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SOLUTION OR CORTRIBUTION
What {p acute uraniua Described in 7 epecies o@in datail in
poelsoning? dog, rat, rabddit
What types {kinds{ of 1.

Massive — kills within 24 hours, like acute
urenium poiscning are heavy metal poisoning, e.c., Bercury
found?

2, Acute -- killes in 1 to 3 weeks, szotemic
like mercury bichloride

3. Chronic -- persistent - ill health due to daily

exXposures
How much uranium is Results mostly on rats:
required to produce

{1) massive, (2) acute 1.

Massive by 10-30 mg. per kg. body weight
and {3) chronic types
of poisoning? 2. Acute by 3-6 mg. per kg.

Cean uranium compounds Three groups:

be classed into groups )
on the basia of 1. Highly toxie, o.g’ﬁ’rs
toxicity?

2. Mid-toxie, ea,g.

3, Chronic by diets containing 0.1 to 20% of
various uranjum compounds
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Can maxisum allowabls
concentrations of
various uranium dusts in
air be recommended based

on enima} toxicity
studies?

Recommended maximum ellcoweble edncentrations have
besn supported:

1. toxie ¢eompounds

2, slipghtly toxie compounds

How important is the akin
a8 & route of toxic eX~
posure?

Hundreds of rats, rabbits and zuinee pigs have
been exposed to known doses on the ekin,

Rabbits are highly susceptible; man seems most
resistam ,
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PROELIY

Cen minute amounts of
isotopic nranfums de
received from concentrated

4PCHET

SOLUTION OR CONTRIBUTION

Dr. Flagg perfected a method of chemicel rascovery

of 99 plus per cent of such uranium, simply and
cheaply,

feunk' solutiongbf other elements?

Can all redium be recovered
from slage of ursanium process

Can anslyses of urines of
industrial personnel serve
a8 an index of fluoride
srposurs?

Necessity of stated dally
paxinum intake of fluoride
to avoid poisoming.

Is celeium matabolisa
connacted with uranium
and fluorine poisoning?

Is T2 high pressire bdurn
a heat burn or a fluorids
burn?

Can teeth analysis help
in estimating uranium
or I'luorine sxposure?

How important is orsl
sdministration of
ursniua?

What sensitiw qualitative
chemical teats are avall-
able for uranius in solu-
tion?

F155544

Dr. Tlagg cobperated in developing coprecipitation
rocedures that work.,

Probabdly best index - hundreds of samples heve
shown only s few higher then recommended lsvel,

Fluorine conference in X.Y,C. Set 6 ppe as
project allowable exposure per day.

Deposition and storage of uranium and fluoripe
in bone male this certain.

Calcium conference in N.Y.C, attended by experts

from el) parts of country eontridbuted symposium
on Ca metabolienm,

By a1d of engineering device, controlled burns
showed Fy burn is probebly almost entirely e
heat durn. This diotated therapeutio practice,

Uranium analyses both chemical and histologicel
on animale show marked sffects of uranium am
fluorine exposure. Human extracted teeth show
ursnium deposition in uranium workers,

Studies on thousanis of rats and on several
dogs show toxicity less by oral route than by

lung, but entirely possible to get poiscning
with taxio compounds.

Dr. Elinor Ware studied scores of chemicals
and found several whick serve as sensitive
qualitative or semi-quantitative tests for urenium,



PROELEM

Removal of uranium compounds
from workmen's c¢lothing

Desonatration of the
tolerance to uranium

compounds

Study of urinary phencls in
uranioe poisoning

Bffect of dist on mortelity
from uranium nitrate

A study of the degrees of un-

saturation of tbe phospholipid
fatty acides of the U-.poisoned

kidney

A stuly of the degree of un-

saturation of the phosapholipid

fatty acids of the dlood of
T=poisoned rats

Do fatty livers occeur in
U=poisoned animals?

Sex difference 1in toxicity
of ursniua compounds

Distribution and excretion
of Ug after @ single injec-
tion

Distribution and excretion
of Uy after e single injec-
tion
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SOLUTION (R CCNTRIBUTICN

Agents for efficient removal were discovered
and the techniques put into industrial practice,

By sdainjstration of repested small doses of
uranium nitrate an¢ UCl, rats have been made
tolerant to lethal dosee,

By administration of repeatedly larger dosesn,
rats have been made tolsrant to 2 t0 3 times
the lethal dose,

Poses of 1,80 and 2.5 mgs, of uranium nitrate
per kg. caused signifioant changes in urinary
phenol ocutput in rats,

Alkaline diets dscreased and acid diets in-
crensed the mortality in uranium polsoning.

