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Division of Biolozy and Medicine
U. S. Atomic Energy Cosmaiseion
1901 Congptitution Aveme, K. W.
Washington 25, D. C.

Dear Ir. Warreng

Enclosed please find three meroranda which I trust will
ansver the questions raised in your letter of Dececuber 21, 1543, re-
garding uraniun, poioniun, and the clinical retabolism ward, A COne
fcrence ie being held in Cleveland today on thorium, and as a result
of this, Ir. HEodge will bring the subject up to date and supmit & ree
port which will be forvarded to you in a couple of days,

As you will see from Ir. Hovlendrs memporandum, the expenses
of the metaboliem ward are borme abosut equally by ourselvea and otaer

To date ve have gainzd s2=e savantace with regard to patient

From Dr. Balets memo you will note that our group has dons
practically all of the vork on poloniwm toxicity, including the setiing
I think tho Deyton labdoratory would

like us to continue with part orf this problem, leaving them principally
the exposure of large snimals,
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@, days, but this inequality nay disappear in future.
&
/ - of the rresent tolerance levels.

y

The situation on urznium is reclaetively satisfactory with ree
gard to acute chemical toxicity, but there are many proolems avaiting

solution with regard o long-tern accunmulations and assoclated radio-
activity.

I hope that this edditional information will ansver satisface

torily the questicns you had in nind,

Sincerely yours,

Henry A. Blair,

' Director
HAB :JW

Encl. (3) "

CC: Ir. B. 8. Wolf

) Y
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January 3, 1949

Hemorandum tot Dy, Henry A. Blair
Fromt Willianm 7. Bale
Subject: Dr. Shields Warren's Request for Infornation

Concerning Foloniun Research

“hen the production of polonium in large guantities was undertaken
during the war years, the liedical Section of the ilannatten Uistrict
essigned to the Haochester <roject tae responsibility-for.any research
necessary for the safety of the vroduction personnel £t Dayton.

Ho usezble inforiuation existed concerninz the metedolisn or toxicity
of tris elesemt. “hes ravmorts of Lacastegne and covorkers wvere
rapidly dezonstrated to be in a quantitative sense comnletely
unrelisble.

Tollowring the develonment of relizble rmethods for psloniun
analycis, workt at lochaster was first concantrated on & study of
voloaiun diciribution and of excretrry rantes in rats following
dntravensus injection. Jals wark was later suntleacnted by 2 study
of polonitm excretion in six hAwmen subjeets (victinms of leuxenia)
end o larse scale study of the comarative toxleity of »saloniunm,
radiun, and plutoniun in rats followving sinzle intravenous injections.

From this worl: it was vossible to arrive at 2 correlation
between ths body poloniw: contant of kumen subjects and the rate of
urinary excretion. “nis metnod has bean in continusl use at Layton
for monitorinsg the body voloniun content of nroduction nlint versonnel.
From the coz-arative toxiciiy studies, plus crlculations based uron
ths Yody distributisn of raliocactlivity as exmerinentally deter—ined,
estinates of permissible body content were rade.

Prelininary work was also carried out on absorption of polonium
throuzh the skin, by way of tne gastro-intestinal tract, following
inhalation into tne lungs, etc.

Several inetrunents constructed at Zochester vere provided
the Dayton plants for monitoring purposes.

Results of this reserrch are given in several renorts of
very linitcd distribution snd are suauarized in a Survey Yolume for
the Jational lluclear "nergy Serics (2ivision VI, Volunme IIl) waich
is presumadbly now awaiting publicetion as a classified volume.

- 53268




1]
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At the Dayton plant it wvas found that expesurs to poloniun was
so great that nunerous individuals kad, in fact, greater body
concentrations of Poloniun than our rescarch indicated ouzht to de
peraitted. Altnsugh by innroved methods exposure to poloniun has

~ decreased consideradly, individuals at Zayton still carry polonium

concentrations in thair bodies close to the paxizum ellowadble on
the basis of our research. A csreful survey of the #ra2-7nt St-%tus
of Poloniun Tolerrnce Tetirntisns roy be fouad in our receat rezort
under taat title (u.=ii, Gctover 1U, 1%43).

