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SEEZ25E% Subject:s DR. SHIZLDS WARREN'S REQUEST FOR INFORMATION CONCERNING URANIUM
[} Wgy_,j

It is probable that no other elament has ever recelved the inten-
sive toxicological study that has beon eccorded uranium. The emphasis has
beon 1laid on the develomuent of safety standards for the control of heoalth
hazards arising froa the contemination o faotory and laboratory air with
uraniun compounds. lNasks and respireators have baen tested in atmospheres
of uranium dusts. lMethods for tho recomition and control of uranium poison-
ing have been souzht. (Propliylsxis, detcction, and trsatment are bast
3 approached throush en understanding of the mechanism of uranium poisoning.
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‘| Most of the results of this work have been collcctzd into monocsraphsj the
first ons, "The Faarnacolozy sand Toxicolozy of Uranium Compounds, Volune I,
describes the short-tera toxicity studies end probably will avpear in

o { @ April, 19493 tho second one, "Volums II", presants the results of the chromniec
< g g inhalation studies and will be subauitted for publication early in 1949,
. ) . 7ith such a larze exnount of experimental work alresdy in hand, it is reagon-
= § 3 § abla to esk what further inforzation is desired, and why it is needed,
o 3 =3
=
3 % ‘é 3 The principal resson for extendiny and amplifying the studies of
? - g? wraniun exposures in experimental enimals lies in the radiocactivity of

1;2 § uraniun end espocially of enrioned uraniua, A coanlicatod addandua arises

™ ©  in connection with exposures to the dust from the etomic pile; here the
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radioactive hazard is elmost entirely due to fissiom products, but the
behavior of the particle may be mors charactsristic of uranium oxide.

During the first years of worx on uranium toxicolory, atteation was centered
on the prevention of chenlcal poisoning., The low radiocactivity of urenium

reduced the danjzer of radiation damaje in short-torm exvosures (5 years or
less) to & point where it was disresarded.

Fow that the oemerzency phsse
of the use of atonic enerzy has passed-and exposures to uranium comnounds
are enticipated for ths workinzy life-times of industrial and leboratory

personnecl, lons-time tolerance studises should te underteken in vhich the

search for radiation danaze has first importsnce, and the search for chemie
cal toxicity is rolezated to a secondary role,
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At present throe linsas of continued research are clearly indicated:
1) the study of animals exposed to insolublse uraniuz dusts to cbscrve the
tondency for uraniua to accuuulate in the lunzs end pulionary lyaph nodess

2) the study of enimals oxposed to soluble uranium dusts to observe the
deposition of uraniuwm in the bonejy end 3) the elucidation of the intimate

moechonisza of ureniun poisonins at the onzyme level, GZach of these three
topics will bo described brisfly as followss
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Insoluble Dusts: Lung Retention '

As a result of yeasr-lonz inkalation studies of animals oxposed
to atnospheres containinz UF, end UO, dusts, respsctively, evidence has
been nccuniulated that indicates that prolonzed exposures to air concentrae
tions of 500 uj U/md would not give rise to the typical renal chsnges of
ureniua poisoning (chenmical erffect). Homover, the doposition of uranium
in the lun;z and especially in ths pulmonary lymoh rodes was surprisingly
hish and naizht in some individuals be expected to exceed the tolerance for
alpha radiation of 50 ngy U/z1 suzzestod by Bale (for U with the natural
isotopic composition). Calculations from the linited amount of data on
this point su:z;est that ths half-life of insoluble ureniua in the lung or
pulmonary lymph nodes is orf the order of 60 to 1C0 cdays and e maxinum
exposure level has been recomnended at 200 to 250 np U/=3 with the proviso
of o 4-vwroeka vacation., Since tha studies to date have not used enriched
uraniun and since the studies have bosem limited to one year, except for
two or three dozs exanined after 2 yecars, the important relationship between
uraniun dust concentration and lunj rotcntion should be investigatad. The
dovelopaent of rediation injury would be the major critsriong howsver,
the possibility of existsnce of a chroaic type of uranium poisoning has
never been ruled out and should bs carefully explored,

