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INTRODUCTION

‘The scientific work preSentéd herein has been coded at the program
and problem levels according to the scheme given on Pages 7 and 8, In the
report all contributions to & givem problem have been assembled together
without regard to the administrative organization except that the number of

. the section which did the work is prefixed in each case, By using this number,
it can be found on Page 12 what administrative officer can be approached for
information about particular work,

It should be noted that tﬁe Quarterly Technical Repofts of The
University of Rochester Atamic Energy Project do not attempt to describe
progress in all of the research pregrams but only in those in which some
significant results have been achieved but which are not sufficiently complete

to be written up as a final report,




EXPLANATION OF PROGRAM AND PROBLEM CODES

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

The problem codes are not related directly to the administrative
organization of the Project, Consequently, the smallest administrative unit,
the section, may work on more than one of the coded problems, Conversely,
more than oné section may work on the seme coded problem, The administrative
organization will be ignored in making this quarterly report of our research
and service activities, all materisl being assembled according to the program
and problem codes, The contribution of each section to a Quarterly Teechnical
Report will be prefixed by the section number, however, to permit reference
to the administrative organization if necessary.

It has not been possible to code the problems sufficienﬁ;y broadly to
avoid all overlapping., In cases in which various parts of a given investigation
might be coded differently, the whole work was coded according to its principal
subject matter as long as the minor subjects were relatively unimportant,

Otherwise, the work was divided under appropriate codes,




Ie

il,

111,

X.R,

R—

PROGRAM AND PROBLEM CODES

BIOLOGICAL EFFECTS OF EXTERNAL RADIATION (X-RAYS AND Y RAYS)

I.R,

'X.R.1 Tolerance Studies (dose levels, survival time, gross

and histo-pathology)
X,Re2 Mechenism of Effects (physiological and biochemical)
XoRo3 Therapy (measures against radiation effects)
X,R.4 Hematology
X,R.5 Genetics (histogenetics)

X.R.6 Embryology

- X,R.7 Bacteriology and Immunology

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

RoMo

I,R.1 Flash Burns

BIOLOGICAL EFFECTS OF RADIOACTIVE MATERIALS (CONTACT, INGESTION, EIC,)

R,M,1 Polonium
R,M,2 Radon
R.li,3 Thoron

R.M.4 Miscellaneous Project Metals

URANIUM

U,1 Physical and Chemical Properties

U.,2 Toxic Effects (description of acute and chronic toxicity)
U,3 Toxic Limits (respiratory; orals sking eye% parenteral)
U4 Fate (distribution snd excretion)

U.5 MNechanism of Toxic Effects

Uo8 Methods of Detection of Poisoning, Prophylax1ss Treatment
and Protection
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VI,

Vil
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Be,  BERYLLIUM
Beol Physical and Chemical Properties
Be.2 Toxic Effects (description of acute and chronic toxicity)
Be.3 Toxic Limits (respiratory; oral; skin; eye: parenteral )
Be.4 Fate {(distribution and excretion)
Be.5 Mechanism of>Toxic Effects
Be,6 Methods of Detection of Poisoning, Prophylaxis, Treatment

and Protection

Th, THORIUM
Th.1 Physical'and Chemical Properties
Th,2 Toxic Effects (description of acute and chronic toxieity)
Tho3 Toxic Limits (respiratory; oral; skin; eye; parenteral)
Tho4 Fate (distribution and excretion)
ThOSF Mechanism of Toxic Effects
Tho6 Methods of Detection of Poisoning, Prophylaxis, Treatment

and Protection

Fo FLUCRIDE
F,1 Physieal and Chemical Properties
Fo.2 Toxic Effects (description of acute and chronic toxieity)
F.3 Toxic Limits (respiratory; oral; skin; eye; parenteral)
Fo4 TFate (distribution and excretion)
FP.5 MNechanism of Toxic Effect
F.,6 Methods of Detection of Poisoning, Prophylaxis, Treatment

and Protection




Zr.l
Zr.2
Zr.3
Zro4
Zr.5

: Zr°6

VIII. Zr. ZIRCONIUM

Physical ﬁnd Gheﬁieal Properties

Toxic Effects (description of acute and chronic toxicity)
Toxic Limits‘(respiratotyg oral; skin; eye; parenteral)
fate (diétribution and excretion)

Mechanism of Toxic Bffect

Methods of Detection of Poisoming, Prophylaxis, Treatment
and Protection , '

IX, S.M, SPECIAL MATERIALS

8.1
S.M,2
S.Mo3
S oMot
SoM.5

-

SoM.6

Physical and Chemi¢a1 Properties

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

Mechanism of Toxic Effect

Methods of Detection of Poisoning, Prophyléxisg Treatment
and Protection

X, 1.5, ISOTOPES

I.8.1
I.8,.2

I1,8,3

Tracer Chemistry
Radicautography

Therapy

XI. 0.8, OUTSIDE SERVICES

Xri. P,H, PROJECT HEALTH
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XIII, H.P. HEALTH PHYSICS

XIVO

XV,

CeSe

H.P,1 Research and Development

H.P.2 Service

IQHG

SPECIAL CLINICAL SERVICE

INSTRUMENTATION (SPECTROSCOPY, ELECTRON MICROSCOPY, X-RAY AND

NUCLEAR RADIATION DETECTORS, X-RAY DIFFRACTION, ELECTROHICS)

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

I.H.3 Instrumentation for Outside Organizations
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ORGANIZATION

I. DIVISION OF RADIOLOGY AND. BIOPHYSICS (3100): Jéhn By Hursh -

Section Code

3110
3120
3130
3136
3140
3150
3160
3170

3171

Section
Instrumentation
Tracer Chemistry
Radiation Tolerance
Radiation Physioclogy
Radiation Chemistry
Spectroscopy
Radiation Mechanics
Radiation Toxicology

Radioaubtography

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

Section Code

3210
3220
3230
3250

3260

III.

DIVISION OF MEDICAL SERVICES (3300):

Section
Industrial Hygiene
Biochemistry
Ingestion Toxisity
Pathology

Physiology

Section Code

3310

3320

Section
. Isotopes and Service

Medical Physics

Administrative Head

John B, Hursh

Leon L, Miller
John B, Hursh

Johnm B, Hursh

Kurt Salomon
Luville T, Steadman
Michael Watson
JokNéwell Stamard

J, Newelletannard

Harold C, Hodge

Administrative Head

Herbert E, Stokinger
William F, Neuman
Elliott Maynard
James K, Scott

‘Aser Rothstein

Joe W, Howland, M.D,

Administrative Head

J, Russell Hayes

Herbert Mermagen
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Section Code

3330
3340
3350
3351
3370

3380

3390

RESEARCH SERVICE

Section Code

3480

3490

SPECIAL RESEARCH

Section

Project Medical Service
Clinical Chemistry
Therapy

Hematology

Mouse Genetics

Embryolegy

Photographic Service

Section
Bducational

Statistics

PROGRAM

Section Code

2602

2604

Section

Flash Burn

Zirconium

Administrative Head

Marylou Ingram
W, Burkett Mason
Frenk W, Furth
Marylou Ingrem
Eileen Otis

Karl F, Mason
James G, Wilson

Robert L, Hay

Administrative Head

J, Newell Stammard

S, Lee Crump

Administrative Head

Harry D, Kingsley

Herbert E., Stokinger
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PROGRAM X, R,

BIOLOGIGAL EFFECTS OF EXTERNAL RADIATION (X-RAYS AND Y RAYS) ¢

Problem Codes X.R,1 {Tolerance Studies)
Section Code: 3130

Author:: G. W, Cassrett!

Effects of X-rays on Spermatogenesis in Dogs,

Background, From previous experimentsj initiated under the direction of
| Dr. Andrew H, Dowdy and Dr. Robert Boche, it is Imown thet chronic x-radiation
' (totalabbdy) at dosage levels of 1,0 r or greater per day produce a 6ondition of
aspermia in dogs within one year, A dose of 0.5 r per day prociuces a lowered
sperm concentration in dog semen with complete aspermia in some ;éaéeso : Sperm |
counts we.re made on dogs exposed to 0,1 r per day of xmirradiatiﬁn and a small,
but statistically significant depression in sperm concentration oc'emfred;,

: These studiss were not of primery consideration in the experimen"cs?-i»nvolved
and were of necessity incomplete and not extensive,

We have initiated and are carrying out a chroniec study on dogs in an
endeavor to discover the lowest dosage level at which signi}fican't changes in
sperm and sperm concentration can be induced, Young maie beagie”s _are being"
used, with litters represented in each aosage group insofar as ié possi’bleo
When daily irradiatiom is begun it is planned to continue such exédsﬁ';és gver
the fepraductive lifetime of these snimals or until significant results have
‘been obtained at the lowest radiation levels, | N |

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

semen and spermatozos are:

UNCLASSI FIED
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Controls - 20 dogs
0,05 r / day - 20 dogs
Qo100 r / day - 10 dogs
0,50 r / day - 10 dogs

Total = 60 dogs

The dogs used for this study are being carefully assembled, Litters of
3 or 4 thoroughbred beagle puppies are being assigned to experimental groups
in such a fashion as to permit satisfactory statistieal handling of the results,

If the results of fadiation studies on spermetozoa of dogs can be
transferred to man, the significance in setting a‘permanent permissible human
exposure level of radiatien is apparent,

However, in terms of sterility and fertility of the male, spermatozoa
concentration alone, except when drastiecally reduced, has little meaning. That
is, fertility may be greatly reduced without great changs in‘spenm~concentrationo
Therefore, other seminal and spermatozoal factors influencing male fertilify
are important subjects for study,

Purpose, Tc determine:

1, The minimal chronic dose of x-radiation which will depress the con~
centration of spermatozoa in dog semen or effect other changes in spermatozos;

2. The effeet of chronie x~radiation at the proposed dosage levels on
motility, viability, and morphology of spermatozoaj

36 The effect of chronic x-radiation st these dosage levels on the
relationship between hyaluronidase and sperm concentrations in the semenj

| 4, The ability of the semen and sperm to recover at various intervals
of time from changes which mey be produced at certain dosage levels,

Methods. Since even the oldest dogs have not yet reached a point of

UNCLASSI FITD
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stability and uniformity with régard to sexual excitabilityg ease and regularity
of collection of semen, yolume of ejgculates and production of spermatozoe,
radiation has not begun. |

Gollgctienskaf semen are first attempted at the age of 8 months end st
weekly intervals thereafter, The oldeét dogs at the present time are only 11
months old, Volumés of'ejaculafe are often very small snd do not permit accurate
or complete analysis of semen,

For these reasons the beginning of xz-radiation is not yet indicated, and
no quantitative results will be presented here, However, extensive work has
been done on the methods and techniques and on the elimination of as much of
the personal and experimental error as possible,

Techniques and measurement methods have been developed for determining
an index of potential fertility in the male., Some of the analytical methods
of B, J. Farris have been modified for our use,

Any change in & property of a spermatozoon which prevents the spermatozoon
from reaching an ovum is in effect as important in fertility and sterility as
the existence or nonexistence of a spermstozoon, i.e,, factors preventing the
function of spermatozos are at least as important in a determination of fertility
as a debermination Qf sperm concentration alone.

Sperm concentration, excepﬁywhen drastically lowered, means very little
in terms of fertility without a knowiedge of the other factors discussed below,

Collection of Semen Ssmples, Collection of semen samples froam the dogs

is accomplished by masturbation, i.e.,, the production of orgasm and‘emission
by menipulation of the genitals by haﬁdo Just prior to masturbation, the male
dog is placed with a female dog until he becomes excited enough to mount the
female, A stall table for collection of semen during the mounting procedure

UNCLASSIFIED
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is to be built shortlyo‘ The ejaculate is eollectéd in a graduated tube and
the volume and time recorded,

If the bifch is in heat, the sexual excitement and actiﬁe'participation
of the male dog are greater, and the ejaculate more complete and copious,

Femsle dogs come into heat only twice a year, usually in the spring and fall,

-Semples are mors difficult to obtain without the aid of e bitch in heat, and

those obtained thus were often incomplete, In order to overcome this problem,
hormone treatment wés used in an attempt to bring about at least the excitatory
phases of the heat period in & female dog out of semson, |

It was found that the inﬁraﬁuseular injection of '30 mg, of stilberstrol
in saliﬁe9 10 mg, in each‘éf three injections spaced two days apart, in a feﬁale
dog which had had its heat periocd b or 8 weeks before, was followed, after a
period of several days by all of the external signs of an intensive "heat"
period, with tumescence of the external genitals, secretion of fluids, and great
sexual excitement on the part of the femele and also on the males exposed to
her, It is not known as yet whether ovulation has actually taken place, This
dog has now been in heat for 8 or 9 deys so far, Other female dogs which have
completed their spring heat cycle are being given the same treatment, and’
repetition and substaniiation of this result is being awaited,

- At the present time there is no way of showing by direct means that
masturbation or this form of "interruptus coitus™ provides a sample identical
with that supplied in copulation, since there is no objective evidence concern-
ing the content of the ejaculation during normsl coitus, It seems reasonable
to assume, however, that the ejaculafe provided by coitus interruptus compares
favorably with that resulting from uninterrupted coitus, and Farris has
determined that for the human, masturbation gives approxiﬁately the same results

UNCLASSIFIED
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as coitus interrupbtus. The consistent and successful results obtained by
Farris' methods, which hinge upon the use of masturbation to get semen samplesg
tends to support the view that for all practical purposes the specimen resulting
fropm masturbation is reprssentatlve of the semen deposited in 1ntercourseo

In the present dog expe;imentg now that it seems possible to obtain
smnpies consistently from highly exeited, cooperative dogsskit‘iskreasonablé~to
assume that the samples so obtained will be sufficiently similar to those
produced in nommal coitus to allow, upon analysis, & good ﬁeans for predictiaﬁ
of the degree of fertility in the dogs, |