Recent 2nd Prasent Research et Rochester = Juring the vast
tvo years rasearca on polonlun nas contisusd at lochester. It has
been found in treliminary woric that 3hL (Sritish Anti-Lowisite)
and relateld substances somewvhat incrense roloniun excraetion in experie-
mental aninmals and also reduceo toxicity 2s neasured by letaal effects.
Aleo we knve found that kidney lesions are denonstrable in rats
followingz sinzle doses lower tian we bad previously realized erxerted
deleterious eifects uson tals orgsan. {hls leeion, denonstrated
histologically, ray become a lisiting factor in permissivle dosage
calculations since it 4s considarably more rarked than any perm=znent
blood ciianges at tne same dosage lovel.

It hns aleo boen found that the disiridution and excrotion of
poloniun after oral adoinistratisn may ve qualitatively and cuantitatively
quite difforent than following ecainistration by the intravenous
routs. Ia marticular, following oral adainistration poloniun snows a
pronownced tendency to accucmulate in circulating erythrocytes.

ork Plenned £ar the ™ature « ‘lor< thet will be cerried out
at Rochestar 121 2h2 Tuiture is :edeadent unon what ths i.ediczl Cectlon
of tho Atanic nergy Jomzmission decides ic the eczontial work to
be done and where it wisnas to zesifn resoonsibiliiy for tie carrying
out of this worx. In vier of tre fanct tiat exsocurs of vilent narsonnel
to polonilun still rczmains relatively high, and is difficult $o reduce
without further great incraasss in production costs, taere may be
con3ideradbly core work indicated.

Alrost £ll toxicity studies % date have been carried out on
rate, and folloving sin-le intravenous injections. Zernans such work
should be broadened to inclu e otasr sheclies, —articularly tha longer
lived Qog, srtould include otaer than intravenous routes of
adninistration, arnd should incluile excerinments with resczted
edninicstration of voloniun zore closely situlating tae caronic exDosure
of humen sudjects. Jerhops blood cruingss, rossible 2roduction of
sterility, and tumor induction sbould ve investigated more completely.

Little 1s yet raally known ebout the negnitude of polonium
absorption tarough tae lungs, or concerning any deirimentel changes

00014849 - -



SECHLC

=3

’

« %91 Dr. Henry A. Blair _— January 3, 1949

guch as tumor induction that may be induced in this orgen at the
present permitted exposure lovels. ' .

Further studies mey be coneday indicated on poloniun excretion
in hurcan sudbjects following administration at non-toxic levels.
The patients with laukxenia studied may not be representative of
humen subjects as a whole.

Additiona) vork perhaps chould bs earried out on methods of
incressing roloniun excretisn and decreasing toxicity, ¢ the point
that the utility of ontizmal methnds are known as applied to cases

of aocidental huran over-exposure.

Biological research so far conducted has been slmost entirely on
an empirical basis to ancver specific health problems with little
attention paid to tne chemical naturs of roloaiuz or to the rature
of polonium metzbolim. SJuch basgiec worik on t:he matabolisn of volonium
in the body 1s perhiads indicated to provide a rore sure foundation of
basic diochenical and physiological inowlsdze on which to build an
ultirate determination of & safe exposure level.

Finally polonim, becauss of its relative ease of handling end
quantitative neasurenaat, bz2cause of 1ts wide znd, compared wita most
other elznka enitting elenents, relatively uaiform distridution in
the Yody, and oecause of its convenlent Wzlf-life, r2y rrovide the
best tool for & general investigation of 21-ka ray toxicity. 1Its
acute toxiclty, for omamvle, is, on a radloactivity basis, some
ninety tices as grest 28 radiua. Jais 43 because rodiuva is repldly
transported and stored in calcified areas whsre its acute toxicity
i3 not high. Zoloniw, on the otaer rand, remains largely in soft
tissues. :

Future Accimmnient of 22zearch Peadinsibility <« The unit
of %the :.oneznto vazaleal wouotany engezed is poloniunm production is
in the vrccess of roving to graatly ealsrged facilities for the
production of poloaiwa. A labaratory to te devotsd to bdlologleal
research in conrection with tne Daloniun hegard is included in the
plant fecilities. Ca tne besis of informal discucsions dDetween
revresentatives of tihe pedical rraus et Tayton, hecoded by or. Svirbely,
and the smmun zt nchester, I oclieve it wvas generally sgreed teoet
large scalo toxicity con betier be undertnizen in "ayton rather than
in Rochestsr, wvinlle ‘lachestier is llkely $5 bs better equizned for
gtudies on sone acspocts of yYatholozicnl physiolosgy, rPhysiolosy,
pathology, tzeradeutic nethods, anid netabolian.

