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EXPLANATION OF PROGRAM AND ‘PROBLEHM TODSS

The scientiﬁ.c work of %the University of Rochaster Atomic Ensrgy

.,“ i

Prcjoct has been coded at the program and problem lovels. The provfams o

.in general, indicate broad fields of investigative or service activities

e. the problems indicate divisions of these fields, Although ro cone

m on chemical toxiocity of uranium, for example,, hes been broken -

1nto problems aocording to the dlvia::.ons commonly employed by toxi- |

The problem codes are not related direc'bly to the adm:l_niatrative
D gmization of the Projecto Consequently, the smllest administrativo
?:, the section, my work on more than one of the coded problems, Conc'
ur;olj, wmores then one section may work on the sams codad problem, Tha
"1":'18tmtiva organization will be ipnored in mking this qmrterly re-
of our rasearch and gorvice activities, all meterial being assembled

'."aooording to the progra.m and pr o‘blem oodesc The contribution of each sec-

It has not been posciblé'to code the problems sgffioientiy broadly

\;'i'.void ell overlapping. Ia caaes in which variouz parts of a given ine

o _fst:lga.tion might be ooded dif*‘eren’clyo the whols work was coded aooording
uto its prinoipal gubject matter es- long as the minor subjeots wers rela-

t:l‘vely unimportent, Otherwise, the work wus divided undor appropri&to codos.
p"‘:‘ . .
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FROGRAM ARND FROBLE: CODES

ie ZsR.  JOLOGICAL EFFECTS OF EXTERFAL RADIATION (X<BAYS AND 7 BAYS)

PRV

Z.:Rel 9olerance Studnes (Doss lovels, survival time,
gross and histo=pathciogy)

Z«Ro2 Mechanism of E:’fects (phy'siological and biochemical)
Z.R.3 Therapy (msasures against radiaticn effoots) '
X.Ro%¢ Hematology

LoRoS Genetics (histogenetics)

Z:Ro6 Embryology .

ZoRo7 Baoteriology and Inmunology
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BIOLOGICAL EFFECTS OF 'EXTERNAL RADIATION (INFRA<BED & ULTRAVIOIET)

*il. RoM, 2I0LOGICAL EFFECTS OF RADIOACTIVE HATERIALS (CONPACT, INGESTION, ETC.)

B.Ha.l Polonium
1:Mo2 Radon
2.M.3 Thoron

| 2.M.4 Miscellaneous “roject Materiels

Te Jo TRANITM
Gel Physical and Cheuieal Proparties
.2 Toxic Effectz (dsescription of ecuts ond chronie toxicity)
U:$ Zoxie Limits (recpiratory; oral; skin; ayas parenteral)
Vo4 Fato {distribution ernd excrotion)
0.5 Mochenism of Doxic Bffoct

5.8 Mothods or Istecuicn of Poigoning, Srophyiaxis, freatmant,
and ProtGoction
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Phyeical and 6hesioa1 Proporties

Foxic Effects (dssoription o acuts aﬁd chronic toxioity)
Toxic Limits (respiratory; oraly sking oyes rarenteral)
Fate (distribution and excretion)

Yechanism of Torie Effeect

Mathods of Detection of Poisoning, Prophylaxis, Treatmsnt,
and Protsction
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Th

1

2
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Physical ond Chemical Proparties

Toxic Effects (cssoription of acute end chronic toxicity)
Toxic Limits (respiratory; oral; skin; eye; parenteral)
Fate (distribution ead excretica)

Mochanism of Toxric Effect

Th 6 Methode of Detection of Poisoning, Prophylaxis, Treatment,

end Protection

VII. F. FLUORIDE
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72
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Physioal and Chenieal Proportics

Toxio Effaects {deseripiion of nouts and chronic toxioitﬁ)
Toxic Limits (wesciratory; oful; skin; oye; praremtaral)
Fato (distributicn and exerction)

Mochanism of Toxie Effect

¥athods of Detecticn of Poisoming, Propaylaxis, Treatment,
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XIII,

IX.
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Xl.

XII,

Xiv,

1.8,
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SoM.2 Foxic Effsocts (desoription of acute and ohronic toxieity)

SoMo3 Toxic Limits (respiratory; oral; sking eye; parenteral)

S.le4 Fate (distribution ard exorstion)

S.M.5 Mochanism of Poxzic Effect

S.M.8 Mathods of Doetaction of Poisoning, Prophylaxis, Treatment,
and Protsction :