The period of time befween emissions in a‘sexually;matufe dog for the
spermatozoa count to reach its maximum level has not yet been worked out
satisfactorily, not only because the dogs. do not yet show indisputable evidencs
of sexual maturity on the basis of spenmatoZoé production, but because until
recently the lack of excitatory means made gonsistent,collecﬁicn of good samples
difficult, With the aid of tﬁe Eitch in heat the number of degs samplad
successfully, as well as the volume end sperm population of the specimens, hes
increased, Sampling attempts had been made at weekly interwals, but two-week
intervals seem‘indicated at the present time, Inéreased volumés of ejaculate
will now tend to allow application of all analytical procedures to each sample,

Motility. The “absolufe motility" or the number of moving spermatozoa
in the total ejaculate is of prime importance, since only moving spermatozoa
are likely to effect fertilization of ove,

Locke’s fluid is used to dilute the semen‘in order to keep the spermatozosa
alive, acﬁiveg and normal, thereby permitting a differentialécount of both the
active and inactiﬁe spermatozoa,

A known dilutioﬁ of well-mixed semen is made by the édditién of Locke's

UBCLASSI FIED
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fluid, The spermatozoa are counted in five groups of 16 small squares in the
red field of an haemocytometer, routinely fbhe four corner groups and the center
group, The spermatozos in both chambers are counted and averaged,

The coun’cihg chember is sealed with vaseline after loading, in order to
prevent evaporation from the sampieo The spe‘rﬁatozoa fefbain their motility f’o:»:?f
meny hours in 'bhis'se’aledr'preparatiémo The cpxm‘binga however, is done at an
sarly interval affer collection and dilution of semen,

A systematic count of é.ctive and ‘inactive_ cells is made in order to obtain
the per cent of motile cells,

| Volume of ejaculate multiplied by n;zm‘oer of motile cells per cubic
centimeter equals total pumber of mov:‘:’.hg cells in the ejaculate : ("éb301ute
motility")o

Fertility bears a more direct relationship to absolute motility then to
the concentration of motile spermatozos per ml. of semen,

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

fixing and staining solution which renders all cells immotile e;nd' easily visible,
A solution of methyl green is now in use, but other dyes are being tested, The
spematozéa count is made like & blood count on the red field of an haemocyto-
meter, A 16 mmm, objective is used for counting,

The count of the fixed c¢ells should not vary greatly from that of the
motile and nommotile cellys in the Locke's fluid preparation, and thereby serves
as & check on the motile spermatozos count. |

Speed of Spermatozoa. | In order to obtain some measurement of this

fer'tili"éy factor, five of the fastest spermatozoa in each of the five blocks of
squares on the red field of the haemocytometer are timed, The Locke®s fluid
preparation is used for this determination, and the measurements are made at

UNCLASSIFIED
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certain times after collection of the sample, the condition of temperature being
kept constant, The time for each of the spermatozoa to cross a large square is
determined by means of a stopwatch, and the speeds of the 25 spermatozoa are

; averaged, Only fast progressive spermatozos are timed,

It is to be realized that if the speed of spermatozos is drastically
reduced, an animal may be infertile despite the presence of large numbers of
motile spermatozos,

Both the type of motility amd the speed will have a definite bearing on -
the probability that any one spermatozoon will ever find its way to an ovum, |

The spesed of rapid, progressive dog spermatozoa seems to be about the
same as that reported by Farris for the human, i.e., about .5 t; +9 second for
+05 mm, distance,

Character of HNotility, Spermatozoa must not only move to complete

fertilization, but they must move with definite forward progression,

-Normal spermatozoa are ususally the only ones which travel wﬁth definite
forward progression, but in all directians from the point of depesit,

The characteristic types of motility which have been found are:

1, Progressive (rapid, moderate, and sluggish)

2, Oscillating

3¢ Cireling

Spermatozoa with oval heads usually show & progressive type of motility.
The other spermatozoa, represenfing various types of abnormalities, do not
progress normally as a rule, but are sluggish, oscillating, or moving in circles,
If a spermatozoon camnot move progressively, it eannot reach and fertilize an
ovum, The speed must be adequate and the direction d efinite, Spermatozoa which
move sluggishlyg oscillate, or move in circles do not céntribute to fertility.

UNCLASSIFIED
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Morphology. It is not possible to classify semen specimens without know-
ing the important characteristics of the normal spermatozoon under investigation,
All of the nale dogs produce some spermatozoa that are abnormal in
appearance, and it is expected that the concentrations of abnofmal forms may

vary with irradiation, In the past in this laboratory increased numbers of
abnormal spermatozoa, with abnormal motility, have been noted following acute
irradiation in rats,

By phasermicroscopy and also by weans of morphologicsl stains, the
details of both active and inactive cells have‘been studied,

The normal dog spermatozoon has an oval, somewhat flaftened head, which
in profile is father pyriform in shape, The head is about 6 micra in length,
about 4 micra in width, and about lé-micra 8t the thickest part, The nucleus
is‘in the posterior half of the head, A éap covers a little more than half of
the anterior parf of the head, »

The neck ié a slight constriction, about & micron in length, between the
head and the mi&&le pieceo |

The middle piece is made up of a spiral filament of 0,2 micron or less
in dismeter, coiled about an axial fiber or thread %o form a cylinder, the whole
being about 8 micra long and less then a micron in diameter,

The tail tapers slightly from the middle-piece to its terminal thread,
The average thickness of the tail appears to be about 1/3 micron and its length
about 45 micra, The tail has the appearance of a long, sz.n’,ocrth‘9 flexible structurse
with an external sheath, and showing slight density variations throughout its
length, It has an abrupt termination, where its diameter is about 0,2 micron,
and its terminal filament, with a length of several microns, is about O;l
micron thick,
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The abnormal cells are classified primarily by their variations in shape,
and seem to be present in greater numbers in samples with low concentrations of
spermatozoa.,

The abnormal forms notes are:

1. Giant heads

26 Small heads

3s Round heads

4, Double talls

5, Double heads

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

7. Heads attached at abnormal angles

8. Cytoplasmic appendages

Three hundred individuael c¢ells are examined under oil immersion, are
classified, and percentages of abmormal forms calculated.

Viability, A nigrosin-eosin stain for differentiating vieble and non-
viable spermatozoa has been perfected to & point where it may no% be used,
Spermatozoa which are dead before application of the stain, take the stain,
Spermatozosn wﬁich are alive at the time of application of the stain do not take
the stain,

Differential viability counts have been begun on our samples,

Now that many of the technical problems of accurate semsn'analysis have
been met, this laboratory has begun to accumulate éuantitative control date
which are considered to be dependable, When the oldest animals reach an

“unquestionable state of sexual maturity, probably well within a>few months,
irradistion will be started, Irradiation cannot be begun hastily because the

age at which any dog begins exposure should be an age at which all dogs in the
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expefiment will certainly have reached sexual maturity by all criteria used,

\ d&t is felt_necessary'to emphasize that data obtained until recently on
.these young animals which were without, during most the time, adequate stimula-
tion for triue ejaculation of semen are considéred too undependable and erratiec
for this report.

iSummagzo The structure of = 1ife-1ong‘experimen% on the effects of bf*\ 3
x»irradiation'an‘spermatogenesis in dogsfhaxﬁbeen present;& along with a
description and discussion of the generél me%hods of semen aﬁalysis employed,
Certain qualitative data have been reported but the incamplete and erratic data

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

guantatively,

Problem Code: X,Ro2 (Mechenism of Effects)
Section Code: 3140

Author: B, W, Gabrio

A Paper Chromatographic Study of Ferritin and Apoferritin Hydrolysates,

B il

Bagﬁgrou&da During the course of experimentation on some chéemical
properties of the ironnprotein; ferritin, ana the role of ferritin it séemed
desirable to obtain more detailed infqrmatién about the amino scid cémposition
of ferritin, snd its protein moiety apoferritin. Conflicting data concerning
the amino acid components of ferritin and apoferritin have been rebortedyfrcm
the laboratories of Kuln et al (1) and Tria (2)o Recently, however, Mazur and
Shbrr‘(S):feported the partial amino acid campositién of horse spleen ferritin
snd époferritins which showed identical amino acid values on the basis of

nitrogen content,
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Methods, The two dimensional chrbmatographic method . used in these
studies was essentially that of Consden, Gordon, and Martin (4) as modified by
Dent (5)s The solvents émployed wore phenol, saturated with ﬁater, and & mixture
of 2,4,6~collidine and 2,4~lutidine, saturated with water., Whatman #1 filtern
paper was used. The amino acids were detected by sprayingrthe papers with'0°1% ’
ninhydrin in n-butanol +o whicﬁ an excesé of water had been added, The color
was allowed to develop for 24 hours, and the amino acids were identified by fhéir
relative positions and by comparison with a reference map prepared by Dent (6). :

| The chromatogramtﬁhus obtained with 50 pl. of horse;SPIeen apoferritin |
hydrolysate equivalent to 0,8 mg, of protein is shown in Figure 1‘(Page 25),
The hydrolysis was carried out with 6N HCL at 100° C for 18 hours. The
following amino agids were present as nivhydrin-reactive substences: tyrosine,
phenylalanine, the lesucines, valine, glutamic acid, aspartic bza.c:‘i.d,9 glycine,
serine, arginine, lysine, cystine, (aS~cysteic acid) and methionineo Threonine
wa.s observed in trace amounts on chrqmatograms employing larger quantities of
protein, Histidine wa.s not observed in Figure 1 because of its ldw.senéitivity
to the ninhydrin reagent, although its preserice is reported by Mgzufjand Shorr
(3)o The relative quantitative estimations are in agreement with those of
Mazur snd Shorr (3) except that in addition to those listed by the létfér
authors, aspartic acid, glycine, gerine, and threonine were detected*chromatoé
grephically. . |

Paper chromatography of horse spleen ferritin showed the same amino acid
composition as that of apoferritin, but in addition it was observed that some
of the iron, liberateé‘by h&drolysisg had migrated in the phenéi direction as
a definite yellow sﬁoto A chrdmafogram of ferric iroﬁ alone did mot show this
movement, It was found that the migration of iron on the chromatogram of the
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ferritin hydrolysate was not characteristic of ferritin, for identical movement
was seen in & paper chrometogram run on amigen (commercial pancreatic casein
hydrolyséte)'to which ferrié iron had béen added in amounts approximéting that
eontained in ferritin, However, in all of these chromatograms the amino acids
moved to their relative positions with the collidine-~lutidine solvent while the
iron remained on the phenol abscissa, Thus the iron appears to be conjugated
with one or more of the amino acids in the phenol run, but the association is
disrupted by the collidine~lutidine solvent.
One dimensional chrometograms (phenol solvenf) of several single amino

acids with added iron showed that all of the amino acids tested were capable

of moving .iron from the starting point in varying degrees, FEach amino acid
could be classified according to ﬁhe amount of iron it carried. This informetion
is tebulated below in Table 1, The system of grading of++++ te + is used to

designate the amount of iron carried by the amino acid,

TABLE 1
- “Amount of Ironm
Cerried by the
Amino Acid *  Amino Acid

Histidine ottt

Alanine 4

Arginine bt

Isoleucine ot

‘ Leucine "o

Lysine =t

Phenylalanine ++

Tyrosine =

Valine cfefe

Threonine +

) Serine +

Aspartic acid +

Glutamiec acid %

- Glycine +
. Control=-iron No Migration
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Thus, the iron spot, noted on the paper chromatograms of hydrolysed ferritin
and amigen+iron9 is probably due to the fact that such amino acids as histidinse,
the leucines, arginine, lysine, phenylalanine, and valine are associated witﬁ
a considerabie amount of iron and move to about the same position in phenol,

It is also apparent’from Table 1 (Page 26) that histidine conjugates &
greater quentity of ferric iron than the other amino acids. Furthermore, the
strong affinity of histidine for irom has been reported (7). It is possible
that & correlation might be found between the histidine content of proteins
and their iron-binding capacity.