Current studies have boen desirned to furnish essential informae-
tion that must be in hand bofore a really long-time study of ths insoluble
dusts (presumably UQy would be used) can be bemum: 1) the relation batween
particle size ard toxicity of UC,, 2) the lung retention of UO, as related
to dust concentration and particlo size, 3) ths means by which"UOg is
reaoved from the lung, for exanmple by cilX¥iary aection, by phasocytosis or
by solution, 4) the tochnics of uranium funs production, &) the cozparison
of the toxicity of U303 to that of U0y, 6) the characterization of industrial
UOZ dustsy these aro 2ll problems bagiec to a long~tine study and are, at
present, undoer investication, Those investirations ere also fundamecntal
to the goneral problens of inhalation toxicoloy end will be important in
the future in the testing of eny product. Becausse so much is known about
uraniua poisoning, it is possible to zet at these general princinlos, end

the exporience gained provides e basis for savin; time end money in the
&signing of teosta, -

The chronic inhalation exvosure studies envisioned would enploy
an onriched uraniua representativa of the worst hazard sacountersd in
industry or im lsboratory disscminated at dust concontrations critically
relatod to the concentration prodicted to bo free from danser, either as a
result of radioactivity or of chzaical polsoning, The dust particle size
would bo choson on tho basis of the characteristic of industrial erposuros,
Largor enimals, for exsnple, dogzs, or zoats (perheps monkeys), would ba
testsd over periods un to 10 or rore Yyears. 32y & suitable substitution
calendar, a prozram of serial studies can be institutoed sinmultencously., A

carefully selected and limited zroup of teats would be applied to experimental
eninals to measure their responses, )

800b3b3

m

2



Bl a1 DS S .
" Dr, He A, Blair - . b 1_roc a ERED == ——° .enuary 4, 1949

L

Pile Dust:

: In the near futuro an extension of the pilot studies just begine
ning on the hazard arising froa pilo dust maey be considered as a gpecial
end wusuel case of the insoluble dust problem, Are the dust particles
principally UOs and ere there toxicolozical effects identical with those

. of U0o? Can the rospiratory proteoctive devices which have bcen found
effective against U0y be exmployed asainst pile dust? Underlying these
questions is a more funda:azntal ono: -is the radiation tolerance to point
distribution such as would arise froa a rolatively few dust particles in
the lung coaparable to that from gencralized radiation such as mizht follow
the inhalation of radom or exposurs to x- or gamas rays? IHow the body will
treat a complicated physical mixturs of the fisszion products distributod in
or on the dust particles is a vory intrizuing question which will bs ex-
coadingly difficult to answer,

Soluble Dustst Bone Depositiom

From the year-lonz studies of snimals exposed to atnosdhores
containing uvranyl nitrete, urezayl {luoride gmd uranium tetrachlorids, data
have been darived to indicate that prolonzed exposurss 1o eitaospheres cone
taining of the ordsr of 50 ug U/aS probably would nsvor give rise to the
kidney chaonzes of characteristic uraniva voisoning, From taess studizg
2lso, it tocame apparent that the btons content of uranium increased vrozres-
sively with exposurs and that this is ths only sits of accuzulaticn of
uraniua in the body. Ths questioa of radiatica damage frem such a dsposit
cannot be ruled out without prolonzed study, Basioc problems such as the
factors controlling the deposzition end mobilization of uranius ere alreoady
underwey,

: A chronic inhalation exposure study to such a nmaterial es urenium
hexafluoride would permit the observation of the rate end mamitude of
uranium deposition in bone over lonj period, evidences of radiation domerse
and of cheaical damagoe would be sousht. An attempt would be meds to define
the laws governing the lonz-time accumulation of uraniua in the skeleton.

T

Vechanisn of Uranium Poisoning:

Tho sits of ecute uraniun poismuinz has been carefully investizateds
the principle chenjes occur in the proximal convoluted “ubule of the kidﬁey.
Scne evidences of chronic effocts both in the kidnoy and elsewhers, for example
in the hernatopoietio ays+tem, have been discovered, Urznium has been showm
not to axert its poisonous action by coabination with S5 enzymes, but carboxyl
or phosphato groups are implicated, Spocilically, certain cnrymes concermed
with glucose metabolism are inhibited, Since the control of ureniun poisoninz,
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the develozuont of treatment of ecute accidental hizhezrede exposure, the
treatnent for injury arising from chromic exposure (if any), the discovery
of now and nore dolicato means of dotscting injury or of followins the dezree
of exposure, all cre best approached throuzh the knowledgze of tho mechcnism

of ureanium poisoninsg, a minimal amount of research should continuously be
directed elong these lines. :

Harold C, lodge
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