Research on roloniun at lochester now represeats the oaly work

wndervay on toxicity cue to alpra radiation. It nay be desiradle
%0 have guch investigr.tive work continus in this rroject to provide
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experienced personnel for consultative work and to aid in our teaching

A dicadvantage of work on poloniun has been and perhaps will
eontinue to be iis clanssified rature, =0 that work on this subject
does not vronise to the investizator the rewards associated with the
nornal pudlication of researcn findings.

Distribution of Remorts - The linited distridution of reports
on diological studies with poloniun mentioned earlier mesns that in . .
most of the operational and rssearch areas of the Atomic Znergy
Conmigsion no information is availadle on tine results of thne investi-
eative worx at Fochsster. --Some of these-results are csrtainly of
interest not only to vorkers with rolonium but to persons interosted

" 4n other alpha enitting elecents snd in radiation toxicolozy in geaeral.

This suzzests that it is perca»s advisadble either to exdpedite tha
pudblicatisn of the clascified woliume of the .‘ational liuclear ..nergy
Series in vhich ta2 results of this work is contained, or sltsraative-
1y to issue the contents of tais volune as & classified reoort fronm
the Rochester area. It 4s & nanuscript of cozme 00 typewritten

Pages.

Agsirament of ResTansibilisy ot Fochaster -~ VYork on polonium
at Rociaester vas orizia=ily ceaszared in tas llivision of Soecial Jrodlens.
Yhen a concentration of Jocnz2sier Mesearch Divisinns occurred about
two ye2rs ago, this ivision was consalidated witn the Jdivision of
Padiology and renrsmed the Zivision of “adiolozy shd Ziodhysics.
They heve had the genaral ressonsidility of resezrch on nedieal asvects
of lonizing radiatlons and of materials toxioc because of radioactivity.

¥TR:nt ) ¥1lliam F. Bale
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" January 3, 1949

Memo to: Dr. Henry A. Blair
From: Dr. Joe . Howland

Subject: DR. SHIELDS VARRZN'S REQUEST FOR INFORMATION CONC-RNIEG THE

For clarity the analysis of the ietabolisu ward of the
University of Rochester itedical School is outlined as follows:

A. Cost
1. AZC Expenditure
(4) total cost
(b) costs other than salary

2. Contributions of l=dical School

B. Analysis of Total ratient Days
C. Tabular Breakdown of Cases studied in 1948
D. Current Results

E. Proposed Research

= 0061492 | - —



Memo to: Dr. Henry A. Blair -2- ) . dJanuary 3, 1949 _

-*

A, Cost

1. AEC Expendituras:

(a) The cost of the istabolism Tard for the year 1948 is

(b)

slightly in excess of 26,600, Absolute cost cannot
be determined until the expenses of the final period
are compiled.

A charge of 35.00 per day per patient to cover cost
of food, msdicines, x-ray and sizilar services
furnished by Strong semorial Hospital.

A charge of approxicately 50,00 monthly teo. cover_cost.
of special chemistries, electrophoresis stuaies on

-blood protein and the lika.

An average charge of $50.00 (4 §10.00) to cover cost
of transportation of each out—of-town patient from
his home to Kkochester and return.

Travel charges for professional .personnel to scientific
meetings according to project regulations. Averags
cost is ££0,00 per trlp. Total trips during a single
year - five. -

Apportional expenses for insurance, telephone, etc.,
distributed throushout project st iarge. This problem
pays approxizately 2.0 - 2,5% of total amount for this
type of exgenciture monthly.

Cost for apparatus and ecuipment is shared with U. S.
Public Health Service Cancer Research Grant =hich also
supplies 2/3 of the technician services. T7his cost
is neglibible and does not exceed 25.00 monthiy.

