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INTRODUCTION

This report is unlike the usual Quarterly Technical Reports issued
by The University of Rochestsr Atomic Energy Project in that it reviewe
21l of the research énﬂ gervice werk done during the entire calendar’
year of 1948.

The work presented hgrein has been coded at the Program and Problem
levels according to the scheme given on Pages 7 and 8. In the report
all contributlone to a2 given problem have been assembled together vithont
regard to muthor or to the administrative organization except that the
number of the section which did the work is prefixed in each case. By
ueing thie number, it can be found on Pages 12 and 13 what administrative
officer can be approached for information adout particular work. This
does not imply either authorship, or scientific credit which will appesr

only in final reports issued from this Project.
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EXPLANATION OF PROGRAM AND PROBLEM CODES

The scientific work at The University of Rochester Atomic Energy
Projaéﬁ has been coded at the program and problem levels. Ehe.program, in
general, indicate broad fields of investigative or service activitieg while
the problems indicate divisions of these fields. Although no consistent
method of division into problems waea possible, an attempt was made to
achleve a natural diviaion in the sense that each problem would encampases
a aubiact norsally written up and generally considered as a unit. The
program on chemical toxicity of uranium, for example, has been broken down
into problems according to the divisions commonly eamployed hj toxicologiste.

The problem codea are not related directly to the adminlstrative or-
ganization of the Project. Consequently, the emallesi administrative unit,
the sectlon, may‘work on more than one of the ceded problems. Conversely,
more than omne aection may work on the same coded problem. The administra-
tive organization will be ignored in making this report of our research
and mervice activities, all material being assembled according to the pro-
gran and problem codes. The contribution of each section will be prefixed
by the section number, however, to permit reference to the administrative
organization if necessary.

It has not been possible to code the problems sufficlently broadly
to avoid all overlapping. In cases in which various parts of a glven in-
vestigation might be coded differently, the whole work we) coded according
to its principal subject matter as long as the minor subjects were rela-
tively unimportant. Otherwise, the work wae divided under appropriate

codes.
L
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I.R.1 Flash Burns
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B.M.1 Polonium
B.M.2 Radon
R.M.3 Thoron

R.M.4 Milscellansous Project Metals

U. URANIUM
U.l FPhysical and Chemical Properties
- U.2 Toxic Effects (description of acute and chronic toxicity)

U.3 Toxic Limite (respiratory; oral; sikin; eye: parenteral)



U.4 TFate (distribution and excretion)
U.5 Mechanism of Toxic Effects

U.6 Methods of Detection of Poisoning, Prophylaxis, Treat-
ment and Protection

Y. Be. BERYLLIUM
Be.l Physical and Chemical Properties
Be.2 Toxic Effects (description of acute and chronic toxicity)
Be.3 Toxic Limits (respiratory; oral; skin; eye; parenteral)
Be.4 Fate (distribution and excretion)
Be.5 Mechanism of Toxic Effects

Be.6 Methods of Detection of Polsoning, Prophylaxis, Treat-
ment and Protectlen

VI. Th. THORIUM
Th.]l FPhysical and Chemical Properties
Th.2 Toxic Effects (description of acute and chronic texlcity)
Th.3 Toxic Limits (respiratory: oral: skin; eye: parenteral)
Th.4 TFate (distribution and excretion)
Th.5 Mechanism of Toxic Effects

Th.6 Methods of Detectlion of Poisoning, Prophylexis, Treat-
ment apd Protectlon

VII. F. FLUORIDE
F.l Physical and Chemical Properties
7.2 Toxic Effects (description of acute and chronic toxicity)

F.3 Toxic Limlts (respiratory: oral; siin; eye; parenteral)

T
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F.4 TFate {distribution and excretion)
F.5 Mechanism of Toxic Effect

F.6 Methods of Detection of Poisoning, Frophylaxis, Treat-
ment and Protection

SPECIAL MATERIALS

S.H. -

I.5.

$.M.1 Physical and Chemical Properties

S.M.2 Toxlc Effects (description of acute and chronic toxlcity)
5.M.3 Toxic Limitse (reapiratory: oral: skin; seye; parenteral)
S.M.4 Fate (distribution and excretion)

S.M.5 Mechanism of Toxic Effect

S.M.6 Methods of Detection of Poisoning, Prophylaxis, Treat-
ment and Protectlon

1S0I0PES

1.8.1 Trecer Chemistry
I.5.2 Badioauntography

I.5.3 Therapy

Q.5. OUTSIDE SERVICES

P .BI

PROJECT HEALTH

H“P.

HEALTE PHYSICS

H.P.1 Research and Development

H,P.2 Service
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I.¥.1 BResearch and Development

I.H.2 Service
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3210
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Pathology
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Section Heed
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Forbert E. Stokinger
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PROGRAM X.RH.

BIOLOGICAL EFFECTS OF EXTERNAL BADIATION (X-EAYS AND ¥ BAYS)

Problem Code: X.R.1 (Tolerance Studies)

Section Coder 3130, 3133

Iffect of Acute Whole Body X-irradiation Upon the Life Span of Albino Eate:

Ba pnd: Studies on effects of whole body radiation on animals, 1n"‘“
goneral, have been limited to observatione on immediate effecte. Data R
from the experiments done here dy Boche and Dowdy indicate, however, that
a definite shortening of 1ife may be produced in rats by repeated daily
exposures 1n which the total accumulated dose 18 of the order of 600 r
(1 r per day for 2 years). It seemed of interest, therefore, to study the-
effect of a single acute exposure to :—irradiation upon the life span of
the rat.

¥Work dons during the calendar year 1948t The experiment has been
set up in two units, each unit comsisiing of 96 rats divided into four
equal groups. Unit 1 wae composed exclusively of female, unit 2 of male -
rate. In each unit, one group of 2% hae served as & control, while three
groups have received respectively 150 r, 300 r, and 600 r of whole body
x-irradiation from a 250 kv. source. The animals used were secured direct-
1y from the animal colony of the Wistar Institute, were of uniform age
(all born within a perlod of 20 days) at time of receipt, and were radiated
at the age of approximately 5 monthe. The unit composed of females was
radfated in Jamary 1948, and the other unit in April 1948.

s .

On December 1, 1948, the data in Tables I and II (Page 15) were
obtained.

It i8 not poesible to evaluate the present data without statistical
snalysis. While at first sight, it might appear that females are more
susceptible than males, this differsnce may be only to random wvariations
in sepeitivity between the two groups. It is planned to carry on this
study until all of the animale have died ard to make a careful statistical
analysis of the life span and tumor incidence as related to exposure to
radiation,

Proposals for future work: Further extensions worthy of consideration
are;
1. Repetition of sbove experiment to provide beiter data for
statistical enmlysisa.

2. Exposure of enimals to daily doses of 20-100 r until a
total dose of 1000-2000 r hea been accumlated; then
determining the life span of such animals.

VLY UR 00907



15.

Table I

Unit 1, Fomales, 10 1/2 Months Post-Endiation

.\r' N

Doad Tumors noted in survivors
Control 3 (1 with tumor) 0
150 r b 2
300 4 {1 with tumor) 3
600 r 13* 2

*8 of deaths within #0 days of radiation

Table II

Unit 2, Males, 7 1[2 Mpnths Post-Radiation

| Qggg Tumors noted in suryivors
Control 1 0
150 r 1 0 _
300 r 0 0 T
600 r 2 0

! IR NS IR
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16.

Effect_of Daily and Weekly Bxposure of Growing Rats to X-irradiation Uvon

General Body Growth and Hematopeiesis:

Backzround: The effect of x-irradiation upon growth has been studlied
in tissue cultures and in the long bones of mammals. The effect of whole
body radiation upon growth of mammals, while expected, had never been de-
firitely established. It seemed to be of interest, therefore, to expose
groups of weanling (2l-day-0ld) albino rats to daily and to weekly doses
of whole body roentgen rays to learn the approximate dose required to pro-
duce significent inhibition of growth. A correlation between the growth-
retarding effect end the production of alterations in the numbers of blood
cells by x-rays was alsc sought. An experiment designed to investigate
these phenomena was begun late in 1947, and completed duripg the past year.

¥York done during the calerdayr year 1948t Albino rate were secured
from the animal colony immedistely after weaning and divided inte four
groups, each consisting of nine males and nine females. The animals werse
welghed and the hemoglobin level, white bdlood cell count, and differential
white cell counts wers obtalned on all animsls. When the animals were 25
days old, radiation was begun (using a 250 kv. source) according to the
following pattern:

Group I 10 r/day, 5 days per week
Group 11 20 r/day, 5 days per week
Group II1 100 r/day, 1 day per week
Group 1V Controle

The radiation was contimued for 30 weeks for all animals and for the majority
of animale for 35 weeks. The animals were weighed once a week and blood
counte were made every two weeks for the first three months of exposure.
After this, the weighings and counts were mede at two and four week intervals,
respectively.

The mean body weights of animals receiving 100 r per week, either in a
single dose or divided into five equal doses, were lower than the conirels
three weeks after the beginning of radiation. The reduction was noted in
both sexes and was highly significant by standard statistical tests. The
body weights of males receiving 10 r per day were significantly reduced
from the contrel males four weeks after beginning radiation, but there was
no difference in growth between the female rats receiving 50 r per week and
the controls during the entire period of study. The magnitudes of the effects
can be judged from Table III.

No significent differences in the levels of hemoglobin or absolute
neutrophils were found. The level of absolute lymphocytes, however, was
significantly depressed in animals receiving 100 r per week, either in
single or divided doses, the effect being noted three weeke after the start
of radiamtion. Animals exposed to 10 r per day showed a reduction in absolute

{i
i ¢
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Table III

Mean Body Weights {in grams) of Animala

after Four Weeks of Irradiation

10 r 20 r 100 r

5 timea/wk 5 times/wk 1 time/wk Control

Malee 107.1 113.3 96.9 139.6
Femsles 118.8 98.0 98.0 114.7

UR 00910



18.

lymphocytes which waa significant only efter nine weeks of exposure, although
quite apparent after seven weeks. Nome of the hematological effects could
be phown to be dependent upon sex.

The date obtained from this experiment seem to justify the conclueion
that general body growth is relatively semsitive to whole body radiation,
since a significant reduction in rate of growth may be detected practically
as soon am & significant reduction in the absolute lymphocyte count, which
is generally considered to be & very sensitive indication of radfation
damage. XNo information ie available concerning the specific organs and
tigesues which show inhibition of growth nor has this particular experiment
provided any information concerninrg the mechanisms by which radiation affects
growth. -

Proposal for fubture work: Future exteneion of this work may develop
along two lines. The first, of most direct interest to the Atomic Energy
Commisgion, would be to study the effecte of daily exposure at lower dose
rates (down to the tolerance level) upon growth, It is improbeble, howerver,
that any definrite effect could be eatablished at low levels without the use
of extremely large numbers of animals. The second development along this
line 18 of less direct interest but may offer a much better overall method
of securing usefnl information concerning problems in radimtion blology.

This approach would involve the use of whole body radlation ms a tool for

the study of growth phenomena. Such a line of attack would require a clearer
understanding of the mechanism of radiation effects upon growth. As examples
of poseible experimental work along these lines, carbon l4-labeled amino
acids could be employed to study profein aynthesis in animels whose growth
had been inhibited mnd the effects of growth hormonea could be studied with
irradiated animnla.

Proposal for future work:

Effects gf X-radistion on Spermatopenesis in Dogzs!

From previous experiments initiated under the direction of Dr. Andrew
H. Dowdy and Dr. Robert Boche, it ie known that chronic x-radiation at
dosage levels of 1.0 r or greater per day produce e condition of aspermia
in doge within one year.. A dose of 0.5 r per day produces a lowered sperm
concentration in dog semen, with complete aspermis in some cases. Sperm
counts havs been made on dogs exposed to 0.1 r per day of x-radlation and
according to Drs. S. lLee Crump and Donald Charles, a definite, statistically
significant deprsasion irn sperm concentration occurred.

The sperm couvnts which supplied this information were not begun until
oight monthe after the start of chronic x-radiation, and pre-exposure counte
were not obtained. Evidence of recovery was found in eome of the dogs in
each of these three dosage groups in the post-radiation period. These final
recovery studies were only recently completed.

If the results of such radiation studies can be transferred to man, the
significance in setting a permanent permisgsible humsn exposure level of
radiation ie apparent.

NETERY
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19.

We, therefore, propose to initlate and carry ocut a chronic study on doge
in an endeavor to discover the lowest dosage level at which significant changes
in sperm concentration can be induced. This program will be in charge of
George W. Casarett as a part of the research program of this Section. It 1s
proposed to use for such experiments young adult males, and %o continue such
exposures over the reproductive lifetime of these anlmels or until significant
results bhave been obtained at the lowest radiation levels. Therefore, this
experiment will extend over & perlod of several years.

The work of several investigators has indicated that hyaluronidase plays
an important part in mammalian fertility by virtue of its effect of dispersing
the follicular celle surrounding theova when present in sufficiently high °
concentrations. It hae been shown that the amount of hyaluronidase in semen
of normal humans and other enimals 18 proporticnal to the concentration of
spermatozoa. Semen epecimens with excellent concentrations of sperm may
lack hyaluronidasse, however, and such specimens are considered infertile.
Excessively high concentrations of hysluronidase in semen are thought to
affect fertility adversely because of the destructive action on the ovum
1teelf. It would be of intarest to determine the relationship between hyal-
uronidase and sperm concentrations in the semen of dogs and to ascertain the
effect, if any, of chromic x-radiation on this relationehlp, in addition to
the study of other sperm factors which may influence fertility.

The dosage levels proposed for thles more extensive study of dog sperm
and semen are 0.5 r per day, 0.1 r per day, and 0.05 r per day.

Problem Code: X.R.1 {Tolerance Studles)

Section Code: 3390

Fingerprint Analysis:

In the dermatoglyphice activities, & new technique for the procurement
of suitable fingerprinte for analysie has been developed snd in preliminary
testing has proved to superior to the criginal method in which dental molding .
compound wa® used. It is planred in the future to repeat all existing finger-
print monitoring by thie new technique. In addition, exposures using the
old compounds have been snelyzed and questionmble ones referred to Dr. Roger
Harvey (University of Illinois College of Medicine) who is retained as con~
sultant. It is planned that all pathologieal changes will be photographed
and returned together with the interpretation to the originating installation,
thus providing them with a permanent record. Any request concerning thie
activity should be referred directly to this installation.

R UR 00912
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Problem Code: X.R.2 (Mechaniem of Effects)

Section Code: 3120

1. Early Functionsl Changes Secondary to Minimal Radiation Injury, 1. Serum
Proteolytic Engzymes Derived From Leukocytes. The Relation of the Serum Enzyme

Level to Minimal Radiation Injury:

Background: It has long been known that leukocytes contaln a group of
powerful proteolytic enzymes classed a# peptidases because they are capable
of catalysing the chemical splitting of peptides. It ie also known that in-
flammatory responses agsociated with leukocytoeis mre accompanied by increased
serum peptidase activity above levels observed in normal animals and humans.
It 18 not clearly established whether the enzymes are released solely as a
result of leukocyte destruction, or whether developing leukocytes release the
enzymes. In recent years the lymphocyte and polymorphonuclear leukocyie have
been separately studied for their peptidase components, and it is possible
to distinguish the itwo in some measure on the basis of their engyme content.

Because of the outstanding sensitivity of the leukopolietlc system to
ionizing radiations, we belleve an exploratory study of the effects of low
dosage whole body radiation may reveal significant changes in peptidase
activity without significant changes in the circulating leukocyte count.

Work done durinz the calendar year 1948: Work has been underway to
set up accepted methods for measuring the activity of enzymee which can
split the peptides leucylglycylglycine, glycylglycine, and benzoylarginine-
amide.

Proposal for future work: It is proposed to expose dogs &nd rabbits to
Bingle doses of whole body radiation which are known not to cause significant
changes in the leukocyte counts of the peripheral blood. The animals will
be bled small amounts (2 to 4 ml) and the serum ernzyme activities measured
every 48 hours over an interval of at least two to thres weeks after exposure.

I. Early Functional Changes Secondary to Minimel Hadiation Injury. 2. Hepatic
Functiopal Chanses Secondary to Radiabion Injury:

Background: It ie believed that the liver 1ls comparsiively insensi-
tive to damaging effect of ionizing radiatione. It 1s not entirely clear
whether this is an intrinsic property of the organ per se, or vwhether its
"resistance” is referable to ite tremendous capacity for regeneration after
injury.

The proposed tests for liver functional impairment are numerous. A fow
of the common tests (e.g. bromesulfonphthalein clearance) have been applied

. 1in.studies of liver function without poeitive findings. The abllity of an
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animal, such a8 the dog, to remove bilirubin, a normal hepatic excretory
0roduct from the blood can be measured by injecting bilirubin into the blood
and measuring its removal rate. This is among the most sensitive of liver
function tests, but it is not widely used because of the expense of the bili~
rubin, and becmuse the injection solution must be freshly prepared for use.

It ie also known that the liver can respond to minimal noxious stimumli
by pouring out into the blood greatly increased amounts of fibrinogen. Thils
may be the sole manifestation of irritation, if not injury, %o the liver and
may be Been under cordltions where no other known test of liver funetion will
reveal any ebnormality.

The leboratory methods have been set up and active experimentation wiil
be started within the first two weeks of Januery 1949.

Proposal for future work: It is believed that these two "{ests" of
liver function should be studied first under conditions where minimal x-ray
dosage is used (e.g. 15-25 r); later it may be worth studying the effects
of higher single dosage levels. The former will be studied in conjunction
with the effects of low x-ray dosage on serum proteclytic enzymes in the
pame dogs. .

Problem Code: X.R.2 (Mechanism of Effects)

Section Code: 3140

Background: The fundamental bicchemical nature of the effects of radia-
tion on living organiems snd living tissues is At present largely unknewn.
It seems, therefore, worthwhile to study the metabolism of organisms and
tissues employing a variety of technigues in order to further our knovladge
concerning the effects of radiation on metabolic processes.

1. Studies with Glycine Labeled with CX¥ in Its Alpha-carbon Atom:

Compounde labeled with isotopes have vroved %o be valuable tools in
the study of anabolism and catabolism of cellular constifuents. In accordance
with our present concepts of the biochemical evenis in cellular metaboliem,
the tissne components are considered to exist in a state of flux being constant-
ly broken down and resynthesized. Ae a consequence of this dynamic state of
the tiseue constituents, it is possible to intreduce isotopically labeled
building stones into various tissues. This technique permits the study of
the rate of synthesis and degradation of various tissue components, as well
a8 the isolation of such labeled metabolitem. Since it seemed probable that
radiation would affect the ratesof snythesils and degradation of tissue com-
ponents, a study mlong these lines was inltiated.

The uee of glycine (amino acetic acid) for this purpose was prompted by
the fact that glycine would be incorporated in proteins, thus permitting the

PLagais
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study of protein metabolism with reepect to radiation. In addition the
nitrogen atom of giycine has been shown to be incorporated In hemin, and

for this reason it was thought that the aslpha-carbon atom of glycine would
'also serve as a specific precursor of the hemin molecule. This would then
provide an approach to the study of hemoglobin synthesis as affected by
radiation. It has also been shown that the nitrogen and carboxyl-carbon.

atom of glycine serve as specific precursors in the biological synthesis of.
purines, such as uric acid and the purines which are present in nuclelc acids, .
and thus alpha~carbon labeled glycine should alse be unseful as & tool for the
study of purine {(e.g. nucleic acid) metabolism. Because of the metabolic
versatility of glycims, this $wo-carbon emino acid appeared to be a good
choice in studying the problems suggested above.

A. Total Body Badiation (Bats)

Total body radiations were performed with roentgen rays in dosages
of 300 and 600 r. Rate were used as experimental animals in all studles
pertaining to totsl body radiation. In order to interpret any changes pro-
duced dy radiation, it was essentisl %to investigate first the metsbolle
behavior of slpha-carbon atom of glycine in untrezted animals. Such preliminary
studies involved distribution studies in the various organs, studles of
hemoglobin metabolism, and studies of various tissue components as isolated
from different organs.

1. Effect on the incorporation of the slpha-carbon atom of glycine

into tipsues:

a. Preliminary studies with untrested animals: In the untreated
animale the highest isotope concentrations were found in liver, kidney, and
gastro~intestinal tract, whereae brain and muscle showed the lowest imotope
concentrations on the basis of C¥ per gram of dried tissue.

Since it is known that radiatlion preoduces decreased ap-
petite and alse causes decreased sbsorption from the intestinal tract, it
seemed of intereet to investigate the effect of variations in food intake on
glycine metabolism. In order to study extreme conditions the animals were
starved for a period of five and seven daye prior to the administration of
glycine. It was found that after five-day starvation more of the alphe-
carbon atom of glycine was incorporated in visceral tissues, such as liver,
gastro~intestinel tract, and kidneys of the starved rate than in the controls.
The incorporation in muscle of the starved animale wae not significantly

changed.

b. Rajistion effects: Since it is known that variocus organs
respond to radiation at different time intervals after exposure, experiments
were designed in such a way that one microcurie of glycine was injected
intravenously immediately, five hours, 48 hours, of 8 days after sxposure %o
x=rays. The results showed that the incorporation of the alpha-carbon atonm
of glycine into muscle was significantly depressed when the labeled amino
acid was injected immediately or eight days after radietion. When glycine
was administered 48 hours after radiation, the Cl%* activity of braln, kidney,
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pancreas, and gaatro-intestinﬂl tract was higher than that found in the controls.
A conelderable lowering of Cl¥ activity in bone marrow was observed when glycine
was administered immediately after radiation and the animal sacrificed five
hours later.

2. Effects on hemoglobin synthesis:

a. Proliminary studiee with untreated apimels: Shemin and
Rittenberg have presented evidence based on studies with N*~ labeled glycine
that the amino nitrogen of glycine is a spscific precurser for hemin nitrogen.
We have found, using methylene-labeled glycine, that the alpha~carbon atom
of this amino acid 18 alsg incorporated in hemin to a relatively high degree.
Coneiderable amounts of C1¥ are also incorporated in globin but hemin contains
elght times more 1% on & gram to gram basis. This finding formed the basis
for further experiments intended to throw light upon the effect of radlation
on the synthesis of hemin and globin.

b. Radiation effects: When glycine was administered intra-
peritoneally six days after exposure to 600 r roentgen irredimtion and the
animal sacrificed 24 hours later, a substantial depression of hemin synthesis
wag observed. Globirn synthesis under identical conditions appeared only .-
slightly depressed. As set forth under subheading (1) starvation experiments
were conducted in the manner described above. The ratio of G activity of
hemin to globim in the control rats ranged from 4.2 to 12. In the five-day
starved rate this ratlo was 65, end in seven-day starved animsls, 1.2. After
300 r radiation the ratio was 34 mnd 38. V¥Yhen glycilne wae administered to
rats radiated with 600 r, immediately after radiation the values for the
ratio ranged from 30 to 36. In one animel irradiated with 600 r and injected
with glycine after six days, the ratio was found %o be 2.3. It should be
pointed out here that both in radiated and starved animals of the type described
evove, the ratio of 014 activity of hemin to that of globln, which normally
ie of the order of 7.0, devimtes from normel. This might be intervreted to
mean that under the conditions mentioned hemln and globin syntheses are no%
necessarily coupled.

3. XEffects on muclecproteins:

a. Preliminary studies with untreated snlmals: As mentioned
above, glyclne serves as a specific precursor for certain definitive carbon
and nitrogen atoms in the purinpe ring. We, therefore, have fractionated
liver, muscle, and intestinal tract into proteln, desoxyribonuclelc acide
and ribonucleic acids. Considerable overall activity has been found for the
desoxyribonucleic mcld and the ritonuecleic acid fractionms of the liver. The
date indicate changes of the ratio of the ol¥ activity of ribonucleic acid
to desoxyribonucleic acid. :

b. Radiation effects: Experiments of this type applied to
the study of the effect of radiation on nuclelc acid synthesis are now in
progreas but not sufficlent data are at present awailable to be reported here.

k. Effects on brain phospholipids:

a. Preliminary stndies with untreated animsls: Since approxi-
mately 30 per cent of the brain consists of phospholipids, and since in all
probabtility phospholipids play an important role in the physiology of the
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central nervous system, it seemed of importance to investigate the ol
content of the phospholipid fraction of the brain. The data indicate that
changes of C1¥ activity occur in thephospholipid fraction of the brain of
the rat after radiation with 600 r.

B. In Vitro Studies on Bone Marraw {Rabbit)s

Because of the occurrence of secondary anemia as the result of
radiation, a study of certain aspects of bone marrow metabolism was under-
taken. These studies were carried out in vitro with bone marrow homogenates
prepared from rabbit bone marrow with the use of the Wering Blender.

1. Hemin synthesls:

Since it is well known that bons marrow is able to synthesize
hemin in the intact animal, the ability of bone marrow homogenamies to in~
corporate the methylene carbon atom of giycine in the hemin molecule was
investigated. Appropriate amounts of glycine were added to bone marrow
homogenates in the presence of sodium acetate as e metabolizable substrate
and incubated for certain periods of time. Apprecieble cl¥ activity wae
found in the protoporphyrindimethylester (derived from hemin of bone marrow
celle} after an incubation period of at least one and a half hours. Thﬁrty
rinutes of inembetion did pot yield any eignificant incorporation of GV
in protoporphyrindimethylester. These experiments laid the ground work for
experimente to be conducted with irradiated bone marrow and with bone marrow
of irradisted snimals.

2. Protein synthesis:

Bone marrow preparations such as described above are also
capable of synthesizing protein. These protein preparations probadbly repre-
sent globin to a large extent, although chemical ildentification has not yet
been satisfectorily esteblished. Apprecliamble ampunts of cl¥ are incorporated
within half an hour at 37° C with glycine labeled in the alpha-carbon atom
have shown that appreciable mmounts of the initial cl4 activity are incorpo-~
rated in the bone marrow fats. In theee experiments bone marrow fats were

" extracted and fractionasted inte the saturated and unsaturated fatty scld

fractions. It wae found thet within half an hour appreciable ameunts of C1¥
were incorporated in both fractions, the saturated fatty acids containiang on
the average about four times the activity of the unsaturated fatty acid
fraction. This system also will be inveetigated with respect fto radiation
effects. .

C. Diversified Problems:

1. Studies on chlorophyll synthesis {chlorella vulgaris):

Since we have shown that the alpha~-carbon atom of glycine is a
specific precursor for hemin, it appesrs likely that the alpha-carbon atom
of glycine will assume g similar function in chlorophyll, a pigment which is
also chemically related to prophyrin, To this end chlorella vulgeris has
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been grown in culture medie containing glycine labeled in its alpha-carbon
atom. After a certain period of culturing the chlorella cells were harvested
and lyophylized. Because of the limited gquantity of chlorella cells obtained,
it was necessary to develop micromethods for the isolation of pheophorbide a.
and b, the crystalline split products of chlorophyll a and b. The development
of these methods is now underwany. }

I1. In Vitro Studies of the Effect of Radiested Media on Tissue Metabolism:

Recent reports seem to indicate that micro~-organilsms grown in media
previously irradiated with ultraviolet light undergo genetic changes with
the production of mutants. It appeared of interest, therefore, to study
the influence of irradiated media on the metabolism of a variety of mammajian
tissues. To this end, dog serum was irradiated with 10,000 r and slices as
well as homogenates of various tissues were incudated in this medium. Their
oxygen uptake as well as aerobic and anaerobic glycolysis were measured with
the Warburg Micromanometric technique.

Significent changee were observed in sll tissues investigated, but the
direction and order of magnitude of the changes observed differed with
respect to the tissue employed. ZFor example, bone marrow showed & greal
depression in enaeroblc glycolysis; the most striking changes observed so
far were found in brain homogenates. Gel formation was observed ae soon as
brain homogenates were added to radiated serum & fact which may account for
the great depression of all metabolic activities under thoee conditions.

In general, a depresaion of all metabolic activities of the tiesues investi-
gated as measured by meane of oxygen conesumption and CO5 production was
noted, with the possible exception of kidney tiseue, where an increase in
seroblc glycolysis has been observed. We assume that this phenomencn must
be produced by blochemical changee in the serum due to radiation. The
nature and significence of these findinge is now under investigation.

ITI. Stundies on Ferritin!

The role of ferritin, an iron-protein molecule, in iron absorption
and metabolism is under study.

