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INTRODUCTION

The scientific work presented herein has been coded at the progrem
and problem levels according to the scheme given on Pages 7 and 8, In
the report all contributions to a given problem have been assembled to-
gether without regard to the administrative orgenization excep@ that the
number of the section which did the work is prefixed in each case, By
using this number, it can be found on Page 12 what administrative officer
can be approached for information about particular work,

It should be noted that the Quarterly Technical Reports of The
University of Rochester Atomic Energy Project do not attempt to describe
progress in all of the research programs but only in those in which same
significant results have been achieved but which are not sufficiently

complete to be written up as a final report,
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EXPLANATION OF PROGRAM AND PROBLEM CODEZS

The scientific work at The University of Rochester Atomic ZEnergy
Project has been coded at the program and problem levels. The progrems, in
general, indicate broad fields of inv&stigative or service activities while
the problems indicate divisions of these fields, Although no consistent
method of division in problems was possible, an attempt was made to .
achieve a natural division in the sense that each problem would encompass
a subject normally written up and generally considered &s & unit. The
program or chemical toxicity of uranium, for example, has been broken down
into problems according to the divisions commonly employed by toxicologists,

The problem codes are not related directly to the administrative or-
ganization of the Project. Consequently, the smallest administrative umit,
the section, may work on more than one of the coded problems., Conversely,
more £han one section may work on the same coded problem. The administra-
tive organization will be ignored in making this quarterly report of our
research and sérvice activities, all material being assembled according to
the program end problem codes., The contribution of each section to =

Querterly Technical Report will be prefixed by the section number, however,

to permit reference to the administrative organization if necessary,

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

codes,
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PRCGRAM AND PRCBLE.! CODLS

BIOLOGICAL EFFECTS OF EXTHRIAL RADIATION (X-RAYS AID 7 RAYS)

II. 1I1.R.

X.R,1 Tolerance Studies (dose levels, surivial time, gross
and histo-pathology)

X.R.2 Mechanism of Effects (physiological and biochemical)

X.R.3 Therapy (measures against radiation effects)

X.R.4 Hematology

X.R.5 Genetics (histogenetics)

" X.R.6 Embryology

X.R.7 Bacteriology and Immunology

BIOLOGICAL EFFECTS OF EXTERNAL RADIATION (INFRA-RED & ULTRA-VIOLET)

III, R.M,

I.R,1 Flash Burns

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

RoM,1 Polonium
R.l,2 Radon
R.M.3 Thoron

R.M.4 Mliscellaneous Project letals

URANT UL

U,1 Physical and Chemical Properties
U.2 Toxic Effects (description of acute and chronic toxicity)
Ue3 Toxic Limits (respiratory; oral; skin; eye; parenteral)

U.4 Fate (distribution and excretion)

‘Uob Mechanism of Toxic Effects

U.6 Methods of Detection of Poisoning, Prophylaxls, Treatment

and Protection
EZB Eﬁ H
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V. Be, BIRYLLIUL

VI,

VII,

Tho

Be.l
Beel
Be.3
Beo4
Be .5

Be .6

Physical and Chemical Properties

Toxic Effects (description of acute and chronic toxicity)
Toxic Limits (respiratory; oral; skin; eye; pareﬁteral)
Fate (distribution and excretion)

Mechanism of Toxic Effects

Methods of Detection of Poisoning, Prophylaxis, Treatment
and Protection

THORIUM

Th.l
Th.2
Th.3
Th.4
Th.b

Th.8

Physical and Chemical Properties

Toxic Effects (description of acute and chromic toxicity)
Toxic Limits (respiratory; oral; skin; eye; parenteral)
Fate (distribution and excretion)

Mechanism of Toxic Effects

Methods of Detection of Poisoning, Prophylaxis, Treatment
and Protection

FLUORIDE

F.1
Fo2
Fo3
F.4
F.5

F.6

Physical and Chemical Properties

Toxic Effects (description of acute and chronic toxicity)
Toxic Limits (respiratory; oral; skin; eye; parenteral)
Fate (distribution and excretion)

Mechanism of Toxic Effect

Methods of Detection of Poisoning, Prophylaxis, Treatment
and Protection
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VIII. <r, SIRCCUIUL

Zr,1 Fhysical and Cheamical Properties

2r.2 Toxic ZIffects (dcscrintion of acute and chronic toxicity)
Zro3 Toxic Limits (respiratory; oral; skin; eye; parenteral)
Zr.4 Fate (distributicn and excretion)

Zr.5 Mechanism of Toxic Effect

Zro6 Methods of Detection of Poisoningz, Prophylaxis, Treatment

and Protection

IX. S.M, SPIIAL LATIRIALS

S.M.1 Physical and Chemical Iroperties ¢

S.M.2 Toxic Effects (description of acute and chronic toxicity)
Seds3 Toxic Limits (respiratory; oral; skin; eye; parenteral)
S.M.4 Fate (distribution and excretion)

S,1{.8 lechanism of Toxic Effect

S.M.6 liethods of Detection of Foisoning, Prophylexis, Treatment

and Protection

X I.S, ISOTOPES

I,S.1 Tracer Chemistry
I.S.2 Radioautography

I.S8,3 Therapy

XI. 0.5, OUTSIDE SERVICES

XII. P.H. PROJECT HZALTH

XIII, H.P, HEALTH PHYSICS

H.P,1 Research and Development
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XV,

C.S,

11,
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SPECIAL CLINICAL SERVICE

I.N,

INSTRUMENTATION (SPECTROSCOPY, ELECTRON MICROSCOPY, X-RAY AND

NUCLEAR RADIATION DETECTORS, X-RAY DIFFRACTION, ELECTRONICS)

I.N.1 Research and Development
I.N.2 Service

I.N,3 Instrumentation for Outside Organizations

A
i3

‘g$! R‘éﬁ?gﬂiA&;ﬁéiapﬂﬂﬁi iz mﬁ

- UR 01438



12,
MR B My
RR ?oaémﬁmm gomﬁ

2l

o SLATDCT =

ORGANIZATION

I, DIVISION OF RADIOLOGY AND BIOPHYSICS (3100): William F. Bale

Section Code Section Administrative Head
3110 Instrumentation Johm B, Hursh
3120 Tracer Chemistry Leon L, Miller
3130 Radiation Tolerance John B. Hursh
3136 Radiation Physiology John B, Hursh
3140 Radiation Chemistry Kurt Salomon
3150 Spectroscopy Luville T, Steadman
3160 Radiation Mecheanics Michael Wetson
3170 Radiation Toxicology J. Newell Stannard
3171 Badioautography J. Newell Stannard

1I, DIVISION OF PHARMACOLOGY AND TOXICOLOGY (3200): Harold C, Hodge

Section Code Section Administrative Head
3210 Industriel Hygiene Herbert E, Stokinger
3220 Biochemistry William F. Neuman
3230 Ingestion Toxicity Elliott Maynard
2250 Pathology James K, Scott
3260 Physiology Aser Rothstein

III., DIVISION OF MzDICAL SERVICES (3300): Joe W, Howland, M,D,

Section Code Section Administrative Head
3310 Isotopes and Service J. Russell Hayes
3320 Medical Physics Herbert Mermagen
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Section Code

3370

3380

3390

Vo RSSZARCH SERVICE

Section Code

3480

3490

Vv, SPECIAL RESEARCH

Section

Project liedicel Service

Clinical Chemistry
Therevy

Hematology

Mouse Genetics

Zmbryology

Photographic Service

Section

Educational

Statistics

PROG RALL

Section Code

2802

2604

Section
Flash Burn

Zirconium

Administrative Head

Marylou Ingram
T, Burkett lason
Frank ¥, Furth
linrylou Ingram
Eileen Otis

Tarl =, iason
James G, ‘Alson

Robert L, Hay

Administrative Head

J. Newell Stannard

S, Lee Crump

Administrative Lead

Harry D. Kingsley

Herbert E. Stokinger

UR 01440



TR N

14,

UICLASSIFIZD

FROGRAN X, R. -

BICLOGICAL ErF:CTs OF EXTIRNAL RADIATION(X—RAYS AND Y RAYS)

Problem Code: X.Ro2 (Mechanism o1 Effects)
Section Code: 3140

Authors: B, W. Gabrio and XK. Salomon

The Distritution of Total Ferritin in the Intestine and Mesenteric Lymph Nodes of

Jorses After Iron Feeding, -

3ackground, ~ferritin is an iron protein complex compound which is used as
an iron storage protein and which has been postulated also to play & role in
iron ebsorption. It occurs mainly in spleen, bone marrow and liver, It also
occurs after iron feeding in the intestinal tract., Because of the great semsitivity
of the intestinal mucosa as well as of the hemopoietic system to radiation, more
information about the role of ferritin in iron metabolism is desirable., Due to
recent work carried out in this laboratory* as well as in the laboratory of
Shorr and Mazur, & quarntitative serological method for the determination of
Jerritin and apoferritin, its protein moiety, has been made available, Consequently,
a quantitative distribution study of this protein has become possible, A
thorough knowledge of the distribution of ferritin under normeal conditions is
essentiel before pathological conditions can be investigated,

It has been postulated that a mechanism exists in the gastrointestinal
nucosa for the regulation of iron absorption. Hahn et al (1) suggested that
ferritin in the gastrointestinal mucosa was involved in such & way that the
protein moiety, apoferritin, could accept the iron and eventually, when saturated,

prevent further absorption thus establishing a "mucosal block", Granick (2)

*B, ., Gabrio, Thesis for Degree of Doctor of Philosophy in Biochemistry
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nodified this postulate by contending that the mucosal cells were "physiologically
satureted” with respect to the ferrous ions instead of ferritinm, but that the
ferrous ions were in eguilibrium with ferritin iron.

In 1946 Granick (3) presented evidence which seemed to substentiate the
hypotheses that ferritin exerted a regulatory action in the absorption of irom,
Using the semi-quantitative technique of counting ferritin crystals formed on a
slide after teasing a piece of tissue in the presence of 10% CdS04, he found
ferritin only in trace emounts in normal duodenal mucosa of guinea pigs, After
iron feeding, however, there was a rapid and profound increase in the amount of
ferritin in the intestinal mucosa, and about 3-6 days after iron feeding, ferritin
content had dropped to the level of the control animals, This increase and
decrease of ferritin content paralleled the phenomenon of the "mucosal bloqk".

Gillmen and Ivy (4) were unable to demonstrate consistently this increase
in crysteallizable ferritin in guinea pig intestine after iron feeding, but
Granick's results could be reproduced in our laboratory*, However, Gillman and
Ivy presented histochemical evidence for the demonstration of iron which indicated
that there was a progressive increase in the amount of irom in the intestinal
epithelial cells, the lemina propria and tumica propria of the villi, the .
submucosal lymph vessels, and the mesenteric lymph gland after iron feeding,
followed by a graduasl decrease in the histologically demonstrable iron. This
phenomenon might well be a morphological expression of the "mucosal block”.

In the experiments to be reported here we were concerned primarily with

the determination of total ferritin**, using a quantitative immunochemical

*Gabrio, B, W, (unpublished work)

*+Hereafter, unless specified otherwise, the term, ferritin, as applied to these
experiments, will refer to total ferritin, which includes ferritin, apoferritin,
and intermediate forms,

UNCLASSIFIED
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technique. in the intestine aﬁd mesenteric lymph nodes of the horse after iron
feeding., We were interested to observe if ferritin was involved in the absorption
of iron through the intestine of the horse, en animel froam which ferritin can be
obtained with eese and in quantity, and also to determine whether the increase
in iron noted by Gillmen and Ivy (4) in the mesenteric lymph nodes after irom
feeding might be attributed to ferritin,

Methods, Three eight year old male horses* were used in these experiments,
They were sacrificed by being shot through the head, Horse 1 served as the normal,
untreeated control and was fasted about 18 hours before it was sacrificed, Horse
2 and Horse 3, after an 18 hour fast, were fed gelatin-coated cdpsules of ferrous
armoniun sulfate (containing a total of 30 gm. of iron) with the use of a
capsule gun, Horse 2 was sacrificed 24 hours after the administration of iron
while Horse 3 was sacrificed 48 hours after iron feeding., A very small amount
of undissclved ferrous ammonium sulfate was found in the stomachs of both horses
after they were sacrificed,

The following tissue samples were taken from each horse for analysis:
three successive portions of intestine beginning just below the pyloric sphincter,
2,5 feet, 5 feet, and 4 feset, in order; the last 3 feet of intestine; and the
mesenteric lymph nodes, Each sample was washed with isotonic saline,

The amount of ferritin in the tissue extracts was determined quantitatively
by en immunochemical technique worked out in this laboratory (5) and also described
by Mazur and Shorr (6,7). The antigenic properties of ferritin were utilized

in the following way, Horse spleen ferritin, prepared according to the procedure

*The authors gratefully acknowledge the kind cooperation of Mr, L., W, Bennett,
Bennett and Sons Fox and Mink Rench, Vietor, N, Y., in these investigations
which required the use of horses,

UNCLASSI FIED
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of Lazur and Shorr (6) with slight modifications*, was injected into rabbits in
increasing amounts over a four-week period, A total of 4,5 mg, of antigen
nitrogen was thus injected into each rabbit, The rabbits were bled five days
after the last injection end the antisera were collected,

The tissue extract to be assayed for ferritin was prepared by grinding
the tissue in a Wering blendor with two times its weight of water, The suspension
wag heated to 75-80° C,, and the coagulum was centrifuged and discarded.
Sufficient acetic acid (50% by volume) was then added with stirring to adjust the
PH to 4.6 - 4,7, and the solution was allowed to stand for 2 hours at roam
temperature (6), Any precipitate which formed was centrifuged snd discarded,

The ferritin was then precipitated by adding 35 gnm, (NH4)ZSO4/IOO mle solution,
and after approximately 8 hours, the precipitete was centrifuged down and
dissolved in a small emount of water, The solution was dialyzed against isotonic
saline, and the clear dialyzed solution, containing ferritin, was used for the
quantitative immunochemical test,

The antigen-antibody reaction was measured by the precipitin test (8)e
The tissue extract was reacted with the horse spleen ferritin antiserum, The
total nitrogen content of the specific precipitate formed was determined by
the micro-Kjeldahl method, and the amount of total ferritin nitrogen present was
reed {rom & standard curve prepared with known amownts of ferritin, The colors
of the specific precipitates were noted, since it has been shown (7) that the
iron is precipitated quantitatively with the antigen,

Results, The distribution of total ferritin in the intestine and mesenteric
lymph nodes of normal and iron fed horses is presented in Table 1 (Page 18).

