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- INTRODUCTION

The écientificiwork presented herein has been coded at the prégram
and problem levels aqurding to the scheme given on Pages 7 and 8, 1In the
report all contributibns to a given problem have been assembled together
without regard to thejadministrative orgenization except 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 paﬁﬁicular work,

It should be nhted that the Quartefly Technical Reports of The
University of Rochest%r Atomic Energy Project do not attempt to describe
progress in all of the research programs but only in those in which same
significant results hhve been achieved but which are not sufficiently complete

to be written up as % final report,
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EXPLANATION OF PROGRAM AND PROBLENM CODES

The scientifip work at The University of Rochester Atomic Enérgy Project
has been coded at the program and problem levels, The programs, in general,
indicate brqad fields of investigative or service activities while the problems
indicate divisions of these fields, Although no consistent method of division
in problems was possjible, an attempt was made to achieve a natural division
in the sense that eelch problem would enccmpass & subject normally written up
and generally considered as a 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 godes are not related directly to the administrative
organization of the |Project, Consequently, the smallest administrative unit,
the section, may work on more than one of the coded problems, Conversely,
more than one sectign may work on the same coded problem, The administrative
organization will be ignored in making this quarterly report of our research
and service activities, all material being assembled according to the program
end problem codes, |[The contribution of each section to & Quarterly Technical
Report will be prefixed by the section number, however, to permit reference
to the administrative organization if necessary,

It has not b%en possible to code the problems sufficiently broadly to
avoid all overlapping, 1In cases in which various parts of e given investigation
might be coded differently, the whole work was coded according to its principal
subject matter as lpng as the minor subjects were relatively unimportant,

Otherwise, the work|was divided under appropriate codes,

] T .
11317130 4k o1sas
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PROGRAM AND PROBLEL CODES

3I0LOGIQAL EFFECTS OF EXTERNAL RADIATION (X-RAYS AND Y RAYS)

I. X.R.
XoR.1 Tolerance Studies (dose levels, survival time, gross
and histo-pathology)
X,R.2 *echanism of Effects (physiological and biochemical)
XoRo3 ﬁherapy (measures agaiﬁst radiation effects)
X.R.4 &ematology
X.R.5 denetics (histogenetics)
X.R.6 ﬁnbryology
X.R.7 ﬁacteriology and Immunology
|
II. I.R. BIOLOGI%AL EFFECTS OF EXTERNAL RADIATION (INFRA-RED & ULTRA-VIOLET)
I.R.1 ﬁlash Burns
1
III. R.M, BIOLOGI&AL EFFECTS OF RADIOACTIVE VATERIALS (CONTACT, INGESTION, ETC,)
Rl %olonium
R.M.2 Fadon
R.M,3 ihoron
R.M.4 &iscellaneous Project letals
IV, U, _ URANIUM
U.1 Ph&sical and Chemical Properties
U,2 Toxic Effects (description of acute and chronic toxicity)
Uo,3 Toxic Limits (respiratory; oral; skin; eye; parenteral)
U.4 Fate (distribution and excretion)
U.5 Megchanism of Toxic ILffects
U.6 Mdthods of Detection of Poisoning, Prophylaxis, Treatmemnt
and Protection :
N
NIERRER
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V.

’JI L]

VIiIi.

L1310 132

9

Beol Phy%ical and Chemical Properties

. Beo2 Toxﬁc Effects (description of acute and chronic toxicity)

Be,3 Toxﬁc Limits (respiratory; oral; skin; eye; parenteral)

Beo4 Fate (distribution and excretion)

Beo.5 Mechanism of Toxic Effects

|
Be,.6 Methods of Detection of Poisoning, Prophylaxis, Treatment
and| Protection

Be, BzRYLLIUW
Th, THORIUL
F, FLUCRIDE

Th.l Physical and Chemical Properties

Th,2 Toxic Effects (description of acute and chronic toxicity)

Th,3 Toxic Limits (respiratory; oral; skin; eye; perenteral)

Tho4 Fate (distribution and excretion)

Tho5 Mechanism of Toxic Effects

Th.6 Methods of Detection of Poisoning, Prophylaxis, Treatment
and Protection

F.1 Physical and Chemical Properties

F.2 Toxic Effects (description of acute and chronic toxicity)

F.3 Toxic Limits (respiratory; oral; skin; eye; parenteral)

F.4 Fate (distribution and excretion)

F,5 MNechanism of Toxic Effect

F.6 lLethods of Detection of Poisoning, Prophylaxis, Treatment

and

Protection

UR 01547



VIII,

IX.

X

XI,

XI1,

10,

ZIRCONIDM

Zr.1l Physicel and Chemical Properties

Zr.2 Tbxic Effects (description of acute and chronic toxicity)
Zr.3 Topxic Limits (respiratory; oral; skin; eye; parenteral)
Zr.4 Fate (distribution and excretion)

Zro.5 Mpchanism of Toxic Effect

Zr.6 Methods of Detection of Poisoning, Prophylaxis, Treatment

S.Mol [Physical and Chemical Properties

S.,M,2 [Toxic Effects (description of acute and chronic toxicity)

S.Ms3 [Toxic Limits (respiratory; oral; skin; eye; parenteral)
SoM,4 [Fate (distribution and excretion)

S.M.5 Mechanism of Toxic Effect

S.M.6 [Methods of Detection of Poisoning, Prophylaxis, Treatment

Zr,
and Protection
S.M. SPECIAL| MATERIALS
and Protsction
I.S, ISOTQOPES
I.S.1 [Tracer themistry
I.S.2 |[Radioautography
I,S.3 [Therapy
0.S. OUTSIDE SERVICES
P.H, PROJECT HEALTH

SE—
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" ORGANIZATIOW

I. DIVISION OF RaDICLOGY AND RIOPHYSICS (3100): Johm B, Eursh

Section Code Section Administrative Head
5110 Instrumentation John B, Hursh
3120 Tracer Chemistry Leon L, iiller
3130 Radiation Tolersznce John B, Hursh
3136 Radieticn rhysiology John B, Hursh
‘ 3140 Radiation "Chemistry Kurt Salamon
3150 Spectroscopy : Luville T, Steadman
3160 Radiation Mechanics Wicheel Watson
3170 Radiation Toxicology J. Newell Stammard
3171 Radiocautography J, Newell Stannard

II. DIVISION OF PHARMACOLOGY AND TOXICOLOGY (3200): Harold C, Hodge

Section Code Section Administrative Head
3210 Industriael Hygiene Herbert I, Stokinger
3220 Biochemistry William F, Neuman
3230 Ingestion Toxicity Elliott Maynard
3250 Pathology James X, Scott
3260 Physiology Aser Rothstein

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

Section Code Section Administrative Head
3310 Isotopes end Service Jo. Russell Hayes
3320 Medical Physice Herbert Mermagen

s T
31050 | ‘ UR 01550
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Vo

Secticn Code

330

3]

5340

3351

3370

3380

3390

RIZSEARCH SIIV]

CE

Section Code

5480

3450

SPZCIAL RESEAJ

2CH

Section

rroject lLedical Service

Clinical Chemistry
Therapy

Hemateclogy

Liouse Genetics

Imbryolegy

Photographic Service

Section
zducational

Statistics

PROGRAL

Secticn Code

2802

2604

Section
¥Flash Burn

Zirconium

Administrative Head

Lhrylou'Ingram
We Burkett liason
Frank .l, Furth
liarylou Ingrem
Zileen Otis

narl %, iason
James G, Wilson

Robert L. Hay

Administrative Head

Jo Newell Stannard

S, Lee Crump

Administrative Head

Harry D, Kingsley

Hertert 3, Stokinger
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3I0LOGICAL EFFZ
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UHCLASSIFIED

. PROGRAL KL R,

P IXTIRIAL RaDIATION (X-RAYS AID Y RAYS)

Problen Code: X.R.1|{Tolerance Studies)
Section Code: 3130
Ge 1o Casarett

Author: G

Zffects of X-ravs on

Spermatogenesis in Dogs,

Baclkground,

"ror1 previous experiments initiated under the direction of

Dr. Andrew H, Dowdy &nd Dr, Robert Boche, it is known that chronic x-radiation

(total-body) at dosage levels of 1,0 r or greater per day produce & condition of

aspermia in dogs within one year,

sperm concentration

counts were made on

in dog semen with complete aspermia in some casese

A dose of 0.5 r per day rroduces a lowered
Sperm

logs exposed to 0,1 r per day of x=-irradiation end a small,

but statistically significant depression in spern concentration occurred,

These studies

and were of necessity incomplete and not extensive,

ve have initi
endeavor to discover
sperm and sperm conc
used, with litters r
rvhen daily irradiati
the reproductive lify
been obtained at the

The dosage le

nted and are cerrying out a chronic study on dogs in an
the lowest dosage level at which significant changes in
entration can be induced, Young male bsagles are being
epresented in each dosage group insofar as is possible,
on is begun it is planned to continue such exposures over
atime.of these enimals or until significant results have

lowest radiation levels,

vels which will be used for this extensive study of dog

semen and spermatozoa are:

13113

UNCLASSI FIED

UR

were not of primary consideration in the experiments involved
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The cdogs used for this study are being carefully assembled,

3 or 4 thorouzhbred
in such a feshion as

If the resulf
transferred to mean,
exposure level of ra

However, in 1
concentration alone,
is, fertility may bs
Therefore, other sen

are important subjeq

15,

UNCLASSIFIED

Controls - 20 dogs
0,05 r / day « 20 dogs
0,10 r / day - 10 dogs
0,50 r / day - 10 dogs

Total - 60 dogs

Litters of
beagle puppies ere being assigned to experimental groups

to permit satisfactory statistical handling of the results,
s of radiation studies on spermatozoa of dogs can be

the significance in setting a permanent permissible human
diation is apparent,

erms of sterility and fertility of the mele, spermatozoa
except when drastically reduced, has little meaning, That

greatly reduced without great change in sperm concentration,

1inal and spermatozoal factors influencing mele fertility

ts for study,

Purpose, To|determine:
l, The minimal chronic dose of x-radiation which will depress the con-

centration of sperms
2. The effeq
notility, viability
3o The effe
relationship betweey
4, The abil
of time fram change

liethods, Sii

\tozoa in dog semen or effect other changes in spermatozoas

>t of chronic x-radiation at the proposed dosage levels on

and morphology of spermatozoa;

tt of chronic x-radiation at these dosage levels on the

h hyaluronidase and sperm concentrations in the semenj

Lty of the semen and sperm to recover at various intervals
5 which may be produced at certain dosage levels,

hce even the oldest dogs have not yet reached a point of

UNCLASSI FIIZD

UR

01553



stability snd unifox

ol collection of sem
rediation has not be

Collections ¢
Cweekly inferv&ls the
Volumes

months old,

or conplete analysis

16,

UIlCLASSIFIZD

nity with fegard to sexual excitability, ease and regularity
en, volume of éjaculate, end production of spermatozoe,

Ullo

f semen are rirst attempted at the age of 8 months and at
reafter, The oldest dogs at the present time are only 11

of ejaculate are often very small and do not permit accurate

of semen,

For these rea#ons the begimming of x-radiation is not yet indicated, and

no quantitative resu
been Jone on the nefy
the personel and exp

Techniques an
an index of potentiJ
of Z, J, Farris have

Any crange in
from reaching an owu
the existence or noqn
function of spermatd
as a determinsastion q

Sperm concent

in terms of fertilif

Collection of

lts will be presented here, However, extensive work has
hods and techniques and on the elimination or as much of
erimental error as possible,

d measurement methods have been developed for determining
1 fertility in the male, Some of the analytical methods

been modified for our usse,

a property of a spermatozoon which prevents the spermatozoon

m is in effect as important in fertility and sterility as

existence of a spermatozoon, i,e.,, factors preventing the

zoa are at least as important in a determination of fertility
f sperm concentration alone,

fration, except when drastically lowered, means very little

by without a knowiedge of the other factors discussed below,

" Semen Semples, Collection of semen samples from the dogs

is accomplished by 1

by manipulation of

the genitals by hand,

nasturbation, i.e., the production of orgasm and emission

Just prior to masturbation, the male

dog is placed with A female dog until he becomes excited enough to mount the

female, A stall ta

ple for collection of semen during the mounting procedure

UNCLASSI FILD
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HIERE Y

is to be tuilt shortl

17,

UWNCLASSIFIZD

¥eo The ejéculate is collected in a graduated tube and

“he volume and time recorded,

If the bitch
of the male dog are

Female dogs come int

Samples are more dif

those obtaired thus ﬂere often incomplete,

nhormone treatment wa

is in heat, the sexual excitement and active participation
greater, and the ejaculate more complete and copious,

¢ heat only twice a year, usually in the spring end fell,
ficult to obtain without the aid of a bitch in heat, and

In order to overcome this problem,

§ used in an attempt to bring about at least the excitatory

phases of the heat pe¢riod in a femmle dog out of season,

It was found
in saline, 10 mg, in

dog which had had it

period of several daj

veriod, with tumesce:

sexual excitement on
her,

dog has now been in

conpleted their sprij

repetition and subst

At the presen
nasturbation or this
with that supplied i
ing the content of
to assume, however,
favorably with that

deternined that for

It is not know

that the intramuscular injection of '30 mg., of stilberstrol
each of three injections spaced two days apart, in a femsale
# heat period 5 or 6 weeks before, was followed, after a

rs by all of the external signs of an intensive "heat"

hce of the external genitals, secretion of fluids, and great
the part of the female and also on the males exposed to

n as yet whether ovulation has actually taken place, This
heat for 8 or 9 days so far, Other female dogs which have
ng heat cycle are being ziven the same treatment, and
entiation of this result is being awaited.

t time there is no way of showing by direct means that
form of "iﬁterruptus coitus" provides a sample identical
n copulation, since there is no objective evidence concern-
he ejaculation during normel coitus, It seems reasonable
that the ejaculate provided by coitus interruptus compares
resulting from uninterrupted coitus, and Farris has |

the human, masturbation gives approximately the same results

UNCLASSIFIED
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as coitus interruptu
Farris' methods, whi
tends to support the
from masturbation is

In the presen
samples consistently
assune that the samp
produced- in nomal ¢
of the degree of fer