Results, The amino acid composition of ferritin was studied by means
of two~dimensional chromatographic analysis. The ability'of anmino acids to

carry iron was investigated on a one-dimensional chromatograph.
¥ P
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Problem Code: XoRo3 (Therapy)
Section Code: 26086

Authors: F. W, PFurth snd J, Shrier

Effect of Aureomycin on Coagulation Time,

Background, It has been reported that certain antibiotic subsﬁanees (1,2)
shorten the whole blood coagulation time, and a recent reference (3) reports
that sureomycin has & similar effect, In studies on the effect of antibiotics
on the radiation syndrome’being carried on in our laboratory it became of
interest to defermine if sursomycin did have any effect on blood coagulation
mechanismg, To this end the following experiments were done,

Method, A-series of six cosgulation times done by the Lée Thite method
with blood drawn from the external jugular vein were performed during a one

. week period, on four normal healthy mongrel dogs., All coagulation times are
reported in minutes, After these conirol values.had been obtained the dogs
were given aureomycin capsules orally every six hours, day and night, for the
next fifteen days. The dose of aureomycin was approximately 100 mge/kg°/24
hours (one 250 mg. capsule g, six hours) which is two to four times the
recommended oral dose for humans, Coagulation times were then done on these
dogs each morning approximately three hours after a dose of aureomycin, The

results are shown in Table 1 below,

TABLE 1
Contrel Days Days After Starting Aureomycin Administration
. Dog Noo| 1] 2| 3] & ,5,6‘“ 1] 2| 3] 4| 7| 8| 910111415
1 71 3] 5] 9] 9 8 gli1| of 8] 9|1of10f11|10]|10]| &
i 2 71 8]10}) 910} 9 11112} 9 ¢ 8 ‘11' 10|12 11011 9
3 71 711311210} 10 1111234110110} 10| 13| 7|10} 9111} 3
4 10l 8110 8112} 11 11 11i1j10)10] 51 8j11}]11] 8] 8} 6
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Serum levels of aureomycin were done on these dogs on th:gﬁ occasions énd found
to be between 2 and 16 micrograms/ce (averaging 5 meg./cec) which cc;ers the |
range of levels reported in humsns receiving aureomycin, The effect on the
coggulation time of a siriglea very large oral dose of aureomycin (200 mg/kg)

is shown in Table 2 below,

TABLE 2

; 2 Hours '3 Hours
Dog No, | Control | Control | Control | After Aureomycin { After Aureomycin

1548 10 8 8 g 8

1505 10 7 6 9 10

It was also of interest toc know if intravenous aureomycin had any effect

on coagulation time, With this route of administration highér end more prolonged

serum levels of aureomycin can be obtained, Seven normal healthy adult mongrel
dogs were used for this experimentg A Series’of three control coaguiation
times were done on each dog during a period of thirty minutes previous to
injection of 100 mgs of aureomycin HC1l (Lot No, 7=-5554) with 100 mg, sodium
glycinate dissolved in 20 co of sterile normal saline, This solution was
injected in the external jugular vein over a period of sixty  seconds, Coagula-
tion times were taken on the dogs at intervals after injecﬁiong and the results
ére shown in Table 3 (Page 30),

An attempt was made fo determine if aureomycin had any effeect on
coagulation time in vitro, MEasured quantities of aureomycin buffered with
sodium glycinate and dissolved in 0.5 st of saline were placed in the small
tubes used for the coagulation.time, Whole blcood drawn from & normal dog was
placed in these tubes and the time for coagulation to occurgwas ﬁeasure&o
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Time After Aureomycin Administration
’ Dog No, | Contrels | 15 min, | 30 min, | 1 hour | 2 hours | 3 hours | 4 hours | 5 hours
< 1443 o sl 7 6o | 60 60 | 60 30 10 | 1z

1445 |10j10] 9 10 10 9 8

1286 | o 3|s5| soop | 285 | 2a00 | 1802 | om0 21 6

1498 | 4| 4|3] 1208 52 19 7

1564 |11f10] s 2 5 | 7 8 | 9 8

1490 |10} 8] 3 3 5 | s 8 8 8

1530 | 8] 9| 3] 220+ 240+ | 1954 70 16 7

The results are shown in Teble 4 below,

IABLE &
" | | zfial No. 1 | Trial Ne, 2
Control without saline e | 10
) Control with saline | 17 10
Aureomycin 5 meg./cco 15 ' 13
Aureomycin 10 meg./cco 15 11
Aureonycin 200 mogo/ GG, 15

Discussion. According to the experiments reported here oral aureomycin in
therapeutic doses has no effect on the whole blood coagulation ’éimeo As showﬁ
in Table 3 above the intravenous administration of aureomycin in this dossage
produced a marked prolongation of the coagulation time in fouf of “the seven

~dogs, Most of the dogs which showed a prolonged coagulation time, also
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exhibited a shock=-like state for five to fifteén minutes immediately after
injection which was characterized by lethargy, staggering gait, and vomiting,
It was felt that this represented a “pepﬁone shock" phenomenon and that a
heparin~like substance was released into the blood by the same reaction (4),
It was not determined whether this was due to the aureomycin HC1l, or the sodium
glycinate used as a buffering agent. In an attempt to determine this by
administering an equal quantity-(2®01mga)'of sureomycin HC1 without buffer
intravenously such proféund hemolysis ensued +that gross hemoglobinuria
occurred and the dog succumbed within 48 hours after injection, The
administration of such a concentrated solubion of aureomycin HCl=scdium
’giycinate‘in a relatively short period of time may also have provoked the
shock reaction, The mixing of auréomycin with bloeod after it was drawn had no
appafent effect on the coagulation time.

Conclusions,

1s 'Aureomycin administered orally in amounts which produce therapeutic
blood levels, has no effect on the whole blood ccagulation time in dogso

2o Intravenous aureomycin HCl buffered with sodium'glycinate‘may produce
a markedly prolonged coagulation time, This effect may be related to a

~ "peptone=shock™ phenomenon,

3o In vitro, aureomycin has no effect on the blood coagulation tims,.
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Problem Code: XoRo3 (Therapy) ‘
Section Codes: 2606

Authors: F, W, Furth and ¥, Coulter

- Effect of Aureomycin and Terramycin on the Mortality and Diamrrhea of the

X-radiated Rat

Background, Preliminary experiments done in this section during the past’
year indicated that certain of the antibiotic and chemotherapeutic agents are
effective in reducing the incidence of diarrhea and possibly affect the mortality
of rats which have received large doses of whole body}x~radiationo These
experiments have involved the use of a variety of therapeutic agents including
penicillins stre?tomycin, chloramphenica15 an& several sulfonamide compounds,
None of these were found to influence the morbidity and mortality of the

x=radiated rat as favorably &s aureomycin and terramycin, Although earlier

. experiments with these two drugs involving smaller gréuys of rats have been

done, only the most recent experiment which shows results typiéal of all the
experiments will be reported here,
Method, A total of 180 adult femaleWistar rats weighing 160 - 180 gms;b

were used in this experiment, They were divided into 4 groups of 45 each.

Eech rat was housed in an individual cage. The rats were weighed, and examined

for evidence of diarrhea, daily for 7 days prior to radiation. These same

+ ' observations were continued for 28 days post-radiation., Fach rat was offered

15 grams of feed each day, and the smount left from the previous day was

¢

‘ﬁeighed so that a measure of the appetite could be made, Those rats which
‘received the drugs were offered 15 gms of feed daily with which the drug had
‘been admixed., The groups which received the drug in the feed only wers

‘offered 60 mg. (approximately 350 mgé/kgo) of surecmycin or terramycin during
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the first 5 days post-radiation when the anorexia was most marked, Thereafter
until the 28th day post-radiation they were offered 22.5 mg. (approximately

100 mg/.kg.) of the drug each day. 50 mg.% of sureomycin-sodium glycinate

was added to the drinking water of one group for the first 5 days post-radiation
and the amount of water drunk during each 24 hours measured., These rats were
also offered 22,5 mg, of aursomycin in the feed each ddy during the entire
post-radiation period0 All the drugs were started immediately after radiation,

The rats were given a total of 700 r of whole body x-radiastion at the
rate of 18 r/minute administered by a 250 KV Picker machine at 15 m.&, with
a parabolic aluminum filter and 0.5 mm, of copper. The target skin distance
was 25 inches, They were fadiateé in groups of 15 which were arranged to
include rats from each experimental group.

Results, The diarrﬁea which is typiecal of radiation sickness in the rat
appeared on the third day posteradiation. In the control group the percentage
of rats with diarrhea was much higher than meny of the treated groups, as
shown in Graph 1 (Page 34), Coincident with the diarrhea was a profound
anorexis and weight loss, This anorexia and weight loss was equally severe
in eontrol and treated groups until the 5th day post~radiation when the t;eated
groups began Lo eat more and regain weight more rapidly, The surviving tfeated
rats regained their pre~radiation weight more rapidly than the survivihg
control raits, The rats in +the groups ﬁhich received asureomycin and terramycin
in the feedxﬁresented'a better appearance during the first ten days post=-radia-
tion with smoother coats and greater activity, The mortality in the group
which received the aureamycin only in the feed appro;imated that of the controls
as shown in Graph 2 (Page 35)s In the group which received suppleméntary

aureomycin in the drinking weter the rate of mortality and 28 day mortality
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was higher than in the control group. vThe terramycin-treated group showed e
mortality which was less than the controls,

Discussion; The decrease in diarrhes associated with the administration
of aureomycinvénd terramycin to the x-radiated rat may have several explénationso
Since both of these drugs are potent antibiotics, effective against both gram~
positive and gram-negative organisms, it is conceivable that the bulk of fhe
feces may be diminished by decreasing the numbers of bacteria within the
gastro=intestinal tract., It is also possible that this decrease in bacteriairv
flora may diminish the irritating effect that the bacteria may have on the
injured epithelium of the gastfomintestinal tract, It is also possible that
this decrease in bacterial flora mey diminish the irritating effect that the
bacteria may have on the injured epithelium of the gastromintestinal‘tract°
The possibility that either of these drugs may exert a specific inhibitory
effect of peristalsis through parasympathétic parelysis seems remote since we
have found that other antibiotics such askpenicillin and streptbmyéin also
diminish the diarrhes following x-radiation in’the rat, The cause of the
more rapid regain of weight in the treated rats may in part be explained by
the alteration in intestinal flora., It has been recently reported (1), that
aureoﬁjoin fed te normal rats causes an asugmented weight gain and growth, but
an adequate explané%ion of this phenomonen has not been advanced., Miller and
his co-workers (2), report a markedly diminished mortality in x-radiated mice
given streptoﬁycin and/or terramycin, They also report (3) thaf the incidence
of positive blood cultures in x~-radiated mice can be reduced by the édministram
tion of these antibiotics, We have been unable to substantiaté these resu1ts
in rats as far as mortalitj is concerned using streptomycin, aureomycin or
terramycin, In this experiment terramycin seemingly did decrease the mortality.
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It may be that if blood stream infection plays a role in the mortality follow-
ing x-radiation in the rat, there exists an organism in our strain of rats
which is resistant to the antibiotics used and which may produce & generalized
sepsié and death, Studies on the bacterial flora of the strain of rats used
in these e xperiments are contemplated, The increased mortality in the group
which received the supplementary aureomycin in the drinking water would seem
to indicate that the toxic dose of aureomycin was exceedsd, By measurement
the rats received no more than 25 mg, of aureomycin per day (160 mg@/kgo)
which does not exceed the oral toxic dose reported (4) for rats, Hdweverf9 the

injured epithelium may be more permeable end allow a ftoxic amount of aureomycin

to be absorbed, This may in part account for the absence of effect on mortality
observed in the dog, In addition, following x-radiation the normal detoxifica-
tion mechanisms may be altered, so that smaller doses may produce toxicity.

Summary.

1, Orally administered aureomycin and terrsmycin markedly diminishes
the incidence of diarrhea in the rat which has received a large dose of whole
body x-radiation.

720 Oral aureomycin and terramycin accelerate the regain of weight
following x-radiation in the rats ’

3o Oral terramycin may diminish the mortality following large doses

of x=-radiation in the rat,
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_Problem Code: X.R.4 (Hematology)
Section Code: 3351

Authors: M, Ingram

The Incidence of Unusual Lymphocytes in the Blood of Dogs Exposed tb.Baéiation

- Prom the 130-inch Cyclotron.

Previous Quarterly Reports have indicated that the relationship between
the incidence of lymphocytes with bilobed nuclei in the periphergl biéod and
~ exposure to radiation from the cyclotron was being studied in an exﬁe;iméht
Vutilizing dogse Specificallya three healthy mongrel dogs have been studied
before and after'thfée different‘exposures to small amounts of ré&iation from
the 130 inch qyclotro§¢~ Quantitative interpretation of the expefimental
results is now essentially complete and it is possible to report addifionﬁl
‘details of the relationship between the exposures and the incidence'df the
abnormal ceilsﬁ
The entire experiment extended‘over é period of approximétélyLénevyearo
Blood exesminations were made approximately dailykduring a control period of
approximately two months prior to the first exposure. During this period’a‘
tobal of 180 coverslip blood smears was examined, A like number was eXamined
. during each first post-exposure week, and thereafter appfoximately 30 Smé;rs
Wére examined each week,
ﬁbr convenience in interpreting results sach blood smear has been
 classified according to whether or not it contains ome or more of the abno;ﬁ#im
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lymphocytes, and the frequency of occurrence of "positive" smears has arbitrarily
been chosen as an index of the incidence of lymphocytes with bilobed nuclei,
In all, approximately 3.4 x 10° white blood cells were examined during the
- entire experiment, Thefsxperimen%al results are presented brieflyvin Table 1
(Page 40), They indicate a marked increase in the occurrence of lymphocytes
with bilobed nuclei following exposure to radiation from the cyclotroﬁ;ﬁ The
ing¢idence was maximal during an spproximately two-week period following easch of
the three exposures, Thereafter the incidence decreamsed fairly steadily, The
slightly higher frequency of positive blood smears after the first exposure
probably indicates that a greater dose of radiastion was received in that
exposure, This assumptien is supported by the fact that a slight but definite
 decrease in the white blood cell counts oeccurred ccncomiiantly‘with the increased
iﬁcidenCe of lymphocytes with bilobed nuclei in this instence, No reduction
in the total leukocyte count was noted after the second and third exposures,

At this time it is not possible to indicate the relative effectiveness
of the various components of’fadiation from the cyclotron in iﬁducing the
increased incidence of the unusual lymphocytes, however studies designed %o

provide such information are currently being undertaken,
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PROGRAM U,
URANIUM
‘Problem Codes U4 (Fate)

Section Codes 5210

Authorss -H, E, Stokinger, H, B, Eﬁlsans G, E., Sylvester and S, P, Dzuiba*

Lobar Partition of Inhaled UzOg Particles.