In the normal horse, ferritin was found to occur in the first 2,5 feet of

*Mazur, A., personal communication
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intestine beginning just below the pyloric sphincter, and in the following & feet
and 4 feet ol intestine to a lesser extent, The presence of ferritin was also
noted in the normal animal in the last 3 feet of intestine, and a small amount of
ferritin was found in the mesenteric lymph nodes, The colors of the specifiec
precipitates obtained from the antigen-;ntibody reactions involving the normal
horse tissue were considerably paler than the deep red-brown precipitates obtained
with the tissue extracts from iron-fed horses,

Twenty~four hours after the oral administration of ferrous ammonium sulfate,
containing 30 gm, of iromn, a decided increase was noted in the amount of ferritin
in the portion of intestine beginning just below the pyloric sphincter and
extending for 2,5 feet (4225 pg. of ferritin N/foot of intestine in the iron fed
horse; 351 ng, of ferritin N/foot of intestine in the control horse), The follow=
ing 5 feet contained perhaps somewhat more ferritin than that of the control,

The 4 feet of intestine following that, as well as the last 3 feet of intestine,
showed essentially the sams emount of ferritin as the control, However, the
ferritin content of the mesenteric lymph nodes of Horse 2 had increased almost
fourfold over that present in the untreated horse,

Forty-eight hours after the feeding of an equivalent amount of 30 gnm.
of ircn, the amount of ferritin in the first 2,5 feet of intestine had increased
considerably in comparison with the control animal (2592 pg. of ferritin N/foot
of intestine in the iron fed horse; 351 pgo of ferritin N/foot of intestine in
the control), but the ferritin content was less than that noted in the horse
24 hours after iron feeding, However, umnlike the wvalues of the ferritin content
in the animel 24 hours after iron feeding, the amount of ferritin in ths succeed-
ing 5 feet and 4 feet of intestine of the horse 48 hours after iron administration

was found to be appreciably increased over that of the untreated animal, In

UNCLASSIFIED
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addition, 783 ug. of ferritin N/foot were found in the last 3 feet of intestine

48 hours after iron feeding in comparison with the values of 205 pg. in the control
horse and 270 pg. in Horse 2, Furthermore, the ferritin content of the mesenteric
lymph nodes 48 hours after the feeding of iron was determined as 77 pg. of ferritin
N/gm. of wet tissue, while 24 hours after iron feeding the value was 57‘pg., and
the control horse contained 15 ng. of ferritin N/gm, of wet tissue,

Discussion, Since the antibody produced during the process of ilmmmization
with ferritin is directed towagd the protein moiety of ferritin, and since both
apoferritin and ferritin react identically with the entiserum, the results in
this investigation are designated as total ferritin, & term which implies various
possibilities of combinations of the two substances, Since the colors of the
specific precipitates obtained with the tissue extracts of the normal horse were
paler in color when compared to those of the iron fed horses, it is likely that
in the tissues of the untreated horse the ratio of ferritin to apoferritin was
very low, or else that a ferritin low in iron was being precipitated,

The procedure for extracting and precipitating ferritin has not been
proved quantitative over the entire range of ferritin concentrations studied, but
it was the only method recorded in the literature (9) at the time this work was
carried out. Recently the procedure has been modified by Mazur and Shorr (7).

The increase in the total ferritin content of the intestine of the horse
after iron feeding would indicate that ferritin is involved in the phenomenon of
iron absorption in this animal, Twenty~four hours followiqg the administration
of iron, it appeared that the iron was absorbed largely through the first 2.5
feet of intestine as demonstrated by the profound increase in the amount of total
ferritin in this portion of the intestine, However, 48 hours after iron feeding,

the iron was absorbed into the first 11.5 feet of intestine as well as the last

UNCLASSIFIED
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7 fe2t, Jssentially then, these results are similar to those obtained by Granick
(3) in the guinea pig, and the process of iron absorption, involving ferritin,
appears to be comparable'in the two species,

Since there was a notable increase in the smount of total ferritin in the
mesenteric lymph nodes of the hofse after iron feeding, the increase in hisfologically
demonstrable iron reported by Gillman and Ivy (4), following the administration
of iron, might be attributed to an increased ferritin content of this tissue,

Thus these results suggest that the lymphatic system is involved in iron absorption
and that, here again, ferritin assumes a role,

Sumary. The distribution of total ferritin in the intestine and mesenteric
lymph nodes of normal and iron fed horses was investigated using e quantitative
irmunochemical technique for determining the ferritin in tissue extracts,

Ferritin was found to be present normally in the first 11,5 feet of
intestine of the horse as well as in the last 3 feet of intestine., Small amouﬁts
of ferritin were detected in the mesenteric lymph nodes of the normel animal,

Twenty-four hours after the oral administration of ferrous amﬁonium
sulfate (containing 30 gm. of irom), the total ferritin content was ap?reciably
increased in the first 2,5 feet of intestine of the horse, while 48 hours ﬁffer
iron feeding, there were notable increases in the amount of total ferritin in
the first 11.5 feet and in the last 3 feet of intestine,

Twventy~four hours after iron feeding there was approximately a fourfold
increase in the amount of total ferritin in the mesenteric lymph nodes over the
control value, while after 48 hours over a fivefold increase(was noted,

The quantitative data indicate that ferritin is involved in the phenomenon
of iron absorption through the intestine of the horse, Furthermore, it appears

that the lymphatic system is concermed with iron absorption and that ferritin is
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Tha Iffect of Aureomycin on the Radiation Syndrome in Dogs.

Sackground. During the past nine months the Therapy Sectioﬁ has been
studying the role of infection as it affects the morbidity and mortality of the
z-radieted animel and various methods of combating these infections, One of the
notential reservoirs of bacterial infection, the flora of the intestinal tract,
hos been studied in both the normal and radiated animal, Various antibiotics
have boon tested singly and in combination for their effect on enimals receiving

a large dese of whole body x-radiation, Numerous experiments with rats have

i
S
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been done and have been partially reported elsewherex, This report concerns
observations made on a group of dogs which received a large dose of whole body
x-radiation end were treated with a single antibiotic, aureomycin, Studies of
the hematology, clotting mechanisms, bacteriology and pathology of radiated dogs
have been carried out comcurrently.

Methods. The dogs used were adult, healthy mongrels averaging 11.3
kilograms. They were housed in separate cages and fed a soft mash of Purina Dog
Chow, Kibbled meal. As the animals became anorexic for the mash following
radiation they were offered milk and fresh ground beef,

The dogs were divided into two groups of five dogs each. An attempt wes
nade to have pairs of dogs of approximately the same weight and body build in
each group, so that the groups were comparable.

Radiation was administered with a 250 Kv, Picker machine at 15 ma, using
& parabolic aluminum filter with 0,5 mm, of copper. The target skin distance was
40 in., and the total target skin dose was 450 r administered at the rate of
7.15 r/min, In this laboratory this approximates an LD 90, 30 days, of whole
body x-radiation for the dog., The dogs were radiated in pairs composed of one
dog from each group.

Within 2 to 6 hours following radiation the 5 dogs in the treated group
each received a 250 mgm, capsule of aureomycin orally, and this medication was
continued every 6 hours, day and night for 28 days., The capsule was given in a
snall ball of hamburg; the 5 control dogs receiving a similar ball of hamburg
without aureomycin,

Bacteriological studies included blood, autopsy, and quantitative stool

xHowlend, Joe W., Purth, Frank, Bennett, L. R., Coulter, Molly, McDonnel, G. M.,
UR-94 Studies on Factors Effecting the Radiation Syndrome, I. The Effect of
Aureomycin and Antibiotics on Whole Body Irradiation October 14, 1949
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cultures., During the course éf the experiment venous blood was obtained every

2 to 4 days for aerobic and anaefobic culture, Cultures of heart'é blood, liver,
spleen and lung for aerobic and anaerobic culture were obtained at autopsy. All
autopsies were dome within 4 hours after death and in most cases within 2 hours,
Complete taxonomic studies were not done on all the bacteria so that a positive
identification is available on only some of the organisms,

In order to evaluate more fully the effects of the antibiotic therapy, the
sensitivity of the various orgenisms isolated before and after death to aureomycin,
streptomycin and penicillin were determined, using & tube dilution method.

Quentitative studies of the bacterial flora of the stool were done before
and after radiation. Three types of organisms were studied; the coliforms,
staphylococci and streptococci, Pour plates, using various dilutioms of & uniform
saline suspension of fresh stool, were made with Mannitol Salt media for staphylococei
and with EMB'for the coliforms. For streptococci isolation, the saline suspension
was spread on the surface of litis Salivarius media, The colonies on the plates
were counted after 24 hours incubation at 37 C. The stools were also plated on
S5 media for the isolation of' pathogens.

A complete autopsy examination, excluding the cranial cavity, was done on
each dog that died. Tissue for microscopic examination was taken from all major
organs but the description of the microscopic pathology is not complete at the
present time, |

The hematological, bacteriological and clotting mechenism studies and
clinical observations were recorded for a 2 week control period prior to radiation,

Results, Hematological studies including cowmts of the red blood cells,
white blood cells and platelets were done by a member of the hematology section

under the direction of Dr. M., Ingram, The findings are shown in graphs I, II

UNCLASSIFIED
IR
SIS . : UR 01451

Lo



25,

UNCLASSIFIED

(Pege 26), and II1 (Page 27). ‘The lower red biood cell values in the control
group after the 10th dey can be accounted for in part by the higher_inéidence of
gross gastro-intestinal hemorrhage in these dogs. There was no significant
difference ir the degree of leucopenie in either group. 4 correlation between
the white blood cell count and the time of death was noted in the dying animals
in both groups, In the 24 to 48 hours preceding death the white blood cell counts
fell to 300 cells/'mm3 or less, No significant difference between the two groups
was noted in the blood platelet counts, The first evidences of bleeding tendency
occurred when the counts dropped below 30% of the pre-radiation value on the 12th
to l4th days, .

In order to study some aspects of the defect in the coagulation mechanism,
whole blood coagulation times and prothrombin determinations were done. The
coagulation times were done by & modified Lee White method. Following radiation,
the coagulation times increased in each group, but there was no significent
difference between the groups, Table 1 (below)., The coagulation times for the
aninals which died were not above the average for the group during the 24 to 48
hours preceding death, The degree of clot retraction was diminshed concurrently

with the drop in platelet count. It has been reported that eureomycin decreases

TABLE 1

COAGULATION TIMES IN MINUTES

Days Post-Radiation
Pre-Radiation
Value 2 4 8 10 14 11622 | 24
Control Averages 549 10,8 | 10.,2] 13,2 | 12 10,5 91 9 12
Treated Avereges Be3 Te3 | 12 12 |13.2|11.4 |12 | 6,8 11
UNCLASSIFIED
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the coagulation time in normal‘dogs*. This wes not noted in the x-radiated dogs.
The prothrombin studies dome in the laboratory of Dr, James Scott of the
Pharmacology Division included three types of determinations, the recalcification
time, the one stage prothrombin time and the two stage prothrombin time (Table
2, Page 29). These studies were carrieé out on three dogs in each group, Because
of the death of two of the control dogs, the values after the 14th day for this
group ere the determinations on the single surviving doge. There was no essential
difference in the wvalues for the two groups, the highest levels being reached on
the 1l4th to 16th day, As with the coagulation time, no significant variation
occurred immediately preceding death in the two dogs that died,
Four blood cultures were obtained from each animal before radiation and
all were negative, Following radiation, a total of 35 eerobic and 24 anaerobic
cultures were done on the treated group; on the controls 23 aerobic and 14 anaercbic

cultures were done (Table 3 below)., Of the 59 cultures in the treated group 8

TABLE 3
BACTERIOLOGY
Treated Group Blood Cultures Autopsy Cultures
Dog No, Aercbic Anserobic Aerobic Anaerobic
I Gm, ¢ coccus | Pseudomonas |Gm, ~ rod
IT Diphtheroids |Gm, - rod Pseudomonas |Gm, - and ¢ rods
Pseudomonas {Gm, 4 rod
Gm. + coccus
IXI Gm. 4+ coccus
Gm. ¢ rod
Iv Gne + rod
Control Group |
I Cm., - rod A.Aerogenes |Gm. ¢ rod
Gm, ¢+ coccus
II Gmn, - rod E. Coli Gm, 4+ rod
Gm, + coccus
111 Gm, + coccus E. Coli Gm, + &and - rods
Iv A.Aerogenes |CGm. 4 coccus { E, Coli Gm. + rod

*Macht, D. ., and Farkas, R,, Science, 110, 305 (Sept. 23, 1948), Aureomycin
and Blood Coagulation

UNCLASSI FIED "UR 01455




29,

UNCLASSIFIED

Paatetd
98 88 022 022 a1 02 get ge1 ¥
L9 9s 0LT ovl 22 02 g2t 081 og
2§ 8y 0et 0zt 02 L2 991 G61 e2
LY 9¢ L1T 06 9°%2 6¢ S81 0%2 12
(A4 2e L01 08 12 4% 081 5§82 9T
8% g°2v 021 ot1t 02 §°62 oLT |  se2 ¥
28 1541 .02 get 91 9T ovl LST 6
98 29 LT3 291 91 61 091 GST L
001 94 gse S61 ot 81 ottt o¢t 2
1°00T L6 4952 g°gse 01 1T STI S11 1
001 001 262 862 8° 11 8°11 §°L01 501 *{8A °pPBI-8dd
e9uvaeny
pejee.a] 1033u0) pe3se.] 1023u0) pe3saa] 10a3u0) pelsody] 1023u0) HOT3eTPRY
e3wqueoaed ewl] s3TUf W] OWl] SpUODOg UJ OwWTL] gpuooeg ujy - g804d
urquoayjzoad e3e3g o], |UTqWOIY301d 09835 om] | urquoayzoxd oJe3g eup| OWL] UOTIBOTITOTBO6Y Luq

¢ J19VL

UNCLASSIFIED

UR 01456






31,

UNCLASSIFIED

were more resistant, The relative sensitivity of the organisms to streptomycin
indicates that this entibiotic used in conjunction with aureomycin may prove more
effective,

Quantitative anelysis of the bacterial flora of the stool showed that the
coliform orgenisms increased markedly following radiation, reaching a peak on the
4th day, and returning to preQradiation values by the 7th to 10 days., The coli-
forms reached higher levels in the control group than in the treated group, which
mey have occurred because of the sensitivity of some of the coliform strains to
aureomycin, Both the stool staphylococci and streptococci counts in the treated
group rose to high levels following radiation, whereas the coumts in the control
group remained unchanged, Presumably, aureomycin caused a shift in bowel flora,
but similer studies on normal dogs receiving aureomycin have not been done to
confirm this, No organisms ordinarily considered pathogenic were isolated on
SS media, although it wms noted that the incidence of Proteus in the treated
group increased following radiation,

Immediately following radiation the dogs began to lose weight, and continued
to do so until the 20th day post-radiation, There was no significant difference
in weight loss between the two groups except between the 10th and 15th day.
During this period the weight loss and incidence of mortelity was highest in the
control group, The maximum average weight loss in both groups was about 15% of
pre-radiation weight,