The period of
sperzatozoa count tg
satisrfactorily, not
of sexual maturity d
recenfly the lack of
difficult, With the
successfully, as wel

increased,

Sampling

18,

UNCLASSIFIED

5, The consistent and suscessful results obtained by

ch hinge upon the use of masturbation o get semen samples,
view that for all practical purposes the specimen resulting
representative of the semen deposited in intercourse,

t dog experiment, now that it seems possible to obtain

fron highly excited, cooperative dogs, it is reasonable to
les so obtained will be sufficiently similgr to those

oitus to allow, upon analysis; & good means for prediction
tility in th; dogse

time between emissions in & sexually mature dog for the
reach its maximum level has not yet been worked out

only because the dogs do not yet show indisputable evidence
n the basis of spermatozoa production, but because until
excitatory means made consistent collection of good semples
aid of the bitch in heat the number of dogs sampled

1l as the volums end sperm population of the specimens, has

attempts had been made at weekly intervals, but two-week

intervals seem indigated at the present time. Increased volumes of ejaculate

will now tend to all

Motility,

in the total ejacul

ow application of all analytical procedures to each sample,

The "absolute motility" or the number of moving spermatozoa

te is of prime importance, since only moving spermatozoa

are likely to effecﬁ fertilization of ova,

Locke's flui

1 is used to dilute the semen in order to keep the spermatozoa

alive, active, and normal, thereby permitting a differential count of both the

active and inactive

A known dilu

NS

spermatozoa,

tion of well-mixed semen is made by the addition of Locke's

UNCLASSIFIED
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£luid,

red field of an haem

groubDe
The counting

prevent evaporation

- meny hours in this s

The spermato

The spermato

19,

UHCLASSIFIZD

zoa are counted in five groups of 16 small squares in the
ocytometer, routinely the four corner groups and the center
zoa in both chambers are counted and avéragedo

chamber is sealed with vaseline af'ter loading, in order to
The spermatozoa retain their motility for

from the sample,

ealed preparation, The counting, however, is done at an

early interval after] collection and dilution of semen,

A systematic

count of active and inactive cells is made in order to obtain

the ver cent of motile cells,

Volume of ejdculate multiplied by number of motile cells per cubic

centimeter equals tgtal number of moving cells in the ejaculate

motility"),

("absolute

Fertility beArs a more direct relationship to absolute motility than to

the concentration o

Concentratio:

 motile spermatozoa per ml, of semen,

n of Spermatozoa, A dilution of the semen is made with a

fixing and staining
A solution of methy
spermatozoa count i
meter, A 16 mm, ob
The count of]
motile and nonmotil

as a check on the m

Speed of Spe

solution which renders all cells immotile end eésily visible,
L green is now in use, but other dyes are being tested. The
made like a blood count on the red field of an haemocyto~
jective is used for counting,

the fixed cells should not vary greatly from that of the

e cells in the Locke's fluid preparation, and thereby serves
otile spermatozoa count,

rmatozoa, In order to obtain some measurement of this

fertility factor, f{
squares on the red

preparation is used

ive of the fastest spermatozoa in each of the five blocks of
field of the haemocytometer are timed., The Locke's fluid
for this determination, and the measurements are made at

UNCLASSIFIED
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UXCLASSITIED

certain times after cpllection of the sample, the condition of temperature being
kept constant. The time for each ofbthe«spermatozoa to cross a large square is
determined by means of a stopwatch, and the speeds of the 25 spermatozoa are
averaged, Only fast progressive spermatozoa are timed,

It is %o be re%lized that if the speed of spermatozoa is drastically
reduced, an animal ma§ be infertile despite the presence of large numbers of
notile sperma£ozoa°

Both the type |bf motility and the speed will have a definite bearing on
the probability that hny one spermatozoon will ever find its way to an ovum,

The speed of rapid, progressive dog spermatozoa seems to be about the
same as that reported by Farris for the human, i.e., about o5 t; 9 second for
005 rm, distance,

Character of L$tility° Spermatozoa must not only move to complete

fertilization, but t}Ey must move with definite forward progression,

Normal spermatozoa are usually the only ones which travel with definite
forward progression, but in all directions from the point of deposit,

The characterﬂstic types of motility which have been found are:

1. Progressive (rapid, moderate, and sluggish)

2, Oscillatix#g

3o . Circling

Spermatozoa with oval heads usually show a progressive type of motility.
The other spermatozo#, representing various types of abnormalities, do not
progress normally asja rule, but are sluggish, oscillating, or moving in circles,
If a spermatozoon caﬂnot move progressively, it cannot reach and fertilize an
ovum, The speed must be adequate and the direction definite, Spermatozoa which

move sluggishly, oscillate, or move in circles do not contribute to fertility,

UNCLASSIFIED
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worpholooye
¢ =

in; the important cnsgl

All of the na

appearence, and it i

Tary with irradiatio

abnormal spermatozoa

irradiation in rats.|

3y phase micr
Zetails of both acti
“he rormal do

in profile is rather

about 4 micra in wid

is in the posterior
the anterior part of
The neck is 4
head and the middle
The middle pi
in diameter, coiled

beinz about 8 micra

9l
«

ie dogs produce

—

ULCLASSIFIZD

~

s not possible to classily semen specimens without know-

racteristics of the normal spermatozoon under investigation,

some spermatozoa that are abnormal in

expected that the concentrations of abnormal forms may

In the past in this laboratory increased numbers of

1o

. with abnormal motility. have been noted following acute

N

copy end also by meens of morphological stairs, the

v

P E——

e and inactive cells have been studied,

v

- =

spermatozoon has an oval, somewnat flattened head. which

pyriform in shape. The head is about 6 micra in length,

———¢y

%h, end about 1% micre at the thickest part, The nucleus

#alf of the head, A cap covers a little more than half of

}the head.

slight constriction, abcut % micron in length, between the

>
|

ece is made up of a spiral filament of 0,2 micron or less

(0]

l1eC€e

mebout an axial fiber or tihread to form a cylinder, the whole

[long and less than a micron in diameter.

The tail tap

The average thickne

about 45 nmicra, Th

with en external sh

length, It has an

and its terminel fi

micron thick,

e ~— m—

\
rs slightly from the middle-piece to 1ts terminal thread,

s of the tail appears to be about 1/3 micron and its length

4 tail has the appeerance of a long, smooth, flexible structure .

ath, and showing slight density variations throughout its
brupt termination. where 1ts diameter is about 0.2 micron,

ament, with a length of several micromns. is about 0.1

WCLASSIFIED
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The abnormal cglls are classified orimarily by their variations in shepe,
and seem tc be present in greeter numbers in samples with low concentrations of
spernmatozoa, é

The abnormal fFrms notes are:

l, Giant headF

2o Small headL

3, Round heads

4, Double taiﬁs

5, Double heads

6., Separation of head and tail (tailless ana headless)

7, Heads attached at abnormal angles

8, Cytoplasmic appendages

Three hundred|individuel c¢ells are examined under oil immersion, are
classified, and perceéntages of abnormal forms calculated,

Viabilizzo Alnigrosin-eosin stain for differentiating viable and non-
viable spermatozoa hﬁs been perfected to & point where it may now be used,
Spermatozoa which arg dead before application ot the stain, take the stain,
Spermatozoa which arg alive at the time of application of the stain do not take
the stain,

Differential wiability coupts have been begun on our samples,

Now that many] of the technical problems of accurate senen analysis have
been met, this laborﬁtory has begun to accumulate quantitative control data
which are considered| to be dependable, 7/hen the oldest animals reach an
unquestionable state| of sexual maturity, probably well within a few months,
irradiation will be [started, Irradiation cannot be begun hastily because the
age at which any dog| begins exposure should be an age at which all dogs in the

UNCLASSIFIZD
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experiment will certainly have reached sexual maturity by all criteria used.

It is felt negessary to emphasize that data obtained until recently on

these young animals ﬁhiCh were without, during most the time, adequate stimula-

tion for true ejaculation ot semen are considered too undependable and erratic

for this revort,

Sunmary, <the

structure of a life-long experiment on the effects of

x-irradiation on spermatogenesis in dogs has been presented along with a

description and dischssion of the general methods of semen analysis employed.

Certain qualitative {

ijata have been reported but the incamplete and erratic data

obtained on the immature dogs to date are not dependable enough for reporting

gquentatively,

Problem Code: X, R.Z

Section Code: 3140

(lMechenism of Effects)

Author: 3, VW, Gabrilp

A Paver Chromatogra;Lic Study of Ferritin and Apvotrerritin Hydrolysates.

Background, kuring the course of experimentation on some chemical

properties ot the ipon-protein, ferritin, and the role of ferritin it seemed

desirable to obtain |more detailed information about the amino acid composition

of ferritin, end it

protein moiety apoferritin, Conflicting data concerning

the amino acid components of ferritin and apoferritin have been reported fram

the laboratories of |Kuhn et al (1) and Tria (2), Recently, however, Mazur and

Shorr (3) reported the partial emino acid composition of horse spleen ferritin

and apoferritin, which showed identical amino acid values on the basis of

nitrogen content,

UNCLASSIFIED
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Methods, The
studies was essentia

Dent (5), The solve

of 2.4,6-collidine amd 2,4-lutidine, saturated with water,

paper was used, The
ninhydrin in n-butan

was ellowed to devel

The chromatog
hydrolysate equival

The hydrolysis was ¢

following amino aecid

phenylalanire, the 1

24,
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two dimenéional chromatographic method wused in these
11y that of Consden, Gordon, and liartin (4) as modified by
nts employed were phenol, saturated with water,
Vhetman 3f1 filter

emino acids were detected by spraying the papers with 0.1%

51 +o which an excess of water had been added, The color

reletive positions and by comparison with a reference map prepared by Dent (6)e

am thus obtained with 50 upl. of horse spleen apoferritin
t to 0,8 mg, of protein is shown in Figure 1 (Page 25),

rried out with 6N ECl at 100° C for 18 hours., The
were present as ninhydrin-reactive substences: tyrosine,

ucines, valine, glutamic acid, aspartic acid, glycine,

serine, arginine, lysine, cystine, (as cysteic acid) and methionine, Threonine

was observed in trace

protein, Histidine

amounts on chromatogrems employing larger quantities of

vas not observed in Figure 1 because of its low sensitivity

to the ninhydrin redgent, although its presence is reported by Mazur and Shorr

(3)s
Lazur end Shorr (3)
suthors, aspartic ag
grephically,

Peper chromat
conposition as that

of the iron, liberaf

& definite yellow spote.

novenent, It was fd

g
4

The relative quantitative estimations are in agreement with those of

pxcept that in addition to those listed by the latter

id, glycine, serine, and threonine were detected chroamato-

ography of horse spleen ferritin showed the same amino acid
of apofertitin, but in addition it was observed that some
ed by hydrolysis, had migrated in the phenol direction as

A chromatogram of ferric iron alone did mot show this
und that the migration of iron on the chromatogram of the

UNCLASSIFIED
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?p for 24 hours, and *the amino acids were identified by their
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-with one or more of

N

Territin aydrolysate
w7as seen in a paper
hydrolysate) to whic
contained in ferriti
moved to their. relat

irorn remained on the

disrupted by the col

Cne dimension
acids with added iro
of moving iron from
could be classified
is tabulated below i

designate the amount

26,
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wes not characteristic of ferritin, for identical movement
chrometogram run on amigen (commercial pancreastic casein

h ferric iron had been added in amounts approximating that
n. However, in all of these chromatogrems the amino acids
ive positions with the collidine-lutidine solvent while the
phenol abscissa, Thus the iron appears to be conjugated
the amino escids in the phenol run, but the association is
lidine-lutidine solvent,

a1l chromatograms (phenol solvent) of several single amino
n showed that all of the amino acids tested were capable
the starting point in varying degrees., Each amino acid
according to the amount of irom it carried,
n Teble 1, The system of grading of<++~ to + is used to

of iron carried by the amino acid,

TABLE 1

Ami

Amount of Irom |
Carried by the

o Acid Anino Acid

i
Al
Ar
Is
Le
Ly
Ph

Sen
Asp
Gly
G1y
Con

Tyrosine
Val
Thy

tidine +
ine

inine

leucine

cine

ine

nylalanine

ine

eonine

ine

artic acid
tamic acid
cine
trol-iron

eessatttttyttd

No ldgration
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Thus. the iron spot,

27,
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moted on the paper chromatograms of hydrolysed ferritin

and emigen+iron, is probably due to the fact that such amino acids as histidine,

the leucines, arginin

a ccnsiderable amoun

It is also ap
greater quantity of
strong affinity of h

+hat a correlation m

e, lysine, phenylalanine, and valine are associated with

of iron and move to sabout the same position in phencl,

4
;Frent from Table 1 (Page 26) that histidine conjugates a
flerric iron than the other amino acids, Furthermore, the

{stidine for iron has been reported (7)., It is possible

[

1ght be found between the histidine content of proteins

and their iron-bindi

g capacity,.