" A review of the toxiéolqgic literature on the deposition and retention of
partiéulate matte: reveals considerable information on the amount of: (1) deposi-
. %ion‘in the entire respiratory systamg.(z) nasal filtration and penetrations

(3) élveolar deposition = as a function of particle size, shape, solubility,
-breathing rate and other factors in the humen and laboratory smimal,

This infofmation has unquestionable merit in defining the amount of
contaminant okandwn charaéteristics that will be retained on inhaletion and
where particles of a given size may be expected to 1édge in the respiratory tree,
but it is insufficient to form a'sound basis for evaluation of more localized
tissue injury from the inhalation of chemically toxic or radiéactive particles
at éﬁy ?afticulér site in the lung., Previous data assume a uniformmdeposition of
particulate mgtter throughout the lung,

The present study was undertaken to supply quentitative information as
to'ééather~an even distribution of dust occurred uniformly in all lobes ard in
gr;ss seétians of théwiungs under normal conditions of inhalation in animals,

Procedure, Twenty albino rats of similar age and‘ﬁeight (261-314 g) were
exposed inrindividuélg compartmentalized cages continueusiy fozy*’.‘one9 S~hour

period to UzOg dust of kmown particle size, The mass-median size determined by

#* With the technicsel assistance of R, E, Root




Cascade Impactor samples of the exposure atmosﬁhere was 206 1 with a standard
deviation of 2,63 the atmospheric concemtration averaged 84‘mg USO&/mg with a
renge of from 80«87 as sampled by the filter paper dust sampler with e Whatman
#41 paper and quantitatively determined by acid ferrocyanide,

In order to allow opportunity for the particles to be cleared from the

larger air passages (1), the rats were not killed until the following morning.
The group of ZOVratsrwas divided at random in 2 groups of 10 each; from one
group of 10 rats, the lung was divided into its 5 natural lobes, neamely, left,
post-caval, éuperiorg ﬁedian end inferior left lobes; from the other 10 rats, 3
squal, transverse sections were taken from each rat from the left lobe which we
termed the upper, middle and lower sections, The weight of each fresh section
was determined to the nearest milligrem on an analytical balance; the body
weights of the rats were obtained at death in order té permit compérison 6f the
lung to body weight, which value gives an indication of the condition of the
lungs Analyses for uranium were made in gquadruplicate ﬁy the fluorophotometric
method of Neumsn (2) and the results analyzed statistically by Dr. S. Lee Crump,

‘Results, The uranium amalyses in g U/g fresh tissue of the 5 lobes and
trensverse sections with the respective rat bodyvweights are given in Tables
1 and 2 (Page 43), It is~apparent from these tables that particulate uranium
is deposited in the upper right lung lobe in from 1,5-2 times the aﬁount of
that found in any other lobe on a concentration basis, No differences in
deposition among amj other lobes were found, The difference in deposition
capnct be due to differences in lobar size as the upper right lobe is as‘small
as any other sectiom in the rat lung (Teble 3, Page 44),

TWhen tables utilizing the data of Tables 1 and 2 were prepared'ﬁé‘ o

ascertain whether the smount of uranium in the segments were determined by




TABLE 1

PARTITION OF INHALED Uz0Og DUST IN LUNGS OF RATS

Results in pg U/g Tissue, Particle Size 2.6 p, o 2,6, 6-hour Exposure

Rat Post Caval Upper | Median Lower Rat
No, Left (Median) Right | Right Right | Weights
2 19,6 13,2 9,1 4,7 15,0 295
7 2368 23,9 43,7 22,8 21,1 273
9 | 18.8 2704 40,5 29,2 | 25.4 296
11 16,1 12,2 23,2 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 30,8 282
16 18,8 16,2 32,7 18,5 13,8 281
17 3260 2709 50,0 2404 31.7 256
18 20,9 21,0 30,7 20,4 12,45 273
19 3204 31lo4 47,0 28,5 34,8 393
Sum | 237,1 23104 365.4 | 207,9 | 219.4
Ave | 23,71 23,14 36,54 | 20,79 | 21,94
, TABLE 2

PARTITION OF INHALED UgzOg DUST IN TRANSVERSE SECTION
OF LEFT LOBE OF LUNG OF RATS

Results in pg U/g Tissue, Particle Size
266 py; O 2,6, 6=hour Exposure

Rat : Rat
‘Yo, Upper | Middle Lower | Weights
1 28,3 21,5 25,0 312
3 30,0 82,6 3863 314
4 20,4 4,6 18,9 261
5 22,0 . 16,8 22,9 279
6 27,3 22,6 | 22.6 305
8 44,9, 37,7 48,7 275
10 19,3 11.8 26,6 300
12 13,8 32,8 12,7 295
15 30,6 26867 28,4 285
20 43,8 34,3 3702 267
Sum | 28004 241 .4 27643
Av, 28,04 24,.14 27083
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TABLE 3

AVERAGE LOBE WEIGHT OF RATS«
(in milligrems)

Post Caval ‘134

UPPER RIGHT 136
Median Right 172

- Lower Right 385
Left 438

* Rat weights averaged 280 g
eithers (1) the tissue mass of the segments; or (2) by the lung weight and body
weight as co=variants, no correlation of eithef sort was obtained., Moreover,
 lung weight to body weight showed a ratio of all specimens below 0.6% indicat-
ing ne pathologic process was present that might influence the‘resulth the
normal lung to body weight ratio averages 0,5% for rats of our colony,
The importance of finding differences in lobar depositibn is obvious in
permitting a better estimaﬁe of tissue injury from inhaled particulates especially
of radioactive character, |

Conclusions,

1, A non-uniform depesition of particles of mass-median si?e 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 ée?osited in the upper right lobe as in any
other lobe of the lung,

2. Deposition was uniform in the other 4 lobes,

3. XNo appreéiable differences in deposition were found in gross, trans-

. verse sections of the large left lobe,
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Radioactive Dust as a Tracer in the Study of Lung Trensport Mechanisms, I,

~
i

Analytical Methods,

A semple of radioactive dust is available which it is believed will
facilitate the study of the transport of particulate material within the Iunga
provided that an assay method can be 3e§elopéd° The two requireiaﬂts for such 

o " an assay method are first, that it be sufficiently rapid to permit measurement.
“of a larger number of semples per day, and second, that it involve no assumptions

-’as to the chemical species associafad with the radioactivity; especially with
-respect to the solution and trensfer of samples, The precision of'the method,

;3al£heggh importent, is secondary to these othsf require§ents¢ As a corollary
requirement, it is desirable that the assay method be such as to permit

' decontamination of the apparatus and comtainers used in the process, It is_
beligved that the methods destribed below offer satisfactory solutions to these
?;oblemsa .

Experimental, Preliminary tests showed that the following technique is

B f’ea.\deqmaj:.e for the destruction of organic matter in a biological sample of the

size cchtemplateda and in addition permits ofAthe rapid,handling‘of large

TN

I’
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numbers of samples with minimal attention.

The sazn‘.p]_e,9 weilghing up to 2 grems on the wet basis, is removed from the
animal and placed iﬁ a #0, low form, porcelain crucible, The tissue is covered
with concentrated nitric acid, of which the valumevmay.be varied to suit the
size of the sample teken, and allowed to stand overnmight, At this point the
srucible contains a cléar yellow liquid with only =n occasional fat globufe
remaining of the original tissue, This liquid is eveporated at a low temperéture
(70-90°C) to a ?asty residue which is finally charred on a hot plate until no
more nitrous fume is seen, The crucible is then placed in a furnace at 700~
7509C for one hour, at which time the ash is normally completely colorless or

at least free of unburned carbon,

An adaptor was constructed by which crucibles could be inserted into the
shielded counting chamber in such a way that the upper rim of the crucible
occupied the position normally occupied by the foils used in conventional count~
ing techniques, One milliliﬁer of radiosctive dust suspension was pipetted into
each of nine crucibles, evaporated to dryness and counted., Each crucible was
then re-evaporated with one milliliter of distilled water, evaporated with 5
milliliters of concentrated nitric acid and finally ignited for one hour a%
700°C, counting each crucible between each operation, Finaliy; e series of nine
foils were prepared from one milliliter samples of the original suspension,

. dried and counted in the conventiomal mamner, The results are shown in Table 1
(Page 47),

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

and after the chémical treatment represents-a:shiftieof 3602 - 3343  _ 3.4

VizxesTx 9
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TABLE 1

USE OF PORCELAIN CRUCIBLES AS SAMPLE CARRIERS N & 9 SAMPLES

CRUCIBLES
' Origo. | Evaporated | Evaporated | Ighited 1 hr,
Foils | Count | with Water | with Acid at 7000 C

Mean counts per min, 9221 | 3602 3568 -5710 3343
o, 1 sample, cpm 618 | 192 175 168 297
Coefficienf of varia-

tion* for 1 sample, % 6,7 5,3 4,9 4,5 8,9
Coefficient of varia- 1

tion* for 3 samples, % 3.9 3l 2,8 206 5,1
‘Coefficient of varia-

tion* for 5 samples, % 3,0 2.4 2,2 2,0 4,0
Coefficient of varia-

tion* for 9 semples, % 352 1.8 1.6 1,5 3,0

* 100 x standard deviation/mean

~ |STANDARD deviations and is probably just signifiéanto
) A further series of measurements was made in which twenty samples of
dust of 0,3 milliliters each were pipetted into crucibleég end entire rat lungs
added to ten of the samples, All twenéy erucibleé were ignited as described
above and counted, The results are shown in Table 2 (P&ge%és)o

The coefficient of variation of these samplés is comparasble to that of
the preceedigg series, Again there is & difference between the means which is
Just signifi;aﬁt fofbgrouﬁé.;f %éﬁﬁsamplesg Inwérdéf to énaiyze %his situation
further, additional samples were prepér?d until a total of twenty activity-plus-
tissue samples were available covering a range of 0,00 to 2,50 grams of tissue,

The goefficient of correlation betwseen recdvery“and tissue welight was computed
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o TABLE 2

RECOVERY OF ACTIVITY IN THE PRESENCE OF RAT LUNG
TISSUE; N = 10 SAMPLES EACH.

Crucibles Crucibles
Only Plus Lung
Mean, counts per min, 865 796
Standard deviation, cpm 81 71
Coefficient of variation,. % 760 8.9
Difference between means in
stendard deviation units 303

- and found o bes 4
r = 40,15 , (N = 20)
This implies that 15% of the varisnce is due to the effect of the added
tissue, hence the variance not so acoqunted.for iss
- : (71)2(1,00 = 0,15)
= (71)%(0,85)
@ 4280
I the effect of the tissue were completely eliminated the standard
deviation would be _
o= fvarience = 4280 = &5
Therefore we may conclude that the effect of added tissue on the scatbter
is negligible,
Finally, a series of measurements were made on the lungs, livérs and
ki&nays of control rats to determine the normal radioactivity centent as

. measured by this technique, The results are shown in Table 3 {Page 49),
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TABLE 3 ‘
. RADIOACTIVITY IN LUNGS, LIVERS AND KIDNEYS OF
- CONTROL RATS
Nos of | Net Counts % of
Organ Samples | Per Minute | Background
| Lung 10 102 6
Liver 10 2,1 10
Kidney | 12 1.8 9

After the crucibles have been counted, '!:hey‘az"’e treated according to the
following schedule. Each contaminated c':rueible is rinsed with water end
- dropped into a bath of boiling 10% sodium carbonate solution for oms hour,
A% the end of this time the crucible is rinsed and placed in a bath of warm
6 N HCl, where it remains 6vemighto The following day it is boiled in the
same bath for 2-3% hours, changing the bath if it becomes badly stained,
Finelly, the orucibles are rinsed with hot water, polished and dried,
v This procedure will reduce the activity in most crucibles to less than
- 50 counts per minute, of which about 25 counts per minute arise from contamine-
tion originally present in the poréelain‘o It is & ¢urious fact ths.t. neither
mlveﬁt bath alone, nor both together :‘E.n‘ the reverse order, will accomplish an
adequate decontamination., When used as described the process 41‘eads to the
following results,

Net mean count, original crueibles 24

- Net mean count before decontamination 3343 -cpm
Net mean count after decontamination 51 cpm
Background ' . 2% cpm

——
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Conclusienso‘ A method ismavailablefby'ﬁhich the radiosctivity from
di&erse sources present in a soft tissue may be measured with a precision of
6~8%, Recovery is slightly low, being about 90-92% on the average, but is
probébly as high or higher than could be obtained by other methods, because
the method described here is largely independent of the chemiecal propérties of
the radiocactive specieé which may be present,

A procédure is deseribed by which the crucibles used may be decontaminated,
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"FLUORIDE
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~ Authors: F, A, Smith, D, E, Gardner, J. DeVoldre, R, E. Root, and D, Wing

Blood Fluoride Levels Fbllowing~Exposure to Hydrogen Fluoride, .

Previous studies on dogs exposed to hydrogen fluoride (UR=70) have
indicated a considerable variation among maximal blood fiuoride cbncéﬁtratiens-_;

attained under comparable conditions of exposure; 11 to 53=fold increases

above normal were noted, with maximal fluoride cencentrationS‘cf 149;650‘pg
FViOO ml oecurrlng on the 4~7 exposure dayso Because of thls somewhat w1de
variation, it was considered desirable to carry out a third exposure study in
order to accumulate additional data relatlve ‘o the variations to;be expecte&
among different dogs. Accord1ng1y9 two dogs were exposed for fxve ccnsecutlve
days to an atmosphere containing approximately 19 ng HFVhs An asplratorwtype
feed system similar to that described by Stokinger, et al., (UR»GS) Was used,
, Blood fluoride determinations were made at regular intervals fhfeﬁghoﬁ% the
exposure periocd, and for 59 days fhefeaftera Thé date rééultingiéré %%dwn in
Table 1 (Page 52 ). ' | | ?%

a7

It is agaln evident that maximal blood concentrations are reached only
after exposure has continued for at least two days., It is apparent also that
these peak levels are cfvﬁhe same order of magnitude as were éncougteréd in
previous exposures, being 18-27 times greater than the mean §reféx§§sure con=
éentrationso S8imilarly, the post=exposure data are comparsble talthose obtained
in the preceding ten-~day expcsnré stu&yg a minimum Sewéay'post;exposure interval

- UNCLASSIFIED
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is necessary before the blood-fluoride concentrations are restered to pre-
exposure levels, It is interesting to note that an interval of this magnitude
is required in spite of the fact that the exposure period was only half as great

as in the 10-day study,

TABLE 1

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

Microgram F per 100 ml Blood
Time Interval, Days " Dog Neo, 1517 Dog No, 1534
Pre-Exposure Period
=B 9.0 21,2
-4 : 19.4 9.2
. Exposure Period
4}=1 46 02
2 391
3 267
4 357 :
5 175 7508 (not expesed)
Post~Exposure Period o _
1 61,6 . 48,6
2 83,8 39,4
3 65,2 3802
4 53,4 ’ 29,0
5 49,6 45,2
7 23,0 34,0
10 27.8 32,8
12 2768 29,0
14 26,0 ‘ 25,8
18 34,6 3304
25 23,4 26,6
32 22,0 16,6
40 13,8 304
47 10,2 19,8
r 59 20,8 18.4

UNCLASSIFIED
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'IfFluoride Levels in Blood and Urine of Industrial Persomnel,

Continuing investigations into the toxicology of fluorides have now been
’extended to include a study of the concentrations of fluoride in the blood and
_urine of persomnel engaged in the industrial production of fluoride compounds.

