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- INTRCDUCTION

The scientifid work presented herein has been coded at the prﬁgram
end problem levels aqhording to the scheme given on Pages 7 and 8, ‘In the
réport all contributi%ns to a given problem have been assembled together
without regerd o theiadministrative organization except that the number of
the section which did the work is prefixed in each case, By using this nwmber,
it can be found on Pdge 12 what edministrative cofficer cemn be approached for
information about paﬂhicular work.,

It should be fkted that the Quartefly Technical Reports of The
University of Rochest?r Atomic Energy Project do not attempt to deécribe
progress in all of the research programs but only in those in which same

significant results Have been achieved but which are not sufficiently complete

to be written up as a4 final report,

9y '
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EXPLANATION QF PROGRAM AND PROBLEM CODES

The scientifip work at The University of Rochester Atomic En;rgy Project
has been coded at the program and problem levels, The programs, in genersl,
indicate broad fields of investigative or service activities while the problems
indicate divisioms of these fields, Although nc consistent method of aivision
in problems was possible, an attempt was made to mchieve a natural division
in the sense that eJch problem would enccmprss & subject normally written up
and gensrally considered as a unit. The program or chemical toxicity of
uraniwa, for exampleg, has been broken down into problems according to the
divisions commonly employed by toxicologists,

The problem dodes are no% related directly to the administrative
organization of the |Project, Consequently, the smallest administrative unit,
the section, may work on more tharp one of the coded problems, Conversely,
more than one sectign may work on the same coded problem. The administrative
organization will be ignorsd in making this quearterly report of our research
and service activities, all material being assembled according toc the program
end problem codes, |[The contribution of each section %o & Quarterly Technical
Report will be prefixed by the section number, however, to permit reference
to the administrative orgahization if necessary,

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

Otherwise, the work| wes divided under appropriate codes.

210 _
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PROGRAM AND PROBLIL. CODES

A1, EFFECTS OF EXTERMAL RADIATION (X-RAYS AND Y RAYS)

I. X,R. BIOLOGIQ
X,R.1 Tolerance Studies (dose levels, survival time, gross
{ and histo-pathology)
X.R.2 ﬁechanism of Effects (physiologicel and biochemicel)
XeRo3 éhsrapy (measures agaiﬁst rediation effects)
£.R.4 IHematology
Z.R.5 Qenetics {histogenetics)
X.R.6 ﬁubryology
X.R.7 ﬂacteriology and Immunology
II. I.R. BIOLOGICAL EFFECTS OF EXTERNAL RADIATION ( INFRA-RED & ULTRA-VIOLET)
I.R.1 ¢1ash Burns
i
III, R.M. BIOLOGI&AL EFFECTS OF RADIOACTIVES MATERIALS (CONTACT, INGESTION. ETC.)
R.U.1  Pelonium
R, 1.2 Radon
Roled ihoron
R, M. 2 ﬁiscellaneous Project Metals
v, T, TRANTUL
U.1 Physical and Chemical Properties
U.2 To%ic Effects (description of acute and chronic toxicity)
U,3 To%ic Limits (respiratory; oral; skin; eye; parenteral)
U.4 FH;e (distribution and excretion)
U.5 Meachanism of Toxic Effects
U.6 Mdﬁhods of Detection of Poisoning, Prophylaxis, Treatment
agd Protection
!
.
P13
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"'rI a

VIi,

9,

Be, BZRYLLIUN
Be,1 Fhyjsical ana Chemical Properties
 Be.2 Todic Zffects (description of acute and chronic toxieity)
Be,3 Toxic Limits (respiratory; oral; skin; eye; parenteral)
Be.4 Fate (distribution and excretion)
Be,5 Medhanism of Toxic Effects
Be,6 liethods of Detection of Poisoning, Prophylaxis, Treatment |
and Protection
Th, THORIUL
Th.l1 Physical end Chemical Properties
Th.2 Toxic Effects (description of scute and chronic toxicity)
Th.3 Toxic Limits (respiratory; oral; skin; eye; perenteral)
Tho4 Fate (distribution and excretion)
Th.5 Meghanism of Toxie Effects
Th.6 Methods of Detection of Poisoning, Prophylaxis, Treatment
and Frotection
Fo FLUQORIDE
F.1 Physical and Chemical Properties
Fo2 Toxic Effects (description of acute end chronic toxicify)
F.3 Toxic Limits (respiratory; cral; skin; eye: parenteral)
Fo4 Fate {distribution and excretion)
F.,5 Mechanism of Toxic¢ Effect
F.6 Leothods of Detection of Poisoning, Prophylaxis, Treatment
and |Protection
T

UR 01547



VIII.

X,

X

X1,

fIi,

Zr,

ZIRCONIVM

1C.

S, M,

Zr.1
Zr.2
Zr.3
Zro4
ir.5

Zr.6

Physical and Chemical Properties

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

Mbchanism of Toxic Effect

Methods of Detection of Poisoning, Prophylaxis, Treatment
and Pretection

SPECIAL) LIATERIALS

I.5,

Selol
S.12
Solled
S.M.4
S,M.5

S.M.6

ISOTOPES

Physieal and Chemical Properties

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

Mechanism of Toxic Effect

thods of Detection of Poisoning, Prophylaxis, Treatmsnt
end Protection

0.8,

I.S.1
I.58.2

I.8.3

Trecer Chemistry
Radioautography

Therapy

QUTSIDE SERVICES

Pc Hq

PROJECT EEALTH

o
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I.17.1 Resesrgh and Developnsnt
l.k,c Service
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DIVISION CF R

12,

- CRGANIZATIOH

IYLOSY 4D

Ll

BIOFPHYSICS (3100):

Section Code

II,

cllo

3lZ0

3130

5136

3140

3150

3160

3170

3171

DIVISION OF PL

Section
Instrumentation
Iracer Chemistry
Radiation Tolereance
Radimticn Fhysiology
Radiation~Chemistry
Spectroscopy
Radietion Mechanics
Radiation Toxicology

Redicautcgraphy

4 RMACOLOGY AND TOXICOLOGY (3200):

Section Code

I1I,

DIVISION OF MEDICAL SEZRVICES (3300):

3210

3220

3230

3250

3260

Section
Industriesl Hygiene
Blochemistry
ngestion Toxdeity

Pathology

Physiology

Section Code

3310

3320

Section
Isctopee and Service

Medical Physice

John B, Hursh

Administrative Head

John B, Hursh

Leonn L, liller

John B, Hursh
John 3. Hursh

Kurt Salomon
Luville T, Steadman
Wicheel Watson

J, Newell Stammard

Jo. Newsll Stannard

Harold C, Hodge

Administrative Head

Herbvert L, Stokinger
Williem F, Neuman
Elliott Maynard
James K, Scott

Aser Rothatein

Jos W. Howland, M,D.

Administrative Head

J, Russell Hayes

Kerbert Nermagen
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S=2cticn Code

330

£

3340

3351

3370

3380

3390

IV, RISZaxrCHE SITIV]

CC

Section Code

3480

3480

V. GSPICIAL A=ZSZAR

Ci

Secticn

rroject Ledical Service

Clinical Chemisiry
Therapy

Hematology

Liouse Genetics

Imbryology

“hotogrephic Service

Section
mducational

Stetistics

Seeticn Code

2802

2504

L
o

(131

Section
Flash Burn

Zircenium

Administrative Head

Karylou'Ingram
W, Burkett Lason
Frank W, Furth
tarvlou Ingrem
Zileen Otis

narl Z, sson
James . Jilsen

Jobert L, Hay

Administrative Head

Jds, Mewell Stannard

S. Lee Crump

Administrative Head

Harry D. Kingsley

Herbert =, Stokinger
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WCLASSIFIED

- PROGRAL L. R

3ICLOGICAL LFFECTS OF IXTLRIIAL RADIATION (X-RAYS ALD Y RAYS)

Problen Cede: X.R.1

Section Code: 3130

Asuthor: Z. . Casarett

“Ifects of X-rays on

{Telerance Studies)

Spermatocenesis in Dogs,

Background,
Dr, andrew H, Dowdy ¢
(total-body) at dosas
aspernia in dogs witl

sperm concentration

Fron previous experiments initiated under the direction of

ind Dr, Robert Boche, it is knowm that chronic x-rediation

hin one year, A dose of 0.5 r per day produces a lowered

in dog semen with complete aspermia in some cases, Sperm

counts were made on dogs exposed to Q.1 r per day of x-irradiation and a small,

but statistically sig

These studies

rnificant depression in sperm concentration occurred,

and were of necessity incomplete and not extensive,

‘e have initipted and are carrying out a chronic study on dogs in an

endeavor to discover

the lowest dosage level at which significent changes in

sperm and sperm concentration can be induced, Young male beagles are being

used, with litters represented in each dosege group insofer as is possible,

vnhen daily irradiatipn is begun it is plenned to continue such exposures over

the reproductive lifetime of these animals or until significant results have

been obtained at the

lowest radimtion levels,

The dosage lewels which will be used for this extensive study of dog

semen end spermatozoa are:

UNCLASSI FIED

EREARER

UR

re levels of 1,0 r or greater per day produce a conditiom of

were not of primary consideration in the experiments involved
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15,

UlLaSSIFIED
Controls - 20 dogs
0,05 r / day = 20 dogs
0,10 r / day - 10 dogs
0,50 r / day ~ 10 dogs
Totel - 60 dogs

The dogs used for this study are being carefully assembled, Litters of

3 or 4 thorouzhbred beagle puppies ere being assipned to experimental groups

L
-—dd

such a feshion ag to permit satisfactory statistical handling of the results,

If the resulys of radiation studies on spermatozoa of dogs can be
transferred to man,ithe significance in setting e permanent permissible human
zxposure level of radiation is apparent,
However, in ferms of sterility and fertility of the mele, spermatozoa
concentration alone# except when drestically reduced, has little meening, That
is, fertility may bg greatly reduced without great change in sperm concentration,
Therefore, other seminal and spermatozoal factors influencing mele fertility

are important subjeq¢ts for study,

Purpose. Tojdetermine:
l, The minimel chronic deose of X-rediation which will depress the con-

centration of spermatozoa in dog semen or effect other changes in spermatozos;

2« The effe
motility, viability

%o The effe

relationship betwee;

4, The abil

of time fram chenge

4 of chronic x-radiation at the proposed dosege levels on
and morphology of spermetozcas

ct of chronic x-radiation et these dosage levels on the

h hyaluronidase snd sperm concentrations in the semeng

Lty of the semen end sperm to recover at wvarious intervals

5 which may be produced at certein dosage levels,

liethods., Since even the cldest dogs have not yet reached a point of
UNCLASSI FIID
O N BRI ¥
131130 UR 01553
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UiICLAGSIFIZD

stability and wniformity with regard %Yo sexual excitability, ease and regularity

of coilection of semg¢n. volume of ejaculate, and production of spermatozos,

radiation has not be

Collections o
Cweekly infervals the
months old, Volumes
or conplete snalysis

For these res

no quantitative resu

sun,
f semen are I'irst 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,

Lons the beginning of x-radiation is not yet indicated, and

1ts will be presented here, However, extensive work has

been done on the methods and techniques and on the elimination of as much ef

the paersonsl end exp

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

Any change in
fromn reeching an ovy
the existence or non
function of spermatd
as a determination ¢

Sperm concent
in terms of fertilid

Collection of

]

erimental error as possible,

d measurement methods nave been developed for determining
1 fertility in the male. Some of the analytical methods
been modified for our use,

a property of a spermatozoon which prevents the spermatozoon

i is in effect as important in fertility and sterility as

existence of & spermatozoon, i,e.,, factors preventing the
208 are at least as important in a determination of fertility

f sperm concentration alone.

tration, except when drastically lowered, means very little

ty without & knowledge of the other factors discussed below,

Semen Samples, Collection of semen samples fron the dogs

is accomplished by 1
by manipulation of
dog is placed with

femnle, A stall ta

131138

the genitals by hand,

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

Just prior to masturbation, the male

p female dog until he becomes excited enoupgh to mount the

ple for collection of semen during the mounting procedure

UNCLASSIFILD
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is to be Bullt shortl
“he volume sné time 1

If tke bitech 7

17,

UWCLASSIFIZD

Yo The ejéculate is collected in a graduated tube and
ecorded,

s in heat, the sexusl excitement and active participation

of the male dog are greeter, and the ejaculete more complete and copious,

femnle dogs come into heat only %twice a year, usually in the spring end frll,

Samples are more difl

those obtaired thus

ricult to obtain without the aid of a bitch in heat, &nd

ere often incomplete. In order to overcome this problem,

hormone tresatment was used in an attempt to bring about at least the excitatory

phases ¢ the heat p
It was found

in saline, 10 mg. in

dog which had had itg

riod in a femnle dog out of season,

that the intramuscular injectiom of '30 mg, of stilberstrol

each of three injections spaced twe days apert, in a female

heat period 5 or 6 weeks before, was followed, after a

reriod of several days by all of the external signs of en intensive "heat"

period, with tumescence of the extermal genitals, secretion of fluids; and great

sexual execitement on
B T=3 o

dog hos now been in

It is not known as yet whether ovulation has actually taken place.

heat for 8 or 9 days so far,

the part of the female and also on the males exposed to
This

Other female dogs which have

coapleted their spring heat cycle are being ziven the same treatment, and

repetition and substhtiation of this result is being awaited.