Anorexia was first noted in the control dogs on the 9th or 10th deay post-
radiation and by the 12th to 13th day none of these dogs was eating and all
appeared very lethargic, This anorexia and lethargy preceded death in 4 of the
control dogs. In marked contrast, the treated group during this period appeared
outwardly normal; all were eating well and were lively., Anorexia and lethargy
began to appear in the treated group om the 17th day post-radiation and continued

e UNCLASSIFIED
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to the 30th day in the 4 survi#ing dogsa,

One>of the most striking observations was the difference in fhe time of
death and total mortality in the two groups (Graph IV, Page 27). The first
control dog died on the 10th day post-radiation, and by the 15th day 4 of the
control dogs were dead, The first death in the treated group did not occur until
the 22nd day post-radiation, with one other treated dog dying on the 24th day.
The total mortality 4 months post-radiation is 80% for the control group and a0
~ for the‘treated Eroupe

The most prominent gross finding et autopsy was evidence of a hemorrhagic
diathesis with areas of extravasation of blood occurring in the lungs, spleen,
kidneys and nucose of the gastro-intestinal tract and beneath the pleura end
peritoneum. Bleeding in the control group was more extensive and occurred in
more organs than in the treated group., Three of the 4 dogs in the control group
had lerge amounts of blood in the gastro-intestinal tract at autopsy, associated
with ulcerations of the mucosa of the stomach and small intestine, The two
treated dogs which died had no ulceration of the intestinal mucosa, and no blood
within the lumen of the intestine, Both of these treated dogs had a few
subcutaneous hemorrhages and hemorhages into the cortex of the kidney, Extensive
hemorrhage into the retroperitoneal space and the tissues of the oral cavity
occurred in one of the treated dogs, The first control dog which died showed a
minimum of petechiae, and grossly no obvious cause of death was found, The
difference in degree of the hemorrhagic tendency between the two groups may be
explained by the time after radiation at which death occurred, The treated
enimals died at a later time when the bleeding tendency was decreasing as is
indicated by the clotting and prothrombin times reported above,

Gross evidence of pneumonia was found in 2 of the control dogs, and in 1
of the treated dogs.
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Discussion, Since the éntibiotic, aureomycin, was the ogly specific
theraveutic agent administered in this experiment, presumably the delayed
rmorbidity and reduced mortality of the radiation syndrome in dogs can be attributed
to it. As a corollary, bacterial and possibly viral infection may play a role in
the toxicity associated with large doses of radiation, since aureomycin is a
potent anti-bacterial and anti-viral agent, This concept of the role of infection
in the mortality associated with radiation is supported by the bacteriological
studies at autopsy reported above, as only aureomycin-sensitive_organisms were
recovered from all the control dogs, while aureomycin-resistant organisms were
isolated from the two treated dogs which died,

Both the occurrence of ulceration of the gastro-intestinal mucosa associated
with massive gastro-intestiral hemorrhage in three of the four control dogs which
died, and the absence of ulceration end gastro-intestinal hemorrhage in the 2
treated dogs which succumbed, suggest that the changes in bacterial flora of th;
bowel, occurring during the administration of aureomycin, tended to decrease the
derangements in the intestinal mucosa ordinarily found in the radiation syndrome,
This may be one of the major factors in reducing the mortality in the treated
group,

Both groups of dogs exhibited the signs of radiation sickness, with
anorexia and lethargy, but these occurred much sooner in the control group.
Eqﬁally severe depressions of the blood elements, and alterations in the coagulation
mechanisms occurred in both groups, Despite these findings, typical of severe
radiation sickness in both treated and coﬁtrols, aureomycin apparently reduced
the total mortality by 50%.

Numerous studies on the effect of other antibiotics, singly and in

combination on the radiation syndrome in dogs and other species have been done
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and will be reported later, Further work involves more deteiled studies on the
immmity mechanisms, bacteriology and metabolism of x-radiated animals treated
with antibiotics,

Summary.

1, Five dogs given an LD 90 (450 r) of whole body radiation were treated
with antibiotic, aureomycin., Five similarly x-radiated dogs served as controls,

2. Identical alterations in blood cell counts and coagulation mechanisms
were observed in both groups following radiation,

3e Bacteriological studies, including quantitative bacteriological
enalysis of the stool, were done,

4, The total mortality in the control group was 80% while the aureomycin
treated group had a total mortality of 40%. There was a difference of 12 days
between the first death in the control group and the first death in the treated
group., A similar delay in the onset of the clinical signs of radiation sickness
wes noted,

5. Gross autopsy findings revealed no gastro-intestinal ulceration and
minimal evidence of hemorrhage in the treated group. Marked gastro-intestinal

ulceration and hemorrhage were round in the control dogs which died,

Problem Code: X.R.4 (Hematology)
Section Code: 3351

Author: Maylou Ingram

The Incidence of Unusual Lymphocytes in the Blood of Dogs Exposed to Radiation from

the 130 inch Cyclotron.

Previous Quarterly Reports have described the occurrence of lymphocytes
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with bilobed nuclei in the peripheral blood of cyclotron personnel who have had

no known exposure to radiation in amounts above the tolerance level, In order to
check the relationship between the increased incidence of these cells and exposure
to radiation from the cyclotron, detailed studies have been made on dogs repeatedly
exposed for short periods, These exposures, thirty minutes each, were made on
August 22, 1949, October 4, 1949, and December 12, 1949, Interpretation of the
results is currently being completed; however, it is possible at this time tq
report definitely that a marked increase in the incidence of lymphocytes with
bilobed nuclei occurred after each exposure with & maximum incidence during the
first two post-exposure weeks,

Because the incidence of lymphocytes with bilobed or hourglass nuclei is
extremely low, data now seem best interpreted according to whether or not a
given smear contains one or more of the abnormal cells, Of the 180 smears
exemined during the control period; one smear or 0,55% was positive on this
basis, By contrast, of the 180-200 smears examined during the two weeks after
each exposure, approximately 20% were positive, These figures for the post-
exposure period are approximate; however, it is unlikely that any major revision
will be indicated,

Interpretation of the initial findings in the blood of cyclotron persomnel
on this same basis indicates that during the period before the cyclotﬁpn was
operating, 3.75% of 80 smears were positive, Of 100 smears from the same group
during the first three months of cyclotron operation, 23% were found to be
positive. Additional information relative to the incidence of the cells in
later periods of cyclotron operation will be made available in subsequent reports.

Studies of the relationship of the bilobed lymphocyte response to

verious kinds end intensities of ionizing radietion are in progress, and it is
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expected that investigation of factors which might influence the nature an@/or

magnitude of the response will also be undertaken,
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URANIUM

Problem Code: U,3 (Toxic Limits)
Section Code: 3210

Authors: S, Laskin, L. Leach and R, H, Wilson

Experimental Production and Studies of Uranium Dioxide Fumes,

Uranium metal industrially is a difficult material to process and also
exhibits a harked tendency to be pyrophoric., Under certain practical conditionms,
therefore, such processes as machining and grinding of the metal are known to
produce quantities of fumes as atmospheric contaminants., Available data indicate
that these fumes are in the form of one of its oxides (presumed to be uranium
dioxide), The nature of its production end the small particle sizes characteristic
of fumes suggested that this industrial hazard if typical of other metals may
represent a problem differing from that of exposure to dusts of the same material,
The lack of biologic data and other information pertaining to physical and chemical
differences of uranium and uranium oxide fumes has prompted studies of such
materials, The information was also required to extend the spectrum of the
particle size toxicity studies of uranium oxides to sizes significantly below
those obtained from dust etmospheres (H. B. Wilson, et &al.), The purpose of this

‘report is to present a method for the production of uranium dioxide fumes from
uranium metal, the results of preliminary studies at maintaining continuous
atmospheres and the results of a preliminary, short-term inhalation study with
animals,

Prior to the present studies numerous attempts at continuous production

of fumes from uranium metal or its compounds were umsuccessful because of complex
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practical or conteminant difficulties, Among the methods explored were induction
furnaces, burning of salt dissolved in organic solvents, conventional arcs and
evaporation from tungsten filaments, The arc method appeared most feasible but
practically the electrodes were found to corrode too rapidly to maintain burning,
Eveporation from tungsten filements under conditions of high vacuum or inert ges
enclosure was successful if all traces of air were removed to prevent burning of
the filement, Under conditions required for continuous feeding of an animal
exposure unit, however, excessive contamination from the filament was obtained.
The problem eppeared insurmountable until it was recognized that the major
difficulty with previous attempts was the rapid reactivity of uranium metal with
oxygen and under conditions of the temperatures required with water, vapor,
nitrogen, carbon and other materials, Introducing the principles of controlled
heating or arcing of uranium metal within an inert gas chamber and a controlled
rate of oxidation resulted in the development of a simple fume feed which could
be maintained indefinitely,

The most successful method to date simply consists of a uranium metal arc
burning in an air-contaminated argon atmosphere. The apparatus illustrated
diagramatically in Figure 1 (Page 39) is comstructed of conventional laboratory
equipment representing at its present stage only & crude model of the fume feed
required for inhalation studies, The arc is formed between a 1/8" diameter
urenium rod as a movable electrode and a 1x1x1/8" uranium plate held in position
by a brass support. The arc is hand fed and inclosed in an arcing chamber
constructed from a 4-liter vacuum filtering flask, The movable electrode -is
guided by means of a short length of'glass tubing inserted in the flask stopper
and held in place by means of a tight rubber sleeve, Current is supplied to the
electrodes from a 110V AC line passing through a resistance of 8 ohms, Regulation
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is obtained by means of & powerstat end the current is measured at the 110V side,

4 current of 12 emps and an arcing Zistance of 1/4" resulted in a steady arc which
could be maintained for several hours with minimal adjustment,

The arcing chamber connects to a small exposure unit constructed from a

2 x 12" cylindrical battery jar., This jar is mounted horizontally in a'wooden

support and sealed bty means of a plywood and rubber gasket cover. A check valve
serves to isolate the arcing chamber dﬁring gas £illing and preliminary evacuation,

For operation the flask is evacuated with a Welch Duoseal Pump flushed with
argon and re-evacuated, This process 1s repeated several times to eliminatq
traces of moisture and residual air, The chember is then filled with argon and a
continuocus flow rate of 4 liters per minute established, Increased gas pressure
forces the check valve open flushing the exposure unit, ' Clean dry air is admitted
to the arcing chamber by means of & glass valve and mancmeter system at a metered
rate of 0,1 liters per minute, The atmosphere of the exposure unit is continuously
sempled at a rate of 14 liters per minute from its exhaust port, The resulting
negative pressure mixes diluting air with the fume-contaminated argon just before
entering the exposure umit,

Several preliminary studies of the operating characteristics of this system
were made, Figure 2 (Page 41) illustreted the concentrations obtained during a
one-hour run, Concentrations were determined from filter paper samples collected
at 5 minute intervals and asnalyzed bylthe ferrocyanide method, Points plotted
on the graph represent concentraticns for the meen time interval of sampling. A
mean concentration of 14,9 mg UOgﬁn:5 with a standard deviation of 3,0 was obtained.
Spectrographic* and chemical analysis of the samples from this atmosphére proved

the fume to be of high purity, Typical samples containing 1-2 mg of uranium

* Dr, L, T, Steadman
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Figure 2. Preliminary Concentration Study of UOo
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showed only traces of copper, l2ad and beryllium (1 pg or less of each), ZX-ray
diffraction* analysis o samples collected witn an electrostatic precipitator
confirmed the fune composition &s uranium dioxide. Only negligible traces of
contaminants were found which may have been the contaminants reported in the
spectrographic analvsis or other oxides of uranium,

In order to characterize physically the fume produced, electron micrographs
were made o samples collected by means of the oscillating thermal precipitator,
The material, illustrated in Figure 3 (Page 43), was photographed at an initial
nagnification of 7,100 times, The fume appears to c&nsist of extrenmely small unit
particles approaching the resolution limit of the photograph (0,01 p)o Crystal
structure and particle shape are therefore difficult to identify., The fume
exhibits a marked tendency to form irregular branched chains or agglomerates
renging in size from 0.1 to greater than 1 micron in diameter, Increased
agglomeration and chain sizes are observed in other photographs taken from
atmospheres of higher fume concentration,

These results were sufficiently enmcouraging to attempt a preliminary pilot
study of exposure to animals, In order to provide comparative toxicity data with
other results reported for uranium dioxide atmospheres (1), the output of the
arc was increased to produce an atmosphere of approximately 80 mg UOg/m3° This
increased output was achieved simply by decreasing the arcing distance to 1/8"0
The resultant increased heating although productive of fume was more difficult
to meintain and as later observed resulted in the changes of particle characteristics,

Animal Exposure Study. A mean concentration of 80,7 mg UOZ/'m3 was

mainteined for a total of 17 hours over a period of 4 days, The animal exposure

schedule consisted of 5 hours the first day followed by 4 hours each successive

* Mr, H, Mermagen
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Figure 3. Electron micrograph of a uranium dioxide fume produced at a
concentration level of 14,9 mg/m:5
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day, The concentration results illustrated in Figure 4 (Page 45) show a much
wider range of values obtained in comparison with those of the 14.9. mg UO, level,
A standard deviation of 41 mg UOz/m3 and extreme variations from 5.4 to 186 mg
UOg/ms were obtained,

Spectrographic analysis of a sample of this atmosphere showed slightly
higher contamination with 20 microgrems of copper and 100 micrograms of zinc fourxd
in a sample containing 2,66 milligreams of uranium, This increased contamination
wes attributed to the heating effect of the arc on the brass supports. The
differences, however, were not considered significant because the purity was of
the same order of magnitude as those of the 14,9 mg/m® level (99,6 to 99,9% UO2),
Electron micrographs of the material illustrated in Figure 5 (Page 46), showed
that the increase in concentration resulted in increased particle sizes, Chains
and agglomerates are less complex, being composed of few larger units, Two
najor categories of unit particles were found averaging 0,1 and 0,05 p, respectively,
In addition, numerous individuals and short chains of sizes several tenths of m
micron were found,

Six albino male rats were used for this study. Rats were selected on the
basis of size and also as a typically resistant species to emphesize any observed
toxicity. The animals were divided into two age groups, 4 young averaging 184
grams and 2 mature animals averaging 302 grams, Two controls selected on a
weight basis were provided for each age group, Half of each age group including
controls were sacrificed on the 8th day after the start of exposure and the
remainder sacrificed on the 22nd day. Terminal blood NPN's were obtained on each
of the animals and sections of lung, liver, spleen and kidney taken for micro-
pathology. Other criteria included body weight on a daily basis and hematology
weekly. Following gross autopsy, tissues (lung, femur and kidney) were also
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sampled for subsequent uranium analyses,.

During the exposure and pre-éacrifice periods little or no changes of
significance in the body weights or condition of the animals were found, The
hematologic results were inconclusive because of the wide variation of suoch data
and limited number of animals exposed., Scme changes appeared in the white cell
ﬁounts indicating a tendency toward increased number in the young exposed rats,
Two of these animals showed increases well above the variations of the others
(aboye 2000-5000), Although these appeared to correlate with the third exposure
day decreasing in the subsequent period, similar results were also observed in
oﬁe of the control animals of each group. A decrease of similar megnitude was
found in one of the mature exposed rats and also in a mature control, Differential
counts indicate some questionaﬁle changes in neutrophil and lymphocyte percentages,
but not in the eosinophil values, No changes were found in the erythrooyte
count,

The' significant findings in this study were made in the blood NPXN
determinations and micropathology*, All of the exposed animals sacrificed on the
4th day after exposurs showed the renal lesions observed in uranium poisoning.