A statisticelly significant decresse in the
degres of unsaturstion of the phospholipid fatty
acids of U-poisoned rat kidneys has been demon-
strataed, .

A 20% incresse oceurs in the degres of unsatura-

tion of the phosptholipid Tatty acids of the
blood of U-poisomed rats,

Fatty livers are commsnly present in U-poisoned
rats,

Female rats are more susceptibls to uranium
nitrete and Uozrz administered intraperitoneally,

The Us content af rat tissues after a eingle
injection has bYeen determined, The bone has bteen
found to be the principal site of storage.

The exoretion of Uy has deen followed. In the
rat excretion occurs primerily through the urine;

the major portion of the excreted U comes out
within B4 hours,

The Uy oontent of rat tissues has been d ster-
ained. U, is sxoreted more slowly and in smaller
amounts than Ug. Significent quantities of U
ascumulete in the liver efter U, sdministration,




PROELEM

A study of cholesterol in
U~poisoned rats

Effect of various agentd
on U nitrate toxicity

Distridution of U follow-
ing inhealation

Development of a highly
sensitive method for the
determination of U 4n
bdological meterials,

Analysis of industrial urine
samples

Study of urinary and bone
citriec acid in U-polscning
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SOLUTION OR CONTRIEUTION

Changes in cholesterol content and distribution
bave besn shawn to ocour in the whole anima)
and in the blood, kidnay, liver and adrenals of
rots poisoned py U nitrate.

Adrensl cortical hormones snd tocopherols

(Vitemin X) caused a delay in mortelity from
U nitrate,

Increasingly larger amounts of U are stored in
bone with length of tige of exposure,

The fluorimetric meathod for determination of U
has been refined so that 0,0000002 gus. may be
determined quantitatively in bdiological material.

Urine sasples from industrial workers exposed

to U have been analyzed by the fluorimetrie
sethod ,

Urinary citrie acid increases after U adminis-
tration; bone citrie acid remains unchanged,

thlby e



PROBLEMS RESULTS
Inhalation toxicity of uranium-dust

a. Sixty 30-day studies Information is now available for the firat time om
the relative acute toxicity of 12 uranium dusts
inhaled from atmaspheres by ladboratory animals,
Under the same conditions of exposure, toxicity varied
widely and varied directly with the aolubility of the
material., A single 2-bour exposure to 20 mg/md of
soluble TOpFp-dust was lethal for certain spscies of
animals whllo dusts of insoluble Us0g, W02 were
prectically non-injurious in repeated dn:lly eXIposures
for pericds of 30 days., Toxicity was evaluated from
a number of oriteria, namely, weight response, symptoms,
biochemical, physioclogical, hematological and pathlogil.
cal &henges. The distridution of uranium in the bolies
of the exposed animals was also determined.

b One-yoar studles Information 4s now deing accumulated on 5 of tiw
industrislly most important compounds of ureniuom,
U-nitrate, UFs, Wl,, TF, and MWy, on the toxieity
for anisals resulting from l-ysar exposures, At
least 2 levels of concentration of esach dust are
being tested in s dafly 2-shift dasis, At the levels
selected from the iaformation zained from the ebove
30-day studies, only slight or no toxicity has bdeen
observed with any of the dusts in snimals that bave
besn exposed to date for periods approximating six
months, The dust levels selected were similar in

most instances, and were far above in others, to those
experienced i3 induwetry.

Studies Belative to Tranium-dust Toxicity
Bioehemintry

Sensitive indicstors This represents a sepsitive, entirely new test, that
of uranium-poiscning - {ndicates a disturbance of the kidney resulting
uripary saino-acid from entrance of urenium into the body. Appesring
ereatios ratio in the urine, variations may be ascertained sasily,
Control data in humans are remarkably constant,

Vitamin C Mataboliasm Injeetion of uranium compounds produces st increase

of vitamin C excretion in the rat., Vitamin C

deficiency decreases resistance of guines pigs to
the inkelation eof ursanjum dusts,

Sugar Metebolisnm Carbohwirata mat=bolism was slightly eltered at high

levels of exposure to urenium &ust and hydrogen

fluorids wapor, but was by no means reduced to the
diabetic level,

1195349
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PROBLEVS RESULTS

Sodinm Bicarbonate Therapy Dietary dhcarbonate decressed mortality in rets in-
jected with uranium salts, dut appeared to increase
the suscept ibility of rets exposed to a high level
of uraniumwm dust. The bensficial effect of the
bicarbonate in injection sxperiments appears to de
related to the relief of secondary symptoms such
as acidosis anéd to increased excretion rether them
to decreass the intensity of the primary kidney damage,