Through the courtesy of Dfo Elmer R, Swanson of the Harshew Chemical Co.,
Clevelandg fhere were obtained twelve spot blood and urine specimens from
workers in that company's fluoride plants, together with an eﬁual number of
samples from office and laborafory perscnnel with none or negligible exposure
“to fluorides, The concentrations of fluoride found in these samples are
indicated in Table 1 (Pagé 54)o The mean concentration of blood fluoride inm
the control group wes found to be 1105 Be F/lOO'm19 with a sténdard deviation
of 404, whereas the corresponding value for the exposed persomnel was 30,4 pg
F/100 ml, SoDo 10,8, The mesn control urinary fluoride level was 0,30 mg F/1,
SOD; 0,18 while that for the exposed groﬁps was 11,3 mg 3719 SoDs 6626
The mean urinary fluoride level of 0;50 ng E/l for the conﬁrol group .18

in r’easonab_le agreoment Wit}".t the value of 0,38 mg F/lr'predicted from the data
of MeClure and Kinser (U.S. Pub, Health Rept., 50, 1575, 1944) for a concentra-
tion of 0,1 mg F/1 in the‘eammunity,water'supplya The mean concentratiﬁn for
four samples of Cleveland water was emalyzed as 0,1 mg/l,

~ The 5lcod‘fluoride concentrations for‘the control group are im general
somewhat higher than have been encountered in control date collected in this
communitys in only four instances, however, are they greater than the maximal
normal level previously noted (10 pg F/100 mi) for Rochester residents, In only

UNCLASSIFIED
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L : TABLE 1

FLUORIDE CONTENT OF BLOOD AND URINE OF CERTAIN PERSONNEL OF
- R . HARSHAW CHEMICAL COMPANY, CLEVELAND, OHIO

S Urine

Sample ' Blood
Noo - Job Classification pg F/100 ml mg F/1
CONTROL
1 Physician 1840 0022
2 plant analyst 14,5 0,12
3 plant analyst 20,2 0,16
4 - plant accounting office 803 0,34
5 plant accounting office 10,0 0631
6 plant accounting office 1004 0,10
7 plant accounting office 10,9 0,10
8 main office main office 14,2 0,38
9 main office research laboratory | 9,5 0,74
10 main office research laboratery 6,0 0,35
11 main office research laboratory 9.2 0,45
12 main office research laboratory , 6,8 0,28
EXPOSED
: 13 plant process man 25,3 20,4
14 . plant process helper 54,9 13,8
. 15 plant maintenance helper 30,0 1049
. 16 plant chief proccess man 27.4 702
17 plant process man 38,8 15,0
i8 plant process man 40,9 16,9
v 19 plant chief process man 24,4 15,2
20 plant process man 26,9 963
21 plant process man 34,4 17,
22 plant (hex area) ‘chief process man 25,3 4.8
23 plant (hex area) chief process man 24,6 4,0
24 plant (hex area) loader 11,8 0,57
Cleveland water sample (main gate) # 0,09 mg F/1 first group
. u n (in planmt) = #2 0,11 mg F/1 of samples
Cleveland water sample I 0,10 mg F/1 second group
" " " II 0,09 mg F/1 of samples

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

range (6,022002 pg F/100 ml) noted for the control group.

UNCLASSIFIED
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It is evident that there are sigﬁifieant differences between the means
for the fluoride eon‘bents- of tk.ze' bloods and urines of the two’ groups of Harsheaw
persounnel, The increased conceﬁ%rations'found for the exposed groups may be
attributed te the greatei concentration of fluorides present in the plant

atmospheres in which these men work,

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

Authorsg Fs A, Smith, H, B, Stokinger, L. T, Steadman and D, E, Gardner

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

2 mg Bng/m5;

Analyses fef fluoride and beryllium contents have now been completed in.
certain tissues of animals exposed to 2 mg BeFﬁ/ﬁg (mist) for intervals ranging
from 422 to 854 éxposure heuréo Beryllium and flucride in blood were determined
serially in each of four dogs during the course of the exposurég and fluorids
determinations‘have been completed for the epiphysis, kidney, lung and liver
at termination of the exposure (854 exposure‘houfs)a Similar determinations were
carried out on skeletal and soft tissues of the cat aftef 422 héurs of exposure,
Flgoride‘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 follows, Descriptions of the
éxposure methods, together with the mortality, hematologic and biochemical
findings ﬁéve been reported previdusly (efo Ro H, Hall, et al., UR=116),

'In/Table 1 (Page 58) are listed the fluoride and beryllium contents
found for‘serial blood samples of four dogs during the exposure interval

UNCLASSIFIED
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TABLE 1

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

Dog #1437 Dog #1518 Dog #1537 Dog #1538
. | Exposure |pg F/ﬂ pe Be/ | pg ¥/ | pg Be/ pe 5/ }6 Be/ | pg ¥/ | pg Be/
Hours 100 ml | 100 ml | 100 m1| 100 ml | 100 ml | 100 m1 | 100 ml | 100 ml

368,1 264 - 37.2 - 22 o4 - 42,7 -

- 398,1 8,1 - 23,8 - 15,2 - 17,8 -
458,1 21l.1 2.2 14,4 267 16,9 3,8 15,1 T63
512,1 1.1 | = 1004 - 6.5 - | 20,6 -
Bl4.1 - 23.6 8.3 20,9 5,6 19,0 | 14,0 15,3 13,0
668,1 16,9 368 17,8 34,5 15,0 3,2 14,2 4,5
704,1 16,0 4.4 11.7 4,2 10,0 4,5 22,9 8,1
722,1 1863 8.4 20,4 | 8.5 12,7 5,3 17.8 5,5
848.1 22,5 4,0 26,3 4,5 22,6 3.1 20,6 408

207 calendar days of exposure

 368m848 exposure hours,

It is evident that there is no progressive increase in either fluoride or
beryllium content with continuing exposure. Because’pré-eXPGSﬁre blood fluoride
determinations were not made on these dogs, it is not possiblebto state to what
extent.these latﬁer #alues 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 6 and 3b '1g F/100 ml blood, with a mean
level of 6}w5/100 mls 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/100 ml, Using these
control data, it is apparemnt %hat exposure to 2 mg BeF’z/?m3 probably has
elevated the bieod fluoride levels of these dogs to some extent, waeverg-only
2 of the total of 36 determinations are greater than the higher normal levels,

Were the beryilium fluoride inhaled by these dogs to be transported as
the nondissociated compound, it would be expected that the quantities of
beryllium and fluoride would be present (om a weight basis) in the ratic of
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134, For dog 1437, it will be noted that the averagé weight retic of beryllium
to fluoride is 134,8, while for dog 1518, the ratio is l:4.,2, The agresment -
with the theoretical ratio is not quite so excellent for dogs 1537 and 1538
where the ratios are 1:3.4 and 1:2,9, respectivelyo The average ratio for the
entire group of enalyses is approximately 1:3,9, It will be noted that this
cdmputation is based on, the total fluoride present, ioeo; that fluoride present
as & resuit of the exposure to BeFy, together with that normally present fra@
the dietary intake, Thus the actual ratio may not be as high as the calculated
value indicates., These data sugges£ the possibility that the beryllium fluoriée
inhaled by these dogs may be transported in the blood in part as the’nondissociate&
compound, |

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

and kidney, lung and liver of these four dogs at sacrifice, Only one control

- TABLE 2

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

, FLUORIDE CONTENT IN PARTS PER MILLION
Dog No, Epiphysis Kidney Lung | Liver
1437 - 4190 1 1.8 1,3 065
1518 2280 260 2,3 1.5
1537 2470 1.6 4,0 | 1.0
1538 - 2380 1.8 261 1.0
207 calendar days Noss 1518, 1538:
142 exposure days 11 day interval between
854,1 exposure hours end of sacrifice and
exposure

Nos, 1437, 1537:
12 dey interval

UHCLASSIFIED
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fémoral epiphysis, and no soft tissues from control dogs are availsble for
camparison., A single analysis of a control epiphysis showed 1930 ppm F (ash);

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

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

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

Fluoride and beryllium contents of hard and soff tissues of cats at
sacrifice are shown in Table 33 comparable fluoride data for one normal cat are
also included here, The fluoride contents of the soft tissues of thé treated
cats dé not differ signifiéantly from those of the one controlvcatg The femurs
of the exposed animals, however, show a definite increase in stored fluoride,
as nmight be ex?eoted; the average inerease is approximately two-fold over the
one control femur available, No significant differences are noted among the
fluoride contents of the soft tissues of the control and experimentalvanimalso
It may be shown that there is no molar relatien of fluoride to beryllium in the
lung, femur, liver and kidney.

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

. UNCLASSIFIED
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TABLE 3

FLUORIDE AND BERYLLIUM CONTENTS OF TISSUES OF CATS EXPOSED -
TO 2 mg BeF%/m5(3>

No, and | 001 3.6 kg | 002 3,3 kg'| 604-2,9 kg | 1204 3,0 kg | 1426 2.6 kg
Body Wte | Be | F Be.| F | Be| F Be | F. | Be| F  |Normal

Lung 7ol | 1069 | 5ol | 104 5.3 | 1:3)17.6 1 0.9 6.8 0,5 | 069
Femur 1.2 |950 | 2.64]840 | 2.2 |920 2.2 {1170 | 2.2 |1380 | 560
Liver 0066| 003 |1.83] 0,3] 0,45 0.8 | 0,65 0.6]0,57] 0.7] 0.5

Kidney 0,05 loz 0o02] 007 | 0,04] 2,6 | 004 0.7 0,08 260 1.1

BERYLLIUM | FLUORIDE Calc, F from |
Mean| Range Meean) Range Mean Be

ung | 804 |5.1 <17.6] 3 |5 - 11 36

Femur | 2.1 |1.2 = 2,6 | 110 |56-164b 809
Liver | 0.8 |0.45= 1,8 0,5 0,8=0,8 304
Kidney | 0,04|0,02-0,05 | 1.4|0:742.,6 | = 0,17

(a) Be exéréSSéd as pg/g fresh tissue; F expressed
as pg/g fresh soft tissue, pg/g ash femur
{b) Excess from normal on wet weight basis
is app%rent during the postmexposﬁré period under s%u&yo Alsgg'né control data
are available for these tissues in this species, | |
The séft tissues show no signifiéént differences, either’ambng thémselves
or among comparable tissues of mormal cows, calves and guinea pigs (McClure,
loc.cite)e
Conclusions.

1o Exposure of dogs for 848 hours to BeFs at a concentration of 2 mg/m3
produces a slight increase in circulating blood fluoride, Small quantities of
: befyllium are also encountéred in this tissue., No progressive increase is
‘notedé hcwsverskfor either fluoride or'beryllium'with inereasing eXpasureo
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TABLE 4

FLUORIDE CONTENT OF TISSUES. OF RABBITS EXPOSED TO 2 mg BeFs/m3

Rabbit | Post-Exposure | FLUORIDE CONTENT IN PARTS PER MILLION
Foo. | Interval i’Epiph}. Diaph | Kidney | Lung | Liver

300 | Terminal 2500 | 2900 - 1,9 -
354 " 5470 | 3910 | - | 1.4 -
353 3 weelks 4900 | 3050 | 1.7 | 1.0| 0.9
352 " 4030 2760 5,2 1,9 0.8
351 1.5 mos, 3710 3420 | 2,3 1.7 1.9
350 " 3630 2890 1.6 1.2 1.8
349 2,5 mos, 3870 | 2830 1.2 1,5 | 0.8
102 calendar days Nos. 300,”354: 4 day interval
- 70 exposure days - between end of exposure and

42201 exposure hours sacrifice

2, The data suggest that inhaled BeFy may be transported in part in the
blood in the molar ratio resembling thatrof the inhaled‘cqmpoundo )

3, No significant changes from the'normai are noted in the fluoride
contents of soft tissues of dogs exposed for 848 hours, and of eafs and rabbits
exposed 422 hours to 2 mg BéFé/m5¢ Berylliaﬁ is found in the tissues of these
animals, but no molar relétionships can be demonstrated . for the two elemeﬁts
in these tissues,

4, Increased deposition of fluoride is moted in the skeletal tissue of
therdog and cat, and probably of the rabbit, }waever;%ghere are insufficient
data for control animals to permit an estimation of %hegmagnitude of this
increase, | |

5, The difficulty of interpreting these data quantitatively indicates

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

ZIRCONTUM

Problem Code: Zre.3 (Toxic Limits)

Section Code: 3210

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

Current Status of Industrial and Experimental Zirconium Toxicity.

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

The current interest in zirconium and its compounds and the lack of literature on

the tox1c1ty of these materials has prompted further toxicologic investigations,

" Recent papers by DuBois (Arch. Ind. Hyg. and Occup, Med,, 1, 637, 1950) and

-~by Schubert (Science, 105, 389, 1947) (J, Lab, & Clin, Med., 34, 313, 1949)

confirm previous reports as to the low order of acute toxicity of zirconium

" compounds administered orally or intraperitoneally,. i

. TITANIUM ALLOY MANUFACTURING DIVISION OF NATIONAL LEAD (T.A.M, )*

In‘brief; the menufacturing processes employed at T.A.M. are the following:

I, Ore Cleaning - Crude Floride or Australian Ti-Zr sand is freed of
ordinary Sibg sand at the mine,

II. Ore Separation - Electromagnetiec-static separation is used for
separation of ilmenite, rutile and zircon, Typieal zircon (zirconium silicate)
produc?s:argg o ‘ .