A small zone of tubules lying just at the Junction of the cortex and medulla
exhibited necrotic cells and typical regenerating epithelium, The changes were
classified as minimal in the mature rat end in one of the youmg groups. Those of
the second young aﬁimal were classified as a ;race. An increased terminal

blood NPN value of the mature ret (52 mg%) was confirmed as a significant
minimal change; the values for the two young enimals, however, did not show
significent increases being 34 mg#% compared with 30 mg# for the control,

All of the exposed animals sacrificed on the 19th day following exposure

* Dr, J. K. Scott
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indicated minimal kidney damage from the blood NPN results, values of 46, 52 and
52 mg% being obtained, Although no chenges confirming the ‘damage was found in
examination of the kidney sections, the post-exposure period was considered of:
sufficient duration to have allowed complete regeneration, At the levels of
damage observed diagnosis of complete regeneration is difficult to make, Ome
of the mature control enimals showed & renal lesion classified as probable
interstitial nephritis., No damage was reported for the other controla.

Gross sutopsy of the exposed animals indicated only slight damage to the
lungs in the form of small areas of hemorrhage a.ﬁd edema, Some consolidation
was observed in both of the. experimental and control mature snimals, The micro-
‘pa.thology, however, did not show pulmonary lesions specifically attributable to
the uranium dioxide fume, No significant differences between the age groups
were indicated,

‘The renal damage observed in this study suggest & level of toxicity:

comparable to that found in the fine particle-size studies of uranium dioxide

dust (0,45 }"'Mg) (1) This agreement might be expected fram the electron micro-
graphs obtained on the fume (Figure 5§, Page 46), Larger particle sizes present
in the same order of magnitude as in the 0,45 m dust study would represent the
bulk of fume mass, Although the concentration levels are camparable, the
shorter duration of exposure required to produce renal effects in this study
indicates a more rapid absorption of the retained fume, Tissue analysis for
uranium content required to confirm this suggestion, however, are incomplete
and will be reported later,

Further studies are in progress on the toxicity of the more characteristic

fume produced at the 14,9 mg UO2/m3 level, Studies are also in progress on the

physical and chemical characterization of uranium dioxide fumes and in the

[
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development of higher capacity automatic feeds,
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Problem Code: U.4 (Fate)
Section Code: 3210

Author: €. W. LaBellex

The Distribution and Transport of Uranium After Deposition in the Rabbit by

Inhalation,

In & series of experiments which have been reported (1) a study was made
of the various factors that affect the gross deposition of urenium dusts in
rebbits by inhalation, In a related paper (2) an experiment was described in
which the movement of uranium was studied in the rat following intratracheal
injection, The déta presented here shows the distribution and transport of
urenium dioxide in rabbits after deposition by inhalation, The "retention"**
apparatus described in (1) was used to provide for the inhalation of uranium

dioxide dust averaging 0.5 micron in diameter over a period which varied from

* The technical assistance of Clarence Booth and Gertrude Melville is
acknowledged.

**x Since this sapparatus was originally dubbed, it has been found convenient to
meke a distinction between retention and deposition, deposition being
reserved to indicate the amount of & particulate deposited in the lung (or
rospiratory tract) in inhalation over a short period of time (5-30 minutes),
whereas retention has been reserved to refer to the amount remaining same
period after deposition when the physiologic processes of removal from the
lung or respiratory tract have had cpportunity to act. Deposition thus is
governed by physical factors whereas retention is governed chiefly by

physiologic and chemicai Processes o 3 Elﬁ
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one to four hours, during which time & number cf measurements of gross "retention”
rate were made, The rabbits studied were sacrificed either immediately upon
termiration of the inhalation period, or at stated intervals thereaftef, and the
ursnium centent of thé various tissues determined,

It was found that the uranium was confined, at least during the first
twenty hours. tc three well-defined physiologic regions: (1) the upper respiratory
system, including the oral cavity, the larynx, the externmal and intermal nares,
and tﬁe nasal sinuses; (2) the gastrointestinal system, including the esophagus,
the stomach, and occesionally a small pertion of the upper intestine; and (3)
the lower respiratery system including the tracheobronchial tree and the lungs,
Check analyses for urinary urenium indicated that the fraction.reaching the
kidney at this stage was negligible, being less than 0,5% of the total,

| It was found that the total uranium content of individual rabbits varied
widely under identical conditions of exposure, due chiefly to variations in the
respiratory pattern of different animals, as had been found to be true of the
gross deposition rates measured by the retention apparatus, It was accordingly
necessary to reduce all the analytic data to a percentage basis by dividing the
total found at any site by the total found in the erntire animal to yield a figure
which is the analog of the commonly employed "percentage of original dose",
When this is done, it becomes possible to demonstrate certain consistent trends
in the data as described below,

Results,

l, Gross Retention, Although the gross deposition of dust in r abbits has

boen more completely studied by the use of the retention apparatus, it is possible
as in the present experiment by direct tissue analysis to obtain an independent

assay of the accuracy of the data obtained with the retention apparatus, It is
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possible to calculate the apparent gross retention of uranium in each rabbit
during the irhalation period and to compare this ligure with thgt obtained by
adding together all the analytic recoveries of uranium in the same rabbit at
autopsy.

This wes done in eight rabbits exposed for four heurs to a mean concentra-
tion epproximeting 20 micrograms per liter as UOp dust., The mean urenium recovery
from these animals was 497 micrograms of uranium per kilogram of body weight, with
a standard devietion of 209 micrograms per kilogram, or 42% of the mean. The
varietion between observed and computed retention, on the other hand, leads to &
standard error of only 45 micrograms per kilogram, or 9% of the mean, It thus
appears that the rather large variations (of the order of 50~100%) found in £he
gross deposition studies are in fect real variations associated with individual
enimal characteristics, and that the accuracy of the results from the retention
apparatus is of the order of 10%,

2, Initial Distribution of Uranium during Inhalation., Five of the rabbits

in the series* were sacrificed immediately upon cessation of the inhalation, and
the percentage distribution at each of the three sites determined. The results

are as follows:
TABLE 1

DISTRIBUTION OF URANIUM BETWEEN THREE MAJOR PHYSIOLOGIC
SITES DURING INHALATION

PERCENTAGE OF URANIUN IN

Animal | Hours Upper Lower

Hoe Expe. | Respiratory Gastro- Respiratory

Tract Intestinal Tract

51 2 36% 38% 26%
53 3 60 18 22
35 4 32 33 35
57 4 32 46 22
52 4 41 29 30
lean 40 33 27
12 10 6

* A total of ten rabbits were studied, The groups described overlap so that one
animal may be included in several places,
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It will be seen that after from 2-4 hours the uranium is relatively

evenly divided esmong the three sites, The relative quantity found in the lung

'is somewhat more constant than that found in sither of the other sites (since

its standard deviation is about half that found elsewhere), and amounts to about
one~third or a little less, of the total amount of uranium deposited,

3. The Transvort of Uranium after Deposition. In order to show the

changes in the distrlbution of the uranium efter deposition, & further trans-

formation of the data is useful, From the mean values derived above, the mean
uranium content at each site at the end of a four-hour exposure was calculated,
The analytical recoveries were then expressed as a percentage of this figure, so '
that the figures obtained during the exposure indicate the rate at which the

uranium level builds up to its four-hour value, and figures obtained after the
exposure period reflect subsequent changes at each site, The following results

are obtained,
TABLE 2

LIOVELEENTT OF URANIUX IN RABBITS DURING A¥D AFTZIR INHALATION RELATIVE
LEVELS WITE RESPZCT TO THOSE FOUID AFTZR rOUR-EOUR ZXPOSURE

RESPIRATORY
Animgl | Hrs, of Hrs, Post- TRACT Gastro-
No, Exposure | Exposure Upper | Lower |Intestinal
(lung)
IZALATION PERIOD
51 2 0 28% 13% 229
53 3 0 160 66 39
35 4 0 91 118 91
57 4 0] 91 79 130
52 4 0 118 103 79
4-hour
mean 4 0 - 100 100 100
POST-INHALATION PERIOD
50 4 1 54 67 75
5 4 2 5 44 162
37 4 4 22 41 145
56 4 8 8 72 188
55 4 16 18 67 175
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Discuszsien «nd Conclusions
tion oo the concluciens reached in the tvo earlier and more complete papers,
First. the accuracy of the retention apperatus has been evaluated and showmn to
be adequate to justify the conclusions derived from its use, Second, the move-
ment of appreciable quantities of uranium from the lung to the gastrointestinal

tract, offered as a hypothesis in the second paper mentioned above, has been

uranium dioxide builds up in all exposed sites during
It must,

o
given some measure of direct experimental confirmation,
The concept of the process of depesition of uranium by inhaletion may be

crystaliized ae followss
from which it is presumably eliminated,

inhalation of uranium dust. after which most ¢f the uranium in the upper
respiratory passages. and from cne-third to ome-half that in the lung, is pooled

this represents an extreme simplification of the
1t is necessary to point out that the line of

in the gastrointestinal tract,

demarcation between exposure and post-exposure periods is not sharply defined

however, be borne in mind that
In particular
Thus, the movement of uranium from the upper respiratory
as been going on continuously
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throughout the inheleo*ion rerioa, bezinning whnan The Iirct duest perticles are
deposited on the nasal mwmcoza,

Summary.

1, Results obtained by the use of the retention apparatus have been
confirmed by direct chemical analyses of animal tissues,

20 The general pattern of the process of retention during inhalation of

fine insoluble particulates has been established,
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Animal Inhalation Exposure of BeFs Mist - 2 mg/m3,

Possible exposure to inhalation ot beryllium fluoride mist constitutes e
hezard in present methods of producing beryllium metal, In UR-103 & preliminary
account was given of the effects observed in laboratory animals exposed to
beryllium fluoride mist at a concentration of approximately 2 mg/m3, This
experiment, the second in series delineating the toxicity of inhaled beryllium
fluoride, and having as ultimate.objective the establishment of safe limits of
human exposure to this compound, has been terminated after a total of 207
calendar days,

Exposure of esnimals was carried out in the same chamber (216 cu. fto
capacity), using the same aspirator feed, as in previous studies of the toxicity
of beryllium sulfate mist (1), The density of the beryllium fluoride solution
was maintained at 1,050 throughout the experiment, since this has been found to
be a critical factor in maintaining not only the water-content of the mist
droplets, but also the droplet size, A highly efficient counter-current steam
scrubber, packed with Raschig rings, in conjunction with a stack precipitronm,
removed 99,9% of the toxic material from the chamber effluent, The concentra-
tion of mist in the chamber atmosphere was controlled with reference to samples
talken hourly by means of the filter paper dust sampler, aspirating for 50 minutes

at a rate of 15,87 1/min, On the basis of the increase in weight of the filter

- UNCLASSIFIED
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papers, the mean concentration of mist was 3,0% 0,35 mg/mz. The results of
spectrographic analysis of spot filter paper samples taken during the course of
the experiment showed that the beryllium content was not less than 14.0% 1.0%
(Memo: L. T. Steadman to H. E. Stokinger, 10/11/49). Assuming that the compound
present in the mist droplets was BeFs, the actual concentration of toxic agent
represented not less than 73,01 5.2% of the over-all mist concentration, the
remainder probably being mainly water. The mean concentration of beryllium
fluoride mist, therefore, was 2.2 % 0.25 mg/m3 (0,42 + 0,03 mg Be*?/ms). As

an additional check on the gravimetric sampling method, 18 blank filter papers

snd 20 bervllium fluoride mist filter vaver samples were dried in wvacuo over

P205 for 18 hours at 100°C, The net loss in weight of beryllium fluoride mist
semples, corrected for the weight loss of filter papers alone (3%), amounted to
20% of their initial weights,

Toxic Responses, In this experiment, a total of 161 animals were used,

comprising four species - 5 cats, 16 dogs, 10 rabbits and 130 rets, In general,
" the animals were exposed in the chamber 6 hours daily, 5 da/wk, The duration

of the exposure period was different, however, for individual animals as well

as for different species, As stated in UR~103, beryllium fluoride mist at a
concentration of 2.2 mg/m® proved lethal only to rats and to four dogs, although
a concentration of 10 mg/'m3 caused & high incidence of mortality in cats, dogs,
guinea pigs, rabbits and rats in a period of only 3 weeks., As shown in Figure

1 (Page 57), inhalation of beryllium fluoride mist in a concentration of 2,2
mg/m3 resulted in the death of 50% of each of two groups of full grown male

rats averaging 285 and 300 grams, respectively, after 9 days (54 hrs.) exposure
(Ct = 7,13 x 105 mg miq/m3), In a third group of' 40 younger male rats, initially
averaging 226 grams in weight, however, only 8, or 20%, died during a period of
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Dose-Mortality Curve: Fully Grown Male Rats Exposed to
2.2 mg/m’ of Beryllium Fluoride Mist
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exposure of 60 hours. The weight changes and visible signs of intoxication
among the animals were discussed in UR-103

Development of Anemia, Apart from the lethal effects discussed above, the

outstanding result of exposure to a concentration of 2,2 mg/m3 of beryllium
fluoride mist was the progressive development of a macrocytic anemia in dogs and
rabbits, The changes in the peripheral blood were more striking, although no
more real, in the former than in the latter species, In the group of 3 rabbits
selected for hematologic study, the mean RBC count began to decrease after
approximately the fourth week (18 days) of exposure. As shown in Figure 2 (Page
59), the meaﬁ corpuscular volume increased sharply at the same time, There was
e concomitant decrease in meen hemoglobin concentration, but this wae followed
by & sharp rise after about 12 weeks of exposure, whereas the RBC count tended
to remain low and the MCV high, The mesn corpuscular hemoglobin concentration
tended to fluctuate appréximately within the normal range of values for rabbits
(33 % 1,7 pg/mpd), although a value as low as 26 yg/mys was recorded for the
rabbit (No, 346) that exhibited the most severe anemia, No trend was observed
in the WBC counts of the rabbits, and there were no significant changes in their
differential WBC counts,

A preliminery account of the hematologic changes in 6‘dogs was given in
the preceding issue of this report, where it was stated that these changes were
more striking than in previous experiments with hydrated beryllium sulfate pist
and beryllium oxide dust. In clarification of the latter statement, it should
be pointed out that the beryllium concentration inhaled in the present experiment
was greater than in the hydrated beryllium sulfate exposure at 1 mgﬁm3
(0,04 mg Bet2/m3), end less then in any of the exposures to beryllium oxide
dust, All six of the dogs referred to:above received a dietary supplement of
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Figure 2. Hematologic Changes in Rabbits During Exposure to