Resultso, The
of twro dimensionsl ¢

carry iron was inves

amino acid composition of ferritin was studied by means
hromatographic analysis, The ability of amino acids to

tigated on a one dimensional chromatograph.
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Effect of Aureomycin

Problem Code: XoRo3
Section Code: 2606
Authors: F., W, Furth

28.
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Therapy )

and J, Shrier

n Coagulation Time,

Background, I
shorten the whole blo
that aureomycin hes a

on the radiation synd

interest to determine

mechanisms, To this
Method, A ser

with blood drawn from
week period, on four
reported in minutes,

were given aureamycip

d coagulation time, and a recent reference (3) reports
similar effect. In studies on the effect of antibiotics
ome being carried on in our laboratory it became of

if aureomycin did have any effect on blood coagulation

d the following experiments were done,

ies of six coagulation times done by the Lee lthite method
the extermal jugular vein were performed during a one
ormal healthy mongrel dogs. All coagulation times are

After these control values had been obtained the dogs

capsules orally every six hours, day and night, for the

next fifteen days,

hours (one 250 mg. ¢
recomnended oral dos
dogs each morning ap

results are shown in

he dose of aureomycin was approximately 100 mg./kg./24
psule q, six hours) which is two to four times the

for humens, Coagulation times were then done on these
roximately three hours after a dose of aureomycin., The
Table 1 below,

TABLE 1

has been reported that certain antibiotic substances (1,2)

Contr+1 Days Days After Starting Aureomycin Administration
Dog Noo 1 2 5( 4 5 6 1 2 3 4 7 8 9({10]11]14]115
1 71 3] s] o] of sfl slar| o] s| o|10]10|11|20|20]| &
2 71 81} 1Q 9110] 9 11 ) 12 9 8111110121011 9
3 7 71131124110} 10 11}13}10}10) 101 13 7110 9111 3
4 10 81 1@ gjizl i1l 111113110} 10 5 811111 8 8 6
UNCLASSIFIED
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Serum levels of auwrepmycin were done on these dogs on three occasions and found

o be between 2 and

renge of levels repdrted in humans receiving aureomycin,

coagulation time of

16 micrograms/cc (averaging 5 mecg./cc) which covers the
The effect on the

F single, very large oral dose of aureomycin (200 mg/kg)

is shown in Table 2 (below,
TABLE 2
2 Hours 3 Hours
Dog No, | Control Control Control | After Aureomycin | After Awreomycin
1546 10 9 8 9 8
1505 10 7 6 9 10

It was also
on coagulation time

serun levels of aur

dogs were used for
times were done on
injection of 100 mg
glycinate dissolved
injected in the ext
tion times were tak
;re shown in Table

An attempt
coagulation time in
sodium glycinate en
tubes used for the

placed in these tub

nf interest to know if intravenous aureamycin had any effect
.,  With this route of administration higher and more prolonged
somycin can be obtained, Seven normal healthy adult mongrel
is experiment, A series of three control coagulation
ach dog during a period of thirty minutes previous to
of aureomycin HEC1l (Lot No, 7-5554) with 100 mg, sodium
in 20 cc of sterile normal saline, This solution was
rnal jugular vein over a period of sixty seconds, Coagula-
n on the dogs at intervals after injection, and the results
(Page 30).

s made to determine if aureomycin had any effect on

vitro., Measured quantities of aureomycin buffered with
dissolved in 0,5 <. of saline were placed in the small
oagulation time, ‘thole blood drawn from a normal dog was

s and the time for coagulation to occur was measured,

UNCLASSIFIED
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TABLZ 3
Time After Aureomycin Administration
Dog No, | Controls | 15 min, | 30 min, | 1 hour | 2 hours | 3 hours | 4 hours | 5 hours
1443 6] 8|7 60¢ 60 60 60¢ 30 10 12
1445 10[10] 9 10 10 9 8
1286 8l 3|5 3004 2854 2404 180¢ 30 21 6
1498 4] 413 120+ 52 19 7
1564 11{10{ 5 2 3 7 8 9 8
1490 101 81 3 3 3 8 8 8 8
1530 8l 913 240 240¢ 1954 70 16 7
The results are shoyn in Table 4 below,
TABLE 4
Trial No, 1 Trial No. 2
Control without saline 6 10
Control with saline 17 10
Aureomycin 5 meg./cco 15 13
Aureomycin 10 meg./cco 15 11
Aureonycip 200 mego/ce. 15

therapeutic doses h
in Table 3 above tH

produced a marked p

Discussion., According to the experiments reported here oral aurecmycin in

dogSo

175

1
1

53

lost of the

UNCLASSIFIED

as no effect on the whole blood coagulation time,

rolongation of the coagulation time in four of the seven

dogs which showed a prolonged coagulation time, also

As shown

e intravenous administration of aureomycin in this dosage

UR 01568



" blood levels, has 1

exhibited a shock-l
injection which was
It wag felt that th
heparin-like substeaj
It was not determin

glycinate used as a

31,
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ike state for five to fifteen minutes immediately after
characterized-by lethargy, staggering gait, and vomiting,
is represented a "peptone shock" phenomenon and that a
nce was released into the blood by the seame reaction (4),
ed whether this was due to the aureomycin HCl, or the sodium

buffering agent. In an attempt to determine this by

adninistering an eqial quantity (200 mg,) of eureomycin HCl without buffer

intravenously such

occurred and the dog succumbed within 48 hours after injection.

profound hemolysis ensued that gross hemoglobinuria

The

administration of such & concentrated solution of aureomycin HCl-sodium

glycinate in a rele
shock reaction,
apparent effect on
Conclusions,
1, Auréomycin
2, Intravenoy
a markedly prolonge
"peptone-shock" phe

30 In vitro,

1. Macht, D, I., $

tively short period of time may also have provoked the

The mixing of aureomycin with blood after it was drawn had no

the coagulation time,

administered orally in amounfs which produce therapeutic

o effect on the whole blood coagulation time in dogse.

s aureomycin HCl buffered with sodium glycinate may produce
d coagulation time, This effect may be related to a

nomenon.

aureomycin has no effect on the blood coagulation time.
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Problem Code: XoR.3|(Therapy)
Section Code: 2606

Authors: F, W. Furth|and M, Coulter

Effect of Aureomycin/| and Terramycin on the Mortality end Diarrhea of the

A-radiated Rat

Background, Preliminary experiments done in this section during the past
year indicated that |certain of the antibiotic and chemotherapeutic agents are
effective in reducing the incidence ot diarrhea and possibly affect the mortality
of rats which have rieceived large doses of whole body x-radiation, These
experiments have inviolved the use of a variety of therapeutic agents including
penicillin, streptomycin, chloramphenical, and several sulfonamide compounds,
None of these were found to influence the morbidity and mortality of the
x-radiated rat as fTvorably as aureomycin and terramycin, Although earlier
experiments with thgse two drugs involving smaller groups of rats have been
done, only the most|recent experiment which shows results typical of all the
experiments will be|reported here,

Method, A total of 180 adult fémaleﬂﬁstar rats weighing 160 « 180 gms.
were used in this experiment, They were divided into 4 groups of 45 each,
Each rat was housed|in an individua; cage. The rats were weighed, and examined
for evidence of dianrhea, daily for 7 days prior to radiation., These same
observations were continued for 28 days post-radiation., Each rat was offered
15 grams of feed ea¢h day, and the amount left from the previous day was
weighed so that a measure of the appetite could be made, Those rats which
received the drugs were offered 15 gms of feed daily with which the drug had
been admixed. The groups which received the drug in the feed only were
offered 60 mg, (appfroximately 350 mg./kg.) of aureomycin or terramycin during

UNCLASSIFIED
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was added to the dr

the first 5 days po
until the 28th day

100 m3/.kg.) of the

end the smount of welter drunk during each 24 hours measured,

also offered 22,5 m
post-radiation peri
The rats were

rate of 18 r/minute

53,
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q
o

h-radiantion when the anorexia was most merked, Thereafter

post-radiation they were offered 22,5 mg. (approximately

drug each day. 50 mg.% of aureomycin-sodium glycinate

inking water of one group for the first § days post-radiation

These rats were

y
b

g. of aureomycin in the feed each day during the entire.

nds All the drugs were started immediately after radiation,
jiven a total of 700 r of whole body x-radiation at the

administered by a 250 KV Picker machine at 15 m.a, with

o parabolic aluminum filter and 0.5 mm, of copper. The target skin distance

wras 28 inches, The
include rets from e

Results, The
appeared on the thi
of rats with dierrh
shown in Graph 1 (P
anorexia and weight
in control and tresa
sroups began to eat
rats regained their
control rats., The
in the feed present
tion with smoother
which received the

as shown in Graph 2

aureomycin in the d

r were radiated in groups of 15 which were arranged to

ch experimental group.

iarrhea which is typical of radiation sickness in the rat
d day post-radiation. In the control group the percentage
a was riuch higher than many of the treated groups, as

ge 34)., Coincident with the diarrhea was a profound
loss, This anorexia and weight loss was egually severe

ted groups until the 5th day post-radiation when the treated
more and regain weight moré rapidly, The surviving treated
pre-radiation weigiit more rapidly than the surviving

rats in the groups which received aureomycin and terramycin
ed a better appearance during the first ten days post-radia-
coats and greater activity. The mortality in the group
pureamycin only in the feed approximated that of the controls
(Page 35).

In the group which received supplementary

rinking water the rate of mortality and 28 day mortality
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mortalivy wihicna wes

Discussicn.

~ -
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“a

ne ¢nTrol .group. i Terramycln.tieested froup 3howed a
less thon the centrols,

H

Tie decrease in diarrihea associated with the administration

¢I sureomycin and teframycin to the x-radiated rat may have several explanations.

N
N
o34

Since both these

firugs are pctent antibiotics. eff'ective against toth grame

prosztive and jram-negfotive organisms, 1t is ccenceivable that the bulk of the

Jeces may be dimirashed by decreasinp the nwavers of bacteria within the

this

cacterie rnay have cn
The possivility that

2ffect ol peristelsls

nave

Pam oyt a4
QJLTAnLENn Tne

Jore rapic regain of

the eltera<ion in 11

astro-intestinal +r

diminish 4

found +hat othﬁr arntibiotics

diarrhea

pBel

het, 1t 15 &lso pessable that this decrease bacterial
¢ffect that the bacteris may have on the

it 15 also possidle that

decrease 1n bagrerial {lora may dirminish the irritatinrg effect that the

the i1njured epithelium of the gastro-.intestiral tract,
either of these drugs mey exert a specific inhibitory

throush parasympothetic paralysis seems remote since we

o]

such as penicillin end streptomycin also
follovang x-rediastion in the rat, The cause of the
weizht in the treeted rats mey in part be explained by

ltestinal flore, I% has been recently reported (1), that

surcomycin fed to ngrmal rats causes an augnented weight gain and growth, but

—a

un alequate explanagicn

his co~workers (2).

cf this phenomcnen has not been advanced, Iirller and

rezert o rmarkediy dumnished mortaiity in x-radiated mice

given streptomycir Hnd/cr terramycin, They alsc report (3) that the incidence

oL

tion of these antibilotics,

o{ positive blood cpltures in x-radietzd mice can be reduced by the adninistra-

te

Je have 2n unable to substantinte these results

1n rats as far as mortality is concerned using streptomycin,. aureomycin or

terramycin, In thi

: experiment terramycin feemingly did decrease the mortality.
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It may vte thaet if b]

ing x-radiation in
which is resistant

sepsis and death,

in these e xperiment

which received the

to indicate that thg toxic dose of aureomycin was exceeded.

the rats received

which coes not excefed the oral toxic dose reported (4) for rats.

injured epitheliun

<o be absorbed,

observed in the dog

tion mechanisms may

Summary.,.
1, Orally
the incidence of d
bocy x-radiation,

2, Oral suw

Thi

37,
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ood stream infection plays a role in the mortality follow-
e rat, there exists an organism in our strain of rats

o the antibiotics used and which may produce a generalized

tudies on the bacterial flora of the strain of rats used

are contemplated, The increased mortality in the group
upplementary aureomycin in the drinking weater would seem
By measurement

more than 25 mg, of aureomycin per day (160 mg,/kg.)

However, the

be altered, so that smaller doses may produce toxicity,

dministered aureomycin and terramycin markedly diminishes

arrhea in the rat which has received a large dose of whole

eomycin and terramycin accelerate the regain of weight

following x-radiatfion in the rat.

3o

Oral tepramycin may diminish the mortality following large doses

of x-radiation in fthe rat,

le Personal corm
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s may in part account for the absence of effect on mortality

o In addition, following x-radiation the normal detoxifica-
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Problem Code: X.R.4
Section Code: 3351
Author: U, Ingram

The Incidence of Unu
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1, 540 (1950)

£ al,, Ann, N, Y, Acad. Science, 51, 182 (1948) -

(Hematology)

sual Lymphocytes in the Blood of Dogs Exposed to Radiation

from the 130 inch Cy

clotron,

Previous Quar

terly Reports have indicated that the relationship between

the incidence of lymphocytes with bilobed nuclei in the peripheral blood and

exposure to radiatig
utilizing dogs.
before and after <th
the 130 inch cyclotr

results is now essen

n from the cyclotron was being studied in an experiment

Specifically, three healthy mongrel dogs have been studied

ee different exposures to small amounts of radiatiorn from
on, Quantitative interpretation of the experimental

tially complete and it is possible to report additional

details of the relationship between the exposures and the incidence of the

abnormal cells,

The entire experiment extended over a period of approximately one year,

Blood examinations
approximetely two

total of 180 covers

re made approximately daily during a control period of
nths prior.to the first exposure, During this period a

ip blood smears was examined, A like number was examined

during each first
were examined each
For conveni

classified according

st-exposure week, and thereafter approximately 30 smears

ek,

nce in interpreting results each blood smear has been

to whether or not it contains one or more of the abnommal
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slightly higher fre

ot

-

lymphocytes, and th
been chosen as an i
In all, approximate
entire experiment,
(Page 40), They i
with bilobed nucled

incidence was maxi

the three exposures

probably indicates

exposure, This ass

39
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frequency of occurrence of "positive" smears has arbitrarily
dex of the incidence of lymphocytes with bilobed nuclei,

y 3.4 x 106 white blood cells were examined during the

The e xperimental results are presented briefly in Table 1
icate a marked increasse in the occurrence of lymphocytes
following exposure to radiation from the cyclotron, The
during an approximately two-week period following each of
o Thereafter the incidence decreased fairly steadily, The
huency of positive blood smears after the first exposure

that a greater dose of radiation wes received in that

umption is supported by the fact that a slight but definite

decrease in the whi

incidence of lympho

te blood cell counts occurred concomitantly with the increased

cytes with bilobed nuclei in this instance, No reduction

in the total leukonte count was noted after the second and third exposures,

At this tim
of the various comp
increased incidencst

provide such inforﬁ

o

it is not possible to indicate the relative effectiveness
onents of radiation from the cyclotron in inducing the
of the unusual lymphocytes, however studies designed to

ation are currently being undertaken,

UNCLASSI FIED

UR 01577



sjeom emsgodxe~3sod Y3LT oY} ySnoay3 Yy oYy3 WOJJ Jeem ¥ 8dU0 ouUOp s3unod uo rased jHf

yeom pig Juranp sfep eeJyl A{uo pue °Jeem pITY} 9Y3 JI03JB }{oem B o6OU0 A1uo euop eem s3uNO) #
qunod 160 poolq e3Tym 18303 ey3 ut uoysseadep JY3ITTs B Y[ POIBTOOSEY **

eansodxe 3SJITJ €y} oJ40jeq syjuou om Arejeurxoadde jo pojued B quasexdal s3unod TOJ3IU0) *

