion is at least four tines as effective as the
tetravelert in caus’ s the appearance of catalase in the urine.

11T, Ceneral Conclusions:

In conclusion, the purnosos of this entire researoh »rogranm ms four-
folds

l. To sunplv mi‘omation which would be helpful in tho establish-
ment of a maxirmr: factor o: safoty {or the employces exnosed to the ureniun coo-
nounds,

2. To furrish data vhich mould establish early indices of uran-
iwr toxicity.

3. To find helpful prophylactic and therapeutic measures to ocom-
bat possible acute and chronic eflects of those substances.

4. To furnish evidence to the nrhattan Ingineering District
which would be helvnful in the ovent of lawr suits by employees for injuries to
health attributable to these cormounds.,

- 14 ~
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Conoentration
{ pound  mgm uranim
per cuble meter
of air

TRy 18.5
2,0
0.2

m0_(1m, ) 10.6
2 s 2.4
1.57

© 0.64

| 0.28
"1, 11,0

2.0

1.1

0.26

0.11

TF, 30
. 16,7
3.6
0.6

b+ 19
2

- 9

2

Ore ’ 22
3
0.6
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Deg

‘overe
Devere
Slight

Sovere

Sevore
*‘odarate
oderate

Toderate

-

"oderate

"od,toS1lipght

Slight

S1. or ausent

Absent

Sovere to “oderate
“"odorato to Covore
Jone

"‘oderate to Sovere

"‘oerate

Slight to “oderate
51ight

"‘odorate

Absent

Slight

Absent

oderate
Slight .
Absent
Absent

Slight
Absent

Absent

"oderate
Absent
Absent

Tabbit

fSevore
‘od, to sevore

Slight

Sovere
Seveyre

Slight
Cevere
Sovere
Slight
Slight
Slipht

Toderato

Slicht
Absent
Toderate

Absent
Absent

*‘od. to sovore
Absent
Absent



Conoentration
Comound mgm uranium
per cubic meter
of air

U‘Fs 13.5
1, 11,0
1?703 10.6
o, 19 -
§§°8' 14.2
4 17
Ore 22
UFS 2.0
T, 2.0
Th.. s 2_.4
UDz 9
UF, 3.6
Ore S
P, 0.2
ucl 4 0411-0,28
mos 0428-0,69
UOZ 2
UF‘& D6
Ore 0.8

s+ llo cbservation

IFLATION OF YO

TABLYE III

TTRATIONS
TC TOXIC BFITICTS

hbnormal Cl 08

Overall riphoral  “eirht
“ortality l'atholopy lood ’Trlnp Blood Tesnonse
(A1b & cat.)»
TGN CONCTITRATION
Ronal Pulmonary :
7% Severe Severe ‘arited 'arired ‘oderata arked loss
73 Sevore Sovere ‘nrked ‘arked lloderate i'arked loss
14,5 Severe CSaowore Ilod. Tod,. Zod, Loss to pain
14 - oderate Ilome I rise in --»® OSlicht Sl. loss
18 Slight - Tome IPI rise in — Tomal CGain
19 Jodorate llone U rise in - - Loss
13 oderate ‘‘oderate P! rise -- Slicht Loss
Severe Sevore in
JTID CONCEINTRATION
35 Mod to mod --- !PT Iarked “‘oderate Loss to pain
severs
16 U'oderate ow- TP 'arked Slight Loss or gain
11,6 "od to mod == Sl,.%to llo chango Loss or pain
sovero severe arked
7 whuman “0 , twswy - L2 2 Cm
LY CONCEITTRATION
2 Slipght —~- llome Slight lone Gain
7 Slight e Uome Slight llome Cain
2.8(?) Slight -—e IPTI  Slight Tone Gain
b1 llone —-~ Toms Slight lome Gain
1 lTonie wee Tone llome Tlone Gain
7 llone -w= llone lone llone Cain

* Albuminuria & Catalasuria

1ezsior
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CHRLLIC JoH. o TI0h oluieiY

Conco&;aggg .
__m @pm uranium Durction gvaluation Results
- per cubic meter z:wnthaj
of air '
UFg V.20 6 pd Slight rensl damage
0.05 4L c No toxic effect
el v.20 7 : Lo toxic effects
0.05 5 G «0 toxic effects
UiC3 1.3 & + Slignt renal dimzge
wit:. subsecuernt
0.45 [ * recevery
0.15 6 ko No toxic effects
0.05 o 0 No toxic effects
UFy, 3.0 5 * Sliyht renal dumuge
0.50 5 0 No texic effects
(U ) Iu.C o 0 No taxic effects
) 1.0 6 0 o toxic effects
. Contrcl - 0.uG0Yy Y C ho toxic cifects
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Couny.ound

UCoF2
UFy,
N
U3
UyCg

Uy,

U acetuate

hats

High Grade Dogs

Cre

1024103
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Ak hs L ke

e

]

Cencentrztions

IOS, o.l’ 0'25, Olb’ loo’ 2'0’ 2000

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

0.5, 1.0, 1.5, 2., 3.0, 20,

2.0, 20
10.u, 20.u
2.0, <0.C
<0

2.0, 20

2.0, 20

0‘25, 015’ lou’ l—go, 20

2.0, 20

10

~ of diet
~ of uiet

of diet

T

em/sg/iay
~ of Liet
crfig/day
Z of diet
i of diet

% of diet

~ # of diet

gn/kg/uay

A
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CLHECLIC LA LRILB IS
Coupound Amiial
Uil3 Rats st 2.0, 1.0, G.5, w.l, C.05 and C.0L & of diet for 2 yetrs
Dogs at G.(2, U.l, U.2, 0.5, 2.0 and 10 gm/kg/day for one yeur
UCoF2 Rats at 0.0, 0.05, U.l, .15, 0.25, 0.5 & of diet for 2 jears
bogs at 0.0001, ©.COU2, 0.001, C.C025, 0.CC5, 0.02, G.l, u.5 and
5.0 for 12 nonths :
ey, Uogs at 0.C0Z, 0.01, 0.U2, 0.C5, 0.1, 0.5 and 5.0 pa/ui/day for
12 conths
LE, Hets ab 0.5, 2.0 aod LU 5 for two ;ears
Dogs at 5.0, 10.0 and 20.C gr/ke/asy for one jear

Non *oxic or slightly toxic

Loderately toxic

iighly toxic

1024104

TaBLE VII

CURRLAT RuoULTS (F FEELILG EAF:RILLLTS
LN U COLPCULDE

Rats Bogs
UCs 0o
";h G,
Cre
ucl, , ulg Ui03, Ll3
ULCsy ‘
U scetrte NagUzCp(Nig)2, U, Gy
CCoF,, UGy UGoFo, LCLy, 0Ly,
oy,



Co:pound Uose Vehicle Dimage Luration of Dusczpe ortslity
UCl;  0.001 none L+ long (3-4 weeks) /b
UNC3 0.350 water 34 long (3~4 weeks) 3/4
ucl,  G.250 weter 2+ leng (3~ weeks) 3/4
NagUply 0.1  :cne 3¢ short (L days) 1/4

{iHy, JoUzly 0.1 ncne 2+ short (4 days) 3/4
UlaFy 0.2  water 2+ soort (4 days) 3/
UF,, 0.l rune 1+ short (4 uays) 3/6
U3 Gl nuie 0 v Lk

0.%5 liemolin o o
Uy, 01 dry v o 0/k
0.75 lenoiin O 0 C/h
Uslg Ul arg 0 ¢ G/4
Le75 lanclin U G O/4
U _ C.l  dry 0 0 0/4
C.75 danolin 0 0 /4

1024105
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Copound RebLits Dose (fm sortoiity Ilrritition ' Rensrus

uC2 6 1.0 0/6 0 non toxic

- Uq0g 6 1.0 0/6é o ncn toxie
UFy, 6 1.0 - 3/6 ] non taxie
Uk 6 1.0 ether 6/6 1 yius Renal Jamzge at witors,
ﬁc1,‘ 6 2.0 lepolin  6/6 2 plus LI nooon
RIS v 1o S T
UCq 6 ~ 1.0 lanolin  'L/6 0 " LA
Na, U0 6 1.0 lanolin L/6 0 " " w "
uoy, 6 1.0 0/6 § non toxic
UF,, 6 1.0 0/6 0 non toxic
P 6 - 4O 1ts. 0/6 L plus = =————
woly 6 0/6 0 ——
BF4”dic 15 0/6 0 ——m

ether
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CSMLLRY CF TGXICITY LaTa

(n the bcsis of scrtalii,, weight loss, nistopctholegical
changes, chemicel chunges, tlc urunium cuigounds can be grouped for their
«bility to produce acute uranium pcisoning us:

1. Highiy texie  UCpFa, UL2(kL3)2, UClind UFg
2. Lc;deratel;; toxic UGy

'3, Slightl; toxic UsCg, UCp, UFy, 2nd ore

1024101
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RADIATICN SECTION

Film Monitoring Studies for determination of rcdizticn exposure.

For the purpose of indicating the intensity of rediatiocn to which
personnel are exposed, film hos the adventage of being subject oo fewer
accidents of the type giving gross crrors in reading of indiccted exposures.
Primary disadvantzge is the foct thot bleckening to equally biolugicelly
hazardcus amounts of rediaticn is dependant upon the neture and wove length
cf the radiation. In prectice this effect has been lergely overccie.

Type K Eastman Kodek x-ray filu made up in the size cf dental packets is
used because of its srcct sensitivity. Lezd cross is zttached to filn,
meking possible by differential density readings cf developed film both
outside of and covered by the lezd cross, to measure the relative amcunts
of incident beta and famma redisticn and their quelity as well as penetrat-
ing power. With proper calibreticn readings ere mede in r units or their
equivalent. : '

Suitable film holders were developed os identification badges for
plent personnel. With cach batch of films are develcped calibrating strips
of the scme film which hes been exposed to known graduated emcunts of gamia
radiation. Use of these celibrating strips makes it possible to coupensate
for unavoidable variaticns in developrment techniques as well as batch de-
veloped variation in film sensitivity.

The results cf this standerdized study heve been used in monitoring
personnel in all parts cf the Lanhatten District, and a service divisicn
has been set up in the leborestery here to supervise and interpret the result:
s¢ cbtained. |

Developuent of Neutron Sensitizers for Film Werk

A photographic film packet hcs been developed surrcunded by & foil
of cobalt, rhcdiuw cr silver. These netals are sensitive to slow neutrons
and emit beta and gauma rodistion when exposed te neutrons. If these badges
are worn by suitcble perscnnel, the humcn body with its high hydrogen con-
tent slows down the fost noutrcns to slow neutrens which in turn act upon
the metal of the fcil. Thus beta and gemme roys are ecitted which blacken
the enclosed filme For the menitoring of leccations these special film
peckets erc attached to the sides of weter containers which olso s:rve as
a means of slowing the fast neutruns.

Developrent of Instruments for the iessurenent of Radiestion.

The follcwing instruments hav. been designed, fobricated, and placed
in operation by this secticn:

1. An all purpose (vanc) reter for the mecsureient of beta and
ramma radiaticn.

2. A surface alpha mcter.

3. A built=in alphe weter for measurcnent of hond exposurc. -

4+ Alphe clectrometers.

5. Algha counters.
‘ 29
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6. Rodon air nessuring apporatus.
7. Roden brezth neasuring apparstus. :
8. Thin window Geiger ccunters and dipping Geiger counters,

BIOLOGIC~L RESEARCH SECTICN

1. Metebclism of Pcloniun

» Ao Animal erimentoticn: Following intrevencus.administration,
the urinary excreticn in beth high end low doseges auounts to 0.02 to 0.l
per cent of the Josc per day except for the first dzy whon the highest
dcse shows threec tc ten tines the rete of excroticn., The fecel excreticn
is approximately twenty tiues th: urincry rate on the first dny, rising
to scventy times cn the tenth day and six tines on the fiftieth dcy. The
retention equels twenty-five per cont cf the dose in ten days, f rty five
per cent on the fiftiuta day, suven per cent at 130 days and 0.7 por cent
at 300 days. (This includes rauicactive deczy on the 140 doy half-life
basis). The distributicn cf pclonium in the tissues shows the spleen,
lynph nodes, kidney, bcne marrcw, and blood cells with the higzhost con-
centraticn in 10 deys. at 50 days, the blcod cells, testes, and seninal
vesicles show apprexirictely the sanc concentraticn as the ten-day studies.

Following bcutanecus injection, the excretiun rates, in terms
of the amcunt absc bed, are siuilar to those after intravencus adidn-
istration with the excepticn ¢f z higher urinary excretion during the first
two days. Abcut 83 per cent of the dese remains in the body et ten days,
of which about 40 per cent is retained in the injecticn site. .

Orzl studics show that 3 per cent to 5 per cent of the dose is ab-
sorbed from the pastro-istestinel cznal., Fifty per cent of the abscrbed
mcterial is oxcreted in the urine in ten cays. The feccl exereticn is
approxirately the same per cent <f the abscrbed dose a2s in the intravencus
aniiale

Skin ebscrpticn in the muuan subject indicates that no absorption
is detectsble in fcur deys of exposurc. The feet cf idice show less then
1 per cent of total dose absorbed over o two-day experinental period.

By inhalation a large proporticn (probebly over 30 per cent, and in
soue ceses approxizating 100 per cent) cf the vepcrized poleniun inhaled
by o rat is rctoined in his lungs. iost of the peleniun capturcd by the
lungs is cbscrbed intc the blood streca riving essentially the effect ¢f an
intravencus injecticn. Sufficient poleniws i2y be retained in the lungs
(11 per cent of the dese at 10 days) for a prolonged period to produce
airect effcets on the alveolar epitheliw. (see L=-1811).

B. Humcn Subjeets: Fellowing introvencus injocticn into hunen
subjects (fcur cescs) in e.cunts freix 0.18 to 0.3 .icrccurics per kilogreu,
the twenty-four hour urine showed 0.07 t¢ 0.8 per cent of the deses The
avercpe daily urinery. cutput in the first week wes 0.06 to 0.24 per cent
of the deose; in the sccond week, 0.04 to 0,08 pur cent; and ot 70 days,
0.02 per cent of the dese per day. The focel deily excretion curing the
first week cucunted tc 0056 to 2.03 per cent of the uese; Juring the second
week, 0.73 per cent; cnd ot 70 days, 0.25 per cent cf the deses & very

w
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repid disappearcnce ¢f the injected pcleniun freu tho blecd strecnm wes
cbserved as evidenced by cnly 1.7 per cent of the tctal dose ruacining in
15 minutes, .

In orel sdministrcoticn of 0419 mierceuries per kilograr, the blood
end urine values were apprcxinately one-tenth of the dose found after
intrevencus injection of a siiilar dose. This indicated zbsorpticn of
less than 10 per cent of the duse. The feccl excraticn aicunted to 77 per
cent of the dcse by threc doys. &t the end of 230 diys less thon
0.6 rdcerccuries resaincd in the bedy of a totzl of 1&.5 wsderccuries civen.

C., iffoet of Vericus agents cn Poleniun Excreticn: Of 2 large
nurber cf substances tested, only Bal (Britich anti-lewisite) causec &
transitory rise in thc foecl excroetion several wecks after injecticn,
This increased cutput was brlonced by o later cecrezsed cutput for a
few days. In the first 24 hcurs oftcr intravencus injecticn of peloniuc,
Bzl produced a urinar, excrcticn of 5 per eent of the dose as contrasted
with a normel ¢f 1 per cent of the Jdese. Follcwing this, the excretion
dropped tc ncrmel levels. Bil trestient limedictely after subcutaneous
injecticn ¢rused no significznt differences in the excretion rates,
Tissue enalyscs showed essentinlly sirdler concentrations, except in
the spleen whosc zetivity was considerably lower efter BAL tre.t.cnt,

2. Distributicn ond Excreticn of Radiuii:

Rats werc injected with 11.5, 16.0, 17.2, and 1000 ricrccuries
per kilograus f radiuw cos the chloriae and followed for cne,-ten, .end
fifty deys. The urinery excrction cn the first day amcunted to
9.3 to 21.6 per cent cf the dose; the feczl exercticn, 0.18 to 25.2 per
cent of the dose., The totael exerctiun cbserved wes from 14,0 to 44.0
per cent of the dcse on the first dcy; a fall to 1 per cent on the
sixth day; 0.5 per ccnt ot 10 days =nd 0.1 per cent at 50 days. At the
ten doy period, 40 tc 60 per cent of the dose re:cined within the anical;
et 50 dcys, 32 per cent of the dese. An additiunal cbservation indiceted
that the excreticn retes werc not influcnced by the size of the dose., One

aninel ccrried for 236 deys still retained 40 per cent of the injeetod dose.

Distributicn studies showed thet zt 24 hcurs, 83 per cent of the
auount remaining in the bedy was depesited in bene; at 10 days, 99 per
cent; and at 50 deys, 96 per cont. The highest activity found in the
btone was present in the trebeculac. The pastrointestinal troct showed
8.2 per cent of the tctal dese ot cne doy, folling te a s.all fipgure at
10 =nd 50 deys. Gther scoft tissucs showed 8.8 per cent st cne doy, clso
droppin;, at the 10 znd 50 day poericas. ' The bleed showeuw 0,005 per cont
at 10 dezys, and 0.002 per cent at 50 deys. Orcl administrotion studics
are in progress,

3. Ccrparativ. Lethol Dosc Studies of Redium, Poleniui, cnag Plutonduiis

Using dosages uxpressud cs rdcrccurics per kilcgrei, the shert term lethal
dose studies indicate thot pcloniun is three tines as tcxic os plutoniw,
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and thet plutonium is-at least thirty times as toxdc e&s rodium.
Cn the basis of relative encrgies cf the alpha particles of these
three substances, it is apperent thet for the radium and its daughters;

- plutonium, thc cnergies per microcuries are gpproximately equal, the amount

of redium lost from excretion being coupensated for by the retention of

its daughter products. On the same basis, the polonimn/plut.onium comparisol:
indicates thet the fermer is cpproxincately twice as taxic per unit of alphe
ray energy dissipated in the bedy “or 1 days, five tines at 20 days; eand
as high as 10 tines et the thirty =y period.

Biologicel explanaticn of the differences may be explaincd on the
distributicn of these lenments, the radiunm burying itself deep in the bene;
the plutcnium in the endesteal layers neer the marrew, and the poleniuni in
the hematopoetic and lympheotic tissues thenselves.

The long time (six to eig!tt wonth) studies of the ¢..perstive lethal
dose tend to corroborate the cbove findings.

Pathological findings indic.te thot radiun shows an affinity for the
hematopoetic system, vascular systui, liver, kidney, bowel, bone, and teste:
with damage proportionzl to dose end tine. Poleniw: shcews an affinity for
the heiatopoetic system, bowel and testes only with daiepe again probebly
proporticnal. . Pluteniw. shows its affinity for the hematopoetic systen,
liver, kidnoy, bowel, bone, and testes. The chenges obscrved with radiui,
elthough icre widely distributcd, are in genercl not as severe as poluniun.
An unusual finding is the developuont of far advenced arteriosclercsis
of the aorta and larger arteries inclucding the coronaries. Plutoniun tends
to show its most scvere develcopiient in the hematopcetic systen, liver, and
bone, .

L., Distributicn cnd Excreticn of Radicoctive leterials in Nen=-tcexic Doses.

Studies are beins ccnducted cn the injeeticn of nen-texic amcunts of plu-
tonium, poloniw:, rediuwn, uraniug, and pessibly lead inte huuan subjects:
in order to deteriine thc exeretich rates in the urinc eni feces of these
nateriels. Thesc studies are not ready te report at the present time.

The infcrmation faind froi: such studies will be used in deteruining
accurately the allcwable excreticns of these substances in the carcful
ncnitering of plant personncl working with the.. The urinary quotient will
inddcate the amcunt of heraful eteriel prescnt in the body at that unit
tine, .

5. Suggested studics:

&. Fhysiclegic: 1 experimentel werk with Cyy and H3, specifically on
protein metabclisi: such os in wound heeling, repeir, aging, cance.
and: the like. .

1. How substituted aninc acids behave in the becay.
2. Iavestigation of bene mctcbelisi. with an idea tc therapy, ete.

b. Chronic effects of clphe euitters over a ten-year pericd., For us
in chrenic tolerance studies. '

Ce. hdditiounal studies c¢n radicactive . pterials, wetabolisi in genercl
particularly with re;ard tw nenticned in (2) above.
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REPCRT- OF INV.STIGATIVE WORL BY THE SURGICAL S:ZCTICN

The work ccrricd cut and to be repcrted by the surgical depertuent
can be divided intc the fullwwing 3 divisicns:

1) The tronsplentztion of bene rirrcw, ,
2) The culturc i buke ..orrow by tissue culture ..cthods.
3) The transplentaticn of = kidney.

In as rmech 2s sc.e of the dete is still in the process of exacination
and enalysis and experii.ents cré still under study, this repcrt at the best
Lust be censidered tc be ¢f o provisicnel nsture ond subject t. change ccn-
tingent upcn further anelysis cf the dcta and experiuentation.

I Transplantation cf bene e TTCW

In undertaking such a problen as rarrow transplantaticn it wes first
necessary -to estcblish certain base line dota cn the petenticl recipient.
This included selecticn of 2 type of .radiation that wowuld preluce dowpge
of the proper cxtent ur Jegree. Tetal bady radiaticn of 300 r ceute dosage,
fror. 2 250 KV ..zchine was finally selected sincc it produced approxiuately
an L.D. ¢f 50 or slightly greater,

Enploying this doscre of rediction studies were then ccrried cut to
determine the type and extent of da.ose to varicus tissues cnd crgans cf
the der with especial reterence to the hematopectic tissue and the included
bcne marrow. In crder to <btein such inferiztion, cld ond new uiethods of
stucy had to be tested and then usci., Radisticn deiage to the host was thor
estirated by correlation of clinical, heratclcepicel and pathelegicel find-
ings, Radiaticn dauage tc the bene marrew at a ¢iven pericd of time could
be determined core precisely by direct excminaticn of the ncorrow fron the
living hest by rercving such a specimen os a rib.

The experii.ents cn the transplontation «f bone warrcw are divided
into the follcwin, rrcups:

. ae Ccntrcl Studics
B. Transplont Studies

Ao Ccntrel Studies

1, Pilat, Redicted
4 rroup of 7 neruel dogs reccived 300 r tctal bedy radieticn,
underwent rib rusecticns 3 days preradiation, 4, 7, 14, 21, 28, and 39 days
post-radiaticn end was studies as contrcls to detoruine the pottern and

"extent of derangurient of the clinicel course cf the perigheral blood end

bonc rarrcw picture. Hemetolegical and pathcloriccl studies were uiade
as the time of mnexpected death or sacrifice. The peripherczl blood wes
exaiined at hewusly intorvels for the first 42 heurs pest-radiation in
L of the aniizls,

Three of the 7 rediated degs dlcd Juring the cairse of study. All
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of the animels menifested dehiscence cnd necrcsis cf their surgicel
wounds. Bcne merrcw studics showed conspicuocus signs of degeneratiin
beginning 4 deys post-radiztion end meximel domege between 7-1L days.

This degenerction applied tc the myeloid, erythrcid and megakeryocyte
elerents, At 21 diys posteradistion early signs of regencraticn could

be detected which was more evident at 26 days. 4t 39 days post-ratiation
and thercafter the morrow was hyperplestic but with scall arees of debris.

2. Pilot, Non-Rediated

A-group consisting of 4 normal dogs underwent similar procedures
and study &8 grocup 1 except that no radietion was administered.
Nermal findings were noted in these animels.

3. Control, Radiated

" Another :rwup consisting of 8 ncrrel dogs was studied as contirols
to determine or obtain the mwrmal pattern and extent of derengement
of the clinical courss, the peripheral bleod picture, as well as the

- pathologiccl and hematclcgicel pattern at tine of enexpected deocth or

gsacrifice 80 days post-radisticn.

, Six of the 8 dogg died of r-dieticn intoxication i.e., purpura,
sepsis, oral ulcerction, depression of the hematcpceitic system and the
associated panhematopenia. The surviving animsls shcwed hyperplastic
chznges in the henatopoeitic tissues, '

4L, Ccntrol, Rediated=Operated

A group of 4 ncrial dogs received 300 r total body radiation, under-
went rib resections 3 days pre-radiaticn, 2, 7, and 39 days post-rodi-
ation, hed pseudo rorrow transplantation procedurcs 2 days post-radi-
ation and was studied 2s controls to detormine the pattern cnd cxtent
of derengenent ¢f the clinical caurse, the peripheral blocd ond the
bone merrow picture. Hauatolopicel and pathological studies of the
merrow were rade at the ticme of eich rib resccticn and unexpected death
or ¢t sacrifice, 60 deys post-rcdiaticn.

Three of the 4 dogs died of radiation intcxicoction with findings
as noted above. In additicn weund dehiscence and necrosis was couon.
Dorenerative changes in the bone .arrow were conspicuous at two days
pest-rediaticn and considercbly iore norked at 7 cnys poest-radiation.
&t 39 days post-rocintion the merrcw wes hyperplastic but areas of debris
were still present. This hyperplasia applied to erythreid, myeloid
and megakaryocytic elunents.,

The data fromo the precee.ing groups provided the bese line infcrmation
upon which to ccrpare the results frenm the trensplanted groups as ncoted
following.

B. Transplcnt Studice

1. Marrcw Suspensicu Transplint
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A 5th group consisting cf 5 nerucl dogs received 300 r total body
radiaticn, underwent rib resectiwns 3 doys jre-radiaticn, 4, 7, end
39 days pcst-radiction, received a siigle norral merrcw suspension trans—
plantation intc the distal end of the shaft of right ferur, the right
huserus, end the anterior chamger of each eye, and wes studied to de-
termine the pattern and cxtent of derangement of the cliniczl ccurse,
the peripherzl blced and the bene iorrew picturc. Hematclogical end
pathclogicel studies were carried cut et the time f uncxpected death
or sacrifice, 30 cr 60 days post-radiaticn.

Four of the 5 dogs died from rediaticn intexication with the
transplent sites ¢f the long bines shewing considerable evidence of
0ld heworrhage, orgenizaticn but vory little evidince of new rarrow
growth, Residual fat depcsits with ccnnective tissue rcaction were the
findings fron thc uerrcw transplonts to the antorior chamger of the
cyese. . ’

In the cne dog thet survived caupcrative studies cf the long boenes
did not indicate thet the transplented sites were more hyperplastic
than the non=-transplanted sites.

2. Bone and lerrow Transplantction

A 6th group consisting of 4 noraal dogs received 300 r totel body
raedistion, underwent rib resccticn 2 days pre-radiction and 2, 4, 7
deys post~radiaticn, ruceived & transplantation of ncrmel bons marrow

and accompanying bcne cortex and endosteum to the shaft of the right ferur

and a transplontaticn of & segnent «f rib to rib, 2 deys post-radiaticn.
A nmarrow suspcnsicn trearsplent was placed in the anterior cheuber of each
cyes In addition this group was studies ti deteriiine the nettern and
extent of derangement <f the clinical course, the peripheral blcod ard
the bone rerrow picture. Hematologicel and pathological studies were
carried out at the tiue of wiexpected weath cr saerifice, 30 or €0 days
post-radiction.

Threc of the 6 dcgs dicd of rediaticn intcxicaticn with the traons-
plant sites. showing old hemorrhoge, connective tissue reacticn and new
bone growth but very little ¢vidence of new nerrcw growth. Residual fat
depcsits with ccnnective tissue reacticn were ncted in the zntericr
chamber,

In the three dogs thot survived veriwus degrees of regencrating
cr hyperplastic rorrow wes found but the tronsplonted sites clwnys
appeared less active then the ncn-transplented sites.

- 3. larrcw Trensplentaticn to heavily radiated loni- bunes

A group of 4 nermel degs reccived rodieticn of 2500 r te beth
entirc lower extrenitics sinultanccusly. Twe days post-radiaticn
transplantaticn of & nirmcl bone parrow suspensicii wes carried cut.
Strndard studics werc cerried cut te ceteridne the potiern and oxtent
of derangenent cof the clinicel cwurse :nd the peripherel bleod. Heuate-
logical ond pathclogicrl studies werc corried cut ot the tiic (f un-

expected decth ¢r scerifice. #
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All of thesc dc; s survived these procewures. This dosaze of
radiaticn wes net of sufficient wo, nitude to destroy all of the
morrew in the rocicted extre.itics., Coupar:tive stuuics inddectod
thot less active .. rruw wo s fcund in the tronsplanted sitos.

The iipressicn soined froo the trensplentation of worrow to long
benes wes thot such rrocedures were cssocicted with a geed deal of
bleeddng inte the morrow cevity cnd nc evidence thet the ..orrow trons-
planteticn was succcessful.

accerdingly the next [ iup of cxperiients were air.cted ot de=
ter.ining the petenticl cizioctivencss of intrcuucing extrauedullary
myelcpoesis,

Le .arrcw Transplents tc Spleen - licn-Rocisted

A greup of 4 nemicl degs reccived & trenspleontoticn of nercal bene
uerrow suspensicn inte the splecn. Stonderd studies were ¢ rried cut to
detoraine the pottern ond extent of Jderen c.ent of the clinical course
end the periphercl bleod. Hematclepiecl and pethclce ierl studics were
carried cut at the ti.c «f uneapected uettiz «r scerifice,

All of the aniuals survived the prccedurcs. Residuel fet deposits
amd ccnnoective tissue respcnse without evidence of extramedullary
iyelcpeesis werc faund at the sites of trensplantetion.

5, liarrcw Transplants tc Spleen - Titzl Bedy Rediaticn

a group of 4 ncrmal dogs roceived tetal body radisticn of 300 r and a
trensplantaticn f narcel bene .o rrew suspensicn into the spleen 2 days
pcst=redicticn. Standard stucies were corried cut to deter.ine the pattern
an’ extent <f dersnpe.ent of the clinicel cairse ond the peripheral bleed.
Hematolepicil end patholepical stulics were corried cut at the tie of
unexpectel ueath cr scerifice,

Three of the 4 dogs died of rodiation intexication. The sites of
trensplentaticn werc as ncted sbove.

6. ieorrow Tronsplonts to Spleen = Spleenic Radisticn

A4 greup of 4 nerizl dees received radiaticn of 2500 r te the spleenic
erca end 2 tronsplantction of nerncl bene Larrcw suspensi.n inte the spleen
2 Jdeys post-radicticn. Stondard studics were carried out to detercine the
pattorn and extent of Jorongouent of the clinical cairse and the peripheral
bleod, Hemetclopical cnd pcthele iccl studics were corricd cut at the time
of unexpectud cdecth «r secrifice.

4ll of the eniicls survived thesc precciures. The spleens werc spall
and, fibrobetic with resicuel (eipesits of fot and no evidencs of extraced-
ullary syclopcesis ot the traonsplint sites.

48 the result of thesc cerrcw tronsplents te the spleen it did
nct zppecr csirable to atterpt te induce further extramedullary iiy-
elepcesis inte the liver or rotreperitoncel tissues by the direct trans—
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plantation of homclegcus bune marrcw, .

7. Marrow Trensplantaticn Intravenocusly

A group ccnsisting of 4 ncmel dogs received 300 r totael bedy
rediation and intravencus 1n3ect1cns «f refined bone narrow suspensicn
2, 4, 7, and 9 days post-radiesticn. Studies were carried cut tc determine
the pattern and cxten. of derangement ¢f the clinical ccurse, cnd the
peripheral blcod. Hemetclogicel end pathclopical studies were carried
out at the tine ¢f unexpected death cr sierifice.

Two cf the 4 dCéa died of ridisticn intoxiceticn. However all
enincls showed pericds of elevaticn of the tctel WBC count that were
not ncted in the contrcl radieted group. At these pericds of clevetion
étiwiéul‘ types c¢f cells werec noted frequently. These clevated pericds

atypical cells werc net noted immediotely after tronsplanaticn,
howev;r, ncr could such findings be expalned cn the basis of the in-
Jecticn f 2 perticulate matter such es india ink.

Patholcgical studies shewed nlllary bene depesits within srall
veins throurhout the lungs,

Beceuse of these findings this phase f the experiient is belng
extended.

ITI Culturc of Bone Marrow by Tissue Culture Lethcds:

‘After due consideraticn it was deemcd desirable to study the cultiva-
tion of bonc morrew in vitre in crder to provide a2 means (1) whereby the
narrow cwuld be studied in more detail and rcre accurstely with especial
erphasis cn the effects of radiaticn on certain cytolegical alterations
(2) to consider the feasibility of establishing a wmerrcw bank if marrow
could be cultivated successfully and if rerrow cculd be transplented
successfully.

Such tcchniques as the roller tube, the Carrel flask, and the sitting
drop slide technique have been erployec. fach has their advantages and
disadvantages but 2 ccubinction of the sli.e and fliask technique appears
to provide the cptimun ccnditicns for growth ond study.

With thesc techniques the fcllowing studies were carried out:

1. the effect of veried redia on the growth of bene norrew,

2. the effoct of veried gos tensicns on the growth of boene marrow.

3. the effect of varied stirmli to bene rerrow and its growth is
standarc media. /

L. the cciperative studies cn the growth of noraal end redisted bone
[EXTOW, ,

5. the prepcrction of merrcw fcr transplantation,

The results ¢f these studics ere now in the process of tcbuloticn and

interprctation.
Further studies will probebly bte rosuue. when the current report has

becn conpleted.
3!!..'

024116

37



U‘

ITI Transplantaticn of a Kidney

In the rrecess of werking with and the incidentel exposure to uraniun
and uraniun ccmpounds, it was believe. thet o significent degrece of renel
demage would result. - Because of this anticipated demege it was felt de-
sirable to direct scme attenticn tc measures which weuld effect somc benefi'
to the damaged organ and the associated deranpeuents tc the hcst. Cne of
the first prccedures considercd wes the acdition of a ncral kidney with
the ultimate hcope thet o nethod cculd be werked cut eventually whereby
this transplanted kidney cculd functicn fer ot 1 ast a short pericd of
tiue until the dewage.. kicneys had reccvercd sufficiently to carry on their
functicn again. During the caursc of study «f the texicity of uraniun
and its compeunds it was found thet the incidence an. de.ree of renal
dasape wnccunterc  in industrial and leberatory perscnnel was a great deel
less than cxpected and accordingly less attenticn need be directed to
therapeutic reasures.