Histopathology
Intre-cellular Shown for the firest tise, the kidneys injured by
phosphatese stain- urenium regensrated morphologically, but still remsin
ing mathod devoid of phosphetase, an enzyms sssent ial for the

proper funetioning of the kidney,

. Routdns: Pathology Routine pathologicel examinations revealed that tde
(H and B Sections) kidney alone is the primary site of damage of urenium.
Renal Biopsy The procedurs of taking a specimen of the kidney

daring different psriods of exposure of animals to
uranium qust has besn edopted in order to follow the
course of toxicity in the individual animal.

Prysiclogy

Liver-funstion tests Blood coagulation tests - prothrombin slotting times,

fidtrinogen levels, broasulfslein retent ion on enimals
sxposed to uranium dusts are beiag used as & msasure
of involvement of the liver in urenium poismming.

Renal function tests Inulin, Dicdrast and Chloride clearance determinations
on dogs exposed to uranivm dusts are being made in
order to ascartalin whether the physiologicel dysfunction

from uranium may prove a more ssnaitive indicator them
aorphologioal change,

Spern Motility Motility and cther related properties of sperme were
neagsured from rats exposed for seversl months to
verious uranium dusts without measuradle effect,

Sanpling of uranium dust A filter paper of a special grade in a simple holder
in air has proved the moat efficient end asslest method of
sampling air containing uranium dust,

Size-Distribution of The use of a multiple stage cascade impactor for

uranium dust the separation of eirculating uranium dust in air
has provided an effective means of grading dust
size preparatory to enalysis.
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FROBLEMS

Particle-Sizs of Dust

Electron Mieroscope for
S1ze Mesasureasnt of
Certalin Uranium Dust

Reapirstor Testing -
Protection of the Worker
Against Urenium dust

Uranium Analyees -
(Quantitative Chemical
Method)

Fluorine Analyses -
{Quantitative Chemical
¥ethod )

Lung Retention of
Uranium dust

Inhalation Toxieity of
Pluorine Oas

Inhelation Toxioity of
Hydrogen Fluoride

Inhalation Toxicity of
Oxygen Muotide - A bi-
produet of fluorine
disposal

Approximate Toxicity
Tests on New Materials
of Industrisl Importance

Lioous

RESULTS

A new selenium~coating msthod using a hich vacuwm
technigue has been applied to uranium dust which
allows particlea of 0,1 microms (10~5 cm.) to be seen,

Certain dust generated from a vepor with particle-
sizes below the ligit of visibility by optiecal
methods recuired the use of the slectron microscope.

Yarious respiratory protective devices were given

certification of acceptadbility for use sguinst
12 ursnium dusts,

A rapid, simple micro-method ror the detersination
of uranjum dusts sampled by ths filter-papsr method
in air by ferrocyanide has been developed for routine
use in the inhalation studles,

A rapld colorimetric method by direct titration for
deteraining micro-quantities of fluoride-ion has

been devisel which allows a §-f0ld increase in times-
saving,

A novel device employing elestronic squipment for
the determination of how much uranium Suet and of
what particle-aize is removed from an stmosphere by
inhalation and the site of deposition hes been

developed. Thess problems have not been heretofore
satisfeactorily solved,

Exposure of animals to various concentrations of
fluorine-vapor for periods up to 30 days showed
that 0.8 ng/m> is a sate sxposure level, This con-

econtration represents but s minute quantity im the
atmosphere,

Exposare of animals to different concentrations of
hydrogea fluoride vapor in dafly repeated_intervals

for periods of % days showed that 8 mg/m® constituted
a sufe level of sxposure,

This vapor was found to be probadly the most toxic
subetance mown. 0.5 ppm was lethal after 14 hours'
exposure to laboratory animals; 0.1 ppm, however, was

safe for animals undergoing 30-day exposurs to this
gaterial,

Tacilities were made availabls for the repeated testing
of toxieity of all types of materials suspescted of
being injurious %5 the workers. BReports were issued

within from 24 bours to one wesk after receipt of the
materials,




PROBLEMS

Aoidosis

Uremia

Glycogen synthesis from
laotate

Effect of dist on
uraniua poisoning

Phenol red test

4-

RESULTS

Blood COy decreases markedly
Blood lactate noraal

Urine lactate up

Urine volatile orgeniec acids up
Urine NH; very high in rebbits

High NFN, urea, e¢reatim uric acid, rest nitrogen
in blood with decreased excretion of same

Urinary crestine high, especially associated
with bigh blood NFN

Abnormal decrease after uraniuva injury
Noreal i{n animals exposed by inhalation

A dist of gresns and vitamin B, supplesent has
no effect in raddits

Rate of removel from blood decreased from
injection and inhalation of ursnium



PROBLEMS

What is the cause of
primry toxic sction of
uranius on the kidnay?