2. Contributions of .ledical School:

An analysis of the contributions of the medical school

and the Cancer hesearcn rroject (<ublic Healtn Service
Grant) toward the support of the .ietabolism vard shows
the following:

- 0061493

1) In facilities. tnhe departzent of medicine furnishes
the four bed ward, ana three laboratories. <Caemicals,
glassware and sur,lies are largely purchased by the
Cancer Research sroject,

2) salaries (partial) of professional personnel paid
by the Departusnt of «sdicine, ¥l4,500



"Mezo to: Dr. Henry A. Blair -3- _ Jenuary 3, 1949 _

3) Salaries of the Cancer Research Group {USFHS)
$7,200 . -

4) Use of the chest laboratory (approximately half

~ time in 1948) based on annual cost of 15,000 -
$7,500. , _

‘ Total §29,200

B. Analysis of Total Fetient Days:

An analysis of the total patient days in the .etabolism
ward indicates that in 1948 a total of 627 are recorded. A
breakdoun shows 380 of these were spent on problems of ALC _
interests and 24,7 on interests of the Department of xsdicine
and Public Health Service, '

C. Tesbular Breakdown of Cases Studies in 1948: T
Dates Diagnosis Laboratory Tests Ferforzs:
1/1 - 1/12 heute Rheuuatic Pever
1/7 - 2/2 Beryllium i‘oisoning™ Respiratory Studies
1/8 - 2/7 Beryllium roisoning® Respiratory Studies
2/8 - 2/21 Addison's Disease
2/9 - 3/29 Formal {Neurocirculatory Asthenia)*
Period I. 2/13 - 2/18 Albumin, Nitrogen, Calci:
" II. 2/18 - 2/23 Fhosphorus, rotussiun,
“ III. 2/23 - 2/z28 Sodium, and Chloriase
s IV, 2/28 - 3/4 balances.
* V. 3/L -3/9
"~ V1. 3/9 -3/u
v VII. 3/i4 - 3/19
3/15 - 3/28 Berylliua foisoning®
Period I. 3/18 - 3/24 Nitrogen balance
" II., HNot coupleted.
L/3 - 5/27 Berylliym Poisoning®
Period 1. L/8 - L/14 . Mitrogen balance with
* 11, &4/i4- 4/20 and without testostercns

" III. 4/20~ L/26
" IV, 426~ 5/2
n V. 5/2-5/8
*  VI. 5/8 - 5/14

GO0 1u4sSY - —
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L/18 - 6/L

Period I. 4/23 - L/29
* . 4/29 - 5/5
* IID. 5/5 -5/1
« IN. 5/11 - 5/17
* Y. 5/17 - 5/19
* VI, 5/19 - 5/29

5/L - 6/30

Period I. 5/11 - 5/17
* II. 5/17 - 5/23
* II1. 5/23 - 5/29
" IV, 5/29 - 6/5
. V. 6/9 -~ é6/11
«  VI. 6/25 - 6/30

6/1 - 6/26

. 8/3 -9/6

Period I. 8/6 - 8/12
* II. 8/12- 8/18
* III. 8/13- &/24
* IV. 8/24- 8/30
" V. 8/30- 9/6

8/7 -~ 9/13

Period 1. £/9 - 6/15

_ w11, 8/15~ 8/18
* III. 8/18-~ &/24
» IV, 8/24~ &/30
b V. 8/30-9/5
" VI. 9/5-9/11

9/7 - 10/8 {1st Stay)
10/26~11/24 (2nd Stay)

Period I. 9/15 - 9/21
* II. 9/21 - 9/27
" II1I. 9/27 - 10/6
* IV, 10/27 - 13/2
\ v. 11/2 -~ 11/5
*  VI. 1/5 - 11/13
® VII, 11/17 - 11/23

0001445

Jenuary 3, 1949

Diagnosis Laboratory Tests Ferforaed

Berylliua Poisoning® -

Nitrogen balance =
radicactive sodium exchange

Beryllium Poisoning#®

Nitrogen balance

!

Anorexisa Nervosa Nitrogen balance

Hodgkin'e Disease

Hitrogen, Calcium, and
Fhosphorus balances on
varying Hitrogen and Caiori
intakes,

Cirrhosis™

Nitrogen, Csleium and
FPhosphorus with and rithout
testosterone

Berylliun roisoning#

Nitrogen, Calciua,
Fhosphorus, Chioride and
Sodiuw balances with sna
without testosterone

td
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% . Dates
9/15 - 10/23

Period I. 9/i8.~:9/24
.« . II. 9/2“ - 9/30
®_ JIII. 9/30 - 10/6
® IV, 10/6 - 10/12