A, Crude
1., Zirconite sand "A"

2o Lirconite flour

* The T.A.lM, plant in Niagara Falls was visited by Drs. Stokinger, Spiegl, Messrs.
DeVoldre and Calkins for the purpose of observing the mamufacture of zirconmiwm
compounds. Mr., R. A, Baston, Plant Manager, and Dr, Urban, Research Director,
gave the group & background of the chemical and medical aspects of zirconium and
arranged a comprshensive inspection of the production areas,

R
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1. "G" zircons

.- B. Refined

2, TAM zircons
3o Zircopéx and superpax (small pafticie-size products)
Mixed products of zircon are also made, These are combinations with
oxides of barium, calcium, magnesium or zinc tumbled together in a dry ball mill,
Typical product = barium zirconium silicate,
I1I., Production of Zirconium Oxide from Zircon
A, Weighed amounts of zircon and coke are intermittently shoveled
by’hand during a 56~§0 hour period into an open graphite-slectrode crucible furnace
until the furnaée becomes full, This is a process evolving immense heat and
copious quantities of smoke and fumes. The chemical reactions taking place
include the conversion of carbon and silicon to their monoxides and burning of

the monoxides to the dioxides, The zirconium silicate becomes zirconium

i

- cyanonitride (or a mixture of zirconium carbide and nitride),
Bo The hot melt is treated in one of two ways:
¢ 1, It is covered and allowed to cool completely and is sent
as the cysnonitride to another com?any for chlorination.

20 The melt is allowed +to harden but while stiil'red’hot is
placed on open grates where air by convection produces oxidation and decrepiﬁation
of the zirconium cysnonitride to drude zirconium oxides,

Ce Crude zirconium oxide is heated in a rotating oil-heated furnace
to remove residual carbon. |
) ‘ D, The oxide is ball-mill ground to various sieve sizes, Typical
products are opax, tfeopax and CP zirconium oxide,

Eo The oxide is mixed with oxides of barium, calcium or magnesium.

—
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Typical produé§§is barium zirconate {ticon BZ),

Iv, Zif;onium chemicals are produced from the zirconium tetrachloride
(Step Bl) by hydrolysis of the compound and addition of the appropriate acid,
These are vat processes producing zirconium sulfate, acetate, hydrate and
hydrated. carbonates.

Iypical uses of zirconium compounds are:

1, In enamels agd glazes

2. For production of refractories

3o Electrical insulators and dielectrics

4o Support for catalyst

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

6o ‘Possible future use as deodorant, poison ivy cintment and radio=-
opagque substanee

Plant Semples., The major sites of possible atmospheric contamination at

this plant were the furnace area and the cysnonitride oxidation room, Concentra-
tion seamples were coilected with a Filter Paper Dust Sampler and those for
partiecle size with a Cascade Impactor., Sampling rates for both methods were 14
liters per minute, Analysis of the samples was made by the spectrographic method
for zirconium; The filter paper samples were also analyzed for silicon content,
Ten-minute samples were teken by each of the methods in the furnace ares
under conditions that were considered +typical. The filter paper dust sample
showed a total of 190 micrograms of zirconium snd only 6 pg (3.1%) of silicon,
The calculated zirconium air concentration value was 1.4 mg/m3, In comparison
with this value, the air concentration lewl determined fram total sample
collected with the Cascade Impactor was of the same order of magnifude (1.9 mg/m3),

The results of the particle size analysis showed a typically normal distribution




with a mass-medien diameter of 1,51 p, with a corresponding geometric standard
deviation of 2,85, |

The zirconium cyanonitride oxidation room was also sampled under typically
normel conditions, The concentration data showed higher values with S.G'mg/ms i
obtained by a filter paper sample and 7.8 mg/m3 determined from the total sample
collected with the Cascade Impactor. A total of 500 pg of zirconium was obtained
on the filter paper sample but in this case less than 1 pg er‘-approximately 0.14%
silicon was found, Significantly larger particle size was presvent. in this area.
The distribution was typically normal for a mass-median diameter of 3.4 J and a
corresponding geometric standard deviation of 2,52,

If the particle size data are examined in terms of the 'sizes representing
the physiologicelly toxic range of less then 1 p (an assumption based on our
experiemnts relating to the physiologic effects of small particles), the semple
collected in the furnace area showed 35% of the mass concentration to be present
in sizes below 1 Js whereas the ssqu}.e collected in the cyanonitrid’e oxidation
area showed only T% of 'thé mass concentration to be present below 1 m, Recalcula-
tion of the probable effective air concentration, therefore, indicates values of
the same Vorder of magnitude for both areas, namely, 0.7 and U.6 mg/m3, respectively,

Four zirconium bulk samples were also obbained from the plant and subjected
to physical analysis, The particle size and specific surface data ébtained on
these samples are shown in Table 1 (Page 65 ). The samples showed large differences
in particle size as determimed by optical microscope measurem‘en‘t.;s, varying from
s mass-median size of 2,39 p for the pure ZrCl4 to a value of 9;0}1 for the
mass size of the zirconium cysnonitride, Since this latter wvalue was so much
higher than those of the other samples, the optical microscope measurement for

cyenonitride was repeated., In this case a value of 8.8 p was obtained for the

S——
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mass median size, thus checking the original determination, Electron micrographs
of these samples showed no unusual structure and in general confirmed the particle-
size measurements by the optical microscope,

Speéific-surface determinstions by low-temperature adsorptipn of ethane
are reported for all samples except ZrClz. The surface value of this compound
- could not be determined by the adsorption method because it decamposed under the
high vacuun degassing treatment whieh is required prior to eﬁhane adsorption,
The specific-surface values of the remaining three zirconium compounds were in
close agreement, It might be expected that the surface value for the Zr
cyanonitride sample would be extremely low due to the large particle size; however,
this sample showed the highest value of the three, indicating a relatively high
"internal® surface, No evidence of such structure, however, could be demonstrated
at an increased magnification te 18,500xs A porosity value of 111 for this éample
indicates an internal surface at least 4 times as great as those of the Zr0p

and Zr0s.85i0s samples which showed porosities of 29 and 16, respectively,

Medical Histories, According to Dr. Urban, the incidence of illness
among plent workers is rather low and does not differ from that>6f any other
typical manufacturing plant in the industry. At present, a prégram of yearly
x-roy exeminations is in effect., Although this program has not been in effect
during the entire 30 years of plant coperation, only 2 cases of lung damage, of
unproven origin, have been reported during this time, Wbrking personnel averages

approximately 200, |

Summery and Conclusions. No unusual industrial hazerd problems were found

at this plant; Alfheugh zirconium concentrations of 1.4 and 3.6 mg/in:5 wers
found by the Filter Paper Dust Sampler under typical conditions, calculations

showed that these concentrations represent values of enly approximately 0.6 and
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0.7 mg/ﬁs of probable physiologically=-active material, The low incidence of
industrial disease under these planﬁ conditions does not suggest that a mejor,
acute toxicity problem exists with these compounds, -

FOOTE MINERAL COMPANT#*

Processes employed by this firm are fhe following:

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

I1, Distillétiéﬁn; the ZrClyePOClz complex is distilled in a large glass
column at a head temperature of 355-360C 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, :

IIT, Production of Zr(OH)4 - Propyl aleohol (CzH9OH) is introduced under
N5 pressure into a pyrex flask contairing purified complex at 80 C, Hiﬁrcgen
pressure forces the liquid into & vat containing hot water;v The addition of
WHpOH, with a stirring, causes precipitation of zirconium hydrc:ﬁde0 Af'ter
settling, the Zr(OH}4 is washed three of'fbur times with distilled water and
placed into silica trays.

IV, TFormation of Zr0s = the silica trays containing the zirconium

hydroxide are placed in a furnace, having ventilation, to form the oxide,

Plant Samples, The major site of possible atmospheric contamination at

both the research and pilot plaqt was in the area of the disﬁillatién @élumn B

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

and his associate, Mr, Fisher, made arrangements for us to discuss the processes
snd to visit apprepriate sampling sites, '
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head, Samples for béth 6oncen'brati§n and particle size were collected with the
Cascade Impactor at a sampling rate of 14 liters per minute, The atmospheric
contamipant appeared to be an occasional wisp of cloud, indicating mist or wvapor.
Al‘thdugh the a;zmé.l compound present may be a ZrCl,°PO0Clz complex, or a hydrolysis

product, the samples were analyzed spectrographically omnly for zirconium content.

In the laboratory at the still head of a research-scale process, a sainpling
time of 65 minutés was needed, An atmospheric concentration of 0,034 mg/mS was
determined from the total sample collected, A normal particle size distribution
wé.s found with a mass median dismeter of 1.25 F and a corresponding geomefric
standard deviation of 2,08, Thirty-nine per cent ‘of the mess concentration was
found to be below 1 p particle size, The probable physiologicral effective air
concentration was therefore caleculated as 0,013 mg/mso A corresponding sample
was teken at the still head of ’;he large~dismeter glass distillation column
used in the pilot plant, In this area, a sampling time of 52‘mimrvbes was uéeda
The air concentration of 0,044 mg/ms obtained was not considered -sign_ificantly
higher than that obtained in the research area, DParticle sizes Wére larger,
however, with a mass median diameter of 2,29 p and a corresponding geometric
standard deviation of 2,26, For this sesmple, only 16% of r'bh',e mass concentration
was present in sizes below 1 p, resulting in a probable'physiologically effective
concentration of 0,007 mg/m3,

In order to provide & sample. of momentarily high concentration typifying
a still bleock or blow, = one-minute sample was taken during a deliberately
simulated condition., For this sample, an atmospheric concentration of 20,6
mg/m3 was obtained in the immediaté vieinity of the still head, Particle size
distribution showed that the increase in concentration was accomé‘ahied by the

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




89,

corresponding geometric standard deviation of 1,91 was obtained, The percehtage

of mass concentration below 1 p was very low (1%), resulting in a physiologically

effective value calculated as 0,206 mg/mzo

Medical, The operations are carried out under adequate ventilation., Any
exposures that may occur result mainly from leaks at joinits or accidental breakage
of apparatus., The principle hazard appears to include exposure to POCly at the
still head; this has caused miﬁor throat irritation and symptoms typical of &
common "head cold" that may persist for two or three days. Exposures fo ir
compounds are limited to the vapor of the complex at the still head, to periodie
charging ofvstill-pot with ZrCl, end te the manual handling of the insoluble

zirconium hydroxide and oxide. During December, the process was entirely on a

pilot plent scale,

Summary end Conclusions. Because of the newness of the process and the
relatively small number of people employed, no adgquate estimate can be made of
the hazerds involved, Concentrétions in both research laboratory and pilot
plant areas indicated extremely low vglues in the order of 40 pg/mze Smaller
particlé sizes were indicated in the research laboratory areas than in the pilot

plant (MMD 1025 « 2029 plo °

EXPERIMENTAL RESULTS ON THE INHALATION OF ZIRCONIUM COMPOUHDS‘

Animgl inhalation experiments with a concentration of zirconium tetra-
chloride considerably greater (20,5 mg/m3) than that found in the plants confirms
the preliminary estimate of the relatively low acute toxicologic hazard of
zircqﬁium compounds,

Zircoﬁium tetrachloride was chosen for the initisal Séwday inhalation
study because of its widespread industrial usage, solubility in water and relative

ease of analysis by the spectrographic method, Time-consuming difficulties with

——
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dry dust feeds forced thé-use of an serosolizer and a solution of ZrCléo
- Presumably, this solution contained ZrOCls instead of ZrClg, but probably
represents an‘approximatidn of the behavior of ZrCl, in air, The atmospheric
concentration of ZrCly was meintained at a level of 20 mg/m® and an average mass
medien diameter of 0,57 p and stendard deviation of 2.62.

The operation of the chamber followed established Rochester procedure,
_ Animals were exposed for 6 héurs on each week-day, During this time, hourly
filter paper dﬁst‘samples were weighed as a guide to atmospheric concentrations, g
In addition, one sample daily was analyzed spectrographically for the Zr content.
Weekly Cascade Impactor samples were anélyzed spectrographically for the size-
distfibution of +the zirconium in the chamber air.

. A total of 8 dogs, 4 cats, 20 rabbits, 20 guinea pigs and 72 rats were

exposed, Of these, 4'dogs, 20 rats and 10 rabbits will later also be exposed to
"Zr0p in an attempt to utiiizé the cumlative effects of acute sxposures ‘to
gimulate«a chronic, |

Weekly urinary ?rotein determinations on 4 dogs and 4 rabbiﬁs gave only
slight, variable results, |

Weekly blodd nonprotein nitrogen studies on the same 4 dogs and 4 rabbits
gave inconclusive resu}.’cg6 The dog blood fibrinogen levels similarly were
normal,

The 4 doés examined hematologically semi-monthly showed progressive
decreéseé in the count of the red blood cells and an increase in mesn corpusculsar
; volume, Mﬁximai blood changes in dogs were seen at periods as early as 10 days
an& as late as’52 dayé éfter the start of exposure; decreases of red ceil counts

approkimated 1,5 x 108 cells/cu.mmg hemoglobin decreased about 4 gm; mean

corpusculér volume increased 11 to 16 ocu p. One month after exposure, blood




- Tle
- values were within the normal range., Other variables appeared to change at
rendom, Weekly weight records showed little except for a transient loss of
weight smong +the guinea pigs. No histologic pathology is yst available on the

44 animals of 5 species sacrificed terminally nor on 15 rats sacrificed serially

during exposure, Grossly, the only evidences of damage were hemorrhage and

consolidation of the luﬁg of a few dying raté and guines pigs, Members of &
group of 20 rats are being sécrificed at intervals up to 48 weeks after exposure
to determine tissué repaif rate and iirconium.disappearance rate, The tissues
being studied histologically include & complete autopsy for the dog, cat and
_rat, Lung, liver and kidney only are being taken from the rabbit and guinea pige
Analyses for zirconium are being made of’the lung, liver and kidmey of
all animals plus the pulmonary lymph node and femur from dogs, cats and rats.
A group of 10 rats and 10 rabbits was handled in a manmer similar to that
of the exposed animals with/the exception that these received no zirconium
aerosol, These animals serve as a base-line level for control of unknown factors

influencing the criteris studied,
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PROGRAM I.S.