ISOTOFES

I.S:1 Tracer Chomistry
1.5,2 Radicautography

1.5.3 Sherapy

0.S. OUTSILE SERVICES
P,H, FROJECT HEALTE
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ORGANIZATION

Atomic Energy Project
THE UNIVESITY CF ROCHESTER

I. DIVISION OF RADIOLOGY sND BIOPAYSICS (S100); WWilliam F. Balo

Section Code Section ) .
3110 | Instrumentation -
5120 . Tracer Cienmistry
3130 Radiation Fhysiology
3140 Radiatioa Chemistry
3180 Spectrosopy
3160 Radintioa Mechanios
3180 Wetabolism

Sectior Head

John B, Hursh

John B, Hursh
Thomas R. Foonan
Eurt Salomon
Luville T, Steadman
Frencis Wo Biahop.

Samuel H. Bassett

II. DIVISION OF FHARMACOLCSY AND TOXICOLOGY (32C0): Earold C. Hodge

Ssation Cods Seotim
3210 ' Industrinl Hygiens
3220 | Bicohemisiry~
3230 Ingestioa Texicity -
3250 | Po.thblogy
5260 Faysiologzy

III, DIVISION OF MEDICAL SERVICE3 (3300)s dJoe W. Howland,

Seotion Codse Seotion
8310 ' Industrial Ssrvice
3311 Ingustrial Survsy
3312 Ciirical Problems

Section Head

Barbert €, Stokinger
#illiom F. Neuran
Elliott laynard
Jamss Ko Scott

Aser Rothste;ln

HoDe

Section Head

Jo Russell Hayes
Jo Russell Hayos

Joe W, Howland
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3320 Health ihysies

Jd. Russell Joyes

5330 ¥rojoct dedical Servies Joe ¥, Howiand

IV. DIVISION OF DIVERSIFIED FRUBLEMS (3400); Ienry fo Blair
Section Head

Section Code Seetcion
3402 ’ Embryology _ Jamass Wilson )
3410 tiouse Gunetlos ' Dopald R, Charles ;
3420 Surgary Faul E. Bekers

V. DIVISION OF ELECTIVE RESEAICH (5500)s ienry Lo Slaif

2 ;;!;
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Irradiaxions
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DECLASSIFIE?
FROGRAN' XRo

SIOLOGICAL EFFECTS OF EXTERNAL BADIATION (X-RAYS ANDY BAYS)

Problem Codes XoRel (Zolerance Studies)

Section Codeg 3130

The Susceptibility to Aoute Irradiation as inﬂuenced by Previous Chronis

Backgrounds In the momthly roport for January 1947 (14-1945) the
Radiation Fhysiology Section reported oxpsriments designed ‘to investigate
the effect of previous chronic x-irradistion on the tolerance of rats for
acute x-irradiation.. The experiments reported below differ from the earlier
work in that longer chronic exposures are produced before testing with the
acute expogursd, . ‘ T

Mathod: Reference is madé to the monthly.report for January 1947
(14-15457) Tor datails concerning ths experimental msthod. Essentially the ..
design of both oxperiments is the sama. Groups of albino rats, containing; ..
equal numbers of each sex, were irradiated with 250 kilovolt roentgen rays~
daily except Sundays for e given number of treatments. The daily dose ~ .=
wag oeither 10 r or 20 v, After a specified number of treatments, the )
irradisnted rats, together with a suitable control group, were expesed to .
600 r. The half-walue layor of the irradiation was the ‘same for both chronic
and acuts oxposures. Totzl and differential leukocyte counts were done on.
eight rnimals randomly selscted from each group during ths week preceding
acute irradiation.

Reaultss The group desmignations and chronic treatment schedule are
shown in Tabie I. '

TABLE I

Original
: Humber of .
Group Animals . Treatment
IIT NCA e - 16 10 r/day for 75 exposures '
I1II HCA b N 18 10 r/day for 150 exposurses
I7 EOA e ) 16 20 r/doy for 76 exposuros o
IV HCA D 5 16 (a) 20 r/day for 160 exposures
vouas 16 0 r/dey for 75 exposures
TN T | 15 (S) o r/dey for 150 exposures

MECLASSINE® e



(b) One animal died prior to acute irradiatien

(a) Two animals died prior to aouts irradiation

13,

In Table II ere shown the hematological data for each group, just
prior to the acutes irradiation. .