It has been postulated by S. Granlck that iron is absorbed from the
intesting in the reduced {ferrous) form and that the presence of iron in the
inteatinal mucosa serves as an impetus for ferritin synthesis. The presence
of ferritin thus serves as a mucosal reguletor of iron absorptiom. It ie
of interest to investigate these points further in normal end irradiated
animals (guinea pigs) since the gastro-intestinal tract ig very sensitive
to x-radiation. Gillman and Ivy have studied iron absorption and have found
an increase in the numbers of iron-containing phagocytes through the mesenteric’
1ymph gland. JFrom preliminary experiments in this laboratory, we believe
that this iron is present partially or wholly as ferritin. The role of the
lymphatics in iron absorption will be studied.
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Experiments on the isolation and purification of ferritin from horse
spleen, one of the best sources, have been undertaken. A slight degree of
success in increasing the purity of ferritin has been obtained thus far.
Oniformly crystalline ferritin was obtalned without any emorphous precipitate
when viewed in the microscope. These experiments were essentiml in order to
secure & pure compound with which to carry out antigen-antibedy reactions
which will serve as a basis for a quantitative method for the determination
of ferritin, The details of thismethod are being worked on now. Preliminary
experiments .with & new iron reagent (Piron) for the separation of iron from
the protein portion of ferritin have been carried out, and the ironm part
seems to be removed quickly, easily, and quantitatively from the protein
component (apoferritin).

Other experiments plammed include the in yitroc synthesis of ferritin

using tissue homogenates and slices, and a study of the amino acid composi-
tion of the protein moiety of ferritin with the use of paper chromatography.

Proposal for future work:

1. REffect of Radiation on the Incorporation of the Alpha-Carbon Atom of

Glycine in Hemin and Globin

The ratio of G1¥ activity of hemin to that of glodln, which in normal
rate 18 of the order of seven, hae been found to deviate in razdiated rats.
Because of the importance of this observation, it seeme deairable to establish
the occurrence of this pheromenon unequivocally. This will require & repeti-
tion of the experiment with an appropriate number of animals. It 1s aleo
important to extend the experiment femporally in order to establish the time
of occurrence and the duraticn of this phenomenon. A wide range of dosagen
will be used for the purpose of establishing the relationship between the
megnitudes of dosage and effect.

Since bone marrow ie presumsbly the site of hemoglobin formation in
the body, investigation of the isotope distribuilon in this tissue should de
of value in elucidating the mechanism of this radiation effect. For this -
type of investigation the guantities of bone marrow which cen be obtained
from rats are insufficient. It 1s, therefore, planned to use the rabblt as
the experimental animal in this investigation. In order to gain information
concerning the mechanisE of radiation effects, it is necessary to investigate
the incorporation of ¢1* in hemin and £lobin in rabbit bone marrow irradiated
in vitro, azs well as in bone marrow taken from normal and irradlated rabblts.

2. Studies Concerning the Effect of Radiation on Hucleic Acid and Protein

Synthesis in Tumors:

Nucleoproteins play an important role in cellular proliferation and have
been shown to be coupled with protein synthesis. Thelr role in. tumor growth
has been studied using P32 gs g labelling agent. Although some investigations
have been carried out with respect to metadolic changes in tumors following
radiation, our knowledge of blochemical responses of tumors to x-rays
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is meager. As mentioned in thie report, the alpha-carbon atom of glycine

is incorporated in proteins snd nucleic acids. 1t seems, therefore, promis-
ing %o study nucleic acid synthesls in untreated and irradiated eXperimsnial
tumors in rats. It is planned to investigate the rate of Incorporation of
the alpha-carbon stom of glycine in the purine and pyrimidine componenta of
the nucleic acids of these tumors and to relate nucleic acid synthesis to
the rate of incorporaticn of the alpha-carbon atom of glycine in proteins.
Such a study should yleld information concerning the effect of x-rays on

an important growth regulating system, the nuclele zcids, ard the relation
of this regulatory system io protein synibesis.

It is planned to carry out these proposals (1 and 2) in collaboration
with the Sectlon of Badiatlon Physiology.

Problem Code: X.R.2 (Mechanism of Effects)

Section Code: 3150

Study by Absorption Spectroscopy Methods of the Effects of X-radiation

on Flasms Proteins:

Background: The syndrome of radiation slckness as it usually cccurs
in man may include nausea, vomiting, hemorrhagic manifestatioans and a
symptoms group related to infection. Although the primary causes behind
this complex set of symptoms are incompletely understood, it is reasonable
to regard damage to the hemopoletic system as one of the principle under-
lying causes. The changes produced in the relative and absolute number of
the formed elements of the blood as a result of irradiztion have been widely
investigated and are commonly used &s a measure of the extent of radiation
damage produced in humans and in experimental animals. The amount of
established information abgout thse irradiation changes produced in the composi-~
tion of the plasma matrix as opposed to the formed elements in exceptionally
scanty.

The Spectroscopy Section planned a series of experiments in the hope
that the relatively unexplored use of absorption spectra measurements in
the wltra-violet, visible and infrared regioms would reveal quantitative
and qualitative changes in the proteirn fractions of bdloocd prlasma frem ir-
radiated animals. The identification of such changes in the plasme might
serve two ends. In the first place, the discovery of epecific changes in
the plasma proteine might throw light on the underlying processes contribut-
ing to the comvlex syndrome of radiation sicknessa. In the sBecond place,
study of plasma proteln by the spectroscopic method might reveal a more
gsensitive index of radiation damage than is at present available.

Work done during the calendsr yesr 1948: IV was proposed to first

conduct some exploratory experiments using & rather high level of radia-
tlon in order to accentuate any changes that might be produced. Rabbits
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were chosen as the experimental animal. A number of sublethal doses of
x-radiation (1000 r/dose at 100 kv.) were administered to the sanme animal
with recovery periocds between each dose.

One of the vroblems encountered was the development of a satisfactory
method for isolating the four main protein groups from blood plasma. I%
was necessary that the fractions be salt-free and the proteins be unmodified
by denaturation or other changes. It was desirable that the method employ
small samples and that the precipitating reagent be such as not %o interfere
with subsequent nitrogen determination. A method was developed fulfilling
all of these requirements. This method employs the huffered phosphate
reagent of Butler and Montgomery znd a dialysies technique modified from
McMeekxin. The preocedure divides the plasma protein into four fractions.
Fraction I contains fibrinogen and some of the globulin of lower solubility.
Fraction Il consists if englobulin and some pseudoglobulin. Fraction III
conslsts of peeudoglobulin and some englobulin. Fraction IV contains the
albumin and some pseudoglobulin. Recoveries ms checked by Kjeldahl deter-
minations have been of the order of ninety per cent.

Since our attention was focused on early changes, the first blaeod
sample was usually taken within the firast hour or in some cases within the
firsi few daye after irradiation. Subsequent samples were taken at varying
times up to 53 days.

After irradiation of the rabdbit with 1000 r at 100 kv., transitory
changes in amounts of the warious plasma protein fractions were found. The
maximun effect conld be demonsirated in the samples collected two days post-
irradiation. The changes consisted in a significant increase in the fibrino-
gen, g significant decremze in the albumin and smaller increases in the
globulins,

Protein determinations were made both by chemical nitrogen determin&tion
methods and by absorption spectrum measurement in the ulira-violet.

Out plans for study of the gqualitative changes in the proteins call
for the use of infrared absorption spectrum measurements. This technique,
for proteins, is almost entirely unexplored and requires a great dsal of
method development. Some considerable progrese has been made in working out
procedurss, and we nhow have completed some experiments in which differences
bave been found in the character of the infrared absorption spectrum beiween
Plasma samples taken from normal and irradlated animals. TFurther work is in
progress to verify these observations and to ldentify the nature of these
changes.

Problem Code: X.E.2 (Mechanism of Effects)

Section Code: 3160

Construction of Condenser-Type X-ray Machine:
Background: Since the bioclogical effects of x-radiation ere known to dbe
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affected by the rate at which the dese is given, it was vrovosed to constiruct
a2 condenser-type x-ray machine which could deliver a large dose in a very
short time. -

Work done during the calendar year 1948t A condenser-type x-ray machine
wag constructed and preliminary experiments have been carried out. We have
been able to obtain between 400 and 500 r with & single discharge. This
large energy is eomewhat destructive to the x-rey tube and few animpls can
be treated at a time. The results are, therefore, slow in materializing.

It 48 hoped that the problem cen be puccessfully sclved during the coming
meonths.

Problem Code: X.R.2 (Mechanism of Effects)

Section Code: 3350

Work in the radiation therapy group has been divided into a number of
studies which may be ligsted as follows:

1. The exchange of radio-sodium in the acute irradiasted rat.

2. The absorption and distribution of Vitamin A following
acute irradiation.

3. The effect on mortality of various substances following
acute irradiation.

&. The ‘vascular mechanisms following acute irradiation.

In rats during the first{ four days post-radiation a marked retention
of radio-sodium occurs with shift of sodium into the intestinal tract in
amounts as high as 2 per cent of the adminlstered dose. Shifts into the
kidneys, spleen and liver are also noted and elevation in the serum occurs
with total serum sodiums occasionally rising 5-8 Meq. Urinary excretion
may be reduced to one-half of control values. This information agrees with
previously reported work on increesed KSCN space.

Studies on Vitamin A show a tendency toward increased absorptlion in
the lrradiated rat in the period from 24 hours %o 5 days after irradiation.

. Following administration of Vitamin A t¢ an animal 3 days after midlethal

x-radiatlion, it wae noted that in a 10-hour test lesser amounts could be
recovered than in the controls, suggesting an increased utilization of the
material. Distribution studies showed that in contmast toc the normal, liver
values were low and values elsewhere higher than the controls. No specific
8ites of deposition could be found. Diarrhea occurring in such rats did not
show excesfive amounte of fat. Investigetion of the utilization and distri-
bution is continulng with emphasies on the comparative absorption of Vitamin
A both in alcohol and ester forms.
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Carefully controlled siudies of the effect of various physical agents
and substances on the mortality following midlethal irradiation have been
carried out with particular emphasis upon the vossible value of metabolic
stress as a protective mechanism. Influences of pre-radiation cold given
in megsured doses, adrenal cortical extract given pre- and post-irradiation,
and metabolic stresses, such as phleridzin-propvlene glycol eand propylene
glycol alone have been studled. Some preliminary studles have been reported
in previous Quarterly Reports on which the following interpretefion can be
made —— that etress either from the physical or general esgents may produce
an influence on moritality of a favorable type in certain instances. BResults
are not sufficiently well in hand for detailed interpretation.

Methods for the estimation of hemorrhagic phemomenon in apimals of
varying species have been perfected up to the point in which duplicable
results can be obteined on the same animals in day-to-day studles. With
such 8 tool, findings of interest are as follows: a definite species
sensitivity as regerds dleeding has been noted with the rabbit and rat,
showing marked resistance to capillary changes; the dog, guinea pig, and
man representing definite sensitivity. Increased heparin levels in the
blood do not increase capillary fragility to any measurable extent. The
same may be said for concentrations of hyaluronidase even above biclogical
levels. Various substances previously thought tc be bemeficial in control
of hemorrhage are being investigated and evaluated by the above biological
test procedure. Methods of the possibility of flow rate and local pooling
1s also being studied by means of iodine labeled proteins.

Problem Code: X.R.2 (Mechanism of Effects)

Section Code: 3441

Histochemical Study of Chanzes Induced in the Germinal Epithelium of the

Testie of Rats by Irradietion, and the Influence of Mutritional States

Upon the Susceptibility to Injury:

The effects of irradiation upon the teatis and other organs of animale.
have been studied extensively with the use of routine histologic and cytologic
methods. These procedures involve the application of a variety of chemical
agents for the purposes of fixation, dehydration, imbedding and staining.

They reglster certain morphologic alterations. in cellular components of the
tissues without providing much insight into those blochemical and physiclogi-
cal changen which precede, or are associamted with {them.

In one tlssue, namely dlood, the normal and abnormal morphology of
individual cell types heve been studied in great detail. This is largely
due to the fact that the cells can be readily obtained and studied in the
form of fresh and unatained smears, as supravitally stained smears ln which
reactions of certain cells to supravital dyee can serve as a sensitive indicator
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of their physiologlical activitles, and as dried smears stained selectively

but with a negliglble exposure to chemical agents. The testis of mommals is
alsp admirable suited for study by fresh and stained smears, such as have been
applied to blood: yet, in the many claesic studies on the cylology and histo-
pathology of the testis, stained sections of fixed tissues have been almost
universally used.

§ The initiasl phase of the present study has been %o demonstrate that testis.
histology, and cytology of germ cells in particular, car be evaluated by the
study of living cells in supravital smears and by examination of smears sub-
Jected to fixatlon and staining, the latter being especially adapted to current
procedures in histochemistry for the demonstration of lipids, nucleoproteins
and mucopolysaccharides in cells and tissues. The present report details
some of the progrees In this direction.

With the development of sdequate methods, subsequent phases of the study
will deal with {a) the cytological and cytochemical alterations demonstrable
in irradisted testes, (b) comparisons between these and the changes assoclated
with dietary deficlency of vitamin A, vitamin E, and general inanition, and
(e} influence of such dietary states upon the sensitivity of the teetis %o
irradiation. The present report can deal only with one preliminary series of

‘obaervations related to the first of these apyroaches.

Development of Methods:

1. Supravital Smears: Many modifications of procedures used for
tlood cells were tried, using such dyes as neutral red, janus green, plnacyancle
and brilliant cresyl blue. Best results were obtained by tapplng a small bit
of testie in a drop of saline on slides coated by & thin film of dye deposited
thereon by evaporation of a very dilute absolute-alcohol solution of kuown
strength, ringing the coverslip with vaseline to prevent evaporation, and
microscopic examination in a warm box or at room temperature. Separate smezrs
prepared with neutral red and with pinacyanole proved most satisfactory. With
experience it was possible to readily differentiate different stages of germ
cell maturation using such criteria as cell size, nucleo-cytoplasmic ratilo,
distribution of mitochondria, location of the Gelgli apperatus, and certain
maclear characterisiics.

Considerable difficulty wae encountered in differentiating Leydig
cells from macrophages and other connective tissue elements of the interstitial
tissue. Information derived from certain fixed and stained smears, and from
supravital smears of testes from rats stained intravitally with Trypan blue,
eventually provided adequate criteria for differentiatlon; they also revealed
certain undescribed and interesting features of the Leydig cell which are
belng explored as opportunity permits.

2. Fixed and Stained Smears: Wet and dried smears of fresh rat
testes were exposed to a great variety of fixing fluids followed by a much
greater varlety of stains, singly and in combination. Particular attention
was given to methods that might demonstrate lipids of various types, mitochondria,
Golgl substance, nucleoproteins and mucopolysaccharldes and, at the same tims,
parmlt good differentimtion of cell types. For the most part, procedures were
carried out in agueous media so as to avoid undesired action of 1lipid solvents.
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After innumerable trials certain methods were selected as being most suitable:
for the particular purposes of the study. Briefly stated, they are as follows:.

Fization Stain Suited for Study of:
Formalin ' Sudan black Potal llpids

Sudan IV Neutral fats
Zonker-acetlc Carbol fuchsin-hematoxylin Certain 1ipoproteiﬁa§
Zenkeifformol Eosin-methylene blue Bibonucleoproteinaﬁ"
Picric acid- _ McMarms Glycogen,and other mucopolyﬁ;é
aleshol-acetic acid Plnacyanole Metachromasia

3. Frozen Sectionst Frozen sections of formalin fixed testes-ands
stained according to many of the methods used for fixed smears, by virtue-of .
maintaining the spatisl interrelastionship of cells, have served as a check rone
interpretations made from such smears, especially in identifylng and establish-
ing eriteria for the wvarious cell types encountersd. They have proved especislly,
useful in the study of lipids after treatment with sudan IV, sudan black nilo*
blue sulphate, and osmic mcid.

- *@%s:»’

4. Paraffin Sections: Testls tissue fixed and, after dehyﬂrabioﬁ&* :

and paraffin imbedding and sectioning, stained according to the methods applia@i
to fixed smears have been used also as a check on.ldentification of cell types.

in smears. Certain methods will be adopted for routine study of normal and~” ™
damaged tesntes. K

Fixution Stain To Demonsatrate
Zenker Eosin~methylene blne Ribohncleoproteina
Feulgen reaction Desoxyribomucleoprotein
Carbol fuchsin-hematoxylin Certain lipoproteins
Pieric acld- McMamis Glycogen, and other . o
elcohol-acetic i macopolysaccharides
aclid

- Preparation of Standard Reference Material: To secure data and matarial,' L
on normal testes for later reference and comparison, covering both the prepuber al
and postpubertal stages of the teatis, a series of normal male rats were >
sacrificed at ages of 20, 25, 30, 35, 40, 45, 50, 55, 60 daye. A study of .
supravital smears was® carriad out and, in addition, a series of fixed and e
stained smear preparations and siained paraffin sections of fixed testes and
epididymides were prepared according to methode selected as most applicable
to later studies on damaged testes.

3. Preliminary Observatlons on Irradiated Tentes:

1. Material: A group of 12 adult male rats was subjected to locail;ff
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radiation of the left testis, o total dosage of 500 r being given at the rate
of epproximately 50 r per mimite. Animals were anesthetized with nembutal,
fastened to & wooden board approximately 17 ¢m from the tube, and -the right
testis pushed into the abdomen and shielded by 2 1/4 inch lead plate. The
left testis was irradiated directly through the anterior scrotal wall, with
a 1/% inch, hollow lead cylinder interposed between the tube and the scrotum.

On the basis of results reported by other investigators, who have
observed rather profound testis damage after slightly larger dossge, the level
of 500 r was selected a8 one that might provide moderate or moderately severe
damage.

The rate were sacrificed at intervals of 3 to & days. The only
groas change noted at necropsy was & ypurplish discoloration due largely to
vascular engorgement. This was usually epparent in the left testis but never
- in the right testis.

2. Histgologic Findingsei

{a) Supravital smesrs: Xxamination of supravital smears of the
left testea, using neutral red and pinacyanols eeperately, revealed consider-
able injury to certain of the germ cell types, as outlined below. In some
instances the right testis, when examined in the same manner, showed changes
similar to but usually less intense than those noted in the left teatlis of
the same animal.

3:§ daye post-irradiation

Spermatogonia shrunken, with nucleue distorted. Primary spermatocytes under-
going most marked changes, with nuclear swelling and chromatin distortion,
fragmentation or loss of chromatoid body (marking region of Golgl apparatus).
Numerous multimicleate giant cells. Tendency for cytoplasm of many germ cells
to acquire hyaline-like appearance and give a falnt eand diffuse etain with
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and sometimes in the nucleus of many germ cells were interpreted as evidence
of mild cellular damage. Sudan black staining after formalin fixzatlion proved
especially valuable for following abnormal changes in the chromatcid body.

{c) Stained paraffin sections: On the basis of results obtained
from study of smears, as described above, it was anticipated that sections
stained with hematoxylin and eosin or other stained customarily applied of-
the testes would show at least moderate degrees of histologlc damage. It was
rather disconcerting to find that the testes were consistently within the range
that would be considered normal. This was further confirmed by histologile
examinatlon of the epididymides. In all instances the ducts of the caput,
corpus, and cauda epididymis contained e normal complement of spermatozoa and
were entirely deveid of sloughed germ cells such as always accompanies testia
damage.

From other standpoin$s, on the other hsnd, these findings seem
to have valuable significance. They indicate that the methods developed for
study of the teatis by means of smears, especially the supravital smears, .
may permit recognition of varying degrees of cellular damage net recognizable
in conventional histologlc sections of the testis. If this interpretation is
verified, such procedures should aid in attaining ome of the major objectives
of this study; viz., a better understanding of the precise mamner in which
radiation interferes with normal germ cell functions and thereby induces the
structural alterations gensrally recognized &s radiation damage.

Problem Codes X.R.4 (Hematology)

Section Code!: 3351

Activities in the Hematology Section have included the (1) establishment
of a portion of the health program for the cyclotrons of The University of
Bochester Physice Department, (2) the editing of research of the former Hema-
tology Section which is included in the National Nuclear Energy Seriee, (3)
cooperation with the Project health in the investigation of the local beryllium
exposures, (4) the carrying out of the routine hematology on Project person-
nel, and (5) research on the 1ife span and functional activities of leukocytes,
using the technlque of the marked leukocyte.

All individusls engaged in cyclotron sctivities at the University have
been eoxamined, approprigste blood counts made and recommendations for future
program correlated with the health physics activities.

Boutine laboratory procedures during the 6 months of operation are:
224 complete blood counts
182 partial counts

113 sedimentatlion rates
65 urinalysis

UR 00927
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Preliminary experiments have been carried out on the possible means
and mechanisms for the marking of white cells in the normal animals using
saccharated iron and similar materials. Attempts are belng made fo mark
the leukocytes in vitro using the animals owz cells as a source. Methods
of sampling have been developed which appear promising.

Problem Code: X.E.4 (Hematology)

Section Code: 3420

Hemolytic Effect of Total Body Radiation in Doga:

Two rensl bile fistula dogs were given total body radiation after sult-
‘able base-line observaeiions had been made. A doge of 150 r produced no
demonatrable effect on the erythrocytes in one dog. The dog recelving 250 r,
however, showed substantial increases in bilirubin excretion during the first
and fourth weeks after radiation despite the fact that significant increases
in serum bilirubin 2nd in osmotic and mechanical fragilitles could not be
demonstrated. The total red blood cell count fell from 5.5 to 4.3 millions
during the firet 50 days after radlation, but there was no significant
reticulocytoais. :

Pre-radiation observations bhave been made on two additional remal bile
fistula dogs which will be given 250 r total body radiation. In additlon %o
hematologic studies, liver function will be investigated and liver bDicpeies
taken in order to detect poassidle hepatic damage due to the fistulme or to
radiation.

foct of Total Body Hadiation on Excretion of HUrina 06 T in in Dogas

There was no significant change in excretion of urinary coproporphyrin
in the renal bile fistula dog that was given 150 r. The dog that received
250 r showed a substantial increase in coproporphyrin excretion within 24
hours and a peak of 10 times the base-line figure was reached at one month
after radlation. Measurements of urinary coproperphyrin are belng carried out
on the two additional fistula dogs which are scheduled to receive 250 r.

Use of Isg-immme Systems in Dogs in Quantitative Studies of Hemolytic FPhenomena:

Individual differences among dog blood bave been sxplored in collaboration
with an adjacent laboratory operating under a contract with the 0ffice of Naval
Research. Four different ischemagglutinins have been demonstrated in sera of
dogs immunized by transfusione of dog erythrocytes contalning factors lacking
in their own cells. JFactors thme far identified serologically in tests of
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approximately 350 dogs may conveniently be called "canine A, B, 0, and D"
and the corresponding antibodies "canine anti-A, -B, ~C, and -D". Anti-A

is most consistently potent, most easily produced by isoimmunization and is .
capable of causing hemolytic transfusion reactions and hemolytic dieease.of.
newborn yups.

Immine anti-A plasma has been transfused into two normal and two.rezal.
bile fistula dogs whose cells contained the A facter. The object of. thesesx:.
experiments was to chart as accurately as posslble the course of evantaﬂfol-
lowing injection of iscantibodies. These studles were carried out with: “the -
hope that they might aid in elucidating the hemolytic mechanlsms operating in.
buman belngs after transfusion of incompatible plasma or of blood from=w :
dangerous universal donors. Attachment of transfused canine A antihodyﬂto -
recipient dogs' cells was demonstrated for approximately three weeks by employ- .
ing anti-deg-serum rabbit serum in "Coombs"™ tests. Spherocytoslis and. increased
osmotic fragllity of reciplents'! cells were demonstrated for eimilar periods,
but increased bilirubin excretion persisted for only 4 to 7 days, -and hemo-
globinemin for 1 to 3 days.

Studies employing the technique of differentlal agglutination of ‘dog
erythrocytes showed that transfused normal cells lacking the canine A.
factor survived for at least 3 months in the circulatlon of & normal re-
ciplent dog whose cells contained the A factor. An effort ie being made ..
to improve the technique of differential agglutinatlion of dog cells in order
that further studies on erythrocyte survival may be made. It will be-of."
particalar importance to measure the periocds of survival of radiated calls
in normel recipients of normal cells in radiated reciplents. o

Miscellaneous Hematol ¢ Investigntions:

A six-year old child with severe megaloblastic anemia was glven
vitamin B12 intramuscularly with excellent hematologic response. She-

had previously responded to injections of refined llver extract at age
two and to administration of folic acld at age four but had relapsed each
time after trestment was discontimued. , e

Provlem Codet X.R.5 (Genetiés)

Section Code: 3410

Investigetion of Semi-Steriles:

This problem is designed to determine the time of death of mouse embryocs
in semi-sterile, sex~linked lethal lines and io evaluate the death time in
terms of human embryology. The report is based on & study of six semi-sterile
1ines and three lethal-bearing lines isolated by Dr. D. R. Charles in determin-
ing the mutation rate under chronic exposure to 250 KVP x-radiation.

UR 009295
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Materials: Tested semi-sierile females were mated with non-related normal
males of the CFCW strain, or the reciprocal cross was made. - At stated interwvals
after the appearance of & mating plug, an aulopsy was made and the numbers of
live young, dead or retarded embryos, and placentae in the uterus were recorded.
As embryos dle, they are rather rapldly resorbted, but the placenta marking the
site of an implantation is retained in place until parfurition. A count of
the corpora lutea gave the total vossible young for that vregnancy, and the
difference between the corpora and the contents of the uterus was assumed to
have died before implantation.

For construction of mouse embryological time tables, normal siblings of
mice known to be semi-sterlle were mated to the CPCW strain and autopsied from
9-.16 days later. Mating and autopsy times were recorded to the nearest half
hour. Serial sectlons were made of some or all embryes in a uterus, depending
on the gestation age at autopsy. Since variations in the development between
embryos in the same uterus seem to decrease with age, fewer preparations were
made of older embryos. References for human siructural development were
derived from many sources; however, the most comprehensive source of informa-
tion on human timing in the critical period of 21-40 days was G. L. Streeter's

series of papers, Develgpmental Horizons in Human Embryolcgy.

Results: In all of the semi-sterile lines studied so far, emdryc deaths
have occurred before the 16th day of gestatioh. At that time, the mean per
cent of live embryecs in the semi-sterile uterus is 33.9 per cent, which 1s
to be compared with 73.0 per cent for all normal uteri at the 16th day. The
figure ie in good agreement with what is to be expected since semi-sterlle
litter size is approximately half normal liter size.

The fate of all zygotes at 16 days, expressed as per cent of corpora lutes,
is recorded in Flg. I (Page 38). This table includes in the second column,
information gathered from two sex-linked lethal lines. The mean per cent of
live embryos recovered from known lethal bearing females was 52.3 per cent.
Since half of the male young of such females die, litters would be expected
to be three-fourthe the size of normasl litters, or in this inetance to average
about 55 per cent of live embryos. In the semi-sterile lines, a significantly
greater proportion of zygotes die in the uterus rather than before implantatioen.

Fig. Il (Page 39} shows the per cent of live embryos on successive days,
from three semi-sterile lines for which information is almost complete. The
solid line at the top of the figure is the mean per cent of live embryos in
all normal uteri for the period 12-16 days, 70.99 per cent. The dotted lines
lie one standard deviation above and below the mean. It may be noted that at
9 days of gestation, semi-sterile line 7642 slightly overlaps the normsl range
for embryos still alive. At 12 days of gestation, the per cent of live embrycs
for the same line lles wholly within the range typical of the translecation
uterus at 16 days: the mean, 33.9 per cent, and deviations for the latler are
indicated by the solid and dotted lines respectively at the left of the graph.
This indicates that developmental failure begins on or after 9 days of gesta-
tion and is complete by 12 days. Reference to the comparative mouse-human
time table (Fig. IIl - Page 4O) shows that this is most nearly equivalent to
the fourth week of humasn pregnancy.
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By contrast, semi-sterile line 10015 even as early as nine days of gesta-
tion lies within the range characteristic of all semi-steriles at 16 days.
Since there are still to be accounted for #4.5 per cent dead after implantation
as evidenced by the presence of placental remains, the inference is that death
accurs at some time between 5 days (when the developing egg settles into a
uterine crypt) and 9 days. The period can be further narrowed by the fact
that the placental remsins are those of the typical allantoic placenta es-
tablished between the 6th and 7th day of pregrancy. Thls is roughly equivalent
to the third week of human pregnancy. Ko attempt has yet been made to determine
failure in this very early period since the distinctlion between live and dead
embryos and placental remains cannot be made by simple inspection under a dla~
section microscope. Serial slides must be studied to obtain this information.

