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The follcwing series cf sbsiracts wes prepered Ly the unaersigned
fro. cocprletec rescerch repcerts, partiall: coopleteu cnd analyzed data
&nd perﬁonal cormuiicetions during the period of 1 lay 1946 to 1 Julj
‘l9h6. Since that tiue wuch ¢f the vers hos been lirdshed end issued in
the form of program or final reports. However uuch 1s belsny continued
and the resuits as yet unpublished.

It is jossible thet souwe cf the cenclusi.ns crrived et may have
becosie altered by the collection cf cdaitioncl dete. Bowever, in ..ost
instznces, the indiviuuai authors cr project directers huve uiproved
the sbitrsct. Certain scall yroblecs w2y heve been uninteuticuclly
ccitted in the searc:. Except fcr probvlen cssignuents .here Lhe research
wes specific eng linited, the plaon of sbstricling hes been Lo group
nusbers of scall protlens ol relatea nzture inte general reporis with
the elimination of the author's nace.

In generzl this series of zbstracts provides a clear concept of
the current status of results in the'overall roject znd as such
furriishes & lar e &mount oﬁ' usabie i nfém;a:tion in avbreviulea form.
with the appeare:nce' of the com;.;-iet,é series of finel reports enu the

kanhsttun District ‘iechnical Series, thnis cospilatiou will be recalled.
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~SECRET"

“Iraniwa cormounds hove been wtilized industrielly, ine 1idted
fashion, in the cera:ic industry for many vears. The “‘amhattan “roject,
however, was the first industrial rojoct to use the uraniu cornounds on

a wvast soale,

T TION:

The “nrhattan roject ‘ms to emloy thousands of neole who tould
work with vraniun compounds, These poonle in the plants, at worl:, tould
inkale those compounds as dusts and fumes, they would inadvertantly ingust
these su-stances; their eyes and s-in wrould come into daily contact with
these materials, “hat, if any, toxic effects tould these uraniun coounds
have on the human body?

Animal oxnerimental tork has been dome with the uranium conmounds,
but there is only one briefl reportl in tho scientific liternturo on the
toxicolorical effects of those comounds, os uscd in industry, unmon the
human Lody. This report is frogmontary, but it does -indicate tlmt the uran-
ium compounds may be notontially toric and this noint rms verified Ly many
invostigators in animal experinontation. This notential toxicity is rather
urusual beoause the sourco is twofold., One sourco is the possibility of
heavy metal offect on the body, comarable ~rith that of load, mercury, and
arsenic; arnd tho other, more remote, is the nossible labomt toxic effect on
body tissue by the uranium corounds becansc o’ H¥:eir inherent nronerty of
radioactivity, ' : ~ '

The nedieal autivrities of the “anhattan ’»ojoct terv 'wenly arnre
of these notential huzardc, but the successful executi:m of the war effort
made it imperativo that the industrial nlants of the. "amimttan Projoct start
immediate operation. This vms accomlished in spite of insufficient nharma~
colozical and toxieological data on the uranium conwounds. A medical re-
search profran, hovever, wns also initiated for the spocific purpose of
acourulsting sufficient reliable data ec rapidly as nossible so that a rax-
inuy factor of safetr to the emnloyoes exposed to these substances conld be
established, This data, it tms hoped, mould &1sc help nrophvlactically and
therapsutically in combatting the possible acute and chronic toxiec effects
of the uranium comounds,

Since the nlants started operation bofore sufficient data could
be accumulated to establish a maximun allowable air concoentration of the
dusts of the uranim co mounds in the plants, such a safe lovel had Lo be
sot arbitrarily as a ternorary empirical standard. The consevsus of oninion
awon~ the medical authorities of tiis ''anhattan Troject vms that it was safe
to adopt the same standard as set for lead by the Anerican Standards issoce
iation, i.e., 160 microrrans per cubic moeter of nlant air as the naximmm
alloweble dust concertration. '

In order to deterine as ranidly as nossille tho ovorall conara-
tive toxicity of the wvarious uranium coupounds, thirty day inhalation and
inpgostion exnoriments weore initiatoed in vhiich & wvariety of aninal snocies
vere cxnosod to these comounds under conditions vhich simulatod as noarly
as ~ossible the conditions nrewalont in the industrial »lants. In addition

1 De Leat, ""eurico, Ings. Chem., ¥, 9, pr. 247, 19%6.
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to the above, inhalation exnerimonts woro oarriod out on othor coupounds,
siany of vhich wore ontirely new and othor:fMich vere usod for the first

time on such a larpe scale, Tnforatim ws obviously rooded about tho toxic
nronertios of these smbstancos also to insure a rwxirum factor of safety to

the emloyees of the arhattan “roject.