40,

UNCLASSIFIED

|

- - - - -#g0°0~ ==~ - ffit°o L0°0 61°0 » eansodxe pig
0 20°0 90°0 £€1°0 91°0 u sansodxe pug
- 20°0 11°0 **/5°0 *%22°0 (9)00°0 oansodxe 3&1

oom U3 J03JV | SW0eM U39 ® UAG | Sueem Uy R PIC | Aeem pug |doom IFT *DOTI6d TOIIUOD

poT.JaJ 9.Ins0dxe=480J

AnOhvoaohu ,0gT Wody UoTjeTpEL 03 pesodxe s3oq)
onAToNN @ad0oTId HIIM SIIXDOHINAT FUON HO SN0 DNINIVINOD SUVAWS d00T1d 40 XONANbIUA

1 T16VL

UR 01578

UNCLASSI FLED




T PROGRALL U,

URANIUL
Problem Code: Uo4 (Fate)
Section Code: 3210
Authors: !, E, Stokinger. II. F, ilscn. G, 3. Sylvester and S, P. Dzuibax

Lobar Partiticn of Inhaled Usz0g Parzicles,

A review of the toxicolocgic literature on the deposition and retention of
certiculate matter reveals considerable information on the emount of: (1) deposi-
tion in the entire respiratory system: (2) nasal filtration and penetrationg
(3) alveolar depositicn - as a function of paftlcle size, shape, solubility,
breathing rate and other factors in the human and laboratory animal,

This informetion has unquesticnable merit in defining the asmount of
contaninant of known characteristics that will be retained on inhalation and
where particles of a given size may be expected to lodge in the respiratory tree,
but it is insufficient to form & sound basis for evaluation of more localized
tissue i1njury from the inhalation of chemically toxic or radioactive particlesa
at any particular site in the lung., Previous data assume & unifomdeposition of
particulate mgtter throughout the lung,

The present study was undertaken to supply quantitative information as
to whether an even distribution cf dust cccurred uniformly in all lobes and in
gross sections of the lungs under normal conditions of inhalation in enimals,

Procedure, Twenty albino rats ¢f similar age and weight (261-314 g) were
exposed in individuel, compartmentalized cages continuously for one, S-hour

pericd to UzOg dust of knowm particzle size, The mass-median size determined by

* With the technical assistance of R. E. Roo%

T
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Cascade Impéctor samples of the exposure atmosphere was 2,6 p with a standard
deviation of 2,63 the atmospheric concentration averaged 84 mg USOB/hS with a
renge of from 80-87 as sampled by the filter paper dust sempler with a Whaiman
#41 paper and quantitatively determined by acid ferrocyanide,

In order to allow opportunity for the particles to be cleared from the
larger air passages (1), the rats were not killed until the following morning.,
The group of 20 rats was divided at random in 2 groups of 10 each; from one
group of 10 rats, the lung was divided into its 5 natural lobes, namely, lefﬁ,
post-caval, superior, median and inferior left lobes; from the other 10 rats, 3
equal,. trensverse sections were taken from each rat from the left lobe which we
tormed the upper. middle and lower sections, The weight of each fresh section
was determined to the nearest milligrem on an analytical balance; the body
weights of the rats were obtained at death in order to permit comparison of the
lung to body weight, which value gives an indication of the condition of the
lung, Analyses for uranium were made in quadruplicate by the fluorophotometric
method of Neuman (2) and the results analyzed statistically by Dr. S. Lee Crump.

Results, The uranium analyses in ng U/g fresh tissue of the 5 lobes and
transverse sections with the respective rat body weights are given in Tables
1 and 2 (Page 43), It is apparent from these tables that particulate uranium

is deposited in the upper right lung lobe in fram 1,5-2 times the amount of

that found in any other lobe on a concentration basls, No differences in
deposition among any other lobes were found, The difference in deposition
cannot be due to differences in lobar size as the upper right lobe is as small
as any other section in the rat lung {Table 3, Page 44),

When tables utilizing the data of Tables 1 and 2 were prepared to

ascertain whether the emount of uranium in the segments were determined by-
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Results in pg U/g Tissue.

PARTITION OF IWEALED UzOg DUST IN LUNLGS

-

TABLE 1

—C——c— . 2

OF RATS

Particle Size 2.6 B, T 2.6, 6-hour Exposure

Ret Post Caval Upper | lMedien Lowsr Rat
Noo Left (liedian) Right | Righ® Right | Weights
2 19,6 1362 9,1 4,7 15,0 295
7 23,8 23,9 4).07 22,8 21,1 273
9 18,8 2704 40,5 29,2 2504 296
11 16,1 1262 2342 12,2 13,2 268
13 23,0 24.3 36,3 21.9 21.1 281
14 3.7 33,9 54,2 27,3 30,8 282
16 18,8 1602 3267 16,5 13,8 281
17 32,0 27,9 50,0 24,4 31,7 256
18 20,9 21,0 30,7 20.4 12,5 273
19 3204 31,4 47,0 2865 34,8 393
Sum | 237.1 23104 365,.4 2079 219,4
Av, 23,71 23014 36,54 20,79 21,94
TABLE 2
PARTITION OF INHALED UzOg DUST IN TRANSVERSE SZCTION
OF LEFT LOBE OF LUWG OF RATS
Results in mug U/g Tissue, Particle Size
2,6 N, O 2,6, 6-hour Exposure
Rat Rat
No, Upper | liiddle Lower | ieights
1 2803 21,5 25,0 312
3 30,0 32,6 3303 314
4 2004 4,6 18,9 261
5 22,0 16,8 22,09 279
6 27,3 22,€ 2206 305
8 44,9 3767 48,7 275
10 © 19,3 11,8 26,6 300
12 13,8 32,8 12,7 295
15 30,6 26,7 28,04 285
20 43,8 3463 3702 267
Sum 28004 24:104 27603
Av, 28,04 24014 27,63
310bu
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TADLZ 3

AVZRAGE LOBE WEIGEHET O? RATS*
(in mi1lligrams)

Post Cavael 134
UPPZR RIGT . 136
liedian 2Uzht 172
Lower Iaght ’ 385
Left 438

* Rat weights averaged 280 g

either: (1) the tissue mass of the segments: or (2) by the lung weight and body
weight ag co-varxants. no ccrrelation of either sort was obtained, !oreover,
lung weaght to body weight showed a ratic of all specimens below 0,6% indicat-
ing no pathologic process was present that might influence the results; the
normel lung to body wexght ratio averages 0,5% for rats of our colony.

The importance cf finding differences in lobar deposition is obvious in
cermitting & better estimate of tissue injury from inheled particulates especially
of radicactive character,

Conclusions,

l. A non-uniform deposition of particles of mass-medien size 2.6 p has
been demonsirated in the lung of the rat after a single, 6-hour inhalation of
Uz0g: 1.5 to 2 times as much was deposited in the upper right lobe as in any
other lobe of the lung,

2, Deposition was uniform in the other ¢ lobes,

3, No appreciable differences in deposition were found in gross, trans-

verse secticns of the large left lobe,
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Problem Code: U.4 (Pate)

Section Code: 3210

Authors: C. 7, LaBelle and J, 1. Dohl

2edioactive Dust as a Tracer in the Study of Lung Trensport Mechanisms, I,

Analytical lethods,

A sample of radioactive dust is available which it is believed will
facilitate the study of the transport of particulate materiel within the lumng,
provided that an assay method can be developed, The two requirements for such
an assay method are first, that it be sutficiently rapid to permit measurement
of a lerger number of samples per day, and second, that it involve no assumptions
s to the chemical species associated with the rediocactivity, especially with
respect to the solution and transfer of samples, The precision of the method,
although important, is secondary to these other requirements, As a corollary
requirement, it is desirable that the assay method be such as to permit
decontamination of the apparatus and containers used in the process, It is
believed that the methods described below offer satisfactory solutions to these
problems,

Experimental, Preliminary tests showed that the following technique is

adequate for the destruction of organic matter in a biologicel sample of the

size contemplated, and in addition permits of the rapid handling of large
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numbers o samples with minimal attention,

The sample, weighing up to 2 grams on the wet basis. is £emoved from the
enimal and placed in & #0, low form, porcelain crucible, The tissue is covered
with concentrated nitric acid, of which the volume may be varied to suit the
size of the sample teken, and allowed to stand overnight, At this point the
crucible contains a clear yellow liquid with only an occasional fat globule
remaining of the original tissue, This liquid is evaporated at a low temperature
(70-50°C) to a pasty residue which is finally charred on a hot plate until no
more nitrous fume is seen, The crucible is then placed in a fufnace at 700-
7500C for one hour, at which time the ash is normally completely colorless or
at least free of unburned carbon,

An adaptor was constructed by which crucibles could be inserted into the
shielded counting chember in such = way that the upper rim of the crucible
occupied the position normally occupied by the foils used in conventional count-
ing techniques, One milliliter of radioactive dust suspension was pipetted into
each of nine crucibles, evaporated to drymess and counted, Each crucible was
then re~evaporated with one milliliter of distilled water, evaporated with 5
milliliters of concentrated nitric acid and finally ignited for one hour at
700°C, counting each crucible between each operation, Finally, a series of nine
foils were prepared from one milliliter samples of the original suspension,
dried and counted in the conventional manner, The results are shown in Table 1
(Page 47),

The differences between foils and crucibles are due mostly to the
completely different geometries involved in the two methods of counting and are
no greater than might be expected, The difference between the crucibles befors

and after the chemical treatment represents a shift*of 3602 - 3343 _ z 4

VY192 x 297 x 9
o TR
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TABLE 1

USE OF PORCELAIN CRUCIBLES AS SAMPLE CARRIERS N = 9 SAMPLES®

CRUCIBLES
Orig, | Evaporated | Evaporated | Ignited 1 hr,
Foils | Count | with Water | with Acid at 7000 C
Mean counts per min, 92211 3602 3568 3710 3343
o, 1 ssmple; cpm 618 192 175 168 287
Coefficient of varia-
tion* for 1 sample, % 607 563 4,9 4,5 8.9
Coefficient of varies
tion* for 5 samples, % 309 3ol 208 2,6 5,1
Coefficient of varig=
tion* for 5 samples, % 3,0 204 202 2,0 4,0
Coefficient of varia=-
tion* for 9 samples, % 302 1.8 1.6 1.5 3,0

» 100 x standard deviation/mean

STAUDARD deviations and is probably just significant,

A further series of measurements was made in which twenty samples of
dust of 0,3 milliliters each were pipetted into crucibles, énd entirs rat lungs
added to ten of the samples. All twenty crucibles were ignited as described

above and counted, The results are shown in Table 2 (Page .48).

The coefficient of variation of these samples is comparable to that of
the preceeding series, Again there is a difference between the means which is
just significant for groups of ten samples, In order to analyze this situation
further, additionel samples wers prepar?d until a total of twenty activity~-plus-
tissue samples were available covering a range of 0,00 to 2,50 grams of tissue,

The coefficient of correlation between recovery and tissue weight was computed

__
Lad
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TABLE 2

RZCOVERY OF ACTIVITY IN THZ PRESZCE OF RAT LUNG
TISSUE., N = 10 SAMPLES ZACEH.

Crucibles Crucibles
Only Plus Lung
Mean., counts per min, 866 796
Standerd deviation, cpm 61 71
Coefficient of variation, % 7,0 8,9
Difference between means in
standard devaaticn units 363

and found to be:
r = 40,15 , (N = 20)
This implies that 15% of the variance is due to the effect of the added
tissue, hence the variance not so accounted for is:
(7T1)2(2,00 - 0,15)
= (71)2(0,85)
= 4280

If the effect of the tissue were completely eliminated the standard

deviation would be

& {variance = 14280 = 65

Therefore we may conclude that the effect of added tissue on the scatter
is negligible,

Finally, a series of measurements were made on the lungs, livers and
kidneys of control rats to determine <he normal radioactivity content as

measured by this technique, The results are shown in Table 3 (Page 49).

UR 01586



49,

TABLE 3

RADIOACTIVITY IN LUNGS, LIVERS AND KIDNEYS OF
CONTROL RATS

Noo of Net Counts % of
Organ Samples | Per Minute | Backgroumd

Lung 10 loz e
Liver 10 201 10
Kidney | 12 1.8 9

After the crucibles have been counted, they are treated according to the
following schedule, Each contamineted crucible is rinsed with water and
dropped into A bath of boiling 10% sodium carbonate solution for ome hour,

At the end of this time the crucible is rinsed and placed in a bath of warm
6 N HCl, where it remains overnight, The following day it is boiled in the
same bath for 2-3 hours, changing the bath if it becames badly stained,
Finally, the crucibles are rinsed with hot water, polished and dried,

This procedure will reduce the activity in most crucibles to less than
50 counts per minute, of which about 25 counts per minute arise from contamina-
tion originally present in the porcelain, It is a curious fact that neither

solvent bath alone, nor both together in the reverse order, will accomplish an

adequate decontamination, When used as described the process leads to the

following results,

Net mean count, original crucibles 24

Net mean count before decontamination 3343 cpm
Net mean count after decontamination 51 cpm
Background 23 cpm

VL * UR 01587
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Conclusions., A method is available by which the radioactivity from
diverse sources present in a soft tissue may be measured with a precision of
6-8%, Recovery is slightly low, being about 90-92% on the average, but is
probably as high or higher than could be obtained by other methods, because
the method described here is largely inéependent of the chemical properties of
the radioactive species which may be present,

A procedure is described by which the crucibles used may be decontaminated.
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FLUORIDE

Problem Code: F.4 (Fate)
Section Code: 3210

Authors: F. A. Smith, D. E. Gardnmer, J. DeVoldre, R, I, Root, and D. iing

Blood Fluoride Levels Following Exposure to Hydrogen Fluoride,

Previous studies on dogs exposed to hydrogen fluoride (UR=70) have

indicated a considerable variation emong maximal blood fluoride concentrations

attained under comparable conditions of exposures; 11 to 53-fold Increases
above normal were noted, with maximal fluoride concentrations of 140-630 pg
FViOO ml occurring on the 4-7 exposure days, Because of this somewhat wide
variation, it was considered desirable to carry out a third exposure study in
order to accumulate additionel data relative to the variatiops to be expected
emong different dogs. Accordingly, two dogs were exposed for five consecutive
days to an atmosphere containing approximately 19 mg HF/mS° An aspirator-type
feed system similar to that described by Stokinger, et al., (UR-68) was used,
Blood fluoride determinations were made at regular intervals throughout the
exposure period, and for 59 days thereafter, The data resulting are shown in
Table 1 (Page 52 ),

It is again evident that maximel blood concentrations are reached only
after exposure has continued for at least two days, It is apparent also that
these peak levels are ot the same order of magnitude as were encountered in
previous exposures, being 18-27 times greater than the meen pre-exposure con=
centrations, Similarly, the post-exposure data are comparable to those obtained

in the preceding ten-day exposure study; a minimum 60-day post-exposure interval
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is necessary before the blood-fluoride concentrations are restored to pre-
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exposure levels, It is interesting to note that an interval of this magnitude

is required in spite of the fact that the exposure period was only half as great

as in the 10-day study,.