9/23 - 10/4
10/6 - 10/10
10/25 - 11/24 -
Period I. 10/27 - 11/2
*  II. 11/2 - 11/8
III. 1/8 - 11/11

|
= IV, 11/11~ 11/17
" Y. 1117~ 11/23

11/26 ~ 12/3

Period not completed

11/26 - 12/23

Period I, 11/28 - 12/4
" I, X2/4 - 12/10
* III. 12/10 - 12/16
"IV, 12/16 - 12/22

12/3 - Still on Division

Period I. 12/4 - 12/10
* II. 12/10- 12/16
* II1. 12/16~ 12/22
* IV, 12/30

12/28

Period I. Started 12/30

900 14%9b

Jamuary 3, 1949

_Diagnosis Laboratory Tests rerfor:-=.

. Metastatic Carcinoma¥ -

Ritrogen, Calcium, Fhos-
phorus - Radiation

Cushing!s Syndrome
Carcinoma of Adrensls -~ diec-
Aleukemic Leukemia

Nitrogen, Calclum,
Phosphorus balances, -~ -

Ix4

Halignant Uelanoma

Palonary Insufficiency*

Mitrogen, Czlcium and
Fhosphorus balsances.

Carcinoma tsophagus

Nitrogen, Calciun,
Phosphorus und Ghloride
balances.

Carcinoxa Ovary*

Nitrogen, Calcium,
Phosphorus balances with
radiation,



. Memo to: Dr. Henry A. sliair -6- - January 3, 1399 _

. D. Current Kesults:

. Results obtained in the careful study of a series of cases
of chronic pulmonary ygranuiouaatosis of beryilium workers of
varying grades of severity cun be outlined as followa.

. 1) A carefully controlled analysis of the respiratory.

physiology of this disease has been made und reported,
{in cooperation with Department of Ledicine), Rochester
Report. This series of studies 1s to be extended.

2) Nitrogen balance studies on a series of patients have

3)

L)
5)

6)

shown a faulty absorption of nitrozen as well as .ndicatiors
toward aa impgaired utitization of nitrogen even after
testosterone. This sugzests that beryllium poisoning is

a generalized rather than solely a pulmonary phencacna,
There is also an imoairzent of liver function., Study of

one patient with a sizilar dejree of liver involvewant did ™ '

not show similar changes in nitrogen metabolism.

It has been surgested that visceral anoxia may be the

cause of the faulty zetabolism. Studies are in progress on
several cases of anoxia due to pulmonary fibrosis to
atteupt an answer to thiz cuestion. Zarly results indicate
no slmllarity between the two types of cases.

low levels of urinary keto steroids havs been observed in
all patients with clinical diseassa.

Routine complete testing of hematological and ¢linical
laboratory phenoxena are in progress.

Two trials of Cytochroiae C have been unsuccessful as to
furnishing any resjpiratory benefit.

7) In cooperation vith the USrHS study as to the metabolic

effect of irradiation (x~ray) on cancerous subjects is
being carried out,

E. Proposed hesearch:

1) Continuation of the iuetabolic effects of chronic beryllium

poisoning.

2) Study of the possible wetabolic changes of employees re-

covered froa acute beryilium poisoning.

3) Zxtension of studies of the isetabolic effect of irradia-

tion with Cuncer Hesearch Group. It would be appreciated
if cases (normsl) acciuentally irradiated could be re-
ferred for study. Cf particular interest in this group
i3 the urinary steroid excretion.

©op00144 . =



Memo to: Dr. Henry A. Blair -7- ’ ) January 3, 191._9

*

&) Other studies as outlined in original proposal for the
" metabolisu unit,

Joe W, Howland, iLD.
Chief, Division of .sdical Services

JiH:Ci0
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January 4, 1549
Memo to: Dr, Henry A. Blair