Semi-aterile line 4257, after the tenth day of gestation, has no more
1ive embryos in the uterus than at 16 days; however, at 9 and 10 days, abou$
11 per cent more zygotes are still living. 8o develepmental fallure begins
prior to day 9 and is complete at 11 days. Around 20 per ceat of placental
remains are 8till to be accounted for at 9 days and indicate still earlier
deaths. The time period for failure in this llne is equivalent to the late
third and the fourth week of human pregnancy.

In three additional semi-sterile lines for which the information ig less
complete in the earlier stages of pregnency, all deaths have certainly occur-
red before the 13th day of gestation or before the equivalent éth week of
human pregnancy. The pericd of developmental failure will almost certalnly
be lower when earlier pregnancies are more fully explored.

The equivalency table, Fig. I1II, was composed in such a way that each
point on the graph represents the time of appearance or differentiation of
some organ in mouse and in man. For example, the lens placede is present in
21l mouse embryes at 10.0 days {but not at 9.5 days) and in human embryos
at the end of the fourth week according to the literature. Hence, & lens
placode point is plotted on the graph at the intersection of 10.0 days and
3.7 weeks. It will be obvious that the time walues are subject %o error,
perhaps a few days for the human embryos, and at most, eleven hours in the
mouse.

No attempt to expreses human embryological time as a mathematical fune-
tion of mouse embryological time has been made in this report slnce additional
organ systems remain to he entered on the graph; however, three systems are
now there and in reascnably good agreement with each other. It is antlclpated
that the polnts will not lie unreascnably far off some smooth and relatively
simple curve.

Plans: In the immediate future, determlination will be made of the time
of developmental failure in the three semi-sterile lines for which we have
inadequate data below the 13th day of gestation. Two additlonal semi-sterlle
lines are now avallable for study, one of which behaves irregularly: some
rregnancies from tested individuals of this line result in large litters.
A possible explanation is that the genetic deficlency is sufficiently small
8o that some individuals which would be expected to dle during development
survive until birth and after. Hare, developmental fallurs may occur through
the entire gestation periocd. It seems important to investigate this possibility,
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and, because of the aberrant normal-type litters, many more autopsies mst
be made at each day of gestation than are needed for the typical semi-sterile.

Four additional systems will be added to the mouse-humen embryological
equivalency table. Pointe based on tissue differentiation times are needed
in the late pericd of gestation to correspond to the period from the tenth
to the fortieth week of human pregpesncy. With these added, it should be pos-
sible, within reasonable limits of accuracy, to translate mouse developmental
time into human equivalents. .

Siides of abnormal embryos have been prepared. It is proposed to study
these -~ and to make others of embryos in the period just before develop-
mental fellure becomes apparent -- to determine. if possible, the causes of
failure.

Since the primary purpose of this work is to assess the danger of
radistion-induced semi-sterilities in man, it would seem wise to base our
judgment on a semple larger than the eight studied so far. Suppose, for
example, that among all possible semi-sterilities, about 35 per cent pro~
duced embryonic deathe after 16 days; there would be an appreciable chance
that eight lines chosen at random would all show deaths before 16 days.

The conclusion might be drawn that all deaths are early in semi-sterilitles,
tut the truth would still be that deaths are late in 35 per cent of cases.
On statistical grounds, it can be shown that falrly adequate infeormation
about semi-~sterilities conld be obtalned by investigating a sample of 20

or 30 semi-sterile lines. This would mean obtainlng 15-25 new semi-steriles,
which could be done economicelly by acute exposures.

Froblem Code: X.R.6 (Embryology)

Section Code: 3441

Effects of Boghtgen Irradintion on Embryonliec Development:

Developing embryos have been subjected to roentgen irradiation by
several other investigators; but in all previcus experiments the pregnant
mothers were exposed to whole-body irradiation, and the effects of such
exposure upon the embryos was not observed until delivery at full-term, 6
to 12 days later. The experiments summarized herein were planned specifically:
(1) to avold exposure of the mother in order to eliminate the likelihood that
the maternal reaction to irradiation might itself alter embryonic development;
(2) to reduce variations in the quantity of irradiation reaching the embryos,
resulting from passage of the rays through wvariable thickmesses of maternal
tigsues and intestinal contents; (3) to cbserve the early reactions of the
embryo to the irradiation and trace the effects of these reactions upon the
overall process of development.
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Methods: Twenty-eight female rats of the Wistar strain wers mated and
certain of the offspring of each exposed to roentgen irradiation on the 10th
day of gestation, Pregnancy was carefully timed in reference to the onset
of estroue behavior, since the time of ovulation (and presumably fertilization)
in the rat is known to bear a more constant relationship to the beginning of
behavioral estrus than to eny other apparent event in the reproductive cycle.
By this means the duration of pregoancy at the time of irrediation was reckoned
in terme of hours, plus or minus 2 hours.

Ten days after the approximate hour of ovulation the pregnant females
were anesthetized with nembutal and the veniral abdominal wall opened by &
midline ineision about 3.5 c¢m in length. With a minimum of handling, one
entire uterine horn was brought to the surface of the inclsion. A smail
lead shield was then placed underneath 2 to 5 of the implantatlon sites of
this horn; and the shield, as well asB the overlying implantation sites, were
secured in place by means of gauze packs soaked in physiclogic saline, pre-
cautions being taken to aveid occluding any uterine blood vessels. A larger
lead shield (10 x 10 em), containing a port near its center of sufficient size
to fit loosely around the 2 to 5 implantation sites selected, was then placed
over the ventral surface of the abdomen, leaving only the selected lmplanta-
tion sites uncovered by lead shielding. A check wes always made to make sure
that the small, underlying shield wae so arranged that it coincided with the
port of the larger shield and overlying the smeller shield, it was possible
to irradiate the 2 to 5 embryos contained in these sites without irradlating
any of the remaining embryos or any maternal tissues except the segment of
one uterine horn containing the exposed emdbrycs. After irradiatlon of the
unshielded implantation sites, they were restored to thelr usual position in
the abdominal cavity. The second uterine horn was then brought to the surface
of the incieion, a similar number of implantation sites selected, and the
same manipulations carried out as before except that the latter group of im-
plantation sites wasnot irradiated. The sham exposure of the second uterine
horn provided non-irradiated controls. Before this horn was alsc restored to
the abdominal cavity and the incision closed, .the total number and errangement
of all implantation sites in both uterine horns was noted in a diagram to
facilitate later identification of the irradiated and non-irradiated embryos.

The dosage of irradiation administered to all unshislded embrycs of each
litter was either 50, 100, 200, or 400 roentzen units. Table I (Page 44)
shows the number of embryoa exposed to each dosage.

At 24, 4B, 72, 96, or 120 hours after irradlation of the embryos, the
mothers were killed by decapitation and both uterine horns inepected in situ
for resorbed implentation sites. The total number of implantation sites was
checked with the dlagram made at the time of irradiation and the exposed and
control embryos identified and tagged. The entire uterus was then removed,
hardened in Bouin's fixative for 15 minutes, partially opened to mllow better
penetration of fixative to the embryos, and then allow to remain in fixative
for 24 to 48 hours. After being passed through succeesive grades of alcohol ‘
to 70 per cent, the embryos were removed from the uterus, measured and welghed.
All irradiated embryos together with 1 or 2 of the controls were prepared in
the usual way as contimuous serial sections for microscopic study.

|
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Four females, some of whose embryos were exposed to 50 or 100 r on the
10th day, were allowed to go to full-term. When it was apparent that labor
was in progress, these mothers were killed and their litters observed in utere
in order that the offspring might be ldentified while in position in the
uterus. The young were then removed; and, after ligation of the umbilical
cord, were weighed and examined for gross abnormalities. All surviving new-
borns that were previocusly irradiated, btogether with an equal number of non-
irradiated, littermate controls, were given to foster mothers to be raised.
Thereafter they were weighed and examined externally at two-weekly intervals
until sexval maturity was attalned, st which time they were allowed to mate.

Results: Survival and Rate of Growth (Table I):

Twenty-four hours after exposure: Dosage of 200 roentgen uniis or
less did no% cause death or resorption during the first 24 hours after exposurs.
A dosage of 400 r, however, resulted in intra-uterine death in all of 9
embryos; and several of these had been dead for a mumber of hours when re-
moved and preserved, judging by the degree of autelysls apparent in the
histologlec sections. Although not fatal, dosages of 200 r were generally
no more than one-half the welght of their controls.

Forty-elght hours after exposure: Dosages of 50, 100, and 200
roentgen unite did not eignificantly increase the rate of intra-uterine death
within 48 hours after exposure. A4s with the shorter interval sbove, 400 r
were invariably fatal to embryos exposed to this dosage. The rate of growth,
a8 reflected by welght, was not altered by 50 r and was not appreciably
changed by 100 r. The apparent retardation of growth cbserved at 24 hours
after irradiation with 100 r may indicate only s temporary slowing of growth
rate which has been obscured at the 48th hour due to resumption of a near-
normal ra%e. To establish this point a larger number of eémbrycs musi be
examined at the end of the 24-hour intervel. Growth was unguestionably
retarded by 200 r after & 48-hour post-irradiation period. The mean weight
of 211 surviving embryos that received this dose was considerably less than
the mean weight of their aiblings. Eighty ver cent were claesified as "small"
since their weights fell outslde an arbitrarily established range . for controls
of this age.

Seventy-two hours after exposure: Survival during this post-
irradiation interval was not altered by a dosage of 50 roentgen units. &
dosage of 100 r appears to have increased the rate of intra-uterine death
after 72 hours: 3B per cent of the exposed embrycs died, while only 19 per
cent of the sibling controls died during the same period. Likewire, sxposure
to 200 r resulted in an appreciably higher death rate among irradilated embryoa
than among non-irradiated siblings. Growth wae not affected by dosages of
50 r and 100 r, dbut was significantly retarded in embryos recelving 200 r.

The mean welght of surviving embryos exposed to the latter dosage wase 42.9 mg.,
as compared with 55.4 mg for their controls. h

Ninety-six hours after exposure: During this post-irradiation in-
terval, a dosasge of 50 r appears to have casused a higher death rate among
irradiated than non-irradiated animmls; but considering the drta obtained
after intervals both longer and shorter than this, it seems doubtful that
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the difference observed here was a real one. Ireatment with 100 r was fol-
lowed By intra-uterine death in 30 per cent of exposed enimals, while only
16 per cent of their sidblings died during the same periocd. Although only
4 embryos were exposed to 200 r, half of these died before the 92nd hour,
while none of their unexposed siblings died. Again, the rate of growth was
not altered by 50 r. It was, however, slowed somewhat by 100 r and was
greatly reduced by 200 r.

120 hours after exposure: The mumber of embrycs removed afier this
post-irradistion interval is too small %o permit any generalizations. It may
ba noted, however, that the few data aveilable are in accordance with those
obtained after shorter intervals, to the extent that 50 r did not reduce the
rate of growth while 100 r appears to have resulted in some reduction.

¥ull~term, 11 days after exposure: JFive embryos in each of two
mothers were exposed to 50 r and the mothers allowed to carry their entire

litters to full-term. All irradiated embryos survived and did not differ

from their non-irradiated littermates in size or appearance. Only 4 of

these were succeasfully raised by foster mothers, but these sired or delivered
normal offspring after reaching sexual meturity.

Four embryos in each of two mothers were exposed to 100 r and the
mothers allowed to go to full-term. All irradiated embryos survived dut,
when examined at the time of delivery, they weighed an average of nearly 1 gm
lsss than their non-irradiated litter-mates. One never established regnlar
respiration and dled within one hour. One other survived less than 24 hours.
Five were raised by foster mothers, but it was later discovered that 3 of
these were blind. All of the surviving 5 sired or delivered normal young
after reaching sexual maturity.

Results: State of Development in lrradiated Embryos (Table II):

After 50 r: This dosage did not alter the course of development
at any post-irradiation interval at which embryos were examined, that is,
at 48, 72, or 96 hours or at full-term. Neither histologic nor emdryologic
differences were found when exposed animals were compared with their un-
exposed slblingsa.

After 100 r: About 60 per cemnt of embryos exposed to this dosage,
and examined at various intervals thereafter, exhibited some type of develop-
mental defect. The moet commonly affected organ was the eye, and the most
frequent ocular defect was microphthalmia, that 1s, abnormal smallness of
the eye as determined by actual micrometer measurements. In addition to
the emall size, which refleciéd deficient growth, there often were indica~
tions that specific develovmental processes cencerned with formation of the
eye were retarded. In ons instance recognizable eyes failed to form, &
condition known as apophthelmia. Five embryos possessed eyee that were
microphthalmic and in addition were malformed, for example, in one instance
the lens was found outside the optic cup. The frequency and severity of
these ocular defect2 Buggests that the eye wae in a critical phase of iis
development at the time of irradiation. Indeed, on the 10th day of gesta-
tion, the primordium of the eye is just appearing as a slight evagination

G e from the ventro-lateral aspect of the forebrain.
FIGRG0
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This dosage also affected the development of ‘other structures, but
to & less striking degree than the eye. The only fault in other organs was
usually retardation in development, that is, the processes were proceeding in
the right direction but at & slowed rate. The brain, urinary syatem and heart -
were most frequently retarded, but these were affected in somewhat less than
half of the embryos. Only one instance of malformetion, and this of & minor
nature, was found in any other organ or system that the eye.

The cases of uncomplicated microphthalmia and of retardatlon in
other organs were generally of such character that they might conceivably
have been corrected by an acceleration of development at some time pricr to
birth. In fact, of the 8 embryos exposed to 100 r and allowed to go to full-
term, all survived until delivered, and only one wee known to be defectlve
at the time of delivery (thie one never breathed properly snd died within.l
hour). OFf the 5 such animsls raised by foster mothers, howsver, 3 wers later
found to be permanently blind. An autopsy of the blind animals will reveal
whether the cause i8 mnophthelmis, severe microphthalmiam, or some other ocular
malformation.

After 200 r! Thie dosage did not change the generasl pattern of
developmental defeots observed after treatment with 100 r; but 1t did raise
the frequency and incresse the severity of the defects. The eyes were severely
affected in all but ons of these embryost of the 17 studied, 12 had micro-
phthalmia, 4 had anophthalmia, and 5 had some variety of malformation in .
addition. Other organs were in general only retarded in development, but
sometimes to & considerable degree. The brein exhibvited retardaticn in 11
instances and in several of the#e the ntate of development was far behind
that of pormal embryos of the same age. Certain parts of the urinary system
were as frequently but not as markedly retarded as the brain. Organs oc-
caslonally affected were the heart, sortic arches, ear, and lungs. Malforma-
tions, other than ocular, wers found ip only two instancees, one in the brain
and one in the urinary tract.

The localized developmental defects commonly seen ln embryos re-
ceiving 200 r were undoubtedly relsted to the smsll size of the embryo aes a
whole (noted in the preceeding section). Both reflect a reduction in the
rate of cell divieion: 1in the case of specific defects and retardations,
the mitotic rate was altered focally or locally, whereas in the case of over-
all smallness of alze the mitotic rate throughout the embryo was suppressed.
The higher embryonic death rate after thies dosage may aleo Ve related to the
frequent occurrence of altered developmental processes in a localized region.
Such a relationship can be concelved if it 4is aesumed that a localized retarda-
tion becomes sufficiently acute that the affected organ 1s no longer able to
meet the funciional needs of the embryo, with the resuli that death would
sooner or later ensus depending upon the functional importance of the organ.
However, no example of this can be cited at present.

After 400 r: As slresdy noted, this dosage was universally fatal
within 24 hours afier exposure. The state of development in these embryos
has not been critically studied, but it was apparent that the brein in all
cagses was arrested at a stage of development only slightly in advance of
that known to sxist at the time of irradiation. Specific evidence of this
wae seen in the fact that no true optic vesicles bad formed but, instead,
the eye had remained in its primordial state as & sliight ewvaginstion from
the forebrain. '
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Conclusions: A dosage of 50 r on the 10tk day had no sffect on embryonic
development. Survival, growth rate, and the siate of development of specific .
organs and systems did not differ 1n irradiated embryos and their nonrirradiatodm
siblings, when compared at 48, 72, 96, and 120 hours and at full-ferm. T E :

Exposure to 10Q r increamsed slightly the rate of lntra-uterine death,..’ -
reduced the rate of growth, and caused locmlized developmental defects, R
particularly in the eye, in about 60 per cent of animals. The effects of: ir-*:‘
radintion were apparent 24 hours after irradiation, but they did not becomse - R
appraciably more pronounced after longer post-irrediatlion intervals.

v s,

Treatment with 200 r was followed by the same general reactlons as thsﬂ.ﬁgﬁ
dosage of 100 r, but the effects were more intense in degree. Death rate.was -
higher, rate of growtk was lower, and localized developmental defects were. mora%
striking. After progreesively longer post-irradiation intervals the death R
rate and the degree of developmental abnormality tended to lncrease.

A dosage of 400 r always caused intra-uterins death within the firsg . .-
24 hours after irradiation. -

After all effective dosages, the eye was the most sensitive organ to the
deleterious effects of roentgen rays. With minimally effective dosages, the
eye was frequently the only organ to show developmental aberrations, and with "
higher dosages it wa®s the only structure consistently malformed or completely, i~
suppressed by irradiation. The brain was second in order of sensitivity to T e
irradiation, but it was generally affected by retarded rather than aberrant
development. Some parts of the urinary system were almoat as frequently but.
rarely as Beverely affected as the braln. =Yg

Problem Code: X.R.7 (Bacteriology and Imminology)

Section Code! 342

Studies on the Bffect of X-ray on Fxperimentsl Murine Pertussis:

The studies, made between April 1, 1948, and December 31, 1948, were
designed to observe the effect of external %-ray irradistion on mlce infected
with freshly isolated straine of Hemophilus pertussis.

Background: The studies were underiaken to tesi the theory that the
protective antibody is in somewany related to the lymphocyte as proposed by
the work of Dougherty and White. Since sxperimental murine pertussis is
regularly characterized by a significant increase in the total leucocyte count,
of which an increase in the number of lymphocytee occurs, ard since the lympho-
cyte 18 senpitive to x-ray, it occurred to us that the effect of x-ray on thl
experiment would be of some interent. e
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A. Experiment to Compare Different Methods of Inoculation: Similar groups
of mice were infected with egual doses of & suspension of freshly. isclated
organisms by the intranasal, intracerebral, and intraperitoneal routes. When
the mortality rates were compared by the 50 per cent end point method of Reed
and Muench, the mortality rate (MLD) in each group was as follows:

Intrecerebral 7.8 million organisma
Intranasal 15.6 million organisms
Intraperitoneal »250 million organlems

The total white blood cell counts were increased by the infectlon to
similar levels of approximately 45,000 in the mice inoculated by the intra-
cerebral and intranasal routes. The total leucacyte unit of the group inocculated
intraperitoneally was about 7,000 which compared favorably with that of non-
infected mice. :

B. Experiment to Test the Effect of X-ray on Fositive Blood Cultures in

Mice Surviving Intraperitoneal Infection: Mice surviving experimental
inoculation by the intraperitoneal route (Exp. A) were given 200 r x-ray
radiation. Two days later, they were re-inoculated with a suspension of a
24-hour culture of H. pertussisa.

Pail blood culturee were made one-half hour after inoculation and the
average number of colonies resulting from the growths were calculated.
Basults were as follows:

Dose _ X-ray Average Number of Colonies
500 mil. orgs. yes 50 '
500 mil. orgs. 1o 5
125 mil. orgs. yes : 20
125 mil. orgs. no 2

Under the conditions of the experiment, x-ray treatment appeared to
increase the invasion of the blood stream by organisms injected intrasbdominally
into mice which had survived a previous infection.

C. Experiment to Test ihe Effect of X-ray Irradiation on Mice Vaccinated

10 Deys Previous to Intracerebral Infection: Groups of 20 mice each
were treated as follows:

Group 1. TVacinated with 2 billion killed organiems; 10 days later
glven 200 r x~ray and 2 days after x-ray treatment,
challenged by intracerebrsl infection.

Group 2. Same as Group 1, except they received no x-ray expofurs.

Group 3. Hot vacoinated, but x-rayed.

Group 4. No vaccine; no x-ray.

IR ' .
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The mortality rate {MLD) in millions of organisms for each group was
as follows: . . .

Group 1. Vaccine + x-ray 3.9 million
Group 2. Vaccine; no x-ray 14,2 rillion
Group 3. No vaccine + x-ray 0.65 nillion

Group 4. No veccine; no x-ray  <0.5 million

Summary: In non-vaccinated mice, the influence of x-ray expoBure was
only slightly fevorable. In vaccinated mice, exposure to 200 r appeared fto
make them less resistant.

Resistance of Mice to Infection with H. Pertussis when Given Prior

to Imrmnization: In this experiment, mice were expoﬁed to 200 r
inoculation 2 days before & single intraabdominal injection of 2 billion
organisms. They received the challenge infection intracerebrally 15 days
later.

Hesults expressed in tevms of dose required to kill 50 per cent of
the mice in each group. {MLB):

Group 1. X-ray + vaccine 125 million organisms
Group 2. Vaccine only 93.3 million organisms
Group 3. X-ray only 15.6 million organisms

Group 4. Nelther x-ray nor vaccine 39.0 million organisms

According to this data the protection given by vacclipe injection to
previcusly x~rayed mice {Group 1) wae only 1.3 X that given by vacclne %o
mice not previously x-rayed. (Group 2) The effectiveness of the vaccine in
non-x-rayed mice {Group 2) was only 2.4 X that in the non-vacclnated group
(Group 4). However, in x-rayed animals {Groups 1 and 3), vaccine protecticn
(Group 1) wae 8 X that of animale (Group 3) that received no vaccine.

Experiments are planned to vary the dose of inoculation, to increase the
pertod of immunization, and to intreduce another antigen (sheep cells). It
ie planned to test the effect of x-ray on isolated lymphoid organs of immunized
animale and its effect on the skin test in immunized rabblts. :

E. ZExperiments unrelated to x-ray irradiation, performed during the
period, included the testing of the effectiveness of Aureomycin against the
experimental diseane. These experiments revealed that this antibiotic is
definitely effective. '
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PROGRAM I.E.

BIOLOGICAL EFFECTS OF EXTERNAL RADIATION (INFRA-EED AND ULTRA-VIOLET)

Problem Code: I.RE.1 (¥lash Burns)

Section Code: 3450

Production and Histopethological Study of a Flash Burnt

Background: Thermal injury has been the subject of increasingly intense
study during recent years. The burna studied were those produced by moderate
temperature applied over fairly long periods of time. However, during the
bombing of Pearl Harbor, a different type of burp was encountered. It was
superficial in degree ani was produced bty & high intensity mource applied
over a very brief period. This was termed the *flash burm®.

After the war, LeRoy, in investigating the effects pf the atom boub at
Hiroshima and Nagaseki, noted that about 65-85 per cent of the casualfies
sustained burns and a large mumber of these were of the "flash type". It
seemed possible that the "flash"” burn might be a distinect entity with unusual
healing characteristics and worth investigating.

It has been pointed out by several obeervers (Leach, Petere, and
Boseiter in England, and Henrigues and Morltz in the United States) that the
severity of a burn is influenced by the relationship of time. and temperature.
A given degres of burn, e.g. one producing transepidermsl necrosis, can be
reproduced roughly by an exposure of 44° over a six-hour perlod or 51° applied
for only two to six minutes. Thus, if{ can be sald that "the higher the tempera-
ture of the heat source, the less time required to produce a bura". The
relationship was well worked out down to the interval of ons second, but from
there on, the curve so produced was celculated and no experimental lesions
were produced.

In the longer time zones, i.e. above one second, certaln physiological
factors, such as vascular response and edema, serve to modify the severity of
the thermal effect. Under one eecond, sSome of these factors are not lnvolved,
but thermal conductivity of the {issues per se becomes of extreme importance.

Mothade: With the relationship of time and temperature ln mind, &
search for a heat mource of about 0.1 to 0.5 mrecond duration ard over 1000° ©
was made. Thermite, the exploding wire of anderson, the Xesnon flash tube,
burning magnesium and several other high intensity sources were tried.
Magnesium seemed to be the best source and previous work in the development
of protective creams bore this out.

The burning of 124 grame of magnesium flash powder produced a2 flash,
high in ultra-violet, of about 0.335 second duration, with a2 color temperature
of around 3700° K. THis amount of magnesium when fired about 30 cms. from an
animal produced & distinct, uniform burn.

by
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The pig was Belected ae the experimental animal as its skin has been
shown %o be the nearest to that of the human in morphology as well as reac-—
tion. The eanimals were anesthetized with nembutal, the skin clipped, and
the subject placed in a box which was so designed as to expose the clipped
skin through mimerons ports of 3.0 cme. in dlameter. ZExposures were made al
various distancee from $he source. The leslons so produced periodically were
vhotographed, observed in gross and biopsied at all stages of thelr course
from immediately after to ten days.

Results: The severity of burns produced varied with the distance of =
the skin from the source, the amounit of magnesium burned, and the anatomical
location of the burn area. The mild lesions were characterized by an erythema
which developed within the first few hours, deepenming in color and becoming
tan or brown over the next few days and finally disappearing within a week
with perhaps a fine scaling.

The moderately severe and severe lesions demonstrated a peri-burn flare.
This flare subsided within one hour, leaving s ring of erythems ebout a central
gray-white area of dry, cutansous necrosis. The erythemm again deepens in
color, subsiding within a week. The central area also deepens in color axnd
becomes thickened and raised by twenty-four hours. The edema reaches its
peak by forty-eight hours, then subsides, gives way to induration and is later
transformed into & flat, brown crust covering the burn. The crust remains
adherent to the hairs which have grown out but finally drope off in seven to
ten days. .

Occaslonally fluld free veslicles are present in the central necrotic
ares immediately after the burn, or the epidermis may be ¢ff entirely, leaving
a raw dermal surface exposed.

Histologically, the magnesium flash burn presents several interesting
points not noted in the moderate temperature burn. The common type of btura
(moderately severe, produced by 124 grams of magnesium exploded at 30 cms.
from the ekin) presente a shredded stratum cormeum. The epidermal transition
from burned to normal eplthelium is abrupt and often accompanied by epidermal-
dermal separation at the line of juncture. The normal epidermis is basophilic,
the cells of normal architecture, and immediately adjacent the burned cells
ere eosinophilic, present muclear pykmosis and cytoplasmic vacuslation. The
burned cells run the gamut of types described by Leach and Bossiter. Various
degrees of dermal-epidermal separation are present throughout, with attachment
by elengated tonofibrils in some areas.

A eimilar abrupt demarcation of burned from normal epithelium is eeen in
the skin crypts and in the heir follicles. :

The dermis reflects the depth of injury by a coagulation of the fibrils,
with some fragmentation appearing later.

In the sectlons,.the edema 1a manifest by a loosening of the dermal
collagen fibrils and appears about six hours after burning. Folymorphomuclear

leukocytic infiliratlon appears simultaneously. By twenty-four to forty- ~—

eight hours, both phenomena are at a maximum, fading off thereafter to disappear
entirely by the fifth day. :

"UR 00946
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Healing is fairly rapid in the mild and moderately severe burms. Re=-
epithelialization begins at forty-eight hours end generates from surviving
epithelium of hair follicles, crypts and lateral margins. It is completed
at five days. The thermally damaged epithelium is undercut by the growing
epithelium and the former shed as & dense sequestra. This eschar remains
covering the lesion several days after complete re-epithelialization has
occurred. Only rarely was granulation seen.

In the more severe transcutaneous burns, demarcation is not as marked
laterslly and is non-existent in depth. The epidermis, dermis and under-
lying fat have a fixed, coagulated appearance. The characteristic leukocytle
boundary and healing by granulation seen in moderate temperature burns are
present In thls degree of flaeh burn. :

Discussion and Summary: While many variations in the picture of the
flash burn were noted, two characteristics are outstanding and seem to be
unigque for this particular lesion. The abrupt demarcation and the rapid
healing beneath the sequestered eschar characterize the burn. Apparently
both of these characteristics are functions of radiant thermal conductivity.
The brevity of the thermal assault, although intense, does not allow the
tissues to come to equilibrium while it is in effect. Thus it is, that
which is injured is injured beyond revalr. What remalns is virtually un-
affected.