2.2 mg/m> of Beryllium Fluoride Mist
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one teaspoonful of Lextron* daily for one month before exposure, Lextron was
discontinued in the diet of two dogs (los, 1537 & 1538) at the beginning of
exposure, while the other four dogs continued to receive the dietary supplement
throughout the entire period of their exposure, The RBC counts and hemoglobin
concentration of the blood of all of the dogs began to decrease after about the
4th week of exposure, At about the same time, the MCV began to increase,
Neglecting the twe dogs that died, one after 4, the other after 10 weeks exposure,
for which the data are necessarily incomplete, there remained two groups of two
dogs each, Nos, 1437 & 1518 that received Lextroﬁ throughout the experiment, and
Nos, 1537 & 1538 that received no Lextron after the beginning of exposure, All
four dogs survived the entire exposure period of 207 calendar days and were
humerely sacrificed shortly thereafter., The pre-exposure values of four important
hematologic indices in these dogs, together with the maximal changes in these
indices are listed in Table 1 (Page 61), In Figures 3-5 (Pages 62~64) the
everage RBC counts, hemoglobin concentrations, and MCV's of each of the two
groups of dogs are shown in relation to the number of weeks exposure, From these
figures, and from the datea presented in Table 1, it can be seen that the anemia
was somewhat more severe in the Lextron-fed dogs than in those that received no
further dietary supplement after the beginning of exposure, In both groups of
dogs, the depression of the RBC count reached a maximum after 15 weeks exposure,
The RBC counts of the Lextron-fed dogs remained low between the 15th and 23rd
weeks of exposure, after which a slight increase occurred. The RBC counts of

the control dogs {Lextron discontinued at the beginning of exposure) exhibited

e secondary rise and fall between the 20th and 29th exposure weeks, The aversage

MCV of the Lextron-fed dogs increased to a peak value during the 23rd week of

* A liver and stomach concentrate fortified with ferrous iron,

UNCLASSIFIED
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TABLE 1

FLUORIDE IIST DURING £07 CALZIIDAR DAYS

DOG NUMBERS
Index Lextron-Fed No Lextron
1437 1518 1537 1538

RBC Count
(million/m®)
Pre-exposure 6.8 £ 0.5 6.1 X 0,35 6.1 £ 0,6 6.3 L 0,33
Maximal change =365 =209 =267 =263
Hghwconcentration
(gm/100 cco)
Pre-exposure Values | 12,71 0,8 | 15,7 £ 0.4 13,0 £ 1,5 | 15,4 £ 0.8
Maximal change 3,7 =608 =36 =304
Mean Corpuscular

Volume

(cuo )

{ Pre-exposure Values 75 1.5 72 7805
laximal change +47 + 46,5 + 31 + 37,5
Meen Corpuscular
Hgb-concentration

(pg/cuo mi)
Pre-exposure Values | 29,0 X 1,0 | 31,3+ 1,3 29,8t 2,2 {31,5% 2,0
Maximal change 5,0 =563 “d o3 ~5e5
UNCLASSIFIED
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exposure. after which the wvalue of this iniex tenied to decrease, In the
contrel group, the peak velue or the LICV ﬁas reached during the 2Cth week of
exposure, after which there was a small decrease and a slight secondary rise,
In both groups of dogs, the hemoglobin concentration of' the whole blood ternded
to decrease more or less steadily until a minimal value was reached during the
15th exposure week. after which a series of secondary increases and decreases
occurred,

Leukocytic Changes, As shown graphically in Figure 6 (Page 66), a

peculiar shift in the propo;fion of filamented (mature) and nonfilamented
(immature ) polymorphonuclear neutrophil grenulocytes occurred in the differential
leukocyte counts of the Lextron-fed dogs., With continued exposure to the beryliiu:
fluoride mist, the percentage of mature neutrophils tended to decrease, while the
percentage of immature forms tended to increass, About the 8th week of exposure
the curves cross, and thereafter the proportion of immature cells tended to

remain greater than the corresponding proportion of mature cells, A similar,

but less marked shift occurred in the differential leukocyte counts of the

control dogs,

Changes in Reticulocytes, The reticulocyte counts of three of the dogs

steadily decreased during the first 12 weeks of exposure. and tended to remain
low thereafter, as shown in Figure 6, One of the Lextron-fed dogs, No., 1437,
exhibited a marked spontaneous increase of reticulocytes between the 10th and
18th weeks of exposure, the percentage of reticulocytes reaching a maximum
during the 17th week, after which there was a sharp decline, Concomitantly
with the increase of reticulccytes, normoblasts appeared in the peripheral blood
of this dog, increasing to a peak of 273% of the leukocyte count during the

16th week of exposure. after which they declined in frequency end disappeared,
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At the same time, erythroblasts were found in the circulating bldbd, increasing
from 1 to 4% of the leukocyte count. These cells appeared during the fourth
month of exposure and persisted th;reaftero This dog exhibited the most severe
anemia of any of the four, but at no time did its RBC count fall below 3.3 x
105/mm3, and the lowest hemoglobin concentration reached was 8,9 graml/lOO CCo
whole blood,

Atypicall "foamy™ lymphocytes were seen in blood smears from all four of
these dogs., These cells appeared during the second month of exposure of three
dogs, Nos., 1437, 1537 and 1538, but only after six months of exposure of the
fourth dog, No. 1518, Their appearance in blood smears of a single animal would
probably be of no significance, but since they were found in the blood of all
four dogs, appearing at the same time in three of them, some importance must be
assigned to than; |

Biopsied specimems of bone marrow were obtained from the crest of the ileum
of three of the dogs after varying period of exposure., The appearance of the
bone marrow of dog #1537 was normal after 19 weeks of exposure, at which time
the RBC count was 4,1 x 106/mm%, the MCV was 103 cu, p and the hemoglobin
concentration of the whole blood, 13,0 gn/100 cc, In smears prepared from the
bone marrow of dogs Nos, 1437 and 1518, after 16 and 20 weeks exposure, respectivel
the myeloid cells appeared normal, but there was a slight increase of megaloblasts
and a definite increase of normoblasts end erythroblasts, These findings are
indicative‘of increased erythropoiesis; which occurs in any anemias, In Emears
prepared from bone marrow obtained from three of the dogs at the time of sacrifice
(after 30 weeks exposure), there was an increese of normoblasts and of erythro-
blasts exhibiting +3 or 44 hemoglobin staining, again indicative of increased

red blood cell formation such as occurs in any smemia, Terminal bone marrow
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smears from dog #1538 aopeared normal, The termiral RBC count of this dog was
5.0 x 106/mm3, with an MCV of 110, and 15,5 gm/100 cc. hemoglobin concentration
of the whole blood,

Anelysis of Red Cell Stroma, (lir. G. A. Tishkoff) Analysis of the stroma

of red cells of 2 dogs, exposed for 7 months to the beryllium mist, showed
normal values for all components, stroma content 9,5 and 9,1 mg/ml red cells,
total mg strome N/ml 53,5 and 59,2 and stroma lipid mg/ml, 3.8 and 3,05, Normal
values for dogs of these components average respectively for stroma, stroma
protein and lipid 9, 57, and 3.9 mg/ml,

Prophylactic Effect of Vitamin By, During the last 7 weeks of this

experiment, 4 dogs were exposed for v;rying periods of time in the chember with
the object of evaluating the prophylactic effectiveness of Vitamin B-12 against
the enemia that appears in experimental animals following inhalation of be}yllium
compounds. Two of these dogs received a dose of 3 yg of Vitamin B-12 intra-
muscularly three times, at 48-hour intervals, during the first week of exposure,
twice weekly, with an interval of 72 hours, thereafter, The other two dogs in
this group of four served as conérols, receiving no Vitamin B-12, One of the
control dogs, No. 1523, was exposed for a total of 132 hours at 2.2 xng/m:5 of
beryllium fluoride mist, The other three dogs were exposed for a total of 150
hours at the same mist concentration. All of these dogs exhibited macrocytosis
with rather low RBC counts (averaging 5.3 X 0,3 x lOs/mms) but normal hemoglobin
concentrations (14,3 * 1,0 gm/100 cc,) before exposure, Their RBC counts decrease
during exposure, as did also the hemoglobin concentrations of the whole blood,
There'was little change in the mean corpuscular volumes, The average depression
of the RBC counts was slightly less (=0.75 x 108/m3) in the treated dogs than in
the controls (~l.3 x loéﬂmm3)° There was no significant difference between the
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treated and control groups.with respect to the decrease in hemoglobin concentra-
tion of the whole blood, Iio trend was observed in the leukocytic counts of these
dogs and the differential counts revealed no abnormal changes, From these results
it appears that Vitamin B-12 alone is of little prophylactic value in’the
prevention of the macrocytic anemia induced by exposure to beryllium compounds

by inhalation,

Therapeutic Effect of Vitamin B-12, One of the Lextron-fed dogs; #1437,

and one of the controls (not receiving Lextron) was given 12 Jig each of Vitamin
B-12 intreamuscularly in four divided doses at 72<hour intervels beginning on
Monday of the 28th week of exposure, Both dogs exhibited a slight to moderate
reticulocytosié followed by an increase in the RBC count of one million cells/
mm®, The incressed RBC count was not sustained, however, snd it was concluded
that either the course of treatment was insufficient, or Vitamin B-12 alone is
not effective in the therapy of Be-induced anemia, A similar response to B-12
had been noted in dogs made anemic to beryllium sulfate mist,

Effect of Folic Acid, All four dogs were subsequently given 15 mg of

folic acid per os in divided doses of 5 mg on three successive days at the
conclusion of the exposure period, There was a slight to moderate reticulocytic
response between the 6th and 15th days after treatment, but the dogs were
sacrificed before a significant increase in their RBC counts had occurred, so
that this portiem of the experiment was inconclusive,

Clinisal Chemical Criteria of Toxicity. Clinical chemical tests have

been performed ﬁpon blood samples obtained periodically from each of the six
dogs that were exposed from the beginning of the experiment, One of the dogs
died on the 29th calendar day., In the brief period that this animal was exposed,
there was no significant alteration in the serum protein concentrations, Hdwavar,
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& sharp increase in plasma fibrinogen concemtration occurred, the level rising
from a pre-exposure mean of 0,3 gms%h to 0063 gms% on the 17th calendar day,
followed by a precipitous drop to 0,32 gms% on the 21st calenda} day, A second
dog died on the 7lst calendar day of exposurs, This animal exhibited a progress-
ive ircrease of plesma. fibrinogen concentration from en initial 0,5 g% to 0,73 gh
on the 51st calendar day, the level returning to 0.52 g% on the 63rd calender
day. There were no significant changes in the serum alkaline phosphatase,
calcium or phosphorus concentrations in the blood of any of these six dogs, No
significant changes occurred in the serum protein concentrations of the four

dogs that were exposed for a total of 207 calendar days., There was a vefy
slight increase in serum albumin concentration, and a corresponding slight
decrease of serum globulin, with the result that the A/G ratio increased scme-
what, In all four dogs, the plasma fibrinogen concentration increased significant:
between the 9th and 17th calendar days, This was followed by a gradual return

to normal levels, with a second rise and fall between the 117th calendar day

and the termination of the experiment, All four dogs exhibited a progressive
increase in serum dilution turbidity during the first 135 calendar days, Changes
in serum dilution turbidity are thought to be associated with changes in serum
globulin, but the significance of the observed increase is unexplained since
appreciable alterations were not seen in the serum globulin concentrations of
these dogs, The serum protein concentrations in the blood of three rabblts were
determined periodically during exposure for 120 calendar days, These rabbits
were the same ones upon which hematologic observations were made, All of the
rabbits exhibited en increase in total protein concentration between the 20th

and 66th calendar days, In two of the rabbits the serum albumin concentration
increased after the 66th calendar day, while the third animal exhibited a
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decrease at about the same +time, ihe decrease beinz Iollowed by & rapid increase
to nearly 5 gms$; for the remainder o@ the period of study., The serum globulin
level remained reasonably constant &7 243 gns% in the blood of all three rabbits
throughout the experiment, In two rabbits the A/G ratio increased very slightly,
while in the third animal this ratic was nearly constant,’

Slectrophorstic Studies on Serum Proteins, Electrophoretic patterns of

wwo dogs, #1518 end #1538, exposed for 6.5 months tc 2 mg/m3 teryllium fluoride
nist deily showed no significant variation Irom normeal in any of the components
according to Dr. Alling, under wnose direction the experiments were performed,
Albunin ceaks. however, were somewhat lower than those obtained normally for
dogs Tut were still within the normal range; the globulin patterns were about
normal as were the fitrinogens. The gamma globulin peaks on dog #1518, however,
were fairly low, The A/G ratio of both dogs were in the low range, being 0,7
and 0,8 respectively,

Pathologic Changes in Lungs., Five cats and three rats were humanely

sacrificed after 102 calendar days exposure tc 2.2 mg/m® beryllium fluoride mist,
licroscopic examination of tissue sections by Dr. J. K, Scott from each of the
five cats revealed no lesions attributable to beryllium in any organs other than
the lungs. With respect to lung pathology, two of the cats exhibited no lesioms
(Nos, 2 end 604), and two showed only mi1ld lesions quite similar to those observed
in cats exposed to beryllium sulfate mist at a concentration of 1 mg/m®, The
degree of demage in the lungs of the fifth cat. although more extensive than

any of the others, was considered to be only minimal or moderate as compared
with the lesions observed following exposure to beryllium sulfate mist at the
higher concentrations,

Beryllium and Fluoride Content of Tissues, Tissue samp}ps from each of
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the five cats and three rats were anslyzed spectrographicelly by Dr. L, T.
Steadman for their beryllium content., The results of the analyses are shown in
Tables 2 and 3 (Pages 73 and 74). In both species nearly 80% of the total
beryllium recovered was found in the skeleton, The percentage recovered fram
the lungs of the rats was nearly double that found in the same organ of the cat,
while the percentage recovery from the liver of the cats was nearly double that
found in the liver of the rats, The egreement in the skeletal deposition in
the two species 1s noteworthy, Fluoride analyses were carried out by Dr., F, A,
Smith on tissue samples from these same animals, In general, there was no
relation between the fluoride and beryllium contents of the tissues on a molal
basis, This is difficult to interpret, especially in the case of the lung, which
is presumably the source of both the beryllium and the fluoride found in the

other tissues,

Bibliography

1, Sprague, G, F., Pettengill, A.,, Brown, B, and Stokinger, H, E.,, Inhalation
Toxicity of Beryllium Sulfate list in Animals at 10 mg/mS, Rochester
Report #UR-65