At the present time thers is no way of showing by direct meens thet

aasturbation or this

form of "interruptus coitus" provides a sample identical

with that suppllied in copulation, since there is no objective evidence concern-

ing the content of the ejasculstion during normel coitus,

to assume, however,
favorably with that

determined that for

It seems reasonable.

that the ejaculate provided by coitus interruptus compares
resulting from uninterrupted coitus, and Farris has

‘the human, masturbation gives epproximately the same results

UNCLASSTFIED
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as coitus interruptu
Parris'! methods, whi
tends to support the

Zrom masturbation is

18,

UNCLASSIFIZD

5, The consistent and suscessful results obtained by
ch hinge upon the use of masturbation to get semen samples,
view that for all practical purposes the spscimen resulting

representative of the semen deposited in intercourse,

In the present dog experiment. now that it seems possible to obtain

i . :
semples consistently from highly excited, cooperative dogs, it is reasonsable to

assune that the samp
produced- in nomal ¢

of the degree of fer

les 50 obtained will be sufficiently similar to those
oitus to allow, upon anelysis; a good means for prediction

tility in the dogs.

The peried oﬂ time between emissions in & sexually mature dog for the

speraatozoa count tg
satisfactorily, not
of sexusl maturity d
recen‘.cly the lack of
difficult, Wwith thg
successfully, as wel

increased, Smmpling

'y
D

reach its maximum level has not yet been worked out

only becausse the dogs do not.yet show indispufubla 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 volume and sperm populatien 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 aliew_application of all analytical procedures to each sample,

Lotility.

The "absolute motility" or the number of moving spermatozoa

in the total ejaculate is of prime importancs, since only moving spermnatozom

are likely to effect fertilization of ova,

Locke's flui

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

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

active and inactive

A known dilu

b

e

[

spernatozoa,

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

UNCLASSI FTED
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19,

UHCLASSIFIED

fluid. The spermatopos are counted im five groups of 16 small squares in the

rad field of an haem

groube
The coumting

prevent evaporation

The spermato

boytometer, routinely the four cormer groups snd the center
zoa in both chambers are counted and averaged,
chamber is sealed with vaseline after loading, in order to

from the sample, The spermatozoa retain their motility for

- meny hours in this 4ealed 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 per cent of motile cells.

Volume of ejdculate multiplied by number of motile cells per cubic

centimeter equals tatal number of moving cells in the ejaculate

motility"),

Fertility bes

the concentration ol

Concentratio:

{"absolute

ars & more direct relationship to ebsolute motility than to
 motile spermatozea per ml, of semen,

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

fixing and staining

PN

selution of methy

solution which renders all cells immotile end easily visible.

L green is now in use, but other dyes are being tested, The

spermatozca count iL made like & blood count on the red field of an haemocyto-

moter, A 16 mm, ob

The count of]

jective is used for counting,

the fixed c¢ells should not vary greatly from that of the

motile and normotille cells in the Locke's fluid preparation, and thereby serves

s a check on the m

Speed of Spe

rmatozoa,

otile spermatozoa count.

In order to cbtain some measurement of this

fertility factor, f
squares on the red

preparetion 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 nmade at

UNCLASSIFIED
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certain tizmes alier ¢
zept constant, The t
deternined by meens o
averaged, Only fast

It is to be re

20,

UNCLASSIFIED

llection of the sample, the condition of temperature being

e Tor each of'thsnspermatozoa to cross s large square is
% & stopwatch, and the speeds of the 25 spermatozoa are
@rogressite spermatozoa are timed,

4lized that if the speed of spermatozoa is drastically

reduced, an animal may be infertile despite the presence of large numbers of

motile spermatozoa,
3oth the type |
the probability that
The speed of 1
sane as that reported

0«05 rm, distance.

bf motility and the speed will have a definite bearing on
hny one spermatozoon will ever find its way to an ovum,
&pid, progressive dog spermatozos seems to be about the

by Farris for the human; i.e., about .5 to .9 second for

Character of liotility. Spermatozoa must not only move to complets

fertilization, but ti

by must move with definite forward progression,

Normal sperma#bzoa are usually the only ones which travel with definite

forward progressien, but in all directions from the point of deposit,

The characteri

l, Progressiy

2 Oscillatiﬁ
de Circling |
Spermatozon wil

The other spermatozoa

progress normally as

stic types of motility which have been found are:
e (rapid, moderate, and sluggish)

g

th oval heads usually show a progressive type of motility.
» representing various types of abnormalities, do not

a rule, but are sluggish, oscillating, or moving in circles,

If a spermatozoon cannoct move progressively, it cannot reech and fertilize en

ocvum., The speed musﬁ

move sluggishly, osc#

be adequate and the direction definite, Spermatozoa which
llate, or move in circlea do nmot comtribute to fertility.

UNCLASSI FIED
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vorpholosy
e — et R, o

5

S

9

All orf

appearance, snd it is expected that
Tary with irradiatior.
abnormal spermatozoz)
irredietion in rats.

3y phese micr
details of both acti

The rormal co
in profile is rather

about 4 micra in wid

is in the posterior

the asnterior part of

he nele dogs produce

1TICLASSIFIED

1% i5 not possible to classily semen specimens without know-

“e importani characteristics of the norami spermatozoon under investigation,

some spermatozoa that are abnofmal in
the concentrations of abnormal forms may
In the past in this lcboratory increased numbers of
with abnormal motility. have been noted followving acuts
by meens of morphological 3tains, the

ve and inactive cells have been studied,

% spermatozoon has an oval,. somewnhat flattened head, which
pyriform in shape. The head is about 6 micra in length,
th, and about 15 micra at the thickest part. The nucleus
half of the heed, A cap covers & little more then half of

the head,

The neck is 4 slight constriction. abcut % micron in length, between the

head and the middle

The mxddle pi

in diameter, coiled

beirs about 8 micra

Dlece,
lece 15 made up of a spiral filament of Q.2 micron or less
about an axial fiber or thread to form a cylinder, the whole

long and less than a micron in diameter.

The teil tapgrs slightly {rom the middle-piece to 1ts termirnal thread,

The average thiclkmess of the tail appears to be about 1/3 micron and its length

about 45 micra, Th
with an external sh
length, It has an

and its terminal fi

micron thick,

e tall has the eppeerance of a long, smooth, flexible structure .
path, and showang slizht density variations throughout its
pbrupt termination where 1ts diemeter is about 0.2 micron,

Lament, with a length of seversl microms, is about 0.1

UKCLASSIFIED
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Thke abaormal cells
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|
|
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are classified orimarily by their variations in shape,

and seem tc be present in greater numbers in samples with low concentrations of

spermatozoa.

The abnormel flcrms notes are:

1,

2, 8mall heads

Giant hesads

J of head and tail (tailless and headless)

1ched at abtnormal angles

3, Round hcac#
4, Double taiis
S« Double heﬁds
6. Separation
7. Heads att;
8, Cytoplasm

Three hundred

classified, and perc

Visbility. 4

i
1
I
|
=

ic appendapges

individual cells are examined under oil immersion, are
ntages of abnormal forms calculated,

nigrosine-eosin stain for differeptiating viable and non-

vieble spermatozoa h#s been perfected to a point where it may now be used,

Soermatozea which are

|
dead before epplication of the stain, take the stain.

Spermatozoe which arg alive at the time of application of the stain do not take

the stain, I

Differentinl

viebility counts have been begun on our samples,

Now that mamy| of the technical problems of eccurate semen analysis have

been met, this 1&bon¥tory has begun to accumulate guantitative control date

wvhich are considered

unquestionable state

irradiation will be Ftartedo

age at which any dog

to be dependable, ‘then the oldest animals reach an
of sexuml maturity, probably well within a few months,
Irrediation cannct be begun hastily because the

begins exposure should be an age at which all dogs in the

LCLASSIFIZD
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exverinent will cert

It is felt ne

23,

UNCLASSIFIED

inly have reached sexual nmsturity by all criteria used,

essary to emphasize that data cobtained until recently on

these young animals which were without, during most the time, adequate stimule-

tion for true ejacul
for this revort,

Surmary, The
x-irradiation on spe
description and dise
Certain qualitativse
ovtained on the immal

quentatively,

Problem Code: X,R.2
Section Code: 3140I
Author: B, VW, Gabri

A Poper Chromatograp

Ttion ot semen ars considered too undependable and erratic
structure oi' a life-long experiment on the effects of
lmatogenesis in dogs has been presented along with a

ssion of the general methods of semen analysis employed,

data have been reported but the incaaplete and erratic data

ture dogs to date are not dependable enough for reporting

!(Mechanimm of Effects)

hic Siudy of Ferritin and Aporsrritin Hydrolysates.

Backpround,
properties ot the iy
desirable to obtain
of ferritin, and itg
the anino acid compq
the loaboretories of
Shorr {(3) reported

aﬁd apoferritin, whij

nitrogen content,

-4

Jch showed identical amine acid values on the basis of

urinz the course of experimentation on some chemiecal

I

on-protein, ferritin, and the role of ferritin it seemed
more detailed information about the amino acid composition

protein moiety apoferritin, Conflicting data concerning

ments of ferritin and apoferritin have been reported fram

Kuhn et 8l (1) and Tria (2)., Recently, however, lazur and

he partial sminc acid composition of horse spleem ferritin

UNCLASSIFIED
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Methods. The
studies was essentia

Dent (5). The sclve

of 2,4,6-collidine apd 2,4-lutidine, saturated with water,

peper was used., The
ninhydrin in n-butan

was elliowed to devel

The chromatog

cd,

UECLASSIFIED:

two dimensional chromatographic method used in these

11y that of Consden, Gordon, and lartin (4) as modified by
nts employed were phenol, saturated with water,
Vhetman 31 filter
emino acids were detected by spraying the papers with 0.1%

bl 4o which an excess of water had been added, The ceolor

relstive positions and by comparison with a reference map prepared by Dent (8)e

ram thus obtained with 50 pl, of horse spleen epoferritin

hydrolysate equivalent to 0,3 mg. of protein is shown in Figure 1 (Page 25),

The hydrolysis was ¢
following enino acid

phenylalanire, the 1

arried out with 6} HCl at 1009 C for 18 hours. The
s were present as ninhydrin-remctive substences: tyrosine,

eucines, valine, glutamic mcid, aspartic acid, glycine,

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

was observed in trac
orotein, Histidine
to the nirnnydrin reg
(3)s The relative g
‘azur and Sherr (3)
authors, aspartic ag
grachically.