This experiment cuncerned itself with the initial studies corried out
t¢ deternine a surgical technicuc that cculd be employed for the trans-
plentaticn of a hcmcgencus kidney,

The results of these cxperirents indicatcd thot the cannulae technique
for enastciosis of bleod vessels and the transplentation of a kidney to a

neck was nicre desircble. When the kidney of cne icg was transplented into

the neck of ancther dcg ther. was an increzsed initial blcod flow through
the artery secondary to the densrvation. This incrcosed blood flow wey
last for severol doys and wes essceiated with excretion of abnerimally
large quantities cf urine, providing the vencus return was adequate.

Scrie of the transplentel kidneys fancticned fer cnly 24 hours, cthers

for es long es 5 Geys. Zventuolly kicney functicn failed leaving a large,
swollen, soft dead kidney. Inasmuch as autcgenws transplented kidneys
ney survive for as long 2s 9 months it cppears thet the feilure of rencl
huirotransplents tc function indefinitily cannot be ascribed to surgiccl
errors but to & frcter cr fectirs ¢f inccmpatibility,
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I; ACUTE EXF:RILENTS - Sinrle Dosec.

. liedian Lethol Dose Fxverizents. The median lethel dose (that

amount required to produce death in helf of the animals) for x-radiation
was determined in scveral species ¢f eninals, the results being listed

in the following teble. For the purpose of comparison cf species, the
studies on rabbits carried out et the iietallurgicel Laboratery at the

University cf Chiccgc are included.

Rabbit 790 r

Rat 600 r

Monkey 5550-600 r

Dog Werk not yet caapleted.

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

The rat is oqually sensitive ot seven weeks and at seven menths cof age.

Males cnd femules shoew equal sensitivity with regoerd tco acute lethal effects

If the dosaze is adjusted by increasing the time of exposure at constar
1nt»rvuls, the iean survivel time plotted agoinst the log of the dose is a
straight line. If the doszye is adjusted by verying the intensity at con=-
stant time, the mortality plottcd against the doscge squared is a straight

line, Evidence has been gained which indicetes that the injury to radiation

is & "two hit" phencmencn, or in cther words, two single hits by X=ray

- photais have been nede on 2 single clement in a2 single cells, i.c., chrom=

osome, spindle, ctc,

Studies on those factcrs which influence the median lethal dose have
been made, ut arc nct yet reacdy tu report. Thesc include studics as to
the rate cf decse, metabclic effects, end the effect of voricus drugs cn
X~rediation injury.

B, Pathclogy cf Acute Roediaticn Demege: Tissue chenges in sacrificed
rets at 28 days werc different frou these found in aniicls dying frei
irradiation injury vithin this pericd. The threec tissues primarily affecte
were the bowel, testis, and hematopeetic system. The sccrificed aninels,
at least for dcsage velues of 500 r wr greatcr, represented a group which
hod been injured end except for testicular chenges, hed repcircec itself.
Degenerate testes were prescnt at the 250 r level. Significant chenges
in the hemetcpoetic systen: first cppeared ot 40O r. These chonges were
only a little rcre severe ot 1000 r then 2t 400 r. This saie grecient
wes ncted in the spleen and lyunph ncodes. The warrow, however, was soverely
depleted at cvery dosage level at which the aninels died.

Tissuc changes in rcnkeys were found in the hematcpcetic systen and
tewel., Testicular finuiings were difficult te evaluate beceuse a2ll animels
were immaturce The cxtent cf injury wss ncst severe at the higher desege
levels, the minimal injuricus doseg.c cceurring between 375 -nd 450 r.
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Specific details ¢f the petholigicel chen,os and thelr cccurrence will
be found in the cciplite reperts. The chenges (bserved in the ¢ oro
in prepcraticn znd nct yet recdy tu report. 1t mmst be ccmmented that ne
finiddngs of marked differences icre Lbsvrved in the rcview of the Jdog
pathclegy.

- II. CHECNIC R..DI.TICL PhCGhsi,

Mice, ncnkeys, rats, and dogs were cxposcd te chrenic rediction in
the feru of x~radicticn fres 250 and 1000 KVP nachines.  iice, m,nlmys P
and rats were expesed te 0.1, 0.5, 1.0, and 10.0 r per day six days per
week for twc yecrs. Dops werc uxpesew to 0.1, 0.5, 1.0, 3.0, 6.0, and
10,0 r per u.y six ceys per weeks for twoe yeers. oult“ble. cbntruls werc
cerried with each seriecs erd received identiccl treataent except for the
irradisticn. The results will te repcrted according tc the specics.

The experiment cn rdcc gave little result beczuse of an epiderdc
of mouse typhcid which cccurred curing the cxperi.ent. Such.rcesults as
were obteined ere alrost inpossible te analyze. '

The cxperiicnt with icnkeys is likewise foaulty for several recsons.
Endewdc tubcreculosis wes present in the ccleny end interfercd with pcrtalit,
figures as well as with survivel tices. One ncteble cbservction wes thet
after 1% years ¢f racdiaticn ct a level of O, l r per dey, & mcrmal off'sprin,
wes conceived end delivercd

The rat experi ent geve the following cbservetions which for the
purpcse cf clarity con be listed. .

1) The survival is significantly decrecsed at the 10 r per dey
level but nct at the luwer levels.

2) irles end fewsles are cqually sensitive tc a given dose cf
radicticn,.

3) The biclegical effect of x-rays whether civen with the 250 or
1 p0illion veolt sachine is jndistin: uishable.,

L) Levels of 1 r per day and belcw shcw nc influence un speri
preducticn, Definite cffucts are ncte. at the 10 r level.

5) The muber cf leukcias eppecring during the course of the
cxperiment showe. & total of 12 in the K00 aninals stwdlied.
The frequancy is preperticnsl to the dese of x-radiaticn given.
This is illustrateu in the cccupanying toble.

Desage Decths Tctal Nunber of anivels
0.0 ncne 50 eniials
O.1lr 1 100 onincls
0.5 r 2 100 amdinls
l.0r 3 100 cniicls
100 r 6 50 sninals

The 10 r lovel is epprecicbly highor then shown, inasuuch as it
is necessar, tc¢ ccrrect fur the increose in mertality in this
group which in & twe year cxporiment is considercble.
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6) Studies of the weight cheonges cn these aninels inlieates
thet weight cbscrvetions .re of little value in predicting
the cutccie of the experiment cr as & pcssible clinicrl
test fcr oxposure. The weirht less cecurs only in the
pericd just before cdeeth, at which ticme other observable
changes are well estcblished.

7) Survivel time studies are still in preiress.

8) Twirs -~ prelicinary studies indicate th t scms types,
perticulerly memmery tuscrs, ere induced while cthers
are spontenecus in typo.

9) Hematolugy - nct included,

The top experiient was carried wut accerding to the following
plan: anincls recciving 0.0, 0.1, 0.5, and 1.0 per doy six doys
woekly were corried for 622 trectuents (twe years) anl then scerificed.
The eninals receivinge 3.0, 6.0, cnd 1000 r six days wcekly werc given
500 treatr.ents end 21l secrificed. The plan of scerifice fer the lower
groups is as fcllows: at the end of the pericd of cxposure, cne-third
of the aniials were secrificed; the remeining twe-thirus cre carried
for an sdditiocnal three months for reccvery studies at the end of which
‘tie the fe.ecles ere sacrificed. The melus are kept on for acditional
recovery stucies cn sperii fcrmation.

 hicrtality firures at the end of the first 500 treatrments
(cete available) are as fcollows: ‘

Level Mortality
0.0 r 0
0.1 r 0

0.5 r 0
1l.0r 0
3.0r 20%
6.0r LO%
10.0 r 80%

lertelity figsurcs at the end of 622 treatuents are as fellows:

Level Lertelity

0.0r 0
0.l1r 5%
0.5 r 0
1.0 r 15%

it the present ti.e crly cnu cnimel hes died of leukenia. That
aniirl received the ccurse ¢f 10 r per doy trectie..ts.

As in the ret experiient, bservoticns ..ade co welght chongcs
have little velue in prelicting the wuteccue f an cxperiment.
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Spern fcriation is influenced 2t 2ll. levels abcove 0.1 r per
day and ucsticnzbly at the 0.1 r level. Whether this chenge in the
0.1 r per day level is real will be shcwn by the reccvery study now
in prceress. It requires 270 to 300 r tc sterilize 50 per cent of the,
dogs ot the 0.5 r per day level cr the 1.0 r per day level. For steril-
izaticn at the 10.0 r per dey level mere than thirty treatients (300 r)
are require.’, Frem this cbscrvaticn it is deduced thet & time foetor
is invelved in the i1atureticn of sper:i.

Suiie enimals accwmlated over 5000 r befere dying, while others
died at 1100 r of chronic irradiaticn. Tais illustretes tho voria-
bility in the species therselves.

A. Pathclegy - Chrenic Irradicticn. Pathclcgical exaidnaticn
of rats follcwins expcsures to chronic x-radietion for twe years
fcriuwlates the cpinicn that there is nc gocd histclegical criterion
of chronic x=redisticn damege when cdministercd in desages of 10 r
por Jey and less. Changes in the heuntcpectic system were nct inpressive.
Testicular darmge was ncted with doseges of 10 r per day but nct below,
It is suggested that the leukenias and reonrary tumors arising in these
anizals ray heve been preduced by the irredietion. There is no evidence
of injury related to¢ irradiaticn in the heart; lung, liver,. kilney,
bowel, pancreas, thyrcid, trachea, skin, bene, ovary, cr bene merrcw.

Retbits which have received siudler desepes of x-radieticn
. over o poricd of cne year only, show siniler changes tc these ncted
abcva,

Ders exposed tc 10 r and 6 r per day for 500 treatiuents are
nost ept te Je with evidences of huicrrhege preswuicbly seccniary to
leuccepenic, throbeeytepenie, and bune merrow hypeplesia. Tostes cre
corpletely depleted of ger.inal eells. Lycph nudes and spleen show
cclluler depleticn end scie hemcrrhage. Signs of infection superimpesed
cn. reduced bene ierrcw activity cre ccisin. ot levels of 3.0r, 1.0 r
the testis is depleted of speriatcgenic cleients.

Following pilct experiients cerried wut in o loboratcery elsewhere
(se¢ repcrt frem Celuubie yroject) a prograa wes instituted for the
controlled chrenic exposure of rets end deps tc fest neutrons. The
dosages selected wers the cquivalents to the previcusly selected
experiiental x-rz.iction deseges, nerely 0.1, 0.5, 1.0, end 10.0 r
per Jay six deys woekly. The equivalents in n deseges are 0,017,
0.085, 0,17, and 1.7 n per Joy six ucys weckly. The ncutron experiicnts
were corried for o cne-year period instecd of the two=-year pericd
uscd fer the x-rays.

Findin, s were significant ct thc hi, host desage level (1.7 n
per dey) in both thu rats and de,s. st this descge the cifect con
survivel was :mch i.re .orked than the suppescd eouivelent of 10 r
per cay. uortality fijures in the rits ore difficult te intorpret
incsimch os decth in neny instancus could not be attributed to radia-
ticn dameges ot the 123 month pericd in degs, however, 21l five of
the aniizals at the high level had sucewscod with typical changpes.
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No siynificant .xrtality was cbserved in cither SUC01eS ot the lcwer
dcsage levels,

A total cf nine lenkenias wes cbserved in the group of 50 rats
at the 1.7 n per doy level. No leukendas were cbscrved in Jcgs,

Cataracts were foried in :cny of the rets at the 1.7 n per lay
level. No catoricts were cbsorved in the dogs. Ne eff.cts at the
lower dosage levels.

Graying <f the hair occurred in the de¢gs at approxinately the
six to¢ seven-rienth pericd. No effcet wes bscrved at the lower Jdoseage
levels.,

At the 1.7 n per dey level the spern were eliminated apparently
nore effectively than at the equivalent 10 r per doy desage of X-rod-
iaticn, At the lower deszpe levels the effects on the sperm formetion
were nut a2s striking as these fcollowing x-radiaticn.

hs in the cose of the chronie x-ray experinments, weicht changcs
were fcund te be of little value in predicting .utccice.

B. Pathclepy Following Neutren Irredisticn - Dr. hetcalf¥ The

obSurvcd date sup;est thet after irr.dicticn of rats over & Scven—wcnth
pericd at 1,7 n per doy, the lack of ovarian fcllicles .2y be a goed
criterion of neutren irr:cdiztion, Chonges in the heaatcepeetic systei:
ere not iipressive except foer atrophic changces in the spleen ot the
1.7 n level, The testis is damcred at the 1.7 n level but not at

any other dcsage used, Ieukeidos were dia;ncsed as st:tod earlicr.

_ Dcgs which have been (iven 1,7 n per dey for 123 aunths show

in .cst instances changes in the heneot.pcetic systen, testis, and skin.
These chenges are in the neture of heicrrhoge, lyapheic hypeplasiz,
testicular danaie wnd bene tarrow hypeplasic as well cs degensrative
chenges around the heir follicles, animals cxpesed at lewer levels
shcw no chanies typical of irradiaticn domage.

C. Cuparctive Study <f Chroenic X-rcodiaticn end Chrenic
Neutron Ragiation. SWAUILTY

1. Dcsayre for desasy, the chonges which one right
cssceizte with irrcdisticn were ...re prencunced
in th. neutrcn expesed aniicls than in the
x~irrcdicted aninils,

2, Except for the cvarien changes in ncutren exposed
rats, onl the pessitly significant hair fcllicle
changes in the nceutren expesed degs, the tissue
changes werc quolitetively the sciie in both
x~radicticn end neutren roaicted anicals,

3. The frequency of lcuke.das is related to the desapo
cf radizticn in both the x-ray cnd neutron ¢rcups.
It is possible thit neutron irr-Jdiction uey cause
the:: t¢ eoppecr sccner than x~radicticn,

-.‘l

S

1024122

43


http://JiZiA.cn

Mo

Di The Effsct cf Chrenic X-rc ioticn cn the Cherderl Cunstituents

of the Bloods Dr. Kathryn Fink et al.

The fcllewing censtituents of the blocd werc deteridineu at
frequent intervels in the dogs expuse. tc chrenic (daily) exposures of
x=-rcdioticn at 0.1, 0.5, 1.0, ani 10 r per day six ueays per week:
serun protein, serun chloride, seruu elkeline phesphotase, scruiz
chelestercl, serun acid phosphetase, plesie fibrincien, an. whole
blecd nen=-.rctein-nitrcgen,

nlthouch finzl.anclysis of the dota hes nct been rizde, 1t
ap;ears thot these ccipcicnts of the bleed arc not si/ nificently
cltered in aninels expesed to 622 treatients of x~roy ot levels
of 0.1, 0.5, 1.0, and 10 r per day.

Becouse cf siiilerities in the reccticn of dcgs to
radintion and tc ccllierein, a non=diclyzcblce censtitutent of urine,
a study «f ccllicrein wes aede in degs and rets., Ne clear cut relaticn
to radicticn deaare was found.

E. Attenpts to Deteriinc the Presence of & Circulating Substonce
Present in Blccd follewins Irreoicoticn, Dr. Jchn S, Lawrence ond
Ceptain Williern Vilentinc.,

The generel aii. of the investigeticns here reperted has been
to ¢btain vvidence focr or against the presence of coertain "indirect"
irradiaticn effects., Twenty-six successful crcss circulction expers
incnts (carctid ertery to carctil artery cnastasusis in cets) have
been perforred between nermal and irrcdisted eniiels, Cruss circula-
ticn was established in ucst instences at scue specificd tiie intervel

"after the radizticn of cne partner. all intervels up tc 82 hours

after irradiaticn were covercd.

- In seven experirents, cruss circulcticn was esteblishel amd
then cne aninmal irrcdiatcd whilc the cther wes shiclded. These were
ccnsidered the rost eriticcl experiiceats of the ;reup. Detailed data
on a leucceyte and lymphoeyte ccunts in the ncriel cnimel :btaizmed
during on approxicetely 28 doy rericd of fcllow=up loes nct support
the thesis cf indircet effects peculinr to rodiction., a trend teward
a slightly lowercd ckbsclute lyophocyte count in nemiel aninnls after
crcss circulaticn wis not considered si, nificent. 1n ne instances
did leuccpenia develep in the nermel oniicl, .

F. The Rite of Utilization of Blcod Platelets in the
Thrcmbopenic Cat, ‘Dr, Jchn S. Lawrence ond Coptein Williao Valentine,

The roate of utilizetion cf bleol plcatelets in rodictod,
thrombepenic cats hos been .easurcd Jircctly, Thrembopenic aninels,
incapable ¢f si _nificent platclcet re, encraticn were cross circulated
via carcti’ to enrctid cnestoncscs with noriel nndiels.  oft.r return
to independent circuleaticn, the rote of dis:ppeercnce «f cress
circulatel platelets was measure. by poricdie cants.
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- By this methed it was pessible to elevate the platelet count -

- anywhere from 100,000 to arcund 400,000 platelets per cubic millir.zeter; |

The highest ccunt cbtained fcllowed cress circuleticn with a splencete—
idged.andiial s In nmost instonces the platelet level cttained wes within
the physiclegic range of thoet found for ncrizl cats by the saue icthod,

The cress circulited platclets greduclly discppeared froai

the circulation cver a twe ti a sliphtly .cre then faur-dey period.

Under the conditicns of this experirent the entire platelet uess would
have to be replaced thercfere cvery tuc to five deys. The saie figurcs

.prcbably apply wathin a ncrrcv licdt to the noricl cat,

: The average rete of platelst atilizaticn wes epprexivately
2500 per cubic milliieter per hour. In seven of eight expericents, the
rate «f disappearance varicc from cbout 1600 cubic ndllineters per hour

to about 2800 per cubic milliceter per heur. In the experiient

using a splenectcmized dencr, the rote of disgppearance wes aboub
double the average fcr the rest «f the group.

httenticn is called tc possible thercpeutic implicaticns of
these findings in the treatient <f idicpathic threubopenic purpura.

G. Further Studies on thc Rote of Utilizsticn of Cross
Circulated Leucceytes in the Icuccpenic Cat. Dr, Jchn S, Lawrence,

end Coptein Williern Valentine.

Studies ¢re in preogress and are nct yet rec.y tc report.
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EXPERILENTS TO TiST THE VaLIDITY CF THE LINE~h r-DCSE/UiUTATICN

R.TE RELLTICN ~T 1OW LOS.LGES,

1. ACUTE EXPOSURL

On the basis of 200,801 test cultures fcr lethals in the X~
chrcricscne of the fruit-gly-Droscphila nelancgaster, of which
73,901 frcm flies irradicted at 25 r, 31,560 at 50 r, 23,195 at 150
r, and scaller nusbers ot 500 r, 1000 r, 2000 r, 3000r, and 4000 r,
it has been shewn that the lethel .wmtaticn rate is directly proportion-
al tc the r-dcszie even for the lcwest douseges used., We are forced, on
the basis cf these findings, tc ccnclude thot there is nc tclerwnce dose
of radiaticn below which .mtoticn dose nct ceccur. Our data indicate
that a dosege of cbeut 35 r actuglly dcubles the natural lethcl muta-
ticn rate in flics. Less extensive data on visible nutctions seen to
show the saie relaticnship. If these findings can Be shown to have
transfer volue tc the effect of rediaticn ¢n the human race through
their coorcberaticn by experiments on the nouse, a marmal, then it be-
comes clear thet racdiztion in Josages which may be tolerated by the
bedy of men ney heve dire effects upen the hunon germ~plasm: -~ In terns

"of society and the huian race the risks can cnly be stated when a

statistic cn the prcpcrtlun of individuals <f reprcductive age-expesed
tc low dosege recisticn is intrcduced. Fur the individual exposed and
his descendants, the risk is cbvicusly imch ;reaster. These facts should
be carefully.ccnsidered in any preposed use of atoerde energy cn a a large
scale, o

II. CHRONIC EXFOSURE

Exrerlmﬁnts were cerried cut to test the lethal Lutation rate in the
X-chruiosu.e cf Droscphila under the influence of low Josages of gauns rays
spreal over a ccnsiderzble time, Flies woere irredictod with rediun
for three weeks ot a dcsage f 2% r. units per dey. The total dose wes
524 r. units, -

On thc basis of 48,646 tested X-chruncsuies freu irradiated flies
and ¢f 52,182 tested X-chreiosuies frau control flies, no significant
diffcrence in the lethnl mutaticn rate between cxporinentels end con-
trols was fcund. These results seenm to be different frcii thouse expec-
ted according to the wicrk of Spencer. The difference ray be duc to
differences in teuperature, in aging «f the sperrm, between the acticns
of X and germa rays, cr to differences betwcen the activity of chrenic
versis acute exposure &bt low doses.

Befcre it con be concluced thot chronic expesure to :dnute doses
of radicticn is safe frc.. & renetic peint of view, it will be nceessery
tc exclude the cther possibilities indiccted abeve.

|
4
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10.

REPCRT CF GeNRTICS DIVISION

General Background

4 human speri. ccntains 24 chrorcscies. Each chronosaie centains a
gtring' f sore hundreds of genes,

A human egg conteins a similer set of chroncscnes and genes.

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

Each pene hes two nmain types of acticn:
a. Each catalyses son.e partlcular chc'.ucal process, given the proper
materials,

~ be Bach reduplicates itself at, or scme tine befcre, esach cell divi-

sicne (In this latter cction the bonlds between genes in the sane
chroucsa.e alse reduplicate.)

So each new call ¢f a develcpin; embryc is equlpped w:.th 2L peirs cf
chraacsonies with their asscciated genes.

Scre genes cu.e into action at «r shirtly after fertilizaticn. They
operate in a "field" of limdited cumplexity, i.e., the cytoplasuic

differences alrealy existing in the fertilized egg. Their activity
probably increcases the regicnal differences and per: 1dits other genes

~in turn tc ccue inte play.

In g_em.ral dfferent batteries cf | cenes cu.e into acticn at different
tiic3, in different cells cf tlssuus, end for varying int.rvals deter-
mined by when and where the ratcrials for their cperation becoue avail-
atle, Swume geres perhaps ranain incctive until long after birth.

Yost, if nct all, genes cre very .slightly unsteble. Among for exauple
a million Lysccma.nts by recuplicaticn frui a single cri;inal ;ene per-
hc..ps cne ¢r & fow will have 2 soewhat «ifferant structure.

Once a gene has undoergine such o change (tutaticn) it reduplicates the
chanyes structure thereafter, oxcept fur the cccurrence of further mu-
tation, |

Mutaticn probebly decrcases the cctalytic activity of ¢enes. S a
rutant gene ' acts in the scie process as the norial gene L frea which
it arcse, but less effectively.

A chile whc inherits a mutent .Y frew cne perent on. the normal gene
1 fron. the cther parcnt, may or ray nct shew effects of the mutant,

a. If il cells arc able tc do iere of the specific Lecatalysis than is
nccessary, MMf cells rey be cble to Jde encugh s¢ thet the presence
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of M! is nct indicated by any deviation frou ncrral structurc or
function, The rmutant u' is said tc be recessive.

" b. If iid cells dc just encugh cf the b~catolysis, k! will nots Scre

embrycnic preccess will deviate frcn its ncrial course and soue
detail ¢f structurc cor funeticn will beccrie abncruel, thcouch not
necessarily harnful. A mtant of this scrt is said tc be Jominent,

Rediation-induced rutants, like the spuntenecus, Loy be elther re-
cessive cr denminant.

In ;man, the potentielly den ercus mutents are the deminants, and the

. recessives in that cne prir «f chromesaiss which deternines sex.

a third cless cf pctoentially danmercus inheritable changes can be
induccd by rauicticn: chrouescue rutaticns. A piece wmay be broken

off one chre..oscme and attached to ancther. A secticn may be inverted
in situ., Chrcicscmes way exchange secticns,

Thus, -in & speria which has beecn expesed te radieticn any wne cr more
cf nmeny thcusands of genetic changes moy cccurs any of the thcusands
of genes may rutote and chrencswuaes may bresk ond re-attach at any of
the thousands «f bonds betwecn gencs,

Since any c¢ne cf these changes has 2 very luw prcbability at mcderate

exposure, the majcrity f expcsed sperm will nct underge any mutaticon.
In the ninority which are affccted une gene will nutate in cne sperm,

a differemt gene in sncther sperm, in still a third cell there will be
a chrencscre rutaticn, anl so on.

Experinent el Prccedure
The general plen of the work is :u'L.J.cated by the fclluw:.ng table.

Pur¢ Strains (unice) bred in Jacks.n Labcrutcry

"dbal wos7 "Bage albino! x "Swiss albind!
albino hybrids |

Crcsses niade at Rechester

dba 0 x 4 057 OU

4
(rayed
daily)
Fl oo + Fy o0 . albinc hybrids

(autopsied (brec fiur
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"Fo!" litters testine fertility, and penetic
significance of eny abnorralities, of the Fy
criinerily discarded o few days after birth.
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2. Gene anc chrecuosome mtaticns which ceeurrcd in the sperm of expused
and control nales were detected as follows:

If the sperm ccntained a The effect in an ffspring
: ' formed froi. that sperm was

daainant gzene .autaticn deviaticn froa norual struc-
ture ¢r function

recessive gene muteticn none in F.: but half <f the

in the sex chroncsune scns of F%gg arce affectcd.
(transpmitted to F194 nct Floo)

chromosase rutaticn : reduced fertility
(transuitted to Fyoo cr ¢@:

studicd cnly in oo) hat

3. - In brief, the prccedurc was tc hunt emong the offspring of exposed and
contrel Lele mice for

a., Sons and deughters with scre abnermality of structure cor function;
be dJdaughters producing Jefinitely fewer then ncrmel cffsprlng, in feur
htter5° ,
¢. daughters producing cnly half as r.any scns as Jaighters (i.e.,
dau ghters receiving sex-chruuusc.e recossive imtants with lethal
effects,)

4. The procedmrc was caupliceted by twe nain facturs:

a, all of the effects cf sutent pones or chrounoswaues may be duplicated
by Jdevelopucntol and post-natal a.ccluents quite independent of
heredity;

bs the effects £ rutont Lenes renge frui. large and conspicuous -acwn t
very slight and difficult tc Jetect, '

5+ 8o the prccedurs involved & dcuble sifting: first, each Fy pncuse had to
be classified a2s ncrmal c¢r abnermol (with respect to the thres criteria
in item 3 abcve:) seccnd, these classified as cbnurmal hed to be tested
tc deterrine whether the abncrmality was hereditary cr nct. The latter
discrimdinaticn is pessible because the hercditery ebncrpalities are
transidtted by the individual cerryin; them tc half «f its cffspring.

Results

1, The essential resvlts are shcwn in Graph 1., The loftrcst peint shows
the propertion of spernm, from cemtrel males in which there was & rutant
gene cr chroucscrnie, The next point to the ri;ht shcws the proporticn
of nutent bearing sper. from mglr,s receivin O 1 r/dey. This pcint is
plottel abeve that peint on the Couse scale which represents the average
tctal rceentygens received by these speri fren which the offspring of 0.l
r. t2les hed been fermel., The remaining peints represent corresponging
data fur sperm of males expesed te 0,5, 1,0 and 10,0 r/dey.
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2, The slcpe cf Graph-1l is the probability per rcentgen thot a rutation
(of the mapgnitude snc types we studied§ will cccur; the value is
6k x 105 per r Thus; of 2 millicn spem expouse. to 30 r. about
1900 underge mutaticn in cne cr ancther gene cr chremesaue. If cne
of the unaffected sperm heppens to be used in fertilizeticn, nc harm
has been dcne; if cne of the affected, the result will be vne uf the
ebnormalities listed above. '

3, The mutaticn hazerd incicated by Greph 1 is lcwer than the true value
because of defects in our procedure. abncrmalities found in Fy oo
were. not tested by breedirg, nor were 2ll-defects in F100 pecause ¢f
space and time linitaticns. Amons the untested abnemalities should
be scre due t¢ daminent gene muteations, Since eny partieular rmtation
is nct likely to have cceurred mere than a few times in the experinent,
the nissec rutants shculd be armcng those aberraticns which were nct
found rore then a few times altogether, Sc in Groph 2, are plctted,
as in Graph 1, the prcperticns of spern from which were formed Fygg
mice shcwing some type of structural ebncrzzlity thaet appeared
altogether faur or fewer times arxng the 11,000 Fl‘mice examined,

The. increase in prepertion with increesing dcse can only mean genetic
effects of the raciaticn at a rate of abcut 4.2 X 10-5 per roentgen.

4. Adding the twe values tcgsther gives an cversll imtaticn hazard of
1.1 x 10~4 per r. This value still excludes recessives ani dominants
‘or chrorcscme rwtetins with small effects.,

5., The total mutation rcte is distributed rcughly as follows eneng the
. several classes ¢f nmutaticns: '

dominants with structurzl effects 30%
recessive lethals in sex chromcscme 20%
chroanescme mutations - 50%

6. Twe major uncertainties remain:

a. Is the X-rey mutaticn rote in nen as hizh as in mice?
be What preperticn of the nutants we have found would be sericus
if they cccurred in man?

Gbvicusly, neither questicn can be answercd. With respect tc the firs?
we uigfht better wark cn the censervetive assumpticn that the ratation
rete will nct be lower in man than in ncuse. On the second, it rdght
be wise tc take o siuilar attitude. Certainly, in the creature wiose
genetics we kncw best, Droscphile, nearly every mutant gene has dele-
tericus effects. We mey first nctice the presence <f & iutant by an
alteration cf scie rdncr acrphclogical detzil, like eye ccler, but n
further study we fin. thct superficicl change tc be accumpanied by a
greater cr less recuction of guneral viger cr of life span.

7. If we take this view, we are forced tc wender whether a hunan expesure

cf 0.1 r/day is acceptatle. It Lezns an increcse of 1% in the hazard
of transuitting a new mutant jone fur each 100 r a parent has received.

at tine ¢f conecpticon.
) 4¢
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gnopalies in 11,412 speri
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Affects of Single Duses cf X-rzys c¢n Rabbits.

1. Bffects of Survivs., Jei; ht and Fuad latake.

2. Histopatholog.cal Chenges.

3. Changes in Peripheral Dlood.
4, Statistical Analysis of Hematolopical ilata. Sacher.

Ny, ~

L

Hagen and Sacher.

Lurra;, Blocx, Rhoaies and Heller.

Jacobson,

lethak Action of Sin}_.le anu Faired U.ses of X-riys on .ice. Hage., Siumons

and Sacher.

Acute flistopathological Chenges Due to Sincle and Feriodic Doses of X-ra;s
on =lce. BDioau, weBru,n and iurray.

Kffects of X-rays on Rets.

1. lethul action of single, F.ired cnu Periouic Loses.
4. Effcets of Single and Periodic voses on .eiglit.

Hagen and Sucher.
Sccher and Iecriman.

3. Acute Histopsthologicel tifects of Single and Foireu Doses. Uebru,n,

lleller anxi Blocs.

Physiolo;ical and Clinical kifects of Single X-rey Deses on Dogs. Pelnter,
rregser, Barron, Schwartz and Jaccbscn.

Physiclc ical and Clinicai Zilects of Diily A~ray Loses cn Dogs. lresser,

Ha; en.

Simons, Presser, Sucher,

Jacclson angd warks.

F.
Leore, Berrun and Schwartz.

G. The Course of lortalit; Auon, (dcc, Rets ana Retbits Given Single Doses
of X-raye. Sacher

h. The Course of .ortality Accrg iice and Drosophila lrzges recaiving Periouic
Losea of X-reys. Sacher.

1.8J. Acute Histojstinclogical Lifects of Single Deses of X-rays on Chicis.
Bloom, Heiler, Rhoades znd Jacobson.

K. Acute lethal Action of X-rays on Guisea Pigs and Birds.

L. Therspy for end Frophylaxis Ageinst X-rzy Inj ries.
Fezrlran and Jaccbscr.

K. Kffect of Age of ldice cn the Lediun Lethzl Dose of Gauzz Bays. Curtis and
Zir.le. ‘

.. Effects of X-rays on lrhenylhydrazine lundmced Anemia in Rutbits. dJacobson,
Zurks and Slrzens,

C. uifects of X-rs;8 on Aperia in flabceits lroducen b, Dlceding.

T. Effect of X-rays ou the L.fe Span of the Reticulccyte in Vitro. Jacobson
ana ..ixks.,

K. fects of Fericuic Gauums Irrauiztion on lice and Guinea Figs. Lorenz,
Heston, Eschenbrenner und Derringer.

S. Effects of Laily hight=hcur Gauws Ray Loses cn Guinea Figs.

1. Hematological Changes. dJzccbuen, Secher :i.d Lorenz.

z. bistopatheclogical Chunges.
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iffects of Reudutdon ou }‘cymim. Schviartza, ocperiz ond wisch.
s

uffects of Radiaticu of Liver Punction. Schvartz, Tinsle,, Kubz and ‘ailuce.

offects of lwulation on white kloca Ceil ietstclisi. Schuertz, ~attemtery, Cohen

Singer, DeGraziu, bd.:rds, Fiox cnd Beone.

of:ects of Radiation om the E.crection of Urorosein ard kelazted Coipousals.
Setviertz, Hagedern, and Cliver.

Spectrophwtometric Studies c¢n Urine of lrreuiated Anizals. Schwartz,
satterberg and Laulgan.

Tucor Inducticn :nd {ther L:te iffects of Singlc Lcses of X-reys on Huts
and lice. Drues and Lisco. '

Effects of X-ruys cn ieigits of lndlviduel Crgens. Sacher and brucs.
Effects of X-ruys ¢n Enzymes unc Tissue iLetabolisc. Berrcw, et al.

Physiological &nd Cl.nical wifects of X-r:ys cn Retbits. Lrosser, Fulnter,
Berren, Schwertz and Jacot:acn.

Hyperhepirineria. Allon.

Effect of Radiation on Lung Tumor Incidence in CF 1 I'ice, by P, S. llenshaw,
E. F, Riley, G. T, Stapleton, and ', B, Cupp.

An Attempt to Detect Small Amounts of Irradiation Imjury, by Cupp and lienshaw,
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I1~A. The Effect of Single Desoy of A-reviilicrn on iwiiits.
Ly Liyen and Sacher.