I. Inhoalation "xmerinents:

Tho snocific purmpose of the inhalation exporinents was fourfold:

1. Devoloment o safo standards for exposire to uranium and
other coimounds,,

2, Testinr of resnii:ator:,' nrotective devices for industrial
“use (nasks), o

i 3, !sasurement of annroxirmte toxicity of certain snecial
naterials. '

4. "sthods for recornition ard eontrol of poisoning.
Dates of Tlork -~ “lovember 1943 to vprosent,

Trotocol of “‘xperiments:

.

Substances tosted: TU,T,, Uy, 'ICl,, U0g, U0, UF,, U0y, U0,
*a,V,.0,, (:.’514)213207’ "i-prade™ ore.

227
OF,, Ty, TTF. .
B, BF3' DF3 -- dinothyl ether complex.
BCIS.
CrFigs caF16, CoqFys (Fluorocarbons)
CoFsCl,

“ethod: Togs, rats, robbits, mice, eats, puinea pips and hansters
(four or more species) are nlaced in inclosed chembers for prescribed neriods
of tine fronm thirty days to ome yeer. The mumber of arimals is sufficiontly
larre to permit statistiocal ewaluation. The atuosnhere in such charbers is
controlled as to the uranium contont, terporature, humidity and particle size
and concentration of the urenium compounds. Represomtative anismls in each
rroun are studied for the follovirg criteria of noisoning:

1, Tortality,

2. TJiwmatolorical chanpe.

3. Chemieal clanres of blood and urine,

4. ysiological changes (weirht changes).
5. Distribution of uranium in the tissues..
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Coptrol enimals aro studied in a siilar chamber in vhich gll varicLles aro
controllod mut no uranium dusts are addod.

Table T summarizos the reosults of tle thirty days inhalation exnori-

ments. The overall mortality includes tho summarized torta.ity of all the

grecies studied. The per cent rortality is derived by dividing the mmber of
anirals (mmorator) vho died Ly the total number of animals studied (denc -ina-

t(?ro/‘

Tn Teble II, tho renrcsontative larger species (dog, rat, rebbit)
are grouped and the toxic effects noted, i.e., wortality, pathological find-
{nge at autopsy, loss of weipght, atmormal blood chemistry, urinary findinge
and hematolopical effects., Tho reaction severo indicates & marlked derree of
patholorical chenpo in all of the criteria noted above. The reaction classed
as modorate imnlios a moderate derree of dammpo in most of these criteria and
the reaction noted as slirht indicates some change atmy fron the normal in
some of the critoria.,

Table III represents a sumiarv in which the high, mid and low con-
contrations of uranium comnounds used in the chombers are commared in their
offocts unon four animal species (dors, rabbits, rats and nice), with relation
to abnormal chanres found in the lungs and l:idneys at autopsy, abnormal find-
in~s in the blood and urine chemistrwr, abnomalities in the hematoncietic sys-
tem and effect upon weight,

This table clearly shows that the slight untomrd effects noted at
the lotr concentrations werc neglirible™, yet these low concentrations vere all
well above the temporarily established arbitrary tolerance fifure, i.e., 180
microrrams of urantum dust nor cubic netor of air,

These exneriments indicated thet the tolerance figure of 157 nmicro-
~rems of uranium camnound per cubic meter of air  rtainly insured a maxirum
firure of safety, for et least thirty days of constant exposure. The noxt
question tms vhether this same firure would s5till be a safe level if the ex-
posure were longer than thirty days. Since tho nlants of the ''anhattan Pro-
ject anticinated opecretion for the duration of the war end possibly longor,
thero was a renl noed for information about the vnossible toxicity of the var-
ious uraniun comnounds as a rosult of chironie exposure.