TABLE 1

FLUORIDE CONTENT OF BLOOD OF DOGS EXPOSED TO
HYDROGEN FLUORIDE 19 mg HF/md

Time Interval, Days

‘Microgram F per 100 mi Blood

Dog Noo 1517

Dog No, 1534

Pre~Exposure Period

=6 9,0 21,2
-4 19,4 9,2
Exposure Perioed

«l 46,2

2 391

3 267

4 357

5 175 75,8 (not exposed)

Post-Exposure Period

1 61,6 48,6

2 83,8 39,4

3 65,2 38,2
4 5304 29,0

5 49,6 45,2

7 23,0 34,0
10 27,8 32,8
12 2768 29,0
R: 26,0 25,8
18 34,6 3304
25 23,4 26,6
32 22,0 16,6
40 13,6 3.4
47 10,2 19,8
59 20,8 18,4
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Froblem Code: Fo4 (Fate)
Section Code; 3210

Authors: F, A, Smith end D, E, Gardner

Fluoride Levels in Blood and Urine of Industrial Personnel,

Continuing investigations into the toxicolegy of fluorides have now been
extended to include a study of the concentrations of fluoride in the blood end
urine of personnel engaged in the industrial production of fluoride compounds,
Through the courtesy of Dr, Elmer R. Swanson of the Harshew Chemical Co,,
Cleveland. there were cbteined twelve spet blcod and urine specimens from
werkers in that company’s fluoride plants, together with &an equal number of
samples from office end laboratory personnel with none or negligible exposure
to fluorades, The concentrations of fluoride found in these sesmples are
indicated in Table 1 (Page S4), The mean ccncentraticn of blood fluoride in
the centrol group was found to be 11,5 pg E/IOO ml, with a standard deviation
¢f 404, whereas the corresponding value for the exposed personnel was 30,4 pg
F/100 mi, SoDo 10,8, The mean ccntrol urinary fluoride level was 0,30 mg E/lo
S.Ds 0,18 while that for the exposed groups wes 11,3 mg F/1, S.D, 6,2,

The mean urinary fluoride level of 0,30 mg F/l for the control group is
in reasonable agreement with the value of 0,38 mg F/i predicted from the data
of licClure and Kinser (U.S, Pub, llealth Rept., 50, 1575, 1944) for a concentra-
tion of 0.1 mg F/1 in the community water supply, The mean concentration for
four samples of Cleveland water was analyzed a:= 0.1 mg/io

The blood fluoride concentraticns for the control group are in general
somewhat higher than have been encountered in con®rol data collected in this
cormunity: in cnly fcur instances, however, are they greater than the maximal
norme) level previcusly roted (lOlpg E/lOO ml) for Rochester residents, In only
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FLUORIDE CONTENT OF BLOOD AND URINE OF CERTAIN PERSONWNEL CF .
HARSHAW CHEMICAL COMPANY, CLEVELAND, OHIO

Shy

THCLASSIFIED

TABLE 1

Sample Blood Urine
Yoo Job Classification pg F/100 ml mg F/1
CCITTROL
i Physician 18,0 0022
2 plant analyst 14,5 0,12
3 plant analyst 20,2 0,16
4 plant accounting office Bo3 0,34
5 piant accounting office 10,0 0,31
) plant accounting cffice 10.4 0,10
7 plant accounting office 10,9 0,10
8 man cific main office 14,2 0,38
9 main office research laboratery 9.5 0,74
0 main cffice research laboratory 6,0 0,35
11 main office research laboratory 9,2 0045
w2 main office research laboratcry 6.8 0,28
EXPOSED

1 piant Frocess man 25,3 2004

pe plant process helper 54,9 13,8

.5 plant maintenance helper 30,0 10,9

16 plant chief process man 2704 702

17 plant process man 38,8 1560

18 plant process man 40,9 16,9

19 plant shief process man 24,4 15,2

20 prlant process man 26,9 9.3

23 plant process man 34,4 17,9

22 plant (hex area) chief process man 25,3 4,8

23 plant (hex area) chief process man 24,6 4,0
24 plant (hex areai loader 11,8 0,57

Cloveland water sample (main gate) #1 0,09 mg F/1 first group
" " " (in plent) #2 0011 mg F/1 of samples
leveland water csample I 0,10 mg F/1 second group
" H " II 0,09 mg F/1 of samples

one 1instance was the blcod fluoride content of an exposed individual within the

range (60,0-20.2 g F/100 mi) noted for the control group.
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It is evident that there are significant differences between the means
for the fluoride contents of the bloods and urines of the two groups of Harshaw
personnel, The increased concentrations found for the exposed groups may be
attributed to the greater concentraticn of fluorides present in the plant

. atmospheres in which these men work,

Problem Code: F.4 (Fate)
Secticn Codes 3210

Authors: F. A, Smith, H, E, Stokinger, L, T, Steadman and D, E. Gardner

Deposition .of Fluoride and Beryllium in Animal Tissues Following Exposure to

2 mg Ber/mso

Analyses for fluoride and beryllium contents have now been completed in
certain tissues of animals exposed to 2 mg BeFp/m® (mist) for intervals ranging
from 422 to 854 exposure hours. Beryllium and fluoride in blood were detsrmined
serially in each of four dogs during the course of the exposure, and fluoride
determinations have been completed for the epiphysis, kidney, lung end liver
at termination of the exposure (854 exposure hours), Similar determinations were
carried out on skeletal eand soft tissues of the cat after 422 hours of exposure,
Fluoride determinations also have been completed on skeletal and soft tissues
of rabbits taken at intervals up to 2,5 months after cessation of 422 exposure
hours, A disoussion of the results obtained follows, Descriptions of the
exposure methods, together with the mortality, hematologic and biochemical
findings have been reported previously<{cf. R.:H., Hall, et al,, UR=116),

In Table 1 (Page 56) are listed the fluoride and beryllium contents
found for serial blood semples of four dogs during the exposure interval

UNCLASSIFIED
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TABLE 1

FLUORIDE AND BERYLLIUM CONTENT OF BLOOD OF DOGS EXPOSED TO 2 mg Ber/m3

Dog #1437 Dog #1518 Dog #1537 Dog #1538
Exposure |pg F/ |pg Be/ | pg F/ | pg Be/ | ps ¥/ |pg Be/ | pe F/ | p& Be/
Hours 100 m1 {100 w1 | 100 m1 | 100 ml | 100 ml } 100 m1 | 100 mi | 100 ml
36801 26,4 - 37,2 - 22,4 - 42,7 -
398,1 8.1 - 23,8 - 15,2 - 17,8 -
458,1 21.1 2,2 1404 2,7 16,9 3.8 15,1 703
512,1 1.1 - 1004 - 6.5 - 20,6 -
6141 23,6 803 20,9 5,6 19,0 | 14,0 15,3 | 13,0
668.1 16,9 3.8 17,8 365 15,0 3.2 14,2 4,5
704,1 16,0 404 11,7 4,2 10,0 4,5 22,9 6ol
72201 18,3 604 2004 865 12,7 5,3 17,8 5,5
848,1 22,5 4,0 26,3 4.5 22,6 3,1 20,6 4.8

207 calendar days of exposure

36B8=848 exposure hours.

It is evident that there is no progressive increase in either fluoride or
beryllium content with continuing exposurs., Because pre-exposure blood fluoride
determinations were not made on these dogs, it is not possible to state to what
extent these latter values are increased over the normal levels, However, during
the past three years, 98 blood fluoride determinations have been made on normal
dogs., These levels have ranged between O and 35 'xg F/100 ml blood, with a mean
lqvel of G}Jg/lOO mlg moreover, only 5 per cent of the values have been greater
than 20 pg/lOO ml and 72 per cent have been 10 or less Fg/lOO ml, Using these
control date, it is appa.ren‘; that exposure to 2 mg Ber/m3 probably has
elevated the blood fluoride levels of these dogs to some extent, KHowever, only
2 of the total of 36 determinations are greater than the hizher normal levels,

Were the beryllium fluoride inhaled by there dogs to be transported as
the nondissociated compound, it would be expected that the quantities of
beryllium and fluoride would be present (on a weight basis) in the ratio of

UNCLASSIFIED

AR

LIS |

UR 01594



57,

UNCLASSIFIED

1:4, For dog 1437, it will be noted that the average weight ratio of beryllium
to fluoride is 134.8, while for dog 1518, the ;atio is 1:4,2, The agreemsnt
with the theoretical ratio is not quite so excellent for dogs 1537 and 1538
where the ratios are 1:33.4 and 1:2,9, respectively, The average ratio for the
entire group of analyses is approximately 1:3.9, It will be noted that this
computation is based on the total fluoride present, i.e., that fluoride present
as & result of the exposure to BeF,, together with that normally present from
the dietary intake, Thus the actual ratio may not be as high as the calculated

‘velue indicates, These data suggest the possibility that the beryllium fluoride

inhaled by these dogs may be transported in the blood in part as the nondissociated

compound,

Table 2 below lists the fluoride contents found for the femoral epiphysis

end kidney, lung and liver of these four dogs at sacrifice., Only ome control

TABLE 2

TERMINAL FLUORIDE CONTENT OF TISSUES OF DOGS EXPOSED
. TO 2 mg BeFp/m®

FLUORIDE CONTENT IN PARTS PER MILLION
Dog No, Epiphysis Kidney Lung Liver
1437 4190 1.8 103 005
1518 2280 2,0 2,3 1,5
1537 2470 1,6 4.0 1,0
1538 2380 1.8 2.1 1.0
207 calendar days Nos, 1518, 15382
142 exposure days 11 day intervel between
854,1 exposure hours end of sacrifice and
exposure

Nos, 1437, 1537:
12 day interval
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femoral epiphysis, and no soft tissues from control dogs are available'for
camparison, A single anelysis of a control epiphysis showed 1930 ppm F (ash);

dogs 1518, 1537 and 1538 are slightly higher in fluoride content; whether or

not this is significant cannot be said in the absence of data relative to the
variation to be expected among control dogs. Dog 1437 probably has a significantly
greater fluoride content in the epiphysis,

The fluoride contents found for the kidney, lung and liver of the dogs do
not differ significantly from those found for the exposed cats and rabbits (Tables
3 and 4, Pages 59 and 60), Moreover, all of these levels agree ;easonably well
with normal values for liver and kidney of the cow, guinea pig and calf as
reported by McClure (Public Health Repts., 64, 1061, 1949),

Fluoride end beryllium contents of hard and soft tissues of cats at
sacrifice are shown in Table 33 comparable fluoride data for one normal cat are
also included here, The fluoride contents of the soft tissues of the treated
cats do not differ significantly from those of the one control cat, The femurs
of the exposed animals, however, show.a definite increase in stored fluoride,
as might be expected; the average increase is approximately two-fold over the
one control femur available, No significant differences are noted among the
fluoride contents of the soft tissues of the control and experimental animals,
It may be shown that there is no molar relation of fluoride to beryllium in the
lung, femur, liver and kidney,

The fluoride contents of hard and soft tissues of rabbits sacrificed
serially after termination of the exposure are given in Table 4 (Page 60), The
fluoride contents of the diaphyses do not change significantly with increasing
post-exposure time, Because of the great variations noted between the epiphysis
of the two rabbits at each post-exposure interval, no clear-cut downward trend
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TABLE 3

FLUORIDE AND BERYLLIUM CONTENTS.OF TISSUES OF CATS EXPOSED = -
TO 2 mg BeFp/m3(a)

Noo, and | 001 3.6 kg | 002 3,3 kg | 604 2,9 kg | 1204 3,0 kg | 1426 2.6 kg

Body ¥Wto. | Be F Be. F Be F Be F Be F Normal
Luﬁg 7.1 | 10,9 | 501 lod | 503 1,3 |17.6 0.9 | 6,8 005 009
Femur 1.2 {950 2,641840 2,2 |920 2,2 {1170 2,2 |1380 560
Liver 0066 003 1083 003 0045 008 0065 006 005? 097 095
Kidney 0.05] 102 | 0,02] OoT| 0,04] 2,6 0,04 0,7} 0,05 2,0 1.1

BERYLLIUM FLUORIDE Calc, F from
Mean| Range Meen) Range Yean Be

Lung 804 | 5,1 =17,6 3 |5 - 11 36

Femur | 2,1 {102 = 20,6 {110 [56-164b 809

Liver | 0.8 {0045~ 1,8 0051 063=0,8 304

Kidney 0004 0002-0005 104 00.7"206 0017

(2) Be expressed as yg/g fresh tissue; F expressed
a8 yg/g fresh soft tissue, pg/g ash femur
(b) Excess from normal on wet weight basis
is apparent during the post-exposure period under study, Also, no control data
are available for these tissues in this speciss,

The soft tissues show no significant differences, either among themselves
or among comparable tissues of normal cows, calves and guinea pigs (McClure,
lococito)e |

Conclusions.