- Hallits wwro exposeu to 2l VP X~ra;s in sin le ucges I
5.0, 0L, T, 00, 900, 1C0C, 11LC, anu 15C0r. The LujU b the
30~Gsy puriod was fovnd to be .pjroxicitely COr. Anzlysis of the
over-all .ortuilty inalcuted thit wurir; the first threc &, s,

15 yer cent of the cricz.s succu.bed, i.nile the re.ciider uied
betueun the 4t. wnd Z0b.. da;.

weight of the wnimils o perreu te Le an iofertiut lucter
. «0 thet reg;;.rdlccis of sex, api:.:is of 2 1G or cver rero ucfinitely
leas sensitive #ith respect tc belh l-day znd 10-du; .iliings.

iules appesreu to be uore sensitive thun females during the
first three daja. burin; the next 17 dc;s (up to 20 deys tetzl tice)
the fezales tonded Lo dle faster sc that ut Lhe end 5f Lhis pericu
there ves iittle difference in the mortality of the sexes.

The rnean survivel tine wecre:sed siculy as ws.ges frum
7;.0 to 9L0 vere [iven. Between 900 =nd 11C0 r, the shertening of
the life of the znim8ls vith the increzsea dose of ra.t.i:-.i.iﬁn vas
vdgnificant, Heavy andialis tendud to survive longer than light
anizals. 7

Some of the animels which had survived ¢ :reovicus singie uose
of x-radiation vere gcive:. z second traatment of £€CG r, 1CO dé.:;s
after the first wes given. Results of this stud; irdicated tist
neigher resistance or sensitivit; uere induced by ihe ricar; Jose of
x—radiati cn.

Histopithologicel stuuies are irn ;repurition.

o e Y

= = ) j
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AJ, Ch nyes in the leriphersi Elccd L. Jacobscr.
Andials reeuiving wn ex.osure ol u0r (less ofte:. Lelow)
develiep a noricchrenic azm._i.:-. at the lh~u:y jericd. Retlculccytes
wre reuuced by dcsz,es &8 low as 10 r. Iy:iphoe; tes cre sa.silive
to 25r and with woses c¢f 1CC r u.d ctove, the bleca leveis reach

Lthueir wind . letuewn & &L cid AU hour jeriou. Recovery of & nertal

_ elrculating lyuyhecyte level re.unire. icre then sixty dyys i doses
of 300 r end higher, Heterpohyl values okserved at the Zishour
- period vere markedl, elevcteu. This was followeit; a gcpresaicr. reaching

8 caxivum leval in 96 hours. There is 2 tendency Louird en clertive rise

in beth 1lrcphocite and heterophyl levels Lelieern tue LLh and 9Lh do s,

The plitelbts siiow iinimum levels betveen the 5th and Vth days at

"t

- ‘dosages of 5.0 r and ebove.

Statistical analyses of the heralclosical deta are not et

completed (Sacher).

B. Lethul Action of Sinrle and Paired Uoses of X-radiution om .icc
by Sesher and Hagen '

In single uoses, the IL50 for 3V days fcr CE-1l female sice
is spproxicately 515 r. «BC mice which were e:xjosed before irril,

1943 had an LD 50 of 450 r. However, rnice of the same strain receivea

later then the asbove dote showed an LD 50 of 5.U r without chame in

technique. This would indiczte that there is scume veri:tion even
in a certrirn strein of apinsls. Lo sex cifferences were ncted 1n the
AEC rice.

Follwiing a paired dose of x-radistion in which the secend

dosage of radiztion was administereu zfter z precuetercirned recovery or

102413b
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cunuitioning period had Leen allowed, there vas so.e eviu»nce.t.ha;t
cice did develcr amiincreased resistance to x-ruciativn occurring
approxitately one week :ft.r the first exjcsure. The helf ti.e

fer recuver: fr.x the first dose is cpproxirately tiu t: threc ugys.

C. Acute Historctholopical Chonpes iue io Single anu ferdoedic
coses of i-raaiotion on ,ice. Ly Llocw, Uelruyn, and Jurray.

The datu ca the patholory of wingle and periocdic uwosages of
x~ruuiation is not coipleted. o cu:.plqte account. of the hlsﬁo;vatho-
logical changes cbscrved is given.

D. The itfect of X-rraistion on Rats Follovinf w
of X~radiaticn, b; Sacher, Hegen, and Pearloan.

. The redian lethel cose (Lu 50) for S ra.cue-buley rats at |
20 rr. weight was fopnd to be (00 r. The me:n fznrviymtim
renged from 11.3 doys at 500 r; 4 dsys st 1500r; and 3 uays at
285000 r. No conclusive evidencs was cbtained that weight, sex,
uge, or atsge of estrus hed any iniluence cn tfxe survival or
cortutity in this study.

" In the studies on poired oass of x~ridistion, male anicals |
received an initial dosc ¢f 3u0 r of raviation followed by i deler.ina-
tion of the wedian lethul cose (1L 50) at one, two, and three weexs
after the first dose. A plotting of the rcsults shcwea that the
residual effects aftor the first dose cecrecsed expenenticily at
a rate of 8.2 per cent per day. This rate was not maintained beyond
the three week ;ericd.

In the experinent on periocuic doses of x=- rediation, aniucis

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

55
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200 (two doses), and 500 r. At ucses cbuve 50 r per uiy, tie zean
survival tiie fell within thet renge observeu zitcr single uvaes, ana
could be expiuined un the basis of the recover; studies carrikou out with
the pcired dose studies. At doses below the 50 r per ciy ieveai, Lhe
cean survival time was considersbly extcnded.

wei; h% stuaies cre not yet unalyzed for this ro;ort.

E. Physiologdical and Clinical fifects of Single X-ra; Luses
" on Dogs, by Frosser, rainter, Barro:, Schwartz, inu Jecctson.

wogs uere é;iien {Ttded deses of 2.u KVF x-rcys ranglay from
32U r to €00 r over the total body. The 200 %o €00 r doses :-.illed all
animals :n thx;ee to twenty-cne days; the 300 to 5 r xiiled seven of
eleven animals in 14 to 20 days while 2il anizals receiving 2L to 250 r.
are living six wonths after tLhe dose vas givér;. Frem the above _nforpa-
tion the median lethal dose (IU 50) is probably around 300 r. The
anizals survive shorter tires sfter the doses of 5.0 to €GO r than they
do after cdoses of 3u0 tc ,LOU T.

Physiolozical and clinical. cbservaticus vere made oﬁ the heart .
rate, temperature, blood pressure, hematclogy, blcoc and plasma '-:oluh» ’
veight, fooo and water exchange, nitrogen exchange, kiiney function,
plasma protein changes, histemine changes, elecbioccrdiographic chang es,
gross clinicul findinis anu pstholec.y. A few perti.ent cuivents ohly
can be made of the finuings in this repcrt.

1n general there is a terninezl rise in the heart rzte, 'oémper-
ature znd a fall in blood pressure 2s a shocik-iike state develops.
(This should be distinpuished from the prizary shock that develeps in

certain srecies expecsed Lo x-radiction). The bldod voluwe snows a fall
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in red cell elements with an increase in plosua veluns. Hemuteloplcal
chunges are typicol of those of lethil xerwdisticn in .other species,
Histarine studies are ecuivocal acna inpossille to intorpret. .eight
changes und metabclis:: varicticns cre not coupletely isterpretod at
this tiwc Lut incicute a l&ﬁs in welsht slipfhil; grecter Llen in the
fusting enical vith the dQVulcpgwﬁh of & negative ...trepon balance,
Thers is a decrease in the aucunt of ;nbabcliteS'cleafod b; the iidney,
Electrophoretic patterns of the :lasi:a prcteirs show o fall in the
alburin values und 2 rise in the betc cicbulin frectio:n.

This paper will be couploted in ciout cne and onc-hzlf zcaths.

F. The Clinicel lhysioclogy of Dops Civer Daily Totel :gg

X-radiation, by Frosser, loore, Barren, :nd Schmarta.

Dogs wure exposed to 1l2.5 r,.25 r, 40 r, and 50 r dsily.
The dogs vhich recéived LO r axd 50 P daily died in about the same tiue
as anirals receiving a single lethol dose. At the 50 r level (avercge
total of 917 r received) the survival vas 1€ tc 20 days. At the 40T
level (averege total of 9.0 r received) the snicels ded in 24 to 32
days. At the 25 r lavel (aversge total of 92t r received), the arincls
died in 27 to 4 days, end ot the 12.5 r level (aversge total of 1278 r)
the survival tice vas frez 73 to 209 days. All) onicals excert the
215 r dally ones died ascute deaths with leucoyenia, lyz;hopeniz, and
throckeeyto: enia typiecl of acute x-rudisticn death fron single lethal
dcses., st the 12.5 r level (plus one animal at 25r) ;eaxh vas Jue to
the uevelojuent cf an aglastic anenia (the red .arrow also ieing
invelved). Young aninzls wecre more susceptille tran wature anizals.

The hei.atclogicsl findings shuved an initial ropid Jecrease

of the white blcod ceils swith the hetercrhils follicuing this general rattern,

}L\/!-‘_ ;!,‘
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This was {clloved b; ¢ slow decreage with & sudden dror shortly tefurc Jcath,
The 1;.;jhoc; tes showed ecrly reduction follcved b, a slow fall. The reu
blocd cells shoeved a slow deciine in the first few veexs and a .ore ropid
f6ll eftom.c.rds in all but those ardials eiposeq t¢ i2.5 r. In the lutter
the decline ajpeared after ti.c .cnths of ex;csurc. The reticuiocytles

showed an initial reductiun followed by & return to norswl values. n

fall wus noted syein several weecks befcre Jecth. Clottirg ties iacreused

'Ludiately before deaf.!:. Sedimentition rates uere increcsed iumec.ctely

before the-onset of the terxinul reriocd.

_ The blood voluwe determxati&xa except fcr the 12.5 r groeup
shoved & decresse in the total reu cell volurc. The plasma voluce
axcept. the i2.5 r remained constunt. The 12.5 r anikals shoved no
change for about four :ouths after vhich the cbove descrited changus were
noted,

weight chenges vere siiilar tc the czcute experiments in doses
gre.ter the.n 25 r daily. In the 25 r and 12:5 r groups, the weijht
changes occurred eafter & provizitely 65 to £0 per cent of the ccse hed
been accuculatcu.

Couplete studles as cutlined in the preceeding repurt on the
physiolo; ical wnd clinical effects of single x-re¢y dcses vis.e c.rried out,
but aside from the :bcve zceount are not yet suf.f.‘icz:.ent.ly consleted for
analysis.

I&J. The acute iffects of 200 LVF X-ray Treatucrt on Chic.cens,
53 Bloom, ‘leller, "hondag ot Tmaslae,

Chickens vwere tirectea with single uoses c¢f vhole bedy

x=rcdiation in doses renging from 2 r to 12CC ri The median lcthal dose
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(1L 50) appeared to be betveen 400 ara 800 r. Histep uthclegicud chunyes
in the 1llth week chicken jaruileled those re,orted Lor ¢t irulle neturdty
vith the eaxcepticr. of dzruge to tho enruilerme shecath cells in the chickens.
The three veek chicken -uffered widilicnmsl uiusge to iz ture structures,
but the threshcla cf cbservabbe dumags to “he lycpnatic tissues (25 r)
vies ca.pareble to thet reported for .acuals.

By appiicctiom of a slight rodificuticn of Layes' Dethei for
| peri;heral blood counting of i‘év:;, dr.:istic ueciedses in Lloou counsbitucnts,
paralleling those rejorted elscm.here lor naamals, oure séen-in three weok
‘and five \:éez_chic‘;ens after treatient with 600 r and §WO0 ¢ respectivel;.

Numerous de-enerating cells vere cbserved in dry sicirs made during the

first weuks ofter irreuiation, in contrest tc the scoreit, of such findinge

" in smears of mém.alian tlood at the sume reriod. although the mermal values
for leukocrtes cof chic.en blcod vere founc to Le several Limes thcse of
puralian blood , the difference could ccecount only in part for the grecter
docmera_tion cbserved in the chickons.

f. Acute Lethel scticn of A-ruys on Guine: iigs and.Birds,
by Hagen.

Acute lethel cose studies unere cirried cut cn gulnea pigs ard

chickens with the specisl purpcse of estiblishing the relstive sensitivity
of species.
The median lethal dese (LU 5C) for guines pigs vas fourd to be
‘bet.'e:een the 150 r and 20 levéls for single doses of whole boay radiatiorn.
This estubiished the guinea pig as 2 very raciction sensilive specics.
Similer studies carrded cut on six v.eex chickens showed ¢ very
- lerge Lortaiity during the first 24 hours. "I_'he wedien iethed uoaé vizs not

culculsted due to uany interiering factors.
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Si.icns, Frosser

szt inst f-r:+ Inftries, Lo

Sacher, lo:rlon -‘..nu Jt.cobson.
In & suirch for scue substinces Lo use in therc y fer and
prephylexis zpuinst woute a-ruy Iinjuries, stucics were carrded cut on &
mz..Ler c¢f substinces vhich iight Le uffective. Jhele Lcdy x-radiation
in Joses of GO r vss piven tu sniccls (iilling -osage). Vordcus cu. peunds
were injecteu beth ;.rprh}lacticall;; end therwsyouticall, to Jeler.ine what._'
if any effect i.as cttuined &s evidenced b, chanes li the circulavisy,
leucceyte level cf the bloed,

_ The following cou; oumis rere tested: rpentnuelectide, ascerbis
acid, ribo-nucle:.c acid, crude liver ext.ract, seilow bone marrov extract,
phenol eompounds (acctyl—t..cth,, l-amme and 2 chlore=5 hydrexy: —t.oluene),

BnL (Br.tt.ish Anti-lerizite) znd .ommar; norial szline. These, ¢cupounds
we;'e all injected into Lhe‘ anirals. |

The lyzphocyte and heterophyl counts vere followed &8 iniices
a8 to‘.:‘the-exterxt cf the injur;, and Lhé value of zny beneficial effect
of the injected substunce, lone of the trestments rrevented & decrease
in these blcod counts after irre.iction. lcrmal seline injected in
adecuste guanl.it;ies geve the nost Lenexi;:ial e.fect with a.longer

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

The Effect of Ape on the Rediosensiiivit: cf iice, by zirkle, Anderson,

Riley, and Curtis.

lice of aifferemt ages ranging from 1.5 to 12 woaths have
been expdéed tc gauma rays in an effcrt to deteriine the chunge in
radiosensitivity with ace. The dose necesscr; to czuse 5C per cunt
killing wes determined for each cfe proup and sox. ~o change in
sensitivity vwith ape wos cbserved with either sex although the experi-
mental error in the case cf the rules was cuite lzrge. Tie ifsmales tere

found to be ..ore resistant thin the _zles.
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L. W—MU e s oonvh Hydra.g r.e' Inyuced Anemis;
'!he hem.t.c.lollcal gffects or £00 T Lodal Loay .s.-;e.xia.tien on enermics |
prewiced b phenyl h,nraaind adnlmst,‘.u:.::. -.zr3 Lopered Lo t,ho effocts
on norcal mmwmmis, an ani....l wiver enyl hyarssine «n allowed
to r_eoovur s',mnt..-r‘ecuuy, cnd;ﬂn»& grous of -aiucls mzich turs goven SCU T
.

A:m,a.é rseui%nf xwriifativa cloze - aw-c.x.ed an aué..u n.axi...u.:.

at u, da,w,a with recowr a-r. ’3 day .. Ihenyl uar..z*r.e prouuced msaus

<radiat.¢d n.t. (% 2 cear t.ue roar.g d‘ wxi:nnl anenis dev c.l.;.ed ne further

énania, anu ra ﬁx‘hy returnoc. to normol. The phenyl ryoraune almo

retumw to rbrhol aowm cors raddly *iea gw:u- ol t.he me grougse.

Ratihﬂmu Vul'uu after & hiyh ueveticr. retureed to normal

_ in t.v.o d...ys in ph‘ml h;ﬂraﬂinc trecled enimels, aftoer -TTey and ghenyl

hydrazine the; fell wmlly in tvo wys uré roturnec t¢ norsal 1n

olpe days, ‘end 44 :.onttvla with £ 7 thy fell soximasly in Swo da,ya

e

A rarenerative a.ne. is wéas produced by the witharewal of ,3.0 ca. ot t1ded

by cardxa.e “unotur. deily for thros days. A aiciler slwdy bc the a.bove

vv..a csrried cut J.n t.heu ar.:h..als.

The ﬁnnings 1n this study aro siod ";-'f- 2o *h@ cpave ond
imtioctds thet X-roy auporm cucd. on 260 anw. u cuate aces el 'rcduceu
further aneria with scue diffsrpnces Jue Lo tho lncucea irwa daii‘clox-.cy.
The rvticulceytoe cour;ts reuainwd cleveted fur & pericd lc.gey whah z'{ith

$he vhenyl Hydregine imiuesd andliiag,

~—
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RS.& T, The kffects of lericdic Ga.ma hay Irricuistion in kice, Guinea Migs,
cnu Rabtits, by lorenz, wusclienl renner, Hesteorn, verrirn: er, Jacobson,
vacher, blcom, H.oades, und iurray.

Xice, ,uvinez ;i,s end ratbits verc . iven asily ex;osurus over
an ei; ht-heur rericd tc guisias rays fron. recium ncedles, The Losupes
receivey vore t.E v, 44 ry, 2.2 1, 1.1 r, and 0.11 r. Acother roup
reccived 5.5 r piven in ¢ sirgle huurl, dosc e to aniiils en a chraude
Jadly expesure to U.ll r. aduiticnal aniiils rocelved chraidc eajcsures
over Llie entire 2L;-hour ey in doses of Ll r, L4 r, 2.2, 1.1 1,
0.55 r, and 0.11 r per day;

Conclusions vhich cen be dresn at the present stage of ce.., leticn
of the ex;crirent inuicete thil relbits are cooparstivel, scnsitivs to
radiztion. Guirnes rips on the other rend cre extresnely re.izionensiLive
repddl: developing a terminel stete of cpiastic ane.da. ko tuiors
cr leuke; las vere cbservei in guines pigs.

idce are rcdio=-insersitive as fer as the blood ;icture is
cméemeu but cre rezdaio=scnsilive witi respect to Lhe developrent ¢f
1; . homas, cvarian turors, and perhij.. cther forus of tuwors. The
uevelopuent cf 1;:.jhouas is directl; r.lzteu to t.e totel dose received
bty the wniunsl.  The develcprent cf oviriui tuners &l & relitively cld
ap e depeaus on the rete cf ad.inistr:iic: cf the rzuiition as well &s
the total aiount received. The ovories c¢f i.ce are wcorc rouicesensitive
than those of i‘_ninea 1igs, tut the oppesite iy Lrue ifor Lne testis.

All three species, the reibiL, guinex rig, (nd .cuse, show

videl, different reccticns to irrucc_aiicn,
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1. breedirj kxperinents. : '

-

——

Using strein O3H wice (lov tu..or strain) beuls for sterility,
devilejzent of deoincant rutations perticulariy ictheas) ane develepnent
of genctic chalyes in progun) were corrieu cuit in the wiove study.

Lales 8t L.c T nere steriie ziter 1700 r hid Leea receive., cut
rejoined their furti.it; in o, roviictely 25 ponths. At 110U r zad
€0 r a Jdefinite reducticu 1, the siz. of the first .itters wus noted.
No effect wus noted at 0.0 r. .hen the 4.4 r ami <2 T _- ¢r Guy .ossres
were stuules at the 11UC r reriocu, no etiect *.es rcteu as descriced in
the c.t r jer duy ex;erirent,

Femmales receiving (.. r yer 'y shoved weilinite stecllity ellicols

g

aftexf receivi.ng 770 r.. These were rcre :roencunceu at the (€0 r lievel.
heducticn in iitter size weas noted ot 35C r (€.& r per day). anl.els
receiving L.i r rer duy slsc shoves reduced titter size st the 550 r
tctal Jose. The C.2 r ané lower ioses were moruzl zt the 550 r total
dese pericd.

The etfect cf the &~hour exrosure was slightiy icre severe than
thet of the Zh~hcur exrosure. Fencics at 2.5 r per wne hcur shoued
steriiity effects at the 77V r tectzl dcs;.a. A slnsle experisernt using
300 r total bedy s~racicticn in a single wwse prowucea cne iitter of
reduced size folloved bty ccizlete sterility,

In the above stuuies, the fepale anircls (id not recover their
fertilit, whilie the rales repeiaed cpyroxiictel; rorcai fusctic..

ho age effects were noteu 1u these zaperiients.

4t the tire of report, no evidences of zay pcnetic effects

or chanses had buen founc.
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Hemztologicii studies czrrieu cul on these zniicls siionca thet
i the ;u.nea pig Lhe ;latelet ctunis wcre the most sensitive index
of irrouizlion. There vus no chunge in other circuliling elezaunts
in the cuinee pig until ii;w&ié;tel)' vefcre de:zth. Ia rats awi .dce
80 charycteristic changes wore fouad in tle Llued ;icture.

U. The He:oclytic ‘Effect cf halizticn, by Ychvertz, Tinsley, aad i:itz.

The anudas Jolloving ieth ccute inu chrarde lrredition . _vnurealy
sald to be cue to tre imrititien of ert.ropoesis. This is onl: a
partial truth. a hea..cl;,‘t,ic ceopenent is ofton the rajor ciuse of the
aneic.. This is evicancca Ly the following.

Bilc-rencl fistula .ors sticw a Lirced increase in bilirubin
excreticn feliouing total body irrudisticn. Unopercteu uogs ahoi.'
increase fecal urobilincgen aznu urine tilirubirn excretion foslowing
irrsaiaticn. Several humans given F32 showed an actual reticulécs tesis
during the reriod ¢f rapid hewojlobin ind red tlood cell decreuse.

The he.oglobin fzll is too répid to be accounted for ouly by inhibiticn

of red cell foruatici.. when the csswgtion is made thet the avercge |

red blood celli has a life of 10U deys, & co.plete cessction of er;thre-
poesis should result in a crop of :}praxicatel; 1 per cent of the hemoylotin
dzily. Actually & tuc tc suvven rer cernt fall is ncteod uuring t:ec .ost
repld peried.

V. The Effect of Radiation on Ccurcrorphyrin kxereticn Ly .atson,
vagerie, and Schwartz.

The eifect of enternzl irru i:ziion given in either single
(300-2000 r) cr multijle Jcses, aud cf internal irreasalicn has been
studied _n scveral uczen dcgs. a consistent pattern of tctal porphyrin

excretion has been fcund &s follous.

_ ”l’“
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. - ' > . ol oy L3
A marked depression of uririe co_rro-excre!!g‘pccurs Tapdady o

For several duys before ueath, hovever, vi.lues rise and gsnor:ily
are several hundred per cent zlove ccntrcl velues b, the day cf
death. .

Adequate iscrer studies zre riot yet availatle to perwit &
statucent reg:rding the pessible ugchanj s.. ¢f the eurly ueciine.
The lale incresse in ccyro. excretion is undcubtedly asscciated with
liver uy éfuncbion.

W. The Eifectas of Radlaticn on Liver Functicn, by Schuarty, ;ortér
Tinsley, and wailace.

liver _funct.ion has been studied in humans by means of the‘
urine urcbilinogen excreticn and the serum cephsiin cholesterol
floculation, colloidal gcld, and thyuol turbidity tests. ln aniuals
only the urine urcbilinogen test hés been {ound to be applicable.

There is & .arked increase in the urine urobilj_.nugen -excretion
during the last several da; 9 before Geath of candmeis  ivern total
bouy x-ray. tlutorium produces definite iiver dysfuncticn us
indicated lby this test. The various :etals eépeciall;-, beryiliun
and lead produce l;Lver d.y?function of var;ing degree.

X. The uffects of Radiaticn on white Bicou Ceil hetatolism, by
Schwartz, Cheney, Cohcn, leGrazia, Flox, Lrizek, amd .Jattenberg.

These studies vere planned especially fcr the irivest.igat.iori éf
the nucleic acids and their derivatives anc asscciated coLpounds.
white cclils were isclated Py the saponin methcd. They were trosen woun
into vericus rarts, anclyses Leing made ¢n the total sawple, the tri-
chlcrazcetic zcld solulle Ircecticn, the cleohol soiutle irzcticn and the

residual sacple. These anaiyses were for phos;liorus cnd its coubinations,

ey
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ribose, desixyribose nd tiie ult‘ﬂM‘, Liv  spectrum

(Leckacn),

Data hes Leen ccilected in hw.n, ucg, tna r bLits subjects.
Cortain changes heve bteen ckbsurved tc uate.

A paiient reéeiv.'.nf, teted Louy x=rey ond who aiew & fow
rmenths leter cf ¢ netastisivirg parolid tucor shuved a jrolcngea
ircrecse of‘aevercl hugkires . yer ceat in the "zdencsiio lriphos, hite
- phosjnorus. This cuznge jrecewew the drep in nhite tlocu cell
corut. )

at ziprexinctely the tiie thet the vhite tlced count stirts to
£f211 & coz.sist-er;t increase in Lhe ultreviolet cbserpticn Zn the
&lcohol solutle frection hes beer noted. Tris is greater than thet of
. the :hosrhorus, ritose or descxyritose itcrecscs. The ildemiily of
" the substance or substanccs res;onsitle for this relative incresse

is unknovn,

Y. Radiaticn-lnduced Changes in Urine Ultravicict sbsorpti.n Spectra
by watterberg anu Schvertz.

Tvo general. chznges are seen in the urice ultreviclet abscrption
spectrun foilowirny subzcute cr chronic irrudicticn of degs. These ere:
(1) increused sbsorption in the regions of 235 eand 310 uu, and is Jue
to hynurcnic acid, a tryptephane derivative; cna (2) increased
cbsorrtion at 200 ru. due tc uric acid.

A iethcd is .ecscribeu for the cuantitetion of hynurenic weid
by seans «f ulireviclict spectre; hoicuctr:. The cuesntitatlive increase

in «ynruenic zcid exeretiun is thus ..easured.
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The possitie sijgaificince of this :henouencn is (iscussed,
for exasple, & correlzticn wilh urcrosein, & tryricihene corlvitlive

cbleined frun husan urine.

4. The bkifect of Irrsuisiion on the lixcretion of allantoin znd Urie
Acid by Do;s and Rabbits, by frizei, Singer, Silberbach, and Siln.artz.

lrelindnary results indic:te thet there is Lu incruise in the
uricalyte index (the rstio of uric cciu to wilent@in) indicating &
- pelative iraldlit, of tho cuimsl tc dostrey uric aciu. The .ossiltie
inhibition of uricase zfter sadlation is being invesitligcted.

Ad.  Twmer lnducticn znc Cther Lete hffects of Sinrle uvcses of X-ruvs
on Rets anu Lice, by brues ard Lisco.

Aniz:ls h:ve been ct.lected from other parts of the x-ridiaiicn
Fro rac wnd are being held in order tc stuy, the rossible deveiopment
of tunors frum verying suocunts of 200 ¥VP x-reys. Those animals
ure being studied pricaril; for tw.or lnciderce.

T_he experiient is stili in progress and results wi.l not e
aveiistle until iost of the aniicls have cither develé;eu tutcrs or
have ulec coif.

BB. The Effects of Totzl Bcdy X~rzv on the .ei nts of Crgens in the

Rat, by Sacher and Brues.

welrhts and water ccntent ¢f orgins wcre investigateu ina
.rcuj of groning wale rits which hud received 149¢ r at & 13.82 r
per day averige. The vieights of the uejorit,; of the visceral
organs were affected iess thui bedy vei; .t a's a whole, weijits of
suscle ana fe.ur were affetted i Lhe sace rutic as bou welgits,
and spleen, thy.us, genads awd goenaaal fat were reduced cut of
roporticn to body weight. “Adrencl we.: hts were rereti. Heter cuntent

per grac of tissue in nuscle end bend cf irradiateu ani..als was
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4.3 per cent grecter thin in the ccntrols. Thus the retardeticn in
frowth is slcdler tc that seen in inzniticn except for the reiativei&
.re ter effect on orrins kicwn tc ve riuicscnsitive.

Urfpan veiplis cne tetal bouy weipil of rots which hau receivea
single ucses of x~riy uy tc 1C0 r severil ..conlhs _rsvicusly shoved
no deviation froen Lhe reriai.

CC. The sifects of X-rays cn bnu mes anu Tissue letelelism b, Barrcn, . et al.

To cuuse zny effuct cn enuyuze systems it reculres & very loirge amount

of x-rasicticn. This is ir cxcess of 2000 .. inzyme systems are not
affect.u cs are tissues beciuse of the izck of .any sulfthyuryl grous
(-SH) in their structure. Radiation rroduces cxidstions which in turn
act u;on the SH greups. when an enz;ue ccnteiniAc SH ;roups is trected
with 100 r of x-re;, (200:VE), the enzyme is inhibited. Additicn of
glutathione, however, containing excess SH groups rocctivates thne cnzyue.
an effect (in vitro) using irradisticn with dcses as srzil as 1l r

czn be noted.

X~-redietion ;ikewise ichitits the SH groups in protein. if the
dosage of irradiation iS low, the 2bove inhibition-resctivation
phenorencn 1s noted. If the dosége is large, & densturztion of the
protein of irreversitle nuture is noted.

Tissue studies show thzt doses as s.ail as 25 r will cause
changes in the respiration of liver, kicney, and intestire. Such tissues
show no pathologicai change. This effect is noted in the intestine
in as litlle as three hours after exposure. The tissue enzy..es
containing SH groups vere icst affccted beth in vivo and in vitro.
Anirals irradizted and zilied et varying intervals aft:r the exyposure
continued to shcw rather ..cricd effects in those tidSvues rich in eazymes‘-'

with SH groups.
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to 1 hmiations ty alw:l, denuerson, wnd Jacobecr. .

a characteristic hencrrhagic Jdliscrder ceccnpanies hoavy exposure
of the entire boay of wegs te x=rueys, This is & hercorrhy_ic ulseuse
whose nature has not teen previously descr.ted. 1t is cher:ctorizou
by a prolenged clotlin tiwe, cnu: ras been ciserved in ihe pvance ;2 ,
tﬁ;o ra.bl.it, the r';t., Lle ;oat cid the dog., It wes wlsc rejortec i sue
of the survivers of the Hircsniis and lLeguski boulunpo.

This hecorrhi ic «iscuse is uue L. an increvce in the :Lount
of circuisting Le;erin cr & hepurin-lilke substonce. .hile the
chendcal coz..pésit.ion of heputin is not «nev, the active rirci. le
responsible for the clctting wbnerisiity tehaves liiie hepuria toth
bloiogicail, and cherdcelly.

Tiis &bnorual Lleeding can te centrclleu or g'revent.ec. Ly the
aicinistration of Loluidine tlue.

The plasic prothrockin wnd 1ibruuten cre not significantly
altered. The seruw calcium iy fall tul this chinge does not rroduce
the rezorrhagic stute.

The rrofound thra.bocytorenia assccizteu w.iih this disease
sppears Lo rluy iittle if any role in the tleeuiny tendency.

FF. LEffect of Re.disticr on iuns Tuzer Indidence in CF-1 iice by
F. 5. Henshavw, K. F. Riley, L. B, stapleton, and ... L. Cupp.

By utiidzing certair over-iged stcek anine.s, sume sypecific
cantrols Lt vere ne Lichger ceueu, tlw some wurvivers of eertauic
1L 50 stucies, a foir azount cf preiiiiner, irnfor.iticn ncs becooe

evailable on the curcincgenic acticn of cediun gaisa ri;’s on lung

Wi
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tissue in CF 1 :lice. The lum Ca8 &llu 39 irruulctec

snirzls have beon exirined.

The doses of rcui:tion werc 525, 675, wnd 850 r iprlicu as
single exposurcs ulhern the wriisls were threv wnd cne=helf wenlhs of
L 8.

All fuctors ccioluereu {(:ge, sex, dcse, eLe.) esscnuieil; no
diffesence hcs been found in Lucr inciuetce, ihe runker cf tuors
yer &diiol, end Lhe size cr Lchavicr of the tu.crs wlher the irruuiated
end non-irradicted zriicls erc coi; creu., For the conditicns useu,
no significant eviuence has teen ctlLzinec indiculing thit the trewt. ents
giyen ere ocsreinogenic ior lung tissues. .

The follcving stetemerts apply fer voth irrcddeted ahu non=
irredicted aninals: (1) lwi; tuiors becin to a: peer in CF 1 wice it
three to four conths cf age, (2) the nuiler of tucrs jer cnicel <id
not increase after six nonths c¢f ays, (3) while the ruwier of tu..rs
in a perticular animel ves ws high as eleven, the avér.;_,e L.taber
per aniral wes betveen cne and tve, (4) the cverigze nunisr ;er
aninal of those that bore tw.crs was btelicen tuc snd three, and
(5) the averszge incidence of anizals with iung tu.crs, irresrective
of sex or tieatient wis arproximctely 60 per cent.

an atten t to Letect Sinuil amounts of lereciclion Ing
» ¢na Fenshesi..

A stud; of toth nomacl arid bewvil; irrsdiazted tloo. scrui.
failed to ueconstrate wiy eviuence of & deconjositicn jreuwuct vhich
caused the destruction of cither norzcl cr stnorual leuccc;tes in

normel cr leukenic anipils.
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1.

iacaitivit; of Fission Neulrons und Gurrms Keys in Their acute lLethil aetion
on Lice. Jdirkle, huper, Kiley cnu Steyleteon.

Coiperstive sction of Cyclotron liewtrons whia I-ruys.
1. lethal Actlion cn Lice crd Hekbits. legpen.
2o Henztological kftects on Acblits. Jecobscn, ciridie wnd lupen.
Se Stubisticel Anulysis of Bloed Detes. Feurlien.

acute Cauparctive Histeritholop; i Zdice Lue Lc Fission leutrens wnd Gu.oc
Huys. Snider.

Acute Coijuritive Histcpathoiopy in heliits Dur ic X-ruys und Fissicn
heutrcus. Snider.

Coupurctive Lethel acticn of Xerays wna C;clotrer Leutrans on Urosophila
Legs. owirile .md I:irrish.

Coi;uruvive Effectivencss wnd aduitivity of Fission lLeuitrons wnd of
Ga.aze Reys. liepsnet, Sniaer, Riley, Ste;letcon. cna oirasc.

Caupurstive lute Effects of keriouic Doses of Flssion heutreus wnu of
Garza Reys. lenshavi, Srider, Rile; , Stapieton, wd siride.

Co.prrotive Leluyed Lffects & Single Uoses of Fissicn heuticuns wnd of
Gezzas Ruys. Henshiwi, Suider, Riley end Stipleton.

effects of Fust iwnticns wn the Ability of _ice to tuke Forced ~.iercise,
~ Curtis ond Stepleten.