The sare procedure was followed in the c!ircmic as in the acute

thirty days inhalation exneriments. The followin; four uranium coamounds were
selected: UFg, U0p, UCly, and Ulge These comnounds vere chosen because the

*It will be notod that there is a slight mortality amonr the animal specles in
the low concentrations but if roference is made to Teble I, it will be noted
that thers wes a slipht nortality even e~onp thie control animals,

-3 -
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greatest mmber of ermloyees v®rc exposed to these substances. 7102('..'03) P
also added to the above 1list because of the nocessity of o base line of oot~
parison mith data available in tho scientizie literature. (* ost of 4o ani'inl
exrerimontal vorir done ~rior to the ‘arhattan Project wvas como with Uoz(‘:os)z).
Two comcentrations of dusts wore to bo used ir tho exmeriwontal chambers. Ono
dust lovel -ms solected because it vms thoupht that it would produce no toxic
effoots and the othor level (amnroximabtely ton times groater) was chosen bo-

cause it would probably cause . mimal toxic effects. In this ‘anner, tho »rob-
able maximur safe level of &ust concentration tould bo established,

Table IV summarizes the data available to date. The exporinental
chanbers have been in operation fron four to eipght months, Four avinal specios
are represented in the tablo (dogs, rabbits, rats and nice), Again, it is to
be noted that only nininal toxic effects resulted at the higher dust concentra~
tion, and no toxic effocts have Leon oLserved at the low concentration. This
lowr conoentration is still well above the established arbitrary tolerance level
of 150 micronra:s of uranitm cowmound dust per cubic neter of eir.

In addition to these animal oxperiments, a prosran vms carried out
to study the effectiveness of warious face masks. The nurpose of thesc oxperi-
ments vas to rive added nrotoction to emloyses in caso of acecidental resmira-
tory oxmosure to hirh concentrations of the uranium conwounds,

Animal inhalation exrerinents vrore also carried ocut on spocial con=
pounds. Some of these compounds wore entirely mnew end other vmre compounds
which wore used on a large industrial scale for the first time. The notential
toxioities of these comnounds were thua investigated eand the degree of hazard
me anproximated. The results obtained in these exmoriments helped to direct
the proceautionary and nronhylactie moeasures institutod at the nlants vhere
) these substances vere used.

Outline o “xperimental Tosults on inhalation of Spocial Couwounds:

lirh Concentrations of F, (Acute): Tested at e concentration time

level of 10,000 vom for five rinutes to Tive hours with the mortality percent-
age at 30-100 in three species. Death mnc caused by lung and kidnev danage.

Chronic Fxnosure to F,:

l. On a thirty day experiment at 4 prm e low mortality observ-
ed, Growth was unchecked in all species excent rabbits. Sere mulmonary ine
flermation vms observed.

2. A%t 0.5 ppm for thirty days no effect wms observsd.

Txposure to C,F,C1 (P539):

1. "o mortality at 100 ppm for fourteen hours.

2. Very low mortality at 500 pmi for fourteen hours except
in puinea nigs. )

vxposure to C2144 (hirhly nolyzﬁerizod flurocarbon): To nortality
)at 5000 ppm for four hours.

2000129 AN g
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“ypogures to Noron snd its Comoundss

1. “‘sthods of anelysis developed.

. 2. Vorv low nortality at 20 ppm for 211 hours. Death due to
iung damare,
- 8. Toron trichloride showed no mortality at 50 npm and a slight
mortality at 100 ppm vhien in the dry state. In the ret state, and containing
decamosition products, tho mortelity was anpreclable at 20 ppa.

4, Boron trichloride-~dimethyl ether complex shows no nortality
at 20 pm in a 30 day ex-erinent. Tortality tms hirh at 100 npm.

5. 4n eleven hour oxmerinont at 135 ppm shawed no mortality.

l"luomoarbons:

CqFyg foreshot showed no mortality at 100 ppm at fourteon hours;
Crude showed low mortality at 300’ ppm et fourteen hours; _
Tefined shomed no nortality at pm for fourteen hours and

4600 rpm for five hours,

Csr‘ls crude showed low rortality at 8 - 100 ppm for fourteen hours;
Foreshot shored lovr. nortality at 100-130 npm for fourteen hours;
First fraction showed no mortality at 272 n»pm and low rortality
at 373 mpm for fourteen hours;
Second fraction shoved no mortality at 1000 ppm for fourteen
houI’S. ’

II. Inrestion "xmerimonts:

Since the peonle in the plants would inadvertently ingest the
uranium commpounds, it mas imperative to carry out aninal exnerimental worl: to
deternine the oral sensitivity of animals to uranium compounds in order to:

1. Chocle the sensitivity ol each cormmound as detorrined by in-
halation; : '

2. Deteriine the probable role of inpestion in the inhalation
experinents;

Ja It vms hoped that tiie Information thus ~mained could be ex~
trapolated to the hrman snwecies with some degree of accuracy.