Paper chromat
corposition as that
of the iron, liberaf
g definite yellow sp

novenent, It was fg

e smounts on chromatograms employing larger quentities of
wes not observed in Figure 1 because of its low sensitivity
gent, although its presence is reported by Mezur and Shorr
uantitative estimations are in agreement %ith those of
except that in addition to those listed by the latter

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

ography of horse spleen ferritin showed the same amino acid
of apoferritin, but in eddition it was observed that some
ed by hydrolysis, had migrated in the phenol direction as
ote 4 chromatogram of ferric iron alone did mot show this

und that the migration of iron on the chromatogram of the

UNCLASSIFIED

and a mixture
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op for 24 hours, and the amino acids were identified by their
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Territi drolysaote
WS seeén in a paper
hydrolysate) to whic
contained in ferriti
moved to their relat
iron remained on the
-with cne or rore of
disrupted by the col

One dimension

acids with addea irog

260

UNCLASSIFIZD

was not charescteristic of ferritin. for identicel movement
chrometogram run on amigen {commercial pancreatic casein
h ferriec iron had been added in amounts approximating that

n. Howewver, in all of these chromatogrems the amino acids

oA

ive positions with the collidine-lutidine solvent while the

phenol abscissa, Thus the iron appears to be conjugated

che amino acids in the phenol run, but the association is
lidine-lutidine solvent.
al chremetogrems (phenol solvent) of several single amino

n showed that all of the amino acids tested were capable

AP mArrive dwan Meam

+ha startine naint

in wvarvine derrses. Each amino acid



| 21,

Thus, the iron spot, poted on the papér chromatograms of hydrolysed ferritin

JHCLASSIFIED

and amigen+tiron, is pLobably due to the fact that such amino acids as histidine,

the leucines, argininrp lysine, phenylalanine, and valine are associated with

a ccnsiderable amount of iron and move to sbout the sams position in phenol,
It is also apprrent from Table 1 {Page 26) that histidine conjugates a

greater quantity of flerric iron than the other amino acids., Furthermere, the

strong affinity of hlstidiné for iro? has been reported {7), It is possible

+hat a correlation might be found between the histidine content of proteins

and their iron~binding capacity,

Results, Thelamino acid composition of ferritin was studied by means
of two dimensional cliromatographic analysis, The ability of amino acids to

carry iron was investigeted on & one dimemnsional chromatograph,
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‘gnd J. Shrier

on Ceapulation Time,

Effect of Aureomycin

b2

Background, I
shorten the whole blo

that aureomycin has g
on the radistion synd

interest to determine

mechanisms, To this
Method, A ser

with bleod dravn from
week period, on four

reported in minutes.

d coaguletion time, and & recent reference (3) reports
‘shnilar effect, In studies on the effect of antibiotics
Tome being carried on in our laboratery it beceme of

if aureomycin did have eny effect on blood coagulation
Lnd the following experiments were done,

Fes of six coagulmtion times dome by the Lee lhite method

normal healthy mongrel dogs.

the external jugular vein were performed during a one
All coagulation times are

‘After these control values had been obtained the dogs

were given aureamyciw capsules orally every six hours, day and night, for the

next fifteen days, ihe dose of mureomycin was approximately 100 mg,/kg,/24

hours (cne 250 mg, of

reconmended oral dose for humans,

\pSu

le 9, 5ix hours) which is two to four times the

Coagulation times were then done on these

dogs each morning apﬁroximately three hours after a dose of eureomycin, The

results are showm in‘

Table 1 below,

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

‘ TABLE 1
Cantr?l Days Days After Starting Aureomycin Administreticn
Dog Noo | 1| 2 3| 4] 5| 6 11 2] 31 43 71 8] 9{10|11114]|15
1 71 3 5‘ St 9} 8| BlIY] 99 8} 9|10|10|11;10]10]| &
2 7181191 {10 ¢ 1fiz] 9o gl11 1012|1011 ¢
3 71 7 13‘ 12110] 10 111310101013 7{10| 911 | 3
4 10§ 8 IC‘ gliz| 11 111110 10| 5] 811 {11} 8| 8| &
o UNCLASSIFIED
Plal UR
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Serum levels of aurgomycin were done cn these dogs on three occasions and found

to be betmween 2 and

renge of levels repg

soagulation tine of

6 microgrems/cc (averaging 5 mecg./cc) which covers the
ted in humens receiving aureomycin, The effect om the

6 single, very large orel dose of aureomycin (200 mg/kg)

is shown in Table 2 |below,
TABLE 2
| 2 Hours 3 Hours
Dog No, | Comtrol | Contrel | Control | After Aureomycin | After Aureomyein
15486 i0 g 8 g 8
1505 10 7 6 8 10

It was also ¢f interest to kmow if intravenous aureamycin had any effect

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

are shown in Table

this experiment,

amycin can be obtained, Seven normal heal thy adult mongrel
A series of three control coagulation
ach dog during a pericd of thirty minutes previous to
of aureomycin HCl (Lot Ho, 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).

An attempt wrs made to determine if mureomycin had any effect om

coagulation time in

vitro. lesasured quantities of aureomycin buffered with

sodiun glycinete and dissolved in 0.5 ¢. of saline were placed in the small

tubes used for the

placed in these tub

L43
™z

coagulation time,

Wthole blood drawn from & normal dog was

es and the time for coagulation to occur was measured,

UNCLASSIFIED

With this route of administration higher and more prolonged
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‘ TABLE 3
| Time After Aureomycin Adninistration
Dog o, | Controls | 15 min, | 30 min, | 1 hour | 2 hours | 3 hours 4 hours | 5 hours
1443 6 8|7 ‘ 60¢ 80 €0 60¢ 30 10 12
1445 .10 10| ¢ 10 10 9 B
1286 8l 3|5 300 285¢ 2404 180¢ 30 21 6
1498 4f 413 120+ 52 19 7
1564 11|10} 5 2 3 7 8 9 8
1490 10] 8§ 3 3 3 8 8 8 8
1530 gl 913 240¢ 2404 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
Aureomycil § mego/cce 15 13
Aurecmycinp 10 meg./cc, 15 11
Aureenycip 200 mego/cc, 15

Discussion, A&
therapsutic doses h
in Table 3 above th

produced a marked p

dogse

lost of the

UNCLASSIFIED

as no effect on the whole blood cosgulation time,

dozs which showed a prolonged coagulation time, also

ccording to the experiments reported here oral aurscmycin in
As showmn
e intravenous administration of aureomycin in this dosage

rolongation of the comgulation time in four of the seven

UR

01568



exhibited & shock-1
injection which was

It was felt that th

heparin-like substeg

It was not determin
glycinate used as &
administering an eq
intravenously such
oceurred end the do
administration of s
glycinate irn a rels
shock resction. Th
apparent effect on
Conclusions.
1, Aureomycin
blood levels, has n
2. Intravenou
a markedly prolonge
"septone-shock™ phe

3. In vitro,

31,

UHCLASSI FIED

ike state for five to fifteen minutes immediately after
characterized'by lethargy, staggering gait, and vomiting,
is represented a "peptone shock" phencmenon and that a

ce was released into the blood by the seme reaction (4),

d whether this was due to the aureamyéin HC1l, or the sodium
buffering agent, In an attempt to determine this by

al quantity (200 mg.) of sureomycin HCl without buffer -
rofound hemolysis ensued that gross hemoglobinuria

£ succumbed within 48 hours after injection, The

ch & concentrated solution of aursomycin HCl-sodium -
ively short period of time may also have proveked the

e mixing of aursomycin with blood after it was drawn had no

the ccagulation time,

edministered orally in amoun£s which produce therapeutic

o effect on the whole blood coagulation time in dogs.
aureomycin HCl buffered with sodium glycinate may produce
coagulation time, This effect may be related to a

jakeinil=h ale) s 19

ureomycin has no effect on the blood coagulation tine,
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Effect of Aureomyein)

and Terramycin on the Mortality end Diarrhea of the

13100

A~radiated Rat

Background, Fr
year indicated that
effective in reducin
of rats which have 1
axperiments have inv
penicillin, strepton
None of theses were f
x-radiated rat as f
experiments with ths
done, only the most
experiments will be

Method, A tot

were used in this exXperiment.

Each rat was housed

for evidence of diaj

observations were continued for 2Z8 days posteradiztion,

liminary experiments done in this section during the past
certain of the antibiotic and chemotherapeutic agents are
g the incidence ot diarrhea and possibly affect the mortality
ceived large doses of whole body x-rediation, These
lved the use of a wvariety of therapeutic agents including
yecin, chloramphenicel, and several sulfonamide compounds,
und to influence the morbidity and mortality of the
rably as aureomycin and terramycin, Although earlier
se two drugs involving smaller groups of rats have been
rocent experiment which shows results typical of all the
reported hers,
1 of 180 adult femals Wistar rats weighing 160 - 180 gms,
They were divided into 4 groups of 45 each,
in an individual cege. The rats were weighed, and examined
These same

rhea, daily for 7 days prior to radiation,

Each rat was offered

15 grams of feed sach day, and the emount left from the previous day was

weighed so thet a m
received the drugs
been edmixed. The

offered 80 mg, (app

a e

asure of the appetite could be made, Those rats which

ere offered 15 gms of feed duily with which the drug had

rroups which received the drug in the feed only were

oximetely 350 mgo/kg.) of sureamycin or terramycin during
UNCLASSIFIED
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o

the first
until the £8%th day
100 m3/.kg.) of the

was added to the dri

and the smount of water drunk during each 24 hours measured.

alsa offered 22.5 mg

7hT rets were

53,

U.ICLASSIFIZD

days pogt-radiantion when the anorexia was moest marked. Thereafter

ost-rediation they were offered 22,5 mg., {approximately
drug each day, 50 mg.% of sureomycin-sodium glycinate
ing water of one group for the first 5 days posi~rediation

These rats were

i, of aureomycin in the feed each day during the entire

iven a total of 700 r of whole body x-radiation at the

ol
e
post-radiation perildc All the drugs were started immediately after radiation,

rate of 18 r/minute

‘administered by e 250 KV Picker machine et 15 m.a, with

o parabolic aluminwg filter and 0,5 mm, of copper. The target skin distance

was 28 inches,
include rats from e
Results., The

appeared on the thi

The:

were radiated in groups of 15 which were arrenged to
ch experimental group,

iarrhea which is typical of radiation sickness in the rat

fd day peost-radiation, In the control group the percentage

of rats with diarrh
showm in Graph 1 (
anorexia and weight
in control and trea
sroups began to eat
rats regained thein
control rats, The
in the feed present
tion with smoother
which received the
as shown in Graph 2

aurecmycin in the g

fa was much higher than many of the treated groups; as
ge 34), Coincident with the diarrhea wms a profound
loss, This anorexia amnd weight loss was equally severe

ed groups until the S5th day poste-radiation when the treated
‘more and regain weight more rapidly. The surviving treated
ipre-radiation weigiht more rapidly than the surviving

ats in the groups which received aureomycin and terramycin

d & better appearance during the first ten days post-radia- -

coats and greater activity. The mortality in the group
hurecmycin only in the feed approximated that of the controls

?(Pags 35), In the group which received supplementary

inking water the rate of mortality and 28 day mortality
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morTolity wnien wos
Discgssion,
¢l gureomycin and te
Sinpze both of these
posztive and sramm-ne

ks

~@CEeS5 In

gy te diminas

castro-intestinal

T

e v
Lo 0

ra nay

N
-

r
("3

D
s

1 jured epiziheliwn

this dec¢rease in bad

bacteérie nay have o

The possivility that

e
=

fect ol perastels]

diminisn 4

ok

I the injured epithelium o

D

—rrroT
et babdaa

eoa o
(ST N N

)
=]

iz Terramyelna-tieeted group showed e

cLMTI oL Sroun. ¥
the centrole,

HRYS decresse 1in dierriea associated with the administration
remycin to the x-red:iated rat may haeve several explanations,
trugs are poctent antibioties. eflective against btoth gram-
tnt:ve organisms. 1t is cencervebvle ihat the bulk or the

het by decreasing the nuipers or bacterie within the

130 pessibie that this decrease in bacterial

t that the bacterio may have on the
cestro-intesziinal Tract. <t 15 also possible that
terial flora nay dirinish the irritatineg effect that the
he gastro-intestical tract,