C% Indiccted that the wvierk wus curried cut ¢t the Cliibten Lileritories ond

cun Le feund in thet Zist of recerts.
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scute Lotiicl wcticn of dic. Leutrers en udce.  eini-c, milay, by feton.

R.aiouctivities Iuaucea _n Loiaeliat: Tissues by Sicw weutre.s. Curtis
«nd Teresi.

nbsor tion cnd heficetion, of Siow hwutccns by Tissues. Curtis wna Cueaa.

acute Histopithologicil kffects of Yiugle Deses of Sicw heutrons ch Lice.
Snider.

Deluyed kiffects of Sirgle beses of Slow leutrens on .iCC. ilenst.il, Srid.rT,
Riley and Stepletoi.

kffects of leriodic Loses of Slew loulraus on Lice. Henshis, Snicer, hliley
cod Slyg letcrn.

Indicated Lhat the work wus curried cut ot iiie Ciintoun Lutorutories and
can be found in that list cf rejorts.
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s, Sy: Hemshaw,

[ ]

W 11-17 curboirs infor cticon i..doxed ‘.s Sebeg Can ,. ¥,G,H, Cute, 2, &4,
JF 1 da dsteu unce. title Vitzoity. |

Usit. jeme.rising rodelicas (dven dn o 8ii: 1o wbou o 1o pepuciey clirolic
«Cu08, Ouijorl, u:ls wcre L83, :.82 -.:ith 2.0 feilaauis cljoctives ia aiug
(1) Lo doter.inue ilc reture ¢l the Liio etfecls (shortendsy <f 1dfe, e.ici-
at.iu;, 'tu:.cr izeuebic.., Lewisclerie:l rd kistelc icel chiti.os ctedis (2)

.tl.o Llreshold ievels of 't}'.eae late effccts froo | ericdic er;oaﬁre; and tne
(3) relutive effectiveress cf slow lz;eu‘crc..s, fost revtroas ad ;ause rops
in preduclag, thesc i:te effecls.

(i chrosde wxpesere to olil bpres, oo ooyesriuce of eurl; aping of the
anl.sls ws ncbed. An Auereese in levherde uiu Ly.pheies cvér Lhese i, eile
ir; 4. the conircl wia:.a‘lavs w.s nctud. Ihe > crica of srpecrance of Lhose
leukeidcs s 1y.rhoues viis b toiroainataly the 8«0 L..e 28 the contrcls.
50 hemtitolocicel churges :ers ctscerve. e.xcépt. in tcuto cr hesvy Gsll) exjosure.

The rat;io ot v (roentyens) to n (nentrurs) .or thu ceuto 6in_le expcsure
was shown to ke 7 to & in fever of the soutrei. ber chreric ex:osurcs tie
biolcriczl effectivencss ci the reutron vis 1r¢e.. ©.¢ Lo ior L..e8 tiis
figfurs. |

T-e lovel ¢f chrenic neut.crn irredistion tes ahown Lo be cpproxi.ctol;
1.15 6 ser uoy oith the precucticn of shertw.lng ol llve, wei b 1o88s divieisc
in tu or incidence. (1.0 r. vor .oy Of [&ind Feddibill ;TCLUCES C.if . Cruel=
line ci&ng 88 in these citeperies.)

Usirg & hizh lung tu.cr streiu (strein i) cf cice, a weries . animels
weré jrrouizted unt.l 20e of the comtrcl . roup shove.. the ; resonce ci lung.

tors. wxendnotion of the irrsdizted andiils shcvew né J.ereese i the

L 7%
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ammals all died of the rad:.at:.on by the -time that spontaneoua ieukemia‘
A




3 A. ! L
Action on Lice.

G. E. btaEletm.
By exposing variwus groups of rdce to graded doscs, the meuian lethal

dose of each of the follc‘.-ir.g r:ulaticns was determined: {a) fast neutrous
fro.. the pile; (b) racisticn G ccnsisting of gewsa reje contacincted with
fast neutrons; (c) rzdiation .., a mixture of {.st neutrons and rediation U.
The LD50 of rudiztion C. Theoreticzlly, the suw of these two fractions should
be bunit.y if fast reutrcns enu radiction F are rrdiobiologicel additive. Since
the experiment deviutio: from urity (7 percent) is vithin the error of the
meésurement.s, is concluded that complete additivit; of thesc tio redictions
-has been demoustrated. It is a;ssux:;ea thet this ceonclusicu conceraing aduitiv-
ity of fast neutrons ana radicticn G ray be extenued to aduitivity cof fast
_neutrons and pure gaund ra; S.

The LD50 of fast neutrcus, uirectly deteriineu, vias 91 n. The LS50 of
pure gauma rays, indirectly detcrminec¢ fron the experi:ental ata, wus 8l< r.
In snother expericent, rerformed later for a diffcrent jurpuse a correspondisng,

value of &40 r wes obtaired.

I. BX12-20. Vitality By: Henshaw.

an experizent on a rethiod to deteriiine hether .ny eviuence of the
effect of penetrating rcdiation can be detected znu wcasured in the teris of
fatigue using an exercise uwheel anu stimulating crpiratus to preveit rest.

Resmits of this study do not allow interpretation ot this tine.
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B.

E.

F.

G.

Ii.

J.

Ke

L.

L.

U3 bk Bol. BobaalaCe

Gr ss Effects cf Bet. Irruciction of Kestricted Surfice of Ruliits.
Ruper, «irth, Limoes

Histo; uthoio, icol Lffects of bete Irru.iction of Restricleu Surfice
of leklits., By: Sriuer wurd Ruper

Ce.siritive wcute tetk.l acbiun of Teboa Surfsce Boti Irrialutici..
kijer, oirplie uiu Lirnes

Cross kitecls prouuced bty Lotil Surfice betl lrrudiation.
Reper urd Burues

Rute ¢f lhecovery irec. Totil Surfice Bei: Irr..uz..;uon.
Repor wnd bLurnes

:u.uiti’\fit} of kxterncl Betu und (xa.u Irr.aciction
Ruper, Birnes

Influence of Totil Surfzce Leta Irrudicticn on Gross ..ctibcelic
Futtern of Rats. by: ond.orscr, Lirnes

acute Histopathological Effects of Single Losos of Tetul Surf-.ce
Betu lrradiction on Lico. DBj: Suider .iu iuper

Chunges in leripherel Blood wfter Sirle Leses cf kxbernul Betu
- Radiution. By: Ruper und Birnes

Reuctions of Hurzn Skin to Sirngle voses f Betu Ruys.
wirth and Reper

Deluyed Lffects of Single Exgosurcs tc Total buri‘...ce Bet. lrradietion

R.per, Henshaw aid Snider

Effects of Foriodic Tctal Surfuce Eeta Irruaistion.
Ruper, Henshew unu Snider

Effects of Externcl lrrsaiction i.ith Lete huays on the reripherai
Blcod of Loitits. By: Euper -nd Bornes
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Ae  DAl2=5 Gross Lifecty cmim

! Lel Surf.ce ¢f
By: .airth, Hilror wid Dernes

Laosestrice

The exposure to Lote Ly 8 an Lesus fron 10U to JUyul rep to restricted
irecs of rubiit skin o fcllcied fer Line months cives t.o fullenlng infon.ticn,
The recction puttern is sdiler in uwoses frow. 5000 to 3U,C0 r. ledn effects
in their oruer cf .p-ecrince vere (1) erythe.s, (2) Figiewtatien, (3) ¢ iiction,
(4) Loss of cuter luyer of skin thrwrh une of thiree jrocesses: (i) situltane-
ous sejLrition of the Sujerficicl 1o eps ox.;cr the treited wrea, (b) urg
descuw cticn wa (¢) ret _es wazavion; (5) ¢.ust feractivn, () heuling ng
(7) regravtn of ks,

izte ulecrition follening heuling vas L‘Lscrvec, <t o feu andiuls.

The suverity cf the syin Tes;crue veries u.th the ucse tut not strictly pro-
rortior.l witk the dose. The tiie of apperince varied vith tiue fu.cticn of
uose, Lrrecring ecr.uier ot high Jdose levels.

The duicge Lo the skin Jroduced b swssive ucses of tetu ruys resecbled tiorul
burns except for (1) vericus steges of tet. burns reLuired four to seven ti.es
€8 long to uevelo; 3 (2) dircet weticn of Lete ruyys s cifinea to supsrficial
tissues o:ul;,

The effects it; geieral resexble the effects of cther ilonizing ruaiaticn such
(8 X~PeysS, gulli ILy8 and greng r;ys (pa.rticularl:, the lstter). The effects
on humun skin zre thought tc diffor culy little frox tiose observed in the

r.bbit.

» &3 L. K. Tirnes. —Cot 174k to Feb, iuy6.

The .cute leth:.1 eifects cf Lotel surfice tote drredistion heve been

cdritly

inveoti cted in z series of lberatory wnincls ringing in size fin.. 7 to
< .U grs. The meuien iethel “Ou€, tihw ILLU, of externcl bet. rays variea fre..

<20V roentien ecuivecients rhysiccl li the s.cilost Ludicl of Lhe series teo
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T95Wb rep In Lhe wurpest cniicl.

Gario 1oy éurviw.l stuaies with the sw.e striins of onlicis Gecinstietew
IW50's runp.ng frow 310 r. tu i27C ¢, tie sersilivil, sheuing no cerrecctica
velu size.

a cumpiriscn of tie totil encrpy <bscrbou In re; gr 53 .8 bote ruys .nu
fuscss Toys, Lo rouuce Su. killing guve totel Let: totol ez rutics for the
Severwl aniiils of vhe series :s foilows: bil, ruls (cne@;.;, vlaj, 4.01;
sice, 1.75; ruts, C.lnj puirew | iys, y.c4; whia I ttitg, v.%<.

The relction betieen ilscrbed ener,y re.uireu to kill 5ux of b
individucls ©f cucl, species wid enl ol Size o le ex;ressed in the following
eyucticns thukd where tE is tre Lotel ener;y .tocrled in rep ;rins,
tho weipht of the enicl wia & & constunt.

Tho suall viriution in the cbscrvea viiues of i for the wiiferent wni als
indicites ke, 13 itie scnsiﬁivit.,;- differerce.

D. E.a, BX1<~1 Gross iffcets of Totis ourfuce Let.-lrr:iiuticn

By: lwrer «nu Burpes Sue Lules

Total surfuce irr.diclion of sdce, r.ts eme roblbits with bete r.';;, results
inccrsyicuocus wnd cheructerist.c gruss datiges  witiln wide iliits of dcsage
the jzttern of effects vuries litile, whise the severit) of disizpe veries
roughly with dcs;ae. here :re orly rdzor sifferences .n Lhe LTC88 durip e olserveu
in the differert wri.cls.

Tie cutstunding 1cutures cf the £Tross resyonse to bete irrwiiction, in
tie se uence in which the; L peur ore e. foiiows: infloicetion of the ejelius

unu erythenu on the cars cru feet; clcsure of ihe eyes; oriluticn wnd

uesyustwtion cround the eyes, meuth wid nest.llsy hyperemic wne w.elling of

ecr tirs excert in rucbit; generwl e:i:uticn cver tody; wescuw.ction over
vxtensive ureus; resuitiup .n sevcrs vlcercticn; hewidng :nd isited reqrovwth
of Luir. Tvo lute eifuects wre leecuentl; otscerved; late uleerctici., invelving

the Lreskdewn of ; revicusly healec cxin s &lid tuer forzuiticn.

g/
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High ucses f externcl veta riys ;refcundiy Ife:l the weo..l of tue
severcl iiui..ls.

The survivul tiic of ince is sigiificuntly shertened Ly deses of beta
re.8 3000 rep or icre. T rechuils.s wre Indiccted s res, c.sible icr
lethel wzetion ot Eigh wnu ot Lei Qr,;fe leveis.

Be EXiZ-y Rete cof Necovery frim Totel Surfoce letc Irradiatiorn.
bBy: Reper, J.R. «nd Burnes, f.:. tet. 1° te Feb, 1940

The recovery of idce fruu the effects cf tetal surfoce irrcdiction uwith
btet: ruys hes teen investigitel for & jericd of 10 weenn folicuiig o Siigie
ax; csure,

A split aose Lechnigue wus en .Lé;. ed. & conditiczing wcse wus followed
at vuricus intervuls b, precel test uoses to ueten.ine the reccvar; cf Lhe
wniczls freo the erfects of the condibicning expesure.

The totcl uose recuired in tuc exposures tc jroducc 5. iortoliity increcsed
ipddl; a8 the i:terval Letueer expcsures tus iernghtiienca. cuver; | receeded
very ropiady ot 1irst, 1.5 to 2 duys wna 8 uuys being re.uired for huif and
co.plele recover; res;ectively. Luriiy the rericd € ucys Lo 16 weexs toe
recover; values excecd luv. i.e. the cunditicning uose i..crtec o sicght

logaunat: cguinst cuclitioned ex csure.

P, Pen, £312-5 saditivit: of lethud m£ ts of bxterncd Let.. ond Gonge
Irruaiction. By: Reper, J.h, (nu Bernes LK, Cet. 19ah Lo Feb. 1940

Anclysis ¢f the survivel of “ice furlewing adaed acses of externcl
bete wnd getnie roys dencnstrite tict the zcute letinl <ffect. cf tle tuc
ruari:_tior.s are nct carletely wdidtive. Four series of expericerts were
performeu; tie resclts cf tic series inuicate :urtiel aaadtivit; b efiects
while the ctier tuc scries indicite cu i -ete irdependence cf cction of

tre twe roauicti.ons.

g
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BAale=9 “oter setoioiisi. By anaersct

This exjeri.ent ws ol bl ..t Lo web.ornine hether tie lucre.sed
cdbondstrotion of woter or oiiine neuld weve Ln effect on the 1L/50 cf
rits ex cseu tu lethel weses of rouicidu..

iwsuits of these ex; eriietts .re e (live,

Bllz=6 Forece Feeciny Dy: andersul:

Rits wien o used b ¢ tlaxdi «CoC i ,idda T108 (13wt Lo 240U ') wla
died witidi. oe ween. 33 1/3. destrese uis lajocle. fnte tie porivcicd
cuvit; tufore ex;sure, cre the iy (i e, csure iiw ore the ;;.‘;. Ll oux Cuure
witl su::lo.enliry ucses Lhere.itler t,_é getiT..ie vhethor ony cfZect on

rortidit  ceudd be ChLLLrvol. ALl LS L.cu ot tie 5.8 " 3C ww Lo uventrols.

La u;-;‘y The Lirborcate ictiiciss.. of bore Ey: Cureds.

Tie ,urpcse of L1ds ox oronent Wes bo study the netibciis. of wene se .8
te betler unu.rst:ia Lhe de, c.iticn cf viTicus eiw. Cilu +i wvi€, uhu il cusibae
t. st est .ctiloas of deconterinsticn,

‘l‘he_ grogric ccnsisteu of tie wandizistrition of Cly in the lor: cf the
cart.cnute srd foliov the tiie distributiu. cf this suistence. Fosiowing,
tie wssitiiobiocn . Listclopicul wnd rewicoutepra;bic stue, of tie bene for
curbonsts exchar.ce is iue. If such asstucy is successfus, u svudy «f

v.ricus cpents wunu their eficct cn tuie cecilbuminatbicn ¢l Le currie. out,

irvblers

«hetier inn.tew subst:nces (ruaicuctive) cin cimse wn lnurewse .r tre
iung tumor incidence cver on extendea erica ol 1i.e.
Jhether ciro.ic low dcsape culi iLCrcese e unp Li.cr inc.uence cver

an extenaeu Jericd of wises

024162
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G. DbAlg=€ lot weteibeddsne By: apu.rscn, Ferncs woo Hagpor.

«hen groups of ribs tere exzoseuw to beb. raddotion deas phes; ikrus
i1lacues in the ucsepe of H,00u, 1 Uv cmu 10,000 1e; cnu ilidoweud cureludl;
for . "V 4wy ;eriwi the falicuing finddngs we.e nctew,

Fo chinge uis observoe w; te the fifth diy ot uwlich tiie o generdd
decre.se in focd wnd wator intoke coi..encee cuu curtinved Lo the ibt..
doy. ofter this tiie thoere wus wn inerecse iu sota i wLber ccC, st tict
so thet by the tuunty=fifth duy 30 to 50k more witer i.us bedig assindicted
hy Lhe oxperiicibed woiiels cvor Lie carbrel rito; the ficd devel liccec.ges
up £o <5 tc 3Ga wore tian the ccitrels. Fron the <5Gi to thie 60th duj the wuter
intike re.sins the suie, und oficer tidis ti.e .roys tc control icvois.

The vicight legs in ¢ll oxperinentil undzils. The, icse weljunt stondily

bittieen the 1Utl wnd <5tn doy ol whicl joirt they otobilizo. The ce..trol

welceht hes not bien repuined ut Lhe Lubtl. ua, ericd.,

In an effert to discuver wlether bete ryy turns cen ie cerredcted z:ith
thercal buris, &« scries of ieasurikernts of heniteerit wnd srecific pravit;
of tlcod ;lusti were tuief. on ti.¢ ruts ».ich hiu received tolaul Ledy Zrruaiction
with 750 rer of Letu riys. Techuiiues were selecteu t.idic.. _wve wocurute
readangs tith suell swaurles of Lloc.., The cocper sulfzte method wus used for
teusuring the specific ;rovity of Lhe ples:c.

ilo sig;xxit‘ic;;nt chuzge-in the hemtocrit vw.s recoruce, tul specific gravity
rexdings vere bllow tie noracl maye fur roto ia the iZth s luth ana l7th duys
fter exposurc. These results suygust: (1) tiwt the plusie lost wue tc
bete rey bturus is lost ot such u iow rute thut Lie vloud volu.e reu.iz‘sv
unchunged tut (2) thet the lest ; lusue ;rote_ns cuwnnct te repluces tuite

fust ercugh to keep thelr concentr:iticon normwel. Since asati. wtirilutea to

1024163
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thermsl burns is prircrily due te o full in llcod velume, it nouly & peLr
th:t the ;hysiclogicil chii cs Lixing ;icce vre yuite ui.fcrent for the

tuo t; ;e8 of Lwrs.

H. Histo . liolojicel Studies cr :.ice loilcli:g Single Luses ixternsl
Bote Kuy Treutaent. Bj: Sudder, ituper.

Studies on :dice (CFl) folloving sinple externul tete riy trewicenis

of <500 wnd 500 r. Lanugc wus resbrictea to ticse su;.crfiéiz—.l tissues
genercily suscepbible to dusge by irrcuicticn nicely Lhe ejidem.is, doriz,
pexrts of Lhe s;leen cna testis, wnd the Laue icrrei. Lizige wis uore

severe Jfier the iarger dose. DUuzepc tc Lie cells in the t.sul luyer i..s
found .'_L.'..'ost._ inzeciutBly ofter irrudiution vith degeneritive sigus Leconing
more ccnspicugus thrcughcut the € and 24 heur intervels. .t 15 Lo 21 uiys,
 the busuli luyer broke do.n cm.plet.ély in runy repicns ¢f the body wnd rnany
ulcer=tions were not he:.led et 3 .a.cnths. 1n undiiels surviving the 3 wonth
periocd, the epideruis contzined thicienad .rets ufii wCin growihs tilOug_ht.

b; so.e tc huve willgnunt tendencies. The derm.. ulsc shiowed effects with ece..,
Irwosion by leucccytis, «rd occlusion of tlood vessels. 1n gener.l the efieats

on tissues tere conpircbie wit.. those cf x-riys.

BAl2-1¢ Lel: Lffocts of Single iLxicsures to Let:. ’8.o

By: Ruper, liuishaw and Snider

K..

Ruts wnd puineus pigs were given gruded doses of bete ruys verying fro..
1500 to 15,000 rep.. The eariy effects (see repcrt cn single .dose rudiaticn)
were noted over . period c;‘ wkout three months. «ll coses except the 150v
rep caused increased rortulity long uiter tie repudr of Lhe ucute process had

becen coigleted.

F02u1bH
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The rocetict.s ckbs.rveu .fter Liis.,oricy nere (L) ole ceie = ucses
ir e cuus of the /50 tor o s;ecics resu.t in oXtensive opiloticn .ithl.
tu0 seibh8e Such Loi.ness iu; e jol. Lent; () telaicdecl:sis = cccurs
ibiin severdl iabitii§. ib 38 ilYe cli.gn in U costrictouw surfeoce exper-
irents; (o) wtrephy - Lhe siia Lecunes ury, incicstie win cruci.s '._uite < 83l .
This covers tle ertire ourfice in ilce whu isclileu crecs i riis, gainew ;i;s
uha rebblts; (4) herilcs.s = on cbnenmaul grovth of sadu is seen in rets
aace of the 5UA to H0CL re;. _rcugs; (5) Lote wleuriudcn = seen i als (nduids
exce; t juineu ;i,8. 1t appeirs in re_ions crigincal, Lost s.;y«:eh.; ey UM
thd iy becuase infecuee; (0) ¢y ceit; of eres = . ice Which survive doses cof
300U rep uevelor cpueities titain ¢ centis oft.r ex;osure; zn cccunsionul aninal
with the i50LV rep cxycsure is ciscrveu. Cccisicnil rite ueveiop ¢ «cities b
5000 repz. Heliits and guine:. jigs rever wevele; bhis couddtier. (7) Iruucticn
of twaers is illustritec in tle ccccupunying. telac orn . lce.
Tu.or Frecuercy ii Survivors in .lce
Lose 6 .crt.. ierioy ¢ _onth Period il .«nth Ferica

~ ourvivers x» Tu.crs 2 Survivors 5 Tuors » Survivors . Tuucrs

G &l ¢ 52.5 C le,b. Iy
1500 96 0 84 o VAV 6
2500% S5t G 57 6 4.6 v
360 ‘ 70 0 5€ 31 26.0 31
B0 o0 G Ly L 2.7 100
L500 6L 12 1 &dy C.0 -
5000 12.5 o 7.5 G V.0 -

* mewns sucrifice grours
The loc. tions of the tu.crs cun be diviced iite truose wn the ewr ixa tiose
eiserhere in the tody. 'I'he»fcr:;er rey 5iSui. eir uiter unce Gevelilpeu. lLilse=
where ¢n the skin of tre Lo.; they ore superiicicl, rec, vzrt-lii.e or
subcutirecus in the gcuucry lines wod niy or roy it te necrctic in mture.

The superficicl tu.c¢rs cre fir .core ruwercus Lhan the sutcutliccus Luners.
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5 L [Xlz-2 The Lffect c¢f Iericﬁm c2 Pet. Liuicticn.

hcrer, Hons! iy iiw oiluor.

Ihke pur:cses of this stud; werc (1) to estcilish o . adiid poricualc
(ehreide) ucse of bets riuiulicn wlich ihern uci.verea cver i lug ,cricd
of tine would jrcduce no cetectitle effeceis cr Lhe orgarismg {£) to ueteruine
the 1dri.ad letial uose (iv/50, for chrenic tet: recictica; (3) to cujore
thie effect cf Let: riys ciu jenetr ving (i iwis wng ucu£rou) irrodictiong wad
(4) uwetersine tie turcr inéicence w.aer ;relongcu eX csure te iob. reys.

Iwus (Lic sulsjecies) woru ex cseu .ily bu tele rooicticn i .cses Lo
Vel te Oc5 rup L or wlp tilil weill ftu cectrriw. Suilicae curbivas wore
buruicu on the ldertices fus.dcn v.copt for tie ea, osure LG orrigiction,

The results cf tiis «xpericent shen that =t t.e bigkest iover (0<5 rer)
tie eficcts reseible those. resulting froi. @ si.fle ccule wcee of iete T 38,
ab tle lowcr leveds there wues sitbtlc esrcet of riulctic... oith the 625 rep uose
the rots ales relebively socn with saritvu e, ilelion. Jithh 50 re; oniicls
%8 loner L.zn the conircls. o deteclslie cuerge wis notes 1n the u.5 reg
cndnilse Feriodic tet: ridictics ulsc slictes the dovelo;aut of o aigh ;re-
-erticn cf sutcutirecus tu ors w8 cortrested vith the ;redonincnce cf c;ithesdes
tuiers .n the sinpfie ccutc uese. These cursisted rcugily -s ilndan Ty
c.reiiii8 LnG sirecnis on rreiicinory exwiiicticrn.

The feiloving écnc;usiohs were drann {ro tnis stu.y: (L) perioudc tete
Fuj €X;L8UPC TELITES LC3S I' .e-e8 bl _ivauce lethel eifect Liun sungle ~cute
ex; couresy (2) singic iji ucses of Lebwu rociotion i rC.uce Lore Lurked
sdgliite eifscts while with Lhe . ricdic doses e llition wis . cre exten.ve
pebouncl uose wna Lhe eliscts on the ieel oru ; .nitoliic nere ueo worses (3)
the .cute ucse .rouuced o hich _re, crtion of e;llhezics tu.crs, .hiie the
rer:odic c.useu ¢ reuc.inckce of subculenectus tucrsy (4) Clufl. bive eliects

of wete wrid wiw rewdclicn incdcete Lizt while recter wiic.e L the siin is

87
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pPeauced b, sele m., 5, cooporitiv woses of griic 8 <lsc | roduce
aerinite int.rnel o @) LGw chirdodc ceses of tety roys ,quuce culy
surerficlul ttige thile ;enevriiing rudictlion oiso _ives we.liite Ll.rnel
el L83 ndLids ore i t.; vithsteid iher wcoco of tete roadctiu, Lhent

N sedastor rs.u‘kutio& »

5 ke Ten.de=l The Bffects cf Mxtern.t .rr-ciuticn ..oth bete

terd;hored Llic. of Reilits. Ly: Riper cno birnes Swne Lutes

bleed stuuius ol rubiivs ihich reeelveu tetui surfuce irrceicvicr with
Lete riys, il wses ronging v 500 1 Lo HY,000 rop, reveilea oc dircet
ettect on the celiulur ccast.tucils €3 ;eri;heltd Llocd. Speredlc lnere. ses
of net re hils Lo innong three ved.s ofter irr._ icticer wibh i.t.recicte
doses, 1lU,000 rep wmd 15,000 rep, cuincidec with. Ltductiin of ulceritec shinie

Lo eviagence cf licirect effects on vhite tloou cel.s wud Lcuna nor was
there ury eviuence te sutsteniicte teluls of L uy ceyte stinwlotion i, sujer-
ficial irrcuiitici.

The lack cf wifeet is ciusidered censioterd with the yhysic.l ;rc, erties

of the r.uiction wnd the wnibtendecl leutures of Loe reibit.
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HX 12-1C Hiclepiecl Lenitcerirg
wurtis, Ly, nxmurscn end ,.c‘xis

L Gre t,cucs .

in orcer tc wsm u:c\m.teu the s,ec.x...l. h..zurua 1.:.ich were timutht to

exist :t c.‘:..u.tm u.bcrr.tcmea, inlrsis vere J.L.ced Tex nd Lre [,rcu,.us, ....q

s in bui;.u.:.nbs Luere theae iuzarus .ipkt exust. Tirec grox.;a o id r.b its ewch

11?ed outaoors e gmup of & rwt:its J.nfed o, .-;.nst the. gile sre, crie t,l'btq
of 30 r,,b“ts l;.veq d: an ctios; i'.ere etiposed cf the wiuijubes exhiuss .8

fru':. ti.e ile, AE® Lroup of ...6 r.‘ts iiveyg in = L.Lor‘.tor;: OO ..hem ¢..rLe

.-cu.;,rut.iea'or mutor-ium vere hendled, cwnd Gl :ro x'iu'ce cc.r.troJ. ud.....la msre

Re}t in the ur.u..z.l L-,rr.. These uumla vere exuined criwict.u,,, iﬂCJ-Uw .

b!.oodcamts, eod frow t;.‘.e t.o t.ms nere s..cm.ticed swhG their tissuea exq.;...u

hiatu.l.o‘,ica&i,y for we end ruuio-cne;.tcul.tg 1ur tho ,resence cf rc.u..oacbiven

&Lcrid. Their fert.iht W8 test.e, ,; e ting the... fivs t.u..e tc t:u..e. - Tre.
exper;ment. Yas temtsa uiter atout 1 oe;q {35 _s;cnficing and qxwu;iﬂg
each ardial, | o | o

1t rraa cmcluaed thet ncne of Uiese U:iuu...ls suffered any uemnstrme

dmage as a resmt of t,he.xr ossinle exposnre, LY wus rot rossitle te find,

any rudiﬁuctﬁre a.aterial it iy of the Li&sues of thess «.nuu.ls mep& t.ho

rets s.iviug iu tho ,,lutc;mgm licorstory, wnd here t.hexe Wa® a sw.t.i mow&
of plutwium va the sk.n ooz o little in the ‘pestreintest. nal truct put lons

- in the 1rzternal ergahis ineluding Lhe lupgs,

e —

S
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<bi=a]l B The betitcdiln: cf ohoerteiived .ir-icorne Fossicn Irc.uets.

a Fisulen recoil cppurctus lies ieen constructed in .b.ich L 5. zetur .
cf vire urmduc feil is sullee.cd te roniren cc.) . ranent in Lhe Ldie. Gus
Fasadry, cvor the fedl jicas up the fivsion reccil wbeis cnd cniries the. to
erdiil exposure ciiskers cra «eLBUrdLg, equl, ieit lecitow cutsiue tie ;ile
otileld. The tiie tiien for w. tteo Lo pe fro. the foil ie Lie wjcsure chwker
(r.0lu-u;. tise) veried 1. 1.8 Lo 2V wec. n oujcocdid dendzotion cheiler wos

uevelo; ed to uewsurs the wetivity, wiich verisa Ire. &7 te C.o ud. ce. It
2.8 Leorn shown thet this L.;.s centedns oot caly vhe acile gos fissicn . reuucts
tut clso cil fissicn ireauets Gldch nenmiell; exist in the wlis stute.

Rets cnd idce exyesed tc this s ;.n &l expesure <holier sulicl uiiige
:nd die, tut nc rore sc Lha. weuld te earectou irce. the oo nt <.i’» external
fuesa rodicticn vhich they received ~hile in the e cotre chiier.

» specled epperctus was censiruetcou w.hich weulu Liiow r.4s to ire. tis
tire rus without recsiving exv-rnul reaictici.. nets receivViLg wij cstres of
C bheurs per oy fer 5 censecvilive deys r.ceived Lurns of the wcuth wnu u, jer
resgorater; tract. S.ue of these aniicls lived Lub .ost of Uiwi died,

o perentl; fron sborvebticn teciuse of fuiiure to Lite

~ctebclisr ex;eriicnts nive shown thet of the nol oricd thut 1s Inke s,
wbort £5. poes te the sacielok afiu Ls Sxeivlew ver, sicul); uleout &£x sta;s
in Lhe ilumgs wrkd 18 cXereted siculy; cbcut O Foes Lo bhe Liver wnd is slowl}
excreted; ind ohne rei..nder lu cxcicted ..clerctely rogic., . Te i;it_'_hcst'
specific uctivity is feura in the uhyroid.

P )‘dst@logicz_l stud, of ‘tissues of wniicls s.erificed b verdous tices
fellowning exposure has shown Lihct tie .03t sev.re trewtioat ~Gs.ille with
this yipurstus les feiled to rrouuce ony uetectilie tissue witiege vhich ceula

Le ubtriluted to interncl uejosition cf rolicective oiurlols.

1824109 7



Riuloutographs sroved Lict tie ;.ctiMed usilonndly wesr

the broacidal aw clveclir sustuces.

1t wis cuwncluven thiel Ler sierte=ilveu o ir-icrze fissicn  ru.ucus the

ig ver; .uch _re ter 1rd. UPhd recictie. s tlon sro.. wnberaias;
houXu i3 ver, .ucn  re. ter 1rd. Xturn.d tic..8 L} t ;

ue; osdied rovloictive Latericis.
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Ul OGCRY 111. Cos uJ.n'l:LEh- ;.;1-‘1*‘:50'1‘5 F FroT (L UTRC.S iui{l Ch Qe funYS.

84. Ccuparative Action of Cyclctren Meutrons and X-rays, b. Hegen

«irkle, J:cobson, and Fearlian.

1. Lethal Action cn lice and Retbits: The aeuian lethil .ose
and zezn survivael tize m.-re ca.pired in .dece and reibits ex;eseu to
2.6 EVF x-reys and fust noutrcns penercted by deuteron rezction on a
berylliw. yrote. The ..ice used were CF 1 femcles weipghing 20 gracs;
the rctbits were 2 kg. welght.

In the ..ice, a medizn iethal cose (LU 50) was shovn to be

515 r of x-redisticn and 55 n (tlLe n zs use: in all of these accocunts

is thet acunt of jonization ressurec with a stendurd 100 r Victcreen
chzrber). This wass ueteriined over 2 three to tventy-dz; reriod.
Thus for the zice, the retic cf :-rays Lc neutrens (x/n) is approx-
iuateiy 10. No ratio is cbtainzble fcr the survivel curve because
of the gre.ter spread in the mortality of the neutrcn-exposed aniials.

In the rubbits, a ucdian iethal cose (1D 50) was ottained us
825 r for the x-radiation and 145 n for the neutrcn exposurc. As in
the rice, most of the rort:lit; occurred betvween the 3rs and 20th day.
The x/n ratio here is spproximately 5.5. For the ..ean survivel tive
the x/n r:tio was z;zeterx:.ined at 6.4,

2. Hematologicul Effects: The effects on the circulating
tlood elements were studied after Juses of x-raciation ranging fruu
25 r to £00 r, anc after doses «f neutron irradiastion ranging frea
9 n te 176 n.

" The general pattern of response of the blucd elewents is

qualitatively sinilar for fust reutrons :ud for x-rzys. This hes been

desceribed elsevhere in tlis account.

g T
1 “
#
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3. Stutistical Analysis of Uleed wata: An caclysis of .Lhe
hecatologicad asta cbtuined in the atove oxperd.ent indicctes thut
folloving ex; asure to x-ruaiilicn und L¢  neutren radicticn there
vwere intervals in vhich the res,.cnse (reducticn) in the circuicting
_weterophyle vas uireclsy rrejorvicnes te tie dose vid grve a Lineur
relationship. Analyses of these ;crious .n which such s.’..'..iléa'it;.
was obtained with both x-ruys ami reutrons sive an x/n retic of
6.3 to 1 which co.pzres ver; favoracl; with that cbtr-.ine# in the
survivel ti.e stuc:. A less critica; anel,sis ¢f the . ujhoc;tc
res;ense in a sicilar war rives an »/n rotio of S.4 <t 1.