¥ith the establishment of the flash burn as & leslon with certain
distinet characteristics, it is now possible to amplify the studies to in-
clude physical and biclogical factors simultaneously. The effect of such
factors as spectral changes, dietary deficiencles, infection, and ionizing
radiation are to be studied evertually.

" UR 00947
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PROGRAM R. M.

BIOLOGICAL EFFECTS OF RADIOACTIVE MATERIALS (CONTACT, INGESTION, ETC.)

Problem Code: BR.M.1 (Polonium)

Section Code: 3170

Background: The results obtained in the earlier work on polonium
toxicity depended upon & rather small number of animals in some cases, work
performed for the moat part on rats, although some dog experiments and rab-
bit experiments were performed, and paid, in general, litfle attention to
the detailed mechanism by which the body handled polonium. It may be further
commented that for the purpose of setting maximal permissible exposure levels
to polonium, the presently avelilable informatlon muat be supplemented by long-
term studies at low dosage levels with large numbers of dogs.

Work done during the cslendar r 19481

Estimation of Maxime) Permissible Levels of Polonium:

Since no comprehensive Project Beport existed on maximal permissible
levels of polonium in the body, it wae declded to issue & compendium of the
revelant blological data and pertinent calculations. This work appeared as
Rochester Report, UR-44. This report estlmated a2 maximum permissible body
content of polonium to be 0.2 pc/70 Kg man. This level of polonium in the
body is accompanied by about 400-500 d/min/24 hr. sample of urine. If polonium
is teken in via the air elone, maximum permissible air concentration is adbout
1380 d/minfeu. m. for continuous exposure. If polonium is taken in via
ingested water slone, 8 maximum permiasible water content 1s calculated to
be about 110/d/min/ml.

Influence of Route of Adminietration on the Distribution and Excretiorn of

of Polonlum by Rats:

Differences in the behavior of polonium in the body when it enters via
the gut rather than by direct inmtravemous ingestion were noted in earlier work
but required confirmation and extension. A summary of present information
comparing the content of polonium (expressed as the per cent of body content)®’
after oral and intravenous administration is presented in Table I (Page 56).

*Body content refers only to polonium absorbed from the gut in oral adminiatra-
tion rets end does not include the large fraction of fed polonium unabsorbed
and excreted as feces.

U9
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Table I

Distribution and Excretion of Polonium After Oral

or Intravenous Administration to Young Rata
{Approx. 20 pc/kg initisl body content)

Tissue

Plesma
Blood Cells
Kidney
Liver
Spleen
Lyzph Rodes
Bone

Bone Marrow
Lung

Testls
Adrenal
Heart
Muscle

Skin
Intestine
Resldual Carcass

Urire
Fecen

DISTRIBUTION

Average Per Cen$t of Body Content
per Gram of Tissue at. 10 Days

Oral rata)
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Intravenous {4 rats)
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All tissues except the plasma and blood cells are seen to contain 'a considerably
lower proportion of the body content of polonium fen days after oral administra-
tion. On the other hand, the formed elemenis of the blocd contain a mich higher
fraction of the body content after oral administration. DProbably related to the
higher blood content, is & more rapid initial urinary excretion rate after in-
gostion of this materisgl.

Both the lower organ contents and the higher initial excretion rate of
polonium administered orally versus intravenously would be reflected as an
increase in the estimation of the maximum permissible oral intake of polonium
since present calculations are based on distribution and excretion data frem
intravencus experiments. The error, if any, is therefore in the conservative
direction and tends to increase the safety factor.

Proposal for future work: A eerial study of distribution and excreiion
of polonium-bearing duste or serosols is planned. Improved methods not employed
in earlier work must be employed. Six months 18 the estimated time for this
work. . :

Patholory of Chronic Polonium Poispgning?

A recent Rochester Report, UR-42, on the pathological effects of poloniunm
on tissues describes a kidney leston in rate which is marked at a dosage level
- of 10 pe/kg but not so marked et 20 pc/kg. The lesion may be inhibited by the
higher concentrations since the primery effect appears to involve prolifera-
tion of arteriocler endothelial cells. This has been and is being investigated
at dosage levels of 1.0, 5.0, and 10 pc/kg. These levels may be coneidered in-
the "chronic" range in that the life span of rats is not greatly shortenmed.
Results to date confirm the production of this kldney lesion at 10 pc/kg, show
that 1% definitely occurs at 5+ pc/kg within about 90 days, and indicate that
it may not be of importance at the 1 puc/kg level. These investigations are a
part of a general study of pathological effects of polonium. Hematological
investigations carried on concurrently show that the critical level for effecis
on total white cell counts lies somewhere between 1 and 5 uc/kg in the ra%.
(Differential blood cell counts have not yet been completely assembled.)

The reral lesion is of interest intrinsically because it apparently in-
volves proliferative changes in arteriolar endothelium and becauee of its
limitation to dosage levels iu the "chronic" range. It is likely zlso to
be supporting evidence for the choice of kidney as the most vulnerable organ
in chronic polonium poisoning. ' .

Propgeal for future work: The present experiment is scheduled to continue
until Summer 1949. It is not anticipated that investigation of tlssue pathology
in rats at lower dosage levels will be neceseary unless the remal lesion ap-~
pears this Spring at the 1 pc/kg level or unexpected changes in other organs
sppear. However, extension to other animal species should be considered,
and the application of organ function fests is essontlal.

- UR 0095g
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Diﬁtributign of Polonium to Tissues at Tow Dosage Levels:

A1l animals from the "chronic! experiment described above are utilized
for both pathology and determinatlon of tissue polonium concentrations. It
wap desired first to determine whether or not distribution was quelitatively
the same at these low dosages as at the higher dosages reported earlier. Also
the trend of tissue contents with time could be determined since this experi-
ment is scheduled for one and one-half years, mich longer than previcus ones.

Table II {(Page 59) presents average tissue contents expressed as per cent
of the body content up to 250 days after administration of a single dose.
There is reasonably clear evidence of shifts with time in the relative amounts
of polonium in varicus tissues. At longer sacrifice times after injection,
a larger percentage of the remeining polomium is found in the blood cells,
whereas correspondingly the organs contain a smaller percentage. This ipndicates
a significant redistribution of the material after or because of the inltia}
attempts of the body to eliminate 1t by phagocytosis and excretion.

These shifts were evident in earlier work at higher dose levels. It
can be concluded that the dosage level per se does not greatly influence the
relative distribution of polonium to the tissues. Since tolerance calcula~
tions were based on distributions as fourd for higher dose levels, this
concluaion supports the valldity of the calculation in this respect.

Proposals for future work: It is planned to continue the present expefi—
ment and to extend 1t to other animal species if circumstances permit. The
mechanism of the polonium shift to blood cells requires further investigation.

Therapeutic Messures for Polonium Polsoning:

Previous work in this laboratory has shown that BAL (British Anti-Lewisite,
a simple sulfhydiryl compound) injected intramuscularly in rats about doubles
the excretion of intravenocusly administered polonium during the first ten days.
A minor extension of this work was performed during 1948, in that the action
of BAL glucoside was tested in rats and was found to be less effective than
BAL in promoting excretion of polonium.

Propoeal for future work:

(1) Influence of phlorizin and alloxan diabebis, diuresis, etc.
in hastening exeretion.

{2) Effects of beet pectin, apple pectin and related substances
which have been demonstrated to be of use in mobilizlng
selenium and other metals related to polonium.

el
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Problem Code: R.M.1 (Polonium)

Section Code: 3171

The Pregsence of Polonium Aggresates in the Blood:

Background: In devising therapeutic measures, as well a8 in calculations
of maximal permissible dose, the distribution of a toxlc maferizl (specifically
of polonium in this case) among the body tissues is of utmost importance. Pre-
liminary experiments suggested that the phyeical form as well as the chemical
properties of polonium might be concerned with determining this dlstribution.
Autoradiographic studies were made %o investigate this poseibllity.

. ¥ork done during cale%ggr year 1948t The autoradiographs showed that
large polonium aggregates (hundreds of thousande of atoma) may be found in
body tissues. After intravenous injection of 16 microcuries of polonium per
kilogram body weight to & rat, the polonium aggregates in the blood were
detected up to 16 hours. No aggregantes were discovered in the samples taken
at 24 and 32 hours. Aggregates were again found in the 48 hour sample. There
were no aggregates found 1in the feces.

If 500 pc/kilogram were given by stomach tube®, no aggregates were found
in the blood but did appear in the feces.

Thie date suggeste that in the preliminary intravenous experiment, the
aggregaten ars at least in part removed from the dlood by the phagocytic cells
since some aggregates are found in the reticuloendothelisl organs. Since it
i1s not known where the aggregates originate, in the original soclution of
polonium chloride or immediately arter injection, a technique has been developed
for observing aggregates in solution. However, we have not yet proved that
the technique does not produce the solution aggregates observed.

Proposals for future work: Further experiments are proposed to substantiate
the preliminary findings reported above.

These experiments will be done by counting the tracks in each of a large
number of aggregates in each of & large number of blood smeara from two minutes
%o nine days and estimating the number of polonium atoms present in each ag-
gregate. Thie should give us a relative measure of size and we hope to find
some method of determining the actual dimensions of the particles. This in-
formation, if 1% can also be obtaimed for other body tissues will be very
helpful in calculations of maximum permitted dose of polonium.

The sutoradlographic technigque can also obvlously be extended to the study
of radium, neptuntum, thorium and several fission products, all reported to
contain "radiocolloids”.

*The amount absorbed from a 500 pc/kilogram dose given orally ie roughly
comparable to the 16 pc/kilogram intravenous doss.
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- In addition to the autoradiographic study of polonium aggregates and the
aggregates of other metals, other methode such as dialysis, ultrafiltration,
etc. will be used to supplement the resulis from auterediography.

Problem Code: R.M.4 {Miscellasneous Project Metals)

Section Code: 3110

The Charcosl Adsorption Method for Measurement of RBadon in the Breath!

Background: Since the refining of uranium requires processing of radium
containing ores, and since & body content of radium in amounts as small as
0.9 ug has been reported to cause crippling bone changes in an exposed indlvldu-
al, it is of considerable importance tc have available a method of measuring
the accumulation of radium by plant employees.

The measurement of radium as contained in the body is most reedily per-
formed by collecting and analyzing the breath for radon, & disintegration
product of radium. The procedure currently used is to collect the expired
breath in a one liter bulb and to measure the radon by counting its alpha
activity in a gas chamber.

This procedure is technically exacting on two scores. In the first
place, care muist be taken in collection of the sample so that it is a repre-
sentative sample of expired alr and so that 1t is free from contamination
by ore dust,

The second difficulty 1s concerned with the measurement of the radon
contained in the eample. Present practice 1a to set .1 pg of radium as the
maximum permissible body content and one micro-microcurie of radon per liter
of explred air as the equivalent maximum permiasibdle breath level. The gas
chamber alpha counters currently used to make thess radon measurements in
this laboratory are similar in design to those in general use. The back-
ground is about 0.3 count per mimpute. It is found that the net mample count
obtained from one micro-microcurie of radon (after about two hours in the
chamber) is 2.6 counts per mimite. It is obvious that under these circum-
stances long counts mre required to obtain a result free from large errors
due to randomness alone.* This restriction applies particularly to measure-
ments of fractional meximal permissible dose levels.

*If the redon is measured in equilibrium with its short half-life alpha-
particle emitting daughter products Radium A and Radium C', 1 micro-microcurile
of radon is associated with 6.6 alpha disintegrations per minute. When
measured in an alpha counter gas chamber, the maximum number of counte one
would expect to obtain would be about 4.4 counts per minute. This comes about
since Redium A and RBadium C particles acquire a positive charge and are de-
posited on the surface of the metallic cathode within a time short in com-
parison with their half-lives. Thms, one might roughly expect to count all
the disintegrations from radon gas but only one-half of the disintegratlons
(continnad on page 62)

UR 00954



b : : o .

é2.

As a consequence of these difficultlies in the measurement, radium body
content determinations have generally proved to be erratic and unreliable.
It has been recognized for some time that radon could be concentrated from
the air by two methods: (1) adsorption on activated charcoal, {2} condensa-
tion in a liquid air trap. Since concentrabtion of radon from the breath
seemed a reasonable approach to development of a better method for measure-
nent of radium, we have, for the past two years, been exploring such & pro-
cedure. The charcosl adsorpiion method recommended itself over liquid air
condensation ae belng adaptable to simpler field manipulations and trans-
portation of the sample to & central analysis facillties, and it is this
method that we have studled.

Our work during the calendar yeer 1947, may be briefly characterized
as a study of the following variables as related to the efficiency of col-
lection and release of radon; the mamount of actiwated charceal reguired,
its grain size, appropriate containing vessels, velocity of gas flow,
necessary temperature, and time for release. As & result of these studles,
a method was worked out which would permit concentiration of raden from ebout
30 liters of breath with the radon gas at tolerance level and passing through
the charcoal at normal breathing rates. The subsequent release by heating
end measurement of radon gave recoverles from 95 to 102 ver cent for twenty
Tuns.

Work done during the calendar year 1948: During the calendar year 1948,
we have modified and further developed the method in order to make it ap-
plicable for measurements in the field. Thie work began with the modification
of an industrially produced face mask to accept a charcoal cartridge of suit-
able design for our purpose. Further calibration studies were carried out
with the new cartridge. Several workers exposed to radium were dbrought to
Bochester and & series of messurements were carried out with results
satisfactorlly reproducible, for example, the results of a set of measurements
made on one of these individuals wae 13 ¥ 4 per cent tolerance. A fleld
trip was made to a radium refinery where parallel air bulds and charcoal
cartridge samples were taken on six different individuals with different
degrees of exposurs in thelr employment record. The checks obtained in the
measurement by the two methods were unsatisfactory due, we bellieve, both to
the lnherent lraccuracy in the air buldb sampling technique, and to contamina-
tion of the charcoal cartridges by standing. During the last few months of
this year, we have been concerned with improving the charcoal cartridge method
by devieing and testing hermetically sealed storage containers and with the
construction of a duplicate of our present alphae counting eguipment.

from Redium A and Radium C'. In practice the chamber voltage gradient and the
pulse height discriminator may be set Bo &85 to reject pulses below a certain
amplitude in order to discriminate against background counts originating from
the chamber walls. An alpha chember so adjusted is operated in this laboratory
with a background of about 0.3 count per mimte and a net count of about 2.6
counts per minute per micro-microcurie of radon in equilibrium with Radium A
and Badium C'. Therefore, at 20 per cent of maximum permissible breath radon
level and & one liter sample of expired air, this chamber would count about .5
count per mimte net. To establish thia result plus or minus a relative deviation
of about 10 per cent requires that background ard sample be counted for somewhat
over six hours. .
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Trovosals for future work: We are proposing to take two or three more
field trips to test further the methed from 2 vpoint of view of reproducibility
on the same individual and general agreement with results obtained with breath
tulbs (using speciel precautions to get a representative sample of expired air).
It 18 possible that for highest accurascy, we may have %o construct a dry box
in order to manipulate the charcoal in a radon-free atmosphere.

It is anticipated that this part of the program should be completed about
July 1, 1949.

The next phase of the program should be periedic breath raden measure-
ments on about twelve selected individuals. This might e carried over a
veriod of & year with tests every two months. It may be that these tests
should be supplemented where possible with gamma activity measurements on
the individuals concerned. FDuring this time, pericdic standardization and
blank runs will be scheduled. Depending on the progress made, it might ap-
pear advigable to ship some cartridges out to the health officer ait a suitable
plant with instructions as to the method of collecting cnarcsal samples and
compare the results of such a test with samples taken on the same individuals
ty & crew sent out to the plant from our group.

Measurement of the Radium Content of the Bodies of Individuals Without Enown

Exposure:

Backzround: As a result of a study of injurlies sustained by dial painters
and other occupationally exposed individuals for whom the radlum body content
was messured, a maximum permissible level of 1 x 107 grams of radium per whole
body has been commonly accepted. This level may include a certain margin of
safoty since in a group of patlents studied by Drs. Aub, Martland, and Evana,
the lowest Eody content retained in an individual showing definite Tone changes
waes 2 x 1071 grams of radium. On the other hand, in this group no individual
having a body content of 5 x 10-7 grams of radium or less showed clinical symptoms.

To contrast with this picture of the radium body content of exposed workers,
it ia interesting to note the findinge of A. Erebs who measured the redium body
content of eighteen individuals who died with no known sxposure during their
lifetime. He found body contents ranging from less than 1 x 10-9 t¢ 4 x 10-8
grams of radium, with an average of 1.4 x 107° grams.

If these findings have a general appllication, the margin between the
level that may be regarded as "safe", for exammple, 1 x 10~/ grams and the
radium lead carried by some Munexposed" individusls, 4 x 10-° grams, is un-
comfortably narrow. Since the exposed group was tested only for gross symptoma,
it might well be that at or below the "safe" level there would occur more in-
sldious effects, such as & shortening of 1ife span of genetic aberrations.
For these reasons, it was decided to check Krebs?! findings on such crematory
material as we could secure from local hospitale.
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Work done durinsz the calendar year 1948: This problem was started at
midyear and so far we have secured known aliquots of the body ashes of seven
ipdividuals. The material is in various stages of preparation for measurement. .
Twy samples have been measured and checked. The resulis were respectively,
3.6 x 1010 grams of radium per whole body. If the findings of subsequent .
apalyses confirm this order of magnitude (about 1/40 of Krebs' average value
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PROGRAM TU.

URANIUM

The emphasis in eatablishing safety standards for uranium exposure 1s
clearly shifting in the direction of radiation effects. Before undertaking
& long-time inhalation exposure study designed to explore the lmportance of
radiation in uranium exposures, & great deal of basic information must be
obtained to enable us to set up the eritical conditions of exposure. Several
of the factors that determine the toxiclty of insoluble uranium dusts have
teen currently under linvestigatlon. '

Problem Codet U.l (Physical and Chemical Properties)

Section Code: 3220

Uranyl-Citrate Complex:

Because of the importance of the uranyl-citrate complex in the develop-~
ment of "tolerance" to irnjected uranium, a series of chemical inyastigationa
on the nature of this complex wes conducted. '

Titration studies indicated that nranium combines with dicarboxylic aclds
to form stable ring structures containing five, six and seven members. In addi-
tion, alpha hydroxy acids apparently form ring structures with uranium through
the ionization of the hydroxyl group. Thue, in uranyl-citrate e double ring
structure 1s formed utilizing two carboxyl groups snd the one hydroxyl group
of the citric acid molecule. ZIEvidence was zlso obtained which would indicate
that the complex exists to a large extent as a dimer, particularly at elevated
pH. Polarographic studies indicated that the dissoclation of uranyl citrate
to free uranyl ion was extremely low and confirmed the concept of dimerization.

The results of these chemical studies would indicate that uranyl-cltrate
may be assigned an important role in the detoxication of uranium.

Problem Codet U.3 (Toxie Limits)

Section Code: 3210

Investigations on the General Problem of the Effect of Particle Size of_ygats

on their Toxicity:

The important hygiene problem of what is the relation of the size of an
airborne dust to 1ts toxic potentialities is one that has only recently become
capable of precise experimental solution. This is chiefly because
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only recently suitable sampling devices, notably the Cascaede Impactor and
oscillating thermal precipitator, have become available. Thess instruments
permit non-gelective sampling of dusts and fumes of wide particle size distri-
bution range. Attack on the problem of the relation of particle size to
toxicity was made through the use of uranium dusts. The dust was so selscted
that one, UQ,, represented a highly insoluble substance to which considerable
exposure is expected among Atomic Energy Commission personnel; the second,

UOs compound, although highly insoluble iz water is relatively soluble in
body fluids. These two compounds were Belected because it appeared reasonable
that entirely different effects might be obtained on the basis of thelr dif-
ferences in solubility. Studies on these two substances are nearing completion,
tut to cowplete the investigation, tests of & still more soluble compound,
U0gFz, is contemplated.

Twc particle size ranges were tested, one below 1 micron and the other
above this 1imlt, because previous experimentsl work had shown that distinetly
different effects were ocbserved above and below this value. Special methods
were required for the preparation of suspensions of both UDy and UDy dusis.
Phe two size fractions showed a emall amount of overlapping; 13-15 per cent
of the particles sbove 1 p were in the 2 p fraction. Eabblts and rats were
used 1n the test because past experience bhad shown the former to be a species
"highly sensltive to uranium poisoning. The rat was used because although more
gsensitive, this species had the advantage of a more uniform response to expe-
sure. The use of both species thus provided & range of potentlal responses
that considerably facilitated the eolution of the experimental problem. Im
separate studies, the animals were exposed %o particles of each dust dispersed
in an exposure unit as an aqueous merosol Bo atienuated that essentially dry
dust resulted. Alr samples in the chamber taken during exposure by the filter
paper duat sampler for concentratlon and the Cascade Impactor for particle
size showed variations in &any day'e run to be within the size limite given
above. Exposures were made for 6 hours daily, 5 days a week for approximately
one month during which time the animaliet! dally responses in weight, urinary
protein and aminog nitrogen and esemi-weekly responses in blood NPN and urea
nitrogen concentration as evidence of uranium lnjury were measured arnd com-
pared with their pre—exposure centrol values as well as with aimilar values
from suitable groups of conirol animals.,

U0, Dust Particles: A pseries of four studies with UQ; dust were per-
formed iTahle I~ Page 67). The results of this series were most enlighten-
ing. Two facts of outstanding importance in the control of industrial dust
were found: (1) the toxicity of an insoluble urapium dust is related to ite
particle size; particles below 1 1 are more toxic than are those above 1 B,
and (2) uranium injury ie almost entirely a function of the mass of the
inhaled particles below 1 p in size apnd little, if at all, related to the
total concentration of all slzes te which the animanls were exposed.

The effects appear to be related to the greater amount of deposition
in the lung. Tabtle I shows that the depesition of uranium from the dust of
0.5 p mass-median size was of the order of 10 times as great as that from
duet of approximately 2 u at the same exposure concentration {columns II and
IV). On the other hand, tissue analyses shown in Table I do not indicate
any correlation between particle size and the amount of uranium in the femur
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Table I

Deposition of UD, in Tissues of Rabbits and Rats in

Micrograms of Uranium per Gram of Wet Tissue

1 o om o

Moes-Median Particle Size, p 0.5 0.5 1.0 2.0

B rure Concentration

all sizes) mg/md 22 80 80 80
Concentration of slizes below

1 p (approx.) mg/ms 19 8 30 14

' Exposure Hours 40 191 191 192

LUNG: Rabbit 76 2,180 1373 46

Rat 305 1,233 510 157

KIDNEY: ZRabbit 1.0 1.2 2.6 1.1

Ha$ 2.0 3.0 3.2 1.2

FEMURS Habbit 1.8 2.2 4.8 2.7

Rat 1.2 4.0 3.1 1.9
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ar kidney of either sPecies.' It is believed the greater toxicity with fthe
smaller particle eize is related to the higher reactivity of the smaller
particle size.

UGz Dust Particles: Similar studies performed on hydrated U0y aeroscl
suspension, a compound differing markedly from UD; in its belng soluble in
body fluids, showed no such particls size effects. Results of studles with
particles of mass-median slze of 0.5 U and 1.8 U, which are still iancomplete,
indicate that not only did the smaller particles not show greater toxicity
but they showed lesa than the larger particles. Among all eriteria except
welght loes, larger particle size produced greater mortality, higher eleva-—
tion of blood EPX and urea nitrogen and urinary protein than did the amaller |
slzes. Whether this will be found due to increased retention of the larger
particle sizes or to differences in particle surface remains to be shown.

Thus, has been brought to light a clear distinction between the toxic
effects of particles soluble or insoluble in body fluids; particles below 1
augment toxicity only if the uranium dust is highly insoluble in body fluids.

Problem Code: U.4 {(Fate)

Section Code: 3210

 Betention apd Distribution of Uranium Dupts in Amimalst

Further insight into the problem of the effect of particle mize and
concentration on retention and distribution of uranium duste was afforded
in & special approach to the problem whereln an especlally designed ap-
paratus permitted intensive study of dust retention in single animale. The
problem under investigation was to determine the amount of uranium dust re-
teined for short periods {5 minutes) and to learn how the amount of inhaled
particulate matter is modified by dusty atmospheres of known characteristiics,
such as concentration and particle size. Little information is available in
this field owing to the difficulty of preparing, dispersing and measuring
dusts of graded particle slze.

Pulmonary retention was determined in rabbits by exposing them individually

to U0, particles suepended in alr at mass-median particle sizes of 1, 0.5, and
0.2 1 and at dust concentrations ranging from 10-250 mg/m?. An apparatus,
fitted with a system of electronic controls, has been constructed in which &
rabbit breathes dusty air in a face-piece. The valves are operated in euch a
way that the exhaled alr is drawn off through a filter paper sampler at a
regulated rate to maintain the air pressure within the face-plece essentially
equal to that of the atmosphere. A duplicate line contimuoualy samples the
same volume &s the atmosphere is being inhaled, permitting calculation of the
quantity of duast retalned by the rabbit.
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Retention: Five findings of particular applicability to the industrial
dust problems of the Atomic Energy Commission installations were made:

(1) Uranium dioxide dust was retained by rabblts at a rate of 10 ug
per minute per kg. body weight at a concentration of 100 mg/m8. This figure
was of particular unsefulness in calenlating the amounj of retained dust from
an atmosphere of known concentration.

(2) The retention of uranium dloxide is directly proportional to
the volume of alr breathed by the animal aend is indepenient of the rate of
breathing.

(3) Retentlon varies as the 3/2 power of the concentration over
the range from 10 to 250 mg/ms.

(4) There ie no significant difference in the retention of uranium
dioxide particles 1, 0.5, and 0.2 p in diameter.

(5} Variations 1n respiratory volume may be equivalent to a five-
fold variation in effective concentration and variation between individual
animals may be eguivalent to & two-fold variation in effective concentration.

Distribution: Pllot experiments made by injection of uranium dioxide
indicate significant differences occur in the rate at which the three siges
are eliminated from the lung. Approximately 50 per cent of the larger slires
disappear from the lungs of rats in from 1 to 3 days following the administra-~
tion of doses of UDy; of from 20-30 mg/kg; on the other hand, 50 per cent of
the dose of smaller sizes (0.2 to 0.3 p) may remain in the Iung after from 3
to 4 weeks. ZXvidence is accumulating that this early, rapid remsval of nranium
from the lung is a mechanical process by which particulate uranium moves from
the lung to the gmstro-intestinal tract. This hypothesis 1o being tested in
rabbits exposed by inhalation and utillzing the retention apparatus above
described as a means of exposure. Limited data from one serles of 12 rabbite
tends to confirm this hypothesis.

Problem Code: U.5 (Mechanism of Toxic Effect)

Section Code: 3220, 73260

Mechanism of Uranium Poisoning:

The mechanism of uranium polsoning has been studled in twe complimentary
programs -- one having to do with the depositlon of uranium in bone and the
other having to do with the metabollc sffecte of uranium.

Uranium in Bone: From the long-term point of view, the only site of
significant storage of uranium is the skeletal system. Accordingly, a series
of investigatione was conducted to determine the mechanism of the depoaition
of uranium and the factors controlling thla procees.
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The evidence would indicate that uranyl lon exchanges for calcium in the
surfaces of the bone mineral substance. The resultant bone: uranium combina-
tion apparently involves a linkage between the two, adjacent phosphate groups
and each uranyl ion. The dissociation of thils complex is exiremely low.

~ Animal studies indicated an unequal distribution throughount the skeleton,
with highest concentrations of uranium appesring in those areas exhibltiing
the moet active calcification. Acid and alkaline diets did not affect, and a
rachitogenic {low phosphorus) diet increased elightly the rate of mobilization
‘of uranjum from the skeleton. The blological half-life of skeletal uranium in
the young rat was estimated to be of the order of itwo months.

Although a great deel of information is already et hand, some further
work is required to clarify the problem ¢f the radlation hazerd resulting
- from uranium deposited in bone. These studies should be aimed at the deter-
mination of the maximum accmmalation of uranium in bone ab various levels
of dally exposure to uranium, preferably dy inhalation.