. ei1ther of these drugs mey exert a specific inhibitory

5 throush paras;mpothetic pearalys.is seems remote since we

U

~ave foun

o
=

dimini

the alterasion in 1MITESTINAaL [lOoTe,

the diarrhg

"

.Lore rapid rogain of

" .

tibiotics such as penicillin and streptomycin also

x-radiation in tne rat, The cause of the
weight in the Treated rots mey in part be explained by

I+ has been recently reported (1), that

aurcomycin f2d to ndrmal rais causes an augnented weight pgsin and grovwth. but

un adequate explana

his co-workers (20,

ticr ¢f this phenomenen has not been advanced, xNiller and

rezert 2 rmarikediy dumnished mortaiity an x-rediated mice

siven streptomycan Pnd/cr terramycin, Thoy wlsc report (3) that the incidence

A
fm

positive blood chltures in x-radiet=3 mce can be reduced by the adninistre-

tion of these antiblotics,., e have " 2n unable to substentiste these results

1n rats as far as mprtaiity is concerned using streptonycin, aursomycin or

verremyeln, In thif experiment terramycin seemingly did decreese the mortality.
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it may be thet if bllood stream infection plays a role in the mortality follow-
ing x~racdistion in the rat, there exists an organism in our strain of rats
which is resistant fo the antibiotics used and which may produce e generalized
sepsis and death, ptudies on the bacterial florae of the strain of rats used
in these e xperimentf are contempleted, The increased mortality in the group
wnich received the :upplementary sureomycin in the drinking weter would seem
to indicate that thp toxic dose of aureomycin was exceedsd, By measurement
the rats received nfp more than 25 mg, of aureomycin per day (160 mg,/kg.)

wirich does not exceed the oral toxic dose reported (4) for rats. However, the
injured epithelium |may be more permeable and allow & toxic amount of aureomycin
‘o be absorbed, THLs may in part account for the absenée ﬁf effect on mdirtality
observed in the dog, In addition, following x-radiation the normal detoxifica-

tion mechanisms maﬂ be altered, so that smaller doses may produce toxicity,

Summazzo

1. Orally gdministered surecmycin and terrsmycin markedly diminishes
the incidence of djarrhea in the rat which has received a large dose of whole
body x-radistion.

2o Oral awteomycin and terramycin accelerate the regain of weight
follovwing xnradiat#on in the rat.

3, Oral terramycin may diminish the mortality following large doses

of x-radistion in fthe rat,
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Problem Code: X.R.4
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The Incidence of Unu

38,
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1. 540 (1950)

t al., Amn. . Y. Aced, Science, 51, 182 (1948) -

(Hematology)

Lual 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,

n from the cyclotron was bsing studied in an experiment

Specifically, three healthy mongrel dogs have been studied

before and after three different exposures to small amounts of radiation from

the 130 inch cycloty

on. Juantitative interpretation of the experimental

results is now essentially complete and it is possible to report edditional

details of the relafionship between the exposures and the incidence of the

abnormal cells,

The entire e

*periment extended over a period of approximately one year,

Blood examinations

re made approximately dsily during a control period of

approximately two mpnths prior'to the first exposure. During this period a

total of 180 coverslip bloocd smears was examined,

during each first

were examined eachJEeak.

For conveni

elassified accordirf

A like number was examined

Lst-exposure week, end thereafter approximately 30 snears

ce in interpreting results each blood smear has been
to whether or not it contains one or more of the mbnomal
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l frequency of occurrence of "positive" smears has arbitrarily

been chosen as an i%dex of the incidence of lymphocytes with bilobed nuclei.

In all, approximsate
entire experiment,

(Page 40). They i
with bilobed nuclei

incidence was maxi

the three exposureﬁ

probably indicates
axposure,

decreasse in the whi

incidence of lymph

in ths total leuko
At this tim
of the warious comf

increased incidencs

cytes with bilobed nuclei in this instance,

ly 3,4 x 105 white blood cells were examined during the

‘Theteﬁperlmental results are presented briefly in Table 1

icate & marked increase in the occurrence of lymphocytes
‘following exposure to radiation from the cyclotron, The

during an approximately two-week period following each of
Thereafter the incidence decreased fairly steadily, "The
Euency ol positive blood smears after the first exposure

rhat a grenter dose of radiation wes received in that

This asdhmption is supported by the fact that & slight but definite

te blood cell counts occurred concomitantly with the increased

No reduction

yte count was noted after the second and third exposures,

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

provide such inforﬁation are currently being underteken,
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Problem Code: Ua4 (Fate)
Section Code: 3210
authors: M, E, Stekinger. B, Alsen, 3. Z. Eylvéster and &, F. Dzuibax

Lobar rartiticn of Inhaeled UszOg Parzicle:,

A review of the toxicoclegic litevature 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 & runction of paftlcle size, shape, solubility;
breathing rate and other factors in the human and laboratory animal,

This irnformation has unquesticnable merit in defining the smount of
contaminant of known characteristics that will be retained on inhalation and
where particles of a given =ize may be expected to ledge in the respiratory tree,
but it is insufficient to form 2 sound basis for evaluation of more localized
vissue injury from the inhalation of chemically toxic or radioactive particles
at any particular site in the lung., Previous data assume a uniformmdeposition of
narticulate mgtter throughout the lung,

The present study was underteken to supply quantitetive information as
o whether an even distridution cf dust cccurred uniformly in all lobes and in
gross sections of the lungs under normal conditions of inhelation in snimaels,

Procedure, Twenty albino rats <f similar age and weight (261-314 g) were
exposed in 1ndi{idua19 compartmental:ized cages continuously for one, E-hour

pericd to UzDg dust of known particle size, The mass-median size determined by

* With the technical mssistance of R. E. Root
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Cascade Impactor samples of the exposure atmosphere was 2,6 p with a stenderd
deviation of 2.6: the atmospheric concentration averaged B4 mg U308/ﬁ3 with a
renge of from 80-87 as sampled by the filter paper dust sampler with & Whatman
#41 paper and quantitatively determined by acid ferrocyanidse,

In order to allow oppertunity 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 rets was divided et random in 2 groups of 10 each; from one
grou? of 10 rets, the lung was divided into its 5 matural lobes, namely, lefﬁ,
post-caval, superior, medien and inferior left lobes; from the other 10 rate, 3
equal. trensverse sections were taken from each rat from the lef't lobe which we
tormed the upper, middle and lower sections, The weight of each fresh sectiom
was determined to the nearest milligrem on an analytical balence; the body
weights of the rats were obtained at death in order to permit comperison of the
lung to body weight, which value gives an indication of the conditicn of the
lung, Anelyses for ursnium were made in quedruplicate by the flucrophotometriec
mothod of Neuman (2) and the results analyzed statistically by Dr. S. Lee Crump,

Results, The uranium analyses in ug U/g fresh tissue of the § lobes and
trensverse sections with the respective rat body weights are given in Tables
1 and 2 (Page 43), It is spparent from these tables that particulate uraniwum
is deposited in the upper right lung lobe in from 1,5-2 times the amount of
that found in any other lobe on & concentration basls, No differences in
deposition among eny 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

sscertain whether the smount of uranium in the segments were determined by
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PARTITICH OF IWEALED Uz0g DUST IN LUl

Results in pg U/g Tissue. Particle Size 2.6 M,

o 2.6, B-hour Exposure

IGS OF RATS

i
o

Results in pg U/g Tissue,

OF LEFT LOBE OF LUWG OF RATS

Particle Size

2,6 ng O 2,6, 6-hour Exposure

Rat Rat
Nos Upper | Middle Lower | eights
1 28,3 21,5 25,0 312
3 30,0 52,6 3303 314
4 20.4 4,6 18,9 261
5 22,0 16.8 22,9 279
6 2763 22.€ 2206 305
8 44,9 377 48,7 276
10 19,3 11,8 26,6 300
12 13,8 32,8 12.7 295
15 30,6 26,7 28.4 ZB5
20 43,8 3463 37,2 267
Sum | 28004 241 .4 276,63
Av, 28,04 24014 27,63

Ret Post Cavel Upper | Medien Lower Rat
No, Left (1iedian) Right | Right Right | 7eights

2 19,6 1302 ol 4,7 15,0 295

7 23,8 23,9 4).,7 22,8 Zl.1 273

2 18.8 27e% 40,5 29,2 2644 296
il 1661 12,2 3ol 12,2 13,2 268
13 23,0 24.3 36,3 21.9 21.1 281
14 31.7 33,9 54,2 27,3 3068 282
18 18.8 1662 3207 16,5 13,8 281
17 32,0 27,9 50,0 24.4 31,7 268
18 20.9 ZloG 30,7 20.4 1205 273
19 32,4 3l.4 47,0 28,5 34,8 393
Sum 237,;1 23104 36504 20709 21904
Av, 23, TL 23,14 36,54 20,79 21,94

TABLE 2
PARTITION OF INHALED UzOg DUST IN TRANSYERSE SZCTICH
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TABLEZ 3

AVEZRAGE LOBE WZIGHT OE RATS*
(in m1llizrams)

Post Cavel 154
UrFPER RIGT . 136
ledian 2ight 172
Lower Zight ’ 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-variants. no correlation of either sort was obtained, !oreover,
lung weight to body weight showed a ratic of all specimens bhelow 0.6% indicat-
1ing no pathologic process wes present that might influence the results; the
norral lung to body weight ratio averages 0.5% for rats of our colony,

The importence of finding differences in lobar deposation is obvious in
permitting & better estimate of tissue injury from inhaled particulates especially
of radicactive character,

Conclusions.

l. A non-uniform deposition of particles of mass-medien size 2.6 p has
been demonstrated 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 eny
other lcbe 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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dedicactive Dust as a Tracer in the Study of Lung Transport lechearnisms, I,

Analytical lethoda,

A sample of radicactive dust is available which it is believed will
facilitate the study of the transport of particulate materiel within the lung,
crovided that an assay method can be developsd, The two requirements for such
an assay method are first, that it be sutficientiy rapid to permit measurement
of a larger number of samples per day, and second, that it involve no assumptions
as To the chemical spacies associated with the radioactivity, 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 eand contalners 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 biological sample of the

8ize contemplated, and in addition permits of the rapid handling of large

RN
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numbers ol samples with minimal attention,

The sample, weighing up to 2 grems on the wet basis, is fémovad from the
enimal and placed in e #0, low form, poreelain crﬁcibleu The tissus is covered
with concentrated nitric acid, of which the velume may be wvaried to suit the
gize of the sample taken, and allowed to stend overmight, At this point the
crucible contains a clear yellow liguid with only an cccaesional fat globule
remaining of the original tissue, This liquid is evaporated at & low temperature
(70-90°C) to a pasty residue which is finally charred on a hot plate until no
more nrtrous fume is seen, The crucible is then placed in a fufnace at 700-
750°C for one hour, at which time the ash is normally completely colorless or
at least frees of unburned carbon,

An adaptor was constructed by which crucibles could be inserted inte the
shielded counting chamber in such & way that the upper rim of the crucible
occupied the position normally occupied by the foils used in conventionel count-
ing techmiques, 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 ome milliliter of distilled water, evaporated with &
milliliters of concentrated nitric acid and finally ignited for one hour at
7009C, counting each crucible between emch operation, Finally, a series of nine
foils were prepsred from opne milliliter samples of the original suspemsion,
dried and counted in the conventional manner, The results are shown in Table 1
(Page 47)o

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

and afver the chemical treatment represents a shift'of 3602 - 3343 _ 3 4

¥1i92 x 297 x 9
|
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TABLE 1

USE OF PORCELAIN CRUCIBLES AS SAMPLE CARRIZRS N = 9 SAMFLES®

CRUCIBLES
Orige | Evaporated | Evaporated | Ignited 1 hr,
Foils | Count | with Water | with Acid at TOOQ C

Nean counts per min, 9221 | 3602 3568 3710 3343

o, 1 ssmple, cpm 618 192 175 188 297
Coefficient of varia- _

tion* for 1 semple, % 5.7 5.3 4,9 4,5 8,9
Coefficient of varic-

ticn* for 5 samples, % 309 34l 208 2.6 5,1
Coefficient of varia-

tion* for 5 samples, % 3.0 2ok 2.2 2,0 4,0
Coefficient of varia-

tion* for 9 samples, % L 1.8 1.6 1.5 3.0

*» 100 x standard deviation/mean

STAUDARD deviaetions and is probably Just sigrificant,

A further series of measurements was made in which twenty samples of
dust of 0,3 milliliters each were pipetted into crucibles, and entire 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 e difference between the means which is
just sigrificant for groups of {en samples, In order to enalyze this situation
further, additional samples wers prepar?d until a total of twenty activity~plus-
tissue samples were available covering e reange of 0,00 to 2,50 grams of tissue,

The coefficient of correlation between recovery and tissue weight was ccmputed

UR 0158!