An allernite cnalyticul rethod geve sipilar resultis.

BBD. Acute Coupuretive IHstcpathclog; in Lice Due to Fissicn Kcubrens and

Gocoa Riys, b; Srider.

Higt.olocical cbserviticns were rade on the follc’.;.'iﬁzg struct.ﬁrea
of CF 1 nale and fexaie .ice z.i‘tei- exposure tc¢ 65 n, 96 n, and 117 n
units of fast .ieutruns. The t.une marrcw, thytus, iymph node end
spleen suffered severe damage, and the irtestircl epitheiiun wus
daceped to a lesser extent. All of these crguns ned cc .pletel; reccierea
bp 30 days after the tio lover doses. The testis which vizs also
badl;, demzged, sheved a fow si;ns of repsir after 65 ara 96 n. All
other organs otservei wcre resistunt tc irradisticn by fast neutrons
at these dcses. Darige was mcre severe cfior the iarger doses, but no
alterations were characteristic cof cne Zose wdd not of ancther. 1n

generzl, the changes .ere si.lilar tc¢ those descr. bed fer x~rgy damage.

10241172
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CaTuGURY 1V, . Acute liiesCRied

ideutrons on lice, b Sr;ider

Histoicgicel observaticns were ade o the foellcuin, strucltures
of CF 1 female mice after exposurc to 400 arbitusr; units of slow
neutrons. The spleen, ly.ph node, tone rarrow ard thymus were orgens
mogt severely damaged by the treatient. 4ll of these returned to the
apiearance of control anirels by 30 uays post trewinent tine. o
dacage was noted in bone, curtila, e, skeletzli .uscle, jeripherzl nerve,
aut.fmomic ganglia, liver, «idney, pencreas, heart, iung, surenal,

sta.ach, Fallopian tube, or colon. inor damage w:s noted in the

ovary and duodenum. The tissue response following slow neutron irrauiaticn

is sicilar to that foliowing x-ra; trezluent.
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CJ'-'..LAJLEIaY r‘-‘c ﬁ'i;'...va.b (.1" n}L.J:L.u.I'M... L"u'll'. ;:.nz..l.'.’;:'\,i"..

1e Doses cf .xternul

H. Histopuztholio;iczl Studies on .ice Foulicuin, Siny

Beta iay Treatrent, by St.der und Reper.

Studies on ..ice (CF 1) following single externul beta ra;

treatients of 2500 and Sue r inuicite thil ce.c, e wes restricted to
those tissues ;cnerall; suscerlible io ua.are by irrsuicticn sauely,
the cpi.erais, uerra, rérts of the spleen cnd testis, anu the boue
LOrrOW. lawage was ncre .evere citer (le iuirger dosc. Dauzi'e te the
ceiis in the basidl layer uis found alicst ii.edictely aftér irredicticn
vith degcner:tive si;rs beee. .. wore conspicuous tinreu heut the € and
2L hcur intervais. At 15 and 21 doys, the bzsal layer brose dvn
completely in many re;icis of the toay &nd reay ulcerviicns were nct
healed at thrée menths.  In audcels surviving the thres-month pericd,
the eriderr.s cuntaiier tilcuuned arecs and dow..groitins thou; ht Ly scie
to have Lalignant tendencies. The derna zlsc shewed exiecus with eaena,
invasion by leucocgiea, énd occlusion of blood vessels. ln renersi,

the effects on tissues iere congarstie witn those cf x-rays.

fozuiy
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v, The Letebelisi. of lrhilec ,.I-ue, !d! Les, sCrucr inu abroes.

Redicietive douinelil s obtuinew frdic & veriel, of .curces. w.ih the

acuatien of ca ocdadising pent louirne | os wes evelved vhicn wes in lLurn iixeu
with oir wnd aniileu Ly rits in wn experiient. s cluciur. The tissuce wcre eaiwine.
for 1151 eontent.

Resnits obteined inuicoted Lhet ciut .o jercent ¢l Lhe inhcleu iwvdlie ..c8
retuinea bty Lhe ruts. st the enu of & 30 idnute exjesuce cul) 50 of Lre ciscrbea
wmount \.:.-é in the luny indicating l.reuicte whsir Lien. The thyroiu catulied lUo
of the retuired iouine ct 4t Lrs. wnd the reccining Ylx z:;a.s excreteu in Lhe urire.
The .cte cf icdine cbierteu irw. the lung Is sindlir to thet of lrpesteu iodize.

E. Tricer Sludies itk Inh ied 1.0 Yeur Rutherdun, b, L. Lziley, 1. werdur iy
R. abrucs.

This peper ceouls yricerily vwith the feate of tPager cuuntities of uirtornc
ruthetivi. Wfoer inhelotion L), ruts.

1. In the cuurse of Lhe i.ori it wi's necess r; te mve o 8. ple .uartitutive
test for Ru, ::.nd a colerisetric test wis ceveicjped hich uejenus «n the . lue ccior
forued v.ith rutes.ic ecid. It wes ;cssitle uc cebect Jug of Ru wilh 10 jercent
aseeuriey .

<. 1n orcer t¢ exjcse wniiels tc hu(y vaper, o jererutor wus needec waick
wonld su:;a, KuCy et ¢ cridnreus wnd o cre or dess widisurn scte. Of u nucker of
oxiaivitg wrents Ilnvestigcteu for tids ur ose, cbussi i jelilieiliabe i sur.uris
acid a8 Lest suited.

3. & reugh determ.ruticii wos rawe of the choadcar toadcat, of Ru for i.ce.

By intracaruive injeclicui, uvses _n the rungie ci 3 u/p ere acuteiy toxic.
4. wethods iave Leen ucvesre; eu foer wusscyary tissucs for r.uscocctive rut.eniu..

Tke hard bete of the i1.u yr. Ru-30 secnh systex is ccunted. To uveid volitiiity

o
26
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1088068, Sii.s tlissuves :wre cj.ncec.!, E !elulc! 11U ine ccruteu. iur, or tis:ues .re

~uffled :nc & cerrecticn Liue 16r Lossiu wGe Lo veaatbiaity.

5. Threu t;;es of M ex;cuure wure currici cut == to Hu() vupor, "ury ftuClj
zeroscl, i lwCls scluticn. 1n .11 ceses the hu wics repdaldy wksorbed fre. the
lung 8 wmu ropdal;, excreted vie the urine ma feces. The wlune) tonus to retudn &
coasideriLi; Ligher coucentrition Lheu. cthor tissues. Tie ro dd excrotiau,
Lrprexi.ctesy $C jercent in 30 u.ys, :ininiues the Lisurd resuiting fre weboltadl,

de csiteu Ru.

1. RKetcbeilss of lphcleu Fission I roduct acroscls, by sbrucs, Soibert, botts
lohr «und joestel.

T.is ;cz.pcr decls vith the .etubollisn in rets of wir-berne fissicn ;rouucts.
Four different isotores i.cre used, sclecteu fcr their _crng lives .ud :s repre-
sentulives c¢f the varicus choudcul species cccwrring in fissi.n. These were
5r¥9 (55 du;s), uxr¥ (65 duys), Y71 (57 days) and Celbh (275 duys). nercscls
of these .utericls were rrecuced b, sbe.Zzicg a uecus scluticus anu by turniag
driei resiuues in a corlon arc.

Strentium differs frc.. the cther elezcris investigited in the wise with ubich
it is cbsorbea frec the iungs. Cver 5Us left the lungs uithin & mitter of iinutes,
and 95+ w8 gene witiin cre hour. (f the spévoripinully in the lung, 60 percent
w.s depositec in the skeitcion in less Lhun 4 heurs, wna ofter i hours the toted
rudiction acse to the skeieton excecaed Liut Lo the lungs. These resuits inuicatea
thet iniulation wes as cifective a . euns of wcumiidstrition ws intruvencus .ujecticn,
and thut lung cuige &8 a resuit of inkelation of ortY wouls be of less i.gortonce
thun boene end btare Lurrov deinlge.

The cther three eiewcnts ¥, o4r und Ce rmay te groujed togelaner insofir us t.e]

wiffer fran or. Tuey were wil esdnirnited fren the Lung .uch sore -icvly Lhun vas-sr.

97
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. . . s 5 A .o . K . .
Thus Lhe tu.es rccuirea tcr 50 '_Lercé;!\. e!..z..l Jinotion were 191, 1 GeyS)y wr7d, 25 duys;

uxt Cedsls, 45 di 8. 1n oll cuses the sicietin w.i5 Lhe wadgorsite ol ue; csiticn
wnu eventually contuined i5 cna 50 jorcent ol the Lidticl lur; we;csit. 1n no

c:sv in jeriods runginy up boe oov diys uig the tobil rediction dese to the tone
excecu thot to the lun:, s it cic within . Lrs. with Sr. with Qi ulrec elenents:
L.e jrobulilit, of roadotion i, e to the aung 25 [ ret.

Very ilittle uepositicn cccurres in the cuit tlssues. Toe .ddneys centu-red
cbont 0.5 percent of the dcse ulith ull tlc elerents. Loncuitruiion i:i. the idver
wos lower then 1 the ..ldne; vith cil isclces exce:t Coibh, Tuis eucuent ohe e
¢ ver: tigh inmitiel liver ge; culbden, tut Liis wes frocuaaly elicdinited sc thet
oftor 2 cenths the liver cencertrulion fell feicw Lnut in che adaney. '

J. \1.-10> - The kffect of Cicy on the Intest.ned absorjticn of Strertiw., U,
L.J. Curtis.

R:its Leve been led .ctive streitium which wes ubscrveu i clyy, wWhiie lielr
contrels were e vie swee wacunt of cebive strartiue i. agtowus sclutlici. There
was no siynificent Biffercnce .n the w.cuit ue;esiteu u the saeleton tetieen Lhe
two grars, «nd it si ccncluues thet if ictis cre wbscrted cn inert witorici, the)

will be eluted dur.rg their ;ussige thircugl. the poastreintestincd truct.

t. 143 LLH 2040 = accurtisticn cnd Listritbtiticn of Huuiouctive Strentiuc,
BuriueLontl.onum, Fission wixture coa Scdium it Geldfish,
by C. L. Frosser, .m. rervinsek, J. arncli, G. Svihle
and I'. C. To pk.ons.

St.d nen-fesaiang goialisn cccunulotec roddcaclive stro:.tiun, beriwsiunthanun
fission cixture elerents anu sowiws frow sciutions L. uhich they lcre iial'sec.
accurui-tion wes ropic initiciiy wnd continued ot © rate grecter thun the loss of

roaiceelivity in the reciuw Ly ueeuy wnu whscrition. Herce, the ritio of the

cencent:cbtion of cetive _oteriuzl in the fish to thot in Lthe colution incroused

‘I b ‘
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with tice. .ftur o fow & ys this ca.ncen!r! sarn roetic .8 tsveily .ctaeen 1G

ond 100, The ccrcentralion rotiv wius .ndc; uiiweny of acse wwer the riuge Livesti=
cited (ULl ic te 1.0 c/na.

Ccle.ricus tissues, such .5 s.eictin oha sciies, wCew usilcu cicub 73, ereeid
of the riuic=st. anbiw. cia roulch. rivi 4. the whele Lisil. Lu.t;h;,.'.ux.. Whd & ooesbure
of ceriu.., yLbriv. cnu zircuciwi~cciund il o peeron b Le cocmimiabeu o0 visceris
Lissues, v.pecicaly the intestine, wiw te be .ore ccetivel; ciserbea cn ileccs onu
£1.88 ti.un vere the clicline e ribs. T.e cegir Lic Gistrilution crticulerdy
cf boieesciiers, ci. lisersion wnu iujecticrn dicicitou thot thcus e.e.ents :ese
tuken up througn ;ild cparcl ..ogirones wng were wistrituted Ly tiue tlocd. Hedde~
sodius. wes present in ¢recter jrojorticn ir the giiis b six hours t. o iuter.
Fissicu nixtures shifted ii wivsaince ira. <oft joris te ton, ;orticis of tie
giils wuricg the iirst fev awys. ligjectici. eapcriucats indiceteu Lot tinere wis
no fecal excreticn of stroatium tut thet there wis o sualli wiount of fecci excreticn
of DndlU~Lel U wud of fissicn zixiure. bdeaie fission mixture con onecnts ofpeiru.
to be turen out of the .ediu., either frow lecos or wster, ord precipitited cicog
the irtestinal foids. The 1olk cf crgs in riye cviries uccu-ul.ted scuc cci perenls
of fission rixture tut xuct strotium or beriw.

Young srewing or re; cnercting Lone sccummleted .ore riodocetive o tericl Lhan
aid older iu.e; cortile, e wccuwnl:itea .cne ¢l Lhe bene-scekers. Lorge olure oau-
fish accwuleted Pidiveciave .aturicl core slowl, tuan oiu scise {ish. T.i5 .,
iove been in .t re.stes to their coleiu turncver. Uptane of strontium % wha
vjlate of fissicn rixture were sion te te ¢recter whe.. the surroitnuing ;ond water
w8 Low in caiciu (L€ ppz) bhen vhe. it wes tigh in eulelr:. (30pp.j. 1n.cuive

strontiv. clsc reb: réew the ujtece o roaicstrat.c..

99
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vhon Lie Iish wore Lraoferred i fctive te Liecuive SUI WP e, acsl
g e Li=Li wha fissich wlzlure rio.cocilvity £re. .oft tissucs .urian, Lhe t.rst
v tairs Lub Lie; Wwia ﬁut icse the .rer ort £ tleir roaiceetinat: oy 4 oster
tiin by et lonce The rete of ioss of roulestrontotis . jewred vo e uncitucleu
by the cuiciul centent of Lhe woter.

Guldfish vere un:ble tc descrb wny wypreciclle quuntities of iissici cire.ents

frei. sus; enica cle) .

Co pe Suift of Strontingt’ Irc. ihe Lother tc Fetus wid Yeus, , b Finged

and brues.

Strontiun€s iher. injected into uiie .clher is Lruns.itteu Lo .ctus b; the

vdecentil circuictlion, cnd ofler Lirth is i, ccteu i, the SUC.lailn enlicd ip bhe
=ik,

The placentzl trens.iscicn is Lre.test when in'eclec inte the ..ciblier in the
last three dcys of prezmivey . The vobis w.cunt pessing weress tue [ iccentel
zexbranesrleccxas Fregrecsives; less ws L e Liburvi. (ctucern wie injecticn «f the
strontiucty ond jartvriticon inercises.  .ith injection .uroig vie list threc uus
of | recnuncy, hw.ever, the young .re tern nith & tigler er (rew wes_ .t weoivity
tnun thet ncteuw i the ncther. This wrcunt rever rewcrcy . concerntrubion L.ore
thar tio Limes the 2r _reo. m.cent in the cther.

arlisls tern (Cre this. oeve:n we)s ..ier irjecticn recoive 4 -cer wnents of
the strght‘umﬁ9throubh the ingesticn of the "wetive" nilk then throu_h the
rdecont !l rcute.

In the cuse of the ;l.cont_i trensiissicn tie «Cctivity of tie .etus is
diiectly : reportioncl te the wose of stroctiwtYicanisterca Lo the .ether., 1n
tee cose of excretici: inle ke . llk cna sigescien o Lie JOuLf, Lhiwed, the nigher

ao.es yiela relubivel: lesser wicunts Lo tie c.ispring .

— y
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Ue Tie Shiit of Foubciiv. rz vie . dgr"s!!‘ ctus .nu Yorns, by Flrgel

ond Brues.

ohet,  lutceiui 1. Lhe forw of the lus o :iticle is injectuw «ubrivescu.d)
inbe & re;munt wndecl b tie cust tiree uoys of | recniac, e iotus Jlsork
v Lo 0. of the dose tircwh tie ;licente.
| Niutodun os been ghewn tu be traast. rrea to bie Jigppda Lhreu o Lhie
Lili ikoopile of Lhe focl Lret tuls substince is el bulried in Lhio _colre=
intestinil cincl «f tre :duit.

The survivel cf Lcobivrs jiver .itier rivloadun or st.oecuic $vcanidng
bregruncy is Lettor thin the survivel of wnic.ls  dven Lhe sise .erneight dose
rot curing I'regjnmcy.. In the cuse .f the strc.tiuel? riz.ls Lids could be wue
Lo the munoves of tie isclope b, ti‘xe letus. 1In the ..ust.oncu of ,iut.Q.iu... this
carsict te Lle uq.i;nubian. |

.;uthoz r;.‘.-hs"c.f the Az. <tra s..m': Liat tie  trontiucdy is in the points of
calcificulion,

Bone tunors huve cuéurreq in the offspring cf withers receiving strentiuut?
4t the normil ;ericd of 20 -da.,‘,'s. The thresiole of coscie is reloted Lo the
specific uctiuity in the fetus ub birth rathier tnor in the wdult ste e.

The ret,ehticn ty the new tern wnii.l &f 1 YCECLCS iuo;- 28 conblrested uith
wninels rore thun 15 coys of cio wna cader.

Specacl irotlcLs

'luvoniun oxiue &8 been djectud inte aniuals (bezic:—.ﬁh skin) in urder to
follow the cirunic eoffects f sio Ivtend:z clser-ticn s sC8sitee tuior aevelo; -
aent. Loses of 1,0 mg in & single icse were irnjected subcuteneously in rots wna

rubbits.
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liobubeliw, ctwe Bisirdtuticn of Vuriocus F.suicen Ireaucts. laaditen et ol.
wobiiclia. of lppesteu wna Injectua Terluriwi.. ‘hiditon.

~ctitclia. of lrpcstea lonine. Il ilten.

~eticeliu, of lincdes locize. alriis, biiley und wender.

anbeiclle.. of I bhiled lmtheniwu. «brag, Leiiey ouu wGnder.

sbger, Licn wnd Fixution of Fis lon Precucus U, Jlints. (v .rstreet ord
Jicoiaot. .

Hotenticn of Fissicn Frouucts L) ooiis. Cveraliect oiie Juocclsai,
Attepts to repove fissicn Ircwets lecciizou or Bene, hizpddton crai Cu .

absor;licn cof sercsuls frca the lu.y cnd ieietollsn of Filssica ircanct’
Aurosouls. abrins ct zl.

otilcilsn of 8r.8Y ubsories .a cley hern ligesved. Curtis.
~etelelise of tiesicn ircducts Ly vie Guiuatish.. lroas.r ot L1,
Scie Speciul Fuutures of the Lotuiolim. of Injectew &c$. acthouy uhu Litl rep.

S0 ¢ Syecici Fectures of the .ebilolise of r=iL’3 cna of Fissicn iiature.
ationy cni hervis.

Shift of srf% frew icther to Fetus. OShift of Fu {rcc .ouvker Lo Fetus.
Brues and Minceld.

Sidft of 5ri¥%, YY1 wnd Redinn in Culciw.=.et:iteiizing tissues of ic iig
pigwns.  Blecn. end lurr.y.

~«otebolisi. und Listributicn oi iluteciw. in Rets. Hoodlton et &l
wetobolisa of Intreverousl; .njected tiutoniw.. Scyucr wini Kisicicsis.
wtaloadsn whnd bistritubion of luheled :lutceidw.. abpans.

Nethous of heiovael of rv in Low,. lsditen et wl.

Listribaticn of iu in Very Youny ari.cis. Finced.

Shod in index ..,k,C,F,U,H,.,r to gc vith logend - re; ert iacludeu
in Califurnia veries else.iere in this vclune.
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St e - -

ruge &3

CAT.GURY Vl. UISTIILUITCN OF LivIisiiwl ELJTTEES 1k THb BCDY.

¥t. Iracer Stuaies vith Inheled 1.0 Yeor Ruthenius, by Lalley, wender and
abrams.

This paper weais rrimsrily with the fate of tracer quantities
of airborne ruthenium after inhzlation by rats.

1. In the course c¢f the work it was neccssary tc have a
siuple quantitative test for hu, and a colori:etric test was developed
whicn depends on the tlue colior férr..ed with rubeanic acid. It wes
possible to delect 2 zg. of Hu with 10 per cent accuruc;.

2. In order to expose zniucls te RuCy vepo:‘ s & generutor was
needea whiéh would supply Ru(y at a contirucus end more cr less uniform
rate. Of a nucter of oxidizing agents investigsted for this purpose,

potassium ;ermangznate in sulfuric scid was beut suited.

1024182
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acute he.icteaicity of lnjscteu aa<b.
Iniroduction in. icthous. Fliukle,
Lethis setion, Filiade ond onjacr.
sffeets cn weipht. Ilnklie wna Snuyaer.
vffects cu teripherzl Llocd. Jacobscr.
Histe oticdegic i affects. Lurray oand bLocck.

scute Ruciotoxiecity of Injected P3%:
Lethul nction. Antheny cnd Styder.
Histopothology. lieller wna wurrey.
Hepsvowo icel bifects. Jeocckson oind oio..cias.

netbe heddoboxicity of Lo=iedbU for icts wna iice.,
- Inbroduetici.. Finase, Suyuer, T sin8 wna 1rosser.
wetibulis. of vhe a.itters ina Thelr Wistidbution as
Firicle, Suyder end Iisielesii.

Realcuutegraphic Listributic.. ¢f iie witters. Lurrey, wne Svihla.

Lethul Action. Snycer znd Fiwie.

bffects cn weight ird Fucd Intike. Sucher wnd Siyde
bi'fects on Periphersl Biccd. Jucchbsern.

Histc; utlclogicui “ffccts. iurray, Ricaces and Hell

acnte Reuictexicity cf Injected Src’ for Ruts, .ice um

g (reets.

r.

er.

Intrcunction letliods. snthony, Te.pkins, lat.rop wna Finkic.
weteabelisi. e Crgen Listributicn.. anthony wnd Lathrow.

Letiad netien. anthony, swthrep, Snyacr wd Finkle.
tffects cn weight. Sccher unu antheny.
lienetolog icul Effects. Jucctsou, cnd Siisins.

Hisvopetl.clopy, Redicuutopry;hs. lesier, Hhcuucs wiu bDiodi.s

acrte lwdiotonicit, of lijectcu Rucicuetive lwre Lorth
Cne Series for Ceriui. wna Cne for Yttriuwe.
Iutrouuction, Letlods. Finkle wnd antheny.

lsotopes.

Letubolisi. erd Urgen Distribution. Firsle, «wnthenjy, letirop und . Lorris.

Lethiel ~ction. nutheny, Lutirop wnu Finale.
Effects un welght. Sucher wid anthoay.
Uewctolepicel Etfects. Jeccksci.

Histopathological Effscts, Rudicoutegraplis. larryy.

Acute Reciotexicity cof Injected :..r-CbgB-
Introcucticn, Lethods. Fini:le und anthueny.
ietabolise. wra Crpun Listritution. Finlle, anthong
letlcs action. Firile, anthony and w. Lcrris.
Efiects ¢n Deyg, ‘.eirht. antiony .nd Sucler.
Herctelepic:l Lflects. Jucobsch wiu S5.4niisS.
Histcpetholeglenl wlfects, nculowute, reghs.  Heller

SRS T

LWhiw we wOrris.

wlw liurce,

d



Ii.

J.
K.

.
ite

gifeels of Imsciulle Ingested ¥7% cru Cther Fisoion irocusts.
Lutrouuttion; methods. brues ana Fitele.
_etobelis.. anthony i Grindhouser.
.cosurcrent of Losupe. Moon, Svihii, Gruichiuscr uiid atbliliy .
actte lethel actica. Finule wnu acthon;.
Chru.ic lLetiul nctici.. brues w.u Gru.dhcuser.
bftects on weight. anthuny, Secher wud Grundhiuser.
Hi.topcthelogicul stiects. i.erce.
Henobolof icas wffects. Siiicns wnd Joeelson.

e . . - .. - . - rc PPy B e RPN . .
neute Histopstlcle acia osilects of 1ijecteu v91 Incluciing Rewlosutc riphss
lierce, Heller wnu hliciaes.

acute Hecictoxicit! cf 1i ected iwdiui.. .
lotroduction, weth.ods. .. lLerrisy Toopikizs wnd Fiiile.
iobtel clisk, . Lerris, bvuns ana Fin.ie.
lethil acticrn. «. hLorris, anthon; ond avins.
bifects c.. weight. decher wrd . Lerris
Hew.tclogicul Effects. Jacobsow, Siuiwis crd “uchire.
Fis.ojathelepical ~ficcls. Lurryy, Lelzu 1y i lelicle

Effects of I.icled Xel>3. ab.e.s, Hhoudes ind JucilSui.

Riaio enu Chenicoi Texieit, of Vordicus Fissicn slc.crts lor ‘Geudfish.

I rosser, Hegen :nd Grurahouser.
Letkel action of Inncled Heoio-ceriun. abrics et :l.

Listy wtholegices Lifects cf Iuhiled hooio=ceriuiz. Ricuues cid sbro.s.

Lite sitects of Bete dxitters (Ce, Y) locuiized in the lunc. nlrua.s, Bmes,

k' cudes, Bloom end Lurray.

Histcputhoicpicul bffects of Radiuvn ord Urenius. ileer Lie Sitc of Lijectie..
Lhoides.

Acutc action of Injected 5r¢Y on lurge aninuls (vogs, Gouts). Frosser,
Fednter, svwift, Juccls.n cnd bduiras. :

- Py . Y s G - 2 Ry P - 3
Cciicretive acticn of Inlectec sr¢? on Splerectau.ized wou iwon-s; lenecteuidzed
dce. Jecctscn wnd Sitecus. ‘

Studies cn Pod,c;bhenis Futients sd.inlstcred p3%. Jecobson wrd Schu.rtz.
He.oteoace;lces Lifects of dixed Fissicrn rroducts. Jucchbson wad oll.ons.
Lete affects of Injectud sr®? cn pcgs. ruliter, brues, Liscc wru onift.

- oe . ; . . . 3Y By
Lete offects of Single and Repe.ted Iujectlicrs of ort?. Brues, Frence,
Liscc wnd Finkea.

Lote Mistepetholery wue Lo Injecten orf?. Bicc., Lurry wia Hesler.
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Lite nffects of in‘ecteuw hiciw., Brues, friice, lisce :rd Finkel.

Lute Histegulleioy; Lue to lnjectes hidiuw.. .arruy, liolior tnu ithcudcs.

Locil usitects cf In. c,lu le bete moitbers Teltooed into Lhe Siin. Lrues .id
Fiikel.

scute Toxicit; of Firtudw. for Lice uia huts.
Intreducticn. Firlle wnd Sryder.
betalelion, Griun Listribttdon. Snyder «nd hLisicleski.
lethiul acticn. Snyder, Kisiclesul wud Finiile.
bffects on Leuy weight. Sicher wnd Suyder.
e tolepiced ailects. Joicobseln, Sacher wnd Sliscns.
Histe;itheacr;, Rodccutopri;hs. Rcudes, bocoi cxd Lurrsy.

lot.... actici, cf Irl.iled . lutaniun., abras et ol.

iite wifects of Flutcrdua oo osited Lio the luc,.
Gress bffocts., sbruus whia biues.
Hstenobhelopry, ioclues, bicti. cnd wirrey.
Hle.atoicy ;. Juccbsern wnd Siniens.

‘hraiologiczl sifects of Injected iitterduc on Legs.
Clunc..l (uscrvetions. I“ut.«r wd Suitt.
wxeretion zna Distritution. ILussell enu lrusSsir.
Hesatolegy. Fointer, Jaccbscn P AUV ST
Porphyrin wnd Heoglotilir lotibclian., Schwirts end ouinric.
wifocts on Mver Functicr. Schwirtz, Tinslel wnd weizuce.
Bftects on Seru: lrcveins. berro:. '

Lutc wffects of In‘acted blutoodiw: cn lice wnd Rits. Brues, Frince, Lisce
iand Fifq'ﬁleo

Late Histo; athiscy, —ue to lnjectew rivtouniu.. Eeiiel, il Ouied aid basti.
late Eftects of Injecteu flutoriusm «r. Logs. Fuinter, Drues, Lisco znd Suift.
Studies cn Fluorescence cof !livterniw.. lrice et zl.

Spectropiictonetric stuiies cn Urine cf ariiils vonte.ning livterdun.
wettenbory wnd Schwertz.

Skift of rlutoniun in the Caleiw.~leteloiizing Tissues of luying Fi,ecns.
bBlcor, end Lirrey.

Histopethelig.e: 1 wffcels of Flutcordun heur Lhe Site of lujection. l.oudes.
Eiolepicei Lewsurciment of Plutendws Dizige Lo the Liver. Brues.

iebelolls, cnd sffects of Inpestca ilutordur.. Flik.s, oSuyucr, acisicles..
and lisce.
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.ies nbBOrpticrn frou sotnu Sites wod attenpts Lt hewovil. rlicde, teresi il Uouse.
Ni. wmtfeels of liutordw. on Tissue Letilelisi. Lerrd. eb oi.

(G, Effuets of riuteriu.. on brzj.e U;stomo. Lirtoun ¢t ol.
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CoivlilhY i EiFaTs oF Liliia.l Lm

7n. The bifects of huch

wiPoRilatboa) 30 iderceuries of ro.iccCui.@ bludli. “b (1L hr) ,er . Piw oL
Logy weigat given inbr joritcnciisyy nee o aace Lithin <o o y8.  within the
1i.its of .C welheus & LCitu, it wiw Guliiclew biol tubl jorticies tra. seuiua
ure :bout w3 effective os singse wUSCs .f X=ri)s ia clasln; ..ice.

The nice excreted 33« of the injected sculum in the first duy oo Sux in
the tir.t taree acys. OSici.:ri, lujected r:ts excreted the sculwi icre sleul; .
Ircreusin: the tcetii scaiun cilorice iojecldel .t 2ur to Buenty =iour . . (&0
woyse ircrersed the excrerion .n tiw Jiral <o hirs Ly c.oout Lo,

hedicoctive cccdun cwinaster.u iuhré;eritenczllé }TC LICES L 18Unl] liii,
neutre wtii wnd 1. ucrends in dce ndthin O duys ofter Jcses of 23 ;_lczu;uries/g.;..

or .ire tere gliver, 5o s: nificant leuco:enii ovccurs Lililr o« uise of le nicrecuries

_ectes I3~ by antlen; , Suyder, Heller, .urrcy,

Jucolsen wnu DiLiClis.

aBC iice of <U gus. wvers e weigil wore givern irtreperitone. .1y doses of

F32 ren_ing fici. U55 ue/pm to .4 ue/,... Cbgerv.tions on the excreticrn, re-

vention, wistrituticn, ciinicel i nho, wurvivel, henoboldo;icel wna ubhele, *m.i
finulngs were iude.

The pocleu excretion of urine wnu .eces si.cneu tiet uiring Lue first acy
20 of the total uose wus excreteu. sl tle end cif the third da, 3uUs of the totzl
dose L.a becn recovered cnd ot the end of t.o weeks, 65 of Lhe tctel doée.
Aprrepricte wliiowences for the ricilcctive cecuy rere niae-

st the end cf Lhrec deys tie s.eleler. comtzined 19 jer (raw of the in-
jected dese; the iiver, 7.7../gm; the iidney 7.2mfim; the s leen, <.l./cus the
hecrt 5.2./g; Lue lumy s, 0.3.-/¢my the stc.cch 5.;~/gm; the inlesilne &4.un/gns

the cuecus 4.0w/pi; the lirge intestine 6.9~/gn. The cercaus (centeining

S— /68
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orguns wnc btissues not excrlncu inuivicuwady; conb.utied 35. of the ucse, i0
totul recovery culculilions Lre Jven. |

n brief descrijticn «f the clinicel fi.dinges is  iven.

Survivel stuuics show thut Lhe nedicr lethed woss (LL 50) for 30 ucys
is Letueen 2.1 und 8.4 uc/gn, cnd is probubly slightly less ihun .0 uc/ikn

L8 anliids ot Lox ue/fin survived of Lver @ cf li.c duys.

Fubheicgicei studles of vhe cifect of i9% in Lexie deses .re piveu.

in Ruts cog a.ice.

tice wnd rots were infectod Litroperitonenlly Jith teile ucses of riudce-

C.

beriug.. absor;‘tipn wes relutively riid and excreulon ca.sidorei.e wiriig vhe
first de; . ;‘...icc. ustail, excrotea' 25+~ cf the irjected wucse by il noLra Ld rots
exereted . cowf arslle rount by 50 hcurs. This excrevion rate ucs cupurille to
thet reperted b, Hoamilta vhe found in ruts o totul eacretion i, 4 awys of cbout
Léo of Bal33 nd 253 of BeldO, Mxcretdon ueclinec rijidly ot that wlter six
duys u;cé axereteu Geds end Tets U.5. cf the inlecteé dose ;er duyes (n ruts
a'little ~ere thun Lvice us .uch LadbU vies excreted by wa: of feces &8 L, urine.
Tkls z1so sgreed roughly with rosuits et trocer levels.

In 1ice abcqt..bsﬁ of the injected dose of bzliO vius de, osited in Lone ehd
in rats ibout 60}«‘c1‘ the dose. 1In Loth species tlicse vialues represent ;recticclly
ull of the retuined BaikC, ubsoriticn zna cecuy cu.ves cn soft tissues, however
show thut r.cst of the ;i.njected'l.ul"o wu8 in splecn, liver .ra aidney l.".;;.eui:.t'aj.y
ofter injection. Iliited delu indicated thut prictics.ly nene of the Let4O
forned in Lone by Badkl .ecuy left tue teae fcr scit tissues.

-1t can te ccuciuaeuw th t the excreticn wni wistribbiticn of rudictiriux

.t trucer ievels,
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The uose of B, L-UL 140 (mcustred o5 Buth ) re wired to ..l tift, | .reent
cf i jectwu ioce in <he nonlh g cicut 3 te 5 ilcrecuries [er ... The ucwe
re uireu Lc .ulli hedf of the injeclod ruts in SU uwly8 wWus LLis0 o Wil 4 suCle=
curies ,cr ..

The <.cijlt curves iniiciie thcl Locre wis welludte rebisuiibion of (renth
in wdce b <.45 .derecuries jer pi.. b i rots it L.96 icervewrdes jer ... The
threshold .or veiplt .css viis, zlevt Lelf uhe tiulothil cse. .