1, Exposure of dogs for 848 hours to BeFs at a concentration of 2 mg/mS
produces a slight increase in circulating blood fluoride, Small quantities of
beryllium are also encountered in this tissue, No progressive increase is
noted, however, for either fluoride or beryllium with increesing expasure,
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TABLE 4

FLUORIDE CONTENT OF TISSUES OF RABBITS EXPOSED TO 2 mg BeFp/m®

Rabbit | Post-Exposure | FLUORIDE CONTENT IN PARTS PER MILLION
No, Interval Epiph | Diaph | Kidney | Lung | Liver
300 Terminal 3900 2900 - 1.9 -
354 " 5470 3910 - 1.4 -
353 3 weeks 4900 3060 1.7 1,0 0.9
352 " 4030 2760 5,2 1.9 0,8
351 105 mOBo 3710 5420 293 107 109
350 " 3630 2890 1.6 1.2 1.8
349 2,5 mos, 3870 2830 1.2 1.5 0.6
102 calendar days Nos, 300, 3543 4 day interval

70 exposure days between end of exposure and

422,1 exposure hours sacrifice

2. The data suggest»that inhaled BeFy may be treansported in part in the
blood in the molar ratio resembling that of the inhaled compound,

3o No significant changes from the normal are noted in the fluoride
contents of soft tissues of dogs exposed for 848 hours, and of cats and rabbits
exposed 422 hours to 2 mg BeFp/m3, Beryllium is found in the tissues of these
animals, but no molar relationships can be demonstrated for tﬁe two elements
in these tissues,

4, Increased deposition of fluoride is noted in the skeletal tissue of
the dog and cat, and probably of the rabbit, However, there are insufficient
date for control animals to permit an estimation of the magnitude of this
increase,

5, The difficulty of interpreting these data quantitatively indicates

the need for more such analyses of tissues of control or nonexposed animals,
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CIRCOMIUL

Problem Code: Zre.3 (Toxic Limits)

Scction Code: 3210

authors: C, J. Spiegl, S, Laskin and l. Calkins

Current Status of Industrial and Experimental Zirconium Toxicity,

Summary of Firndings from Spot Industrial Surveys of Two Zirconium Plants,

The current interest in zirconium and its compounds and the lack of literature on
the toxicity of these materiels has prompted further toxicologic investigations,
Aecent papers by DuBois (Arch. Ind. Iyg, and Occup. iled., 1, 637, 1950) and

by Schubert (Science, 105, 389, 1947) (J, Lab, & Clin, led., 34, 313, 1949)
confirm previous reports as to the low order of acute toxicity of zirconium
compounds edministered orally or intraperitoneally.

TITANIUL ALLOY MANUFACTURING DIVISION OF NATIONAL LEAD (T.A.M. )=

In brief, the manufacturing processes employed at T,A.M. are the following:

I, Ore Cleaning - Crude Florida or Australian Ti-Zr sand is freed of
crdinary SiO2 sand at the mine,

II, Ore Separation - Electromagnetic-static separation is used for
separation of ilmenite, rutile and zircon, Typical zircon (zirconium silicate)
preducts are:

A, Crude
1, Zirconite sand "A"

2o Zirconite flour

* The T.A.lls plant in [liagare Falls was visited by Drs, Stokinger, Spiegl, Measrs,
DeVoldre and Calkins for the purpose of observing the manufacture of zircoumium
compounds. ldr. R. A, Easton, Plant Maneger, end Dr, Urban, Research Director,
gave the group a background of the chemical and medical aspects of zirconium and
arranged a comprehensive inspection of the production areas.

oo —
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3. ZXefined
lo "G" zircons
2o TAM zircons
3, 2ircopax and superpax (small particle-size products)
liixed products of zircon are also ﬁadeo These are combinations with
oxides of barium, calcium, magnesium or zinc tumbled together in & dry ball mill,
Tvpical product - bariwn zirconium silicate,
III, ~Production of Zirconium Oxide fram Zircon
A, Teighed emounts of zircon and coke are intermittently shoveled
by hand during a 36-40 hour period into an open graphite-electrode crucible furnace
until the furnace becomes full, This is a process evolving immense heat and
copious quantitics of smoke and fumes, The chemical reactions taking plade
include the conversion of carbon and silicon to their monoxides and burning of
the monoxides to the dioxides, The zirconium silicate becomes zirconium
cyanonitride (or a mixture of zirconium carbide and nitride).
Bs The hot melt is treated in one of two ways:

1, It is covered and allowed to cool completely and is sent
as the cyanonitride to another company for chlorination.

2, The melt is allowed to harden but while still red hot is
placed on open grates where air by convection produces oxidation and decrepitation
of the zirconium cyanonitride to crude zirconium oxides,

Co Crude zirconium oxide is heated in a rotating oil-heated furnace
to remove residual carbon,
D. The oxide is ball-mill ground to various sieve sizes, Typical

products are opax, treopax and CP zirconium oxide.

E., The oxide is mixed with oxides of barium, calcium or magnesium,
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~rpical product<is barium zirconate (tiqqn BZ),

Iv, infconium chemicals are produced frﬁm the zirconium tetrachloride
{Step Bl) by hydrolysis of the compound and addition of the appropriate acid,
These are vat processes producing zirconium sulfate, acetate, hydrate and
hydrated carbonates.

Typical uses of zirconium compounds are:

1, In enamels and glazes

2,. TFor production of refractories

3o Electrical insulators and dielectrics

4, Support for catalyst

5, Preparation of water repellent compounds for textiles and furs.

6. Possible fubure use ms deodorant, poison ivy ointment and radioe
opagque substance

Plant Samples, The major sites of possible abmdsPheric contemiration at

this plant were the furnece area and the cyesnonitride oxidation room, Concentra-
tion samples were collected with a Filter Paper Dust Sampler and those for
particle size with a Cescade Impactor, Sampling rates for both methods were 14
liters per minute, Analysis of the samples was made by the spectrographic method
for zirconium, The filter paper samples were also eanalyzed for silicon content.
Ten~minute samples were teken by each of the methods in the furnace area
under conditions that were considered typical, The filter paper dust sample
showed a total of 190 micrograms of zirconium and only 6 e (3.1%) of silicom,
‘The calculated zirconium air concentration value was 1.4 mg/m3, In comparison
with this value, the air concentration lewl determined from total sample
collected with the Cascade Impactor was of the same order of megnitude (1.9 mg/m3),

The results of the particle size analysis showed a typically normal distribution
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with a mass-median diameter of 1,51 p, with a corresponding geometric standerd
deviation of 2,85, .

The zirconium cyanonitride oxidation room was also sampled under typically
normal conditions. The concentration data showed higher values with 3.6 mgﬁnsr
obtained by a filter paper sample and 7,8 mg/m3 determined from the total sample
collected with the Cascade Impactor. A total of 500 pg of zirconium was obtained
on the filter paper sample but in this case less than 1 jug or epproximately 0.14%
silicon was found., Significantly larger particle size was present in this area,
The distribution was typically normal for & mass-median diametef of 304 p and a
corresponding geometric standard deviation of 2,.52.

If the particle size data are examined in terms of the sizes representing
the physiologically toxic range of less than 1 n (an assumption based on our
experiemnts relating to the physiologic effects of small particles), the sample
collected in the furnace area showed 35% of the mass concentration to be presenf
in sizes below 1 p, whereas the sample collected in the cysmonitride oxidation
area showed only 7% of the mass concentration to be present below 1 u, Recalcula-
tion of the probable effective air concentration, therefore, indicates wvalues of
the same order of magnitude for both areas, namely, 0.7 and 0.6 mgﬁns, respectively,

Four zirconium bulk samples were also obtained from the plant and subjected
to physical analysis, The particle size and specific surface data obtained on
these samples are shown in Table 1 (Page 65). The samples showed large differences
in parficle size as determined by optical microscope measurements, varyiﬁg from
a mass-median size of 2,39 p for the pure ZrCl4 to a value of 9.0 p for the
mass size of the zirconium cyanonitride. Since this latter value was so much
higher than those of the other samples, the optical microscope measurement for

cyanonitride was repeated. In this case a value of 8,8 u was obtained for the
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rnass median size. thus checking the original determination, Electron micrographs
of these samples showed no unusual structure and in general confirmed the particle-
size measurements by the optical microscope,

Specific-surface determinations by low-temperature adsorption of ethane
are reported for all samples except ZrCly., The surface velue of this compound
could not be determined by the adsorption method because it decomposed under the
high vacuum degassing treatment which is required prior to ethane adsorption.
The specific-surface values of the remaining three zirconium compounds were in
close agreement, It might be expected that the surface value for the Zr
cyanonitride sample would be extremely low due to the large particle size; however,
this sample showed the highest value of the three, indicating a relatively high
"internal" surface, No evidence of such structure, however, could be demonstrated
at an increased magnification to 18,500x, A porosity value of 111l for this sample
indicates an internal surface at least 4 times as great as those of the Zr0p
and Zr0p,5i0; semples which showed porosities of 29 and 16, respectively.

Medical Histories, According to Dr. Urban, the incidence of illness

emong plant workers is rather low and does not differ from that of any other
typicel menufacturing plant in the industry, At present, a program of yearly
x-ray examinations is in effect, Although this program has not been in effect
during the entire 30 years of plant operation, only 2 cases of lung damage, of
unproven origin, have been reported during this time, Working personnel averages

approximately 200,

Summary and Conclusions, No unusual industrial hazerd problems were found
at this plant., Although zirconium concentrations of l.4 and 3,6 mg/m3 were
found by the Filter Paper Dust Sampler under typical conditions, calculations

showed that these concentrations represent values of only approximately 0.6 and

L]
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Co7 mg/m3 of probable physiologically-active material, The low incidence of
industriel disease under these plant conditions does not suggest-that a major,
acute toxicity problem exists with these compounds,

TOO0TE LINERAL COMPANY*

Processes employed by this firm are the following:

I, Formation of the POClz Complex - zirconium tetrachloride obtained
either from the local plant or from other sources is placed into a round-
bottom. pyrex flask and is allowed to react with liquid POClz. Exposure to
zirconium tetrachloride is minimized by providing adequate air ventilation and
exposure to POClz is essentially prevented by using a closed system.

II, Distillation - the ZrCl,°POClz complex is distilled in a large glass
colunn at a head temperature of 355-360 C. During the 30-hour period of a
cycle various fractions are collected; and by re-cycle and re-distillation a
special high-purity, low Hf fraction is obtained,

III, Production of Zr(OH)g - Propyl alcohol {CzH70H) is introduced under
l; pressure into a pyrex flask contahiing purified complex at 80 C. Nitrogen
pressure forces the liquid into a vat containing hot water, The addition of
NH4OH, with a stirring, causes precipitation of zirconium hydroxide, After
settling, the Zr(OH)4 is washed three or four times with distilled water and
placed into silica trays.

IV, Formation of Zr0p; - the silica trays containing the zirconium
hydroxide are placed in a furnace, having ventilation, to form the oxide.

Plent Samples, The major site of possible atmospheric contamination at

both the research and pilot plant was in the area of the distillation colum

* Drs, Stokinger, Spiegl, Messrs, DeVoldre and Calkins visited the research
laboratory of the Foote Mineral Company at Berwyn, Pa,, and the manufacturing
plant at Paoli, Pa, Dr, S, G. Ogburn, Manager of Research and Development,

and his associate, Mr, Fisher, made arrangements for us to discuss the processes
end to visit appropriate sampling sites,

COn
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head, Samples for both concentration and particle size were collected-with the
Cascade Impactor at a sampling rate of 14 liters per minute., The atmospheric
contaminant appeared to be en occasional wisp of cloud, indicating mist or vapor.
Although the actual compound present may be & ZrCl,°POClz complex; or a hydrolysis
product, the samples were analyzed spectrographically only for zirconium content.

In the laboratory at the still head of a research-scale process, a sampling
time of 65 minutes was needed, An atmospheric concentration of 0,034 mg/m3 was
determined fram the total sample collected, A normal particle size distribution
wes found with a mass median diameter of 1.25 R end a corresponding geametric
standard deviation of 2,08, Thirty-nine per cent of the mass concentration was
found to be below 1 p particle size, The probable physiological effective air
concentration was therefore calculated as 0,013 mg/mso A corresponding sample
was taken at the still head of the large-diameter glass distillation columm
used in the pilot plant, In this area, & sempling time of 32 minutes was used,
The air concentration of 0,044 mg/m3 obtained was not considered significantly
hicher than that obteined in the research area, Particle sizes were larger,
however, with & mass median diameter of 2,29 p and a corresponding goometric
standard deviation of 2,26, For this sample, only 16% of the mass concentration
was present in sizes below 1 p, resulting in a probable physiologically effective
concentration of 0,007 mg/mS,

In order to provide & sample of momentarily high concentration typifying
a2 still block or blow, & one-minute sample was taken during a deliberately
simulated condition., For this sample, an atmospheric concentration of 20,6
mgﬁns vas obtained in the immsdiate vicainity of the still head, Particle size
distribution showed that the increase in concentration was accompanied by the

production of larger particulates, A mass median diameter of 4,30 p and a

UR 01606



69,

corresponding geometric standard deviation of 1,91 was obtained. The percentage
of mass concentration below 1 p was very low (1%), resulting in a physiologically
effective value calculated as 0,206 mg/m3,

Medical, The operatioms are carried out under adequate ventilation. Any
exposures that may occur result mainly from leaks at joints or accidental breakage
of epparatus, The principle hazard appsars to include exposure to POClz at the
still head; this has caused minor throat irritation and symptoms typical of a
common "head cold" that may persist for two or three days. Exposures to 2r
compounds are limited to the vapor of the complex at the still head, to periodic
charging of still-pot with ZrCl, and to the menual handling of the insoluble
zirconium hydroxide and oxide. During December, the process was entirely on a
pilot plant scalse,

Summary end Conclusions, Because of the newness of the process and the

relatively small number of people employed, no adequate estimate can be made of
the hazards involved, Concentrations in both research laboratory and pilot
plant areas indicated extremely low values in the order of 40 pg/hso Smaller
particle sizes were indicated in the research laboratory areas than in the pilot
plant (1D 1,25 = 2,29 p)o

EXPERILENTAL RESULTS ON THE INHALATION OF ZIRCOHIUNM COMPOUNDS.

Animel inhalation experiments with a concentration of zirconium tetra-
chloride considerably greater (20,5 mg/mS) than that found in the plants confirms
the preliminary estimate of the relatively low acute toxicologic hazard of
zirconium compounds,

Zircoﬁium tetrachloride was chosen for the initial 60-day inhalation
study because of its widespread industrial usage, solubility in water and relative

ease of analysis by the spectrographic method., Time-consuming difficulties with
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dry dust feeds forced the use of an aerosolizer and a solution of ZrCl,.