Froas - Dr. Herold C.lodge - - < oo S

Subject:t DR. SHIZLDS WARREN'S REJUEST FOR INFORUATION CONCERNING URANIUX

It i{s probable that no other eloaent has ever received the inten-
sive toxicological study thet hns been eccorded uranium. The omphasis has
beon laid on the develomaent-of sefety standards for the control of hoalth
hagards arising froa the contomination of factory and laboratory air with
uraniun compounds. lasks and respirctora have bacn tosted in etmospheres
of uraniua dusts. lMetnods for_ths recomiticn and control of uranium poisone-
ing have beea sousht. (Proplylaxis, dotcction, end treatment are bast
approached throuzh an undorstanding of the mechanism of uraniwm poisoning. )
Most of the results of this work have bean colloctzd into nono-raphsi the
first one, "The Faarnacolozy and Toxicolozy of Uranium Compounds, Volume 1",
describes the short-tera toxiciiy studies ord probably will aopear in
April, 19493 tho second one, “Volume II", presonts the results of the chroaie
inhalotion s4udies end will be subzittod for publication early in 1949,
7ith such a larze enount of experizentzl vworx alresdy in hand, it is reagon-
eble to esk what further inforzation is desired, and wny it 1is needed.

The principal reason for oxtendin- and amplifying the studies of
uraniun exposures in experimental exni=als lies in the radiocactivity of
uraniua end espocially of enrioihed uranium. A coaslicatod addandua arises
in connection with exposures to tho dust from the atomioc pilej here the

cdiocactive haozard is elzost eatdrely dus to fissiom products, but the
behavior of the particle cay be more charsctsristic of uranium oxide.
Durin; the first years of work on uranium toxicolory, attention wasm centered
on the prevention of cheaical poisoning., The low radioactivity of urmiwm
reduced the donjer of radiation dama;e in short-torm exvosgures (5 years or
loss) to a point where it was disre-arded. Now that the omergency phase
of the use of atonic onergy hns passod and axposures to uranium coanounds
are enticipated for ths woridnj; life-timaes of incustrial end laworatory
persoancl, lons-time tolerance studios should te underteken in vhich the

soarch for radiation dozaze has first imvportance, and the search for cheni-
cal toxicity is rolezated to & socondary role,

At present throe lirss of continued research are clearly indicated:
1) the ztudy of nnimals exposed to insoludls uroniua dusts to observe the
tondoncy for urcniua to accunulate in the lunzs end pul:onsry lymph nodesg

2) the study of cnimals oxposed to soluble uranium dusts to observe tho
deposition of ureaium in the bonej and 3) tho elucidation of the intimate

mechonisa of urerniun poisonin~ at tho oarzyme level. ZIZach of these three
topics will bo doscribod briofly as followss

Go01439
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Dr. H, A. Blalr - Ttgezer Tt Jasuary 4, 1949

Insoluble Dusts: lLung Rotention :

As a result of year-long intalation studies of animals oxposed
to atmospheres containiny UF, end U0y dusts, respsctively, evidenco has
been nccunulated trhat indicatos that prolonzed exposures to air concentra-
tions of 500 p5 U/md would not give rise to the typical renmal chenges of
uraniua poisoning (chemical erfect). However, the doposition of uranium
in the lw:3 and especially in ths pulmonary lymoh nodes was surprisinsly
hish and nizht in some individuals be cxvected to exceed the tolercnce for
elpha radiation of §0 uz U/z2 susgested by Bale (for U with the natural
{sotopic conmposition). Calculations from the linited amount of deta on
this point suz;est that the half-life of insoluble ureniua in the lung or
pulmonary lymiph nodes is of the ordor of 60 to 1C0 days and & maximum
exposure level has been recomended st 200 to 250 ng U/=3 with the oroviso
of o 4-iresks vacation, Since tha studies to date have not used enrichod
uwraniun and since the studies have bvaom limited to one year, except for
two or three do:s exaninsd after 2 ycars, the izportent relationship between
uraniun dust concentration exd lunj ratoation should be investigatad, The
doveloanent of rediation injury would be the major critsrionj howaver,
the possibility of oxistsance of a chroaic type of uraniwm poisoning has
neveor beon ruled out and should be carsfully explorod.