@roup
III NCA & & D
IVRCA & & D

VEAa&D

IIINCAa &b
IVRCA2 & b

VNCAa &b

IIT RCGA b -
IVECA D

¥ RCA D

*Counts done on lnet five asys of ohronie oxposurs,

TABLE II
Jotal

Laukooytes -

(per on.mm)

Treatmont Xean-Value
10 r x 26 12,969 .
20 r x 26 8,672
Control 19,897
10 r x 76° 13,603
- — <]
20 rx 75° 10,938
Control 23,388
10 r x 150 22,438
20 r x 150 12,144
- Conmtrol 25,757

Abgelute
- Boutrophils
(per ou ma)
Mear Yalue -

4312
35683

5436

5063

4658

8184

9021
4401

$083

Absolute

Iymphocytes
(per cu mm).

Mean Value

8,428

- 5,000
24,286

In Table II mean walues which differ significantly from their

respsctive ocontrols are umderlined as follows:
8ignificant

Fighly significant (P < ,01)

e
Lt

{.C68> P>.01)

UR
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" TABLE III
Ksan o
Loukooyto Cumulative Group Mortality
Count (in por cent)
Group ' Exposure (per ou mm) 15 dnys 30 days 60 days
III¥Aa  75x10F 13,608 18.75 81,25 31,25
IVHCA a 7% x 20 r 10,938 50,00 62,50 82,60
V XCA 2 %x Or 23,388 6025 8,25 8026
IIT HOA b 150z 10 r 22,438 6025 25,00 37,50
IVECA Y 150 x 20 ¢ 12,144 - 36,71 57010 71.40
VERCAD 50x O r’ 25,757 T.14 7,14 14.29

The mortality data from this expsriment and that previously.ro=
ported have been combinaed in Table IV,

TABLE IV
S0 ij
Hortality
Treatment {(psrcont ) Ratlo Significance of Ratlo
50 x 20 7 10 . 0080 Yot significant |
50x 10 r 15 _ 0,75 .got‘significant
100 x 10 r 45 1.50 - Hot sigaificant
150 x 10 r 25 §o46 Doubtfully significant
7B x107 . 81,85 5.00 Doubtfully significant
A50 x 207 57410 7090 Significent
75 x 20 r - 62550 10,00 Highly significant

Porcent mortality, experimental group.

Percent mortelity, cppropriate control group.

DECLASSIFIED
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16, DR

Discussion:s Based upon the data presented in Table IV, it may be

concluded Tt chroniec irradiation at levels of 20 roentgens per day for
75 or more treatments significantly inoreases the susceptibility of the rat
to acuts irradiation., Irradiation at 10 rosntgens per day may increase
susceptibility to acute irradiation after 76 treatments. Sinca susceptibility
to acute irradiation was tested at only one dose level, there is still the
possibillity that a shorter series of treatments and/or s lower daily dose of:
chroniec irradiation may inoreass susceptibility to a diffsrent doge of aoute
irrediation. On the baais of these limited data (including tha hematologie -
cal finding in Table II), it would appear that chronic irradiation at levels :

" of 10 and 20 roentgens por day will produce definite changes in the dlood !
pioture before a significant ohange in the susceptibility to acute irradis- :
tion occurs.

Problem Codes XoRo2 (Mechanism of Effects)

Sgction Code: 3140

. Oassification of Irradiated Birds;

Backgrounds It has been known for some time that the sexual cyole . -
of the pigeon 1s closely related to ossification in the long bones. At a 7
certain stage in the cverian cycle, ossificatlon of the long bones is augmﬁntod
.to guch an extent that the marrow cavity mey be almoast obliterated., At a
later atage of the sexual cycle, this bone is progressively resorbed until . '
the norml condition is attainsdo

In earlier experiments pigeons which had besn irradiated with x-
radiation at various dose levels were autopeied, The observation was made
that, despite extemsive atrophy of ths ovaries, the long bones were at the
stage of maximum ossification. Since the effect of irradiation appeared to .
be that of injuring the owary without affecting ths long bone proceas which = .
has been belisved to be dependent on the normal. function of the ovary, it me
was Telt worthwhile to conduct furthor ssporimsnts. The experiment reported o
below 18 the first in a seriss for which the time of irradiation will be
controlled with respest to the phase of the ovariaan cycls,

. Methcd: The ovarizn region of two femalo pigeons was irradiated with
5000 units or x-rediatlon thres hours after the first egg was laid, At this
stage of the ovarian cyele, the complementary long bone picture charaoterise
ticelly showsg s predcminence of osteocclasts ca compared with osteoblastseo