UNCLASSIFIED

UR 014989



736

UNCLASSIFIED

TABLE 2

DISTRIBUTION OF Be IN RAT EXPOSED FOR 102 DAYS TO

Cas 2 mg Ber/m3

% Wt, of Total Be
Animel Organ ‘Organ Be in
Weight | in Body wt, Content Organs
g g ne/g e
BONE 326 10,9 35,6 0046 18,4
2486 " 26,8 0,56 19,9
326 " 35,6 0.50 17,8
Average 18,0
LUNG 326 0,53 1,7 3.9 6.6
246 " 1,3 2,4 4,1
326 " 1,7 3,7 6,3
Average 5,3
LIVER 326 4,17 13,6 0,007 0,09
2486 " 10.3 0,006 0,06
326 " 13,6 0,006 0,08
Average 0,08
KIDNEY 326 0,78 2,52 0,049 0,12
246 " 1,92 0,062 0012
326 " 2,52 0. 050 0,13
Average 0.12
Total Distribution
»g Be %
Skeleton 18 78
Lung 563 22,5
Kidney 0012 0.5
Liver 0,08 0,34
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TABLE 3
DISTRIBUTION OF Be Iil CAT ZXPOSED FOR 102 DAYS TO
Ca 2 mg BeFo/md
% Wt, of Total Be
Aninal Organ Organ Be in
Weight in Body Weight Content Organs
kg g /e re
BONE 366 12,7 457 1.2 550
303 " 420 2.64 1,110
269 " 368 2.2 810
3,0 n 382 2,2 840
: 2,6 " 330 2.2 728
Averagse 810
LUNG 3.6 0,51 18,3 7.1 130
3¢3 " 16,8 5.1 86
2.9 " 13,8 5.3 79
3,0 " 15,3 17.6 270
2.6 " 13,3 6.8 91
Average 1381
LIVZIR 3.6 2.96 105.7 0,66 70
3.3 " 97.5 1.83 178
2,9 " 86 0.45 39
3.0 " 89 0,65 58
2.6 " 77 0.57 44
Average 78
KIDNZY 346 0,81 29 0,05 1,5
3,3 " 27 0,02 0.5
2.9 " 24 0.04 1.0
3.0 " 24 0.04 1.0
2.6 " 21 0,05 1,0
Average 1

Total Distribution

pg Be

Skeleton 810
Lung 130
Liver 80
Kidney 1
Total 1021

o

Other tissues such as spleen, heart, blood, pancreas, thyroid, adrenals, pituitary
are considered to contain negligible emounts,
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Froblem Code: 3Beo4 (Fate)
Section Code: 3210

Authors: H, E. Stokinger, R, E. Root and L. T. Steadman

Retention of Beryllium in Tissues Following Inhalation. II. Effect of Diet onm

Deposition and Retention in Rats,

In UR-103 a number of findings on the rates of intake and elimination
among which was the prominent faot that the rate of elimination of beryllium fram
the tissues of different animal species varied widely were summgrized. For
example, it was found that 50% of the beryllium deposited in the lungs of rabbits
exposed for 40 days to 3.6 mgﬁns beryliium sulfate mist was eliminated within 23
deys. whereas a similar reduction in the beryllium content of the lung of the
hemster required a calculated 112 days following & 67-day exposure to 1 mg of
the seme beryllium aerosol, The conclusion that species differences were
responsible for the marked difference in elimination rate was based on the
assumption that beryllium is deposited in the same fashion in different specles,
i.e,, that beryllium mist penetrated into the same recesses of the alveoll and
that the difference in exposure times did not materially affect the processes of
eliminaticn.

In view of these differences in beryllium elimination rates apparently
caused by species differences, a study was made to determine whether the rate of
elimination (and/cr deposition) might be altered by a modification in diet.

This study was performed in rats,

Sixty male, albino rats were divided into 3 groups of 20 rats each,
welighing at the start of the experiment 220-240 g, One group was given a regular
foxchow meal ad libitum; this group consumed on the average 18-20 g of this
diet per day per rat, The second group was restricted to 10 g of the same
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Toxchow meel d21ly oer rats The third group wes likewise restrié&ed to 10 g of
the meal per day per rat but supplemented with 2% sulfasuxadine.(for a purpose
unrelated to the present experiment), -he enimals were maintained on this
regimen for 7 days prier to and during daily 6-hour exposure to approximately
2 mg/m3 BeFg fer 35 days, The rats survaiving this exposure* were killed in
groups of fram 24 rats fram each of the dietary groups terminally, and 16 and 35
days later, During the post-exposure period, the enimals were similarly maintained
on the dietary regimen,

From the data obtained on the three different groups shown in Table 1
(Page 77), the foilowing conclusions seem warranted from simple statistical
tests (Dr, S, Les Crump), At the terminetion of the exposure, similar amounts
were found in the lungs of all animals irrespective of the diet; during the post-
exposure’periodss however, elimination of beryllium appeared to occur at a
faster rate in the animals on the restricted diet than in those eating the same
diet at will (38-56% remaining at the end of 5 weeks as against essentially no
change in the rats on unrestricted intake), Consistently less (14-45%) wes
found in the femur cof rats on a restricted diet, more appearing in the kidney
and liver than in animals on an unrestricted inteke, indicating an increased
rate of elimination from the lung., The concentration of beryllium in the femur
of 21l rat groups was approximately one-tenth of that in the lung irrespective
of dietary inteke,

It is possible also to demonstrate a greater absolute loss of Be from

the body of the rats on the restricted diet than from those on the unrestricted

* This dosage of beryllium fluoride was lethal to from 30-35% of the rats,
There was no significant difference in mortality of the rat groups on the
restricted end nonrestricted diets,
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intake, Reference +to Tactle 7 {(beic¥v! =nows the computations of tctal body
beryllium* in the two groups st the start cnd conciusion of the analytic diet
as compared with 5.9 pg on a restricted diet; 2n a porcentage basis, Be loss

amourted to 17.4 and 37.5% respectively, IThis difference appeared to be

contributed chiefly by the lung,
TABLE 2
TOTAL Bs IN UNEXPOSED AND EXPOSED RATS
Unexposed Exposed
7 mo. of UNRESTRICTED DIZT * RESTRICTED DIET
age Terminal { 5 weeks post | Terminal | 5 weeks post
exposure exposure
»& 28 B re
Skeleton 0.6 18 14 10 68
Lung 0015 503 5.1 563 2.7
Liver 0,03 0,08 0014 0.2 0.14
Kidrey 0,024 0,12 0.12 0,16 0.12
TOTAL Be 0,8 2365 19,4 15,7 9.8

Loss on unrestricted diet - 4,1 pg Be in 5 weeks
Loss on restricted diet - 5,9 pug Be in 5 weeks
If the possibility is considered that the differences found among the
groups night arise from the differences in beryllium intake from the diet
(enalyzed beryllium content of foxchow meal, Ol Pg/g), reference to Table 2
will show that this cannot be a factor,

0,8 pg Be was the average total amount

in the body in each of 10 rats consuming the regular diet of foxchow meal but

* Jt has been determined that the four tissues listed in Table 2 account for
essentially all of the beryllium taken into the body via the respiratory tract,
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not exposed to beryllium compounds, The age of these rats was 7 months as
opposed to approximately 4 months for those in the present study. It is obvious,
therefore, that a restricted food intake could not be responsible for the
difference in total body beryllium content.

It would appear, accordingly; from these results that it is possible to
modify éubstantially the rate of elimination of beryllium in the lung and its

deposition in the femur of animels by modifications of dietary intake alone,
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PROGRAL S, M,

SFECIAL MATERTALS

Problem Code: S.M.3 (Toxic Limits)
Section Code: 3210

“Authors: Robert H, Wilson and Sidney Laskin

Imprcved Design for an Animal Inhalation Exposure Unit.

Experience (of this group) with inhalation e;posure studies has indicated
that the interpretation of éhe complex biologic variables in such studies can
not afford to be handicapped by physical difficulties associated with_fgulty
chamber design. These difficulties include such items as equipment, maintenance
and variability of concentration and particle size of the toxic agent
(contaminant) in the atmosphers. Coping with such problems in the past with
poorly constructed units has often proved costly in terms of labor and time,
Frequently these difficulties led to inadequate foundation for the interpretation
of the biological data obtained, With these concepts in mind, work has beeﬁ in
progress toward the development of improved inhalation exposure equipment, aerosol
feeds and better methods for the characterization of atmospheric impurities,

The numerous phases of this program have been discussed in previous gquarterly
reports, This report is concerned with the latest developments in inhalation
equipment representing attempts to approach ideal requirements. Such require-
ments may be summarized as follows: (1) adequate volume and eir turnover for
the desired animal capacity; (2) ease of loading end handling animalsy (3)
simplified means of decontaminating exposure-unit cages and exhaust air from
the exposure unit; (4) wide latitude of concentration and particle-size levels;
(5) maintenance of concentration end particle-size distributions within the
limits of other experimental errors; (6) uniform distribution of concentration
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and particle size within the exposure unit; (7) ease of operation and simplicity
of mechanical maintenance; (8) simplified methods for the characterization of
the atmospheric contaminants,

Although a cubic unit is simplest from a construction stendpoint and can
be easily designed to meet the animal requirements, it has been found by this
laboratory that such a unit falls short of several of the sbove ideals, Concentra-
tion and particle=-size distributions within the exposure unit often showed wide
variations depending upon positions selected for sampling; maintenance of
concentration at any given point frequently provﬁd difficult and subject to
large variation,

With these shortcomings in mind, corrective measures consisted in the
elimination of dead spots or stagnant areas within a cubic unit by blocking
off the cormers (1), Excessive turbulence tending to remove larger particles
by impingement against cages and walls was eliminated by the removal of fans
and the substitution of low-velocity directing nozzles for the inlet air, This
resulted in a more gentle motion of the air stream with the suspended particles
and vastly improved distribution of the dispersing material and simplified
concentration maintenance,

In the course of certain investigations performed in this laboratory, a
chamber was designed that permitted sampling at any point with a high degree of
reliability. This unit has been designated as "the experimental standard
chember™ and is described in & previous report (2)., The primary purpose of the
unit was the study of aerosols and the maintenance of reference atmospheres of
mown camposition for the comparative testing and calibration of feed and
sampling devices, Because no animal requirements were involved, & radical

departure in chamber design was made in order to approach the ideal based on
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serodynamic principles of a wind tunnel and modified by the practical limitations
of space, The construction was in the form of a vertical cylinder with inlet

and outlet regions modified to obtain minimal turbulence and meximal uniformity
of concentration and particle size at any point within the body section. The
design proved highly setisfactory yielding results that were uniform within the
limits of experimental errors (3%). Excellent distribution of concentration and °
particle size have been reported for several types of atmospheres,

The opportunity to apply the experience gained from studies on the experi-
mental standard chamber to an animal inhalation unit was furnished by the needs
of a course in Industrial Hygiene and Toxicology (see‘page 95 this report). A
major portion of the laboratory schedule dealt with animal inhalation experiments
conducted by students, Utilization of the techniques for this type of experiment
by inexperienced investigators emphasized the need for a unmit approaching the
ideal described above,

A new design of an inhalation exposure unit was developed and comstructed
in the new Industriasl Hygiene and Toxicclogy teaching laboratory, Exact
duplication of the experimental standard unit was not desirable because of
animal requirements, As & compromise, & plene.sided approximation of the
standard chamber was developed., This permitted large loading doors and air-
tight closure more readily than could be obtained with & cylindrical section,

The final design, illustrated in Figure 1 (Page 83), is in the form of a

hexagonal prism 4 feet across the flats and 3 2/3 feet long. The end sections

are frustums of hexagonal pyramids approximately 2 feet high, Although additional
sides would have been preferable from an aerodynamic point of view, because of

the resultant decrease in door width and the requirement of small animal cages,

it was not considered practical, (Space limitations prevented the comstruction
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of a larger unit with added sides which would have more closely approached the
ideal cylinder.) Construction of the unit was of stainless steel and plexiglass
throughout, These materials were chosen for their ability to withstand the
effects of corrosive salts and repeated washings.

As illustrated in Figure 1 (Page 83), air is admitted tengently to a short

cylindrical section at the top., This serves as a mixing chamber in which dusts

‘or other merosols are distributed uniformly in the inlet air as a result of &

mild cyclonic motion, A conteminant inlet is also located in the mixing chamber
entering tangently 90° ahead of the suppliied air inlet, Exhaust air is dramm
axially from the bottom of the exposure unit, Air supply and exhaust lines to
the exposure unit are 2-inch, electrical, thin-walled conduit chosen for its
streamline construction, Conditioninz air is supplied by an I.L.G. b-12 blower

and contaminated air from the unit is exhausted through a Rexair vacuum cleaner,

' The latter was chosen because of its operation as a high capacity centrifugal

wet impinger yielding satisfactory scrubbing efficiency,

Control and sampling apparatus mounted on a panel board, located 3 feet
behind the unit in order to permit easy access to all sampling ports, provides
simplicity of operation. Conventional air, refrigerator and vacuum equipment
is mounted above and behind the panel board, Wet and dry bulb temperatures are
obtained from a Foxboro, long-distance recording psychrometer, Temperature is
controlled by a 1/2 hp Kelvinator unit, Provision is also made for as meny as
3 simultaneous medium-rate (0-30 literq/min) samplers from the unit.

Both the supply and the exhaust linesiare controlled by gate valves to
allow adjustment of air flow from 0-40 cfm, Chamber static pressures can be
mainteined from +0,1" of water to -0,5" water with respect to normal ambient
pressures, These values are determined from a 2-tube draft gauge one tap of
which is connected to a pitot tube measuring the velocity head in the exhaust
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‘line, from which the volume of air can be calculated. The second tube directly

measures the exposure unjt static pressure, lormal cperation is meintained at
35 cfm with a static pressure of -0,02 to -0,04" of water. The static pressure
is kept negative to prevent external contamination in the event of leakage.

The unit has a total air volume of approximately 75 cubic feet with an
animal capacity of 20 rabbits and 40 rats, These animals are exposed in cages
as illustrated in Figure 1 (Page 83)., The ceges are equilateral triangles 2
feet along the side and 10 inches deep, divided into two sectioms for rabbits
and four sections for rats. Racks are provided attwo levels for placement of
the cages, Assuming adult animal size, animal volume to chamber volume ratios
of 5% are obtained., Ventilation requiremehts are met by an air turnover of
one change every two minutes,

The exposure unit is adaptable to almost any type of contaminant feed,
The one currently installed is & submerged aerosocl unit of the type previously
reported (3), Preliminary studies of the operational characteristics of this
expcsure unit indicate very satisfactory maintenance of concentration and particle.
size distribution., The unit is currently in use by a group of students engaged
in a 3-week study of a uranyl nitrate hexahydrate mist atmosphere at a concentra-
tion of 15 mg/m3, Typical results of operation for a 4 1/2-hour run show a
mean concentration obtained of 15.8 mg/m® with a standard deviation of 1.0.
Seventeen concentration determinations were made with the filter paper dust
sampler and although seven different sempling sites were used, the entire range
of concentrations obtained were from 13,5 to 17.2 mg/hs. More complete data
on the operating characteristics of this unit will be available at a later date.