How {8 uranium trans-
ported in plasma?

Can uranium compounds
be oxidized or reduced
in the body?

To investigate the
chemjical reactions of
urspium compomnds with
proteins and to compare
thess raactions with
correspond ing reactione
involving other heavy
metals,

1155953
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RESULTS

A geueral mechaniam based on a great amount of
experimental evidence has been forsulated which
states that hexevalent uranium filters through the
glamerulus as the bvicerbonate complex, and then
becomes attached to the tubuler c¢ell walls after
decomposition of this complexr owing to various causes,
The combination of uranium with the cell walls starts
off a chain of events which results in extensive
tubular damage. This mechenism might be epplied in
part to the action of other heavy metals.

Hexevalont uranium is transported chiefly in the
form of complexss with bicarbonate and protein

in plasma, Increase in bicarbonate content of the
plasms oan greatly increass the ratioc of the

urenium bound as bicarbonate complex to that bound
as protein complex.

Tetravalent uranium is prodadly transported in
vlasma, chiefly in the form of ¢ complex with pro-
tein, although some may de present as an insoluble

oxide. To enter the plasms at all, U, prodadly
must be injectsd 2irectly.

Hoxavalent uranium ie very stable in the bdody, and
in all probability is not reduced, although partial
reduction in bone has not been definitely excluded.

Tetravalent uraninm is fairly stebdle at lesst for

several hours in the body, although slow oxidation

to hexavalent uranium jay occur at least in the
plasma,

Fentavalent uranium is unstabls apéd could exist
ot the most ip the body only to the extent of a
fraction of e per cent of the total ureniva pressnt,

Trivalent urenium i{s unstabdble and would immediately
be oxidized If injected into the dody.

The reaction of uranius gsompounds with s number of
proteins has besn extensively investigated, and the
observed results have been compared with corresponding
resulta for other heary setals., Applications of thia
work have been mede in setting up a novel methoed for
ths analytieal seperation of uranium froa bons and
soft tissue. In addition, possible methods involving
the use of uranium compounds for the analyticel
reparation of plasma albumin from plasma glodulin,

SR,



PROBLEMS

To investigate the
chemirtry of urenium
in the presence of
certain non-protein
complexing mgente of
biochemical impartsnce,

To deternine a sensitiwe
and early teat for the
toxie action of uranium
on the body.

To detarmine the effect

of uranium compounds cn
onTrymsa and anzyme systems
of the dody, (These
systems conatitute

almost the entire catalytie
machinery of the body,)

SEpE

RESULTS

and for the determination of the isoelectric points
of proteins are being atudied, The effect of
hexevalent uranium on the electrophoretic mobilities
of plasma protein componente has been estudied, and
it has been found posaitle to reverse this effect
by chemical means,

The existence of esome important uranjum compléexes
as enions in solution has been discovered by mesns
of elsctrophoresis experiments, The relstive
tendencies of these complexes to dissociate to yield
uncomplexed ions of uranius heve been d etermined
roughly, and the dissocistion constants of the
acetate camplexes of uranium have been measursd by
polarographic methods.,

The very small amount of pentavalent uranium which
i present in solutions containing hexavalent and
tetreavalent uraniuws hes been measured by polaro-
graphic methodsa,

Oxidetion-reduction studjes of ureniuvm ions anéd
complexes have been carried cut by several methods,
with the aim of eatablishing what chemical forms of
uranium would be stable in the body. Much of this
work was done by msans of the polaroersph.

A+ It was found that in addition to the appearsnce
of urinary protein end the enzyme phosphatase, the
enzyne catalase rises in soncentration in urine very
sharply after treatment of animals with very small
doser of uraniua compounds. This test was applied
to rats, cats, dogs, rabbits, and workers industrislly
exposed to wanium compourds {by inbhalation).