Protocal of Uxnmeriments:

Fats and dogs were fed various uranium compounds over neriods of

2000130
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timo exbendin;: from 3 days to two vears. The rats werc rivon smwecified ner-
contages of each cormound in their diets, The doss wers riven anounts of
those oomroundt rraduated accordins, to the body weipfht of the animal.

Observations on.the prowvth, mirht change, vetholony and distribue
tion of uranium in the %issues wore made at specified intorvals.

Control snimals were tested under identical conditions oxecept that
uranium commoumds were not ~resent in their diet.

It vms neoesvary to use the number of caapounds end the various
dust conoentrations revworted in Teble V in order to discover the relative
toxicities of the uraniun connounds. ~hen this vas learmed, Mive uranium coo-
pounds were selected and vere fed for either oms or two ysars to a mmber of
animal snecies. The wirpose of this vas to see if there mere any toxic effects
as & result of chronic ingestion of these cormounds. The reasons for the ssleo-
tion of the five uranimm ecanounds which wore used for tho chronie inrestion
exverinemts have been onumerated in the sectiom on inhalation.

At the completion of the inrestion exmeriments it wms nosaible to
groun the various urarium compounds into rraded toxicity table. (Seo Table
ViI)., .This vms obviously useful as o moans of orienmtation in the industrial
plants vhere these oarmounds were in use, This sorved as a guide in directing
the institution of prophylactic neasures, and in guiding the emphasis imto
promer channels on umsual vrecautionary stops in the industrial plants,

As vms mentisned previously, the srorkers in the nlants tonuld inad-
vertently get the dust from these commounds in their eyes, and their skin, of
course, vrould core intc comtact with these substances, Infomation was thero-
fore needed about the topical toxicity as well as the pot- “iel eye irritant
ection of t“e uranium compounds. Taobles VIII and IX summarize the results of
oxperiments on eysc and skin sensitivity to these compounds.

It is of interost to note that a nuaber of the compounds tere ab-
sorbed through the s'-in or comimetive in sufficient amount to producs systerie
chanpges whioh resulted ia death., At sutopsy, evidence of ranmal damre was
found. ’

At the campletion of the ingostion and inhalation experiments and the
acc tmlated data on the tcpical and eye application oxperinents, it wms nos-
sible to evaluate the degrie of t:sxleity of the warious uranium compounds, This
information is summarized in Teble 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 also
inperative to learn about the nhysical characteristics of these dusts., It
vme i portant to loam nore tbout the effects of tho uranium compoumds on the
various bio-chenical systems and metabolism of the animnl body, end it wms
essential to study the degree of tolorance vhich animals showed to these com
pounds, It tas obviously neoecssary to learn about the distribution, absorption
and excrotion of the uranium cormounds once they are introduced inte the aninal
body, and lastly it vms importent to learn about the intricate behaviour rech-
anign of the uranium compounds in the animal body. All of this work would be
of the utmost irmortaence in helring to discover early indices of uranium intoxica~
tion and to find nossibile prophylectic and theraneutic measure:for ureniun
roisoning. 6

2000131
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The following is a b g tho vork that vms acco:nlished in
those fields:

1. Totention Studies and "articloe Uiza:

ethiods: Accurate —ethods hmve been developed for the -oasuro-
—ant of the narticle size of uranium connounds in air. Theso techniques are
used in the comtrol of tho concentrotion of the urenium cormounds in tho ex-
rerimental inhalation chambers, cnd in tho monitoring, of the concentrations
of sush comounds in irndustirial areas viiere humans are exnosed,

Techniques for the fractionation of the particles of uranium con-
nounds into lots of uniform size have beon develoned., In this way exposurc of
oxvorimental aninals to particles of Imorm size carn be detemined., Vrelinine
arv data indicates that tho samll particlos are most toxlc.

"'ethods for the uniform suspencion of such rmarticles in exneri-
mental chambeors have also been developed.