This stags escemad to bs a sultmble one for irradiation sinos the
long bons ossification processs was near a minimum. 3oth pigeons were sacri-
ficed 30 hours after the Pirst egg vas laid (27 hours post-irradiation), and
the axtent of the corrsiation between injury to the ovariss and failure of
tha norml growth of tho ossgit'lcation process was studisd histologically. . e

PE36390
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Resultss

Bo CquJCal rFlnc.a.n;;g:cu Chemical arzlysis cf the blood for cal-
cium conten’ revealec tuss rediation had not affected the calcium level
which was 15.2 mge. per- ccn* end 18,9 mg, per con? in the two pigeons re-
snecti?slv these values cgree with those reporied in the literaturs for

the stage invostigeted, end again substantiate our previous obse*vuulonu
thas irradiation of the order of magnitude employsd doos not effect blood
calcium loveis in pigeons.

b. EHistologioal Findings: In comparing ovarian fcllicles of
ths irradiated pigeons.(S-3 and Sez} with ovarian follicles {ron o none-
irredinted fezale pigson not in the egg=production p riod (S=01), mo aig-
nificant differences wore. prcsento Small numbers of degsnerate epithelinl
¢ells wero scattored throughout the mucosa of the oviduct in Sl and S<2¢ c.o
The shell glaends of these pigeons apneared normel o

- An examination of the fbmoral bone sactions revealed a stage of
rather marksd destruction cof the medullary bone which had at one time formed
trabecular network throughout the femoral marrow.  In the bone marrow the
osseous trabeculae were present throughout the cavity, but in many cases
were thin, ragped, washsd-out, and disconnected, brokea up into small
pleces, having lost the formatién of an intercommunicsting network. The
trabeculas, or pieces and bars ol medullary bone, were generally rether
strongly basophilic. Ths medullery bono had practically lost all connsction

‘with the bone of the sh&fto

The desbruction of medullary bono reflected the rather marked
osteoclastic activity, Thers were relatively la;ge numbars of ostsoclastz
as compared with osteoblacts, and very 11ittlo s if any, new bonc was oslng
formed. Much of the medullary bons was covered with os»eoclasts, one
long and stratched out to one celil thickness and others compact, more round,
and collected, with varying zurbers of nuclei, Considerable numbers of
osteocytes were in wverious stegss of liberation from thoir lacunse by the
disgolution of the ocseous moiriz, and soms were in the act of fusing with
osteoclnsts, he merrow Spaces unoccupied by boins conteined hemopoisetic
tiszus, :

Disousgiong Ths proliminary experimsnt raported above obviously
needs to be suppiemented by cxamination of a non-irrediated femmle pigeon
sacrificed 30 heurs cfter the first egg 'is lald. Suvoh an expsriment will
be porformsd as soon as thd pigeons have finished their moulting period.

' - Pending this crucial ocomparison, ne definite conclusions can be drawn. Fure

ther expsrimentc ore planned at different radiation dose levels end with
verying intoervels before secrifice.

~ ] -
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Problem Code: Xo.R.2 (Mschanism of Effects)

Section Codes: 31560 oo

Absorption Spectra of the Blood of Irradiated Animals:

Background: This work was done a3 rart of a general program de-
sizned To EEF Tight on the mschanism of injury from x-radiation. The
spacific objact of the pilot experiments reported below was to find out
whether thers were any changes in the blood plasma detootable by absorpe-
tion spectrum measurements when enimals were given relatively large doses
of irradiation. \

Yothods Three adult rabbits were irradiated with single doses of.
250, 500, and 1000 & units of x-radiation respectively. The animals were
sitting in wooden boxes and received total body radiation, The targst te
skin distance was 40 ocm., the filtratlon was 0.5 mm. Cu and 1.0 mm. Al,
and the tube was operated by 140 k.v,

Initial blood semples of about 20 oo. were taken from each of the
three animals. Six days were then allowed before irradiation in order that
cells and plasma proteins might be regenerated. A seocond esat of blood
samples was taken a few hours after irradiation and a third set was taken
a few days later as shown in the accompanying tables. These samples were
all by heart punoture. The rabbits after irradiation reoeived no care or
treatment differing from that of storage animals,.