The unit was found to be easily operated and decontamination following

exposure was facilitated by the exhaust design and the presence of a floor
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drain located below the outlet,

»With respect to future design of such units for animal iqhalation studies,
one serious difficulty must be noted., The present design has a comparatively
small animal exposure unit yet its heigkt requirements are over 9 feet, Any
increase in body dimensions for increased animal capacity will necessitate
kincreasing over-all height beyond the limitations of the average laborafory room,
Although no information has been developed as yet on the limitations of the top
and bottom sections in term§ of decreasing their size, it is surmized that

probably an apex angle of 90° would be maximum for satisfactory results,
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PROGRAM I,N.
INSTRUMENTATION (SPECTROSCOPY, ELECTRON LICROSCOPY, -X~RAY AND
NUCLEAR RADIATION DETECTORS, X~RAY DIFFRACTION, ELECTRONICS)
Problem Code: I.N.1 (Research and Development)
Section Code: 3160

Authors: M, L. Watson, B. L. Jacobson, D, C. Scott

Preliminary Report on the Preparation of Tissue Sections for the Electron

MicroscoEe

The electron microscope is able, under the best con&itions, to provide
a resolution of about 20 K. Good light microscopy can provide a resolution of
the order of 1000 £. It is clear then that the electron microscope can resolve
detail some fifty times smaller than the light microscope,

It is of considerable interest to apply the electron microscope to the
examination of biological materials, There is, however, an important point
which must not be overlooked if good resolution of preparations is to be obtained,
The material through which the besm passes must be extremely thin. Electron
scattering in a paraffin film of 0,1 p thickness will result in a resolution
of about 120 & in the stendard RCA type EMU microscope., Tissue culture methaods,
smears, macerated preparations, replicas, and other techniques have been applied
to prepare tissue for the electron microscope, With these methods, while fine
scale detail has been retained, very often gross large scale "artifact" is
introduced - e.ge the artifact of tissue culture cells compared to the sams
cells grown in the li§ing orgenism,

A certain amount of work has been done towards the production of tissue
sections suitable for the electron microscope., However, no really satisfactory
routine method appears to have been published, and it is toward this end that
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we are working,

The major problems are the cutting of thin enough sections - ca. 0.1 p -,
fixaetion without artifact on the 50 K level, and the removal of the embedding
material without the introduction of appreciable further artifact, We will take
these up in order, insofar as we have solved them,

Cutting Thin Sections, Under this heading we may consider embedding

materials and knife sharpening,

We have in this laboratory tried three embedding mediums, straight 55° -
60° paraffin, paraffin-celloidin, and butylmethacrylate, Of these the butyl-
methacrylate has proved to be the easiest to cut in a reliable way, so nearly
all our work has been done with this, Rather than a mixture of 25% methyl-
methacrylate and 75% butylmethacrylate with 1% catalyst suggesfed by Newman et
al (1) we find that the softer preparation of pure butylmethacrylete with 2-.3%
catelyst is easier to cut. However, Newman reported on preparations of rather
dense tissue, liver and kidney, and we have worked mostly with lung which is
80% free of tissue, It might be worth mentioning that lung is a convenient
tissue to work with since its porosity allows easier and more uniform fixation
end embedding than denser tissues, We have also been using the carbon dioxide
feed Newman suggested with satisfactory though somewhat unreproducible results,

A most critical step in the cutting of thin sections is the sharpening
of the knife, We have developed a method which, though it may not produce the
ultimate keenness, does produce a reliable edge..

The knife is sharpened by hand on & plate glass surface, It is supported
in a special holder showﬁ in Figure 1 (Page 89). Since the back rests on only
one point, pressure slong the blade is equalized,

The tilf of the blade is adjustable by the position of the wheel in the
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Figure 1, Knife sharpening holder shown in operating
position on a glass plate
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holder. Our blades have been ground so that the angle between the faces is about
22 degrees instead of the customary 30 degrees, Presumably the harder the
tissue blocks, the greater this angle should be,

The surface of a piece of plate glass is ground evenly all over with
#2200 emery so that the ground surface is just as flat as the original polished
surface, The knife is then mounted firmly in the holder, tilted to 1-2 degrees
less than the final desired tilt, It is polished by sliding normal to the edge
with the blade in contact with the glass only when the direction of motion is
such that the edge leads, In this initial stage a mixture of #8 ‘and #0 Linde
Powder is used with ethyl alcohol as dispersant, This operationlis continued
until all nicks are removed and, under the microscope, the polished bevel has
the same appearance across its width. The blede holder is then adjusted to
increase the angle of the blade with respect to the glass polishing surface by
1 or 2 degrees, . The final polishing is carried out on a polished plate glass
surface using alcohol alone with no grinding compound; Care must be taken to
select a glass surface which matches the ground surface used for the initial
polishing sufficiently well so that the final polishing takes place evenly along
the length of the blade. Surfaces may be checked by actually trying them, If
the polish comes up only at the ends of the blade, tﬁe surface is unsatisfactory,
If the polish comes up in the center first, it mey be possible to use the
surface provided it is not too convex with respect to the blade, Considerable
care must be used to scrub all glass working surfaces with alcohol before
using them, The Linde alcohol mixture and the alcohol polishing lubricant
should be changed every two or three hundred strokes., Final grinding or polish-
ing spells are tapered off from fifty strokes on each side down to one stroke
in graded steps. Rather light pressure is used on the blade throughout the

polishing operations,
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Fixation, We have worked only with three fixatives - Bouin's, Formalin,
and Osmic acid,

The Bouin's and Formalin have proved very umsatisfactory, introducing
serious artifacts., Some of these artifacts may be due to the period of some 12
hours during which the butylmethacrylate must be heated to 50°C for polymerization.
Osmic acid, however, has proved very satisfactory indeed, introducing artifact
on less than a 100 A scale for densely fixing regions such as cell walls,
Loosely fixing material such as plasma shows more artifact apparently in the
form of scattered particulate chains, However, not much can be said about this
at present, since there is little basis for cumpafison.

Some work has been done on the problem of removing the embedding materiel
with suiteble solvents such as acetone or amyl acetate with or without the
addition of a little collodion, More work will be done on this and will be
reported on later, The problem is to remove the embedding material from the
tissue without introducing tissue shrinkage on evaporation of the solvent. It
is possible that a balance in favor of the extracted preparation can be made
between fine scale shrinkage artifact and electron scattering "artifact" due
to the presence of the embedding matrix,

Following are electron micrographs of tissue sections prepared as

described in this report (see Figures 2 and 3, Pages 92 and 93),
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Code: I.N.2 (Service)
Code: 3150

L. T, Steadman

chamber air samples were analyzed for beryllium,
chamber air samples wefe snalyzed for zirconium,
air dust samples were analyzed for zirconmium.
enimal tissues were analyzed for beryllium,
samples were analyzed for phosphoruse.

samples were analyzed for copper,

standard zirconium sample was analyzed for impurities.
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SDUCATIONAL FRCGRAM

Problen Code: lione
Section Code: 3480

Authors: J, N, Stannard end S, Laskin

Industrial Hygiene end Toxicology (Sidney Laskin), A course in Industrial

Hygiene and Toxicology, given by the Division of Pharmacology, has been current
during this quarter as part of the general program in Radiological Physics
described in earlier reports. The total course of 10 weeks is outlined in

the lecture end laboratory schedule (Pages 98.i01), Zmphasis is placed on the
basic principles of toxicology, characterization of toxic atmospheres and specific
toxic agents and the biological application of statistical methods. The field

of industriel hygiene and toxicology is considered both from the protective
aspects ana the evaluations of hazards in terms of animal experimentation and
industrial surveys. Special emphasis is placed on problems relating to inhalation
toxicity, dust particle size and materials of interest to the Atomic Energy
Commission,

Laboratory problems are designed to give the student experience in the
use of various devices and procedures for the evaluation of toxic atmospheres
end in the use of experimental animals for the evaluation of toxic agents,

Work has been in progress on the completion of a new laboratory for this
course in the educational wing., Installation of special equipment, including
several pilot inhalation units, a full-scale inhalation exposure chamber and
special dust analysis apparatus was completed in time to permit its use in the
current course, Other facilities include fume hoods, animal storage space and

& leboratory preparation room, Laboratory space is provided for & group of 20
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students, The class this semester comprises the ten A.E.C. Fellows in Radiologice
Physics and two graduate students enrolied at the University.

In addition to Project personnel siding in the teaching of this course,
full advantage was taken of the generous aid of Dr, James Sterner*, Dr., Sterner
lectured on practicalAhealth problems particularly those relating to the halo-
genated hydrocarbons and the role of the industrial hygienist in plant health
programs, We are also indébted to Dr. D, Fassett of Dr. Sterner's staff for
arranging a tour of the Eastman Kodak Company at Kodak Park to demonstrate in
practice many of the principles discussed in the course,

Civil Defense Training (J. N, Stannard), A course for physicians concernec

with the problems of civil defense against atomic warfare was given during the
week of March 27th. This course was one of several sponsored by the Atomic
Energy Commission at the request of the National Security Resourceg Board, It
was intended primarily for physicians who would occupy key positions in develop-
ing medical preparedmess programs in their own geographical areas and would take
the lead in similar courses organized by state or city public health or similar
cognizant authorities, The states of laine, New Hempshire, Vermont, Massachusett:
Rhode Island, and New York were represented, with, in addition, observers fram
Great Britain and Caneda, Other areas of the country were or will be represented
et similar courses at other centers., Only unclassified information was discussed.

A1l lectures and discussions will be reproduced from wire recordings and
circulated as & project report (UR-112),

Most of the topics were discussed by personnel from the Atomic Energy
Project and Medical School except that the lecture on gemetic effects of radiatior

vms presented by Dr. Donald R, Charles, Professor of Biology, College of Arts

* Associate Medical Director, Eastman Kodek Compeny, Rochester, New York
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' and Sciences, and the final discussions covering psychological factors in major
disasters were led by Dr. Alexander Leighton, New York School of Industrial and
Labor Relations, Cormell University, Ithace, New York, and Dr. Ralph Low,
Trumansburg, New York,

For information the followiné specific items are appended:

1, Outline of Course for Physicians (P, 102)

2. Topical Outline (P, 103=106)

3, Films (P, 107) |

4, Literature Distributed (supplied by A.,E.C., Washington) (B 107-108)

5, List of Physicians Attending (P, 108-109)
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INDUSTRIAL HYGIEKE AND TOXICOLOGY

'LECTURE AND CONFERENCE SCHEDULE

Monday and Friday - 10:30 A.M,, Tuesday and Thursday 9:00 AN,

February 20 to April 29, 1950

Title
Introduction ~ Nature of Problem

Principles of Toxicology

Introduction to Pharmacology

Factors Modifying Acticn of Toxic Agents =A
Factors Modifying Action of Toxic Agents ~B
Assaying Damage in Exposure

ﬁiological Variations

Conference

Experimental and Practical Toxicology

Contact Exposures
Ingestion and Injection Studies

The Respiratory Route -~ Animal Experimentation for the
Determination of MAC Values

Plent Conditions and Health Program Organization
Confersnce

Characterization of the Atmosphere

Sempling and Analytical Methods for Gases
Aerosols - Physical and Chemical Properties
The Particle Size Problem I

The Particle Size Problem II

Conference

UNCLASSIFIED
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Hodge

Stokinger
Stokinger

Stokinger

Spiegl

Rothstein

Staff

Meynard

Maynard

Stokinger
Sterner

Staff

Laskin
Laskin
Laskin
Laskin

Staff
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Indirect Aerosél Methods

Sempling for Concentration and Particle Size
Thermal and Electrical Precipitators
Conference

The Cascade Impactor I

The Cascade Impactor II

Surface Area and Other Physical Measurements
Conference

Material Constituting Hazards

Lead, Mercury

Uranium, Arsenic

Beryllium, Silica and Pneumoconiosis Producing Agents

Fumes, Mists and Smogs
Noxious Gases and Vapors I
Noxious Gases and Vapors II
Wer Gases and Supertoxics

The Industrial Problem

Medico-Legal Aspects of Toxicology
Protective Engineering

The Field Survey

Round Teble on Field Problems
Conference

Final Examination

- UNCLASSIFIED

Laskin
Laskin
Lasgkin
Staff
Laskin
Laskin
Lauterbach

Staff

Salamon
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Scott
LaBelle
Smith
Smith

Hodge
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Wilson
Laskin

Spiegl, Wils
Laskin
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INDUSTRIAL HYGIENE AND TOXICOLOGY

LABORATORY SCHEDULE

February 21 to April 27, 19850

Title

Acute Toxicity I

A, Comparative study of route of administration

1, Demonstrgtions
2, Arsenic in rats

B, Experimental measurement of LDg

1, I.P. toxicity of soluble uranium in mice

Acute Toxicity Il
Bo &o BAL = mercury poisoning in rats

. Acute oral toxicity of soluble uranium in rats

4, I.P, toxicity of NaF in g. pigs

Acute Toxicity III

B. 5o Vapor exposure with carbon tetrachloride

Biological Effects of Aerosols

Histemine-antihistamine demonstration

Biochemistry

A, Analysis of hair and tissues for arsenic
B, Determination of sugar in urine

C, Nonprotein nitrogen

D, Protein

yinhalation Toxicity

A, Physical operation of chamber
Demonstration of dust feeds

B. Uranium enalysis (ferrocyanide)

Co Chamber operation
Sempling for concentration

Inhalation Toxicity

D, Planning session for inhalation experiment

E, Report writing

F, Special problem

G, Preparation and care of animals
UNCLASSI FIED
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Maynard
LaBelle
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Staff

UR 01527



8.
9.

10.

11,

12,

13.

14,

15,

16

17,

101.