Current studios have boson dssisned to furnish essontial inlorma-
tion that zmust be in hand bofores = really lonz-tinme study of ths insoluble
dustz (prosmably UOp would be used) coen bo be;um: 1) the relation batwoen
particle size ard toxicity of UQ,, 2) the lun3 retcntiom of UO, s related
to dust concentratiom =nd particls size, 3) ths neans by which U0s is
raaoved froa the lunz, for examole by cillimry ection, by phasocytosis or
by solution, 4) the tochnics orf uranium fune productiem, &) the corparison
of the toxicity of Uz0q to that or U0y, 6) the charzcterization of incustrial
U0y dusis) theso aro all problema basic to a lanc-time study and are, at
pressat, wmdor investication, Trose iavesti-ations aore also fundancatal
to the poneral problens of inkalation toxicolo7y and will be izdortant in
the future in the testins of eny product. BKEecause so nmuch is kmoum about
uraniwa voisming, it is possidble to et at these geoorsl orincionles, snd

tho exporicace gained provides a basis for savin: time end roney in the
@sizsning of testsa,

The chronic inhalation exposure studies envicioned would eaploy
an onrichod uraniua rejrosentetivs of the worst harzord sacounterad in

industry or in leboratory disscuinatad at dust concontrations critically
rolated to tho concentratiom prodicted to bo free from danrer, either as a
result of radiocactivity or of chzaieal 20isoninz. The dust particle size
would bo choson on tho basis of the charecteristic of incustrisl eposuros,
larzor enizale, for exanole, dozs, or soats (varheps monkeys), would be
teoted ovor veriods u» to 10 or rmore Yyears. 2y & suitcble substitution
calondar, m prozrem of serial studios can be institutod sinultenoously, A

carefully selocted and lizmited zroup of tests would be applied to oxperirmental
eninals to nzasure their responses,
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Pile Dust:
In the near futuro an extension of the pilot studies just begin-
ningz on the hasgard arising frox pilo dust nay be considered as a gpecisal
end wmusuel case of the insoluble cdust problem, Are the dust particles
principally UO» end ere there toxicologicel effects ldentical with those
. of U0p? Can thae rospiratory protoctive dovices which have bcen found
effective asainst UOg De employed asainst pile dust? Underlying these
questions is e more rundanental onoi -is the radiation tolerance to point
distribution such as would eriso {ron a rolatively few dust particles in
the lung coaparable to that from ganecralized radiation such as nizht follow
the inhalotion of radon or exosurs 0 xX- or gamas raya? How tho body will
treat o coaplicated physical mixture of the fiszion products distributod in
or on the duat particles is e very intrizuing question which will bs ox-
ceedingly difficult to ansgver,

Soluble Dustsi Bone Depositiem

Fron the year=loaz studies of enimals exposed to ataosoherss
contaicing uranyl nitrete, uresayl fluoride emd urzaium tetrachloride, data
have been darived to indicate that prolonzed exposurcss to ataospheres con-
taining of the order of 50 uz G/=v prodably would mever give rise to the
kidnoy chanjes of cherascteristic uraniv= poisoning, From thess studizs
elso, it boczme apparent that tho tons conteat of uranivm increased vrozrss-
sively with exposure msand that thic is the oaly sits of accutnulatioa of
uraziun in e body. Ths questim of radiztica dazage froa such a daposit
coanot be ruled outl without prolonzed study., Dasic problems such as the

factors oomtrolling the dspozition and mobilization of uraniua ere already
underaey,

A chronic inhaelation exposure study to such e nmaterial es uranium
hexafluoride stould verait the obsorvation of the rate end mamitude of
uraniun cepositioca in bone over lonj poriod, evidences of radiation damere
and of chaaical dozage would bs asujht. An attempt would bo neds to define
tho laws governing tne long~-tinme accumulation of uranium in the skeleton.

Kechaniega of Uraniwm Polsoning:

The sits of ecute uraniun poisminy has been carefully invessti=ateds
the principle chenjas occur in tho oroxizel convoluted “ubule o2 tho Zicney,
Scae evidemcos of chramic offocts both in the kidnoy and elsewhers, for oxamnle
in the heratonolotic aysica, have been discovared. Uronium has besn showm
not to oxert its poisaous action by coabination with SH enzyzes, but carboxyl
or paosphato groups are inmolicated, Spocilically, certain cﬁzy:nas concerned
with glucose mataboliss aro inhibitod., Since the control of uremiwm poisoninz,

\
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the develomoant of treetment of ecute accidental high-srade exposurs, the
treataent for injury arising from chronio exposure (if any), the discovery
of now and nore delicato mecans of dotacting injury or of followins the dezree
of exposure, &1l cre best avproached throush the knowledgze of tho mechaonisa

of uraniua poisoning, a minimal anount of research should continuously be
directed 2lonz these linos.

Harold C. llodge

. HCHsdb
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