Hecotelegdcrl aele inuicotiu tlot in .Zce Lhe Lurcilisiw .oP clfccts on
bueoglotin (na Le. tlood ce.i cowt ust te cieve .0 aocrectriss er yu., thit
b 119 wiercceries cer .. the helercp hils wnd lynpbecytes counts wd..andohned ora
thut the wese of U.< nicroccurics ;or (. cijpcured Lo e just Leact, Lhreshoiu.

In rots o cese of o5 sdcrccuries or ;.. decrecvea tie Lhite.ce;i cout by
ctent 30 ;.reent £ diys =ftir in‘ecticu.

Histclc;iccs resuits in imice cre of two sorts, (1) tre daicge to scft
tissues purticulirl; spicern, wesentoric iymih nodes crid lymphutic Lnd e ithedial
tissues of gistreintestii:l tract jrobetly due pri.arily te irrcaiction frou
lonthinu. cnd (2) decege to bone wrc bine .arrew sue to irre iction frm de; osilea
burdur. Lucife in scft tissues wis s.en four hcurs wfter injection wnd daucge
in carrow Wes wipurent ot 4, heurs. luch recovery in the scit tissués L8 coourrea
by 2. deys.

The s;leen tcouk cver :such blood foirction os tie lone ..rrov wics dLngec.
st 5 ticrocuries/gr.. the rod :ulp Locwe hyperwctive witk -ritire; oesis und
granulocytoroesis vhile ¢t 1.5 .lcrccuries jer (... the nirrow wid not sevurely
derleted urd the reu :ulp shoueu no cvernctivit,. The ucciewse in nuler of
circuliting uotoercghiles wnd 1y phocytes ;irilieley the nistoicgicil aumcge
althcugch Lie .ecreese ir iy i.ccjies ol -.) wderceurivs/gn wes .ro,orticreliy

grecter.
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Threshc1d for Line nerrav duc, e &7 lie betueen 1.5 cnd V.Y
sderceuries ;er g ond for s:lecn Letuein UJ5 wrd U.2 idereewies ,er ... The
dirsge te bine Lirmiw was pre:tust Lo Lhe [cbu uysis e wesigrs ne .shu.. Lin b
irreddolion here ins suie ton tines tlet ir ilie sh.fis. The wai.ge 1l Lhe shiit
in the :iich vhick recuived 5 wdcrccuries | or fi. i8S eo.;ariiae Wit Luit .ie to
50U r ot single tCse x-ruy. Tilis coerresyenucnce is sinil:r te the corres, cn.cice.
of Lie riwelbis tosc Wb 4 Llcorecuries | or p... cii,ored with 5wl r. of wt.‘....

bog; ro.iivior..

The idiest .csos b wrdern histilc;lc.i damige wes detecteo Ln . ice .ere

1.5 ticrocuries ;er gu. for zurrcu and G.5 zierecuries .er k. fer sylecen.e The

s

lctiest .cse ot wkich i decreuse in the ccurt of-cirend.cong ohiite Liood cuils

w8 wetected in nice wus 1.9 nicrccurics jer go. cna o rit. of G.o .ierceuries
rer f.. The thresicld for . cthal weticn (in 3 ceiths) wes cboet .3 idcrceuries

por g.. in .ice anu for vei it loss i.z udcrccurios jer FE

The Effect of BaldULaddV o tie Herctolo-

Bicod of lice cnd Kuts, b Jucobscr..

0.2 mierccuries/gy. of BolaV (2140 s inistored intr.peritenecll; to uice

icul Constitusnts f the Feri. hersl

Froduced only a cuestionull, sijrificent sccrewse in the rerijherual blecd clenents.

s dose of 1.9 uicrocuries/gn produe«g in the wcuceeytes, 1. ;locytes und nelero-

rhils & sigrificent und rupid reducticn sust.ined for Lipreid.ately 00 uyS.

Repdd reduction wnd sesth within 15 .cys fo.icving cculuistrivicsn of 17 .icro=

curies ;or (run. LO.chinges .n the crylhiree,te ad nawo lcbin vaiues .o ncted.
In rats = tun;orury uwpiessicn in the ieucceytes wiu 1;. hoc;tes feulon-

irg the _ntreperitorecl wdeinistrition of .5 ricrccuries rer ;ruu. ho effect

on erjthreccyte or heco;yiclin vilues wus notec. The resuits ocuced by U.5

Lacrocuries/grn. in ruts vere -Lx'xter:..edia.te Letieen the effects ¢f L.2 and 1.9

L.crocuries/g ir iice.
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ok L.1e iice of <o 8y DLPU BU=DLWAE] s be <1 w U (L8 Wid ouift
reitits of louu=eiul L8 WOPS LVl LAl eribo Lol L Ln desws PLif i, LD
Vead Lo 20 . lerceuries .er ron,

bxeretion stucies :nuicovec Lotk the rice shovad oo over: o cucruvion
ohs of the uose, iU, in the -irsV 0 nwurs; <b. et , hours LR 45=5Ua b Y usys.
» diffurence in the size of W€ ueue (nu rite oI excrobin W8 wobeu. HRets
showeu on exeretion of €. cf the uose in the first fu: veeasy 10. zb 6 heurs,
1v4 b 2 hours wna 2o &b T Geys. In o uiiferorti:l Letlesh L rotio of
urinery t—c fecul excretion the retic ¢t ilirst 13 uite viricile wul Lt the una
‘of the first heeis 4 prosches ¢ 1/1 reletionsii; . In reilils Lhe tobed eacrotics
Letveen 70 :nd €04 in the . irst tiree wcels. Fecus encreticn decrecues to low
levels ot the end f iu deys tiie. 4 cuuperslive study of oi. three sjecies
dnaicctes thet the rcbtit, ;cuse cng rot excrete 5r¢Y in deereusing craer of
tctal accunt vith the robbit exereting tiice thet of the rot. Excrcticn is
alzost ca.plete in 1G-19 duys ir L1l species. 1n the next Y0 d.,8 oniy wbeut
10x of tre ir'ected cce is excreted. |

Retenticn studies .niicate ot oftor tiree weels .ice retis. cbeut 454
¢l the irjected o cunt; ruts, St wna reblits iy,

bistributicr; studies ix.aicat.e thet tie soft tiscues icse the srés very
rapduly sc thit ot Lhe eng of the Yirst 3 Uuys —ess Lhun Cuie of Lhe inectec
dese/gr: cf tissue can be ~8u8Ureu. Bone cuntiins nil of Lie reiuinihg woeunt.
The fermur Las tle ldghest corcesntroticn INT  Teal.

Texicity stuaies shew Lh .t doses wicve iV rdierceuries/gu ciuse LU0
«Lrteiity in all species in leus than 2 noe..s. LL/5u studies icr ine 30 day

fericd for the iice - 7 t¢ ¢.derceurdes/in; icr Lhe rit igss tawn 5 rdericuries

_ l
-—*4"‘ - :

——
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per gu una for the rubtit, .ess thun 5 iicr.cur.es er gret. b the 150 diy
verdod t.hé wiCa wna rut show & two foid wecracso LL Lik reculreu uus.e wi.ile
tho rubbit shows cily a s uecreuss, ‘ |

o brief clirdc:l aescri;ticn of the s zptas of 5p¢7 toxicity tor wniiils

‘i.l given. Grou pz.thmogcgl exauiretion shovs . decrezsc in Ly.;hetle siccents

and a =urked. cvia.encc of hororrhw:ic t.amex, ey

21 ht loss i perent in cnl.cis sh.“i..g no other sipgn of taxicit; . Tids

 was re.:ted in st.e extent to docre:se im fota curmucpticu.

Hemstological studles c¢f Lhe ;eripherci blood of rebilts, r.ts cnd ..ice

tfber the lutroperitenesl or stu.cch tube sdministreticn of Sré9 in doses of
frac 0.015 to ll.f 5 ue/g;, for v'aryiz:g pericds up to 37 are rerorted ibove.

wdbh thc tectoigues e:ployed irn this exgoriccrt & reduciion in the hsterc-
,,M.l values wus i.ho rost sensitive iroicuter of ucute rnd subacutc eifects.
L.nder&.te but significunt reduction in ket.rc;ril vilues fc.icwea tk.e intru=
‘ peritcneul injection cf U.068 uc/g in aBC male pice; no effect wus & purcnt after
the adadinistrstion of 0.0l5 uc/g-by the suse routé ir 2 struins. lrogressively
nore signitlcant and sustuined ‘;'ec'mct.iqn in heﬁeﬂ;ki.’. A7 l;;x..;.:hoé;'té vaiues
followed hipher doses. No wierdz in rice cccurred uith doses of 04034 uc/g and
belot but ..«derste smi sustoined cnemius n.ere iypurent with doses f ¢  roxiuately
2.0 ue/g. |

The rdninsl dose exerting u iewn Getectivie reduction in heterophil v:;lués
in rsts wss botween O.c2 und 0..5 uc/:; ddsea ztove this prouucing = irogressively
sare severe heterci;hil depressicn crd Ljrjphopenie. ‘lnt.raperit.uneal waminiovrotion

-

of the iscte @ ncs cone in ruta for cumperiscn vith the 10 route; undintriperitonecl

D N e & e P
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Jose ¢f i.v ue/; wius rouuired to  rouuce cticn of ‘heterc.isl viiucs of

8i, rificince in the roiiit.

E. apute .iodlotoxigity of lajecten kcloucrive sire sirtt Isobe ss, by lirsle,
apvbicny, Lothro;, «. sorris, Sccher, Jucciscs Lbia L UITLY.

1. acute leclotoxicity of Corjunléd

Ceriuntbd (270 uoy Lulf sife) weo cundnistercu inire-enously intc
Sprecue Livley rots n tac fuileuing wesiies: = 4, 3, 5, 7, eint o0 ue/i. . Tie
Atot.:.a. excretict., rolesbicn, ddstrivuticn, clirie:l ch.npes anuc urvivel tiies
wore cbucies :t Lle vordcus cesug: levels.

Toted e%crot.ic:: sbudes siche. that 1. e weee 9 of 1 Ut/ 1 4L.Ue of Lhe
injected uciu wis e.croted ot the 6 hwur jericd, 13. «t tie ilu hr. roriva, oia
Lt alx necis SZn. Ao the 10 ue Josuie, 1.7. ves oxc..tec ut Lhe H hr. ;eriou, "
Y~ &b the L0 Lr. peried wnd ol 8ix wooks 534 wis excreteu. The urinur) oxe
cretion is « struii;.t iino functicn With ¢ uonpwera trenc. Tue feczl excreticn
resé to oxizur cuocunts ot 168 hours st niich ti.e it nes. oy pPexkiately 45 Lises
the uﬁnai’:.' velue.

dtuuies cn reteniion indicule thal ot the 6=7 uc, rerica Yue of the dose
rez.a:meu in the wndml; :t 3 veohs, 5(}» remeined; chd ol Y0 diy8, 34me The ulslri-
tution of Lhe eiw ent. srives Lhut the liver ird curc.ss cuntiitied the awjor w.cunts.
The idver ot 7 diys ccutuired €C. of the cose; :t 3 weCiis, <éw, wha &b YU duys,
Sme inie cireuss contulnied <5,. ot 3 wecks risiig tc 45, 1. S0 q:-.;;'s. Tte i jor
;ortion of Lids wounl wies ic bone.

a brief clinice: descri:ticn ¢f the belevior of Lre .nic1s Lo sethil coses
of ceriurabd is pive:..

ourvivil studies sich tiii tie sewlen <etinl <use (1b 50) fer 30 uo;s is
tetieen 5 iy 5 uc/i... For 1< uLys, it is let.cu £ w jue/oae  The survivel
tire is directly jro;crticnel to Lhe ucssge receiveu.

wei;ht stoules wre uow in .re uriticn.
—— y
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4. scute Moulotoxjeit, of Jtbiou ~,-,.‘?-

Yitriundd (597 un38) hes odi.lebiCa Ldl Vo Laa) 1.TC Sili ue

vinley T 18 in Uhe follonlig O8LEeb: = Iy 0y 5y Uy e <L ue/ ..o Tiio totl
«.croticn, retention, uisirivution, Sliisci. Cli HLCB | Jiu LUPVIVLA LU8 .00
studled .t tie vericus uos. e levels.

TObea CHRCIPELLIOL SLUUICH Bilhbu Lhal Z.. 4 w8 o OF vhie L. cClew Luse
Wed oRCTOLEL, LnG 8t b wiy8, <0 tu ya o uhe injectew ucse. lhe excretion V.
diveclly :Teperticnal to tie ulsiye iver. The urite cunt.liva e LI The tobol
excrutici b the 4 w:i: ;erici. at the Yuh ..y, ihe ieces Luiu riseu voO ‘,‘-..,,..' of bhe
totea.

letertion stucies ((0~%0 Ciy8) shoteu thet 60, of ile Lot l wus retu.ued
b, tke w.usels witi 5.~ in ihe circiss, .i. in the yisce;, Lidi £e5,. in the fecur.
Tot:.l reccvur; v:ives verc 7. c¢f the injectea w.cuc. |

Listributicu studies shoved thut the Liver cuibidicu o0 L LiC ulBaj
VA€ 8 LeUnj [LBUPU=IILOST lul wriCl Lol,oj T6LUT, we5,3 BO.Ivy Sileen LG ;ug;c 3,
ic88 L. 1. ¢i Lho wcac.

. irief cescrijticn of Lhe cl;z.icz:; ciiects of ,uiric 91 45  ivern.

Surviveil octuales srhcies Lhubt the . eulen luvhol ocse (ib 3u) for J'Oyd'.;,s
wus Dutieen L .id 3 ue/im. the wul..ls rocelviip i ve/.. «deu irc. S FVIR X A7 2
G-, 8 wfuer ihe uuse s L. ecteu.

wei; rL stuui.s shwveu Ll Lhe lo.est .uose (1 ce/gn) weiresses (ronla 4
tuese r.tas. |

F. The ..cute h: uict‘.c;-..':.ci:;'-‘ ul Ll acted aircc{niu.‘..-C(.lw;.'ciua..”. v. Fincie, sethcn,,
.. sorrds, Scerer, JoCUL S, Sivnens, hossel 2o .lcree.

Tve dubo on this ex; ord.eit is Lo dien ;Lote Lo ,er it sy eds b Liis
ti.z. The ~ryesei is s:..ilor to trot useaw ii the ra.oinder £ Lhe S.wuuscs w0 uie

eliceus of orternil .rrociolice o:c. paPest.riisy ubloutcew sutstiices.

&
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LilN8 Lfld 15icrCH,

Iets vere feu ytt.riur.'"* ir single doses ST VTINTT08 ST | uc/(; te Loy rox-
iratel; U ve/wn. The cedicn lathil ucse (3 deys ) for the irgestes yiirin d+

wes fourd to te 25 ue/ii.. Desth w.s ciuse.. by intesbldaci clesuing.  bnananobica

of survivili wnii .18 ghoued r:.os :hiich rug receives f1cs 10 tu U u:./kz.. u s osirgle

dose. ccntinued Lo Jescnstrate intesiinil lesicns =t :M, Guys nd Lore,

Ruts vers clso jdvern  ttriw¥d cilly in & chrorde feedlsn, exiorizent.

The (os.pecs usec s.eve up tc & uc/,f_s.'. for o thrée ;z,mth ;'erio:.;. ohd U Lo 1 uefgt.
ior & aix menth poriod. .iuring whe seeding Forica ihe Lighust .evels 1. icth

the three .nd six wonth experi oris sucweu o sligit retirdctivn in srowbh and e
Lyefpliegarda, At the ens of the feed..n;, ¢f the 5-ttr1un9l the axaw;ls clir.ically
recovered. Twe hundrod cuye after the initisl feeding 8c.e of the :..d.:....l.s &t the
highest Jevels died wnd sheiea sntest:rcl iesicns ot autc 8,« Mo t.u: ors have been
Lreven sdstoiceicedlys st the yrosent tine culy filrowis wna voryiug grudes of
inté;t-in...l custructior. c. n Le relited Lo the Lreuteent,

Cglculat.i_.o;.s huve been .ttocjted Lo dencnstrote the aosuEe of rxdicticn
received b; the lutestinel canul frex Lotk scute wnd chroaic jutr.l.m..91 sxj.csure.
In chrorde r:..digt.icn the ccse ia i proxiustely 5w’b of theo ..cute tbec.use of the
uerresdicn cf intestinil .ctillty byt the scute ex. csure in kigh ccncentrotien.
ihe hijhest chronic uose is .L/.Lb‘th of vhs wsoule leihal &cse. with the SUp re-
ducticn .ne to ircreused kouel cetilit, the zctusl eastsure to tezw rey uwa
is cpproxinutely i/20tr of tie ccute ccse. 1n o seperate experi.ant it wus
Jetercined thiv t¢ uspress _ntestirol rbbi.ity te iie sese uefred s ncted oitor
ceute high: ccnicentroticns of YW1 reguires o rreidoitely v r of xXeruuistia.
(<00 K¥I).

The total uwceunt of the yttriumdl sbsorbed from the sut wus cetercined us

104 to 10-5. of the wdeiristered dosc.
e

1024195
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Riuiiuterraphs were nzde of onice ls'!;!.,!.zlrg. ,;ttz'itm.‘fl el st GELILLO

the lccilizition of Lhe sutstuic.. wnd its efiect,

The Lffects «f Iusoluble Insestec *9l inc Cther Fissiocn Prouucts |

The uudrdstreticn of Lhe irsclutic beti enditeu Y7L to rets in siugie
weute doses end tie uuil; cduinisiroicn by guvege over estonues rericds ..y , re=
wece welocville et lepdcils ¢ .ives i the :uri Lorel ilctus

n uliii8 w8 of <V ue/g ;reuucus i caribic ihenda hu e 1jig Busenic.
o uese of 10 ue/L |, reduces o Lo CILrL ).y e, saac e Netoere;:ds volues Lftur
..d.'...i.:.isz,;'..t.ior.- of .ol o these uuses ore ealre.ely errutic. we hwaboac:icid
eztccte. follet & singie uose of -ess Liwn 1C ve/i . e wrnida is rewuced Ly uciay
tivice of YV in cocunts fron. o.3 b6 2.0 ue Cier o erica of 1% 4l s. A ous-
tiliea irerecse in hetorc.hil viiues occur: wuring tids | ericu of caniseiobicon
“iu iyig hocyte vilucs fuis sachly to o ndndnum ob ou te S0 s,

0 worriolegicud change o Jlirdilcince is ciserves in ohie nucle teu €CLis

OF or,t.roc;tes witer singie (r dudly YL gpavige.

okins, Foniic, bLv.ns
=5 NN ALY

kits, .ace uni revlits tere injoctea irtrarorictoeslly .it:. sciuble suwlis -
of rudduw in cruer to ueteriire Lie ucute Leiicit of t.e substunce. Siruiue=
Dewley rots of < gus. Lo teliit receiveu dwse. froi. G.ud ue/im vo V.9 uc/gin
ALC strein sice (uiles enc feuiles) of «U gus. wvere, e bouy wlizht received
G.U6 te 2.0 ve/gn. CF i fensle i.ce of <U p.s. wvers; e wel; ht receiveu v.UE te
2.v uefgr. miericen Live mile riiiits of 2 hg. wvery; e wei it recedived u.Cly to
0.1 ue/iu..

sixcretdcn Studics. The wucunt of ruodium exereled i, rits veries wi. .ctdy

with the uosi e used. 1n the 1.6 uc/ n ¢revp o 55. retentici ¢f Lhe r.ouium wis

fourd et <0 wigpw whide _n the rext <un wops on o aiticnel l-<. oiily .5 excretec.

17
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. Fw)
The ,ercent: e of cteilic. .ecivisew ™

Che e sC Lict b uiw Gald ve/f ya
level, & rebortdon of cndy 5. w8 fouss iU .ot

In .dce b the &0 uc pu St e 16Vel . e reteniion w8 Lcted LU oueth
which ccouireu in Lo wevis ofter the injectic. . Tre jerceutege r..'t.em.i«..-; ug-
creugeu ith tue uose widi ot the 0.GO ve/pi. ievel, c.iy iC Lo 15, w.s found
et deuth, A stroin differcrce i soter Licn wes fcx;n-.'i. The CF 1 mice shaicd
ereslor weereice in retoaniic., niti Ll ucher dcees thsn wd e i .ice. o sox
wiffurence v.s ncteu.

Lilitel unciyses cn Lhe reicits (s.iil series) ismuicitus uhat Lhere is o
Gecrecuva retention sith the woier wesee.

The Lotus excreticn i o1 thre. Gy vCios shitutu o detiuinde Liich o5 exe
jouentill .itl t.ize cut ve L5 deyS. |

Listrituticn cnd hetenticn. Distrituticr. stuuics curried cul cu rits

only showea thnct ¢ fter ¢ shert sPeliionery rericu Gta of the Lotzi Gose was
teurd i the skeieten itk crly 1. eisenherc. In SULe L.i.8 .here _rerecssd
cileifiacticn hid Leen ciused .1 .oit tizsucs (corte, ly.on newes, fl.rcus tissue),
this caleificuticn wies tiernced ©y & prewt ineresse ir tie waiunt ol ruciuL. e~
Fositec. as ruch ¢S 5 to «U. of the teiel woue Wi Citen larpg in such Ci.'.l.c..l"
ficuti nu.

QUrvivis stuuies stclea Lint longt. . § liic & @lred Lo weCatlse ea, L Lntianll;
With the dcsuie recciven. The .ediin .ethel swse (L Suj ot LU w.}s in Lthe r.t
WS L oreeliaucl; 1ouelinolo Ve hb nnd it 4GU doys, o prenl.ited ol s/
The curtivel stuuics wuilce vere cliost 1acpticei wali. tlose in the rots. Lo
Soi w.liiroances wese nltea. 1he JO8LLC vubl d: Lhe rioilb sludy wes toc -l to
eliect un LU Sy,

Cilideald clserviiicis on the Lehovier of Lic ithrec s,ecies .re . iven.
&

et el gy pry
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wedg bt lin 08 L rite Sucl TRIUItTUE Seves L walld UG ile oli waisCl
(Zuss) .8 nebea, Tids oS .roclivieiae (4 valo Lo/ dn . Lt Uiy g eldta.
SL Adir Ciufi ve woPe CiSurVe. L onlce,

Fithedogicos chimy us nictea tere Lhe weveicpacits of culedfic. i o U
vhe wesLpe of Uex ue/, o odrdiun Lo o cxiilic 0b Gech ug/(z. These icie .cst
coroh i the staaeck, Liver .na cecisiiocil; .estlelec.  aortic culeiilciiicrn
La8 et | rosuncec Wb wepl .avels (0.5 te 1.0 ut/pn) cna cceurrce . rexioliel,
Wb tie <L an, ,coricus The rerciiuer of Lie | Lbicaigleis Thiy8 =Pu Sl cuer=
istic of tate zurrov weproscicn vhich 16lichns roclue we, Ouwdiiciie

The hemitiag ici. cher:es widch tore niled uere Lrjictl o1 Lioe ioroidy

Jdescribea for rouiw. ;cisaidrg,

J. The bffecis of Inteled Xencrndd3, i iiruus, hiocies eud Jacobsin.

all ¢ Feribus vi.s Lose ro. tor the exiesure of idlee thia fo.onea ,2.5 to

resic.ctive xenonld3. These wniiils vere [ive. ex osures v: Lo .o”2 curies/ce
for ;cricus u: to threc weeks. T.is iuvelved & feiiLML uUSuie of TW0 re, (rcem;_;-;n-
} e.uiviients—, ;. ioiciic.l).
Cf six wnirals (reis) ux;rsea, thres died. No evide.ce us to the c.use of
deutl. The rencirir; (hree =uinils vere sceri.iced .. .0 Listeac,icel eviu.nces
of uinipe wore funu.
»C newstoicgicel clict; es were :oted.
Tic ;ulnes .igs were ex,.sed l. the siie .y to silinl, .cwer _evels.

ThLe resnlts of tiis enperi.ent vere _iusenise neputive.

K. Redic cnd Chedceld Toedcity of Voricus Fission sleronts ter Geldfish, i
krossey, Hagen era Gru:..h.ouser.

The survivcl tices efter rciufish were Linmersed i: sciutions cuntililng

snewn concentraticns of reuiebari i~dl-lonthinumidl;, nd cirontluné? were uetcrsmined.

A
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The yute nive et ¢ Ol LOGL w.llysCd swiilcl. aba, Lo rojurt.

Cem by Scibert .u. abr..s.

In cn Gbteg b Lo esti.tu the .cule texdelty of dcsciuinie roGic ctive
saberdus i the <UnEs, roLs . re 9K G304 Lo SupRes claladidag o795 i Colth,
Grours of o gie rets .ere ex;cae. Lo the [felic.inp woes: Sedy Ay vy D
<W Licrwuries “TrLt. we it icss s Sopdalicont cody i Lhe clu .—Creeirie
rits. These hiu .. .eui. SUrvivid tiie of 3Y wils cn e vda Ubu wolhin leu
di.s. The 7 wierceurie riis heg o Baali. surmivel tise Lf «€e wiys, hLile L
sorcert of tie ik zicrocurie :niiils u..e still La-ve Lter W ug s,

u8 Li8 been da.cosirites o) Lr.cer ex;é,ri:..cx,ns > -bsor ticn i the lunyg:
WS slov, .'.x.-.'_liVer Lld siewelun nere the dTecll, 8ites i o (Sillui of he
vhsorted witerizi, It ves ot ) éssitie to shus hy wef pite efi ot of wcwe oL

distribtitic.., Freliviner, tistcle: dcud exw.lictiorn reveulod scio tendenc; for

tle Lranchill eritlheliva Lo ULLCTEC @ 8.UinCUS | relifercticr..

iz _the Lung, L- ! i, uhi. Lisco.

Ne Lite bffects of bote Loitters rtoceiizow
N-

Rits wiich hove inhiicd sencertralicns of rolic.culve cvbrlum Y4 ng
cerluctbh (re buirg iolntiiree Lo the deveicizent of | cosi.ie L lent e:fceis.
b tiie resent vi.a tie wisils Lre Gbild SUPVIVILE wia .0 ;-Thweonb or

cuciusive iiforruatics: is Wwilalbie,

cuby _Andected Strontiunly on Lil4€ AL_DilS, B i YUsser,
Falnter, b\..Lft Jaccbscn cnd bdwords.
2i skl SAWLIAS

Ihis study nes net been sulficlentl; wnel,zed ot tre Fresent tize for .

any repert to ke giver.

~ e A
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S: lenecbedzoud  ne hon=

Irovicus oxperirents with stratiun®inia sicui. carked ue, ressi... ¢f the
ieucceyte series (.u it effect on the er;tirce;te series when tiis sulst..ce '8
L.)eoleus o jesaible ex;luizticn 1.3 the jresauce ol or, LidtpCoLic cvuaiity da
Lhe 8; o0, accordinply tho cxperiiont o8 repested witii 5;lecseit.dued wiLiis,
shd while tihw cuntrel mix..z..is rotadnal; their s .lecns 8i:ic.ew nornil er.tirec,te
'cou'ni';a, Llic ¥ lenecteidsed srovy Lecine ropressive.y wors whecic. Tuis cui~
fir.ou the resence of fureticning erjllrctlistic wetivit, us .revicusiy ;cst-

ulateu,

R. : Lorelye T it A woabelou i -he ‘ ;v Jacbe8orn wrd

# pe.ychthecic stute is .nduced iz retbits Ly the cacdrdstrerion of

cobelt. Such a stete is trected i.ith i3< wrd bhe ;cssille effects rcteu.
The studies sre in :rojress .t the presenmt tiue, ind no jreiicicury

Lort c.n be given.

It wus desired to incw ws te whether wixtures of the slugs usec iu the

pile process contuined cler.ents vhich right huve a possible elfcct on tho hezis
telopicus cerstitucnts of Lhe bleocc. accorulr oy maxtures of such siugs i.cre
dissclved wnd edven Lo anklwds L, ...t.o“.ch tube. '
The ucses cf this iixture e.plojed runged frow ve5 Lo 3.u uc/gu body
velght. Foliouing ingestiun of ¢ siii le cose ¢ deprussicn wes noted in Lhe
leucoc; tes wid lyrihocytes which rosched its wxXinna in 16 to 20 dogs. The

observeu dspression wus ircetl; :rojortic:zl Lo the wose in uc/ju.

1026200 /4



1. The ute Eifccts of Lijucted m s, bi Lrucs il sisce.

. . % o e g .y, ’ ..
Streitit, &7 s Ljetbua Lol WOio a a8 L8 ndih 8 vee ve/L.
Tuvse widn.es ore Lo, dsenved 10 Lg WViel il €3 Sllull Cllule, | ald-

culory, lbrere Luners.

U. The i.te i.ffects of S ic g of otpasiply, L Lrues,

Frouce, iicce ana Finle.

Tie Jot® elfects of sii,le .coes uf stre.tivtV corres, via cicceyr, Lo tre
Ccflects of wi. of Lin 8:.@ weed re.ectew ot weelhly Jiborv.ase. stroiiotncY.in
8il._iC ubued of ) il Dev Lefie. uhia o Dopoiteu wCee [ VWL ;1:4 Lev ue/, o
resuabs Iio.owory oph licleence of e buars. The rordian 1 otoent Jeriod fer
the ueveirc.tontl ¢l li.ese Lwers is < ueyu. ln. twe striins of iice, the Lue
tw.or lrgiwence L. Lhe survivin, oni.cis ore roojocbivol) sbw o €ue. This s
tuch L ner ti.on the lrclience -, Lice ¢ the 8 .e siroin wlieh e caver, reaiun.

Ceeusicniir, bae tucers hoie courrca folicadag woute w8 o0h oS 0.5 uc/y .
tiven in a siigle injecticn. The sutont ;.oriw LS I8 YA Y RN Z T A VIRWAY- N

The inclaence of weld;mubt 1y, i it the t ¢ stri..s of =.ce is signiti-

cirtl, tut not gre:tly incrcice. ol hirqher Goscs of strontiu..

V. Lite Histe oihcic,, wvue te Lijecteu Streniaur®’, Ly Bicca. LeoPel i Helier.

Thds stugy is iu jrejorieie. tub ueb ) 4 reoe, te ro, ert.

we e Lite citeets of Inecieu sicuivi, b brueg, frince, sloce oo Fiiic.

Loletpende serec.as fove el Iilha in Pibs ot i€ iich woPe lnjectou

with rodluc ing survivee .ore il &0 oos. The inciocece of touors ut tie

virious ucs:ge levels is .5 felicho: - ot the U.03 uc,; i sevel, 50 cf U .lice;
ut the u.Ub uc/ i sevel, 5. of <U rotsy ot ull uefiin, . of roilits ob WG to
(50 wysy b Lolc ue/;z 1a.50 of P tiits ut O wi,8e (L0 reilits i & ruttits

usea in the ictter tvc series).
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St bk e

Cudeiticition of the eorta ciw <2oriil Lreo w.8 cliservew i. rts .dami

~ice rucwlivii, uuges of rodliun ullen jenaibbed Lile Lor L:;ex.t.,_ Ul . le G, S
T e .iXized dtcaucnce of tics flaanlin, s .8 tet,eon Lie uwluif® Iic_CJ (2 Lued
wnd 1.0 ve/:. Lo, woigit. Those cuaciticu rejicus cuntil.oud high cucerntr ti s
ol riddon. o8 noted | revicusl; ciher caicicdesticw viele Lt Li the adwer,
stc..ch wid ccecsicnili, testiciss,

The nerelclegicel firdirn, s shied bt Lhe enliils ded of Lo Lpeasbic

woids . TLis wig csseedrtouw it waere ¢ euicictic...

Y. Logis oiftects of Liiovatoi, Lont medltors lTotboees labe Lue Oaai., by blues

uLa Flr:ie.

The eri i ex;ori.ents .ore . uvite visuiiofictir, aha . Ve UL re.dcetilie
rewuils.

» Len experi.eul usi:ig the stlculiewus ood datruscuncr lnjectivia of
yt.t.riu...‘/l"..os,ha.t.e whics ds wuwite Zuscliiic hive beeis sterted. Frediniicr)
studies iuuicite Loit Liis oL plun s rectdccliy dotect ob tre lzjecticn uite
a:x wortls ddter its Lrtrcuucldern.

broelindnoer, re.usts wre (wedbd.f wnciysis.

Lebenlus, .. ccberitor 2aCC i

agielsxki, Jucchsci, deeier tid Si..cns.

1ne uifferences in the cistrituticu of _lviciiue in rits ond wace lether
civen es 1ius 4 nitrote ¢i jlus 6 witrite were rol great.

~ice, rrtbitd (nd ruts vsea. ln’ecteu irtrivencusly. Eots (vpregue
gawley) miles uoses CL.U3L Lo <.U ui/g ef +4 hitrate (L.oUl) = $.135 ue/p) wnd
+Biitrute .nc Citrite; mice .LC r.les crd feoiles received L.uly to llug/g of
L uitrite wnu 6 nitrote ano citrote (W02 = 0.05 ue); revlits received U.. ug/e
(0.ubs ue/:) of <y (ilrite wnd U.l~ubl fo #6 nitrste (.uG63 v/l

«

at 4 wiys olter iplecticu <Uae of the dese wes jcund in the slver of rats.
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NA ithJCU. T.e g ivet g Ll o Lauaﬁl; YELL LG Veldlid i o, 2L dasted,
Lov sone cunc.nbri Lios | or ,rae o Jdic bhe tiver. The suovie of the  dvlcaiu
fru. the . oft Liugues wis vir.cl.e tat.C THOTO lo 1SLi—u) o wCCXuluC il cll=
ceutritich by o fueter of 10 o U il L u e, jub Cltel Livers .ctle Lo found
thet cerbiloed b L wiys wo tveh L8 Ju- ol the wver. e initiul cucentr Licl.
Wb other ti. .o tie L. .2 tine ol liver g.crebich wio dn Wi 8. Loe Jivers ..t
lmvericlyy cdil reb: Jwa 1 te 4. of the ucse zor w8 loig -8 <l <o, 8. The s, leern
W AL UBLLLA) WOl lldBe (L L. @ S5L.e by L8 CF L@ ro)idly L., Wiu Lhe Liver
Ve i B0 oy Lie B don. L Lo ol e LiBas crabidilica W8 Luchk L8 5 venes
tue cuncontrovicn L the siver ol o G duys.