Metabplic Effects of Uranium: Much of the work of the Fhysiology Section
(3260) wae devoted to elucidating the mechanism of actlon of uranium on living
cells. The primary sites of action of uranium in arimals are the cells of the
proximal renal tubule. Because of serious technical difficulties, the types
of information that may be obtamined concerning the action of uranium on kKldney
cells are limited to renal function and to histopathologlcal studies., The
yeast cell, on the other hand, is an excellent blological system offering
many technical advantagea. It has therefore been used to investigate in de-
tail the characteristic effects of uranium on llving cells.

Uranium has been found to almost completely inhibit the utllization of
hexoses such as glucose, fructose, and galactose by any route, glycolytic
or respiratory. But uranium did not inhibilt the utilization of stored glycogen,
the synthesis of glycogen from alcohol, or the aerobic metabolism of alcobol
and acetate. Uranium must be acting or metabolic steps which are unique to
the hexoses and not concerned with glycogen, alcohol or acetate metaboliem.
Accordingly, only the early stepe in metabolism of sugar can be involved.

By several techniquer, it hae been possible toc show conclusively that
uranium inhibits sugar metabolism by combingin with certaln groups on the
surface of the cell which are concerned with the initial steps in sugar
metabolism. The dissociation constant of the uranium complex with cell
surface groupe hasbeen compared with the complex which uranium forms with a
wide variety of substances. The constant for the uranium hexametaphosphate
complex most closely approximates that for the yeast-uranium complex. The .
constants for polyphosphates, both organic and inorganiec, are about 10 to
20 times a8 high. Those for protein carboxyl groups, dlcarboxyllic acids
and ester phosphates {inecluding mucleic acids) are 100 to 6000 times as high.
Polyphosphates, such as adenosine triphosphate are kmown to play an important
role in metabolism. Recently it has also been shown that polymetaphosphates
are aleo involved in an as yet unknown manner.

The cvell surface groups complex not only wiih U03*+, but also with other
bivalent cations, such as Mg*tt, Ca*t, and Batt.

1130324
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The total mumber of cell surface groups per yeast cell is about 5 x 10~7.
These groups form & reversible one~to-one complex with uranium with a dissocia-
tion constant of about 3 to 5 x 10~7. The rate of metabolism is directly pro-
portional to the mumber of freegroups. If balf of the groups are inactivated,
the inhibition is 75 per cent, etc.

Further information concerning the relationship of cell groups to metabollism
is supplied by kinetic studies and by studies of temperature characteristics
of metabolism in the presence and absence of uranium. These studies are as
yet incomplete.

Although the. mechanism of action of uranium has not asyet been completely
and unequivocally defined, & hypothesis can be presented which peems best to
fit the mvailable facts. At the present time, it 18 not even possible to say
that this 1s the only reasonable hypothesis. BDasic to the present hypothesis
18 the agsumption that the initial metabollc reactions between the yeast cell
and external substrate (sugar) take place at the cell surface. These intital
reactions are considered to function in the active itransport of the eubstrate
into the interior of the cell and are poseibly anslogous to the mechanimms of
resorption of sugars from the gut and from the kidney tubule. The active tranes-
port mechanism is probably not part of the classic Embden-Meyerhof achemes.
Uranium blecke the sugar transport mechanism by complexing with polyphowphate
groups on the cell purface which are a neceseary part of the enzyme systems
involved. IY may either prevent transphosphorylation or offer a steric hinder-
ance, A simllar generasl mechanism could explailn the actior of uranium:on. tha
proximal tubule.

In addition to the direct studies on uranium, g mmber of subsidiary
studies have been made. The existence of other enzymes on the cell surface
of yeast has been definitely demonatrated, namely, the phosphatases and
sucrase. In the case of the phosphatases, a large varlety of compounds can
be split, including aderosine triphosphate, inorganic polyphosphates and
various eater phosphates, such ae sugar phosphates. These phosphatases can
be competitively inhibited by low concentratione of molybdate or tungstate,
although glucose metabolism 1s not thereby affected. The functlion of the
surface phosphatases sesms to be the spliiting of phosphate compounde which
cannot be metaboligzed directly, ylelding organic residues which can be- ———
metabolized. XYor example, sugar phoaphates cannot be metabolized directly,
but after the phosphate group hae been split off, the glucose residue can
be utilized. '

The presance of sucrase on the cell surface was demonstrated by using
uranyl nitrate to inhibit hexose metabollism. Uranium-poisoned cells can
split sucrose into glucose and fructose, and these products can be quantita- .
tively recovered in the supernatant. If the sucrase were inside the cell,
this would not be s0.

In connection with studies of the effects of uranium on sugar metabolism,
8 program has been undertaken to utilize the technigque of paper chromatography
to separate and identify phosphorylated intermediates of metabolism. It 18 now
poseible to separate and visualize a mumber of compounds, such as phosphorylated
sugars, glycerophosphate, pyrophosphate, adenosine triphosphate, adenylic acid,
and orthophosphate. The technique 38 not as yet perfected to the state where
Crans tissua extracts can be completely analygzed. .
B ‘-' H
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Problem Code: U.& (Methods of Detection of Poisoning, Prophylaxis,
Treatment, and Protection)

Section Code: 3260

Sensitive Tests of Uranium Poisoning:

The ratio of amino-acid nitrogen to creatinine (AAN/C ratio) in the
urine has been established ae a simple, sensitive test for kldney dysfunc- .
tion resulting from uranium poisoning. The teat requires only a spot Bample
of urine. The minimal intravenous dose of uranium necessary to give a response
is 0.02 mg/kg in rabbits. The time course of the response of the AAN/C ratio
varies with the amount of uranium given ard with the number of exposures.
Generally there is & peak response in 2 to 4 days followed by & return to
lower but still abnormal wvalues. After a damaging dose of uranium the ratio
does not return to normal even after several months.

PE30380
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PROGRAM Be.

BERYLLIUM

Beryllium poisoning in its two forms, specifically, acute pneumonitis
and chronic granulomatosis, have in common & primary disability of the lung.
Consequently, & large proportion of the efforts so far has been directed
toward inhalstion toxicity studies. DReryllium sulfate was first examined.

Problem Code: Be.l (Physical and Chemical Properties)

Sectlon Code: 3210

Boryllium Gontenf of Coal:

Samples of 8soft coal from a nearby power plant were analyzed for beryl~
lium content after alr samples taken eome dietance from the project's scrubbed,
effluent gaes stack revealed no decrease in beryllium conceniration in the air
with incremsing distances from the project bullding. Two samples of coal were
analyzed, one on October 4, 1948, and the other on December 2, 1948. The coal
wag obtalned frem a Pennsylvania mine in the Westville No. 2 Freeport sean.
Spectrographic analysis on the first sample showed 1.3 ug Be/g of coal.
Analyaia of the second sample showed!

Coal 4.3 pg Befg

Ash 25 ug Be/g
Average Ash 12%

Therefore, for every gram of coal, approximately 1 wg of beryllium would
appear to be liderated into the air from the stack. Ap 12 to 70 tons of coal
are burned per day, depending upon weather conditionse, this corresponds to
the liberation of from 10 to 60 greme of beryllium per day. If these flgures
can be used as & guide for estimmting the beryllium cutput of other soft
coals, & figure of 25 per cent of the anamlyzed beryllium confent of the cosl
apparently escapes in stack gases.

Problem Codet 3Be.l (Physical and Chemical Properties)
Section Code: 3220

Phyeical Chemistry of Beryllium:

To obtain information on the chemical behavior of beryllivm in the animal

body, the eolution chemistry of beryllium under physiologicel conditions hae
Peen studied. .
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It has boen demonetrated that beryllium exists only to a negligible
extent as a free ion at pH 7. Rather, the metal sither precipitates as a
hydroxide or forms soluble complexes with varioue anions. Of the many types
of compounds studied, only complex hydroxy acids and polyphosphate compounda
appear to be effective complexers.’ Thus far, only the reaction beiween beryl-
1ium and citrate (as an example of a complex hydroxy acid) has been studied.
In the presence of an excess of citrate, beryllium is completely scluble and
ultrafiltrable. When beryllium is present in excess, a stable colloid is
formed (presumably a complex hydroxide) which, though apparently soluble, will
not paes an ultrafilter. Polarcgraphic studles have been cornducted to determine
the dissociation constant of the soluble beryllium citrate complex.

From the above, it is clear that the major constituents of body fluids
have but little affinity for beryllium. We might predict, therefore, that
the solubility of beryllium in tissue fluilds would be very low and, following
intravenous injection, it would be likely that colloidal hydroxide would be
formed. Animal experiments with Be? to date have confirmed these predictions.

Analytical Chemlistry of Beryllium:

Although the epectrographic method for the determination of beryllium ia.
adequate for many typesof experiment, the need for a precise analytical method
ie 8111l urgent. A whole series of color reactions has been investigated in
detail and, ae & result, we have at hand six quantitative procedures for the
estimation of beryllium in amounte from 0.2 to 30 Hg with a precision varying
from 3 to 15 per cent standard error. ZXach of these procedures has special
adventagee and disadvantages. They all have one shortcoming in common, i.e.,

they are all subjlect tc interfsremce by moderate quantities of most inorganic
substances.

A large part of our effort, therefore, has been directed to the study of
procedures for the isclation of beryllium free of interfering materiale. Al-
though soms measure of success has been attained, to date, the methode are
too time consuming and tedious to be applicable to routine use.

Problem Code: Be.l (Physical and Chemical Properties
Section Code: 3320

Berylljum Oxide Grystals!

X-ray diffraction studies have been made of beryllium oxides as well a8
beryllium fumee produced under certain special conditions. Such studles in-
dicate a difference in crystal patterns with beryllium oxides produced by
caleining at different heats. I% 1s shown that heat treatment increases the
crystal size as well asreduces the impurity of the compound. Such results
correlate well with results of electron microecopy and measurement of particle
size and area by physical methods. A complete analysis may be found in a
future Rochester Quarterly Technical Report. :
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Problem Code: Be.2 (Toxic Bffects)

Section Code: 3250

Patholozic Anntomy of Beryllium Poisoning:

This work has been done in collaboration with the Industrisl Hygiene
Sectlion arnd consisted of examination of animsla sacrificed or dying after
sxposure of the animals to different beryllium compounds. The lesione ob-
gerved have been limited largely to the lungs. Following inhalation of the
soluble beryllium compounds, the pulmonary lesions of many species consist
of an exudate made up of edema, phagocytes, lymphocytes and a few neutrophiles.
Interetitial inflammation and fibroeis were observed. The extent and severity
of the exudate varied with the dosage, period of ilnhalation and species. These
pulmonary lesione in many respects resemble those occurring in the acute dberyl-
lium pneumonitis of humans. The insoluble beryllium compounds have produced
no lesione of significance.

Hematology of Beryllium Polsoning:

¥hen smell amounts of beryllium sulphate are injected intravenously, the
mumber of circulating platelets 1s increased and the coasgulation and pro-
thrombin times of the blood are decreased. Studies are being carried ocut
on the effects of other metals on blood coagulation, and on the mechaniem of
the hypercoagulability of the blood. :

Problem Code: Be.2 (Toxlc Effects)

Section Code: 3260

Bffect on Cellular Metgbollsm:

The effect of beryllium on isolated cells has been stuiled oz & small
scale. Beryllium in low concentrations has no effect on metabolism of yeast
or on growth of E. coll. In relatively high concentrations it inhibits
metabolism and growth only elightly. The only specific action of berylllium
seems to be that on the cell-surface phosphatases of yeast, which are inhibited.
Beryllium hae no marked, reproducible effects on frog apd turtle heart prepara-
tions. It does not seem to compete with Cat* in this system.

None of the effects of beryllium on lasclated cells and tissues seem %o
shed any light on the mechanism of sction of this substance on the human lung.

The development of techniques for evaluating beryllium damage to the lungs,

and for characterizing beryllium toxlcity in physiological terme is of prime
importance. With this objective in mind, & program of study was recently
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initiated. The first efforts of this program have been directed toward develop-
ing techniques for continuous measurements of O tensions both in expired air
and in blood. The most promising method seems to be the electro-reduction of
dissolved O; at a micro-platinum or other elecirode under certain fixed condi-
tions. Conslderable progress has been made in adapiing the method to the
desired purposes, but a number of problems still must be solved before it can
be used or a practical scale.

Problem Code: Be.3 {Toxic Limits)

Sectlion Code: 3210

The Character_of the Acuie Response in Animals Inhaling BeSO,

Cases of acute and chronic toxicity, often ending fatally, have recently
been ascribed to exposure to compounds involved in the production of beryllium,
Bo unequivocal proof existed in the literature that beryllium is the etlologic
agent, or that beryllium per se is toxic, for reports exist imputing the toxicity
of beryllium compounds of the acidity of their aniomns. The situation obviocusly
required immediate re-examination, and the truth of existing reports confirmed
or denied.

Accordingly the acute toxicity from inhalation of beryllium sulfate miet
in animale was determined in large-scale experiments wherein the toxic limits
of exposure and the characterization of the acute response were esstablished.
Beryllium sulfate was chosen because it represented a typlcal soluble beryllium
compound from which plant medical histories of injuriopue sxXposure were known;

a mist was employed because of close simulation to the state in which the
sulfate occurred in neutralizing ard centrifuging operations in the beryllium
plants. A series of &4 concemtrations (100, 50, 10, and 1 mg BeSQO¢-6Hz0 per
m3 of air) were tested in daily six-hour exposures for periods of from 14 to
105 days. Particle size of the mist was from 0.5 to 1.3 u.

Marked species variation in response wae noted. At levels of 100 end
50 mg/m3, 80~100 per cent mortality occurred during weeks 1-6 in the cat, dog,
rat, goat, and monkey, 60 per cent (weeks 1-2) in the guinea pig, 10~50 per
cent (weeks 2-5) in the rabbit, mouse and hemster:; all swine and fowl survived.
Overall mortality chiefly confined to the rat, at 10 mg/m3 was 14 per cent;
at 1 mg (0.04 mg Be/m3) no mortality wese observed in any species and welght
losses were recovered at the end of 90 daye exposure elthough certain evidences
of poisgning were still present.

The monkey, dog, cat, and rabbit showed acute pulmonary inflammatory
response, resembling that in man; the rat gave an atypicel response. Effects
that were severs and rapid in onset at the 100 and 50 mg levels were minimal
and slower in developing at the 10 mg level changing to moderate with continued
exposure and, at the 1 mg level, were nonexistent in certain species. at the
end of 105 days expoesure. The rabbit showed two consistent pictures of pro-
gressive injury with increasing exposure. Highest levels produced severe

13
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" proteinuria and changes in blood protein values, not apparent at lower levels.

At the lowest level, reduced blood oxygen tension, alteration in blood cell
lipid ratios and possibly serum alkaline phosphatase glve promise of suitability
as diagnostic aids in early or mild forms of beryilium poisoning. A hypochromic

. macrocytic anemia eppeared in the dogs. Beryllium concentrations in 20 tissues

wore determined and showed on the 10 mg level that the tissues contalning
significant deposition in the rat were in decreasing order: lung, pulmonary
1ymph nodes, liver, tooth, kidney, femur. Other tiesues showed insignificant
accumilation at the end of 95 days. Among epecies, rat lung contained the -
most, that of the guinea pig next, the dog least, (11, 6, & ug/g respectively).

From these studies, three facts of importance have been noted: (1) beryl-
lium is unguestionably a toxic element. The response to dosage progreseed in
a manner typical of such agents with the production of the typical acute lesion.
Moreover, & control study with NaHSO, that similated conditions of acldity
(pH 1.5), concentration (100 mg/m3), particle aize (1 u), and duration of
exposure (14 days) of beryllium sulfate failed to produce lesions in animals
similar to those seen in beryllium exposures. (2) To date, although the acute
phase is similar, the typical picture of chronlc pulmonary granulomatosis seen
in humans has not been reproduced in animals from inhalation of the soluble
beryllium sulfate despite continued daily exposure for perlede of 3.5 months.
(3) Certain species, notably the guinea pig and gost, appesred to possess the
capacity to recover from the acute phase of polsoning in the face of continued
deily exposure to concentratlons of the berylliuw mist that initiated the
responsee, a Tinding not reported to occur in men.

On the Correlation between Toxicity by Inhalation and the Phyeical Properties

of Bervllium Oxide:

A suggeation from Mr. Eisenbud of the New Tork Opsrations Office that one
specinl beryllium oxide distinguished from others by a lower temperature of
caleining was responsible for the human cases, led to an intensive examination
of physical, chemical and toxicologicel vroperties of a serles of beryllium
oxides.

Early in the program the need for the selection for experlmental test
of beryllium compounds implicated in producing toxic exposures iz plant person-
nel came face to face with the perplexing situation thet individuasls exposed
to beryllium oxide in one plant did not develop beryllium poisoning whereas
at another plant the same compound appeared to be a distinet health hagard.
Indeed, survey experimentation confirmed the innocuousness of the oxide in
the first instance in animals. Accordingly, beryllium oxide was freed of
implication in the toxic exposures and was disregerded as a compound with
votential toxlcity. Continued revort of toxic exposures in the second plant
that pointed unmistakably to the oxide could not be set aside and further in-
vestigation suggested that different methods of preperation may bte at the basis
of the differences in the responses at both plante. This hypothesis was
tested in this study that involved the combined technigques of physical chemistry,
electron microscopy, x-rey diffraction analysie, surface area, density and
porosity messurements and the inhalation exposure of animals. As a resuit of
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these studies, a plausible interpretation of the previously confusing situation
is that the toxicity of inhaled Be0 appears to depend upen the physical proper-
ties of the material. The processes currently employed in the production of
BeQ involve calcining a beryllium salt at high temperatures. Differences in
the physical properties of the product are the result of differences in the
nature of the salt used as a starting material and in the temperature and dura-
tlon of calcining.

Dogs, guinea pigs, rabbits and rats have been exposed & hours daily for
12-15 daye to an atmosphere containing approximately 85 mg/m3 of BeO aercsol.
Even at this relatively high concentration, one grade of BeO appeared to be
virtually non-toxic., This material wae fired at 1350° C and was composed of
unit particles having an arithmetic mean diamster of about 0.7 pn, with ag-
gregates of low porosity (5.2 per cent). A second grade of Be0 gave definite
evidence of toxlcity. This material was fired at 1100° C and comprised unit
particles of about 0.5 p diameter, with aggregates of markedly greater porosity
(35 per cent. Two of 20 rats died during the exposure period, while 3 of §
rats, held for observation following exposure, showed & marked lncreass in
their leukocyte count dus to an absolute increase of neutrophils and lympho-
cytes. One of 4 doge showed a transient low blood exygen tenslon following
exposure, and the lungs of this animal, which wae sacrificed terminmslly,
exhibited extensive lesions.- Dogs and rats exposed to an mergeocl of Bed
produced by calcining Be(EO5)a at 400° C exhibited welght loss during exposure,
1 of the 2 dogs showed a eignificant reduction in blood oxygen tension, arnd B
of 40 rats died. This materinl was made up of unit particles of sbout 0.4 p
meen diameter and aggregates of very high porosity (134 per cent). The emall
s8izes were confirmed by x~ray diffraction analysis, which also revealed trace
quantities of a forelgn substance identified as silica. On heating of the
material at 1000° C, grair growth occurred followed by the disappearance of
the silica lines.

Angther possible complicating factor, that is not easily amenable to
solution is the possibility of small amounts of highly toxic beryllium com-
pounds (e.g., beryllium hydroxide or nitrate) occluded in the latter prepara-
tion which would contribute significantly to the observed toxlcity.

Problem Code: Be.3 (Toxic Limits)

Section Code: 3230

Oral Toxicity of Beryllium:

The inhalation exposures always involve a ceriain amount of exposures
by mouth. A limited oral toxicity study is useful in supplementing the inkala-
tion program and providing data which are useful in interpreting the results
of inhnlation exposures. '
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Aims of the Program:

1. Date to be obtained from sxperiments in which laboratery animals
were glven beryllium orally could be expected to serve a two-fold purpose
in the overall problem of beryllium toxiclty.

_ (a) A picture of the fundamental histopathological changes brought
about in the body by various beryllium compounde could be obitained. Feeding
atudies provide an opportunity for the uniform, conirolled intake of a chemi-
cal substance by .a normal route in the body, thus giving full opportunity for
all tissues to be affected and for &ll animals in the experiment %o be equally
exposed. By comparison, administration of a chemical by the route of lnhala-
tion cannot be expected to give conelstently uniform pathological results in
&l exposed animals, because it is often impossible to maintain either a non-
fluctuating exposure concentration or a uniform concentratlon of the test
material in all partes of the experimental exposure chamber.

{(b) The establishment of toxic levels of various beryllium compounds
when given orally would make pogeible the determination of the possible role
of ingestion as a factor to be considered in the interpretation of data ob-
toined from inhalation experiments.

2. Because the case histories nf some women suffering from beryllium
poisoning indicated pregnancy as & pog&sible contributing factor, it seemed
worthwhile to investigate the poseible role of pregnancy in bderyllium-
poisoned laboratory animals.

Program:

1. Groups of aldino rate (10 male and 10 female per group) have been
fed varicue dietary levels of beryllium sulfate (BeSO..6Hz0), beryllium
carbonate {BeCO5.2(0H)4.3H50), beryllium metal, and two grades of beryllium
oxide (fluorescent and refractory of SP) for pericds of about one month.
Preliminary studies with doge involved the simple experiment of feeding one
level of a given beryllium compound %to a single dog. XBeryllium sulfate and

two grades of beryllium cxide were so tested.

2. To test the possible effect of preguancy on beryllium poisoning 4
groups of female weanling rats {25 per group) were ireated as follows:

Group I -~ Controls - no beryllium administered.

Group 11 - InJécted intraperitoneally with p single dose of
1 g beryllium oxide (flusrescent grade)/kg body weight,

Group III

~ Same treatment as Group I1I.
Group IV ~- Injected intraperitoneally with & single dose of

1 £ beryllium oxide (refractory or SP grada)/kg
body welght.
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In groups I, II, and III, each female rat was then caged with a male
for the duration of the experiment. The male was removed during each period
of pregnancy and returned to the femsle after the birth of each litter, the
young being discarded. The females in Group IV were not caged with males,
thus preventing pregnancies in this group.

Beosults Obtained from Programt

Rats Fed Beryllium Sulfate Hexmhydrate: KNo effect on growth was
noted in rats fed this compound at a dietary level of 0.5 per cent. XNo rats

died. Bats fed 2.0 per cent beryllium sulfate in the diet when compared with
controls exhibited an average weight depression of 30 g for males and 10 g

for females. Such weight depressions in male rats perhaps serve as a signifi-
cant criterion of toxlcity; the 10 g depression in females is of doubiful
significance. Complete inhibition of growth resulted in rats fed 5.0 per

cent beryllium sulfate in the diet and 2 rats dled in the 30-day sxperimental
period. When 10.0 per cent beryllium sulfate was given in the dlets of male
and femmle rats, rapid weight loss occurred and all of the animals were dead
in 9 days.

No pathological changes of significance occurred in the tissues of
rats fed 0.5 and 2.0 per cent beryllium sulfate in the dlet. At the end of
a 30-day period on a dlet containing 5.0 per cent beryllium sulfate histo-
pathological changes were detectable in liver, kidney, gonads, and bone.

The bone changes were also clearly evident radiographically. When rats were
placed on & stock diet containing no beryllium, efter previously ingesting
5.0 per cent beryllium sulfate in the diet for 30 days, and sacrifices were
made at 10, 20, and 60-dsy intervals, rapid and progreseive repair of kidney,
liver, and gonads was demonstrated. Complete recovery of these orgene was
evident at the end of 60 days sfter removal of beryllium sulfate from the
diet. Repair of the bone injury after return of the animals to a stock diet
wae not clear cut. A% the end of the 30-day period on a diet containing 5.0
per cent beryllium sulfate, a rachitic-~like condition was present accompanied
by a thickening of cartilage plates and a decrease in osteoblastic activity.
At this time of marked inhibition of ostecblastic activity, there was observed
near the head of each of the tiblae a plate of fused irregular lnactive bone.
Upon removal of the beryllium sulfate from the dliets of the rats this bony
plate remained, although there was e return of normal osteoblastic activity
and spparent recovery from the rachitic-like conditlon.

HEats Fed Beryllium Carbonatet At a dletary level of 0.5 per cent
beryllium carbonate the rats grew equally as well as the controle. XNo animals
dled. At a dletary level of 2.5 per cent, there was m slight decrease 1in
average body weight when compared with the controls (males 19 g, females 11 g).
Such weight depressions ere of guesiionable significance. There were no deaths.
When 5.0 per cemt deryllium carbonate waa fed in the diet & very serious growih
depression occurred, amounting to about 100 g in the males and about 50 g in
the females, when compared with the controls. One male and 2 females died.

The only definite pathological changes atiributed to the ingestion

of beryllium carbonate were rachitic-like changes in the long bones. This
rickets-like condition wes confirmed by radiographs. BSome liver damage was
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present in approximately 1/3 of the animals terminally sacrificed; our pathologlst
declared this finding to be of quemtionable significance.

Rats Fed Beryllium Oxide (Refractory or SP Grade): At dietary levels
of 0.5 and 2.0 per cent beryllium oxide (refractory grade) the rats grew as well
a8 the controls. At a level of 2.0 per cent of the diet an average growth
depression of about 35 g occurred in the males when' compared with the controls;
in the females the corresponding weight depression amounted to approximastely
20 g. No deaths occurred. At present the pathological studies on these animale
have not been completed.

Bats Fed Beryllium Oxide (Fluorescent Grade): At dietary levele of
0.5 and 2.0 per cent beryllium oxide (fluorescent grade) no significant depres-
sions of body weilght occurred in rats at the end of 30 days. There were no
deaths. When 20 per cent of the fluorescent grade oxide was fed in the diet,
male rats hed an average weight depression of about 50 g when compared with
the controls; in the females the corresponding welght depression amounted %o
about 20 g. Pathological studies on these animals have not been completed.

Rate Fed Beryllium Metal: At dietary levels of 0.5 and 2.0 per
cent the rats grew as well a8 the controls. At a dietary level of 20 per
cent an average growih depremsion of about 30 g occurred in males when compared
with the controls; in the femples no significant depresmion occurred. There
were no deathe. Pathologleal studies on these rats have not been completed.

Dogs Fed Beryllium Sulfete Hexshydrate: When beryllium sulfate
hexahydrate was given in the diet of a dog at & level of 1 g/kg/body weight -
per day for a period of about 2 months, there were no clinical effecte ap-
parent and histopathologicel studies disclosed no sbnormal conditions in
the tissnesn.

Dogs Fed Beryllium Oxides: When beryllium oxide (fluorescent
grade) or beryllium oxide (refractory or SP grade), respectively, was fed to
‘'a single dog at a dosage level of § g/kz/body weight/day for a period of about
2 months, nelther clinical nor histopathologlical effects were observed.

Female Rats Injected Intraperitoneally with Beryllium Oxides: At
the end of approximately one year following the injectlon of a2 single intra-

peritoneal dofe of beryllium oxide in weanling female rats an average weight
loss of about 20 g was evident. Such a weight depression in mated fomales 1s
of questionable significance. During this experimental period 1148 pups in
138 litters were born to the controls; 883 pups in 114 litters were borm to
the females injected with refractory grade oxide; 855 pups 4in 117 litters

were born to the females injected with fluorescent grade oxide. These aif-
ferences in total pups born during the experimental period represent decreases
of 23 and 25 per cent, respectively, when compared with the controls. The
statistical significance of thess figures has not been determined. Nineteen
of 50 females injected with fluorescent grade beryllium oxide dled as compared
with 3 of 25 injected with refractory grade beryllium oxide and 2 of 25
controls.
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Problem Code: Be.4 (Fate)

Section Codes 3220, 3250

Distribution and Excretion of Beryllium Sulphste Using Be? as a Tracer:

Beryllium sulphate was administered intravencusly to rats and rabbits;
the rate of dlood clearsnce, the urinary and fecal excretlon and the distril-
bution to orgens was determined by counting techniques. In some cases non-
radioactive beryllium sulphate was added to the isotopic beryllium sulphatse.
More than 95 per cent of the beryllium was cleared from rabbits' blood during
the first 5 hours after administration; the rate of clearance was more rapld
when isotops alone was administered than when carrier was edded. The urinary
excretion of beryllium was greatest during the first 6 hours after administra-
tion; thereafter small amounts, less than 1 per cent, were excreted daily. In
both rabbits and rats a higher per cent of the 1sotopa was excreted when Lmotope
alone was given than when carrier was addedt 28 per cent and 11 per ceat, and
35 per cent and 25 per cent, respectively. The total fecal excretion over a
7-day period was sapproximately 10 per cent of the dose in the rate end 2 per
cent in the rabbite. W¥hen carrier was administered with the isotope approxi-

 mately 35 per cent was found in the skeleton of the rat and 5L per cent in

the skeleton of the rabbit; when isotope alone was administered the skeletal
recovery was #8 per cent and 54 per cent. The amount of isotope recovered
from the liver and spleen of the rat was insignificant when isotope alone

was administered and amounted to 12 per cent and 2.5 per cent, respectively
wvhen carrier was added. Significant amounts of beryllium were present in the
bone marrow when carrier was administered with the isotope. The kidneys con-
tained less than 1 per cent of the dose.