UNCLASSIFIED

Title

Inhalation Exposure

A, Preparation of animals
B, Collection of samples

Operation of Chamber

A, Concentration sampling
B, Analysis of samples

Particle Size leasurement

Sampling for Concentration

A, Concentration analysis
B, Biochemistry
C. Dust analysis
D. Particle size

The Cascade Impactor

A, Seampling and analysis of results

The Thermal Precipitator

Electronmicroscopy

Gross Autopsy

Analysis of Acute Toxicity

Results

Pathology
Library Research

Student Seminars

Field Survey - Round Table
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Instructor

Laskin
Wilson
Smith

Frank
Smith

Laskin,
Lauterbach

Smith

Frank
Berke
Lauterbach
Laskin

Laskin

Laskin,
Lauterbach

Watson

Scott

Maynard
LaBelle

Scott

Staff
Laskin

Spiegl
Wilson
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OUTLINE FOR A COURSE OF ONE WEEK'S DURATION FOR PHYSICIANS CONCERNED

Monday

Tuesday

Wednesday

Thursday

Friday

WITH CIVIL DEFENSE AGAINST ATOMIC WARFARE

March 27 - March 31, 1950

Registration

Statement of Problem
Radietion Syndrome in Man
Discussion

Flementary Radiatiom Physics, Properties of
Radiation and Dosage Units

Discussion and Film

Operating Plan for Atomic Disasters

Handling of Food and Water Supplies
Discussion and Film
Elementary Nuclear Physics

Atomic explosions and fission reactions
Radiation Detection and Measurement - Lecture

Redietion Detection and Measurement - Demonstration

Biological effects of radiation
Film
Genetic effects of radiation

Human radistion pathology
Hematology
General radiation pathology

Internal radiation hazards, general problems

Detection and handling of radioactive materials -

Demonstration
Internal radiation hazards, specific substances

Mechanical and thermal injury
Film, demonstration of burns
Mechanical and thermal injury

Medical aspects of Atomic Disaster Control -
Genersal

Medical aspects of Atamic Disaster Control -
Thersapy

Medical aspects of Atomic Disaster Control -
Organizational Problems

Psychological factors in major disasters

Experiences with orgenization of local study
groups in the atomic emergy field

Review and Recapitulation
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Blair
Bowland

Steadman
Dahl
Bale
Steadman

Hursh
Mermagen

Mermagen, Dahl

Stannard
Charles
Scott
Ingram

Casarett

Hursh

Stannard

Kingsley
Kingsley

Howlaend
Howland
Payne
Leighton

Low
Staff
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CIVIL DEFENSE COURSE -~ Topical Outline

The Radiation Syndrome in Man - Clinical

General comment
Nature of the physical agents
Types of injury produced
Clinical manifestations following ionizing radiations
Local exposure .
Whole body exposure

Elementary Atomic and Nuclear Physics

Elementary particles and their properties
Fission

Chain reaction

Fission products

Pile end bomb fission reactions

Atomic Explosions and Fission Reactions

Physical aspects of the explosion

The destructive effects of the air explosion

Ccamparison of underwater and eir explosions

Evaluation of the importance of the different destructive agents
Physicael means of protection

Time warning factor in effectiveness of precautionary measures

Radiation Detecting Devices

Ionization monitoring devices

Theory of operation of ionization chambers

Electrostatic type of electrometers

Vacuum tube electrometers

Calibration of ionization chamber type portable instruments
GM counter monitoring devices

Theory of GM counters

Basic circuits for GM counters

Rate meters versus scalers

Calibrations of portable monitoring GM counters
Photographic monitoring devices

Demonstration of Use of Instruments

Laboratory experiments
Use and operation of ionization type survey meters
Use and operation of GM counter survey meters
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Biological Effects of Radiation

Effects on cells
Specific ionization, biological effectiveness ratios
Types of effect ~ structural, biochemical, functional
Possible mechanisms
Bffects on tissues
Concept of tissue sensitivity
Types of changes (killing, growth inhibition, sbnmormal growth, carcinogenesis)
"Effects on intact organism
Summation of tissus changes
Species and age effects
Influence of dosage rate
Direoct vse indirect effects

Genétic Effects of Radiation

Introductiong human chromosemesg the internal architecture of chromosomes; gemes,
their nature and role in development
Types of mutation and their consequences in individuals
Chromosome mutations, fragmentation and translocation
Gene mutationsj dominant, recessive, sex-linked
Effects of mutation on the genetic structure of & population
Spontaneous mutation rates in man
Persistence of mutent genes from generation to gemeration
Number of individuals affected by each single mutation, and total harm done
Radiation=-induced mutation rates in mice and other experimental organisms;
implications for human populations and individusls at various exposure levels

Human Radiation Patholqu

Anatomical lesion resulting from radiation of normal organs and tissues
Variations in sensitivity of tissues to ionizing radiation
Brief statement on radiation therapy for malignant tumors
Tumors induced by ionizing radiation
Pathological anatomy of Hiroshima cases
General discussion of findings
Case reports

Pathology and Laboratory Demonstration

Autbpsy of irrediated animals
Study of gross specimens
Study of microscopic changes (projections)

Internal Radiation Hazards, General Problems

Radioactive decay series, types of disintegration, types of radiatiom, specific
activity vs. half-life

Factors modifiying biological effect
Absorption, distribution, exeretion, effective half-life

Effects produced

Dosage problems, estimation of body content
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Internal Radiation Hazards, Specific Substances

Fission products

Radicactive elements produced by neutron bambardment of common substancel
d. - emitters

Special problems in dealing with mixtures of radioactive materials

Mechanical and Thermal Injury

Components of explosion
Renge of effects based on Japanese experience
Importance of traums and burns as compared with ionizing radiation
Mechanical trauma - fractures, penetrating wounds
Thermal traums - primary, secondary burns, late effects
Therapy
Can burns be prevented?
Personnel and material requirements for treetment of large pumbers of
casualties
Importance and course of thermal research
Demonstration of research equipment and present results

Medical Aspects of Atomic Explosions

Nature and extent of the radiation emitted in an atomic bomb explosion
Potential type of injury from bomb explosions - general
Direct - gamma reys, neutrons
Induced - neutrons
Absorption of deposited fission products
Type of casualties from air burst
Type of casualties from land burst
Type of casualties from underwater burst
Review of the medical findings in severs, moderate and mild cases with
demonstrations (slides) of general nature of each type
Factors complicating the picture of radiation sickness
Mechanical trauma
Burns
Infection and general aspects
Nutrition
Age, sex
General comment on medical planning and care of casualties

Preliminary Preparation

Disposal preparation - map of city and satelites

Warning
Hospitals

Physicians
Civilian groups
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Definition of damaged and involved areas

Fire and blast

Radioactivity

Extent of damage and/or contamination
Water system

Power
Communications - Telephone eand radio

Transportation - Rail - Road

Rescue attempts

Aid station concept
Team of physicians, aid men, surveyors
Evacuation .

Treatment centers

Shelter and triage
Beof minor casualties with return to duty
Further evecuation
Hospitals
Existing facilities - 10 miles - away
Evacuation of existing patients

Commumnity dangers

Prevention of and/or warning of attack
Definition and isolation of field
Rescue measures
Mechanisms available
"Safety" facilities
Planning of shelters
Planning of food and water
Medical planning
First Aid
Definition

Salvege and rehabilitation
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CIVIL DEFENSE COURSE -~ Films

Monday A.M, Operation Crossrocads
P. M, PMF 5148 Atomic Medical Cases, Part II (Badiation Syndroms)

Tuesday A,l. Atomic Physics, Part IV (British)
P.M

oMo PMF 5058 Atomic Medical Cases, Part I (Nuclear Fission)
Wednesday A.M, Atamic Physics, Part V (British)
Thursday P.M, Atomic Medical Cases, Hiroshima and Nagasaki, abridged L-306€

Friday A.NM, PMF 5149 Atomic Medical Cases, Part III (Organization end Planning

CIVIL DEFEKSE COURSE - Literature Distributed

"What you should know about the Ateomic Bamb™, A message from the Surgeon General -
U, S. Army Medical Department

"The Acute Radiation Syndrome in Mem", by Shields Warren, M.D.,, and Jolm Z.
Bowers, M.D,, Washington, D. Co Annals of Internal Medicine, 32:No. 2,
February, 1950 (Presented at the Thirtieth Anmuel Session of the American
College of Physicians, New York, N.Y., April 1, 1949)

"The Metabolism of the Radioactive Elements created by Nuclear Fission", by Joseph
G, Hamilton po 863, The New England Journal of Medicine, 240:No, 22, June 194!

"The Radistion Syndrome”, by Elizebeth E. Painter and Austin M, Brues p, 871, The
New England Journal of Medicine, 240:No. 22, June 2, 1949

"The Acute Radiation Syndrome", by L. H, Hempelman, AECU-379, Supplement #2, Nuole
' Science Abstracts, 3:No. 4, Atomic Energy Biophysiocs, Blology, and Medicine
edition :

"Report on the Medical Studies of the Effects of the Atomic Bomd", by Dr. Masao
Tsuzuki, Prof, of the Tokyo Imperial University., This report appeared
originally as Appendix No, 9 of the General Report, Atomic Bomb Casualty
Coxmission, January, 1947, National Research Council, 210l Constitution
Avenue, Washington 25, D, C,

"The Medical Sequelae of the Atomic Bomb Explosion®, by George V. LeRoy, M.D.,

"Médical Aspects of Atomic Weapons", Prepared for the National Security Resources
Board by the Department of Defense and the U, S, At&mic Energy Commission

"Pathology of Atomic Bomb Casualties™, by Averill A, Liebow, M.D., Shields Warren,
M.D., and Elbert deCoursey, Cols MoCo, Uo.SoAs (from the Army Institute of
Pathology, AoE.C., etc.,) Reprinted fram'tr.Amer, J» Path,, 1949, _2_5_:No. 5,

10 po 853-1027
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"Gross Autopsy Observations in the Animals Exposed at Bikini". A Preliminary

Report, by John L, Tullis end Shields Warren.

August 2, 1947, 134: pp. 1155-1158

J. Amer, Medical Assooc,,

"Medical Progress: Mechenical and Thermel Injury from the Atomic Bambd", by

Hermen E. Pearse and J. Thomas Payne,
241: No, 17, p. 647, October 27, 1949

The New England J, of Medicine,

"Atomic Bomb Explosions - Effects on an Americen City", by R. E, Lapp (revised)
Bulletin of the Atomic Scientists, 4: No. 1, January 1948 (AEC Oak Ridge)

"pAtomic Scientists News™ (British) III: No, 1, July 21, 1949
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Dr. Franklyn B. Amos
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1 Center Lane, Delmar, New York

Dr, Harold H. Baker

New York Central Railroad

New York Central Surgeon

429 Grenite Building, Rochester, N.Y.

Dr, John M, Benny

University of Buffalof

Asst. Dir, of Clinics*

Ed. J. Meyer lMemoriasl Hospital
University of Buffalo

Buffalo, New York

Dr, Edward W. Colby

New Hampshire State Dept, of Health
Dir, Div, Communicable Diseases Control
17 School St., Concord, New Hampshire

Dr, James P, Deery

Rhode Islend Dept. of Health
Deputy Director of Health
331 State Office Building
Providence, Rhode Island
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Dr, Joseph J., Esposito

Fairfield County (Bridgeport, Conn,)
Assoc, Radiologist, Bridgeport Hospital
144 Golden Hill St,, Bridgeport, Conn,

Dr, William W, Faloon

Syracuse College of Medicine

Instructor in Medicine

University Hospital, Syracuse, New York

Dr, Nicholas J, Fiumara
Mass, Dept., of Public Health
Dir. Div, Venereal Diseases.
Mass, Doept. of Public Health
6 Gale Road

Belmont, Massachusetts

Dr., Johm H. Fleming

Dept. National Defense - Canada

Surgeon Lt, Commdr., Royal Canadian Nav
56 Queen Street, Halifx, N, S,

Dr, Richard Ford

Hervard Medical School

Acting Head, Dept. of Legel Medicine
25 Shattuck St., Boston, Mass,

Dr, Vlado A, Getting
Mass, Dept, Public Health
Commissioner .
Harvard School of Public Health
Clinical Prof, Pub, Health Practice
7 Glenn Road, Belmoxnt 78, Mass,
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Dr. J. Gosselin .

Dept, of Veterans Affairs (Canada)
Advisor in Radiology

Hospital St. Sacrement

Quebec City, Canada

Dr. James H. Jackson
Massachusetts ledical Society
1101 Beacon St., Brookline, Mess,

Dr, wWalter W, Jetter

Boston University Scheool of Medicine
Professor of legal lledicine

10 Bar View Ave., Hingham, liass,

Dr. Philip A. Klieger

N, Y, State Education Dept,

Senior Superviscr, School liedical Serv,
407 State Street, Albany, New York

Dr. Lrnest K, Landsteiner
Rhode Island Medical Society
93 Governor Bradford Drive
Barrington, Rhode Island

Dr, Alec Edmund lartin

Ministry of Health

London, England, M.O,

Ministry of Health

Whitehall, London S.W.1l, Englend

Dr. J., Wister Meigs

Conn, State Medical Society and Yale Univ,
Asst. Prof, Occupational Medicine

575 Ridge Road, Hamden 14, Conn.

Dr, Clark F, liller

State of llaine

Radiologist, Central Maine General
Hospital Lewiston

778 Minot Ave., Auburn, Maine

Dr, F., Corbin Moister

New Hampshire

Instructor in Nedicine
Dartmouth Medical School
Physician - Hitchcock Clinic
Elm Street, Norwich, Vermont

UNCLASSIFIED

Dr, Ward D, O'Sullivan

Cornell University Medical School
Instructor in Surgery

525 FEast 68th St., New York 21, N, Y,

Dr, 0. S, Peterson, Jr,
Radiologist, University of Vermont
Consultant, State Board of Health
¢/o Mary Fletcher Hospital
Burlington, Vermont

Dr., Robert L. Quimby

Connecticut Dept. of Health

Chief (Director) Health Services to
State Employees

96 No, Queker Lane, W, Hartford, Comn,

Dr, LeC., Reid

N. Y. University Post-Grad, liedical
School

Prof., of Experimental Surgery

N. Y, University Medical School

New York, New York

Dr, Brooks Ryder

Tufts College Medical School
Instructor, Public Health
Post-Grad, Division

Boston, Massachusetts

Dr, Bruno G. Schutkseker
New York National Guard

Surgeon General
288 Linwood Avenue, Buffelo, New York

Dr, Leon Stamatis

Long Islend College of lMedicine
Instructor in Surgery

142 Joralemon St,, Brooklyn, N, Y.

Dr, Ray E, Trussell

Albany Medical College

Prof, of Preventive ledicine

Albeny Medical College, Albany, N.Y.

Dr, Charles E, Wiles
University of Buffalo

Asst, Surgical Resident

Ed, J. Meyer Memorial Hospital
240 Morris Ave., Buffalo, N, Y,
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TICHNICAL REPORTS ISSUED FOR DISTRIBUTION

January 1, 1950 thru March 31, 1950

Subject
Report No, Title Authors Category
UR~92 "Clinicel, Pathological and Hematological Ely, Ross Health
Effects of Chronic Neutron Rediation" et al and
(RESTRICTED) Biology
Issued: January 25, 1950
UR-99 "Hemolytic Effect of Raediation" Young, Health
(UNCLASSIFIID) Davis and
- Issued: January 12, 1950 Dole, Izzo Biology
UR-100 "Experiments with Paper Chromatography 0'Leary Health
of the Animal Phospholipids” Neuman and
(UNCLASSIFIED) Biology
Issued: January 12, 1950
URr-101 "Metabolic and Cardio=Respiratory Waterhouse Health
Studies on Patients with Beryllium Keutmenn and
Granulomatosis" Howlend Biology
(UNCLASSIFIED) et al
Issueds January 12, 1950
UR-105 "Physico-Chemical Studies of Beryllium Danley Chemistry
Complexes, III, A Quantitative Feldman General
Investigation of the Beryllium Citrate Neuman
Camplex in Basic Media"
( UNCLASSIFIED)
Issued: March 7, 1950
UR-106 "Potentiometric Titrations of Beryllium" Kosel Health
(UNCLASSIFIED) Neuman and
Issued: February 24, 1950 Biology
3
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