Eoicvil froi. the wuit tussucs .8  redu.cliy r o cnsgilae tor tic idin
lovens founa iin the liced otraii.. In roitits fic.. Cug L€ veinw of the uo. e uis
8L.li i circuaiticn @b 4L wuys ri.c 4 ritos Cole wWes in cireul.vicn it iY
duys.

In ruts the lutcndui. souviig the soft tisgues .8 icrici) excruteu siice
tiere vere uecrc..es in the s.c.ulen irc. the ecrs, il rres. Houever in .. .ce
b lecst o reticn of tue | Jivtiidun rewived frow the iiver .eort te tle sieleln.
Tiic fuiltre of the tecil excr.viin oo | iutent vithon o lew. uis Jfter .. cetien
wes  robiily aue to eacretiun of the ; Liberdui. .civicy the .iver. hetenticr l..
the sceietlin s froi LUe to 50~ in ruts und fro 3¢ to 50. in nice.

wb SO d.ys ue cuition in the sie.ston .wverc ed Lo, of the rct@.neu WG s
per p. of Lene wshe 3iigitly 5l her ci..ciniiivicns ore fowd . vhe 28L P oou
tioricic secticrs of the ¢yine wnd i. Lie vibies willee 16hor concenoroticnw were
found in the ridii, wwuil, je.icres wnd rivs.

Intrerusculer dnjecticn of : lubcrduz lus 6 nitrite ic .ice re.c-led ir
LuCk s.cher ulscrpticn. <. wus sisorted in 4 uays nd 4om in G, weys. OF tie

“bsorbeu poriicn Zus wies icund irn the iver Ldticlly. This ducrs.seu to Ly at
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O wys vt ;rbbablg repregentea a bidonce tepucnn wcemilobith wid Poniver LI
.8 aiver, 7
The wstriluticn cf | lubdniun ; iven <hbTiyeritenonidy 16 Lice wis siudlur
te thit plveu dotruvoticusly. The cLaer tden .8 slower wid wes nut cou..lete
utbil scretine cfter 4 ucys. The citr:te wus cbsoriva sore royidsy thon tho nitr.te
ofd bie sulse.vert recvil fre. tin suft ti.sues ies Lure roiu. Tie Livor
initicdly coslecteu ulcut 50w of the co@.
hs ulth the irtern:l istrilutic..,, uilforenc.s i:. o.eretica ufter antru-
vencus ¢r lutricorulic injecticn .ue Lo viriitions ir the sclt or viience ucre
1ot striiing. Vurlations nithin piven sorics ucre reletivedy sorge Lut iude;wndent
of tho cecse cr of briin, ccorulng te Lhe .ato chteirew. Lits wud  ice éxcreted
ctout Ve sw.w wo.tnt in 50 uuys ro;crdless of tie giffercnces eumute. The
1L dteu uote. inddccted chit ruliits eccrete -ess tiun rets or ice.

Ruts cicietod 17. i Lo Giys wna <a ii. © wevks. Tie deees Lo urdne r tio
vis ot S to i. The 1eci. e.creiidn icveled off uftor LU Gy 8. Thé rute of
erinurg wiu feccd excietiun Lt iU Lo U uuys wes ctewt G.Lun For cey .

.dce excretcd lew li. tie 1irst o teeks wna . 16 10 vocus. Tie rate <t
1V weeis 1o Llout C.U7. jor ay.

The excretiorn of ;ivt.riwi. cuginistored intriouscucurl;, cnd intrp;erie
teneilly to idce wus not fou.cica. |

Eacreticn cf tue ;.lus & n.lr.te by rublils s 4. duri.g the first 1 a8
afu b L orete of fra UL0T to CuiSe fer uil & 50 vedis. Tie Leces to urine

retio wus Lot < to i
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Lie Survivii wuu Groul.. of i-lntL!.Lg gz!ect,eu ardi ls.
M

In rets the 30 doy LSO .:s Lheut 0,52 ve/es GU uly, ouly slightly less
wid ab v oauys, 0.063 uedy; ot i de3s 0.051 ue/;. Some of the lcwer aocwes
0.016 wu Lot uc/g w.reurec to be «ethel tut deut. Lue te Secua.ry infection.
neicht losses ueflnitely cetectiile -t devels ¢85 luw u8 UL 0fL uc/g. At
taxde iufeis tie i dutendun. coused | strointest 5.l tess:rhige il hypope:.

OF weeorrtiige of L3 b nodes wnu (otcus. At subicthel levois (AU dogs -
longer) severe cbropiy ef the testes, tlyius we Spavent (ils¢ nuges) s

noted. Gross liver datifm VS nobeu Gonn be & woce eved of L.Lu, ve/g.

Skeletil le.icns nctoc b U.031 g o.C16. Lrd: cue cstockenic cnd 3 woft

- tissue tu.ors noted in unicels fdve.. L.OlA Lo w001 ue/yr cue wpdng . lter 15u duy s.

In idce the 50 aly LS wis cheut Q.01 uc/y; 0L iy vo.U75 Lna W oLy
0.L09. Lower uoies nct JUn iobhel wp Lo <0 aZys. welyiit erlfects noted
A 0.031 Lut ot ot C.0L6 «fter oU to il dyys. Fethiligy vns siidiicr to
t..t wobed Lor rits.  G6.G16 ue/g cousey eatersive grejig of hukr in abC .ice ot
120 te «0U Guys.

: Loses of C.uGuy ve/y wn. below wvere not letheld ii reibits u;- to LW ag,s.

The Ligher de.e cuusou o sloi stewy, el it icss wlter i<l ORY-

The ifiects of 15y estua i sttoldurg
W

Hits uere piven ;lutcnic,. ;468 & rdtreve ot Gasl ue/g omi o 1us o adtrote
b w05 uey, orcli;. A single iwuse was ;iver. 17.2 ue/g .nd wnilyced ollor
<b Guys.

(f tne irn,esticr, exp oIl ents wieut U.3,. of the L SUcldi Was cbsorbteg
frci. che gustroiitestin.i CLnidin cne erperi.eitil Lrotp wand oen W oseconu

«roup in vhich tiusues vere Liilyzed on s.ount cf U.CLJ.. wu8 found.

In the idgh do.e scuse exreritent Lhe iicunt (lsorbey WS Uegn of Lhe doue.

Ho undials vere lilled b, the | lutiniw: iiven. lio diffcrences beticen the

S — 1%
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The Effects cof inrestey rluten -

4 znd 6 vilence stutes uls oted.

ane  acubs Texieity of iuhcled flutordun. L[ abress, soiliert, rorker,
Greenbery, «rd lisco.

Fluteniw. in the tctrevilent stute wnd in the clsence of L. lening
weents wus cdeimsstered tc the lungs of ruts by truchedl irdubotdcn
of acluticns. Five grou;s «f aniiuls received ucses runging fra. 7.5
aiercori.s to U, wdero.rins ror W gm reb. all of t:.csp Loses ere
lethul the .eun survivel tiie run..p fIL U3 auys for the iciest dwe
to &6 duys fer Lhe nighest. lph:;iation is Liw icst dungerous route.
of wududnistration, the 15u di; il being caly C.1 thit of intrivencus
injecticn.

Cnce in the lung, Fu secmed to Lo tigitly Leund. Even efter <10
days, <5 percent cf the initi:l uose wius still in the lung. This nuy hove
been due tc the laflued und cuigested stzte .f the lung. A;.{pro.\ia..atels’ :
45 percent of the iritius ucce tound its uay Lo the sueleten.

Except for the iungs ne civicus ‘:.athcioi.ical chunges were seen in
these unisuls. The diucge ;reduced in the lungs wis considorcile in ald
aniruls. At wus chu;act.erized by severe i:fluutiiicn, necrcesis und
ubscess forrutlcn. Anirsls surviving & zcnth cr icnger shewed tide-
chrerde inflamction. This vwes wecorpinied in many onirwds b, &
striking s.uuncus metsrlecic of the treachicl e itheliua which ofton

shoved renuristle yroliferstive activity.

i /27
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when pluterdus is glven by the ccidndstroticn of the (lus 6

citrete (by lung uri;) uifcctl;; irte the Lung, ot (G4} Severe | Mulchiry
chunges .re yreduced but slsc those c‘hanges chzricteristic of ;:AJeéteu
~p1ut.cniun clsewhere in the touy. |

 uhen insuluble cuiscunds of slutonius (such us the xide) cre
W, t;ha N chclu(; ig dilted Lo Lhe iunp ena consisys of seetiersy
' _cmsoliuad'clu-t.hrcu{,hc-ut_.. the ;ulctir; tree contuiding rilher
chu«étarig.—t.ic eo.r.l.,,' changes of jim-oscbgvic neturs.

The results tf the ;resent eiyerisents wre rrell liery win sufficient

tim h;..s nut yet elypsed fur the uevelc uent cf luriler ulter:tions in the

lung by the deposited pivtoninw.

Plutonit .-.-1‘ vis evndndistercd Lu the rius 4 stete Lo Sprugue J:xdey rits
vy lnng drip. Grovpe cf cnirais wore giver 31, 13, o3, 'l.'s and 0.5 ue/g
'x;or .rat. Hcm?;doe;lccl studies cf the rerijhorcl tlcod ci‘ these nnia..h
worc Lude berér,p_ und 'aﬂzor trestuent, - Lecth of the winids in the
greup 1.hi.ch‘roceiv.ou‘ 3 uc 7er rat  reeluded ssrylling t:eycn&!& duys,
Frier to desth, Lowever, un inltici rise in ko egithin cna orythrecyten
an& keterophils, & dcué df 13 ue/ret rro.xced an wnemds, iycphupenia
aqd heteropeniu ns.tblned‘throudxmt the &l w f chservitica.
Hematolcpiesl studles '.'.'cx"é Eegun on the grours ni.i;:h vere giver 4.3,

1;5 and u.5 te/rat sg-;roximgtily 50 days cftor the wadnistriticn
| of the rzzt,eriai. Thé blced studios <n the grcup whick receivec Q".s us/ret
wero within norwul licits ina ran.isned s thmgﬁout rLre tha, .200'{1;.:3

- of obseyvetich,. o yuesticriliy ol rificant redtzctich i hetercini.s

1024201
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and o lyg biopenic wes cobservew ietveu the Luth nu &Uln asy iu ke
Lreup which receivea 1.5 ue/rit. buring tlis s.e ;ericd Aownelie
heterc; il reuuction iru 1y ;hegenio cecurred in the  rou;s which iere
civen 4.2 uc/rut.

CC Physiilo;icel Effects cf Injcocted Pivtenium cn vops

By: aser, lziater ssell, Jaccbscen, Schweytz, Rarr

Legs were injected with rlutomium plus 6 citrzte and nitrate int-
travenously and intramusculariy i: woses fra: C.075 ug/c to U.756 ug/gm.
Twelve anirtls were used it this series., (f thg five ani_ :is receiving nore
then 0.35¢ ug/pm, three died vwithin 15 to 16 days cf the injectdioen.

Excretion at the fiftuen day ;efiod veried frei. 6.935 te 24.55m
in the high dose animals (0.287 to 0.756 vg/gm) and frim 6.0 to 14,9
of the iow dose zni~ils (C.075 uwg/em).

Listribution studies showed & concentreiicn (in ug jer . rao of
tissue) were hichest in the splecn, liver, becne and lymph node:. The
apount in the liver wus 34s. of the cose at tie 16 cazy ;eriod fcr the
1lus 4 nitrite and 25.2. for the plus 6 citrcte, The liver value
at 234 days in one a 1 was 10.9%. The ccncentraticn in the sypleen
in two anicels cxceeded the liver cuncentration. Lymph nodes i.ere
relatively high .6 rlutonium centent, The pastiro~iutestinal canal
and kidﬁeys were quite low. The femur cont:zined as high as 6.27. of
the do=e at 15 days. The hithest amcunts in the tissues (excludiag
bene) were in thuse rich ii reticulo-endctheiial tissue. The amount
of cbsor:ti n fro.. .tracusculcr injecticn shuviec eonly 1. &b the site
of injection in three anincls.

A gescripticn of the ciicical fi..wings imi.plutonium peisoning is
tiven.

Hematclogical studies show that in aniccls receiving al_h .oses

SESREE
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with early death, Lthe total leucocyte count dro;jed te iess thau 5.0
cells butcre death. The heterc hils ct this ti e hid &.ost ulsappeireu
an. the l:. hocytes ccrstituted zi.cst 11 of the renciuir,, celis. In
the curviviug wuiiils there is wn iuniticl dopreusicn of ihe ieucce;le
ceunt followeu Ly a ieveling off to z subnor.el coune. a Lerwanal uro,
occurs 1. .esiately tofore wcath. The '.ijhucytes renci: it a

y; reduced level durirg the entire exjcrice:t. It is sugposted theot the
extrezmeduilary ryelopoesis cbserved it sue aniuils ucy coutoibute
to:ard the maintenence cf the virculevi.._ leucce;te lovel. 1In ithe
scute anircls (dewtl within 10 ways) the reticuloc; tes zlucst disa, pear
iurediately ana are followed by 2 slew reduction in the red tleod count
and he.oglotin ievels. In the surviving enilcls ot idd dosege, the
observed phenomena rese.ble the i<.5 r. daily x-ray anivals. At the
low levels (0.075 u;/ i) no effect on the red blcod ccunt wes ncted.

In the acute dcaths the Llood volume ircreised ziler the _lutorn-
ium was simin.stcred. The red cell volumc uecreaseu at the sw.e ti.e.
A dilution (b; an increcse in the plasrz vuliune)sserved to maintu.n the
blood volume .a.t. the siightly increased or norrii level. In animuls
surviving several months the totzl cell ..zss uccreased tircu hwt iife
with a parallel droy in the tlood volume. it Lhe low dose,es nc chenge
in the blood crplasia volumes vias noted.

All animals lost weipit steauil;. The interreui:te .ovels shoved
a phenouien of loss wnd regelcing of 2 :orticn of Lne lost weight. The
low level znirzls showed nc chunge in weight.

Potholog ical find_ngs shoved that befcre death hemcrrhe; ic phencena
extensive edera (inclu.ing ascites), orzi ulcerztion and lile chenges
of raciition ucmupe of severe ncture lere ncted. iiaciatfgancccurred

in su.e of the lower level anircls with resustant trophic ulcers.ions.
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The ;athole icel exwminaticn &b seath s!;mlﬁ.- ;nat the wcute ueaths

reserbled tlicse .f hi h _cscpe x=revicticn eicest that the hewcrrha,e
ic less cuaen.. The ;idelevcl anircls show . ariod anemic, hee rhage,
Liver diseu.e, escites and enacictior. The iow level anisnils shew no
reaiation effect.

The Late iffects cf Injected rluteniuw in lice and Rots.

B;: PBrues, raointer, iisc, Suifi.

The late effcets of the injuctiun of ; lutcriuwg in lts vuricus

7VD.

forus c.nsist of the deveucp..c:it of (1) bene tuners and (2) iiver
dlseuse.

Bone tucors hive occurréd in inci.ence cf up tc 2540 of the
ani: als treated with the cpti il Jdosege rong. of betiioun C.5 aud .05
uc/im. One turor has beon cbserved at a level cf 0.02 ug/fiu.

liver uiscase stcus its caxiuvum incidence ¢f 5.. at the ctove
o: tical .vssre renfe. tstholopicael exam.naticn shous Lhet Liver
chuii; @8 cocnsist of stre by cnd dogeneretive cr regcrnenilive Cuia.ges
in the jerenchynil ceils. This often re.uits in the devclopiout
¢f ascites, wnasarce wrd ‘auadice. ‘

Bone tumors follotiing ;lutcnium administraticn usually &;peur in
tre axial sieleton (vert.elvre;'e, relvis, Jcw, aczpulae) in contrast to
the typrical long Lene (e;i hysecl) which develceys foli.vwing strentiumb?
administroticn.

apdustic wue.da is a coiren termincl resust of ;lutonium auwinistreticii.

Following the subcutancius injeclic.. ¢f pluccnium citr:te several
tibrosarca.as have beer. chserveu ut tie it jecticn site cfter 400 usys.
These have z;1eared with doses as icw &8 l.. ug/gz auninistered.

7 FF. The lste Effects cf Injected Flutonium on Logs.

Bryes, Fainter, lisco, Svift.
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Atds.ass vhicl, have ;’.,re\!iCﬂb!.‘,! @!eu injeettions of ;iuteniu.

ure beir: foiluvieu for the develc:.ent ot ictent etfects. Su.ficient

tire Lus ot elapsw for evun | redludoery anilysis of data.

The biolcgical measurencnt of Flutconius wve. e Lo the Liver.
By Urues

7 !'Jn

The worjroiorical picture, radivcutogra hs and riuctoniw.
concentriiion of the liver ire being cumpered in & series of iniiwls
freviously Lnjected with deses «f plutoniun wihich jrouiuce liver injur;.
(Lher ani.cle are beirfp treated with tete anc gai..sa emitiers to ueler-
sine the coijurztive irjusicus eifect ;roduced,

Results are still in the jreliminar, steiges and have becn briefly
discqssed under several titles.

.0 fhysiolopical or fuiction:l studies are cautenplited.

7 B end 7 (U The Kftects <f Flutcriw. ¢n Eiz:.ne 5 stens end Tissuus
Letabolisc. By: Larre: et al

fhe ettfect of the alrha rcys (- lus cheuicei) of ;lutoniun
conpounds on enzyre s;stuns is sidlar te thet o= previously described
for x~rudiztion, nermeiy on the sulfhydryl systems (SH ;roigs). The
relative effect has been determinec as & ;roxiitely 1/10Lh that
observed with an eculvelont amount of x-rzuiztion. That this is due
priraril; to the alpha radiation is presureu insascuch &s oliniun has
ap; rexd..ctely the sere eifect as aces (lutocadus.

The eifect on tissues is like.ise nct as marked. 'i‘he chenges
in the tissue ictabclisu cre net siiiler to heavy rwtal (uraniue)
but to thaet f x-radisticn. All tissues excert bcne vicre aifetied.

A general denaturation cf ;rotein vizs prcuuced with liovy expcsure.

Siiien /32
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Jaccbsor, Si.ions

¥F. Biological lenitorirg et Clinton Lilcrutories.
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Co.PLGORY 9 STULliss Ul UhnteZUL CAICITY i Sluilal taPals

The Toxdcity of Uranium Congpounds
Tannenbasus and Silverstone

The Distribution cf Ur:xxiwn‘-’f‘ in the Tissues of lice Follicwing
Isjecticn of Urenivn<22 (;lus o citruste).
Ta:ncenbaus: end Silverstone

The .dcrcfluoriietric Leterndnation of Uraniun
Irice, Ferrettl wud Schiartz

Uraniuws bistrituiicn ir Tissues of Experinerntal animals
Frice, Feretti and Schwartz

The Effect of Urznium bxpcsure con Urine Cetulase bxcrction
Katz, Holt and Schwertsz

Uraniw. Excreticn Studies ii. Hwaan Subjects
Ferretti, Frice and Schi:artz

The Effect of lctal Exiosure cn the wacretien of Naturally Cecurring

Forphyrins. DBy: Schwartz, segaria and watson

The bifect ¢f Bone lLarrow Sti..ulatict on Cojreyerphyr.n bxeretion
Schwartz, Glickuan, Hui ter and wailace

The Effect of Uranium on knzyme Systens, brotein and Tissue iietabolisi

Barron et al.
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A. The Toxicology cf Uranlgm-Tan_@nbaum gxa Silverstone.

This report deals with the tox#cclcgy of uraniuc ccupounds followiig

feeding or injecticn into mice. The criteria of toxicity iere; srpearauce

of the cice, weight changes, gross and uicroscopic pathologicel changes

and mortality. The urcniuam content of the crgans and tissues was determined.
On subcutanccus injection, urenium ccumpounds are very toxic. Depending

on the yarticular strain cf mouse utilized in the experinent, a single sub=~

cuteneous injecticn of U.5 to 2 ug. cof uranium as f_,he mitrabe, produced a

mortality in suue menbers of & group; 4 zg. vias lethal to ail zice. Strain

is a modifying factor in toxicity while age and sex play less izportant roles.

Injections of the above-mentiomed smounts of uranium produced an acute
intoxication; the most constant and striking rathclogicel chengeswes an acute
necrotizing nerhorsis. ‘he deaths cceurred during the acute :Lnt.oxication
(Lirst two weeks); othervise the iice recovered more or less caipletely. The
main sites of uranium accumulaticn are the xidneys and bene. Disappearance
from these orgaus is a slow rrocess. Uranium is excreted in the urine and
feces.

In the ingestion experinents the uranium cuspound wes incerporszted into
the ciet. Uaily dosuges of 10 mg, of uranium as the nitrate prouuced relative-
1y low toxicity and no mcrtelity, while dcsages of £0 ig. of uranium deily vere
toxic and lethal. It is clesr thet tne relativel; lovw toxicity cof uranium
compounds in ingestion {courared with injecticn) is due to the low rate of
absorption of these ccmpeounds from the gastrointestinal traet. The nuture
and dquration of the intoxicstion, the ;ross cnd cicroscopic pzthclogical
changes and the distributicn of uranium in the tissues vere all similar to
that found in the injecticn studies. Urénium zccumutates slowly in the widneys

and bone, and disarpe:rs slowly aiter the removal of uranium from the diet

— 135
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Studies on cozpurstive toxicity ecl thit i following ca.pounds

msy be grouped with regzrd to their toxicity on ingestion
UGy, U30e, UF, are non toxic
UO3 is toxic in high doses
UCl, is non-toxic in ..oder:te decses; taxic in high doses
UGz (HG3)z, UO,, HapU2Cy ere toxic in moderate doses
UOoFy is toxic even at relatively low dossges.

In considering the toxicology of uranium.cc&péunds it is necessary to
clearly distinguish betucen the expcsure to uraniui, the presence of uraniun
in the tissues, znd uraniuc toxicity. The lack of relaticnship of Lhe auount
of uranium in the tissues and the state of intaxiceticn st any cne time is
discussed. It is surgested that the zcute intoxicaticn bLe considered zpart
from the subsecuent ccurse. The significance of Lhe anions of the ingested
compcund is discusseu. For example, it is ;robable that U2 is nore a
problem of fluorine toxicity than uranium toxicity. The course of chronic

uranium: poiscning is still tc be reco;nized and aescribed.

B. The Distributiou of Uranium?32 in the Tissues of Lice Followin; lnjection
of Uraniume32 plus 6 nitrste. By: Taulienbsum et al

The aistribution of uranium?3? in the tissues of mice following a

single intramuscular injection of the compound was detcrmined. Lice
injected with 1.5 microgréms cf the conjound were sacrificed for

analysis in two weeks; mice injected with 4.5 micrograms, in four weeks.
Approxinately 900 of the nalerial was excreted. Bone was the principal
site of accumnlation containing approximately 70k of the retained amountsg.
Kidney was next in importance. The liver contained 15 and the other
organs & lesser amount. The distributicn of uranius?3? is siidilsr to
that of uranium@38, Both accumulste in bone and kidneys, ana both are

excreted to 2 relatively hish degree iimediately aflcr injecticn.
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The distribution figuresm are as follows: the
percentage of the dose retained in the aninals varied frown 9.5 to 11.1%
of the dose; bone contained 66 to 76.3x; kidney contsined 3.4 to 15.2%
liver contained 0.8 to 1.6p; the injection site in three anicsls varied
fro:. 10.7 to 16.6%; the rest of the (rgans contained 0.5 to 0.6% of dose.
Ccr.parison vith experiménts o the fecding and injectic: of uranium?38
is given. Anicials receiving this cumpound for 76 weeks as 1lh of the
diet (nitr:te) showed 71k deposited in boene, 28x inkidney and 0.5% in
liver. Anirals injected with 2 zg. of uranium nitrete showed et the 41

day period 66% in bene, 33i in kidney and 1% in liver,

C. The kicrofluorimetric Deterninstion of Uranium. By: Frice, Ferretti
and Schwartz

The method descrited for the guantitative deterainatioﬁ of uranium
is sensitive to 0.0001 micrcgrais. As such, it &s the niost sensitive
wethod for urnaiusm anslysis with which the authors are familiar. This
sensitivity and accuracy have been maue possible by the develcpment of
a special florophotometer. The advuntoge of this instrument is that
small samples czn be analyzed and it is rarely necessary to resort to .
preliminery purification.

D. Ursnium Distribution In Tissues of Ixpericemtal aAninals.
by above authors.
Studies in ;rogress. To be ccupleted in abwut three weeks. The

chief interest is in the central nervous system uranium in chronic studies.

E. The kffect of Uranium Exposure on Urine Catalase Excretion.
Katz, Holt and Schwartz.

Throuch rabbits injected with kianey-damaging dcses of uranium excrete
increased amounts of catalase in the urine, no difference was found in

ur-ne catclase activity in exposed and non-exposed prcject persorinel.
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F. Urenium Excretion Studies in Human Subjegts. By: Ferritti, Price
end Schwartz. iiiiiiil‘liiii;

Urirar; ursniuc excretion has been studied in perscnrel frow verious
projects. Uraniuu cxcretion sgreea quite weil with uranium exposure.
helatively heavy exrcsure gave an average of 75 aierogracs/liter escretion;
uoderate exposure, L6 micregrams/iiter; and light exrosure, an average

of 16 iicrograms yer liter. Incidental exposure gave less than 5 wlerofrais

per liter.
G. The Effect of ket:l exposure on the Excreticn of Nsturell:, Cceurring
Porphyrine. By; Schwartz, sararia and satson.

- a. lead Thirteen rabbits were acministered up to 45 ag. of leaa acetate

jer kg bouy weight. In all the total coproporyhyrin excretion rose from
an average of 1lOel5 microgrszus per day to abwt 200-600 nicgograms per day.
Values returned to normal only after several wee.s to several months.
The increased copro-porphyrin excretion was found to be specifically due to
the copro I1Y isomer.

Red cell protoporphyrin also rose from ccatrol vuzlues of akcut 70
to over 200 ricrograms per 100 cc. of cells.

There was no apprecizble effect on the weiiht curve during this jeriod.

b. Uranium Several dogen ravtits znd cne dog have been injected uith
0.05 to 5 mge. of uranium nitrate per ng body weight. large doses cause a
precipitous drop in total urine coproporpghyrin excretion which parallels the
kidney damage as reflected in the deciine in urine specific gravity. Saall
doses cause a slow increase of total coproporphyrin to 203 times the contrel
velues., Preliminar, studies indicated that this increase was due to the
type 111 isomer, but further study is desirable.

c. Corbined lean ard Uranium

/3
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c. Cockined lead and Uranium If leed is administered first to cause
a merked rise in urine copre excreticn, i.e. o 300 microgruas per day,
the adeinistration of u large amount (2.5 wg/Kg) of uranium to a rabbit
‘cauges a ﬁrecipitoua drop to a iew micrograus per day within 24-48 haars.
Tids is undoubtedly relzted to kidney daniage.

d. Thorium Thorium give:. alone acts sigilerly to urenium, i.e. large
doses (40-80 ng/Kg) ueprezs and amall doses slowly increese the total
urine copro excretion. If lesd is given first &nd fullowed by thorius
the thorium produces a secund ;ronounced incresse in the urine co;ro excre—
tion. This is conpletely unlike uranium. It should be pointed out,
however, that urine specific gravity ie nct WMsheu b; thoriuu, sc
that the mechanism of its actica is cuite certeinly diffnrgnt fron t.h#t :
of uranium. The possibility is lLeing irwestigated. that thorium moi’:éﬂizéa
the lead which in turn produces the produces the porphyrinuria.

e. Seryllium in doses of 2-iug/Ke hes little effect on ur_i;b: copro
excretion. In most rstbits, hovever, it ﬁas a profound affect oén ﬁ.ver
function, as indicated by a marked increase in urine urobilinogen excretion.

f. Lanthanum in single or sultiple doses of 20 ug/Ke or single doses
of 30 mg/ Kg ‘haé little effect on the wrine copro excreticn.

g. Arsenic in doses of 1.5 = 2.0 ug/Kg produces a marked px.'ompi'.‘riae‘in
urine copro excretion to values of Y0 micrograms per day cr more. Values
return to normal within a few aayé.

h. Effect of Bal BAL is quite toxic as indiczted by the increased urine
urcbilinogen and urine coproporphyrin excretion following ad::.inist.rat.im
of therapsutic uoses of 6-20 mg/Kg (in peanut oil). Administered before,
siimultaneous with or after the edministration of metals, it seemed to have

no effect on their porphyrinepethic action.
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By: Schwartz, Glickman, Hunter and Jallace.

The dogs develoreu a severe cnemia folicvuing the wuministraticn cf

F®iylhjurazine. Fecal rrotilincien end urine bilirubin rose .arkealy
in the following several deys. These were followed by inecrecsed retic-
ulccytosis to over 5Uk. At the same tine both trine and .ecal copro-
porphyrin cxcretion increased 200 to 300 percent., This increase was
shown to be due Lo the type I isomer. The type 111 iscuer was not affected.
This is in contrud.stinction to lead ex;csure wheré vhe excretion of the
type 111 isocuer is increased.

_ Two rabbits siuilarl; treated with phenylhydrazine shcewed questicnable

effects upon porphyrin excretion. Stuaies are still in progress.

Svstens, Protein and Tissue fietabclis:

The Effect of Urznium on Enz
Barron et al.

i.

Uranium vhen absorbed intc the body cambires with protein inaa
reversible state. The coutinaticn hus been desonstrated tc be with
the albumin rother tian the globulin fraction (plutonium). Uranium
combines also with dosélum bicarbenate alsc in a reversible state. Its
affinity for the bicarbonate fraction is greztest in the rlus 6 state;
the affinity for the rrotein fracticn is gre:test in the plus /4 state.

Uranium likewise inhibits enzyme systems in a reversible nature.

Engzymes when inactivated by the aduition of urenium are resctivatea when
the wetal is removed by the aadiiion of either citric acid cr sodium
bicarbonate.

kxtensive studies on the diffusability, filtration etc. of uranium
compounds have been carried ocut. The eifects of uranium con specific

enzyme systems have been deteruined.

~— .
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i The prcblens of the research prograum, 1nitlated orlginally under
the auspices of the 0. S. R, D., 15 October 1942, and later incorpor=-
(" ated into the framework of the Manhattan District Project, was to
o first evaluate the possible hazards arising from radioactive materials
produced by uranium fission and, second, to explore the possible methods
of treatment of individuals who might become infected with dangercus
amounts of these substances. The first, and major phase of the re-
.8earch effort was devoted to a fairly exhaustive survey of the metab- ,
olism in rats of the more abundant long-lived fissioa products, thorium,
protoactinium, neptunium, and plutonium. Prrallel to this comparable,
though less exhaustive, experiments were done to investigate the met-
abolism of the majority of these substances in plants and their depos-
ition in various types of soils. The second aspect of the general
program was concerned with possible therspeutic methods for treating
individuals poisonec by these agents and devoted itself in considerable
detail to the exploration of di.ferent procedures thct possibly might
prove of therapentic value for the thercpy of individuals infected with
those of the long-lived fission products and plutonium, which are select-
ively accumulated in the skeleton. )

The work under the general metabolic program included the o
study of the assimilation, distribution, retention, and eliminztion’
of the carrier-free radiocactive isotopes of stront:ung yttrium, girconium, . .
columb:.wn, ruthenium, tellurium, iodine, xenon, cesium, ba.rium; lanj.ag,g ' .
anum, cerium, prasecdymium, thorius, protoactiniun, ‘neptunium,” plutcnr
ium, and americium, using rats &s the experimental animals. With the
exception of thorium and americium, these materials were admifilstered - '.%"
by the three chief portals of entry into the body, namely, oral parente ...

. eral, and intrapulmonary. These tracer studies, in most -instances;: ..

: extended over periods of time up to and including sixty--four days. In~
the case of plutonium, the studies were for intervals renging up to ..,
almost one year. In addition to thc direct determination. of,thggg POS-
ition of these various radio-elcients in the twelve to fiftée : V;' R
important organs, a very detailed scries of radiocautographic- studiesnwwww»x~
was completed with the two organs whore deposition end retention was
of greatest importance, namely skeleton and lung. In additionto the =
animel experiments, a very extensive study with. plutonium 238 was

e Py e
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undertaken employing a rclatively normal human subject' from whom sev-
eral highly inportant tissuc Samples were secured including bone. In
this particular instance, a complete cxcretory record was obtained
for almost one year. -The results of all of thesc tracer metebolic
studics may be summarized in the following manner for those radio-
elements listed in the footnote,* The alkalinc ezrths, rare earths,
zirconiun, columbium, thorium,  protozetinium, neptunium, plutonium,
and amcricium, when introduccd into the body were deposited primarily
in the skeleton and the aversge degree of rctention of the absorbed
radio-clcment, rcgerdless of the route of administretion, rangsd frow
25% to 75% of the amount initially absorbed. The fraction of these

‘radio-clements retained by the skelcton is eliminated at rates which

arc less than their rates of radio-active deccay with the'excggtion

of thc 340 day corium, possibly the 30 ycar strontium 90, Pu39, and
AmRbl,  The remaining five long-lived fission products, ruthenium,
tellurium, icdine, xenon, and cggium do not show any significant degrec

of localization in the skeleton. In addition, therc is no very striking
deposition in any of thc other tissues with the excoption of the accum-

lation of iodinc in the thyroid. The ratcs of elimination for all

of these five radio-elements arc much greatcr than their rates of
radioactive decay, with the exception of radio-iocdine (I131) accumu~
lated in the thyroid. In this particular casc, the relcase of accumu-
lated iodinc in the thyroid is many timcs slowcr then its ratec of
radicactive decay. The members of the long~lived fission products
group which are absorbed by way of thc digestive trect to a signifi-
cant degree include strontium, tariun, tollurium, icdinc, and ccsium.
The other membcrs, notably yttrium zirconium, colunbium, ruthenium,
lanthanum, ceriwa, and prascodymium arc not absorbed by way of the
digestive tract to any sirnificant dogree, likewisc no;ligibls oral
absorption was notcd for Th, Pa, Np, Pu, end Am. A high dogrce of
retention by the lungs has becn obscrved for yttrium, zirconium,
colurbiun, ruthenium, lanthanum, cerium, and prascodymium which fre-
quently approaches and in some drcumstances, cxcceds the radiocactive
rates of dcecey of thcsc substenccs, The pulmonery retention obscrved
with strontiun, barium, tellurium, lodinc, wand cosiur, is negligible
under the conditions of the cxpericent. The veluc of the gencral data
sumpmarized above . was thet qualitative cstimatus were pussible in the
cvaluation of the reletive degrecs of hazard to lezlth for thosc in-
dividuals who might come in contact with thc agents listed above
Pulmonary rctention was slso high with Pa, Np, and Fu. : '

A lerge sharc of the total cffert cxpended by the group working
on tracer and retabeliic studics was devoted to an cvaluation of the
bechavior of plutonium in animels and in man. The results of thesc
studics, which werc far morc coxhaustive than the attention devotcd
to any onc of the fission products and thc othcr heavy cloments, re-
vecaled the following important :.o.nts., The absorption of plutonium

#5r87, s5r90, BallO, Y91, 1alk0, cc 140, Prli2, zr95, Cb95, TH23k

Pa233, Np239, Pu?38, Pu239, and Axdhl, mul03, 7ol2l 1131 xe133, s 134.
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from the digestive tract in rats is of the order of i007% of the oral-
ly administered uose, which is negligible., Thc chief organ of accumu-
lation of plutonium absorbed into the blood stream is the skcleton.