Problem Codet Be.5 {(Mechaniem of Toxic Effect)

_Section Codet 3210

The "X" Factor in Beryllium Poisoning:

Dr. Gardner had the hunch that part of the mysterious character of beryl-
lium poisoning erose from the existence of a factor, "X", which, added to &
beryliius exposurs, was followsd by beryllium poisoning but in the absence of
which, beryllium exposure was not always in a caueal relation to the well-kmown
clinical beryllium diseaees. The search for a poesible factor "X" has so far
been unsuccessful., Ths following tests have been madet

(1) Effect of HY.
(2) Effect of physiologicel stress (excercise)

(3) X2ffect of infection:

grao-negative rod
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(4) Pneumpnitis from intratracheal oil adminietration

(5) ERutin

Fotentigting Effect of Inhalation of HF Gas on Beryllium Sulfats

Poimoning in Ratst Industrial exposures to beryllium are commonly not homo=-
geneous but consist of mixtures of other potentimlly toxic agents. In some
processes in the manufacture of beryllium, hydrogen fluoride (EF} or other
soluble fluorides have been shown not only to be present with the beryllium
bus actually to exist in amountes several-hundred-fold greater than that of.
beryllium. Toxic exposures have been shown to occur also among plant person~
nel at wites where these mixed exposurss existed. The study dsscribed below
was performed to determine whether EF had & potentiating effect on beryllium
poisoning by inhalation. The resulis obtained in rate confirm this hypothesis.

Righty rats wers exposed in groupe of 10 and 20 each %o elther beryllium
sulfate or to HY separately, or in combination on alternate days or daily for
one month, a period of sufficlient duration to determine completely the effects
of exposure. The concentration of beryllium sulfate hexahydrate selected ap-
proximated 10 mg/m?. This concentration had previously been established as
giving 50 per cent mortality in rats in a period of 3 weeks. ZHxposure con=-
centrations of HF were to approximate 7 mg/m3, a concentration that likewise
had been previously shown %o produce either inconsequential pulmonary changes
in rats or no response at all.

The 20 rats that were submitted to both agenis were expoeed on alternate
days for 6 hours, first $o the berylliium aerosol and them to the fluoride
gas for a tosal exposurs period of 62 hours for each aeroeol. This procedurs
vas purposely adopted partly %o avoid analytical difficulties that would
otherwise occur in a mixed exposure of the two aercesols and partly because a
definite interpretation of toxicologlc results would be made mors certain if
sxporurs to each agent was less than that of the controls on the reasoning
that 1f mortality occurred from reduced exposure (lowered C.T. values), the
HF would have potentiated beryllium toxicity, HF being certainly not lethal
at the C.T. values employed. Serving as conirole for this study were 4 addi-
tional groups of rats; one group of 20 was exposed daily to HF at concentra-
tions approximating 7 mg/m? (124% exposure hours), another group of 20 rats
was exposed to beryllium sulfate hexahydrate mist ad mpproximately 10 mg/ms,
a third and fourth group of 10 rate each were exposed on alternate days %o
the above concentrations of either HF or beryllium sulfate.

The toxicologic findings were clear-cuf and unequivocal. Results of
mortality, weight response and histologic examination all were consistent
for any given group and were sharply different between the group exposed to
the mixed agents as compared with the groups exposed to the agenis separately
for the same exposure time. As for mortaliiy, precisely the same rumber of
rats died that were expcosed to both agenis on alternate days as died from ,
beryllium sulfate mione and that were exposed daily. Mortallty began on the
13th and 10th days in each group, respectively, but both groups reached the
identical rate of mortality on the 20th day (40 per cent), and no change
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occurred in this variable thereafter. Thus, the same mortality was produced
from one~half the total exposure to beryllium plus HF as was produced by double
the amount of exposure %o beryllium alone. No deaths occurred in rat groups
exposed to HF alone daily, or to beryllium sulfate alone on alternate days..

One rat of a group of 10 exposed to HF on alternate days, dled, however, from .
some cause unrelated to the exposure. Substantiating this evidence of potentiat-
ing toxicity of HF for beryllium were the weight-response data. The only rat-
groups to show weight changes lower than the pre-exposure mean values were ”f
the same 2 groups showing the 40 per cent mortality. Plots of the weightas of
the other 3 groupe never dipped below thies pre-exposure mean and in 2 groupe
showed progressive increase in weight upon continmed exposure. Similar evidence
substantiating the main conclusion was obtained from histologic examinatiomn ~
of the animals dying from exposure and those sacrificed at its termination.

Rats exposed to beryllium sulfate showed minimal to moderate pulmonary diseass,
and those exposed to the combination of both beryllium and flucride showed
pulmonary changee similar in character and degree to those exposed daily to.
beryllium alone. Exposure to beryllium on albernate daye resulted in definite
pulmonary lesions in only a few instances, none in a few cases and equivocal
effects in the remainder. '

Thus, it may be definitely stated that since pulmonary injury and ae-
soclated effecte were as great in rats recelving one~half the exposure %o
beryllium sulfate when HF-exposure wae superimposed {and under conditions.
thet elther sgent alore produced 2o charges) as the effects produced by rats
receiving twice the exposure of beryllium sulfate alone, that HF has a potentiat-
ing effect on beryllium action in the body.

It was not ascertained whether inhslation of HF gas induced additional
intake of beryllium thue predispcsing the animals to greater injury. It ap-
pears more probable that HF would reduce pulmonary exchange.

Effect of Phyeiologic Stress in Beryllium Poigoning:

Effect of Exercige: Case studies of beryllium industrial workers
indicate that physical activity may increamse the tendency to acute poisoning.
Efforts have been made to produce a comparable effect in animale. The hamsier
waB chosen as the experimental species because previous inhalation exposure
studies at high concentrations of beryllium sulfate mist (100 and 50 mg/m3)
had indicated that hamsters were more resistant to this lung irritant than
were other animal species suliable for such a study. If mortality could be
irduced in this species through its added stress of exercise, then 1t was
felt that a striking case for such stress in beryllium exposure would be
demonstrated.

Exercise was provided by placing the animals in & rotating cage of
21" diameter which revolved at the rate of 2.3 revolutions per minute or 138
revolutions per hour. In order to avoid over-exertion of the animals, the cage
wag rotated for 20 mimutes each hour, followed by &40 mimmtes of rest during
the 5 daily exposure hours. This procedure was followed during the condition-
ing period and during the dust exposure phases of the etudy. The animalse were
exposed to beryllium eulfate miet at a concentration of 10 mg/m® of air.
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The mortality results of two studles of this type are given in
Table I —- Page 86. In each instance an equal number of exercised and non-
exercised animala were used, the latter group serving as beryllium expossd
controls, e.g., placed in the chamber in a etationary exposure cage. It 1s
seen that identical results were obtained in each experiment, namely, that
all animale subjected to exercise succumbed, where only 1 in 6 died from
exposura without such exercise. Deaths occurred in both exposed groups in .
from 9 to 12 days; exerclse thus did not speed the time of death.

The results of this heameter experiment indicate that the combined
effect of exercise and beryllium sulfate inhalation exposure are more toxie
and produce more severe pulmonary leslons than exposure alone.

Effoct of Infection: The relationehip of a concurrent pulmonary
infection has occasicnally been proposed to explain the course of beryllium

poeumpnitis. Gardner, et al have reported the isolation of an acid-fast
gram-negative rod from the lungs and blood siream of humans with beryllium .
dissase. An attempt was made to survey briefly the bacterlial nature of ‘the.
lungs of animpls given beryllium by intratracheel sdministration or through
the inhalatlion route. Using sterile precauntions, a loop streak was obtained
fgom the lungs of recently sacrificed animale and cultures were made frou
blood agar, Dougles broth and an anaerchbic meat culture.

More than 35 rats, rabblis, dogs, and guinea pigs were studled.
The number of conteminated samples wers ro more than 2 or 3 and the contaminante
were readily identifled as staphylococci or streptococci. EHowever, from the
lungs of a rat receiving beryllium metal intratracheally several months pre-
viously and exposed to berylllum eulfate Dy inhalation and which was saorificed
when found to be dyspneic and moribund, a positive purs culture of a gram
negative rod was obtained. Specific bacteriologic characteristics of this
organism have been given in detail in Rochester Report No. M-1974. At that
time, it was tentatively believed that the organiem was anaerogenic salmonslle
enteriditis. ¥Yrom the lungs of a rabbit exposed to beryllium sulfatse by
inhalation, there was obtamined another motile gram-negmtive rod whose
characteristics varied but were in many ways simllar to the organism pre=-
viously obtained. The cultures from the lunge of other sacrificed animals
were sterile.

The organism, described as a ealmonella and obtained from the beryl-
lium-treated rat, was grown for 48 hours on blood agar plates and a suspension
of the organism in saline was made and was administered through the intra-
tracheal route to 300-gram male rate. Ten rats were given the organisac alone
(Group 1). ZXight rats wers glven the same number of organisms plus 22 mg of
beryllium metal (Group 2)}. Four were given the same number of organisms
plus 5 ml of hyaluronidase (Gromp 3). Group 1! of the 10 rats, 5 died
within 6 days after treatment. Group 2! 6 of the 8 in this group died within
4 days post-treatment and one succumbed thres months later. Group 3! 3 of ’
the 4 rats died within 5 days poei-treatment.

_ All rats administered the suspension of the unkmown organism showed
a very marked leukocytosie and evidenced an obvlous foxic course. At sulopay,
the lungs were hemorrhagic, consolidsted and ylelded on culture a pure growth
of the same organism instilled. W¥hen the surviving animals were sacrificed, 7
months later, freguent abscesses and congestion of the lungs were to be seen.

54
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Table I.

Effect on Exercise on Mortality of
Beryllium-Sulfate-Expoeed Hamsters -

EXPERIMENT 1

No.
Expoged

6

6

¥o. ' 8
Dying Mortality

6 100

1 17

EXPERIMENT 2
No. No. %
Exposed Dying Mortality

12 12 100

12 2 17
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treated rate, rabbite, dogs, and gulnees pigs, 2 positive culiures were obtaino&é?*

‘and in sddition received weekly exposure to beryllium sulfate at a concemtra-

FProm more than 35 sterile cultures taken from the lungs of berylliumﬂ- '

One of these was from a rat and it was tentatively identified as an anaarcganidi‘
salmonella enteriditis. JFrom the lungs of an exposed rabbit, another gram-: . s
negative rod which had several similar quantities was isolated. Inxratrachaalu,'d
instillation of a culture of the organism obtained from the rat proved toxbew =
very toxic %o other rets. The simultanecus administration of beryllium metal-
or hyaluronidase appeared to potentiate the fatal effects of this orgsnismi..”

Effect of Superimposed Beryllium Exposure on Tuberculosis in Guinea munin

Pige: In 1935, Loomis and Bozen reported an enhancing effect of variousa _
soluble beryllium compounds on the extent of tuberculous infection in guinea .. o
plges and further suggeated the treatment of guinea pigs with beryllium-tox: L
increase the sensitivity of this anima) in testing tuberculous sputum. 3Because
of this report and the present industrial interest in the toxicity of boryllium.

it was thought mdvantageons to confirm this observation. ?u»7~fn;'

Equal numbera of male and female guines plgs were selected and_ﬂil— L
tributed ameng groups of 10 each. One group was infected with 0.005 mg of K. . .
tuberculosis, strain H37 (ATCC 8236). These animals served as control-in!uctod‘
animals. Two other groups of guinea pigs received the tuberculous infection 5.
in doses of 0.5 and 1 mg subcutaneously and intre-abdominally, respectively,

tlon of 50 mg/m® for from 2 to 6 hours daily. A 4th group received no infection
with tuberculosis but was exposed to beryllium sulfate only. A 5th group S R
received neither infection mor exposure to beryllium sulfate and served as_ */ -
normal weight controls for the entire group. Exposure to beryllium wae T
continved for 2 1/2 months. Welghts were taken weekly and observations were
continued for a period of 4 months frem the start of the infection. At thle _ _:
time autopsies wers performed on the animals and the reeults of previously g
obtained nodular mize correlated with the hilstelogic resnlta from stained
sectionn.

The microscopic examination of the tissues of the guinea pige failed
to show that weekly exposures to 50 mg/m3 of beryllium sulfate had any effect
on the course of tuberculosis in the guinea plg. The lymph nodee draining ™
the area of infection showed in all groups the same type of tissue reactiom, ™
namely, proliferative tubercles some of which were caseous. The liver andf'f‘
spleen of a few animals in each of the 3 infected groups contalned a few o
tubercles of miliar size and of proliferative type but no significant dif-
ferences between the groups, although the dosage of tubercle bacllli among
the groups differed widely. -

Ho pulmonary tuberculosis was found and the pulmonary leslons uaually N
observed from the inhalation of beryllium sulfate were either minimal or abaant' ;
this finding has been previously obssrved in the guinea plg, which ie a rela-~
tively resistant animal to inhalation to beryllinm dust. Accordingly it nay
be concluded conversely that the tubercular infection did not predispose
guinea pigs to beryllium polsoning.
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The findings at gross autopsy and measurement of nodular size made
throughout the study showed no differences atiributable to the different treat-
ments among the groups. Moreover, the welght response of all treated groups
showed a perallel rise in growth following the third week of the study which
was at all times somewhat less than that of the untreated controle. The beryl-
lium-exposed animals showed the poorest growth response of all groupse.: In-
general, however, the weight responee was consistent with the histologic find-.

ings.

These results with experimenial animals agree with the gensral im-
presaion of ipdustrigl physicians that beryllium workers with tubsrculosis are
not more sunsceptible to beryllium poisoning.

Bffect of Hyaluronidase: The invasiveness of certaln types of micro-
organisms ie dependent upon a "spreading factor" kuown as hysluronidase. Some
conaideration was given to the pomsibiliiy of stimulating the pneumonitic
penetration of otherwise benign micro-organieme by furnishing them with an
artificial supply of hyaluronidase. It was anticipated that with the combina-
tion of cuch an effect, a more specific approach might be made to the effects
upon beryllium disease in the lungs of experimenial animala. -

Pure cultures wers grown of a variety ¢f miero-organisms including
several typeas of pneumococcl and pertuseis. Suepensionse of these in saline
folution, with or without the addition of 2.5 to 5.0 mg hymluronidase, were
given intratracheally to adult rats. The daily pattern of the total white
leukooyiic count and differential count was observed.

A summary of several of the testa is given below. It may be stated
that pneumococcl Type VI and VII were glgo tested bul without demonstraiing
any toxicity to rats with or without hysluronidase. (See Ta.'ble 11 - Page 89).

The concurrent administratlion of hyalurcnidase to & variety of
types of pneumococci and H.pertussis gave somewhat variable results. In
one or two trials, the poeumonitic virulence of these organisma appearod. to be
increased but the results appearsd to be somewhat inconslatent.

Effect of Peanut 0il: The pecularitles of the susceptibility of
beryliium disease in humans suggested that certain uncontrollable factors
might be of come importance. One route of increased berylllum sueceptibllity
can conceivably exist in individuals bearing a concurrent pulmonary infection.
Another could possibly involve an incremsed beryllium penetration which
would mobilize the second or third line of body defense.

The intrapulmonary edministration of oils in general tends %o
produce a pneumonitis. In particular, however, peanut oll has been known to
contelin a special irritant and is capable of producing & marked pneumonitic
involvement.
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An extensive survey was made of the reaciion of a large rmumber of
rats to quentities of 0.1 to 0.8 ml of castor oil, peanut oil, mineral oll
and olive oil for control purposes. Daily leukocyte counts and mortality were
used as criteria. The only epecific indicators of any toxicliy were obssrved
in rats receiving the larger quantities of peanut oil. The affected animals
manifested a leukocytosis persisting for several weeks. (See Tabla III - Page 91).

To 8 rats (Group 1) were given 100 mg of beryllium metal intra-
tracheally 2 to 3 months previously. 0.5 ml of peanut oil was given through the
same route. To 5 rate (Group 2) beryllium metal and 0.2 ml of olive oil were
given. To 5 rats {Group 3) beryllium metal and 0.3 cc olive oil and 0.5 c¢
peanut oil weres given. To 5 rats (Group 4) beryllium metal and 0.3 cc of.
olive oil plus 0.2 cc peanut oil were given. To & rats (Group 5) a 0.3 ml
of olive ¢il plus 0.5 ml peanut oll were given. To 5 rats (Group 6) & 0.3
wl of olive o1l plus 0.2 ml of peanut oil were given. To & rate (Group 7)

0.1, 0.3, and 0.5 ml of pearut oll wers given. )

Nq dietinct changes in weight were noted on the above animals.

The eimultanecus intratrachesl administration of beryllium metal
plus olive oil and peanmt ¢il had no significant effect on the moriallty
from beryllium disease in those animals over a period of 9 monthe of observa-
tion. However, a more marked leukocytosis was observed in most animals from
the addition of the oil to the beryllium meial. Peculisr to those animals-
which had received beryllium previous to the administration of pearut oil,

e significant eosinophllila developed.

Butin as a Prophylactic and Therapeutic Agent in Beryllium ?oiaonigg

in Doge! One of the greateat needs in the current beryllium exposure problem
ies that of an effective prophylactic or therapeutic agent. Attempts to fulfill
this need were focused on rutin, a plant flavanocl, because of 1ts particular
chemical configuration sand physiologic properties. One of these latter pro-
perties 18 ite ascribed capillary entifragility action. This actlon should
prove beneficial in beryllium poisoning poisoning which is characterized in
part by hemorrhage and edema of the lungs. A second property of potential
beneficial value in beryllium poisoning is 1ts phemolic structure permitting
complex formation with beryllium. Indeed an especially sensitive micro-
colorimetric method employing rutin as the analytical resgent has been
developed in this laboratory. Furiher evidence on the potentlal effectiveness
of rutin in beryllium disease was furnished by an experiment in whick beryl-
lium combined with serum wae shown to be capable of removal by dialysis in the
precence of rutin: removal of beryllium from the serum proteins did not occur
tn the absence of rutin. There was thus a mumber of indicationa that ratin
might prove effective as & therapeutic or prophylactic agent in the treatment
of beryllium poisoning.

Accordingly, an inhalation exposure experiment was performed employing
10 dogs, 5 of which Teceived daily by capsule 100 mg of rutin in 2 daily divided
doses for 2 weeks prior to the beglnning of exposure fo beryllium sulfate miet
at & concentration of 25 mg/m3. A closely similar group of dogs, some of which.
were litter mates of those in the unireated group, received the regular diet

UR 00983



91.

*guemyiodxe 63 03 POJUTOIUN SOEUBI JO DPOTD IOPUTBWSY

e T .rd\ouuﬂ weenyaq] . (*som ¢ - .
: fisi iy wiwe | 1(9/2)B0TaARTYL woryeIuD) . Ty0 goowed Tw g9 | - °
‘- T100 fewld 8wy | awmaderii sRITS | gmox 4 *€*0 *T°0 TOTIWOD | L
e o I : o
ofep LT-T1 170 guueed
: . uoonyoq (5/2) . . g eid 130
u TI0 39eIq vy uotseAeTe 3YITIS sfe *80E ¢ g eAtTO M £ TOIFU0H 9
aeerqoIqsire - Lup 49T uo 110 gnusged
uopseeFuvo Tue 18®wIq ‘@IOJ Aaxﬂv HOTABAOTS ™ 6°0 suyd 130
192118 27X04y TEUOTE®ID) Jenderxt JUITIS #/2 "90T 42 4 QATTO T® £°0 TOI3W0) g
_ $359(QOIqsLEIe | WP OZ-H1 Weemysq 119 suweed
91769 48¥Iq ‘swIog (§/€) woTyRARTe 80T £-T @ 2°0 supd 110 h
“ Araee guenbexg | awruBexxy 4udiIs) G/ | 94ep E€1-T S eatto Tu £ snid g | 4
94887q0Iq44Ie | *UD GT-LT WemLeq 10 ymuved
S99 jueIq ‘surog (§/€) uotIvaTe reoum g~ ™ 0 sau1d 110
“ A1ave quemboxy | JemIexat 4ITIS s/ sfep GT1-1 g ea370 Tm £*p surd eg | €
‘Wow g~/ I0F UOTH
-BAGTH TEUOTSED "80U G- )
. uees Tleo -p0 ‘Avp pif uwo slep 0%-1 110
u 4887q TPR0TEVI20 (6 /4) vesmaeryg| G/€ sfep 12-1 S eAYTO W 2o snyd og | - ¢
§988008QY {4n0gInoly) 9TBAISY ‘g0w g-/ 303 WOTY
suenbery ]| -utp 3® si®p o2 Iv ~BAGTEO TPUOTE®D
"TOT4VPTO8 ¢ 35T J0 a® 03 -90 ‘sdep 4T-¢
-noo snid £ esolr sTqdoulsoy AN\NV PesBABTE| #8/¢ piep ZI-T g snopaexd -som 2 ‘eg 1
£3010useg uney *33id 3umo) OEA PoATAING Potq | sTeRTUY POI0 44 TUTHDY dnoap
HO JOELEX - _ *ON Fo *of seduBiIqug

94y 70 sSunT up umiTiizeg uo gquedy Fuy4€laUWe40q FO 100FIX

- IIT ®1q®L%

UR 00984



92.

without rutin but received the exposurs to the beryllium sulfate simultaneously
with the treated dogs. Exposure to beryllium sulfate mist was contimmed daily

for 6 hours for a period of 35 days. During this time, rutin was administered

daily, at first in 100 mg emounts, later during the last 2 weeks of the experi-
ment in 300 mg dally dose.

Theres was no eignificant difference in the weight response of the animals
of the 2 groups at the termination of the beryllium sulfate exposure. Iuring
the course of exposure, however, animals receiving no rutin showed a decided
lops in weight from the first to the third week but after this perlod the
walght of the 2 groups was essenilally indistinguishable. Differences in
mortality in the control and treated groups were not remarkable. Two dogs
of the beryllium-expoesd group died, one on the 17th, and other on the 35th
day of exposure; but one of the 5 rutin-treated dogs died on the 22nd day of
expopure., This difference, though indicating & possible favorable response
to rutin treatment, was not considered significant.

Inasmich a# rutin has been claimed to maintain the integrity of the
capillary, a special attempt was mede to determine differences in the amount
of edema or hemorrhage in the lungs of the dogs receiving rutin compared with
thoee of the controls. No such effect was obeerved; rather the lungs of the
animals receiving rutin showed somewhat more edema than the controls. Further-
more, the character of the inflammatory response was glmilar in both groups
and no difference in the degree of extent of the pulmonmary lesions could be
demonstrated. Rating the degree of injury from 1 to 4, lndicating progressive
change from mild to extensive pulmonary involvement, of 5 beryllium—exposed
but not rutin-treated animals, 2 each gave a 1- and 2-plus reaction and 1
showed a 4-plus reaction; of the 4 snimale examined in the rutin-treaied
group, no animsl showed a l-plus response, one each showed a 2-plus and a
L-plus response and 2 showed a 3-plus reeponse. Thus, rutin ipstead of im-
proving the condltion of the pulmonary lesion from beryllium did appear to have
exacerbated the condition. Further evidence bearing out this observation was
furnished by spectrographic anslysis for beryllium content of certain tiesues
of the exposed and treated dogs. Resulis of these analyses appeared to show
that rutin rather than ridding the tissues of beryllium tended to prevent
slimination of this element. Amounts of beryllium in the lung, bone, llver,
end kidney were for the beryllium-exposed animals, respectively, 4.9, 0.56,
0.2%, end 0.08 pz/g. For the same tissues of the rutin-treated dogs, values
of beryllium were correspondingly 5.6, 0.72, 1.2, and 0.09. Thus, in each
tissue, somewhat higher average values for beryllium were fourd in the rutin-
treated dogs. '

It 1s therefore, concluded that from the basis of histologic ewvaluation
and resulis of spectrographic analysis of the tissues for beryllium that rutin
ie ineffective either as a prophylactic or therapeutic agent in the treatment
of beryllium injury in doge.
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Problem Code: Be.6 (Methode of Detection of Foisoning, Prophylaxis,
Treatment, and Protection)

Section Code: 3210

An Investigation of Clinical Criteria in Beryllium Poisoning:

A% present no reliadble biochemical methods exist for the diagnosis of
early or mild forms of beryllium poisoning. Such methods present special dif-
ficulties in discovery and dsvelopment because beryllium is a pulmotoxic agent
and few function tests exist for measurement of lung dysfunctlon, and none
that are of service for detecting sarly beryllium peisoning. Accordingly, a
broad survey of clinical criteria was undertaken in animals undergoing expo-
sure. This included determination of changes in urinary protein and amylase,
blood non~protein nitrogen, ures nitrogen, serum protein, serum albumin-

e1ahnlin rmatin Fihrasan sarmm_nalednm ond rhaarharne, acid and sarum alkeline
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PROGRAM Th.

THORIUM

Problem Code! Th.l (Physical and Chemical Properties)

Section Code: 3210

Bapid Colorimetric Bstimstion of Thorium in Microguantities:

A method has been developed for the rapid colorimetric determination of
thorium in microquantities, baeed on the formation of a stable colored complex
with excess carminic acid in acid solution. The spectral abserption of the
complex at 560-590 m end pH 4.0-4.2 is directly proportional to the concentra-
tion of thoriuvm over the range 2.5-25.0 ug/ml. The method has the advantages
that the colored complex between thorium and carmiznice acid forms almost 1ln-
stantaneously in solutions at room tempersture, eliminating the necesseity of
heating to accelerate color development, and the color is stable indefinitely
at ordinary temperatures.

The reagent 18 a complex polyhydroxyanthraguinone derivative which acts
as an acld-base indicator 1n aqueous solutions, undergoing a color change from
orange to viclet in the range of pE 3.45 to 7.45. A similar color change
occurs in the presence of thorivm. The optimum pE for determination of thorium
is probably at or below 3.45, but satisfactory results have been obtalned with
0.5 M sodium acetate-mcetic acid buffer at pH &4.0-4.2, the cholce of pH being
governed by the advieability of working in the range of maximal buffer capacity
of the se¢lutions.

Ferrous and ferric iron interfere seriously in the determinatlion of thorium,
as does aluminum, also. Tha sensitivity for ferrcus iron ie about the same
as for thorium, 1:400,000, while that for ferric iron and alumimum is about
one part in 750,000. X, Na, Ca, Mg and the common anions with which thoriuam
forms soluble compounds do not interfere in the method, which cannot be used,
however, in the presence of anions which precipitate thorium as water-insoluble
compounds, or in the presence of certain organic substances, e.g., citrate and
tartrate, which form complexes with thorium in which the strength of the co-
ordinate bond is greater than with carminic acid.

Preblem Code: Th.3 (Toxic Limits)

Section Code: 3210

Inhalation Toxicity of Thorjum:

Interest in the toxicology of thorium stems from the poesibility that the
element may have wide use as an alternative source of fissionable material, and
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from .the fact that Atomic Energy Commission personnel are exposed to a possible
hazard in the separation and purification of thorium metal. The literature
contains conflicting accounts regarding toxic effects following the use of
thorotrast in roentgenography as well as following exposure to thorium dust in
mining and refining operations. It seemed desirable, therefore, to undertake
a series of experiments with the object of characterizing the toxic response
to inhsled thorinm dusts and defining the acceptable limite of exposure.
Aerosols of thorium nitrate and thorium dioxide have been used initially as
representative soluble and insoluble thorium compounds encountered in the pro-
duction of pure thorium metal. The toxicological studies were delaysd because
of the neceseity for developing a satisfactory quantitative method for the
detection of thorinm in microgram quantities.