TABLE 2

RECOVERY OF ACTIVITY IN TEZ PRESZNCE OF RAT LUNG
TISSUE, ¥ = 10 SANFLES EACH.

Crucibles Crucibles
Only Plus Lung
Moen, counts per min, 866 796
Standard deviation, cpm €1 71
Coefficient of variation, % 7,0 8,9
Difference between means in
standard devasaticn units 348

and found to be:
r = $0,15 , (N = 20)
This implies that 15% of the variance is dus to the effect of the added
tissue, hence the variance not so accounted for is:
(71)2(1600 - 0,15)
= (71)%(0,85)
w 42B0

If the effect of the tissue were completely elimineted the standard

deviation would be

> ® Yyariance = 1@280 = 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 lumgs, livers and
kidneys of control rats to determine <he normal redicactivity content az

measured by this technique. The results are shown in Table ¥ (Pege 49 ).
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TABLE 3

RADIOACTIVITY IN LUNGS, LIVERS AND KIDNEYS OF
CONTROL RATS

No, of Net Counts % of
Orgen Samples | Per Minute | Background
Lung 10 L2 8
Liver 10 2,1 10
Kidney | 12 1.8 9

After the crucibles have beern 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 overnmight.

The following day it is boiled in the

same beth for 2-3 hours, chenging the bath if it becomes badly stained,

Finally, the crucibles are rinsed with hot weter, polished and dried,

This procedure will reduce the activity im most crucibles to less than

50 counts per minute, of which about 25 counts per minute arise from contamina-

tion originslly present in the porcelain.

It is & curious fact that neither

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

adequate decontamination,

foilowing results.

e

When used as described the process leads to the

Net mean count, original crucibles 24
Net mean count before decontamination 3343
Net mean count after decontamination 51
Background 23

cpm
cpm

cpu
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Conclusions. A method is availabls 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 sverage, but is
probably as high or higher then could be obtained by other methods, because
the method describsd here is largely inéependent of the chemical properties of

the radiocactive species which may be present,

A procedure is deseribed by which the crucibles used may be decontaminated,
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FLUCRIDE

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

Auth-ors: Fu A Smith_n Dg Eo Gard.nerg Ja Davoldres Ro Eo Roo-tp and Da '?ing

Blood Fluoride Levels Following Exposure to Hydrogen Fluoride,

Previous studies on dogs exposed to hydrogen fluoride (UR-70) have
’indicated a considerable variation among meximal blood fluoride concentrations
attained under comparable conditions of exposure; 11 to 53-fold increases
above normal were noted, with meximal fluoride concentrations of 140-630 pg
F/100 mwl 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 additional data relative to the variations to be expected
among different dogs. Accordingly, two dogs were exposed for five consecutive
days to an atmosphere containing approximately 19 ng HEﬁm3o An aspirator-type
fead system similar to thet described by Stokinger, et al., (UR-68) was used,
Blood fluoride determinatinns were made &t regular intervals throughout the
exposure period, and for 59 deys thereafter., The data resulting are shown in
Table 1 (Page 52 ),

It is again evident that maximal blood concentrations are reached only
after exposure has continued for at least two days, It is appareﬁt also that
these peek levels are of' the same order of magnitude as were encountered in
previous exposures, being 18-27 times greater then the mean 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 befors the blood-fluoride concentrations are restored to pre-
exposure levels, It is interesting to note that an intervel of this magnitude
is required in spite of the fact that the exposure period was only half a5 great

as in the 10-day study.

TABLE 1

FLUORIDE CONTENT OF BLOOD OF DOGS EXPOSED TO
HYDROGEN FLUORIDE 19 mg HF/m3

Microgram F per 100 mi Blood
Time Interval,. Days Dog No, 1517 Dog No, 1534
Pre-Exposure Period
=6 9,0 21,2
=4 19,4 8.2
Exposure Pericd
wl 46,2
2z 391
3 267
4 387
5 175 75,8 (not exposed)
Post-Zxposure Period
1 €l.6 48,6
2 83,8 39,4
3 6502 38,2
3 53.4 29,0
5 49,6 45,2
7 23,0 34,0
10 27,8 32,8
12 278 29,0
14 26,0 25.8
18 34.6 3304
25 23:4 2606
32 2200 16,6
40 13.6 Sod
47 10.2 19,8
59 2008 1804
UNCLASSIFIED
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Froblem Codes T.4 (Fate)
Section Code; 3210

Authorss F, A, Smith and D, E, Gardner

Fluorade levels in Blood and Urine of Industrial Personnel,

Continuing investigations into the toxicolegy of fluorides have now been
extended to include & study of the concentrations of fluoride in the blood end
urine of personnel engaged in the industrial preoduction of {luoride compounds,
Through the courtesy of Dr, Elmer R. Swanson of the Harshew Chemical Co,,
Cieveland. there were cbteined twelve spet blood and urine specimens from
workers in that compeny's fluoride plants, together with an equal number of
sanples from office and laboratory personnel with none or negligible exposure
to fluorides, The concentraticns of fluoride found in these samples ere
indicated in Table 1 (Page 54}, The mean ccncentraticn of blood fluorids inm
the control group was found to be 11,5 pg F/100 mi, with a standard deviation
of 4,4, whereas the corresponding value for the exposed persomnel was 30,4 pg
7/100 mi, SoDo 10,8, The meam ccntrol urinsry fluoride level was 0,30 mg F/1,
S.,D, 0,18 while that for the exposed groups was 11,3 mg F/1, S.D, 6,2,

The mean urinary fluoride level of 0,30 mg F/1 for the control group is
in reasonable agreement with the value of 0,38 mg F/l predicted from the data
of licClure and Kinser (U.S, Pub, Leelth Rept., 50, 1575, 1944) for & concentre=
tion of 0,1 mg F/l in the community weter supply, The mean concentration for
four samples of Cleveland water was enalyzed az 0.1 nmg/l,

The blood fluoride concentrations for the control group are in genersl
somewhat higher than have been encountered in con®rol date collected inm this
cormunity: in enly feur instances, however, are they greater than the maximel
normal level previously noted (10 pg E/loo ml) for Rochester residents, In only

UNCLASSIFIED
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TABLE 1

FLUORIDZ CONTENT COF BLOCD AND URINE OF CERTAIN PERSOWNEL COF
HARSHAW CHEMICAL COMPANY, CLEVELAID, OHIO

Semple Blood Urine
Ho, Job Classification pg F/100 ml mg F/1
COITROL
i Physician 18,0 0,22
2 plant anslyst 14,8 C.12
3 plant analyst 20,2 0,16
4 plant accounting office 8,3 0,34
3 plant accounting office 10,0 0031
8 plant accounting cffice 10,4 0,10
7 plant accounting office 10,9 0,10
8 mawmn cifice main office 14,2 0,38
3 main cffice research laboratcry 9.6 0,74
=0 nain office research laboratory 6,0 0,38
i1l main cffice research laboratory 902 0.45
s mein office regsearch laboratcry 6.8 0,28
EXPOSED
1 plant process man 25,3 2004
4 plant process helper 54,9 13.8
LB plant maintenance helper 30,0 10,9
16 plant chief{ process man 2704 702
17 plant process man 38.8 15,0
iB plant process man 40,5 16.8
10 plant chief process maen 24,4 15,2
20 plant process man 26,9 9.3
24 plant process man 3404 17.9
22 plant {(hex area) chief process man 25,3 4,8
23 plant (hex ares) chief process man 24,6 4,0
24 plant (hex ares ) losder 11.8 0,57
Cleveland water sample (main gate) A 0,09 mg F/1 first group
¥ " " (in plant} #2 0,11 mg F/1 of samples
leveland water sample I 0,10 mg F/1 second group
" B " IT 0,09 mg F/1 of samples

one instance was the blood fluoride content of en exposed individual within the

renge (6,0-20,2 pg F/100 mi) noted for the control group.
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Tt is evident that there are significant differences between the means
for the fluoride contents of the bloeds 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)
Sscticn Codes 3210

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

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

2 mg BeFp/m®,

Analyses for fluoride and beryllium contents have now been completed in
certain tissues of animels exposed to 2 mg BeFp/m® (mist) for intervals ranginmg
from 422 to 854 exposure hcurs, Beryllium and flucride in blood wers determined
serially in sach of four dogs during the course of the exposure, and fluoride
determinations have been completed for the epiprhyeis, kidney, lung end liver
et terminetion of the exposure (854 exposure hours), Similar determinetions were

sarried out on skeletal and soft tissues of the cat after 422 hours of exposure.

Fluoride determinations also have been completed on skeletal and soft tissues

of rabbits teken at intervals up to 2.5 months after cessation of 422 exposure
hours, A discussion of the results obtained followas, Descriptions of the
exposurs methods, together with ths mortality, hematologic and biochemical
findings have been reported previouslywlcf, R.:H. Hell, et al.,, UR-116),

In Table 1 {Page 66) are listed the fluoride and beryllium contents
found for serisl blood semples of four dogs during the sxposurs interval

UNCLASSIFIED
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TABLE 1

FLUORIDE AND BERYLLIUM CONTENT OF BLOOD OF DOGS EXPOSED TO 2 mg BeFg/md

Dog #1437 Dog #1518 Dog #1537 Dog #1538
Exposurs pe Be/ | mg B/ | pg Be/ [ pz ¥/ | pg Be/ pg Be/
Hours 100 el | 100 ml | 100 mt §{ 100 ml | 100 ml 100 ml
368.1 26,4 - 37,2 - 22,4 - -
398.1 8,1 23,8 | o= 15.2 - -
458,1 21l.1 202 14,4 2.7 18,9 3.8 Tod
Bl2.l 1,1 o 104 - €.5 - -
614,11 23,6 8,3 20,9 5.6 o0 14,0 13,0
668.1 16.5 3.8 17,8 365 o0 3.2 4,5
T04,1 16,0 4.4 11,7 4,2 20 4,5 6ol .
722,1 18,3 6.4 20,4 865 o7 5,3 5.5
g48,1 22,5 4,0 26,3 4,5 ] k. | 4.8

207 calendar days of exposure

368848 exposure hours.

It is evident that there is no progressive increase in either fluoride or

beryllium content with continuing exposure.

Because pre-exposure bleood fluoride

determinetions 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 0 and 35 Pg F/100 ml blood, with a mean

level of 8)4;/100 mly moreover, only 5 per cent of the values have been greater

then 20‘pg/100 ml and 72 per cent have been 10 or less‘pg/loo ml, Using these

control data, it is apparent that exposure to 2 mg BrsF'z/m:5 probably has

elevated the blood fluoride levels of these dogs to some extent,

However, oaly

2 of the total of 386 determinations are greafer than the higher normal levels,

. Were the beryllium fluoride inhaled by there dogs to be transported as

the nondissociated compound, it would be expected that the gquantities of

beryllium and fluoride would be present {on & weight basis) in the ratio of

UNCLASSIFIED
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1:4, ror dog 1437, it will be noted that the average weight ratio of beryllium
to fluoride is 1:4,8, while for dog 1518, the ;atio is 1:4,2, The egreement
with the theoretical ratio is not quite so excellent for dogs 1537 end 1538
where the ratios are 1:3.4 end 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 a result of the exposure to BeF,, together with that normally present from
the dietary inteke, Thus the actual ratio may not be as high as the celculated

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 flucride contents found for the femoral epiphysis

end kidpey, lung and liver of these four dogs st secrifice, Only one contrel

TABLE 2

TERMINAL FLUORIDE CONTENT OF TISSUES OF DOGS EXPOSED
. T0 2 mg BeFp/m®

FLUORIDE CONTENT IN PARTS PER MILLION
Dog Yo, Epiphysis Kidney lung Liver
1437 4180 1.8 1,3 0.5
1518 2280 200 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, 1538:
142 exposure days 11 day interval between
854,1 exposure hours end of sacrifice and
exposure

Nos, 1437, 1537:
12 day interwval
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femoral epiphysis, and no soft tissues f{rom control dogs are available for
canparison, A single anelysis of & control epiphysis showed 1936 e F {(ash)s

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 expscted among control dogs., Dog 1437 probably hes & significantly
greater fluoride content in the epiphysis,.