The rate of releasc of plutonium accumlated by the skeleton in rats

is extremely slow; the estimeted helf-time of the excretion has been
evaluated to be greater than two ycars. 1n thc human study, the elim-
ination was far lcss, giving a lower limit for the half-time rate of .
excretion from the skcleton of 50 years. iorcover, the. radjocautorrephic
studies revealed that plutonium is deposited primarily in the region

of the endosteal layer of thc cortical and canccllous bone. Presumably,
this material is accumlated within the osteoid matrix. Relatively
little plutonium apparcntly cnters the mincral portion of the bone both
in rats and in man, This intercsting bchavior explains, in ocur estim--
ation, the very high toxicity of plutonium sincc a large proportion

of tbe»alpha reys can entcr the rodio-scnsitive bonc marrow, An ex-

tensive series of inhzlation studics were done cmploying aerosols of

PuOs, produced by burning chloridcs &and nitrates of plutonium and the
metal. These studics revealed that of the order of 10% of the inhaled
material in rats is dcpositcd within the alveoli where its rate of re-
lease was of the order of a fraction of 1% per day of the retained
amount. ~Comparablc rcsults wer. obtained from studics of the inhal-
ation of fine aerosols of soluble compounds of plutonium with the ob-
servation that a significant frzcticn was absorbed through the lurigs ™
and deposited in the skeleton, while in thc casc of the oxide smokcs, :
negligible absorption through the lungs occurrcd. s -

A survey of the deposition cf flSSlon products and plutonium:
in plants and soils, revealed that all of these radio-clements tended
to be immobilized by scil colloids to a very high degree. Plants grown
in such infcected soils demonstrated an extremely high sclective accum= .

ulation of these materials in the roots. With the exception of strontium,

only minutc quantities appcar in thc stous and lcaves. This phusec, of
the work, of course, indicatcs thet the rcleasc of fission products or
plutonlum into the agriculturel arcas will probably bc attended by &
very serious problcem of considereblc dureticn.

The sccond phasc of the projcct at Berkcley cncompassed the de=-
contamination of skclctal deposits of fissionablc meterials., Up to the
prescnt, oxperinients have boen confined to plutonium, and to the radio=-
active isotopes of strontiuw, yttrium, and ccrium which are produce 2d by
nuclear fission.

The behavior of these clcements was comparcd under conditicns
prcfoundly affccting bonc mctebolism. Growing rats fod a diet low in.
calcium absorbed over 25 tincs as much Sr¥ from the gut as did adults
reccciving adequate calcium, There was a four-fold diffcrence in re-
tention of injected Sr* between the two groups, but no apprbvlablc
cffect on Y¥#, Ce¥, or Pu¥,

Scvere phosphatc deficicncy was produced in rats with a syn-
thetic dict containing washed blood fibrin, or by adding aluminum

1024222
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hydroxide to 2 normal dict to precipitatc the dictary phosphetc and
prevent its absorpticn. The deficicney produced scverc decsleification
cf bonz, and reduccd the rctention of Sr¥ threc or four fold, but had
no apprccieblc cffect on the rotention of ¥¥, Cc®*, or Pu¥, In ad-
vanced stages, large creas cf the bone consisted of organic ratrix

fre. from bone salts. Radiocutographs of undccalcificd bones from such
anincls showed that Sr¥ wes deposited cxclusively in the remaining min-
erzl bonc salts of thc shaft, whilc Y¥*, Zr%*, Ce¥*, and Pu® werc deposited
in the uncaleificd organic metrix. Thesc cxperiments indicatc th © Sr#*
follows the path of czlcium metabolism and is depesited in the mincral
of bonc, while the retebolism of the other climents appecirs te be
unrclated to that of celciuw, and they arc deposited in the organic
matrix of bonc., Even in the forming bone of a healing frezcturc, Pu¥
end Y* wcre dcposited in the callus severel days before the onsct of
cédlcification and thc deposition of Sr¥*,

The climinaticn of Sr¥*, Y¥*, Cc*, and Pu¥ by rats was followcd
for scveral nonths to determince the offect of prolonged trecatment with
perathormonc, ammonium chloridc, citrate, or cther agents uscd in
trcating chronic lcad and radluL1p01son1ng. No significant cffcct
was dbscrved, except for a si:ell incrcase in the exerction of Sr¥,
This does not held out much hopc for decontamination by such mothods.

A proccdurc was suggestcd for reducing thC'toxicity of the
plutonivnm dcposits in the skclcton by overlayering them with ncw non-
radiocactive bonc. This would shicld the scnsitive cclls of thc bone
marrow and bonc from the short reng. elphe particlcs, Verious mcens
of decalcification fcllowed by ncw bonc formation were investigated,
and radicautographs of ths boncs showed thet overlaycring actually did
take placc.

Expcriments were also cuzrricd cut on variocus phascs of bone
metebolism, including rickets cnd scurvy, and on the. f.ctors invelved
in the new bone formeticn associated with frecturc hcaling.

ing major 1tun5. Flrst we pl“n to p\rform more gdcquatv inhalaticn
studics with rats using thc wmore impertant long-livced fission productss
liany of the carlicr inhalation studics with fission products were un-
satisfectory duc to the unavailebility at thet timc of what we now
consider suiteble tcchnicel methods. The projceted cxperiments in-
clude the inhelaticn of cxides os well as’scluble ccrnpounds of radio-
clements such as yttrium, zircenium, and columbiun, ruthcnium, ceriu,
and praseodymiun. These represcnt the rembors of the long=lived
fission precducts group which show & high degroce cf reotention in pul-
monary tissucs, In additica to thc animal studics, which arc in them-
sclves relativcly straight forward and bricf, it is planned tc¢ under-
takc inhezlation studics with thcsc agents using normel human subjects,
A very satisfoctory technigue which has alrcady demonstrated its cffect-
ivencss has beon developod end subjected to trial by one of the merbers
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~ of the Berkcley group, Here, of coursc, it will be neccssary to usc.
the shorter-lived isotopcs and undcr such conditions, the experiments
can be donc without risk to the subjects. Secondly, tracdr studics

in rats are planned eiploying carrier-frce radioactive isotopes of the
following agents; notably, gallum, germanium, arscnic, sclenium, ‘
rubidium, molybdenum, elemcnt 43, rhodium, paladium, silver, cadmium,
indium, tin, antimony, ncodymium, clement 61, samarium, ¢nd ecuropium.

As many of thecse diffcrent clements will be studicd &s time pormits..
Thirdly, tracer studics will be initisted cmplcying radium, actinium,
uraniwm, americium, and curium in animals and humens using clinical
material aveilable fron the liedical School. In addition,. tracer
studies cmploying the most inportent of the long=lived fission products -
in such human subjects will be attempted if time is sufficient. Fourth,
tracer studics arc planned with such clcments which although not nat-
urally radioactive, can be made so by cxpesurc to irradiestion by a '
chain rcacting pilc. These include possible raterials of construction;
notebly, chromium, ircn, nickecl, cte. Fifth, traccr studics arc planned
using a radioactive isotopc of boryllium, (Be?), in order to study

the metabolism of this substancc, which is most certainly werranted

in vicw of the ominous toxic charactoristics of th. clement which is
apparent in industrics wherc this substence is encountered in large
amounts. ' ‘ : S R

Under the decontamination pert of thc prograr during the coming
year, it is proposcd to extind thesc investigetions to include uranium,
thorium, actiniun, protoactinium, radium, and clements 95 and 96..
Mctebolic studics of the effect of age, dictary calcium, and phosphate .
deficicncy will indicete whether or not the clement in question follows
the path of calcium mctabolism. Redicautographs of bones from injcct-
cd phosphate deficient rats will show whether the sitc of deposition
is cxclusivcly in the mineral bonc salt, or in thc organic matrix...

Agents which might incrcesc the climinstion of the cloments
under considcration will be investigetcds These will includce compounds
forming solublce complcxcs with the wctals, BiL end non-toxic metals
(such as Zr and Hf) which might compctitively reducce the deposition
in bone.

The cxperiments on overlayering of plutonium deposits by new
bone will be cxtcnded to other clements which cmit alpha particlcs,
Toxicity cxperiments will be carried cut cn suall memmals to detcrmine
the cffect of overlaycring on mortality. The overlayering cxperiments
are also to be carricd cut on puppics and cats, adding aluminua hydroxide
to thc normal diet to producc decalcificetion, Pheosphate deficicney,
particularly thet produced by adding aluminum hydroxide to & ncrmal
diet, will be furthcr investigatcd in enimels, and possibly in select-
ed clinical cascs, tc detcrnine its value as a rmcans of producing bone
resorption. Experiments will be carricd out tc cbtain information cn
the charactcr and reccticns of bene, including the nature of the
organic matrix in which thesc elements are deposited. Three types of
animals should be particulerly uscful for these experiments: growing
animals which cre actively foriing new bene; phosphate deficient cr
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rachitic animals in which bone salt is resotbed leaving large areas

of uncalcified organic matrix; and animels with healing frectures in
which there is a very active local formmaticn of new bone in the callus.
The effect of pretein deficiency and plasmapheresis on the orgenic
bone matrix will also be studicd, to determine the influence on the
deposition of these celements.

Another phase cf the project at Berkeley was the use of radio-
clenents in agricultural rescerch. The absorption of minerzl nutrients
by plant roots must be accorded a rank with photosynthesis ns ore of
the truly vital processes of plent growth. The process constitutus
a major field of study for the plant physiologist, and in its diversc
aspects, is the control theme of all investigetions dezling with soil
fertility. Hlthcrto, 1on-absorptlon by rcots has becn studied almest
~exclusively in terms of net gains end losses of ions by the root sys-
tem or by the culture medium. Virtuzlly no attempts have been made
to study the process frcom the point of view of plant anatcmy, Little
information is availeble as to which cells or regicns of the root
system are involved in the processcs of mincral sbsorption, ion-exchange,
etc, Almost nothing is known concerning the physiolcogical role of ions
such as Nas, K4, Ca4s. and the so~called "trzce clements." - In the
proposed work, these vitel and cssentially untcuched fields will be in-
vestigated with the use of radiocactive isctcpes.

It is anticipated thet many of the above menticned physioclogical
problems in agricultural research.may be sclved by the develcpuent of
nethods ¢f preparing radicautcgrephs of plant tissues. By these ncans,
- it should be possible tc study the mechenisu of absorpticn of many in-
orgenic ions by roots. Alsc, it might well be possible tc determine the-
rcle of particular elements in the dovelopmcnt cf perticular tissues
in the growing plant structurb.

Inseparable from the genersl problem of mineral nutrition of
plants are the innumerable prcblems prescnted by the complex collcid
chenistry of the scil itsclf. There agailn our knowledge of the surface
chemistry «f soil is far froa adequete. Existing information concerning
icn~-absorption reecticus in scils is cenfined chicfly to nore divalent
ions. With the use of radie-elements it is expccted thet the behavior
in soil of most of the cleuents of the pericdic systeii can be determined
with great convenicnce. It is hoped that this brief cutlinc will provide
sor@ conceptica of the megnitude of the problems to be attacked. 4

satisfactory 1nvest1gut1un of the field will take many years even with
the best of techniques. Ncnetheless,.it is felt thct such & plan of
research will amply esteblish the fact that inforreticon gcained in the
developrent of the ctorde bunb elsc will contribute irmeasurcbly to one
of thec niost besic endeavers of man-growing of jplants in soil.

The foregoing summary may serve to prescnt the generdl pattorn

of work tc¢ be pursued in the Ccllege of agriculturc. Certoin aspects
of the work are of ccncern to the lwnhotten District and should be
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incorporatcd in the work plonned for the biological program during the
coming year. These aspects deal witr the behovicer in soil and plents
of those radio-u:lements crested in the production «nd applicaticus of
nuclear energy. Studies cf & prelirdnary nature in this leboratory
strongly support the conclusicn that the accidentel or intentional
release of fission products to soil cr irrigstion weter may constitute
e grave agricultural hazard., It is proposed thet these studies be con-
tinued in the ensuing yecr to embrece problems of toxic limits and of
soil ducontamination for the more iaportant long-lived radiocelements
invclved in muclear fission.

In cdditicn to this progrem, work under 2 separcte section hes
been started on the study of the effect c¢f fissicn reccils cn tissue,
This is of importance from the health aspect and also from the funda-

mental point of view., The broad purpose of this werk is to determine

the Specific biologicel effects of fission rccoils produced by slew-
neutron borbardment of fissicneble metoriels administered to znimals..
The work.was started by prepcring colloidel urznous oxide, cnd studying
its toxicity when cdministercd introvencusly to leboratory mice. It wes
found that one milligram in suspension ney be given intravenously with-
out lethal effect, as long os theru are no scluble uraniun cozpounds
mixed with the U02, 4Alnost all of the collcidal suspensicn is taken up
by the liver and the spleen, which will hold these compounds until they
are changed to scluble uranium compounds. A large fraction of the
scluble part cf the colloidal U30g is taoken up by the kidneys. Colloidel
U30g is, therefcre, smch ncre toxic then cclleidal UC2 (50% of animals
die after 0,9 willigraums). Using UC2, the density of uraniun in the
liver and spleen is ercund uvne milligren per cubic centimeter, high
encugh to cbserve thc effects of fission withcut interfercnce from cther
biologiccl effects of thermal ncutrens, especially if uranium enriched
with the isotope 235 is used. In fact, cclculaticns end measurcments
show thet a certain amcunt of ;emme roay backgreund is alsc tolerated,
Thus, the first expcriments will be cerried cut with 2 paraffin modera=-
tor and the 60" Cyclotrcn, We intend tc cbserve the effect of fissicn
rccoils in the spleen. Sindler studies using P32 have shown thit,

given adequate doszge, the spleen will shrink to less then helf of its
size., In dogs, the spleen con be wuode to disappear by this method of
selective irradisticn. Secccudly, histologicel secticns will be preparcd.
Thirdly, the nucleic acid mctebolisw ¢f the liver will be Studied under
the influencc of fissicn, by mesns of traccer amounts of P“. Finelly,
the distribution of fissicn products in the enimel will be ncusured -
i.ce radicicdine, radic-strortium, cte. If the results show thet fissicn
reccils are very effective irn producing lcczl changes or biclogical
effects, other ureniun ccupounds will be prepared (pussibly with the hclp
of Dr. Calvin's group). alrcady, work hes been started cn tying urin-
ium to T pe Il pneumoccccus antibody. Reports in the literoturc indicate
that it is possiblc to attach ureniui to cntibedics in such a way that,
after intravencus injecticn, the antibcodivs will czry the uranium with
them, uniting with the zntigen. Ther. they rceact with the entigen,
depositing the ureniw: in the tissue., This mechonisi will be studied
with the hcpe of prepering suituble urcniun-pretein combincticns which
cculd be depesited in tiy given part of the bedy, especlelly in regicns

'
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of tumors. There arc possibilities of cttzching ureniua also to azc
dyes, saie of which riey be taken up selectively by twuors,

Farallel with these investigstions on uranium, work hzs been
sterted cn beron and lithiuw combinaticns suiteble for studying the
(n,d) reacticn., The line of work will be the szme ¢s in the case cof
uraniuz; we will start using collcidel suspensions cf insoluble sults,
and later synthesize cther corbinaticns. Decrecse in nucleic acid met-
abolism and possibly rccueticn in size ¢f the spleen, when attained by
rneans of chrenidc radio-phosphate, boren, lithium, and ureniw. aftcr
fission, ctc., mey give us impertont infcrmation cn the biolegicel effect

~ of specific ionizatlon, or better, spccific energy lcss. Zirkle's date

indicates that alpha particles zre seven tines os effective for the saie
energy lcss in the cell as gamma rays cr x-rays., Fission recoils icnize
thirty times more pewerfully than alphe reys; their specific effect may
possibly be significantly higher. If the uranium fissiin werk leads to
significant results, we may attempt to study the effuct of fissicn of
plutonium, and pessibly thorium. The case of pluteniun is especially
interesting, since this eleuent is sclectively teken up in the pericst-
euwn. Since the renges of fissicn reccils ere very short, therc ucy be
a possibility of dimage tc the pericsteum a2lone, without influencing any
of the surrounding tissues., The study of the effects on the growth of
bone and cn the developucnt of bone conter ey be of iuportance, This
whole study has bearing cn the health probleas of pile workers and on
the nechanism of action of icnizing irradiztions, and indirectly on the
canczr problem.
_ We fecel that the experirental progren now in progress and outlined
for the coming year carries cut an important duclity of interest. From
the point of view of fundamentzl resccrch, it is of considerable impert-
ance tc explore the behavier of clenents in aninels wnd men thet here-
tofore have been expused to little or nc investigetion. Not orly is

‘the informetion of interest for its own feetunl werth but alrezdy it has

been shown that detailed investigetion ¢f the tehcvicr of the long-
lived fissicn products cnd plubcniun in the skeleton have brought out
some significant peints of interust reliting to the overcll field of
bone metabolism. It is certein thet further investigeticn will in-
cruvase our knowledge of this mcst iupertant physiologiccl field.
Loreover, it is quite eopparent thet a number of the less cbundant
fissicn products crbrzce elenents cf considereble medical and toxiceo-
logicnl interest cntirely apart frew their concern in the field of
atcidic energy. On the other side of the picture, it is apperent, of

_coursc, that a lerge shore of this werk is of lumediecte end practical

concurn to the nany problems arising in the ficld of health protection
incident to the develupment of nucleer cnergy. In perticular, the tracer

stucies with fissicnable rzterizls and the furthoer study of therapeutic

rnethods for the treatment of individuals whe mey in the future beccwe
poiscned with either cf these substances cr the leng-lived fission
products is of considercble impertonce in our cstiuation.
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COLUMBIA VERSITY PRCJECT M

A. The Measurement cf Fest Neutrons for Biclogical Dosage, by
G, Failla,

B. BEffcets of Smell Daily Doses of Fast Neutrons on kice, by
T. C. BEvans, :
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The Leasurenent of Fost Neutrons for Biclogicel Dosage

by G. Failla

The purposc ¢f this experiment is to measure the tissue dose
delivered by a beam of fast neutrons in terms ¢f the ionizing energy lib-
erated in the tissue. This infcrmetion is necded in order tc deternine
the true biological effectiveness cf fest neutrons and to evaluate the
results cf biclogical experiments copnducted in different branchos cf the
Lienhattan Project.

Methcd. The extrepcleticn ionizetion chamber method, previcusly
devised, has beun further develeoped as regards toth the construtlon of the
1onlzat10n chanber and the detecting instrument. The electrodes of the
icnization chamber zre made ¢f met.rial sizilar to animel tissue in its
atamic constituents. Two indepencent determincticns will be made: (1) Vith
air as the ionized medium (2) With ¢ gas mixture heving the same atomic
constituents as the electrwics of the chambor, The final result should be
the same in both cases and therefore this provides « check of the accurcey
cf the method.

Extent cf Prozress. The work up to the present has involved the
construction and tes ting of eppzratus and the neking of a great wany neas-
urenments under differcat conditicns. Numdrouus difficulties have been over-
core and the experimental procedurc is now quite sctisfactory. Werk is
still in progress end it is prefersble nct to give the results obtuincd
thus far, since they arc subject tc modificaticn. :

In order to deteriine the biclogicel effectiveness of faost
neutrons in the case of biologicel experiints carried cut in other parts
of the Prcject, similor mecsurcments will heve to be mede with the neutron
beams used and under the physiccl ccuditicns cbteining at the tlie the
animels were irradiated.

It is expected thot final results will be cbtoined by July 1,

1946, in the ¢ase of the measurements in which zir is used as the ionized
gas.

Effects of Smell Daily Descs of Fast Neutrons on iice

by T, C. cvons

For the purpose of dectermining the ratio of biological effects
of rultiple small coses cf 200 KV x-rays and neutrcns, it was necessary

~to carry out e series ¢f pilct cxporiments with a2 single treatnent., The

percentage of survivel, the median lothal tine end henetclogical sffects
were used as indices of cowpariscrn. The experiments indicated that the
dosage of 8 r peave aliost identicel findings as thosce with a desage of 1 N,

A sccend cripariscn pilot exporiuent using multiple dosagus of
80 r and 10 N per doy for 25 days showed sicdler cffccts on the median
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In the sclecticn of dcily deses of neutrens which were tc be used
in the deily cxperiients coverin: o pericd of cne cnd a half years, the
fcllowing cheicus were nade: 1.k, O.14, 0.07, and 0.014 N equivalent tc,
respectively, 11, 1.1, 0.55, end 0.1l r, acccruing tc the above nenticned
ratic. Thesc dosaics werc given (using the cyclctren as a scurce,) five
ti.es weekly, The cniicls uscd wicrc Swiss and CFl micc. Twenty-five males
ar | twenty-five fu.cles of coch type were used &t each of the cboie dosage
l..sls, Each strzin and coch sex of eniwels hed o suiteble ccatrel of
twenty=-five., Five hunurcd .dce wire used in this experiuent.

In the largest chronic Jose (1.4N) aftcr five menths of irradietic
the ecnirals started to dic, 4All cnincls had started tc lose weight with
beth leucepenie and lyiphepenic being produced et this time. The groups
were down tc 2 50% survivel level a2 fuw wesks loter. The CFl ndece did net
survive as long as the Swiss strein. The cpproxi.ote mewn lethel tine wes
4L9% of the centrel time. Catarcets begpcn to cppecr in the exposcd animals
after approximately 80% of the tetel group had died. .

In the next dosage level, O.14 N, the neen lethal time wes. 86%
of the control tiue. The offceets on the bleed were nct as definite as
observed a2t the higher desage level, a slight reducticn in leucocytes
being cbserved os compercd with the cuitrels, A light reducticn in fer-
tility was ncted in the neles and o light but definite reduction in the
frequency of the estrous cycle in the femalce. Thore wes & slight increase
in the incidence of catarzet whea the nunber cof survivors had been re-
duced to a few animals, o

In the two low dosage levels (0.07 and 0.014 N) no noticesble
effects have been cbserved as regcrds the survivel tine, weipght loss,
bluod counts, patholcgy, changes in cestrus, or breeding. By the tine the
latter studies (Oestrus and breeuing) could be decne the aninals had aged
considerzbly but a cuipariscn of the control and experimentsl grcups gave
very similar cbserveticns,

In all grcups f older 2nieals varicus forns of neoplasuz have
develcped., The cauparctive frecucncy in-centrcl and experivental groups
has nct yet becn deteriined completcly,

Patholcgical study of the tissues froum anir2ls dying in the ex-
perinments desecribed above ;ives the follewing informatione. With a nesdiue
single dose ¢f ncutrens, there is an cplesic of bune norrow, narked re-
duction in lymphcid tissue, degenerative chengos leading to aplasia cf the
testis (geriinal elercnts cnly), Jestructicn of intestinal rncese, and
gencral atrophic chengus. In the 80 r/dey - 10 N/dey experiient, the effect
were ricre or less sharply lcecalized to the blcod ferming organs and gcnads.
With the 1.4 n/day dcse the st nerked effect wes the development cf
testicular ctrophy. Scuge slicht aepression of bene marrow cctivity wes
ncted. Splenic ctrophy vas producid with en inereasc in fibresis. " Lany
chenges coupatible with early eging were ncted.

———
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The highcst dosege level (1.4 N) was repeated for the specific
purpose of folluwing the effect con estrus change, sperm preduction zad
cataract formation., Swiss anianls were used. In two cxperiments caotaracts
eppeared in animals surviving after 80% of the origin:l experimental group
had died. In the rale group storility was preducec abaut the fifth week of
exposure. In the ferzles the estrcus wos ccmplotely ihhibited after abcut
12 weeks of expcsure,

A group of female animals cf hybrid strein with black coats and
pigmented eyes were alsc studied at the high level (1.4 N). Caturacts
were formed in approxirately the seme fashicn anc degree as observed in
the albino pure strains. An interestin zdditicnel observation is that
the heir turned grey after cbout 6 weeks of exposure and later becaie pure
white in those animals surviving the nedion lethal time.

Attempts werc rade tc ccrrelate the testiculor weight with exposur
level end damage. In those animels recciviig 1.4 N a definite reduction
was noted; at O,1l4 N chang. was doubtful; and ¢ 0.07 and 0.014 N no change
was ncteds Splenic weight showed definite reducticn in the highest dose
level, Occasicnal enlarged spleens were noted in the 0.07 and 0.014 N

-and control groups,

An additicnal experiment was cerried out using 1l r :nd l.4 n
per day to deterrine vhether x-rcdiation zlsc produced cataracts. 4t the
time when l.4 N showed weight reducticn and mertality increase, the 1l r
of x-radiation animels showed no chenge, With the centinuation of the
experinment the effect cf the 1.4 N was shown tc be definitely more severe
than the 11 4; and the apprcxirate biologicel effect ratio wes tentatively
placed as 12 r ® 1 N, Cctaracts were produced by x=rays but nct to the
same extent.

Several cther phases ¢f this work will be rcported later.
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Fish Progcro (GSRD E134, 1135, E1L5)

Site clected = University <f Weshingtcr Depcrtuent of Fisheries Research

under dirceticn of Dr, Louren Dencldson.

Purpcsc = Hozards tc fishes by beth externcl rodizticn and radicticon from

fissicn products depesited within thesi

Hazerds roloted to chewicel aispersicn in river woter from
effluent <f pile ot H.E...

Hozards due tc tcopereture eloveticn.

The pojer interest in this study is the atteupted protecticn of
the salicn runs in the Cclucbie River, and correcticn ¢f any pro-
tvessing methed which iight be deletericus to the sifety ond future
of these runs,

It is 2lsc necessary to remcve the government fror any ¢lainm as

to the injury to the lorge and lucrctive salucn industry in the Col-

umbia River,

Dates of Jicrk = August 15, 1943 to present.

Protccol of the Experiments Concucted (as cf prescnt date).

ixternal Radieticn (by contrclled X-roy descee)

1,

2.

3.
Ll»n

e
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Chincck Szluon adults treated with 25, 50, 100r.; male end
ferele; spawned and cny effect in size, growth, cte.

Hatching of esbcve eggs. (1) tc young end cbservaticn for effect.

The 100 r fry relezsed tc return fron the sea in 1946,
1947, 1948,

Scekeye Szlmen adults trezted with 25, 50, 100 r; izale and
ferrle; spowned ond pessible effucts cbserved.

Hatching of abeve (3, and 25, 50 r fry released to return
1946, 1947, 1948.

Steeclhesd Trcut adults trected with 250, 500, 1000 r. Ob-
scrveticn os to effects on growth, wortality and hist-
clogical cheange,

Chincck eyed egis 25, 50, 100 r, Hatching rote cnd observ-
aticn of fry.

Chincck Byed Egrs 250, 500, 1000, 2500, 5000, 10,000 r.
Hoetchin,: znd cbserveticn foer crtelity, growth, histo-
legicel offect,
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8. Silver Salmcn adults 25, 50, 100, 250, 500, 1000 r. effects
cn skin end external crgens.,

9. BReinbow Trout adult male, femele, 500, 1000, 2500 r¢ Death
of fish, effect on spewning tc hatching of eggs.

10. Chincok Fingerlings male and femele 100, 250, 500, 750, 1000,
125C, 2500, 5000 r, Observoticn of mortality and section-
ing of ti:sucs for histelegiccl effect.

1l. Rainbcw Trout yecrlings mele and femele; 25, 100, 500, 1000,
2500 r. Observetions cn the above to sexual maturity in
spring of 1945,

12, Chinook adults nale and feuele 25, 50, 100 r to spawning.

- 13. Hatching of eggs (12) to fry stege =nd cbscrvetion for effect.
Release 50 r. &nd controls to retura in 1946,

14. Steelhead male and female 25, 50, 100 r. Treated and spawned.

15. Eggs from above (14) Hetching and young observed. Release
100 r and contrcls to return in 1947, 1948.

16, Goldfish malc and femsle trected with 25, 50, 100, 250, 500,
750, 1000, 1250 and 2500 r., OCbservcticns as to effuct on
mcrtality, histclogical changes and growth,

Cherdcal cnd Tecperature Chenses

A scries of specicl ponds was constructed ot the H.E.. . and so arranged
that the water supply be connected with the effluent of the plent in a
variety cf ways sc thot the effcet of viricus concentroticns of plant ef-
fluent at various tempcrctures could be tested on salion and trout adults,
fingerlings and eggs.

Cencentrations adopted using river water as controls werc effluent
pure containing 211 the salts and being cocled befcre the taonk; effluent
refrigerated, and effluent mixed with river weter in the following con-
centrations: - 1 tc 3; 1 to 10; 1 to 50; 1 to 2503 1 to 500 and 1 to 1000.
Steelhead trout and chinook salmon were tested in the same tanks divided
by partitiuns. The fertilized selmen epgs were placed in identical con=-
centratiocns leter in the experinont.

Variocus tusts of speciel .ateriscls uscd by the plant (oils and the
like) werc clso tusted in the nor.ally used diluticns in such tonks and
the effect ¢n the fishes and e;ps cbserved.

Absorbed Radicactivity

Adult fish, eggs and fry were exposed to ccncentrations of cffluent
water containing beth lung and shert lived fissicn preducts. Fellowing a
standerd cxpesurc these werc killud, cshed and exardned for residucl radio-

——
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activity which remained. In additiocn I29h of varicus species were colleeted
frem the Colunbia Kiver and examined in o similar feshicn., This wes to
determine as to whether enough comparcble rodiccetivity hed been absorbed

te couse damege.

Current Observations

Redistion = Adult Fish - no observable chenge in cny species made after
exposures to 25, 50, 100 r. Definite increase in mcrtality in trout
expcsed to 1000 r cr more. Chenges at 500 r show very little distinct
evidence ¢f damage in grcwth, weight changes. Scme cytologicel chenges
of trensicent naturc observed in the gut cnd anterior kidney (base of
the hematopoetic systesms., In small goldflsh the changes occur at ztout
the same level (1000 r) with tctel mertality &t 2500 r.

Eggs. In the cyed stoge (in which the eye pigmentaticn
first begins to shcw there is 2 definite reterdsticn in growth at
1000 r although histolcgicsl chaenge is first apperent at a lewer
level 250 r., As in the above the nost sensitive tissues are the gut
and antcrior kidney. 4 50 jercent mortality figure cccurs around the
1000 r level as dbserved cover a period cf time and Qt 2 level in excess
of this but less probably than thc cbserved 2500 r, ¢ 100 percent
mortality is reached.

In fingerlings 2 raetcerdation in growth occurs at 500 r with
histclcgical chan;es eppearing at this level in the spleen and antericer
kidney which in this fer: are sites of blood formaticn., At 1250 r an
approximate 25 percent r@rtﬁllty is reached fer the seversl speciecs. 4t
some point in excess <f 2500 r. & 100 percent nmertality cceurs. Unfort-
unately nc level of an intcrmediate steie betwean 2500 and 5000 was used.

In the radietion of parent fish undaer 500 r. no chonies hove been
cbserved of significent ncture .s to size of hetch, fertility, abnormality
of developing cpgs end the like. Significant chgntcs do not appear up to
the 1000 r. level es notcd sbcves

Statistical analysis cf all dcte cencerning the above problems
is in pro;ress, but nc reports have been subuitted for survey,

Date will appear throughcut 1948 cn the rcsults of the fish that
have gone ocut to sca and returned tc spawn,

Cheriieal and Teniperaturc Chenges

Beth fishes and eges expesed to the effluent unrefrigercted,
refrigercted end in o 1 te 3 cencentraticn show increcses in wmortality of

 significent degree.

Coertoin of the chendcels als. increase nortclity duc te actual
cherical injury to gill structurcs snd pcssible rospirstion of the egg.

Increasc in tempercture dees not influence the severity of the
developnent but only in the repidity of cnset,

- /57
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Abscrbed Redicectivity

after livins in effluent (pile) wcter for os lung as twc Linths
under centrolled conditicns, the chsorbed and deposited rodicactivity
was neasured. In nc instince was it grezt encugh to cause damages The
najor portion ¢f the depcsitiin was in the form of the short lived prceducts,
Only trzces of lcng lived radiccctive neterials were found. As correlated
with the effect on the cffcet ¢f external ra.deticn, the desage reccived
was alicst ne, ligzible co.parcd to that required to produce deimes as such.

appiicetiocn of Fusults

Knuwled e of the tetel aicunt of external radiaticn necessery tc
cause darage tc fishes of varicus sizes and ages is applied directiy to the
analysis cf tctzl radicactivity liberated by the piles intc the Cclunbiea
River. The essunption that this concentration 10-10 a5 giluted is totally
abscrbed znd all is gronted. Further appliceticn c¢f the Clintcn Laboratory
studies on the abscrption of the variovus preducts and their effcets after
kncwn exposures is also incliuded. In this foshion concentraticns can be
kept below the hezard level for silucn, Alsc this 1s true with respect
to the chemiccl and temperature hazzrds &s well.

Future Propren

The prcgran through the next year is already suthorized end con~
sists .f (1) follow up of the prescnt experincents extending thrcugh 1948,

(2) Ccntinuaticn of the exposures tc cheudccl meterials and alsc
cbservaticns of possible effuct in the Columbia River.

(3) Ccmpleticn of the histclougical studies clready in.progress on
fishes demaged by the variety of X-ray Jdosages.

(4) N¢ pregram which is nct ccmpletely releted to district oper- -
aticn is necesscory.

Remuneration: No additicnal funds necessary tc cuuplete present study.
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