ISOTOPES

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

Authors: W, B, Mason and J., R, Hayes

A@Qroximately'nine ﬁonths ago a cooperative program was instituted which
would make radio-isotopes available to private physiciens in the community.
Briele'tﬁis‘pian is for private physicians to refer patients for diaghéstic
studies 6f thefapy to the radiology departments Qf the cooperating hospitalé,
The patient®s éase is then reviewed by the Isotope Committee of that hospitéi,
and the‘necessary isotope is fequested in a form suitable for aﬁmiﬁistration
to the patients To date, most of the work has been with I*5l and the Cliniecal
Chemistry Section, in addition to stendardizing the isotope and preparing it
for administration, hass also carried out thevlaboratory work necessary for
urinary‘Ilsl studies, with the understanding that this portiéﬁ of the work Wiil
be taken over by the cooperating hospitals as soon as conditions permit,

The present brief report deals only with the laboratory part of the
programaf Durlng the last six months approximately 160 requests fbr 1131 have
heen fiiiedg and urine studies have been done in slmost all instances, The
usuaf{ﬁractice_ig to collsct three urine specimens, corresponding to 0-12 -
‘hours, 12-24 hours, and 24-48 hours after administration of the iscﬁope, The
1331 content is determined by a procedure involving comparison‘With 1131
standards, This technique eliminates decay corrections, and is advantageous
in other respects,l | |

During the course of the present progream, repeat urinary excretion

UNCLASSIFIED
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studies have been done on é fair number of patients, and on +the basis of these
, . ) .

cases it is possible to arrive at a tentative estimate of the reliability of
urinary 1131 measurementé;  The date are from 26 patients receiving both tracer
and therapeutic amountéﬁof I131, who showed no clinical evidencé»of thyroid
instability over the period of less than two months between the two studies,
These patients all had the tracer dosa (usuélly 50 microcuries) before the
“therapeutic dose (6-20 millicuries), ané there was no reason to suspect incomplete
urine collections, The data are not otherwise selected, The standard deviation
between the two values for the total 48 hour urinary 1181 for these patients is
11%. Perhaps a more useful formfof this figure is that the mean urinary 1131
for a given patient will be within t”zq% of the reported figure in 90% of the
ceses, An exemple of two will meke the application clear. Suppose that 15% of
a tracer dose of IL3l ig recovered in the urine collected during the first 48
hours following administration, In/Fhe absence of evidence to suggest incomplete
urine collection, there is & 90% chance that the mean urine output of 1131
lies between 12% and 18%, and interpfetétion is quite ciear provided the clinical
picture is not strongly against the diagnosis of hyperthyroidism., In another
instance, suppose éo%bof the tracer dose is recovered in 48 hours, Here there
is a 90% chance that the mean output lies between 52% and 48%, and interpretation
will depend a gre?t deal oﬁ the c¢linical picture, As more daté aré collected
it may be necessary to modify theAabove figures, but for the present they are
us?fulo |

| In én attempt to deteét the presence of possible aberrent or metastatic
thyroid tissue, 1131 urinary exeretion studies have been oarried‘bﬁt on &

patient dufing the early postoperative pericd following total thyroidectomy for

carcinoma, BEighty microcuries of IL3! were administered and the patient had

UNCLASSIFIED
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‘an in-dwelling catheter to insure complete collection of urine, 1131 studies

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

y full,
, Colléction Urine 1181
X _Period Volume Recovered
1st 6 hrs, 667 ml, 39,.5%
2nd 6 hrs, | : 610 27,1
2nd 12 hrs, . s 17,3
3rd 12 hrs. 588 10,0
4th 12 hrs, 360 - _205
Total 96,4%
The uncertainty in the determinations is believed to be in the neighborhood of
10%, and the results are compatible with complete absencé of active thyroid
tissue%, |
A laboratory training progrem has recently been conducted for the
* interested personnel of the cooperating hospitals, and these grdups are now
t graduélly taking over the defermination of 1;31 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 fto time,
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INSTRUMENTATION (SPECTROSCOPY, ELECTRON MICROSCOPY, X-RAY AND
'NUCLEAR RADIATION DETECTORS, X-RAY DIFFRACTION, ELECTRONICS)

Problem Code: I.N.1 (Research and Development)
Section Code: 3110

Authors ' A, H, Dahl

Quality Evaluation of X-ray Beams by Metal-walled Ionization Chambers,

Baékgroundo For several years the writer has been thinkingkabcut developing
a simple, reliable system for quality evaluation of a heterogenous beam of
x—rays; The systems of half-value-layer, effective waveléngth, and~effectije
energy at best give information only about the primary besm and not the ‘
primaryiplus scatbered beam which is actually producing the eiposure., In
addition, the process of obtaining an absorption curve presents mauny pitfalf%
to anyone but the experienced radiologist and physicist, This was clearly

demonstrated to the writer in reviewing some selected past results at Encheéfer

‘where special studies were made to obbtain low intensities and as monochromatic

8 beam as possible with high amounts of filter (results not published), In °
gttempting to obtain the half-value-layer under these high amounts of filtra%
tion, the results showed high hyalhés;; and the recent estimation of the !
effective energy from the former resultséhé%éd that the effective energy
ﬁould ciﬁCulé%e to be much higher than the peak voltage of the x-ray machiggl
This was obviously not possible, The reason for this error was fhat e
considerable portion of the exposure recorded by the ionizetion chambers

was produced by photons which had been scatltered around the filters, These
errors were not detected since an effort was made only to obtain the "half-

value-layer" and the effective energy was not calculated, This also emphasizes
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the fact that the half-value-layer can, in some cases, be very unrelisble and
_that in many cases the half-value-layef may have ne real significance to the
person making the study, |

| Method, The system of quality evaluation under consideration by the
writer is that of determining the ratios eof feadings from ionization chambers
containing immer linings of various materials, During the early days of

" quantity - measurement of x-ray beam output much effort was expended in determin.
ing the criteria for fabricating energy independent ionization chambers, In |
fact, the standardized use of ionization chambers in quantity measurement of
x-rays was delayed for nearly two decades due to the emergy dependence of the
various chambers used in addition teo the poor quaiity of accessory volitage=-
measu?ing devices, The proposed method of quality evaluation makes use of the
energy dependence of chambérs which incorporate metal liners of average atomic
number greater than 11,

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

In the case of copper liners the thicknesses used were 1,5 mil, 2,5 mil, and
40,5 mil, Comparison of the readings of the chambers with the aluminum liners
to the reasdings from condenser T meter chambers which had no liners and could
be considered as "air-wall", shoﬁed that as filter was added in the port below
the x-ray tube the ratio firstbincreased‘when the thinnest filter was placed

in the port and then the ratio deereased gradually, It had been expected that
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the ratio would decrease continually from ne\filtef’to,heavy filtration since -
the ratio of absorption of x-rays by aluminum to that of carbon, nitrogen, and
éxygen (characteristic of tissue and air absorption) would decrease4with increas-
ing effective energy‘of the x-ray beams., The first inereasevin ratioc from no
filter to light filtration was considered to be due to the fact'that, under
conditions‘of no filter extermal to the tube, the effective energy of the x-ray
beam was very low, Since the chambers were approximately 1 inches in diameter
and the range of the eiectrons released from the chamber walls was less than
the chamber diameter, we did not have total wall effect in thg chambers, In
order to have the system work properly the wall effect must be greater than

90 per cent of the éffect producing the ionization in the chambers.

For this reason pocket personnel chémbers which were purchésed from the
Victoreen Instrument Company were reamed out such that metal liners could be
inserted into the chambers, The liners were made such that thevinside:diameter
of the liners were equal to the original inside diameter of the pocket chambers.
With these chambers it was found that the greater share of the ionization
produced within the chambers was produced by the electrons released from the
walls in the renge of x-ray peek 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 irn the chamber was produced by elsctrons released from the
walls, Thefefores ioﬁization’chambers with inside dismeters less than one
centimeter could be used in this type of quality evaluation in the x-ray peak
energy range of 1G0 to 250 k.v,

In studying the results of the ratio of aluminum-lined chambers to
"air-wall™ chambers it was noted that the ratio increased with decrease in the

effective ensrgy 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 reléased from the aluminum lining would be proportional to v'bhe
x-ray energy absorbed and this in turn would bear & relation to the effective
Y mnass absorptign coefficient provided that the liner thickn;sses were approximately
equal to the range of the most energetic électrons relessed from the saluminum,
>In addition the electrons released into the "air-wall” chamber would bear a
relation to the effective mass absorption coefficient for air, In the range of
100 to 25O-k°v° peak the optimum thickness of aluminum liner was found to be
2 mil with the 1 mil and the 5 mil liners each giving 5 to 10 per cent less
ionization within the chamber,
At present the method of quality evaluation, which is being utilized
in studying filter and scatter conditions under peak x-ray emergies of 100 to
250 k,v., consists of determining the ratio of readings from a 2 mil aluminume
lined chamber to an "airawall“vchamber and using the ratio only as an indication
of the effective energy,  Further studies asre continuing in an attempﬁ to
assigﬁ an effective energy to the ratio of the chamber readings,',Expériments
b to date have also indicated that in the range of 169 to 250 k.v; peak, copper
liners should not be used since the éopper gives excessive weight.fa low
energy photons and also the ratio of copper to "air-wall" chambers becomes 50
high under certain conditions that the rafid'cannof be determined very accurately
with one simultaneous exposure. Studiés‘have alsc indicated that the system
is not very useful in the range below 100 k.v, peak due to the short range of
the electrons released from the walls, However, for therapsutic usés most
x-ray mechines will be operatéd well above 100 k.v, peak aﬁd éome fiiter ié
also used with the'machine; In quality evaluation around the 100 k,v, peak

x-ray machine ratios of copper-lined to Mair-walled" chambers were used at
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first and recéntly the ratie of tin?lined to copper-lined chembers have also
been used to avoid the excessive weight the cop?er’er tin liners give to the
" low energy photons relative'to the %eight given by "air-wall" chambers.

Resultso‘ The primary application for the system was found télbe in the
quality evaluation of the 1000 k,¥e peak x-ray machine, There the problem\gf
reducing the radiation around the filters in making an absorptiqn study is
multiplied several fold since the energy of the radiation is so high, In thé
studies an absorption curve wasifirst,made'with the filter neéar the end of
the x-ray tube, However, it wﬁsymbunted approximately 4 inches below the one
foot thick concrete ceiling which surrounded the x-ray tube., As shown on
curve A of‘Figufe 1 (Page 80), & straight line portion could.not be obtained’
on a semi-log plot of the absorptian curve even up to lﬁ-inches of lead,
Simultaﬁeous with the gathering of data for the absorption curve, the ratio of
readings of a copper=lined chamber to an "air-wall" chamber was obtained and
the results are shown in curve A of Figure 2 (Page 80),

As previously statéd, the lower the ratios of feadings of the copper=
. wail to "air-wall" chambefs, the higher is the effective energy‘prodﬁcing the
exposure on the chambers; As shown by curve A of Figure 2, the first %-inch
of lead filter mede the beam slightly higher in effective energy., However,
further additions of lead filter made the effeetive-enérgy_muéh lower.  This
indicated that curve A of Figure 1 wﬁs not a reliable‘absorption‘curve since
considerable scatter was coming around the side of the filters, An attempt
was then made to re&uce the scattef around the filter and this was first done
by moving the filter close to the x-ray tube such that the boftqm lead filter
was flush with the bottom of the concrete ceiling, Curves B of Figureshl and

2 resulted., Following this & one foot wide,-% inch thick strip of lead was
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3
Figure 1, - Absorption curve Figure 2, - Batio of copper-lined
for lead on 1000 k.v,p. machine ‘ chamber readings to graphite-lined
chamber readings
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mounted on the concrete ceiling around the port opening into the exposure room.
Below this a-% inch thick sheet of lead was mounted over tﬁe port with a 6
inch dismeter centered hole thereby acting as a diaphragm for the x-ray beam
entering the exposure room., The absorption curve was then determined with the
filters mounted above the diaphragm and curves C of Figures 1 and 2 (Page 80)
were obtained,

In another applicétion e study was made of the effective energy variation
between locations near the diaphragm mounted on the ceiling and the various
positions between the ceiling and the concrete floor of the exposure room (the
exposure room being.approximately 9 feet high), The ratios of tin-lined
chambers to copper=-lined chambers varied from 1,2 near the diaphragm to 1.6
én the fleor, There was a continuous increase in these ratios as the chambers
were moved from the ceiling to the floor of the exposure room, This indiceted
that the floor was producing a great deal of scatter, Four feet by four feet
pieces of lead of wvarious thicknesses were placed directly benesath the metal
chambers which were mounted one foot above the flbor; and it was found that
1/8 inch of lead reduced the ratio from 1,54 to 1,34, Further thicknesses of
lead on the floor would not decrease this ratio thus indieating that lead of
;/16 inch maximum thickness would be very helpful in reducing the scatter from
the floor and making the exposuring beam the hardest possible for any one
condition,

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

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

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

Problem Code: I.N,1 (Research and Development)
- Section Codes 3110

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

Ionizing Radiation Dosimeter,

Badkgroundo This report indicates the feasibility of a new type of
high range ionizing radiétion désimeter, commonly known as a casualty- dosimeter,
‘This dosimeter is based upon the increase in conductivity in the water layer
of a water-carbon tetrachloride or waber-chloroform system sealed in a
fountain-pen-sized, 1ight-opaque; pyrex-glass-lined capsule? Dosage 'is readh
by a portable electronic deviee based upon the Q-meter in‘principle, increas-
ing condﬁctivity following irradiation produces éorrespondingly greater
electrical losses in the meter circuit., Thesse losses~;re read on a dial
calibrated in r units,
 fEis instrument is frankiy based upon the colorimetric dosimetér developed
By Taplin and Doﬁglaé (1,2)» Taplin and Douglas have develcped, ih =1 éreliminary
. form, a dosimeter based upon tﬁe reported linear relationship betwéen the scid
evolved frem chloroform and the~enefgy aﬁsorbed by its A two phase system
measures the acid produced colorimetrically, After radiation, the acid
liberated diffuses into the agueous phase, reducing the pH and changing the
color of the dye (brom cresol purple)o lCompared with its Taplin and-Douglas

prototype it has several probable advantages and at least one poténtial
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disadvéntageo

lo In the Taplin and Douglas instrument the color change occurs chiefly
at one value éf dosageo Thus a separate chamber must be included for each
dosage that it is desifable to measure, In contrast one liquid chamber in our
instrééent is sufficient to measure any radiaficn dose from 50 to 1,000 r, |

ZQ.VOur instrument has the 1ight excluded even during dosage reading.