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

Fluoride and beryllium contents of herd and soft tissues of cats at
secrifice are shown in Teble 33 comparable flueoride deta 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 enimels, however, show.s definite increase in stored fluoride,
as might be expected; the average increase is approximately two-fold over the
one control femur evailable, No significant differences are notea amepg the
fluoride contents of the soft tissues of the control and experimental animals,
It may be showm that there is no molar relation of fluoride to beryllium in the
lung, femur, liver and kidney.

The fluoride contenfs of hard and soft tissues of rabbits sacrificed
serislly after termination of the exposure &re 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 dewnward trend
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TABLE 3

FLUCRIDE AND BIRYLLIUL COWTENTS. OF TISSUES OF CATS EXPOSED = -
TO 2 mg BanﬁmS(a)

Noo, and | 001 3.6 kg | 002 3,3 kg | 604 -2,9 kg | 1204 3,0 kg | 1426 2,6 kg
Body Wt, | Be F Be. F Be F Be F Be F Normal

Lung 7.1 | 10,9 { 5ol Lod | Hod 1,3 176 Q.9 | 6,8 0,5 Co8
Pemur 1.2 {950 2.64]1840 2,2 |920 2,2 1170 2,2 j1380 560

Liver 0s66] 003 | LoB3] 003 ] 0.45] 0.8 | 0,65 0.6 | 0,87 0.7 0.5
Kidney 0a05| 102 ] 0s02F 0,7 | 0,04] 206 | 0.04 0, 7] 0,05 2,0 1.1

BERYLLIUM FLUORIDE Calec, F from
Yean| Renge Msen| Range Hean Be
Lung 8,4 |5,1 -17.6 3 {5 - 11 36
Femur | 2.1 |1.2 - 2.6 {110 |58-164b 8,9
Liver 008 [0:45= 1.8 0.B}0,3=0,8 LY
Kidney 00\04 00020-0005 154 00?—'2¢6 Ogl?

(a) Be expressed es jig/g fresh tissue; F expressed
a8 ypg/g fresh soft tissue, yg/g ash femur
{b) Excess from normal on wet weight basis
is epparent during the post-exposure period under study, Also, no control dats
are available for these tiszues in this species,

The soft tissues show no significant differeunces, either among themselves
or among comparable tissues of normsl cows, calves and guinea pigs (McClure,
10Cocite)e |

Conclusions,.

1, Exposurs of dogs for 848 hours to BeFs at a concentration of 2 mg/m3
produces a slight inerease in circulating blood fluoride, Swmall quantitlies of
beryllium are also encowntered in this tissue., Yo progressive increase 1s
noted; however, for either fluoride or beryllium with increesing expasure,

UNCLASSIFIED
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TAELE 4

FLUORIDE COWTENT OF TISSUES OF RABBITS EXPOSED TO 2 mg BeFz/m3

Rabbit | Post-Exposure | FLUORIDE CONTENT IN PARTS PER MILLICN
Noa Interval Epiph | Diaph | Kidney | Lung { Liver
300 Terminal 3900 2900 - 1.9 -
354 " 5470 3910 - 1.4 -
353 3 weeks 4900 3050 1.7 1,0 0.9
352 " 4030 2760 5,2 1.9 0.8
381 1,5 mose 3710 3420 2,3 1.7 1.9
350 " 3630 2830 1,6 1.2 1.8
545 2.5 mos, 3870 2830 1.2 1.5 0.6
102 calendar deys Nos, 300, 354: 4 day interval

70 exposure days between end of exposurs and

422.1 exposure hours sacrifice

2. The data suggest that inheled BeF, may be transported in part in the
blood in the molar ratio resembling that of the inhaled compoumd,

3, No significant chenges from the normal are noted in the fluoride
contents of soft tissues of dogs exposed for 848 hours, and of cets and rabblits
exposed 422 hours to 2 mg BeFp/m3, Beryllium is found in the tissues of these
eninals, -but no molar relationships can be demonstrated for tﬁo two elements
in these tissuss,

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 indicetes

the need for more such analyses of tissues of control or nonexpoged animals,
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GIRCOMITL

Problem (ode: Zre3 (Toxic Limits)
Scetion Code: 3210

Authors: C. J. Spiegl, S, Laskin and i, Calkins

Current Status of Industrial snd Experimental Zirconium Toxicity,

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

The current interest in zirconium and its compounds and the lack of literature om
the toxicity of these materiels has prompted further toxicologic investigations.
Jecent papers by DuBois (Areh. Ind, Hyg. and Occup. iled,, 1, 637, 1950) end

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

TITANITL ALLOY MANUFACTURING DIVISION OF NATICHAL LEAD (T.A,lL )=

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 8i0s sand at the mine,

II. Ore Separation - FElectromagnetic-static seperation is used for
separation of ilmenite, rutile end zircon, Typical zircon (zirconium silicate)
oroducts are:

A, Cruds
1, Zirconite sand "A"

2, Zirconite flour

* The T,A.ll. plant in {liagara Falls was visited by Drs, Stokinger, Spiegl, Messrs,
DeVoldre and Calkins for the purpose of observing the manufacture of zircomlum
caupounds. iir. R. A. Easton, Plant Maneger, and Dr. Urban, Research Director,
gave the group a background of the chemical and medical espects of zirconium and
arranged a comprehensive inspection of the production areas,
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l, "G" zircons
2o TAM zircons
5, Zircopax and superpax (small particle-size products)
iixed products of zircon are also ﬁadeo These are combinations with
oxides of berium, calecium, magnesium or zinc tumbled together in e dry ball mili,
Tupical product - bariwa zircomium silicate,
1II. Production of Zirconium Oxide fram Zircon
A, Weighed smounts of zircon and coke are intermittently shoveled
by hand during & 36-40 hour period into an open graphite-electrode crucible furnace
until the furnamce becomes full, This is a process evolving immense heat end
copilous quantitics of smole enmd fumes, The chemical reactions teking plade
include the conversion of carbon and silicon to their monoxides and burning of
the monoxides to the cioxides, The zirconium silicate becomes zirconium
cyanonitride (or a mixture of zirconium carbide and nitride).
Bs The hot melt is treeted in one of two ways:

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

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

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

products are opex, treopax and CP zirconium oxide,

E, The oxide is mixed with oxides of barium, calecium or magnesium,
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™rpical product<is barium zirconate (tiqpn BZ) e

v, ,Zifconium chemicals are produced frﬁm the zirconium tetrachloride
{3tep §1) by hydrolysis of the compound and addition of the appropriate acid,
These are vat processes produciﬁg zirconium sulfate, acetats,_hyﬂrate and
hydrated carbonates.

Typicel uses of zirconium compounds are:

1. In enamels and glezes

2,. for production of refrectories
3. Electricel insulators and dislsctrics

4, Support for cetalyst

5. Preperation of water repellent compounds for textiles and furs.

6, Possible future use as deodorant, peison ivy ointment and radio-
opaque substance

Plant Samples. The major sites of possibls atmdspheric contamiration at

this plant were the furnace aree and the cyanonitride oxidation room. Concentra-
tion samples were collected with a Filter Paper Dust Sampler and those for
particle size with a Cascade Impectsr, Sampling rates for both methods were 14
liters per minute, Apalysis of the samples was made by the apectrographic method
for zirconium, The filter paper samples were also analyzed for silicon content.
Ten-minute samples were taken by esach of the metheds in the furnace arsa
under conditions thaet were considered typical, The filter paper dust sample
showed a totel of 190 micrograms of zirconium and only 6 pg (3.1%) of silicom,
The calculated zirconium eir concentration velue was 1.4 mg/m3, In comparison
with this value, the air concentration lewl determined from total sampie
collected with the Cascade Impactor was of the same order of megnitude (1.9 mg/mS),

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

The zirconium cyanonitride oxidation room was also sampled under typically
normal conditions, The concentration data showed higher wvalues with 3.6 mgﬁnsr
obtained by a filter paper sample and 7.8 mgﬁms determined from the total sample
collected with the Cascaede Impactor, A total of 500 pg of zirconium wes obtained
on the filter paper sample but in this case less than 1 ug or spproximately 0.14%
silicon was found, GSignificently larger particle size was present in this area,
The distribution was typically normel for 8 mass-nedian 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 p (an assumption based on our
experiemnts relating to the physiologic effects of small particles), the sample
collected in the fummace area showed 35% of the mass concentretion to be presanf
in sizes below 1 p, whereas the sample collected in the cysmonitride oxidatien
area showed only 7% of the mass concentration to be present below 1 u, Recalculn-
tion of the probable effective air concentration, therefore, indicates values of
the same order of magnitude for both areas, nemely, 0.7 and C.6 mgﬁns, respectively,

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

cyancnitride was repeated. In this case a value of 8,8 u was obteined for the
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nass median size. thus checking the original determination., FElectron micrographs
ol these samples showed no unusual structure and in general confirnmed the particlew
size measurements by the optical microscope,

Specific-surface determinations by low-tempersture adsorption of ethane
are reported for all samples except 2rlly. The surface velue of this compound
could not be determined by the adsorption method bspause it decomposed under the
high vecuum degessing tresiment which is required prior to ethane adsorptiom.
The specific-surface velues of the remaining three zirconium compounds were in
close agreement, It might be expected that the surfece value for the Zr
cyanonitride sample would be extremely low due to the large particle size; howaver,
this sample showed the highest value of the three, indicating s relatively high
"internal"™ surface, No evidence of such structure, however, could be demonstrated
at an incressed magnificaticn to 18,500x, A porosity value of 111 for this sample
indicates sn internal surface at least 4 times as great as those of the Zr0p
and ZrQp,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 manufecturing plant in the industry, At present, a program of yearly
X-ray exmminations 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 hazard problems were found
at this plant, Although zirconium concentrations of l.4 end 3.6 mgﬁms were
found by the Filter Paper Dust Sampler under typical conditions, calculations

showed that these concentrations represent valuss of only approximetely 0,6 and
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Co? mg/m3 of probable physiologically-active material., The low incidence of
industrial disease under these plant conditions does not suggest that a major,
acute toxicity problem exists with these compounds,

FOOTE LIN=3AL COMPANY*

Processes employed by this firm are the following:

I, Formation of the FOClz Complex - zirconium tetrachleride 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 e closed system,

I, Distillation -~ the ZrCl,cP0Clz camplex is distilled in a large glass
column 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)4 - Propyl alcohol {CzH0H) is introduced under
N5 pressure into a pyrex flask contabiing purified complex at 80 C., Nitrogen
pressure f{orces the liquid inte & vat containing hot water, The addition of
lHeOH, with a stirring, causes precipitation of zirconium hydroxide, After
settling, the Zr(QH)4 is washed three or four times with distilled water and
placed inte silica trays.