Acute Toxicity of Inhaled Thorium Nitrate Dust: A series of three pllot
experiments has been completed in which 85 laboratory enimsls, comprising é
spaclen, were exposed to an atmosphere containing 75 mg Th(¥0g) o/m3. The
purpose of these experiments was to determine whether acute toxic effects
are produced by inhalation of thorium nitrate dust in relatively high concen-
tration. In the first experiment, 25 female mice, 20 rats, equally divided
with regard to sex, 10 male guinea pigs and 3 rabbits were exposed 6 hours daily
for a total of 68 hours during 11 1/3 calendar daye. Three rabbite and 20 male
hamsters were exposed 6 hours daily for a total of 60 hours during 10 calendar
days in the second experiment, and in the third and final experiment, 4 female
dogs were given the same expoBure.

The thorium nitrate was dispersed as a dry dust prepared by micropulveriza-
tion of material purchased from the Maywood Chemical Company. Spectrographic
analysis of a sample of the Maywood product by the National Bureau of Standards
indicated the thorium content of the materisl to be 41.55 per ceant by welght.
The overall mean concentration of dust as thorium in these experiments, there-
fore, was 35.5 mg/m3. Since the thorium nitrate was proceesed more than two
years ago, it contained appreciable amounts of mesothorium.

In each experiment, the period of exposure was preceded by a 2-week
conditioning period during which the animals were placed for 6 hours dally
in & chember which was held at the same temperature and relative humidity
as the exposure chamber, but which contained no thorium nitrats dust. The
weight response of the enimals, urinary protein, blood NPN, and ures nitrogen,-
and the hematological picture were followed as toxicological indices during
toth the conditloning period and $he period of expesure.

Thera were no demths among any of the animals during the perlod of expo-
sure and all were sacrificed terminally with the exception of 2 dogs which
are being held for further observation. The dogs were the only specles in
which toxic signs were observed during exposure. ERetching, gagglng and oc-
casional vomiting were observed periodically beginning on the third day of
exposure. There were no significant changes in weight among any of the 6
species of animels and anorexia was not observed even in the dogs. The
clinical chemical determinations revealed no significant changes in blood FFPN
and urea nitrogen or in urinary protein content at any time during the condition—
ingz and exposure periods or during the perled of observation following exposure
in the case of the 2 dogs, which were held for this purposs. )
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Negative hematologic findings were reported except for the dogs. There
wore no significant changes in the red blood cell counts of any species. All
of the dogs exhibited leukocytosis at some time during the exposure period or
immediately thereafter. The average incremse in thse white blood cell count
of all &4 animals wae about 50 per cent, the peak of the response occurring at
different times in different individuals. In the 2 dogs which were sacrificed,
the highest leukocytic count occurred during the second week of exposure, whereas
in the 2 animals that were held for further observation the peak of the response
waa observed during the first week following exposure. In 3 of ihe animals &
subsequent decrease in the white cell count was observed affer the peak had
been attalned. The appearance of atypical granulocytes in the blood films of
the doge has been interpreted as evidence of possible damage to the hemopoietic
tigsue. These cells are characterized by the basophilic staining and vecuoli-
zatlon of their cyloplasm, and by the presence of atypical eosinophilic granules
and glotules, of varylng size and staining property. The atyplcal granulocytes
first appeared in the blood films on the seventh day after the beglnning of
exposure &t which time they constituted 6 to 10 per cent of the toital grawmulo-
cytes. In the 2 dogs which were kep$t for obeervation, the proportion of
abnormal gramlocytee reached & maximum of 9 to 12 per cent, 5 1/2 weeks after
exposure, at which time 4 %to 5 per cent of metamyelocytes with bizarre mucell
were observed. The atyplcal gramulocytes were still present to the extent of
about 5 per cent in blood films from these dogs 4 1/2 monthe after exposure.

The only significant pathologicel changes in the tissues of any of the
animals occurred in the lungs of the 2 dogs which were sacrificed terminally.
In one of these, a giant cell reaction was seen gbout the emall bronchi, the
giant cells containing a crystalline material and resembling the gient multi-
mucleated cells which have been observed previously in animals following intra-
peritoneal and intratracheal administration of thorium nitrate. The lunge of
the other dog showed predominantly a monomuclear type of reaction with only
& few scattered glant cells containing crystals.

Acute Toxicity of Inheled Thorjum Digxide Dust: Two pilot experiments
have been completed in which 81 laberatory animals, comprising 5 species,
wore exposBed 6 hours daily for a total of 60 hours during 2 calendar weeks
to an atmosphere containing 49.4 mg ThO,/w®. The mean atmoepheric dust con-
centration as thorium was 43.4 mg/m3, The purpote of the experiments was
the same as in the pilot teste with Th{N0,),, and an attempt was made to adjust
the dust concentration so that the exposurea In the 2 series of experiments
would be as nearly as passible identical with respect to thorium concemtration.
The distributior of animel species in the 2 completed tesis was as follows! '
(1) 10 nale guinea pigs, 20 hamsters, 25 female mice, and 20 rats, equally
divided with reepect to sex: (2) 6 rabbits. Preceding exposure, the animals
were conditioned & hours daily for 10 days during a 2-week period in a chamber
held at the same temperature and relatlve humidity as the exposure chamber,
but ir an atmosphere free from ThOa dust. The thorium dioxide was disperaed
in the exposurs chamber a8 & dry dust prepared by mlero-pulverizing material
obtained from the U. S. Atomic Energy Commission, lowa area, and contalning
83.4 per cent of thorium, with a lces on ignition of 2.5 per cent.

Toxicological indices followed during both the conditioning and expo-
sure periods were the welght response of the animals, urinary protein excretion,
blood EPH end urea nitrogen, and complete hematologic studies on blood filme
from 3 of the rabbits. There were no deaths among any of the 5 specles, and
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animals were sacrificed terminally except the 3 rabbits on which hematologic
studies are Deing followed. The groas pathological findings were negative at
autopsy. In genersl, moreover, the clinical chemical determinations yislded
negative results. In the case of the rats, a distinct depression of growth
was observed in both males and femamles following the initiation of the dust
exposures. The weight changes in the other aspecies were not significent.

Problem Code: Th.% (Fate)

Section Code! 3220, 3250

Distribution and Excretion of Thorium:

These studies were performed using the UX; as a radloactive tracer. The
lsotope plue thorium sulphate were administered by various routes. All studies
indicated that thorium wae largely insoluble in body fluids; when given orally
it is excreted 1n the feces, when given intramuscularly most of the thorium
ie rocovered from area of injection, when given intratracheally it remains in
the lungs. Following intravenous administration approximately 95 per cent of
the dose is recovered from the liver, spleen, and bone marrow, suggesting that
the reticulo-endothelial system is the elte of deposition.
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PROGRAM ¥F.

FLUORIDE

Problem Code: TF.4 (Fate)

Section Code: 73210, 3220

To supply evidence useful in the litigation arising from an alleged loss.
of a fruit crop several years ago, a number of problems have been opened.
Since excessive dlood fluoride levels were reporied ir human residents of the
same area, our principal effort has been devoted to describing the relation-
ship of bdlood fluorides to toxic effects.

The principel defect in undertaking thie study originally wes the lack
of a method for determining the fluoride content of blood.

Determination of Fluoride in Blood:

A reproducidle, accurste method suitable for routine work was develaoped
which depended upon a prelimingry separation of the fluoride from the organic
components of the blood by distillation from concentrated sulfuric acid at
134-137° €, evaporation and ashing of the distillate in platinum in the presence
of lime, and a final redistillation of the fluoride from concentrated perchloric
acid, The fluoride content of a suitable aliquot of the distillate is done by
a modification of the thorium nitrate -- alizarin red tltratlon.

It is necessary in the sbsence of information io determine first ihe
content of fluoride in normal human and animal blood to serve as & base line
for the toxicity studies.

Flupride Content of Normal Humen RBlgood: Application of this method fo
the determination of the fluoride content of 20 epecimens of nonfasting bloed
of donors whose water supply contained 0.06 ppm fluoride showed a range of
from 0-9 micrograme of fluoride per 100 ml of blood; 45 per cent of thseae
bloods contained no fluoride. In contrast to these observations, the anmlysis
of 12 bloods from donors whose community water supply contained 1.36 ppm fluorlide
showed only 8 per cent of the samples to contain no fluoride; 42 per cent of
the samplee conteined 3-6 micrograms of fluworide per 100 ml. However, the
range of values found for the group was no different from the range of 0-9 ug
F/100 ml found for the previous group of samples. These data may indicate
that the mean blood fluoride level is related to the fluoride content of the
community water supply: the deata are being extended to includs samples from
localities whose drinking water contains still greater amounts of fluoride.

Fluoride Content of Normal Dog pnd Rabbit Blgood: In the course of experi-
mental work, 75 analyses were obtained on 30 normal dogs and 20 anmlyees were
obtalned for 13 normal rabbits. Food enalysee showed the dlet of the doge to
contain 13.1 ppm of fluoride; that of the rabbits conteined 3.4 ppm. Drinking
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water contained 0.06 ppm of fluoride. Approximately 80 per cent of the dloods
from both species were found to contain less than 10 pg F/ml. An additional
13 per cent of the dog bloods snd 20 per cent of the rabbit bloods contained
10-20 pg F/100 ml. A small number of dog samples contained relatively large
quantities of fluoride, ranging up to 70 ug/100 ml.

Routes of Flugride Administration: Iwo routes of administration of.fluorides
have been msed: (1) Rats have been given large dases of sodium fluoride intra-~
peritoneally; {2) Rabbits apd dogs have been placed in atmosphere of hydrogen
flnoride so that iphalation exposures were made.

Blood Fluoride Levels in Eats Followipg the Intraperitoneal Injection

of NaF: Groups of 20 femals rats weighing approximately 134 g were injected
intraperitoneally with 37.8 mg Na¥/kg, the spproximate LD50 for rate of this

sex and weight. A% regular time intervals following the injection, the survivers
in different groups were sacrificed and the fluorlde content of thes pooled.blood
eample determined. I% was found that the fluoride content reached a pesk of
approximately 900 tg F/100 ml within 30 minutes following the injection; the
level then decreased agein. Twenty-four hours after the injection, the blood
content was again at a normal level of 0-3 g F/100 ml. In spite of the fact
that the maximum blood level 1s reached within a half hour after injection,
significant rumbers of fatalities did not begin to occur until 4~5 hours afier
the injection, by which time the blood fluoride level was reduced to approxi-
nately one-tenth of 1ts maximum valus.

Biood Flugride Content Following Expgosure to rogen Fluoride: The
complete absence of reliable datm on blood fluoride levels in previously re-
ported studies of toxic effects of hydrogen fluoride leaves an undesiradle gap
in the information available regarding the metadbolism of fluorldes. In order
to obtain data of this nature, ftwo 5-day exposures of animais to hydrogen
fluoride were completed with dlood fluoride analyses being made at regolar
intervals throughout the exposure perioed. .

The exposure of rabbits to approximately 29 mg H?/m? for intervals

of 1 to 5 days resulted in a five-fold increase in the bloeod fluoride level.
The blood level reached & plateau after 1 day of exposure and did not lncrease
with continued exposure. The fluoride content decressed immedimtely following
termination of the exposure, but was still significantly above the normal for

at lesst 3 daye after the animals were removed from the hydrogen fluoride
atzosphers. :

¥hen dogm were exposed for intervals of 1 to 5 days to approximately
20 mg EF/m3, howsever, the blood fluoride content showed a progressive increace
through the 4%h day; to e maximal value of 291 ug ¥/100 ml at the conclusiozn
of the 5th day of exposure, the blood level showed & precipitous drop to 103 ps
¥/100 mi. The plateau effect so siriking in the rabbi¢s was not noted with
the doge; moreover, the maximal level occurring in the dog wae approximately
2.5 times &8 great as was the highest level seen in the rabbit. Five days
after tsrmination of the exposure the blood levels were still 3-5 times greater
then the pre—exposure levels.
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Urinsry Excretipn of Fluoride:

Work by various investigators has shown that under usual conditions of
exposure to fluoride, as in ecryolite factories, magnesium foundries or in
communities whose water supplles contain appreciable quantities of fluoride,
the greater portion of the ingested or inhamled fluoxride is excreted by the
kidneys. However, these investigations have ignored the relatlon, if any,
between the functional status of the kidney snd the corresponding urlinary
fluoride excretion.

The Effect of Repal Dysfunction on the Urinary Excretion of Fluoride in

the Rabbit: The effect of uranium-produced nephritis on the urinary excretion
of fluoride has been studied in rabbits receiving: (1) a subcutaneous injec~
tion of 0.3 mg Ufkg as uranyl nitrate; (2) the same dosage of uranium in
addition to 15 ppm fluorlide in the drinking water; and (3) 15 ppm fluoride in
the water supply. Control urinary fluoride excretion was also determined.

Within 3 to & days after injection of the niirate, the uranium excretion
of fluoride in those rabbits receiving only the injected nitrate dropped from
a pre-injection level of 0.35 mg F/total daily urine sample to a level of
0.05 mg U/total daily urine sample (a sever-fold decrease). In those rabbits

.recelving both uranium and fluoride the urinary excretion dropped from & pre-

injection level of 1.9 mg F/total daily sample to a level of 0.25 mg F/totel
daily sample, which agein is approximately a seven~fold decrease. The urinary .
excretion returned to the pre-injection level in hoth groupe approximately 12
days after the injection.

Fluoride content of the tooth and bone indicated that the presence of
aranium in the kidney may inhdbit the deposition of ingested fluoride in the
tons ard thus offer a degree of protection against fluorosia. The flunoride
contents of the tooth root, femoral epiphysis and jaw alveolar bone for
Tabbits receiving only added fluoride were singificantly higher than irn com-
parable tissues from rabblts treated with both uranium and fluoride, desplte
the greater quantity of fluoride consumed by thees latter animals. Other
supporting evidencs for the protective effect of added fluoride on uranium

oisoning was: (1) & two and one-half-fold lower blood urea nitrogen; and
2) lowered mortaelity in those rabbits receiving both sgents, as compared to
the results obtained in rabbits receiving only the uranium injection.

The Determination of Urinary Flugride Excretion as a Pogsidle Test for

Rensl Dysfunction: The determination of the urinary excretion of small doses
of ingested fluoride has been measured in $wo individuals with normal rensl
function, and in $wo patients with known abnormal kidney function. One patient
with chronic glomerulonephritis was only able to excrete 20 per ceni of the
ingested fluoride; the second patient with chronic pyelonephritis with hyper-
tension could excrete none of the fluoride. The two control individuals
excreted 45 and 51 per cent of the dose of ingested flurcide.

. Thees preliminary data indicate that the measurement of the urinary excre-
tion of a test dose of fluoride may prove of value in detecting certain types
of renal disorders. .
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Fluoride in Bone!

The problem of the mechanism of deposition of fluoride in bone has
never been settled. This problem is doubly important: It is basic to an
understanding of fluoride toxicology and also $o the use of fluoride in.the
prevention of dental caries. A program of investigation was deeigned to-best .
whether fluoride fon underwent ionic exchange with some grouping in the bone
mineral substance. It was found that, for the most part, fluoride exchanges

" for hydroxyl ion in the apatite lattice of bonme. This process is analogous N

to that obmerved for nranium,
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PROGRAM I.5.

ISCTOPES

Problem Codet I.5.1 (Tracer Chemistry)

Section Code: 3120

Stndies P 1 Met m in the ¥ Usl -Laheled Lysinet

Background: Studies of protein nutrition and protein metaboliem are of““ed
fundsmental importance in seeking an understanding of a variety of phannnannd__fj
of basic concern to modern medicine. Blood protein production and utilizatlon;..
wound healing, convelescence, the resistance of kidneys and iiver to specific..
toxtc agents, and the physiologlical burden of pregnancy are among the outstand~
ing flelde of interest in which it 1s already recognized that adequate protein.

mutrition and an understanding of prutein metabolism are critically involved.
ﬂ-:*?gpg
Becauss under normal conditions the concentrations of the vaerious bleod '
protein componenis are mainteined within marrow limits by phyeiologic nachnnsinn,
1t was impossible by classical methods to measure elther the rate of prodnction,_

or the rate of dleappearance of a glven proteln component.

The element carbon 18 an integral chemical component of the amino acids
from which the proteins are fabricated by the body. If one could label or
tag carbon atoms and thereby label amino acids, the incorporation in a protein
of such a labeled amino acid would become apparent to an investlgator equipped
with the necessary tools for detecting and measuring the presence of such a
label.

The nuclear reaction plle has made avallable 014. an lasotope of carbon, .
which is chemically indistinguishable frop, ordirary carbom, cl2, and which is. .
labeled by virtue of the fact that each C°7 atom has a known probabilify of -
emltting & beta particle detectable by sultable measuring instruments. The
organic chemist has synthesized smino acide (such as the lysine used in our. :
studies) with the C1¥ atoms in a known position in the amino acid molecule. "
Such amlno ecids can be fed to animals and are absorbed and metabolized Just

1. The Distribution of CI¥ Activity 24 Hours After Ingestion of =~Gl¥-

Labeled DL—-lyeine: cl4 labeled DL-lysine has been fed to normal dege and the

rate of appearance of the labeled amino acid in the various blood protein =
fractions becomes a measure of the apparent rate of production of the various
blood and plasma protein fractions. By the mame token, after ths single. dola-m$

of labeled amino acid bas been built up into proteins, the relative rates of ° ¥
disappesarance of the activity from the red cells and plasma protein fractions
becomes & meaxure of the disappearance of the fractions themselves. Such- =¥
conclusions are valid insofar as it is impossible for single amino acids to
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"glip in and out of" the giant protein molecules without complets destruction
of the protein molecule. In other words the loss of a radioactive aming acid
latel is an indicatlon and s measure of the loss of a whole protein melecule -
and its replacement by an identical dut non-radicactive molecule. These con-
siderations are applicable to the blood proteins, but in the case of the tlissue
proteins evidence exists for the replacement of single amino aclds in tissue
protein molecnlea without complete or very profound degradation of the parent
molecule. '

Qut studies in the normal dog have demonstrated rapid and extensive in-
corporation in blood and tissue proteinse. In a typical experiment ambout 3
per cent of the fed dose of radioamctive DL-lysine was present in the cireculat-
ing plasma proteins at the end of 24 hours; at this time the serum albumin
activity per gram was about twlice that of the globulin fraction. However,
determinations on specimens removed at regular intervals during the 24-hour
period suggested that the globulin fraction was actually being formed and,
therefore, turned over at% a greater rate than albumin. This concluslon was
confirmed by other studies meniioned below. ' '

The labeled blood plasma of such an animel was removed with heparin as
an anticoagulant and uesd to trace the fate of plasma proteins when injected
into a recipient gnimal (See I, 2).

The distribution of the isotopically labeled amino acids fed to normal

animals yields & body of data essential for ewvaluation and comparison of
results to be obtained from animals in various abnormal or pathclogical states.

2. The Fate of Glg-Labeled FPlaosma Proteins When Igjected Intravenously

Into g Normal Dog!

Background: A number of investigators have used isotoplcally labeled .
plasma proteins to trace their removel or disappearance from the cireulation
of normal animele into which they have been injected. As a rulse, thess studies
made no attempt to distinguish between the varleus plesma protein fractions
and in some instances, the proteins were treated chemically in & manner which
might seriously alter thelr native state. In general it was found that one-half
of the injected proteins had been removed from the circulation (and replaced by
non-isotopic proteins) in 24 to 48 hours.

Work done duripz the calendar year 1948: In twe experiments normal dogs
were injected intravenpusly with plasma obtained from a normal dog which had
previously been fed cl¥-1abeled lysine. Analysis of samples of blood plasma
removed at intervals reveals that one-half of the injected albumin had been
removed from the circulating blood in 55 to 58 hours, and one-half of the
glotulin fraction had been removed in 38 to 44 bhoura. Thus, even in the normal
dog the plasma globulin fraction is turned over more rapldly than the albumin.

This conclusion has been verified by & study of the aldbumin and globulin activitles
‘of the dog 1n which & single fesding of labeled lysine wae made as in I, 1 of "

this report, and samples of the plasma taken at intervals over a period of
five weeks.
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Studies of the type just described are of significance in any ettempt %o
understand the pathological physiclogy of certaln disease states {s.g. chronic .
nephritie, hepatlc cirrhosis, etc.) in which it hes been impossidle to ascertain.
whether the abnormally low plasma albumin is the result of a‘bnormal loes, or &
result of failure to produce albumin at a normal rate. '

Proposal for future work: By injecting plasme proteins of sufficlently
high specific activity, it 18 hoped to follow the utilization of the plasma.
protein by the various tissues. This will subject to experimental scrutiny

. the hypothesis that the circulating plasma proteins are normally in a dynamic

equilibrium with the tiseue proteins which aqnilibrium way be disturbed .in
disceass.

3. The Fate of Cl¥-Labeled Plagma Proteins When Injected into the Peritoneal
Cayity of the Experimentally Apcitic Dogt

Bagkground: Certailn diseass states such as cirtrhosis of the liver and
carcinomatoeis are associated with abnormsl eccummlations of fluid in the
abdoningl cavity known as mecites. The apcitic fluld is very rich in proteins;
in fact an animal or human may have an sscitic mccumulation contalning several
times as much albumin as is present in tha entire circulating blood.

The availability of 01%-lgbeled plasma proteins makes it possible to -
study the rate of exchange of the protein between the abdomina.l cavity and the
circnla.ting plaema.

Worlk done during the calendsr year 1948: In a $ypical experiment, 014
labeled plascma protein was obtained from a normal donor dog previously fed
¢l¥#-1abeled lysine. The plasma was injected into the abdominal {peritoneal)
cavity and the rate of appesrance of the labeled plasma in the circulating
blood wae followed at intervals. The date show more rapid movement of the
(smaller) albumin moleculee into the circulation; furthermore, the exchange
bstween the abdominal cavity and the blood occurs so rapidly that within 25-30

‘hours a steady state is a.pproac.h.ed in which the blood level of labeled albumin

becones constant.

Prop'oul for future work: Technigues are known for perfusing surviving

1ivers with blood under known oxygen tensions. Thus, i1t 18 possible to main-

tain the liver under conditions closely approximeting the in vivg state. It

18 proposed to use surviving livers to etudy directly their contribution to-
wardes the production of specific plasma protein fractions. Conversely, by
perfusing a normal surviving liver with blood containing labeled plasma protelns,
the role of the liver in metabollsm of the plasma proteins can be studied.

k. Studles of the Protein Stﬁbilitx and Life Span of the Dog Egﬁ- hrocyte!

Background: Until the advent of isotopic tracer methode, the aversge
1ife span of the red cell was i1l determined. Values ranging from about 15
days to 150 days or more wers guoted. The moet reliable figure, based on
quantitative etudies of blood hemin formation and bile plgment excretion,
wag 125 to 130 days.
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Work done during the calendar year 1948: ol 1abeled lysine was fed in
a single dose to a normal dog previcusly rendered anemic by repeated bdleeding.
Under the stimulus of the anemia, the dog rapidly made new red cells lneorporsat-
ing the fed isotopic amino acid. The animal was then bled only small amounts
for Ci¥ aesay at intervals over a peried of 150 days. The results, based on
the decrease of the C1¥ content of the circulating blood cells, indicate an
average 1ife of 115 days for the erythrocyte protein as an entity not exchanging
with extracellular components. This figure corresponds so well with the best
1ife span figures, that it indicates these experiments have independently
measured the 1ife epan of the red cell. In addition it sirengthens the opinion
that red cell protein is not actively altered during the life of the circulat~
ing normal dog red cell. This makes the red cell unique among sll the cells of
the organlen.

Furthermore, on the dreakdown of the red cells a% the termination of their
"1ife span” the hemoglobin protein is not preferentially re-utilized for the
formation of new red cells, '

Proposal for future work: Cogent clrcumstantial evidence exists that the
protein component of hemoglobin, viz., globin, can be utilized to meet the
protein needs of the organism. By giving lebeled hemoglobin (laked red cells)
parenterally, it will be possible to study the sites of hemoglobin breakdown
and utilization.

5. The Intermedisry Metabgolism of Lysine:

Background: It is known that many amine acids underge metabolic con-
veraslon to chemically related but different metabolites before their inecorpora-
tion into proteins. Hence, without isolation, adeguate chemical characterlza-
tion and identification, and iastope assay of the individ emino acids, one
cannot be certaln of the exact chemical blnding of the c1¥ adminiatered as
Cl¥%-labeled lysine.

Previous attempts by other workers seeking to detect the conversion of
lysine to other amino acids were unsuccessful, chiefly because of the methodsa
employed.

Work done during the calendar year 1948: Accepted methods for protein
hydrolyeis and amino acid isclation have been adapted and improved for the
small scale isolation of lysine, arginine, histidine, glutamic, and aspartic
acids. It has alreamdy been found that lysine mey be conrverted into at least
three other amino acids. Hence, the total cl% activity of a proteln from an
animal fed C1¥-labeled lysine can be resolved into components atiridutadle to
lysine, glutamic acid, aspartic acld, ard arginine, as well as at least one
more unknewn component, probably the amino acld proline.

The observation that lysine may be converted to arginine by the animal
accounte for one possible source of the latter when the dlet contains little
or no arginine.

Proposal for future work: It ls expected that the duration of the
probleme on protein metabolism will be indefinite (ninimum of three years)
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II. ZThe Preparation of Antisera to Normal Tissue and Tumor Components:
1. The Use of Radigactive Tracers in Followinz This Reaction Bebween -

Tiggue and Tumor Components and Specific Antisera:

Background: Attempts to treat neoplastic disemse (cancer) with antisera
vere first made over fifty years ags. More recently antisars for normal_tissues. .
have been prepared ani within the last ysar the preparatlon and immunochemical
assay of antisers for normal sdult tissues, embryonic tisseme and tumor tiseuves
have been described. In one report the preparation of anil-rat kidney serum
labeled with radicactive iodine wae described and presumptive evidence for ite
preferaential localization in the rat kldney after injection was presented.
There is considerable room for a careful quantitative etudy of the reaction
between ipotople-labeled antisers and normal tissue and tumor components, first
to demonstrate the specificity of the reactlon in vitro and then to study the
reaction in vive. If a highly specific fixatior of radioactively labeled
antigserum can be affected, it will open uvp & possibly effective mode of -
therapy for -cancer.

Work done durips the calendar year 1948: ZExtracts of normal rat liver and
kldney tissue have been prepared and methods of producing antiseras in quantity

have been worked out using a precipitin reaction for comtrolling titres of -
antibody. -
The work on the radioactive lodination is now in progress.

Future pfgﬁgsal of work: It is estimated that the duration of this
problem will be about two ysare.

Problem Codet I1.9.2 (Autoradiography)

Section Code: 3172

Autoradiographlic Techniques:

Background: Autoradiography 1s a new fileld and offere a powerful tool
to the pathologist, physiologist, biologlst, and viochemist.

1. Stripping Film Techuigue! Stripping film is a film specially prepared
8o that the photographic emlsion 1s on & ten micra thick cellulose ester base
which is, in turn, temporarily bonded to & thick supportirng film to facllitate.
handling, On the occasion of ite use, the emulsion and thin base may be .stripped
from the esupporting film. Thls provides one wlth an emulsion coated on a thin
water impervious base. This arrangement has been of great use in the development
of autoradiographic techniques where it is desirable to mount the tissue and
photographie emilsion in a permanent relation. 4 number of specific techniques
hgve been developed depending on this devica.

bk
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2. Calidbration of Film: With the increasing use of autoradiographic
techniques, it becomes important to determine the most satisfactory emulsion .
or emuleions for this purpose. Comparative studies of several filma and plates
have been made to determine the fastest emulslon with the lowest background and
highest resoluticn for cytological, hlstological, and gross autoradiographs.
The 113} beta spectrum was used; Bastman NTB emulsion was found best for cyto-
logical and histological work. Data is not yet finished to permit a cholce
for the best gross subtoradiographic emulslon.

3. Aubochemography: We have shown that several tissues, when fresh, fog
a photographic plate giving a characteristic pattern. The various tissues fog
gt & different rate. Bone marrow, kildney, liver, etc., fog at various rates
even in the deep freeze unit while blood does not fog. This we assume, is as~-
soclated with one or several reducing mgents present in varylng quentities or
having warying reducing potentiamls. This hae been termed autochemography. It
is gbviously a matter of importance to gein information on this phenomenon since
chemical emulsion fogging might otherwlse be wrongly attributed to the activity
of the specimen. :

It 15 mlso a matter of interest in its own right. Experiments in progress
have suggested that sutochemography may have a place as a histochemical techni~
que. The photographic plate is more sensjtlve than most chemlcal methods in
that one hae a chemical level of about 10V through the catalytic process of
development. :

A particular application which has been of interest to this laboratory
section 18 the possible use of this taol in the dliagnosis of cancer. A pre-
liminary experiment bas shown that a section of gul demonstrating cancerous
tisrue produced fogging. Methylene blue studies have shown that the dlood of
80-95 per cent of proved cancer contains a reducing substance in the blood.
Since plate fogging is believed to be due to reducing substances, it may te
thaet a photographic plate method would have advantages over the methylene blue
procedure.