B, A portable machine was developed for the repid

estimetion of urinary catalsse, besed on 8 geso-
metric method,

The e ffect 0f hexavalent and in some cases of tetra-
velent uranium compounde op s number of enzymes and
enzyms systesms both in vitro and in vivo hae been
determined, and in certein cases detailed comperisona
have been mads of the sction of uranium compounds and

other heavy metals on highly purified erystalline
snzymes,

This work aided in setting up a gensral mechanisa
for the action of uwranium compounds on the kidney
and led to certain comclusions ap to the poesi-
bilities of therapy in ursnius poisonine,



PROBLEMS

To perfora the bdest avall-
able laborstory tests on

parscne exposed to uranium
compound s by {nhalation

with the purpose of deter-
mining whether or not toxio
effects could be detacted.

To devise a rapld method
to estimate the parcentd-
age of oxidized uranium
(Ug) in UF, semples used
in dietary experiments.

To devise a repid and
sensitive method for the
determination of fluoride

To devise » sensitive
asthod for the enslysis
of uranium compounds in
ohamber air,

To devise a rapld mathod
for the determimetion of
ursnium in gank solutions
o other solutions containe

which would not
rnulga?n loss of active
u“ri’lc

To determine whother Py -
eould exiast as s molecule
in moist air samples,

Does plasaa protein con-
tribute to the urinary
protein in uranjium
polsoning?

(&8 o
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RESULTS

Such experiments wers performed on ten soldiers at
Oek Ridge, which included kidney and liver function
tests, and sensitive urinary tests as well as
analysis of urine for uranium amé fluoride, Tn
addition clinical examinations of the scldiers were
sade by the medical starr,

No changes dsfinitely attributable to uranium
poliscning were ohserved,

A repid and very satisfactory polarographie
method was devised,

A ostalytic method was devised, smploying the

polarograph. This method has not yet beed used
oxtensively,

A polarographic method proved to be feasidle, but
owing to the fact that in most cases less sensitive
methods were sufficieant, the polarographt msthod has
not been employed sxtenisvely,

A modified polarographic method apparently hes
solved the problem in a highly satisfactory manner,

It was deterained by ¢alculation that - can exist
a8 a mdoleculs in moist eair,

By the use of immunc-chemical technigque, it was
found that plasma slbumin contridbuted extensively

to the urinary protein in uranium poisoning in
rabbita,

~SECRIL.



PROBLEMS

Whet happsns to various
Tenal clearances after
poisoning with urenium?

How 4ces the kidney
handle uranium pre-
sented to it by the
blood?

What 1e the localization
of urenium within the

The production of
catalasurie by various
renopathic substances,

-]fa-

RESULTS

Enowledge of the effects of uranyl selte on renal
clearance, indiceting in a geperal way the aite of
action of the metal on the nepliron. Development

of new nasthods of essessing kidney function not
themselves involving sctual clsarance determinations,

Uranius clearances under various cond{tions indi=-
cate that the metal is filtered through the
glomerulus in the form of a bicardonate complex,

and that this complex may break down in the

proxizel tubuls in varying degrees depepding on
alterations in the internal environment of the body.
The knowledge 8o gained allows us to say what is the

best Yreatmemt to prevent deposition of uranium on
the proximal tubule,

Radioautograph studiss indicate that uranium is
spottily distriduted throughowt the kidney, with
a tendency not to be deposited in glomsrular
ereas, This finding reinforces the information
gained from the second problem above and gives

4 basis for the interprestation of certain of the
toxicologicel data,

Knowledge of the relation between doge of materiael
injected, urinary excretion of catelese thereafter
and the renal pethology produced givea the basis
for application of the eatalase excretion test as
an indicatoer of renal toxieity,

SECRET SUE



PROBLEMS

Establiabing low concen-
trations of uranium dust
in «dr

Rapid, approximate method
of determining oconcentra-
tion of urenjum dust in
alr

Mathod of obtaining
short-time !2 skin
burns

Controlling flow of TPFg
at low rates

Detsrmination of con-
centration and toxiclty
of fluorinatsd hbydro-
carbons in air

Practidility of
Chrysler pump in deter-
aining amounts of !'2
in air

) Be
RESULTS

Development of mechaniems which provide dust con-

centrations in the range of .05 to 20 mg. per cu,
mater (Std. deviation s 2 20%),

Prediction of conecsntration rron the alphe

perticle smission reate of aamplo Mpoaited on
filter paper,

Mechanism to permit timed {0.) seconds to 10
seconds) exposure to Fp under 10-100 FSI pressure,

Construction of controlled temperature vapéri-

zation system with provisions for dlending to
wrious concentrations.

Toxicity levels and gas mask sfficiencies sstab-
1ishéd . using infra red analytioal method,

Teats indicated that method in originel form gave
erratic resulte on F_, FTurther testing with
tumeric paper gave ggoﬁ results with BF.