Presumably, this solution contained ZrOCls instead of ZrClys, but probably

represents an approximation of the behavior of 2rCl, in air., The atmospheric

concentration of ZrCl, was maintained at a level of 20 mg/m3 and an average mass
~ median diameter of 0,57 p and standard deviation of 2,62,

The operation of the chamber followed established Rochester procedure,
Aninals were exéosed for 6 hours on each week~-day, During this time, hourly
filter paper dust samples were weighed as a guide to atmospheric concentrations, ¢
In addition, one sample daily was analyzed spectrographically for the Zr content,
wWeekly Cascade Impactor samples were amalyzed spectrographically for the size-
distribution of the zirconium in the chamber air,

A total of 8 dogs, 4 cats, 20 rabbits, 20 guinea pigs and 72 rats were
exposed, Of these, 4 dogs, 20 rats and 10 rabbits will later also be exposed to
ZrOp in an attempt to utilize the cumulative effects of acute exposures to
simulate & chronic.,

Weekly urinary protein determinations on 4 dogs and 4 rabbits gave only
slight, variable results,

Weekly blood nonprotein nitrogen studies on the same 4 dogs and 4 rabbits
gave inconclusive results, The dog blood fibrinogen levels similarly were
normal,

The 4 dogs examined hematologically semi-monthly showed progressive
decreases in the count of the red blood cells end an increase in mean corpusqular
volume, Maximal blood changes in dogs were seen at periods as early as 10 days
and as late as 52 days after the start of exposure; decreases of red cell counts
approximated 1.5 x 106 cells/cu mm; hemoglobin decreased about 4 gm; mean

corpuscular volume increased 11 to 16 cu p. One month after exposurs, blood
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valués were within the normal range, Other variables appeared to change at
random, ieekly weight records showsed little except for a transient loss of
weight among the guinea pigs, No histologic pathology is yet available on the
44 animals of 5 species sacrificed terminally nor on 15 rats sacrificed serially
during exposure, Grossly, the only evideﬁces of damage were hemorrhage and
consolidation of the lung of a few dying rats and guinea pigs, Members of a
group of 20 rats are being sacrificed at intervals up to 48 weeks after exposure
to determine tissue repair rate and zirconium disappearance rate, The tissues
being studied histologically include & complete autopsy for the dog, cat and
ret, Lung, liver and kidney only are being taken from the rabbit and guinea pig.

Analyses for zirconium are being made of the lung, liver and kidney of
all animals plus the pulmonary lymph node and femur from dogs, cats and rats,

A group of 10 rats end 10 rabbits was handled in & manner similar to that
of the exposed animals with the exception that these received no zirconium
aerosol, These esnimals serve as & base-line level for control of unknown factors

influencing the criterie studied,
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- PROGRAM I.S,

ISOTOPES

Problem Code: I,S,3 (Therapy)
Section Code: 3310 and 3340

Authors: . B, llason and J. R. Hayes

Approximately nine months ago a cooperative program was instituted which
would make radio-isotopes available to privete physicians in the community,.
‘Briefly this plan is for privateﬁphysicians to refer patients for diagnostic
studies or therapy to the radiology departments of the cooperating hospitals,
The patient's case is then reviewed byvthe Isotope Committee of that hospital,
and the necessary isotope is requested in a form suitable for administration
to the patient. To date, most of the work has been with 1131 and the Clinical
Chemistry Section, in addition to standardizing the isotope and preparing it
for administration, has also carried out the laboratory work necessary for
urinary 1131 studies, with the understanding that this portion of the work will
be taken over by the cooperating hospitals as soon as conditions permit.

The present brief report deals only with the laboratory part of the
program., During the last six months approximately 160 requests for 1131 have
been filled, and urine studies have been done in almost all instances, The
usual practice is to collect three urine specimens, corresponding to 0-12
hours, 12-24 hours, and 24-48 hours after administration of the isotope., The
1131 content is determined by a procedure involving comparison with 1331
standards., This technique eliminates decay corrections, and is advantageous
in other respects,

During the course of the present program, repeat urinary excretion
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studies have been done on a fair number of patients, and on the basis of these
cases it is possible to arrive at a tentative estimate of the reliability of
urinary 113 measurements., The data are fram 26 patients receiving both tracer
and therapeutic amounts of 1131, who showed no clinical evidence of thyroid
instability over the period of less than two months between the two studies,
These patients all had the tracer dose (usually 50 microcuries) before the
therapeutic dose (6-20 millicuries), and there was no reason to suspect incomplete
urine collections, The data are not otherwise selected. The standard deviation
between the two values for the total 48 hour urinary I131 for tﬁese patients is
11%, Perhaps a more useful form of this figure is that the mean urinary 1131
for a given patient will be within * 20% of the reported figure in 90% of the
cases, An example or two will make the application clear, Suppose that 15% of
a tracer dose of I13l is recovered in the urine collected during the first 48
hours following administration, In the absence of evidence to suggest incomplete
urine collection, there is & 90% chance that the mean urine output of 1331
lies between 12% and 18%, and interpretation is quite clear provided the clinical
picture is not strongly egainst the diagnosis of hyperthyroidism, In another
instance, suppose 40% of the tracer dose is recovered in 48 hours, Here there
is a 90% chance that the mean output lies between 32% and 48%, and interpretation
will depend a great deal on the clinical picture., As more data are collected
it may be necessary to modify the above figures, but for the present fhey afo
useful,

In an attempt to detect the presence of possible aberrent or metastatic
thyroid tissue, 1131 urinary excretion studies have been carried out on a
patient during the early postoperative period following total thyroidectamy for

carcinoma, IEighty microcuries of 1131 were administered and the patient had
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an in-dwelling catheter to insure complete collection of urine. 1131 studies

under such circumstances are relatively uncommon, and the data are reported in

full,
Collection Urine 113l
Period Volume Recovered
1lst 6 hrs, 667 ml, 39.5%
2nd 6 hrs, 610 27,1
2nd 12 hrs, 385 1763
3rd 12 hrs. 588 10,0
4th 12 hrs, 300 _2.5
Total 96.4%

The uncertainty in the determinations is believed to be in the neighborhood of
10%, and the results are compatible with complete absence of active thyroid
tissue,

A laboratory training program has recently been conducted for the
interested personnel of the cooperéting hospitals, and these groups are now
gradually teking over the determination of 133l in urines, The Clinical
Chemistry Section will continue to do the standardizations and prepare the
1131 for administration to the patients, as well as to check the urine determina-

tions from time to time,

UNCLASSIFIED

131797

UR 01612



756

UNCLASSIFIED

PROGRANM I.1I,
" INSTRULENTATION (SPECTROSCOPY, ZLECTRON LIICROSCOPY, X~RAY AID
NUCLEAR RADIATION DETECTORS, X-RAY DIFFRACTION, ELECTRONICS)
Problen Code: I.N.1 (Research and Development)
Section Code: 3110

Author: A. H, Dahl

uelity Evaluation of X-ray Beems by letal-walled Tonization Chambers.

Background, For several years the writer has been thinking about developing
a sinmple. reliable system for quality evaluation of a heterogenous beam ‘of
x-rays, The systems of half-value-layer, effective wavelength, and effective
energy at best give information only about the brimary beamn and no% the
primary plus scattered beam which is actually producing the exposure. 1In
addition, the process of obtaining an absorption curve presents many pitfalls
to anyone but the experienced radiclogist and physicist., This was clearly
demmonstrated to the writer in reviewing some selected past results at Rochester
vhere special studies were made to obtain léw intensities and as monochromatic
a beam es possible with high amounts of filter (results not published). In
attempting to obtain the half-value-layer under these high amounts of filtra-
tion, the results showed high ~valuess- and the recent estimation ot the
effective energy from the former resultsshowed that the effective energy
would calculate to be much higher than the peak voltage of the x-ray machine,
This was obviously not possible. The reason for this error was ﬁhat a
considerable portion of the exposure recorded by the ionization chambers
was produced by photons which had been scattered around the filters, These
errors were not detected since an effort was made only to obtain the "half-

value~layer" and the effective energy was not calculated, This also emphasizes
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the fact thet the half-value-léyer can, in some cases, be very unreliable and
that in many cases the half-value;layer may have no real significance to the
person making the study,

liethod, The system of quality evaluation under consideration by the
writer is that of determining the ratios of readings from ionization chambers
containing innerrlinings of various materials, During the early days of
quantity measurement of x-ray beam output much effort was expended in determin-
ing the criteria for fabricating energy independent ionization chambers, In
fact, the standardized use of ionization chambers in quantity measurement of
x-rays was delayed for nearly two decades due to the energy dependence of the
various chambers used in addition to the poor quality of' accessory voltage-
measuring.deviceso The proposed method of quality evaluation makes use of the
energy depencence of chambers which incorporate metal liners of average atomic
number greater than 1ll,

The first studies were made using x-ray machines operated in the range
of 100 k.v., peak to 250 k.,v. peak. Liners of aluminum and copper were placed
in some 0,25 r condenser r meter chambers purchased from the Victoreen
Instrument Company. In the case of aluminum liners the metal thickness of
1 mil, 2 mil, and 5 mil were used and the liners were constructed so that they
would fit snugly against the inner walls of the condenser r meter chambers,

In the case of copper liners the thicknesses used were 1,5 mil, 2,5 mil, and
4,5 mil. Comparison of the readings of the chambers with the aluminum liners
to the readings from condenser r meter chambers which had no liners and could
‘be considered as "air-wall", showed that as filter was added in the port below
the x-ray tube the ratio first increased when the thinnest filter was placed

in the port eand then the ratio decreased gradually, It had been expected that
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the ratio would decrease continually from no filter to heavy filtration since
the ratio of absorption of x-rays by aluminum to that of carbon, nitrogen, and
oxygen (cheracteristic of tissue and air absorption) would decrease with increas-
ing effective energy of the x-ray beams, The first increase in ratio from no
filter to light filtration was considered to be due to the fact that, under
conditions of no filter external to the tube, the effectivé energy of the x-ray
beam was very low, Since the chambers were approximately 14 inches in diameter
and the range of the electrons released from the chamber walls was less than
the chamber diameter, we did not have total wall effect in the chambers, In
order to have the system work properly the wall effect must be greater than
90 per cent of the effect producing the ionization in the chambers.

| For this reason pocket personnel chambers which were purchased from the
Victoreen Instrument Company were reamed out such that metal liners could be
inserted into the chambers, The liners were made such that the inside diameter
of the liners were equal to the original inside diameter of the pocket chambers,
Wfith these chambers it was found that the greater share of the ionization
produced within the chambers was produced by the electrons released from the
walls in the range of x-ray peak voltages from 100 k.v. to 250 k.v, and filter
thicknesses greater than 0,25 mm of copper. Even at low filtration most of
the ionization in the chamber was produced by electrons released from the
walls, Therefore, ionization.chambers with inside diameters less than one
centimeter could be used in this type of quality evaluation in the x-ray peak
energy range of 100 to 250 k.v,

In studying the results of the ratio of aluminum-lined chambers to

"air-wall" chambers it was noted that the ratio increased with decrease in the

effective energy of the x-ray beam, as was expected theoretically, The purpose
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of using the metal liners in the chambers was that theoretically the number
of electrons released from the aluminum lining would be proportional to the
x-ray energy absorbed and this in turn would bear a relation to the effective
mass absorption coefficient provided that the liner thicknesses were approximately
equal to the range of the most energetic electrons released from the aluminum,
In addition the electrons released into the "air-wall" chamber would bear =a
relation to the effective mass absorption coefficient for air, In the range of
100 to 250 k.v. peak the optimum thickness of aluminum liner was found to be
"2 mil with the 1 mil and the & éil liners each giving § to 10 per cent less
ionization within the chamber,

At present the method of quality evaluation, which is being utilized
in studying filter and scatter conditions under peak x-ray ensergies of 100 to
250 k.v,, consists of determining the ratio of readings from & 2 mil aluminume
lined chamber to an "air-wall" chamber end using the ratio only as an indication
of the effective energy. Further studies are continuing in an attempt to
assign an effective energy to the ratio of the chamber readings. Zxperiments
to date have al;o indicated that in the range of 100 to 250 k.v. pesak, copper
liners should not be used since the copper gives excessive weight to low
energy photons and also the ratio of copper to "air-wall" chambers becomes so
high under certain conditions that the ratio cannot be determined very accurately
with one simultaneous exposure. Studies have also indicated that the system
is ﬁot very useful in the range below 100 k.v, peak due to the short range of
the electrons released from the walls, Ilowever, for therapeutic uses most
x-ray machines will be operated well above 100 k.v. peak and some filter is
also used with the machine., In quality evaluation around the 100 k.v. peak

x-ray machine ratios of copper-lined to "air-walled" chambers were used at
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first and recently the ratio of tin-lined to copper-lined chambers have also
been used to avoid the excessive weight the copper or tin linerg give to the
low energy photons relative to the weight given by "air-wall" chambers.