4, Freezing Microtome Techniques: With short half-1ife materials it is
desirable to reduce so far as poesible, the time required for the histological .
preparation of the tissue, as well as to avoid losing the radiomctive material
in the fixing solutions normally used. This laboratory has, therefore, developed
a technlque for cutting a frozen section of seven micra thickness and transfer-
ring while thawed to a photographic plate in the darkroom. Another technigue
haa been developed for cutting a ten micra section and, while keeping it in a
frozen condition, transfer to a photographic plate in the darkroom. It is
planned to carry the technique one siep further, i.e., separate the tissue
inte individual cells moved laterally from one another.
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Problem Code: I.5.2 (Autoradiography)

Section Codes 3171

Autographs of Blood Cells Conteining Cl¥-Lsveled Glycine:

Backeround: Sine #4ltman, et al demonstrated that the alpha carbon of
glycine labeled with C*7 is lncorporated into the hemin and globin moleties
of hemoglobln, it wae believed that the incorporated oM in an individual
blood cell could be demonstrated by an autoradiograph.

Work done during calendar year 1948: In collaboration with the Radiation
Chemistry and Rodiation Physioclogy Sections of this Divigion, an experiment
was performed in which & rat wae given 3 ¢ of glycine containirng C # 3z the
alpha carbon atom. Blood wae taken from the tail vein 24 hours after adminiastra-
tion of the dese, diluted with serum mede from dog blood, and smeared directly
on an Eastman NTB emulsion. The smears were dried in air and fixed in methyl

‘aleohol. After 67 days exposure, the plates were developed and cleared, and

the cells were stained with Wright's stain.

Excellent suteradiographe were gbltained. In genmeral, it may be said that
the percentage of cells of each type aesociated with definite autoradlographs
declines in the order: lymphocytes, polymorphonuclear, lemcocytes, erythrocytes.
This difference mmey be assoclated with the fact that the rate of turnover of
the different cell iypes decreases in the above order.

A gecond finding was that the conceniratioh of silver grains appears to
be higher in the case of the lymphocytes, which may be correlated with the
higher concentration of nucleoprotelns In the lymphacyte. Thie follows from
the aspumption that a large part of the cl4 actlvity may be assoclated with
the nucleoproteing built up in part from glycine.

This work has been published in Sclence, 108, 529 (1948).

Proposals for future work: The radiation Chemistry Section of this
Division plens to continue ite study of blood formatlon and this section
Proposes to cooperate in respects where autoradlographs may make valuable
contributions.

Problem Code: I1.5.3 (Therapy)

Section Code: 3110

Prepgrgtign and Messurement gof Srgo Films in Eyecups:

Backzround: This problem was undertaken in collaboration with Dr. A.
H. Dowdy of the University of Callfornia Medical School and is concerned with
a new device for treatment by radiation of surface conditions of the cormea
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of the eye. It is deslrable that the radiation used for this purpose produces

its greatest effect within the first 1 or 2 mm of depth in order that the lens

of the eye receive no injuricus effects. It is furthermore expedient to admlnister
the treatment in & perlod of time not longer than fen minutes.: It seemed pos--
gible that a beta emitter, such a8 $r70" might be used in this connection. '

Work done during the calendar year 1948: The first part of this pr°blem:i’

involves the construction and measurement of a suitable spplicator. This
phase of the work has been tenatively completed and further modifications
depend upon the clirnical findings and testis which are in progress.

The details of the preparation of the applizators can be briefly sum-
marized. To carrier-containing sr?0 solution, golatin was added. Tilms of .
gelatin of uniform thickness were prepared and these films were cemented %o
the inner surface of the eyecups, each film covering approximately one 90°
quadrant. An equal area of the same shape cubt from the same film preparation
wag cemented ontoc a flat brases plate. Both films were covered with a layer
of butyl methacrylate. Dosage measurements were made on the flat film with a
specially constructed extrapolation chamber calibrated by means of x-irradlation.
The dose dslivered by the finished preparation was measursd to be 12 r per minute
average to the first millimeter of tlesue.

Proposal for future work: If the clinlcal tests turm out satisfactorily,
beta applicators of varied shapes, designed for a number of uses, may be made.

Therapeutic Use of Radio-lodine, It31e

Background: This work is a contlinuation of a collaborative program in-
volving the Department of Radiology of Strong Memorial Hospital. The program
18 concerned with the use of the eight-day half-1ife isotope of iodine partislly
or wholly to destroy thyroid tissue both in normal situ and metastatic. -The
division of labor is such that the Radiclogy Department critically selects
suitable cases for treatment from the group of patients referred by hospital
staff members. An agreement 1s arrived at in regard to the suitable dose.
The personnel of this Section, having measured the activity of isotope ship-
ments from Qak Ridge, make up the dose for the particular patlient and analyze
urine and blopsy samples, if any, for beta activity. Frequently gamma counts
are made with & lead columnated G.M. tube at points of intereat around the
surface of the patient's body subsequent to administration of a tracer or
therapeutic dose. Autoradiogrephs are made in all cases where samples of
bilopey thyroid tumor are obtained.

Work done duripg calendar year 1948: In general we have used iodine, 113L,
to treat three kirds of cases: OGraves's disease, thyroid tumors, and a third

*5:r70 omite beta particles of Ej ., = .65 MEV with a daughter product of Tttrium
with & beta particle of E . = 2.2 MEV. :
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group where destruction of thyroid tissue is indicated in treatment of some
condition not involving thyroid dlsorders per se. The following summary
indicates the scope of the treatment program for 19483

Suspected or

Graves's Disease Verified
Poptients Tumor Patients  Qther

Ho. of total doses

(Including tracer studies) 13 13 3
No. of therapeutic

treatments 12 3 3
Amgunt in millicuries :

I 1731 dispensed 89 104 25

In general, 1t may be noted that the treatment of the Graves's disease
patients has been uniformly marked with success and enjoye the enthusiastic
cooperation of the hospital estaff. The tumor cases that we have treated have
shown improvement. The question am to whether cures will be produced can only
be enswered after longer treatment and observation. The casea in which the
thyroid was destroyed in order to treat heart disesse have given satlisfactory
results.

Propossl for future work: It is proposed to contimue this collaboration
program with an increased emphasis upon measurements of a research nature in
order to improve the clinical $reatment procedures.

Effect of X-irredistion on the Ability of Rat T pidsg to Take up Iodine:

Background: Since this Section of the local Project in collaboration
with the Radiology Department of Strong Memorial Hospital has undertaken &
program employing radio-iodine as a therapeutic tool, the question of the
radiation resistance of the throid gland is important for our work as well
as the work of many other therapeutic users of I 131, As a first objective,
we proposed to answer experimentally the questlon "What is the maximum dose
of x-irradiation which has no effect on the rat thyrold as measured by its
ability to take up lodine and to bind iodine in organic form?®.

Work done during the calendar year 1948: Our method of investigation
has involved the local x~irradiation (250 k.v. filtered so that the half velue
leyer was egulvalent $o 2.15 mm copper) of the thyroids of rats placig on an
"iodine-low diet, and the test of thyroid funciion by administering I in a
amall single dose at varying intervals of time after irradiation. The animais
were sacrificed four hours after sdministering the lodine dose, and the
exclised thyroid glands were analyzed for total 113l content and separately
for dialyzable end non-dialyzable fractlons.

1)
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The present status of the work is that tests have been completed for
1000 r dose of x~irradiation and sre underway at the 3000 r level. The find-
ings are that thyroid function is not impaired at the 1000 r dose level. On
the basis of the incomplete data for 3000 r, it appears that there is likewise
no effect at this dose,

Provosal for future work: It is proposed that the studies at the 3000 r
level be completed. It may be difficult to. extend the x-irradiation to higher
doses due to systemic effects found in spite of careful columnation of the x-ray
beam.

As a corollary to this dose study, 1t ie proposed that autoradiographs be
nade of rat thyroids and human biopsy thyroid specimens to study the space
distribution of iodine, 1131, in the gland. ZFEmulsion grain counts per unit
area would be made on an area of the antoradiograph sufficiently large to be
representative of the tissue. This should obviously be done as a function of
time after the administration of the dose and perhsps as a function of the dose.

- [ [": .
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PROGRAM 0.S.

OUTSIDE SERVICE

Problem Code: None

Section Code: 3310

The nature of the work carried out under Code 3310 (Outside Service)
during 1548, hae beern the supplying and processing of film badges for radia-
tion monitoring, and liason work with the New York Operations 0ffice involving
the arnalysis and reporting of various eamples collected in the plants under -
their direction. During the year the majority of the film monitoring was taken
over directly by the New York Office so that by the latter half of the year
wo vere processing only 1/8 of the amount previoualy recelved. These few filma
were from places like Brookhaven, Columbia, California and the Universify of
Bochester Physies Department where the monitoring involved radiatione eddil-
tlonal to beta and gamma. : ,

The balance of the work parformed by this Section was concerned with the
recelving of samples approtioned to other Sections, chiefly, 3110, 3150, and
3210 for anmlysis and final reporiting of results. Included also was the pre-
paration of certain sampling containers and shipment of such sampling equlpment
to wvarious sites. The number of different types of samples handled by this
Section for the calendar year 1948, are as follows:

Smears: 20
Urinesa:
Uranium 718
Fluoride 338
Beryllium 53
Beryllium dust 2197
Uranium dust 168 ”'.%"
Radon air 354
Radon breath 9
Fingerprint 916
Soll:
Uranium 104
Beryllium 4
Radium 5
Liquiad:
Uranium 54
Fluorids 3l
Beryllium 3
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Miscellaneous! 3
(Tissues for analysis -
done by Dr. Steadman)

Films 14,031
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PROGRAM P.H.

PROJECT HEALTH

Problen Code: XNone

Section Code: 3330, 3351

Activities in the Project Health group have consisted in establishing a
medical code for personnel of this Project, for pre—employment and termlnation
examination of individuals employed here, and the necessary first ald for
individuals employed here, and the necessary first aid for individuals injured
on the Jjob.

The second activity in cooperation with the Hematology group has been
concerned with the careful evaluation of possible exposures to beryllium and
1te compounds to Project personnel working on the inhalation chambers. On
such areas, an occaslonal small concentration of beryllium in the atmosphere

" has been observed. Careful examinations, x-rays, hematology, and analysis of

beryllium concentration in 24-hour urines have been carried out. To date 2o
apperent abnormalities have been noted slthough this project is continuing.
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PROGRAM E.P.

HEALTH PHYSICS

Problem Code: H.P.1 (Research and Development)

Sectlon Code: 3320

Investization of Film Behavior:

The major interest in the area of developmental health physice has in-
volved the thorough investigation of the use of photographic film of varying
types in the accurate measurement of lonizing radiations of wavelengths rang-
ing from 1 engstrom to 0.00L angstrom. - Investigations were directed first to
the x-ray measurements, inasmuch ae generators were available.

The plan of attack has consisted in the main of the memsurement of absorp-
tion curves from the generators. BSuch measuvrements ultimately reveal the half-
value layere for specific pre-filtration. With such values known, &ll data
could then he referred to the respective half-value levels for the specific
wavelength ranges. Using the avallable .14 MEV. and a 1.0 MEV generators,
films were exposed in algebraic progression uniformly developed together with
sensitometric control strips end measurement of each exposure correlated by
simultaneous measurement of iomization by a Victoreen "r" meler celibrated
against a standsrd chamber (see later section).

Data obtalned from this method were correlated with measuremente made
in a parallel experiment with personnel of the Department of Badiolegy in the
medical School. The film packets studlied were equipped with two copper filters
0.12 and 0.24% mm in thickness, thus making areae of three different densities
available for interpretations. Other measurements were made simulianeously
with pencil chambers and fixed area monitors. Such data were analyzed and a
technigue developed for reducing measured denslties in film Yo absolute expo-
sure values for the different energies received by the film. Details and tabu~
lations concerning such measurements are glven in the Quarterly Technical Report
for July-September, 1548 (HRochester Report UR-45).

¥ith the success of the present method plene are in progress to carry
this investigation, not only to higher energles, but also %o those complex
energies found in the analysis of film following exposure to beta irradiation.
To speed the carrying out of such measurements a photographlc sensitometer
has been designed and conetructed. This apparatus consists of an aluminum
cassett containing the photographic emulsion which 18 brought into a beam of
the desired radiatlon by means of a stepping control. This latter control can
regulato oxposure either by algebraic or geomeiric progression. At the eame
time, simultaneous recording of the total radiation dose im achleved by the
use of an integrating recording lonizing chember., Plans call for the investi-
gation not only of varying types of radiation but varying gradee of sensitive
compounds of emmlsions to each specific type.

P1agaby
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With the aid of the Bureau of Standards a stendard type of free alr
ionizing chamber has been constructed and 1s being used in the previcusly
discussed calibration scheme. Plans for the extension of the ranges of this
instrument beyond that of the present 250 k.v. radiation are well under way,
and it 1s hoped that ranged beyomd 1 MEV. can be attalned, thus allowing
for measurement of gamma radiation from standard radium sourcee and the iike.

Problem Codet H.P.2 (Service)

Bection Codet 3320

Monitoring:

A separate activity of this Section has been concernsd primarily with
routine monitoring of the facility including contaminated areae, exbaust
stacks and fixed lonizing generators. Surveys have indicated that no major
radiation hazard exists.

Chemical anaiyeis for possible.chemical hazards bhas likewise been car-
ried cut on a routine basie for control of exposures, particularly beryllium
compounds. : _

A small "hot" laboratory hae been constructed and is supervised by -
this group.
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PROGEAM C.S5.

SPECIAL CLINICAL SERVICE

Problem Code: HNone

Section Code: 73312 °

During the year seven patients with chronic beryllium poisoning were
studied, the major efforts being directed into two distinct areast (1) respira-
tory physliology, and (2) metabolic study. In addition, for comparative purposes,
one patient with chronic liver dleease and one patient with pulmonary fidrosis
with severs anoxia were studled. Resulis of all of theee experiments have
been reported in detaill in the Quarterly Reporis covering this peried {Rochester
Reports UR-21, UR-38, and UR-4#5). Significant findings on the respiratery
studies of these various patients can be summarized as follows: The main
deviation from the nmormal ie hyperventilation, particularly during work;.this
compensating for the produced hypoxemis. The obeerved diminished arterial
saturation is a function of abnormally increased alveolar-arteriaml gradient
for oxygen and & contracted lung volume, the complemental alr being particularly
involved. Polycythemia may also be seen as & compensatory mechanism but is not
observed in the majority of cases. Advanced cases of varying stages of cor
pulmonale and occasionally congeetive heart fallure occur as & result of. the
increased pulmonary resistance. Of definite interest is the dally variation
in the inteneity of the dyspnea which can be only related to the psychologleal
results of an occupational disease and the anxiety so produced. It ie:possidle
that definite alterations in the water and elecirolyte exchange may produce
increased awareness of dyspnea from & subjective viewpoint. Results of.
respiratory studies are reported in extensive deteil in Rochester Report UR~4¢3.

Resulte of the complete metabolic study on five patients and partial.
study on two sdditional patiente yleld the following information:t Patients
with chronic beryllium poisoning definitely present a picture of a generalized
disease mesociated with excessive welght loss, hypoalbuminemia, evidence-of
liver disease as well as renal disease and laboratory evidence of disturbance
in nitrogen metabolism. ¥From respiratory studies, it is quite obvious that
anoxia presents a definlte complicating plcture.

Careful study of the nitrogen metabolism of four patlients, only three
of whom exhidited marked respiratory embarrassment, all exhibited large welght
losses. Nitrogen balance. etudles on very high nitrogen intake showed marked
difficulty in establishing good evidence of nitrogen storage. Fecal nitrogens
were in exceem of the normal amount, suggesting difficulty in absorption;
evidence of liver diseame would suggest the possidility of difficulty in
utilization, and anoxia of the bowel might likewiase be contributory to faulty
absorption and utilization. However, stool analysis for fat on two occasions
was not observed to be high as would be expected {f faulty absorption was a
major factor. The poseibility of increased excretion of nitrogenous subastances
into the gut could be raised, although this poesibility has not yet been in-
ventigated. In view of the presence of liver involvement and possidle faulty

EELERE

Load

"UYR 01010



118.

metadolism based on such pathology, one patient with liver dlasesse was investi-
gated in a similar fashion and showed a marked abllity to store nitrogen,
particularly uwnder the influence of testosterone. Adeguete trial of testoaterone
did not cause appreclable storage in patients with chronic beryllium poisoning.
A% the present time the effect of anoxie on protein metabollsm is being stndled
in individuals whose anoxia is not attridutable to chronic beryllium poisoning.
Results are not yet ready for analysis. Complete summaries of accumilated data
on the metebolic experiments may be found in the Quarterly Reports covering

this perlod, to which reference can be made for more detail.

The dally wurinary 17 keto-sterold exeretion was studled in three msn and
three women. In contrast to the normal value obtained in thils laboratory, all
showed marked decrease in keto~steroid excretion. In the women, values of 5.1,
2.8, and 4.7 (normal 6-20 mg/day) were noted. In the men, values of 3.0,
3.6-6.0, and 7.0-8.7 mg/day (normal 13-25 mg/day) were found. Urinary gonado-
trophinsg in two men were determined, and subnormal values were also obtalrned.
The significance of there findinges and their relation to nitrogen metabollsm
19 as yet unkmown but is being further lnvestigated. Complete deteils will he
given in a future report.
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PEOGRAM 1I.XN.

INSTRUMENTATION (SPECTROSCOPY, ELECTRON MICROSCOPY, X-~BAY AND
NUCLEAR RADIATION DETECTORS, X-BAY DIFFRACTION, ELECTRONICS)

Problem Codet: I.N.1 (Research and Development)

Section Code: 3110

nst tation 8 ch Devel ent!

Bac undt This problem category includes machine ahop and electronics
shop werk in the design and construction of new equipment to be used by the
various Sectlons in carrying out their research programs.

Work done during the calepdsar year 1948:

1. 014 Program:

(a) Puilt vane ionization chamber and electrical components
according to Dr. W. F. Bale's design.

(b) In connection with ¥ counting method built epecisl
counter tubes, lead tube shield, quenching circults, and
other slectrical components as well as glassware for
tiesue digestion and 005 handling.

(c) Rebuilt proportionmal counter for tests investigating
suitabllity of this method for 0¥ countirg.

2. Radon Measurement Program (R.M.4):
(a) Bullt an ignition furnsce for heating charcoal cartridges.
(b) Made mask parts for use in collection of breath radon.
{c) Made hermeticmlly sealed containers for charcoaml cartridges.

3.  Radon Measurement Program (0.85.):

{a) Redesigned and rebuilt vane ionmization chamber for air
bulh measurements.

4. 870 Filn Measuremente (I.5.3):

{a) Bullt emall extrapolation chamber probe and probe chamber.
(b} Buillt aseociated electrical circuits.

(c) Built metal welle for preparation of films.
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5. Miscellaneous Items of General Use:

(a) Counter probe and electrical circuits for survey of
laboratory bench-top contamination.

(b) Band counter tube and shield for checking hand contamination.
6. In Connection with Teaching Program:

(a) Special apperatus to carry out measurement of range of
« particles.

(b) Cloud chamber to observe and photogreph tracks made by
alphs and beta particles.

Problem Code: I1.N.1 (Research and Development)

Section Codet 3150

Davelopment and Improvement of Spectrographic Methods of Anmlyais:

Background: Spectrographic methods have proved a very useful tool in the
quantitative assay of such metals as uranium, beryllium, and thorium.

The uranium content of tissues le rarely large, even in tissues contalning
the greatest amount of uranium after long-time exposures. Amounts of uranium
less than 1/10 of a pg frequently are encountered. Obvicusly the former uranium
method with its sensitivity of about 0.2 pg could not be employed.

One of the most mystifying aspects of beryllium poisoning is the extra-
ordinarily minute iraces of beryllium present in the tissues, for example, in
the lung of patients dying from chronic gramulomatosis or from acute pneumonitia.
Ho sensitive chemical method is available. In the experimentsl animals, like-
wige, only the minutest traces of beryllium are found in many of the tissues .
following exposure to beryllium dust-laden air. Providentially, the speciro-
grephic method for beryllium is one of, if not the most, sensitive analytical
methode known.

The probelm of thorium distribution and excretion is complicated dy the
extraordinarily small quantities of thorium which ordinarily are found in the
tiesuena. There is no chemical method applicable.

Work done during the calendar year 1948: The sensitivity of the methods
developed in this laboratory for the determination of uranium was increased
by about a factor of ten. The present sensitivity is about 0.02 micrograms
uranium. The method is described in the Rocheater Report UR-4l.
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The sensitivity of the method developed in this laboratory for the deter-
mination of beryllium, in urine in particular, was increased by aboul a factor.:
of five, The smallest amount memsured is 0.002 micrograms. Sensitivity for.
urine measurement is ebout 0.01 micrograme per liter using a 500 ml sample.
A comprehensive abstract of the method was writien up as a Bochester Beport -
UR-18, and made available to industrial anslytical laboratories.
tien maasurementa and consultations were carried out in colladoration with: £
several spectrochemical laboratories outside the Atomic Energy Commission for::
the purpose of wnifying the metheds of analysee to be used in the bYeryllium= &
industries.

The sensitivity of the method developed in this laboralory for the e
determination of thorium was increased by about a factor of ten. The preaant“3p,
gensitivity 18 about 0.01 micrograms. ks

Proposal for future work: It is proposed to contlinue this resesrch in:
order to improve the epectrographic methods of analysee of materials of '
interest to the Project.

Probvlem Codet I.N¥.1 {Research and'Development)

Section Code: 3161

Hegeerch and Development of FBleciron Hicrgscgge_Techniguesz

Backzround: Requesis are made to this Section for electron micrographe
of 2 great variety of materials. In order to get satisfactery results, it 1s
nscessary to malntain an active progran on ressarch and development of new
handling techniques.

Work done during the calendar year 1948: Below are listed the 1mprovements
in technique which have been realized during the past year: -

1. A special method was developed for electron micrographs of glass
beads. These beads were used in calibration of equipment for -
meapurement of the eurface area of particles. sl

2. A photo-electitic device wae developed which measures the inten-
sity of illumination of & fluorescent screen in the path of the
electron beam and provides s means of predetermining the correct
exposure of plates in the electron microscope. fag

3. A standard microtome was altered t¢ make possible the cutting
of histological sections of the order of 0.1 to 0.2 micro in
thiclmesns.

4. A magnetic beam splitiing device was constructed which 1s at-
tached externally to the eleciron microscope. The magnetle S
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field from a pair of coils separates the electron team into two
components which, if the instrument is not correctly focused,
resulis in two images of the epecimen. When exact focus ie
achieved, the two images move into colncidence. The effect is
similar to that of a range finder of a camera.

5. A technique for the easy production of sllica films for use as
a epscimen support wae developed.

6. An instrument io mark the electron microscope specimen was
devised which makes possible the loealization of the particular
area for sxmminstion in the optical and electron microecopes.
It also simplifies the finding of the eame area in the electron
microscope whenever deslred. ’

7. A preliminary investigation of a new photographic emulsion in
collaboration with Eastmen Kodak promises an improved plate for
electron microscopists. Thus far, it is indicated that the plate
will have greater sensitivity to the electron beam, greater
contraat, and a several-fold gain in resoclution over the best
rlatens uesed in the past.

Problem Code: I.B.1 {Research and Development)

Section Code: 3320

Beuntron Detector:

By arrangement with the University this Section has been developing a
program on health safety for the new 130-inch cyclotron. Early evaluation of
the proposed program indicated a necessity for a suitable neutron indicator
capable of measuring high intensity radlation.

An instrument has been designed in which it i1s hoped that adeguate com-
peneation for gamme radiation can be gained similar to that of other instru-
ments developed elasewhere. This instrument consists of two lonizing chambers
of different sensitivity in which the central collectors are comnnected and the
outer electrodes have opposing high potentinls. If an imbalance of the central
electrodes is produced by a neutron beam, the current so produced is amplified
by & vacuum tube electrometer and direct coupled amplifier, and the output fed
elther into @ milliammeter or & contimuous paper recorder. This insirument
is now under design and appears to react well tc the energy beam produced by
the cyclotron. Calibration for high energy neutrons is to be attempled by
meens of the C12 (n,2n) Gl reaction occurring st high energies. More complete
results of thess studies will be reported elsewhere.
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Problem Code: I.N¥.2 (Service)

Section Codes 3110

Instrumentation Service:

Background: This problem category includes bullding and repair of
standard electronic and mechanical equipment where no new design or research
18 indicated. It aleo includes routine measurements performed for other
Sectionsof the Badlology and Blophysica Division.

¥ork done during the calendsr year 1948:
1. Measurement of Polonium Foil Samples:
(a) 1412 foil samples were analyzed for alpha activity.
2. Service and Repair of Counters:

(a) Six counters in use by this Division have been maintained
in operating condition.

3. For Radon Msasurement (R.M.4):

(a) A duplicate alpha gas chamber end mesociated electrical
circults were bullt.

4. Construction of Miscellaneous Items:
(a) Eight G.M. tubes were tuilt, filled, and are being tested.

(b) A scaling circuit was constructed for use in testing new
G.M. tubes.

{¢) An alphe plate counter electronic circuit was built.
(4) A standard ionization chamber power supply was constructed.
(@) A small portable ionization chamber was constructed.

(£) Twelve screw thread remote filling devices for pipettes
were constructed.

5. Glass Bench:

(a) Glass bench supplies were purchased and glass bench
facllitles maintained as a Division service.
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Problenm Code: I.H.2 {Service)

Section Code: 3150

Spectrosraphic Service Anplyses:

Background: The results of analyses made for personnel of the Rochesier
Project have been incorporated in the research programs of several Sections.
Analyses have been done mainly for beryllium.

Work done during the calendar year 1948: These analyses are divided
into three principal typest

1. Analyses of human urines from patients studled by the Divislon
of Medical Services. Number of Anmlyses - 102.

2. Apalyses of animal tissues for distributlon siudlies by the
Division of Pharmacology and Toxicology. Number of Analyses ~ 401,

3. Alr dust analyses for control of beryllium dust chamber
concentrations for the Pharmacology Division. KNumber of analyses - 1505.

Work planned for the fuiurs: It is anticlpated that this service
will continue for an indefinite perilod. ;

Problem Code: I.N.2 (Service)

Section Code: 3161

Electron Microscope as Used for the Examination of Pustst

Background: The electron microscope was installed for the purpose of
studying the morphology of the rumerous particulate materials (dusts) used
in the various animal exposures.

As an example of the usefulness of this approach, the measuremenis on
berylliuvm dust may be cited. Some time ago, Mr. Eisenbud of the New York
Operations Office came to us with the euggestion that one of the grades of
beryllinn oxide might be responsible for mich of the poisoning found in beryl-
lium workers. It immediately became important to eee whether any differences,
physical, chemical or toxicological, could be discovered between the various
gredes of beryllivm oxids. A dramatic demonsiration of the difference in
particle size was immedimtely discovered by the use of the electron microscope.
The refractory grade has large, massive, chuniky particles; the fluorescent
grade has open, basket-~-like, mosaic-surfaced particles; the mpeciml material
heated only to #00° contained innumerable, exiremely minute flakes. From
other scurces, evidence ie accumulated that the lncreases in toxicity are
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parasllsled by increases in particle area to volume ration, that is, by deereases
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in particle size,

¥Work dgne during the cmlendar year 1948: During.the past year, a total
of about 950 photegraphic plates were taken in connection with the measurement
of partliclie size. BStudies were made on the following dusta:

1.
2.
3.
4.
.
6.

Beryllium oxide
Heryllium hydroxide
Uranium oxides
Beryllium fluoride
Silica dusts

Rutin crystals

 Proposal for fubure work: It is proposed to contimue the use of the
.electron microscope for the examination of small particles as a service to
local and outside groups.
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