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

pH sensitive dye and must be observed visually for reading purposes. It has
not yet been cenclusivély proven that this éosimeter is stable for periods. of
months or years under these conditioens. ’The simple *two phase system with
light excluded has potentially & longer period of usefulness.

3o Our instrumEnt réported here needs an suxillary electronic instrument
for reading purposes, not required with the visually read Taplin-Douglss
instrument, Such a reader, it is believed, éan be developed thaf will not be
expensive to construct, light weightgvand easy and rapid to usés possessing
the advantage of giving exposure dirsectly on & calibrated meter., With one
meter meny dosimeters can be read, probably as rapidly as 5 seconds per
individual dosimeter,

Method, This work was based upon the idea that the developmental
program of faplin and Douglas on a doéimetric‘dosimeter might be usefully
supplemented if a reader could be producéd‘independent of visuel observation
and without the incorporation of a dye, It was felt that these two factors
might limit the stability and accuracy of the Taplin snd Douglas instrument,

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

permanently sealed into a glass capsule containing the two liquids, Both of L
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these effects are of a magnitude sﬁbject to sasy measurement, For example, our
measurements in preliminary experiments showed a change in pH of the water
layer from 6,05 to 3.4 when approximafely one to one ratios of weter and
chloroform were irradiated with 500 r of x-rays from a 200 peek k.v. generator,
‘Similar experiments with C Clé- water filled tubes‘gave‘pH changes of 6.1 to
4,0 following 500 r., Such order of magnitude results are consistent with-

data reported by Taplin and Dcugias°

Measurements of conductivity in water following the irradiation with-a
450 r dose of equal volume mixtures of CHClz and water show chaﬁges in
conductivity of from 30,000 ohms for non-irradieted controls to 400 ohms
following irradiation.

As a means of reading electrical conductivity of prototype dosimeter
tubes with built-in electrodes, a light portable battery-powered AC bridgeﬁwasi
constructed, A 1,000 cycle oscillator utilized a 154 tube. Detection of
bridge unbalance was made with earphones, No amplificatién Was necessary.

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

The problem of a design of dosimeter with built-inVconductivity,electrodes,
cheap and easy to manufacture, has,'hdwevers not been sol#ed° The apparent
necessity of using platinum electrodes, fabricated with fair preéision,and
sealed in pyrex glass, suggested that this dosimeter may be sameWhaf more
expensive to produce than is desirable,

When preliminary experiments indicated that by utiliziﬁg radio=-frequencies
in the neighborhood of 10 megacycles, the use of'intefnal eleétredes might
be entirely eliminated, work was extended in this direction; |

Studies on Radiofrequency Detection of'Conductiviﬁy; To achieve

maximum usefulness an individual casuality-type dosimeter ought to Ee cheap,
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menufecturing cost under a dollar and preferably not more than a few cents,
easilyvmanufactureds rugged and with 8 long "shelf" life, Providing =
satisfactory "reading" apparatus can be developed, s dosimeter in which
conductivity is read by rédiofrequency means without electrodes sealed into
the liquid compsartment has distinct advahtagesa The dosimeter is reduced to
“the simple form of a small pyrex glass tube, probably encased in a thin
envelope of opaéue plastic to prevent exposure to visible and ultraviolet
light and to add ruggedness to the dosimeter,

To investigate the feasibility of radiofrequency condugtivity measure~
ments & commercial type radiofrequency bridge was utilized with & standard
signal generator end receiver equipped with an "S" meter., Typical of ecapsules
tested were pyrex tubes 10 inches long, 1 inch in diameter, 7/8 filled with
equal parts of carbon tetrachlcride snd water, A typical frequenéy used was

5 megacycles, The water phase was placed inside a coil, 30 turns and 4
inches long which made up the unknown arm of the bridge. Separate readings
of L and R were obtained, The L readings, in general, were cbﬁstant for a
given coil and geometry of dosimeter tube, The R reading obfained depended
upon the radiation dose that the dosimeter has received., It seemed obvious
that a reader of this type could be developed gsensitive +o & radiation‘dose
of 25 r or less, It probably would bé entirely feasible to develop porteble

reading apparatus based upon this principle,

Study of a Q-Meter Type of Detector. It was noticed that the L end
R readings on the bfidge could be interpreted in terms of the Q of the coil
in which the dosimeter is inserted, Ghaﬁges in conductivity give rise to
changes in Q, The feasibility was, therefore, investigated of constructing

e dosimeter reader based upon the principles of the Q-meter such as Beontown
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model. In principle such a reader comnsists of a radiofrequency oscillator
feeding a signal into a coil into which the dosimeter tube fits, With the
dosimeter in the coil and the coil circuit tuned to resonance, the voltage
developed across the coil is thevoriginal fed voltage multiplied by Q. This
final voltage is read by a high impedance vacuum tube volimeter, Increases in
dosimeter fluid conductivity would be indicated as decrease in this output
voltage read by the vacuum tube voltmeter,

A dosimeter reader based upen this principle has been developed and
found to have adequate semnsitivity for the desired purpose, Figure 1 (Page 87)
gives 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 impedeance load is accomplished by a single turn
on the coil form, The oscillator frequency is 10 megacycles,

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

A standard electrometer type of circuit was adapted for use as the
vacuunm tube voltmeter, This provides the necessary high impedsnce input ﬁo
prevent loading down the coil, The tube is biased well below ;zut--offo
Changes in the electromeber 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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It appears feasible to aesign a small, rugged, light weight, and
relatively inexpensive dosimeter reader based upon this principle, The unit
illustrated in Figure 2 (Page 88) is 4x6x6 inches and weighs under three
pounds, It is the first experiﬁental unit constructed and no great effort has

been expended to increase sensitivity and portability.
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Problem Code: I.N.2 (Service)
Section Codes 3150

Authors ILis T, Steadman

1. 73 chémber air samplés were analyzed for zirconium

2. 4 air dust samples were analyzed for beryllium

3, 212 animal tissues were analyzed for beryllium

4, 4 animsl food samples were analyzed for berylliﬁm

5o 15 human autopsy samples were anélyzed for uranium and beryllium
6, 25 chamber air samples were analyzed for thorium

7. 7 miscellaneous samples were amalyzed for constituent elements
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EDUCATIONAL PROGRAM

Problem Code: None
Section Code: 3480

Authors J. N. Stennard

T‘Radiologiealthysics Course, ﬁuring this quarter the final phases of +the
academic program were campleted, A course entitled Practical Rgdiolégical k
vPhysies-was givén under the direction of Assistanf‘Professer'Mermégen and Mr,f
Hbyt Whipple, An outline of lectures and laboratory exercises félisw (Pages 91-
92)° It'will be noted that this course tekes up in order the more urgent
practical heﬁlth problems resulting from the pfeparation apa uée 6fyfissionable
materials in the releasé of'nuclear energy. In addition, some iﬁstfuctioﬁ in
meeting hospital x-ray and radium problems is included,

The préctical training for fi#e éf the group is being continued at
Béookhaven National Laboratory this summer umder thé auspices of their Health
Physics Division, Owing to lack of housing at Brookhaven, those students with
femilies are remaining in Rochester this summer to pursue research problems,

All students began preliminary resesrch inveStigétions during the quarter.

A list of these is attached (Page 93).

Edycational Facilities, Transfer of nearly all educationaivactivities

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

expanded student body is under way.
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PRACTICAL RADIOLOGICAL PHYSICS

LECTURE SCHEDULE

Monday and Friday - 10330 A.M,, Tuesday and Thursday - 9:00 A.M,

Mey 1 teo June 9, 1950

Topic

Introduction and History

Ea'ximm Permissible Exposure

Units

Bragg~Gray Principle

Principles of Measurement

Factors in Design and Use of Instruments
Survey Instruments

Survey Methods

Radiosctive Laboratory Design
Excretory Methods for Bio-Assay
Hematological Bio-Assay Methods
Discussien

Quiz

Waste Disposal

X-ray Instellation Safeguards

Pla.n‘l; Health Physics Hethods
Correction of Substandard Cendi‘tions
Shielding

Atomic Disaster

Seminars Experiment Summaries
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Lecturer

Mermagen
Mermagen
Whipple |
Whipple

Mermagen

Whipple

Dahl
Whipple
Andrews
Stannerd
Ingram

Staff

Bale

* Mermagen

Nermagen
Whipple
Whipple
Howlend

Students
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- Topic . Lecturer
. Summary, Review and Discussion ‘ Staff
- Examinetion
X
LABORATORY SCHEDULE
Tuesday and Thursday - 1:00 - 5:00 P. M,

lo Photographic Dosimetry

2o Photographic Dosimetry -

3, Imstrument Calibration

4, Beta Activity Analysis

5o, Decontamination

6. Practical Laboratory Survey
) 7. Cyclotron Neutron Measurements
. 8o X=ray Calibration of Low and High Voltage Generators

9, X~ray Shielding

-
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A,E.C. RADIOLOGICAL PHYSICS FELLOWS

RESEARCH ASSIGNMENTS

February 24 through June 9, 1950

photometer for the study of project
metals :
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Problem Instructor
Geo, M, Angleton Spectrochemical methods for determina- Steadmen
tion of fission products
Wm, J, Bair  Protein synthesis with radiocactive Miller
emino acids
Robt. F. Barker Extension and amplification of current Stennard
tolerance calculations for internal
emitters
Stuart C. Black Depth dose determinations Hermagen
Jom C. Gallimere Aggregates and radio-colloids as Boyd-Stennard
factors affecting distribution of
radioactive materials in the body
(Autoradiographic attack)
Paul D, Shandley Radium-radon determinations Hursh
Geo, A, Simon | Spectrochemical methods for determine- Steadman
tion of fission products (different
substances than used by Angleton)
Lawrence Thomas 'Aggregates and redio-colloids as ‘Stannard-Boyd
factors affecting distribution of
radioactive materials in the body
(correlative physical measurements)
Theodore Watanabe Electrommicroscopy of soft tissue with Laskin
particular reference to the respiratory
systenm
Donald Morken Development of sm enalytical fluoro- ¥euman




- TECHNICAL REPORTS ISSUED FOR DISTRIBUTION
Classified For 0fficial Use Only or Lower

April 1, 1950 thru June 30, 1950

1 . Subject
Report No, Title Authors - o Category
UR~103 Quarterly Technieal Report for October. 19 Blair Health
1949 thru December 31, 1949 . and -
(FOR OFFICIAL USE ONLY) Biology
Issued: April 11, 1950 :

UR-108 "The Removal of Uranium Compounds from Carlson Health
Cloth, A Laundry Problem" Neuman and
( UNCLASSIFIED) Biology
Issueds June 18, 1950

UR=109 "Beryllium Complexes with Naphthazarin Underwood Chemistry
and Alkennin® Toribara Genersl
(UNCLASSIFIED) Neuman
Issueds April 4, 1950

UR-110 "Bone as a Problem in Surface Chemistry" Neuman Health

. (UNCLASSIFIED) and

Issueds April 19, 1950 Biology

UR-111 “The Isolationm of Morin as a Reagent for Bonner Chemistry
Be Analysis" ' General
(UNCLASSIFIED)
Issueds April 19, 1850

UR=113 "Pilot Experiments on Indications of Casarett Health
Radiation Sickness and Comparison of : and
Lethal Doses of X-rays for Rats and Biology-
Dogs at Intensities of 160 r per Hour
and When Delivered in 24 Hours"
(UNCLASSIFIED)
Issueds May 23, 1550

UR=-114 "The Surface Chemistry of Bone 1II, Neuman Health
Fluoride Deposition" et al and
(UNCLASSIFIED) ' Biology
Issueds dJune 1, 1950

UR~115 "Effect of Polonium?l® and Selenium’® Wetts Heslth
in Experimental Schistosoma Mansoni McConnell end

3 Infection in Mice® S Biology

(FOR OFFICIAL USE ONLY)(Declassified)
Issued:

June 2, 1950
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. , : ~ ' ‘ Subject
Report No, : Title ; Authors Category
‘ UR=116 Quarterly Technical Report for January Blair Health
b 1, 1950 thru March 81, 1950 and
s . ( FOR OFFICIAL USE ONLY) : Biology
§ Issued: June 29, 1950 '
UR=117 "A Kinetic Study of Normal and Hurwitz Health -
‘ Uranium Inhibited Hexose Metabolism and
in Yeast" : Biology
( FOR OFFICIAL USE ONLY)(Declassified) ' '
Issueds Jumes 2, 19560
UR-~119 "The Radium Content of the Body for Hursh Health
Individuals with no Known Occupationsal Gates and
Exposures” Biology
( UNCLASSIFIED)
Issueds dJune 30, 1950
UR=~120 "The Relationship of the Cell Surface Rothstein Health
to Metal, VII, The Chemical Nature et al and
of Uranium-Complexing Groups to the : Biolegy
Cell Surface®™ 7
(CONFIDENTIAL) (Declassified)
Issusd: June 23, 1950
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