Results, The primary epplication for the system was found to be in the
quality evaluation of the 1000 k,v., peak x-ray machine, There the problem of
reducing the radiation around the filters in making an absorption study is
multiplied several fold since the energy of the radiation is so high, In the
studies an absorption curve was first made with the filter near the end of
the x-ray tube, However, it was mounted approximately 4 inches below the one
foot thick concrete ceiling which surrounded the x-ray tube. As shown on
curve A of Figure 1 (Page 80), a straight line portion could not be obtained
on a semi-log plot of the absorption curve even u§ to l%-inches of lead,
Simultaneous with the gathering of data for the absorption curve, the ratio of
readings of a copper~lined chamber to an "air-wall" chamber was obtained and
the results are showvm in curve A of Figure 2 (Page 80),

As previously stated, the lower the ratios of readings of the copper-
wall to "air-wall" chambers, the higher is the effective energy producing the
exposure on the chambers, As shown by curve A of Figure 2, the first %-inch'
of lead filter made the beam slightly higher in effective energy., However,
further edditions of lead filter made the effective energy much lower. This
indicated that curve A of Figure 1 was not & reliable absorption curve since
considerable scatter was coming around the side of the filters, An attempt
was then made to reduce the scatter around the filter and this was first done
by moving the filter close to the x~ray tube such that the bottom lead filter
vas flush with the bottom of the concrete ceiling, Curves B of Figures 1 and

2 resulted, Following this a one foot wide, % inch thick strip of lead was
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_FPigure 1, - Absorptlon curve Figure 2, - Ratio of copper-lined
for lead on 1000 k.v.p. machine chamber readings to graphite-lined

chamber readings
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sounted on the concrete ceilin: around the port opening into the exposure room.
Selow this & 7 inch thick sheet of lead was mounted over the port with a 6
inch diameter centered hole thereby acting as a diaphragn for the x-ray beam
entering the exposure room, The absorption curve was then determined with the
2ilters mounted above the diaphragm and curves C of Figures 1 and 2 (Page 80)
were obteined,

In enother application a study was made of the effective energy variation
between locations near the diaphragm mounted on the ceiling and the verious
—ositions between the ceiling and the concrete floor of the.exposure room (the
exposure room being approximately S feet high), The ratios of tin-lined
chambers to copper-lined chambers varied from 1.2 near the diaphraém to 1.6
on the floor. There was & continuous increase in these ratios as the chambers
were moved from the ceiling to the floor of the exposure roam, This indicated
that the [loor was producing a great deal of scatter, Four feet by four fest
sieces of lead of various thicknesses were placed directly beneath the metal
chambers which were mounted one foot above the floor; and it was found thet
1/8 inch of lead reduced the ratio fram 1.54 to 1.34., Further thicknesses of
lead on the floor would not decrease this ratio thus indicating that lead of
1/16 inch maximum thickness would be very helpful in reducing the scatter from
the rloor and making the exposuring beam the hardest possible for any one
condition,

Conclusions, The above results demonstrate that using the ratio of
readings from chambers having different metal liners can be of great assistance
in assuring that the maximum effective energy of an exposing x-ray beam is
obtained, The ratios alone can be used as a measure of the hardness of the

exposing beam similar to the use of the half-value-layer, It is felt that
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through further studies the ratio of chamber readings can be correlated with
e "biological effective energy"., 'A preliminary report will be released in the

near future giving more details of the theory of the system,

Problem Code: I.U.1 (lesearch and Development)
Section Code: 3110

Authors: J. W, Kanwisher and W, F, Bale

Ionizin: Radiation Dosimeter,

Background, This report indicates the feasibility of a new type of
high range ionizing radiation dosimeter, cormonly known as a casualty dosimeter.
This dosimeter is‘based upon the increase in conductivity in the water layer

of a water-carbon tetrachloride or water-chloroform system sealed in a

fountain pen sized, light-opaque, pyrex glass lined capsule, Dosage is read

by a portablé electronic device based upon the Q-meter in principle, increas-

inz conductivity following irradiation produces correspondingly greater
electrical losses in the meter circuit. These losses are read on a dial
calibrated in r units,

This instrument is frankly based upon the colorimetric dosimeter developed
by Taplin and Douglas (1,2). Taplin and Douglas have developed, in & preliminary
fornm, a dosimeter based upomn the reported linear relationship between the acid
evolved from chloroform and the energy absorbed by it. A two phase system
measures the acid produced colorimetrically, After radiation, the acid
liberated diffuses into the aqueous phase, reducipg the pH and changing the

color of the dye (brom cresol purple), Compared with its Taplin end Douglas

prototype it has severel probable advantages and at least one potential
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l. In the Taplin and Douglas instrument the color change occurs chiefly

% one value of dosage. Thus a separate chamber must be included for each

dosage that it is desirable to measure, In contrast one liguid chamber in our
instrument is sufficient to measure any‘radiation dose from 50 to 1,000 r,

2o Our instrument has the light excluded even during dosage reading,

It contains only two components, water plus chloroform or carbon tetrachloride,
In contrast the prototype Taplin-Douglas instrument contains in addition a

pH sensitive dye and must be observed visually for reading purposes. It has
not yet been conclusively proven that this dosimeter is stablé for periods of
months or years under these conditions. The simple two phase system with
light excluded has potentially a longer period of usefulness,

3, Our instrument reported here needs an auxillary electronic instrument
for reading purposes, not required with the visually read Teplin-Douglas
instrumernt., Such a reader, it is believed, can be developed that will not be
expensive to comstruct, light weight, und easy and rapid to use, possessing
the edvantage of giving exposure directly on a calibrated meter, With one
meter many dosimeters can be read, probably as rapidly as 5 seconds per
individual dosimeter,

llethods This work was based upon the idea that the developmental
program of Taplin and Douglas on a dosimetric dosimeter might be usefully
supplemented if a reader could be produced independent of visual observation
and without the incorporation of a dye, It was felt that these two factors
night limit the stability and accuracy of the Taplin and Douglas instrument,

Our inifial idea was that pH or conductivity might be reed by electrodes

permanently sealed into a glass capsule containing the two liquids, Both of
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these effects are of a magnitude subject to easy rieasurement, For example, our

measurenents in preliminery experiments showed a change in pil of the vmter

layer rrom 6,05 to 3.4 when approximately one to one ratios of/water end

chloroform were irradiated with 500 r of x-rays from a 200 peak k.v. generator,

Similar experiments with C Cly- water filled tubes gave pH changes of 6,1 to

4,0 following 500 r, Such order of magnitude results are consistent with

data reported by Taplin and Douglas,

Lieasurements of conductivity in water following the irradiation with a

450 r dose of equal volume mixt;fes of CliClz end water show changes in

conductivity of from 30,000 ohnms for non-irrediated controls to 400 ohms

following irradiation.

AS a means of reading electrical conductivity of prototype dosimeter
tubes with built-in electrodes, a light portable battery-powered AC bridge was
constructed, A 1,000 cycle oscillator utilized a 154 tube, Detection of
bricdge unbalance was made with earphones, Ilo amplification was necessary.

This reader, complete with tatteries, weights about one pound,

The problem of a design of dosimeter with built-in conductivity electrodes,
cheap and‘easy to manufacture, has, however, not 5een solved, The apparent
necessity of using platinum electrodes, fabricated with fair precision and
sealed in pyrex glass, suggested that this dosimeter may be somewhat more
expensive to produce than is desirable,

When preliminary experiments indicated that by utilizing radio-frequencies
in the neighborhood of 10 megacycles, the use of internal electrodes might
be entirely eliminated, work was extended in this direction,

Studies on Radiofrequency Detection of Conductivity, To achieve

maximum usefulness an individuasl casuality~type dosimeter ought to be cheap,
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rienufacturing cost under a dollar and preferably not more than a few cents,
easily manufactured, rugged and with a long "shelf" life. Pro;iding a
satisfactory "reading" apparatus can Ee developed, a dosimeter in which
conductivity is read by radiofrequency means without electrodes sealed into
the liquid compartment has distinct advantages, The dosimeter is reduced to
the sinmple form of a small pyrex glass tube, probably encased in a thin
envelope of opaque plastic to prevent exposure to visible and ultraviolet
light and to add ruggedness to the dosimeter,

To investigate the feasibility of radiofrequency conductivity measure-
ments a commercial type radiofrequency bridge was utilized with a standard
signal cenerator and receiver equipped with an "S" meter. Typical of capsules
tested were pyrex tubes 10 inches long, 1 inch in diameter, 7/8 fjlled with
equal parts of carbon tetrachloride and water., A typical frequency used was
5 megec;ycles, The water phase was placed inside a coil, 30 turns and 4
inches long which made up the unknovm arm of the bridge. Separate feadings
of L and R were obtained, The L readings, in genéral, were constant for a
fiven coil and geometry of dosimeter tube., The R reading obtained depended
upon the radiation dose that the dosimeter has received, It seemed obvious
that a reader of this type could be developed sensitive to & radiation dose
of 25 r or less, It probably would be entirely feasible to develop portable
reacing apparatus based upon this principle,

Study of a Q-lleter Type of Detector. It was noticed that the L and

R readings on the bridge could be interpreted in terms of the Q of the coil
in which the dosimeter is inserted., Changes in conductivity give rise to
changes in Q, The feasibility was, therefore, investigated of constructing

a dosimeter reader based upon the principles of the Q-meter such as Boontown
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nodel, Ian principle such a reader consists of a radiofrequency osciliator
feeding a signal into a coil into which“the_dosimeter tube fits, With the
dosimeter in the coil and the coil circuit tuned to resonance, the voltaée
developed across the coil is the original fed voltage multiplied by Q. This
final voltage is read by a high impedance vacuum tube voltmeter. Increases in
dosimeter fluid conductivity would be indicated as decrease in this output
voltage read by the vacuum tube voltmeter.

A dosimeter reader based upon this principle has been developed and
found to have adequate sensitivity for the desired purpose, Figure 1 (Page 87)
gives schematically the circuit now in use, Figure 2 (Page 88) shows the first
portable :odel constructed, The oscillator is a feedback type employing a

vlS4 tube, Coupling *to a low impedance load is accomplished by a single turn
on the coil form, The oscillator frequency is 10 megacycles.

The coil in which the dosimeter tube is inserted is 1} inches long and
wound on a 1/32 inch wall polystyrene form with a £ inch center hole, Winding
is 22 gauge enameled wire, Dosimeter tubes now in use are fabricated from
standard 10 millimeter pyrex tube, They are 43 inches long, filled 7/8 full
with equal éarts carbon tetrachloride and water or chloroform and water, The
tube is inserted until the water phase, which floats on the chloroform or

carbon tetrachloride, occupies the space within the coil,

A standard electrometer type of circuit was adapted for use as the
vacuum tube voltmeter., This provides the necessary high impedance input to
prevent loading dowm the coil, The tube is biased well below cut-off.

Changes in the electrometer tube bias can be used to vary the sensitivity of
the meter in terms of indicated radiation., Conductivity changes produced by

radiation doses of 50 r cen be easily measured with this unit,
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It appears feasible to design a small, rugged, light weight, and

relatively inexpensive dosimeter reader based upon this principle. The unit

‘illustrated in Figure 2 (Page 88) is 4x6x6 inches and weighs under three

pounds, It is the first experimental unit constructed and no great effort has

been expended to increase sensitivity and portability.
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Problem Code: I.N.2 (Service)

Section Code: 3150
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L, T. Steadman

73 chémber air samples were analyzed for zirconium

4 air dust samples were analyzed for beryllium

212 enimal tiszues were analyzed for beryllium

4 animal food samples were analyzed for beryllium

15 human autopsy Samples were analyzed for uranium and beryllium
25 chamber air sampies were analyzed for thorium

7 miscellaneous samples were analyzed for constituent elements
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EDUCATIONAL PROGRAM

Problem Code: None
Section Code: 3480

Author: J. N, Stannard

Radiological Physics Course, During this quarter the final phases of the

academic program were campleted, A course entitled Practical Radiological
Physics was given under the direction of Assistant Professor Mermagen and Mr,
'det Whipple, An outline of 1ec£ﬁres and laboratory exercises follow (Pages 9l-
92)s It will be noted that this course takes up in order the more urgent
practical health problems resulting from the preparation and use of fissionable
materials in the release of nuclear energy., In addition, some instruction in
meeting hospital x-ray and radium problems is included,

The practical training for five of the group is being continued at
Brookhaven National Laboratory this summer under the auspices of their Health
Physics Division, Owing to lack of housing at Brookhaven, those students with
families are remaining in Rochester this summer to pursue research problems.

All students begen preliminary research investigations during the quarter,

A list of these is attached (Page 93),

Educational Facilities, Transfer of nearly all educational activities
to a new addition to the Medical School building was completed during this
quarter, Equipment requirements for each course were determined in detail by
the responsible instructors and the task of fitting up laboratories for an

expanded student body is under way,
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PRACTICAL RADIOLOGICAL PHYSICS

LECTURE SCHEDULE

Monday and Friday - 10:30 A.lo, Tuesday and Thursday - $:00 AN,

Topic

May 1 to June 9, 1950

Introduction and History

Maximum Permissible Exposure

Units

Bragg~-Gray Principle

Principles of Measurement

Factors in Design and Use of Instruments

Survey Instruments

Survey Methods

Radioactive Laboratory Design

Excretory lethods for Bio-Assay

Hematological Bio-Assay Methods

Discussion

Quiz

Waste Disposal

X-ray Installation Safeguards

Plant Health Physics Methods

Correction of Substandard Conditions

Shielding

Atomic Disaster

Seminar: Experiment Summeries
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Lecturer

Mermagen
Mermagen
Whipple
Whipple
Mermagen
Whipple
Dahl
Whipple
Andrews
Stannard
Ingram

Staff

Bale
Mermagen
Mermagen
Whipple
Whipple
Howland

Students
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Summary, Review and Discussion

Examination

Tuesday and Thursday - 1:00 - 5:00 P.M,

Photographic Dosimetry
Photographic Dosimetry
Instrument Calibration
Befa Activity Analysis

Decontamination

LABORATORY SCHEDULE

Practical Laboratory Survey

Cyclotron Neutron Measurements

X-ray Calibration of Low and High Voltage Generators

X~-ray Shielding

1819
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A.E.C., RADIOLOGICAL PHYSICS FELLOWS

RESEARCH ASSIGNMENTS

February 24 through June 9, 1950

Student Problem Instructor

Geo, M. Angleton Spectrochemical methods for determina- Steadman
tion of fission products

Wm, J, Bair- Protein synthesis with radiocactive Miller
emino acids

Robt. F, Barker Extension and emplification of current Stannard

» tolerance calculations for internal

emitters

Stuart C, Black | Depth dose determinations Mermagen

John C, Gallimore Aggregates and radio-colloids as Boyd-Stennard
factors affecting distribution of
radiocactive materials in the body
(Autoradiographic attack)

Paul D, Shandley Radium-radon determinations Hursh

Geo, A. Simon Spectrochemical methods for determina- Steadman
tion of fission products (different
substances than used by Angleton)

Lawrence Thomas Aggregates and radio-colloids as Stennerd-Boyd
factors affecting distribution of
radioactive materials in the body
(correlative physical measurements)

Theodore Watanabe Electrommicroscopy of soft tissue with Laskin
particular reference to the respiratory
system

Donald Morken Development of an analytical fluoro- Neunan

131610

photameter for the study of project
metals
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