A ‘wthod for the moasurenent of tho total dust inhaled by an ex-
perimental aninal is almost commleted, and vrelinminary tosts are satisfactory.

-

2. Tharmacology:

Lipids in “Tranium “oisonin~ (JMiaven '148): Tollowin~ exposurc to
toxic amounts of uranium comrounds, the total linid of the liver and kidney
teud to be less than nermel due %o the inereased wmater content, Matty livers.
tend to be found after exnosuros to uranium nitrate and oxyfluoride. The nhos-
pholinid fatty acids of the liver are more wmsaturated than nomal; those of
the blood, more unsaturated; and those of tlp kidney, less unsaturated than
nomal, In general, there is no effoct on the total cholesterol. In the liver
there is an increase in oster cholesterol and a decroase in free cholesterol,
In the “idnev there is an increase in ester cholestercl and no change in the
free form. Adronnl cholestercl is decreascd to one-half its normal value. It
is not 'movn where the char~es in the unsaturation of the phosnholinid take nlace,

The- Effact of Various Aponts on Uranium Htrate and Oxyfluoride
Toxicity 5150!: The —ortality aiter ToXic AOSGS (b WMG/K(,) Of these su.scences
was not changed by choline, neutralized choline, disodiws hydrogen —hosnhate,
lactic acid sodium lactate, calcium lactate and essontial fatty acid adiinis-
tration,

Renal extracts delawed but did not decrease the mortality from
lethal -doses of uranium nitrate.

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

Oral sodium bicarbonate and sodiwnm citrate roduced the mortelity
by an anpreciablo nercentarc in nitrate poisoning,

The Effect of Dict on Tranium Toxicity ('38) lfouman): The adds.

1-7-
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tion of 0.0} sodium bicarbonate thd the mortality froy 80:% to

20-30". This is leas heneficial i* rivon twenty-Tour hours nfvor tlo toxie
dose is administerod. The snlts of ‘wotabolized acids (citrate, :ialate or

lactate) on injestion ~ivo sinilar results to those obtainod vwith tho bLiear-
bonate, Acid in the fon: of a moniun chloride incronsed the riortality to 80

to 95%

"istoloﬂioal Studv of the Pancrens aftor Yruniwn Toisoning ( 33)
glmvenEz *o owvidencc ol any abnornelity of the pancreas 'ms round after uran-
ium nolsoning.

a7 mte and succinate arc ag oi‘foctive
as B in the troatmont of ure.nzun noisoning. " A three to four fold
inocronse in the oitric acid oxcretion is noted arber uranium poisoning,. Thore
is no relation betwoon the citric acid and uranium contents of bone,

The 4ffect of ¥xbternal Tomporature on Survival fron “lraniun 'oison-
inp: ‘lorndl Cenmerchire 18 onbirun for survival fram ureniun polsoming.

The Niffect of Fluid Intal’o on Survival from “ranius Poisoninr:

Testricted fluids raised the mortality in umnim roisoning.

The niffeot of Jraniun “oisonin~ on “hosnhoruc Turnover: Thero is
no evidence, as.shomm by radiophosphorus studies, of an enzymatie block in
vhosphorylation caused by the adninistration of uraniwm, A slightly lowser
rate of equilibration in bone is noted, :

3. Tolerance Studiss (Ilaven) (:'129);

Tolerance can be divided and studied in the eclassiffcations of
natural and acquired tolerancs.

Yatural Tolerance:

- a. Snecies difference as illustrated by the fact that uhite
mico will tolerato thres times the acute doso for —istar "ats (5 mr/izt); Call
mice vill tolerate nmore than ten tires tho ncute dose for rats, The following
table shows the ordor of susceptibility of vmrious animals to uranium nitrate
both by injection (percutancous) and by ingestion.

ranium Mitrate b In?ection Traniun Titrate by Inge‘stiom
LD/50( ratio) L /e, 20 "H0g
rabbit 1 rabbit . 0wl
rats 3 dogs 0.2 -
guinea nig - 36 rats 1.0
vhito nice 128 harasters 5. 0
-8
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b. Dogs are movo sgggﬁg oral uranium compou~ds than

} rats as illustrated by tle followrinr tablo,

2

Co mound

0, F,
Ic1,
MOg
UFy
0y

axioum Anount

O

d.