IV, Formation of 2r0p; - the silica trays containing the zirconium
hydroxide are placed in a furnace, having ventilatior, to form the oxide,

Plant Samples, The major site of possible atmospheric contamination at

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

* Dras, Stokinger, Spilegl, Messrz, DeVoldre and Calkins wvisited the research
laboratory of the Foote Mineral Company at Berwyn, Pa,, and the manufacturing
plant at Paocli, Pa, Dr, S5, G, Ogburn, Manager of Research and Development,

and his associate, lMr, PFisher, made arrengements for us to discuss the processss
end to visit appropriate sampling eites,
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nead., Semples for both concentretion and particle size were collectad.with the
Cascade Impactor at a sampling rate of 14 liters per minute. The atmospheric
conteminant appeared to be an occasional wisp of cloud, indiceting mist or vapor.
Although the actual compound present may be a ZrCls°POCl; complex, or & hydrolysis
product, the samples were analyzed spectrographically only for zirconium content,

In the laboratory at the still head of a ressarch-scale process, a sampling
time of 65 minutes was nseded, Ar atmospheric concentration of 0,034 mg/h5 was
determined froam the total sample collected, A normal particle size distribution
wes found with a mass median diameter of 1.25 p end a corresponding geometric

standard deviation of 2,08, Thirty-nine per cent of the maas concentration was

found te be below 1 p particle size, The probable physiclogical effective air

concentration was therefore calculated as 0,013 mg/mso A corresponding sample
was taken at the still head of the large-dismeter glass distillation columm
used in the pilot plant., In this area, a sesmpling time of 32 minutes was used,
The air concentration of 0,044 n@yﬁn3 obtained was not considersd significantly
higher than that obteined in the research ares, Particle sizes were larger,
however, with & mass median diameter of 2,29 p end a corresponding geometrie
standard deviation of 2,26, For this sample, omly 16 of the mass concentration
was present in sizes below 1 g, resulting in a probable physiologically effective
concentration of 0,007 mg/mJ,

In order to provide a sample of momentarily high concentration typifying
a still block or blow, & one-minute sample was taken during a deliberately
simulated condition, For this sample, an stimospheric concentration of 20.6
mgﬁns was obtained in the immsdiate vicinity of the still head, Particle szize
distribution showed thet the increase in concentration was accompanied by the

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

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

Medical, The cperations are carried out under adequate ventilation. Any
exposures that may occur result mainly from leaks at joints or aceidental breaskage
of epparatus. The principle hazard appsars to include exposure to POClz &t the
still head; this has caused minor throat irritation and symptoms +typical of a
common "head cold" thet may persist for 4wo or three days. Exposures to Zr
compounds are limited to the vapor of the complex at the still-head,'to periodic
charging of still-pot with ZrCl, and to the manual handling of the insoluble
zirconium Eydroxide and oxide., During December, the process was entirely on a
pilot plant scales

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

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

EXPERILENTAL RESULTS ON THE INHALATION OF ZIRCOWIUINL COMPOUNDS.

Animel inhalation experiments with a concentration of zirconium tetre-
chloride comsiderably greater {20,5 mg/m®) than thaet found in the plants confirms
the preliminary estimate of the relatively low acute toxicologic hazerd of
zirconium campounds,

Zircoﬁium tetrachloride was chesen for the initial 60-day inhalatioh
study becausse of its widespread industrial usage, solubility in water and relative

ease of enalysis by the spectrographic method. Time-consuming difficulties with

w!
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dry dust feeds forced the use of en merosolizer and & sclution of ZrClg.
Presumably, this sclution contained ZrOCls instead of ZrClg, but probably
represents an approximation of the behavior of 2rCly in air, The atmospheric

concentration of ZrCl, was maintained at a level of 20 mg/ﬁs'and an average mass

. median diameter of 0,57 J} and standard deviation of 2.52,

The operation of the chamber followed established Rochester procsdure,
Animals were exéosed for 6 hours on each week~day, During this time, hourly
filter paper dust samples were weighed as a guide to mtmospheric concentretions, g
In addition, one sample daily was amalyzed spectrographically for the Zr content,
weekly Cascade Tmpector samples were anmalyzed spectrographically for the aize-
distribution of the zirconium in the chamber air,

A total of S dogs, 4 cats, 20 rabbits, 20 guinea pigs and 72 rats were
exposed, Of these; 4 dogs, 20 rats and 10 rebbits will later also be exposed to
ZrOp in an attempt to utilize the cumilative effects of acute exposures to
simulate a chronic,

Weekly urinary protein determinations om 4 dogs and 4 rabbits gave only
slight, varisable resuitsa

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

The 4 dogs exasmined hematologically semi-monthly showed progressive
docreases in the count of the red blood cells and an incremse in mean corpusqular
volume, Maximal blood chenges in dogs were seen at periods ms early as 10 dayi
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 gmj mean

corpuscular volume increased 11 to 16 cu p. One month after exposure, blood
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valués were within the normel range, Other variables appeared tc change at
random, Weekly weight records showed little except for a tramsisnt loss of
weight mmong the guinea pigs. No histologic pathology is yet available on the
44 animals of 5 species sacrificed terminally nor on 18 rats sacrificed serially
during eXpOSUrs, Grossly, the only evideﬁces of damage were hemorrhage and
consolidation of the lung of & few dyirng rats and guinea pigs, Members of a
group of 20 rats are being samorificed at intervals up to 48 weeks after exposure
te determine tissue repair rate and zirconium disappearance rate, The tissuss
being studied histologically include s complete sutopsy for the dog, cat and
rat. Lung, liver and kidney only are being taken from the rabbit and guinea pig.

Analyses for zirconium ere being made of the lumg, liver and kidney of
all enimsls plus the pulmonary lymph node and femur from dogs, cats and rats,

A group of 10 rats end 10 rabbits was handied in & manner simjlar to that
of the exposed esmimals with the exceptlion that these received no zirconium
aerosol, These animals serve as a base-line level for control of unknown factors

influencing the criteria studied.

BEERRELS
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- PROGRAM I,S,

ISOTOPLES
Problem Code: 1I1,5,3 (Therapy)
Section Code: 3310 and 3340
Authors: . B. liason and J, 2, Hayes

Approximately nine months ago a cooperative program was instituted which
would make radio-isotopes available to private physicians in the community,

‘Briefly this plan is for private physicians to refer patients for diagnostic
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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 raliabiiity of
urinary I+%l measurements. The data are fram 26 patients receiving both tracer
and therapeutic amounts of 1131, who showed mo 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 collsctions, The date are not otherwise selected. The standard deviation
between the two values for the total 48 hour urinary 1131 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 reportsd figure in 90% of the
ceses, An example or two will make the application clear. Suppose that 15% of
& tracer dose of I3l is recovered in the urine collected during the first 48
hours following administration, In the absence of evidence to suggest incomplefe
urine collection, there is & 90% chance that the mean urine output of 13l
lies between 12% and 18%, end interpretation is quite clear provided the clinical
picture is not strongly ageinst the diagnosis of hyperthyroidism, - In another
instance, suppose 40% of the tracer dose is recovered in 48 hours, Here there
is a 907 chance that the mean output lies betwsen 32% and 48%, and interpretation
will depend a great deal on the clinical picture. As more data are collected
it may be necessary to modifly the above figures, but for the present fhey afe
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 postopsrative period following total thyrecidectamy for

carcinoma, Eighty 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 circumstences are relatively uncommon, and the data eare reported in

full,
Collection Urine 7381
Period Volumns Recovered

1st & hrs. 667 ml, - 39.,5%
2nd 6 hrs, 610 27,1
2nd 12 hrs, 385 17.3
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
106, and the results are compatible with complete ebsence of active thyroid
tissue,

A laeboratory training program has recently been conducted for the
interested personnel of the cooperéting hospitals, and these groups are now
gradually teking over the determirnation of 1*3! 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,
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PROGRAM I.1,
CINSTRUZENHTATION (SPECTROSCOPY, ZLICTRON LICROSCOPY, X~-RAY AITD
NGCLEAR RADIATION DETECTORS, X-RAY DIFFRACTION, ELECTRONICS)
Problen Code: I,N,1 (Research and Development)
Szetion Code: 3110

Author: A. H, Dahl

uelity Evaluation of X-ray Beams by Netal-walled Tonization Chambers,

Background, For several years the writer has beepn thinking about developing
a simple, reliable system for quaiity 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 frimary beam and no£ the
primary plus scattered beam which is actually producing the exposure. In
addition, the process of obtaining an absorption curve presents many pitfalls
to anyone but the experienced radiclogist and physicist., This was clearly
demonstrated to the writer in reviewing some selected pest results at Rochester
vhere special studies were made to cobtain 1§w intensities and as monochromatic
s beam as 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 " wmluesy- and the recent estimation ot the
affective 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 fhat B
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-leyer" and the effective energy was not cmlculated, This also emphasizes
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“he faet thet the half-value-lﬁyer can, in some cases, be very unreliable and
that in many cases the half-value;layer may have no real significance to the
person naking the study;

lethod, The system of quality evaluation under consideration by the
writer is that of determining the ratios of readings from ionization chambers
containing inner linings of various meterimls, During the early days of
guantity mneasurement of x-ray beam butput much effort was expended in determin-
ing the criteria for fabricating energy independent ionization chambers. In
fact, the stendardized use of ionization chambers in quantity measurémant of
x-rays was delayed for nearly two decades due to the energy dependence of the
various chembers used in addition to the poor guality of accessory veltage«
measuring.devices, The proposed method of quality evaluation makes use of the
energy depencdence of chambers which incorporate metal liners of average atomic
nunber greater than 1ll.

The first studies were made using x-rey machines operatéd in the range
of 100 k.v. peak to 250 k,v, peak, Liners of alumiﬁum and copper were placed
in some 0,25 r condenser r meter chambers purchased from the Victoreen
Instrument Company, In the case of sluminum liners the metal thickness of
1 mil, 2 mil, and 5 mil wers used and the liners were constructed so that they
vwiould it snugly ageinst 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 reedings 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 ir the port below
the x-ray tube the ratio first increassd when the thinnest filter was placed

in the port and then the ratio decreassd gradually, It had been expected that
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the ratio wouid 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 {characteristic of tissus and air absorption) would decreass with increas-
ing effective energy of the x-ray beams, The first increase in ratio from no
filter to'light filtretion was considered to be due to the fact that, under
conditions of no filter external to the tube, the effoctive energy of the x-ray
beam was very low. Since the chambers were approximately 1% 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
20 per cent of the effect producing the ionization in the chambers.

| For this reason pocket personnel chambers which were purchased frem the
Victoreen Instrument Company were reamed out such that metal liners could be
inserted into the chambers, The liners were made such that the inaside diemeter
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 iocrnization
produced within the chambers was produced by the electrons released from the
walls iﬁ 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 {rom the
walls, Therefore, ionization‘chambers with inside diameters less than onse
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 chembers to

"air«wall"™ chambers it was noted that the ratio increased with decremse 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 nddition the electrons released into the "mir-wall" chamber would bear e
relation to the effective mass absorption coefficient for air, In the range of
100 to 250 k,v. pesk the optimum thickness of sluminum liner was found to be

2 mil with the 1 mil and the 5 gil liners each giving & to 10 per cent leas
ionization within the chamber,

At present the method of quality evaluation, which is being utilized

in studying filter and scatter conditions under peek x-ray energies ol 100 to
250 k.v,, consists of determining the ratio of readings from a 2 mil aluminume
lined chamber to an "air-wall"” chamber and using the ratio only as an indication
of the effective energy. Further studies ere continuing in arn attempt to
assign an effective energy to the ratio of the chamber readings. Z=Zxperiments
to date have also indicated that in the range of 100 to 2850 k.v. pesk, copper
liners should not be used since the copper gives excessive weight to low
ensrgy 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 alsc indiceted that the system
is nﬁt very useful in the range below 100 k.v, pesak dus to the short range of
the electrons released from the walls, Iliowever, for therapeutic uses most
x-ray machines will be operated well above 100 k,v, peak snd some filter is
also used with the machine. In guality evaluation around the 100 k,v. peak

x-rey 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 alsc
been used to avoid the excessive weight the copper or tin 1iner; give to the
low ensrgy photons relative to the weight given by "air-wall" chambers,

Results, The primary application for the system was fourd 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 ean absorption study is
multiplied severel fold since the energy of the radiation is so high, In the
studies an absorption curve was first made witn the ;ilter neer the end of
the X-ray tube. However, it was mounted approximately 4 inches below the ons
foot thick concrete ceiling which surrounded the x-ray tube, Ag shown on
curve A of Figure 1 (Page 80), & straight line portion could mot be obtained
on & semi-log plot of the absorption curve even uﬁ to 1% inches of lead,
Simultaneous with the gathering of data for the absorption curve, the ratio of
resdings of a copper-lined chamber to an "air-wall" chamber was obtained and
the results are shovm in curve A of Figure 2 (Page 80),

As previously stated, the lower the ratios of readings of the copper-
well to ”air-wgll" 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 additions of lead filter made the effective emergy much lower. This
indicated that curve A of Figure 1 was not a 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
vms flush with the bottom of the concrete ceiling, Curves B of Figures 1 and

2 resulted, Following this a one foot wide, 4 inch thick strip of lead was
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_Pizure 1, - Absorption curve Figure 2, - Ratic of copper-lined
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oumtod on the concrete ceilinr around the port opening into the exposure room,
S5elow this a o7 inch thick sheet ol lead was mounted over the port vwith & 6
inch c¢iammeter centered hole thersby acting as e diaphragm for the x-ray beam
entering the eiposure roon, The absorption curve was then determined with the
>iiters mounted above the disphragm and ocurves C of Figures 1 and 2 (Page 80)
were obteined.