“axinr Carried

Toleratod for 30 days for 1 yoar 30 davs
mats (05 in diet)
#02 0.5
0.1 1.0
0.5 2.0
10,0 20.0
20,0 20,0 plus

*nles are more tolerant than females,

Interforance in growth of rats by the following uranium

comnounds as an index of toxiolty.

30 day exneriment

2075 of U0,, Ugly, in diets causes no prowth interference.
207 of UF- in dlets causes slight growth interferomoe.

ference.

0.5 to lffg’of UCly, UOg, "0, U accetate causes soms [rowth inter-

Osl to 0,257 of W04, U0,Fp in diet causes some growth interferonce.

One yoar experinment

TTO and UF, almost non-toxic ovor neriod of two yoars at 207 of diet.

years of fead

et O,

e

7 of diet causes detectablo growth interferance after two

N0yF.2 at O. 2577 of diet causes pgrowth interforence after tw years

of feeding.

Acquired Tolerance:

Q.

ats acquire tolerance for lethal doses of uraniun nitrate

ard chloride by the repeated adninistration of sall doses fram day to day.

2000134
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Sex differenceos are o.lsabafw‘:arent after ropeatod doses.
Increasingly largor dosos in rats show:

1. A ten day intorval of dosage is bettor than twenty da.y '
inteml.

2. A ton day interwal shows no zmpreo:.a.ble mortality
occurred until 16 ng /g dose was given (three tines
lothel dose).

3. ith twenty day intervel the mortality startsd at 4 ng/kg,

4, Sex diffe ?parenb_, the nale bein noro resis-

4.




de %OW{: mr be adninistered so that tolor-
ance is aoquired is 0.33 mr/i; for rats, «-- 0.1: i frep rives no tolerance.
e, Tho rereat dosaros arc lost tolernted vien the urinary

citric acid excretion is at its »ecnk.

. f. Iraniun is not exeroted nore raridly in tnlorant anirals
then in intolerant animals,

Studies in Phenols in DBlood and “'rine in “ranium “‘oisoning (Vaven

'73[:

a. A rise in free and total nhionol excrotion follows adinistra-
tior of uraniun nitrate in doses of i',22 to 2.5 rr'/kr Thie reach s o ~axinun
in four dava. .

b. The increase in -enol inoreasos writh the dosage adinistered.

6. o chanpge is observed in the conjmr,atiah of rhonols,

4. Distribution and "‘xcrat:.on of Traniwa (Stable ard 'mstable Isotones)
“eunan (:'182)

Decembsr 1944 to present,

‘othod: Ashinm of tissues, isolation of the uranium fron a pro-
tein comnlex end analysis by the fluroescent method.

Current Results:

A, Toxavalent uranium - omo dose (i.v. U0p(103) 9, (rats) - analyses

from a neriod of forty-five minutes after injection to forty days efter injection

shows that:

a, Fifty porcemt of hexavalent uranium is excreted in the
urine in twerty-four hours and sma}l quentities cre excreted un to forty days.
Total excrotion anounted to 65-75%. lio fecal excretion vms noted.

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

c. Initially, the kidwey contains 207 of the dose. This falls
to 17 et forty days.

d. Bone contains 3077 initially w'th a ~radual fall to 13 at
forty days. ‘

e, Soft tissues at all neriods excent the fortwfive minute
neriod show less than 2 of total dose,

- 10 «
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r?. Tetravalent W (ch4i.v.. rots) - anelysos
from a neriod forty five inutes after injection to forty dare show thats
E a. 1 is oxereted in tront-four hours with &wll aount un

to & total of 307" in forty days. lecal oxcretion initially low u- to a total
of 20 at forty dayvs,

b. Blood drops ::ore slowly than hexavnlent uraniu:, but shows
a oconcentration of less than 0.1 =7 at tiwelve hours.

6. Tidrey initially comtains 155 of the dose, falling to 15
at forty days.

d. All soft tissues excewt liver and spleen show less than 2]
of the doss.

e. Liver and spleen initimlly contain 357 of the dose, falling
to 5° at forty davs,

C. Aoubte dose with radiocactive isotope (7 232) (rats). TResults
are the same as the above with the excention that less retention or renid re-
uoval ocours in the kidnev. :

D. Ahalyses on animals exposed by inhalation (chronie oxposure).

Soluble comounds show no rote~tion by the liver or lung with
a ~redual rise in the bone and kidney concentration. At the prosent time the
amroximate levels to thich thic comcentration will rise have not. been reached.
Current observations indicate that the ocurves are still rising, and have not
_ levelod of'f, Concentrations in the bone in no way approach those folt to be
”3170::10 from a rediation standnoint.

In the insoluble copounds the lung continuos to shor an ine
ereasinr concentration of uranium while the kidney and bone comtain very s:all
(slirhtly more than trace) arounts,

]

« Analyses of Animals exnosed to uranium by chronie ingestion.
The bome in chronic animsls runs three to four times the ob-
served concentration in the kidney. Levols in bone un to 450 miorosrems per
rren of bone have been observed. Ilo placental transfer of uranium ocours.
Fe T‘echanisn of Deposition in Cone,
a., In vitro - the bone absorbs the umniua {re: nlasm ultre-
filtrate ard from a bicarvonate buffer. This removal is very ranid, reaching

& steady state in twenty-four hours. Concentration ratios of bone to buffer
- awe mara than 1000 to one.
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b, 1In vivo - the arount of denosition im = given bone is
directly nrovortional To the circulation of the bone, the vorbobrne being, high-
er than ferur which itsolf is hirher than skull, Youn{' animals devosit moro
then atilts. Thus, less urenium reaches the kidney in young aninals whioh nekes
them rore 'bolortnt thar adults, In older rats a sex difference is observed and
oan be exvlained on the basis that fermles nature more quickly and therofore de-
wosit less uraniun in bone and more in the kidney. ‘

" B “otabolien Tosts;

Blood Clotting: Three different tests were selected, naely the
prothreribin time, Ethe blood ﬁbrmopen lovel and the bromsulfalein rotemtion,
as meaguros of test!m;‘tho' ~resance or shsonce of liver danafo due to uranium
commounds. , ‘

Short exposures to uraniun hexafluoride concenmbrations of 2.0 mg
rer oubic netar (six hours) showed marked increases in the nrothrembin time and
fibrinogen lsvels vhich lasted from one wee': to ome month before returning to
normal, I'o change in bromsulfale in retention was noted, TFolloviny, chronie
exposuros to lovor levels saro fluctuation in tese determimbions tas noted
with a tondengy tovmrd the reduction of the fibrinogen lovels,

"ranim tetrachloride ceused 25 to 307 retention of bramsulfalein
after single acute oxposures, The lewsls roturned to nomal in one month,
The kidnsy funetion in these anirals vms normal.

Tranium mtrate shorred sore fluctuation in the above rrothrombin
and ﬁbrlnog;en levels after five to six nonths of exvwosure at 0.25 and 0.45 per
ocubic meter,

Phosphatase Stains: The nomal kidney tubular cells stain with
vhosphatase stain. Following uranium nephrosis oi' tho tubules, these stained
areas disappear in arproxirately fourtoen days. Althourh the epithelium re-
fenerates to normal annsarance histologically, the nhosphatase stain doss not
return, This indicates an alteration of the vhysiolosical nroperties of the
tubular cell. This observation is confirmed in the absence of nhosnhatase ir
the urino following ropioated uranim oxposures to a.nmals. (Seo Dounce in :lochw
anisn section),

Carbohydrate ‘etabolien: Followin: toxic oxvosurse to uraniun
~nitrate 2 moderate decrease in the rlucose tolerance of both dogs and rats is
observed. This ic accompanied by small decroases in the ability to fom :mscle
¢l:rcoren. o change, however, is found in the liver plycoren. The ;lucoso
tolerande curves of these anirmals show prorressive flattening of the curves up
to eighteen davs. The absenoe of typieal diabetos is surrested by fasting
normal blood susars. Some slight elavations of blood lactic and pyruvic adids
were noted irmediately follotirnr exmosure. ’

Blood potassium and Carbon Dioxide: ‘o chanres vere o'bserved in
the blood potassiun and blood protein levels followin: oxmosure to toxic con-
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contrations of uraniun nitrate (3M

} The blood carbon dioxide drops following exnosure and roaches 'ini-
mal lowvels Letemen tho first ond seventh day. Followring this ti e therc is a
return to normal levels. The 'iiniml values are loss thar ono~half of tho con-
trol values.