In enother application a study was made of ths effective energy variation
hetween locations near the disphragm mounted on the ceiling and the verious
nositions between the celling and the concrete rfloor of tha.exposure room (the
cxposure room being approximately S feet high), The ratios of tin-lined
chembers to copper-lined chembers varied from 1,2 near the diaphraém to 1,8
an the 7loor. There was & continuous increase in these ratics as the chambers
were moved from the ceiling %o the floor of the exposure roam, This indicated
trat the floor wes producing a great deel of scatter, ZFour feet by four feet'
sieces of lead of various thicknesses were placed directly beneath the metal
chambers wnich were mounted one oot above the floor; and it was found that
18 inch of lead reduced the ratio from 1.54 to 1.34. FRurther thicknesses of
lead on the floor would not decrease this ratio thus indicating that lead of
1/16 inch meximun thickness would be very helpful in reducing the scatter from
the Iloor and meking the exposuring beam the hardest possible for any ome
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 ensrgy of an exposing x-ray beam is
obtained, The ratios slone 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 chember readings can be correlated with
a "biclogical effective energy™. ‘A preliminary report will be released in the

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

Problem Code: I,N.1 (lesemrch and Development)
Sectien Code: 3110

Authors: J, W, kKanwisher snd f, F, Bale

Ionizing Radiation Dosimeter,

Background. This report indicates the feasibility of a new type of
high range ionizing redietion dosimeter, cormonly knowm as a casualty dosimeter,
This dosimeter is.based upen the increase in conductivity in the weater layer
of a water-carbon tetrachloride or water-chloroform system sealed in a
fountain pen sized, light-opague, pyrex glass lined capsule, Dosage.is read
by a portahlé electronic device based upon the Q-meter in principle, incress-
ing 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 & preliminery
form, a dosimeter based upon the reported linear relationship between the acid
evolved from chloroform and the energy ebsorbed by it., 4 two phase system
neasures the acid produced colorimetrically. After radiation, the acid
liberated diffuses into the aqueous phase, réducipg the pH and changing the
color of the dye (brom cresol purple), Compared with its Taplin and Douglas

prototype it hes severszl probable adventages and at least one potential
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Jisédvantage,

1. In the Taplin and Douglas instrument the coler change occurs chiefly
< one value of dosage, Thus a separate chember must be included for each
dosage that it is desirable to measure, In contrast one liguid chamber in our
instrument is sufficient to memsure any‘radiation dose from 50 to 1,000 r,

2. Cur instrument has the light excluded even during dosage reading,

I+ contains only two components, water plus chloroform or carbon tetrechloride,
In contrast the prototype Taplin-Douglas instrument contains in addition e

pd sensitive dye and must be observed visually for reading purposes, It has
not vet been conclusively proven that this dosimeter is stablé for periods of
months or vears 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 Taplin#Douglas
instrumert, Sueh s resder, it is believed, can be developed that will not be
expensive to comstruct, light weight, and easy and rapid to use, possessing
the edvantage of giving exposure directly on s calibrated meter, .Vith one
meter meny dosimeters can be read, probably as rapidly as 5 seconds per
individual dosimeter,

llethod, This work was based upon the idea that the developmenteal
orogram of Taplin and Douglas on e dosimetric dosimetsr might be usefully
supplemented if a reader could be produced independent of wisuasl observation
and without the incorporation of a dye., It was felt that these two factors
might limit the stability and accuracy of the Taplin and Douglas instrument,

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

permanently semled inte a glass capsule containing the two liqﬁids. Both of
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~hese elfects are of a magnitude subject to easy meesurement, For example, our
measurenents in preliminary experiments showed a change in pil ol the vater
layer rrom 6.05 to 3.4 when approximately one to cne ratios oflwater and
chloroform were irradiated with 500 r of x-rays from & 200 peak k.v., generator,
Similar experiments with C Cly~ water filled tubes gave DH changes of 6,1 to
4,0 following 500 r, Such order of magnitude resulis are consistent with

¢ata reported by Taplin and Dougles,

Leasurements of conductivity in water following the irradiation with e
450 r dose of equal volume mixt&fas of CHClgz and water show chenges in
conductivity of from 30,000 ohms for non-irrediated contrels to 400 ohms
following irradiation,

As & means of readin; electrical conductivity of prototype dosimeter
tubes with built-in electrodes, & light portable battery-powered AC bridge was
constructed., A 1,000 cycle oscillator utilized a 1S4 tube, Detection ef
bridge unbalance was mede with eerphones. Ilo amplification was necessary.

This reeder, complete with batteries, weights about one pound,

The problem of & desizn of dosimeter with built-in conductivity electrodes,
cheap andleasy to manufacture, has, however, not geen solved, The apparent
necessity of using platinum electrodes, febricated 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 radie-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 individuel casuality-type dosimetsr ought to be cheap,
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ranufecturing cost under a dollar and preferably not more than e few cents,
easily manufactured, rusced and with a long "shelf™ life, Providing 8
satisfactory "reading" apparatus can Ee developed, a dosimeter in which
conductivity is resd by radiofrequency meens without electrodes seasled inte
the liguid compartment has distinﬁt advantages. The dosimeter is reduced to
the simple form of @ small pyrex glass tube, probablv encased in & thin
envelope of opaque plastic to prevent exposure to visible end ultraviolet
light end to add ruggedness to the dosimeter,

To investigete the feasibility of radicfrequencj conductivity measure«
ments & commercial type radiofrequency bridge was utilized with a standard
signal zenerator and receiver equipped with an "S" meter. Typical of capsules
tested were pyrex tubes 10 inches long, 1 inch in diameter, 7/8 filled with
equal parts of carbon tetrachloride and water, A typical frequency used was

5 megecycles, The water phase was placed inside a coil, 30 turns end 4

£ L and R were obtained, The L readings, in general, wefe constant for a
given 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 256 r or less, It probably would be entirely femsible to develop portable
rending apparatus based upon this prineiple,

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 coll
in which the dosimeter is inserted, Changes in conductivity give rise to
changes in J, 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, In principle such a reader consists of a radieofrequency osciliator
feeding & signal into a coil into whichmthe_dosimeter tube fits, ‘ith the
dosimeter in the coil and the coil circuit tuned to resonance, the voltage
developed across the coil is the original fed voltage multiplied by Q. This
final voltare is read by e high impedance vacuuwm 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 adeguate sensitivity for the desired purpose, Tigure 1 {Page 87)
plves schematically the circuit now in use. Figure 2 {Page 88) shows the first
portable model constructed, The oscillator is a feedback type employing a
.184 tube, Coupling to a low impedance load is accomplished by a single turn
on the coil form, The osecillator frequency is 10 megacycles.

The coil in which the dosimeter tube is inserted is 13 inches long and
wound on a 1/32 inch wall polystyrene form with a £ inch center hole, Vinding
is 22 gauge enameled wire, Dosimeter tubes now in use are fabricated from
standard 10 millimeter pyrex tube, They are 4% inches long, filled 7/8 full
with equal éarts carbon tetrachloride and water or chloroform and water, The
tube 1s inserted until the water phase, which flcats on the chloroform or
carbon tetrachloride, occupies the space within the coil,

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

Chenges 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 can be easily measured with this unit,
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Q Meter Cirecuit, The change in "q® of the coil L 1s
interpreted in terms of dose received by the capsule
inserted in L. :
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It appears feasible to design a small, rugged, light weizht, and

relatively inexpensive dosimeter reader based upon this principle. The unit

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

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

been expended to increase sensitivity and portability,
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73 chémbsr air samples were enalyzed for zirconium

4 air dust samples were analyzed for beryllium

212 animal tiszues were asnalyzed for beryllium

4 animal food semples were analyzed for beryllium

15 human sutopsy Semples were analyzed for uranium and beryllium
25 chamber air sampies were analyzed for thorium

7 miscellaneous semples were analyzed for constituent elements
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EDUCATIONAL PROGRAM

Problem Co&é: None
Section Code: 3480

Author: J. N, Stannerd

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

academic program were completed, A course entitled Practical Radiological
Physics was given under the direction of Assistant Professor Mermagen and Ur,
‘det Whipple, An outline of 1ac£ﬁres and laboratory exercises follow (Pages S1-
92), 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 imstruction in
meeting hospital x-ray end radium problems is included. |

The practical training for five of the group is being continued at
Brookhaven National Laboratory this summer under the suspices of their Bealth
Physies Divisiono. Owing to lack of housing st Brookhaven, those students with
femilies are remaining in Rochester this summer to pursue research problems,

All students began preliminary research investigations during the quarter,

A list of these is attached (Page 93),

Educational Fmcilities, Transfer of near;y all educational activities
to a new addition to the Medical School building was coempleted during this
quarter, Equipment requirements for each course were determined in detail by
the responsible instructors and the task of fitting wp iaboratorieu\for an

expanded student body is under way,
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PRACTICAL RADIOLOGICAL PHYSICS

LECTURE SCHEDULE

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

Topic

Mey 1 to Junme 9, 1950

Introduction and History

Maximum Permissible Exposure

Units

Bragg-Gray Principle

Principles of Measurement

Fectors in Design and Use of Instruments

Survey Instruments

Survey Methods

Radioactive Laboratory Design

Excretory llethods for Bio-Assay

Hematological Bio-Assay Methods

Discussion

Quiz

Waste Disposal

X-ray Installation Safeguards

Plant Health Physics Methods

Correction of Substandard Conditions

Shielding

Atomnic Disaster

Seminar: Experiment Summaries

UNCLASSI FIED

Lecturer

Mermagen
Mermagen
Whipple
Thipple
Mermagen
Whipple
Dahl

Whipple

-Andrews

Stannard
Ingram

Staff

Bale
Mermagen
Mermagen
Whipple
Whipple
Howlend

Students
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Topic ' Lecturer
Swumary, Review and Discussion ) Staff

Examination

LABORATORY SCHEDULE

Tuesday end Thursday - 1:00 - 5:00 P.M.

Photographic Dosimetry

Photcgra?hie Dosimetry

Instrument Calibration

Befa Activity Analysis.

Decontamination

Practical Laboratory Survey

Cyclotron Neutron Neasurements

X-ray Calibration of Low and High Voltage Generators

Xerey Shielding
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A.E.C, RADIOLOGICAL PHYSICS FELLOWS

RESEARCH ASSIGNMENTS

February 24 through June 9, 19850

Student Problem Instructor

Gec. M. Angleton Spectrochemical methods for determina- Steadman
tion of fissicn products

m, J, Bair - Protsin synthesis with radicactive Miller
emino acids

Robt, F. Barker Extension end emplification of current Stennard

: tolerance calculations for internal

emitters

Stuert C, Black Depth dose determinations Nermegen

Johm €, Gallimore Aggregates end radio~colloids as Boyd=~Stannard
factors affecting distribution of :
radiocactive materials in the body
(Autoradiogrephic ettack)

Paul D, Shandley Radium-redon determinations Hursh

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

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

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

Donald Morken Development of an enelytical fluoro- Naunan

Pi3t810

photemeter for the study of project
metals
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