Tonal Cleoarances: I'olloviny, exposures to uranium nitrate at
3.0 '1"'/1"\5 the inulin clearance is decreased reaching its wwaximwm during, the
third wee!r o!' exposure with a roturr to nornal at the fifth weel:, Tho diodrast
clearance falls abruntly to fran 30 to 757 of its normal value at one weel.
Zormal values aro obseved apain in anpproximately thirty~five days. There is
a maintained incroase in the ¢hloride clearance. o chanpe 1s observed in the
PH. Proteinurie is noted during the first three weeks of the exmeriment.
Tho urine catalase levols reach their maxirmum at the lowmost noint of the dio-
drast clearance, :

The conclusions dram from such obserwations indicate that uranium
causes a decreased tubular function thich compensates as the animals recover,

6, ““ochania Section:

a. The toxicity of uraniun for the kidney tubules depends on the
release of the uranylion by the breekdorm of the uranyl-bicarbonate complex at
a low pll, The mocharisn by vhich the kidmey is injured is as follows: The
uranyl-bicarbonato complex masses throush the golmerulus into the tubule at
vhich point the p™™ falls below & level of G,5; this causes & brealkdotm in the
ocplox with the IICO, radiele beinz resorbed and the free uranyl ion now able
to attacl: the tubula¥ cells. . ‘

@ b. Tebtrawalent uranium combines with nlasma proteins and doos not
pass through the rlomerular filter urless nrotein nlso is passing,

c. The reduction of hexawalent to tetrawvalent uraniwa is dynamio-
ally possible in the animal body althoush such a reaction is undoubtedly very
slowr and occurs to only a saall extent. Tho reduction of tetmmvwelent to trival-
ent is impossible, Dlentavalent uraniun is too unstable to exist.

d. o polymerization of uranium ocours under conditions compat-

Tho oxcretion of hexavalent uranim denends to a large ex- -
tert on the a.cidity or alkalinity of the urine; the lattor nromotirf; increased
excrotion, the fomer donmssing it,

f. A nethod for the meesurenent of urinary catalasé excm'um
has been developed and standardized for use in the dstection of heavy retal in-
Jury to the Kidney.

fo It has been detected that the urimary protein present after
uraniuwn poisoning is plasma albwmin.

Ay
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he The diffusi ufaniun coplex through a filterabls 1100
brano is an incroasing functlicom~oT¥ s dioxide contont of the mediwm.
Tranium carbonate and hicarbonnte cormlexcs have beo:: showr to be identical.

1. Tt is thoaupht tlnt bicarbomete is the most irmortant carrier
of hexavalent uraniun, Sodiun citrate and bicarbomate incroase uraniun excre-
tion. It is comceived that the hexavalont ion is dowosited or shows an affinity
for onitheliun and the tetravalent ion for endotheliume.

j» The effect of the uranyl ion on reonal function is as follows:
1) the anall dose shiows no cf’ect on substarecss which filter throurh the rlomer-
uli (creatinine, xylose, inulin); 2) There is an increase cloarance of substancos
reabsorbed in the distal helf of the nroxinal convoluted tubule (chlorides,
amino acid.nitroren); 3) Thoro may be an increase in substances nartially reab-
sorbed in the proximal convoluted tubule (~lucose, urea); and docroaso cloarance
of secroted substances (vhenol red, 4odrast, hinpuran); 4; lLarger doses roduce
arparent filtration in ~lomerull by the blockads of tubules and diffusion of
mator soluble material across demded tubuler tmll and thus reducinr all clear-
ances; 5) In catalase excrotion in the rabbit, this substance is nomally not
filterod or secreted by the kidmey. The amount of catalase at ono and a half to
two hours after oxposure is a linear function of the eount of hexawvalent
uranium riven, The hexavo.lent ion is at loast four tines as effective as the
‘tetravalent in causizy the appearance of catmlase in the urins.

IT1I, Gemeral Conclusions:

In conclusion, the purposes of this erntire resocarch »rorcram wms foure
fold:

1. To supply infomation which would be helpful in the establish-
ment of a maximu: factor o: safety for the employees exnosed to the ureniun con-
nounds,

2. To furrish data vhich would establish early indices of uran-
iwn toxieity.

3. To find helpful prophylactic and therapeutic measures to com-
bat possible acute and chronic eflects of these substances,

4. To furnish evidence to the ‘mnhattan Engineering District
which would be helnful in the ovent of lew suits by employees for injuries to
health attributable to these cormounds,

- 14 -
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