Sach blood sample was divided 1nto two perts, One part was allowed
to clot so.that serum was obtained, the other.was subjected to & plasma
protein separation procedure, outlinsd previously in Report Ho. }i=1973,
whereby tho more or less conventional fractions designated as albumin,
pseudoglobulin, euglobulin, and filtrate were prepared and kept in solu-
tion. Appropriate emounts of these samples, were examined for their
absorption spactra in the ultraviolet, visible, and infra-red regions of
tha optioal aspectrun, '

For the visible end ultraviolet a Bausch and Lomb medium quarte
spactrograph with sector photomstser was used. The absorption cell length
7as 5 cme In genoral, serum samples, about 3 cc., were diluted with water

U1 end to 0,01 thair original concentrations, At the higher concentra-
tion toms eamples showed oxyhasmoglobin due to hemolysis but this was not
relatad to the irradiation.

With the lower concentrations the charscteristic protein absorption
curve which has a brosd msximm at 2750 A was obtained. Ths plasma frac-
tions in 5 cc, solution were generally diluted to 0.2 or 0.1 the concentra-
“ion. Similar protein curves were obtained for each including some protein
~vgorption in the filtrate. Ths optical densities for ths maxima of the
zbsorpiion poaks are listed in the tables. The optical demsity 'is related
©0 the uass of the protein pressnt and for a given fracti on ig proportional
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to the amount, but diffsrent proteins cannot be compared without lnowing
the specific absorption and this we have not worked out as yet for ths con-
ditions of the experimental procedurs.

For the infra-red measuremsnis a Beckman IR-Z spectrometer was used,

About 5§ cu. rm. of the samples wers slowly dried on thin sheets of mica

- producing & deposit about 3 mm, in diameter. The nbsorption spsctrum from |
1 to 9 miocrons wes obtained on the mioca elons and then on the mica plus
sample. Bacause of absorption in the mica a small correction is necessary.
The protein fractions are characterized by ourves having bandseat 3.3 and
7.2 microns whersas the serum has bands at 3.0 and 6.2 microns, and is .
different in appsarence. &gain the densities of the pealks are recorded in
the tables for the various samples and, although the quantity of sample is
not measured, the change in density for a given fraction measures either
the relative amounts of protein present or shows that the ccmposition has
chenged because the optical spectra are associated not primarily with the
proteins as such but with the amino acid components. .

Results: The results are tabulntgd in Tabls I and Table II.

Discussion: It is apparent from ths data that fairly large changes
occur in the donsities of the absorption bands both in the ultraviolet and
4in the infra-red and that these changes are more pronounced in the protsin
fractions that in the serum which is a mixture. It will be noted that the
maximum densitiss for the sams fraction of the initial samples show soms
variation from animal %o animal, The variations To be exppcted in®the same °
animnl without irradiation will have to be established by careful control
experimsnts, However, discounting-for the lack of complete controls; the
data are striking and the magnitude of some of the demsity changes are
strong evidence that the altsrations are significant and dus to the effect,
of x-irradistion. .

However, these prolimipary experiments do not appear to establish sny
siznificant relationships betwsen the changes measured and the timse after
irradiation or the size of dose, Furthermore, there does not appear to be
any obvious correletion between the ultraviolet and the infra-red data.
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Froblem Code: X.R.3 {Thecrepy)

Seotion Code: 3430

Marrow Trans planta{: jong

A firgt drafe of a fiinmal roport on transplentetion of marrow hes been
submitted., This report has been rovised and is now ready for relyping and
subsequent distribution. 4 summary of the report followes

lo The subject of tramsplantation of mmmalian tissuo to nammalian
hosts has bsen oritically reviewsd end the various theories propounded.

2. Single dose, totel body radiation of 550 r delivercd to dogs
my be regarded as o dose lethal to §0 per cent of thc enimals within 8 to’
23 days following radiation, Animals surviving %o the 25th day aiter
radiation in all probability will recovere

3. Bematological changes of most of the psripheral blood elemonts
and histopathological changes nf the boac marrow can be detected readily e
within 2 days or less znd reach & mximm depression within 7 ‘o 14 days
of radiation., Dapression of the lymphocytss eppsars carly and is marked
while dapression of the orythroeytos is lato end mild. . , N

4. Recovery frcm vradiation may be dstected from examimntion of the
periphsral blood by the 2ist day or slightly earlicr and {rom examination -
of the bons marrow by the 28th day or possibly soomere.

S, Gln_lca.«. signs of radiation intoxication end recovery therefrom
rarellsl the nemto"ozl 2l and pathologicel f{indings,

6. Fistological sxeminziion of the tone marrow shows corly degenera-~
tion of the mors primitive oolls of the marrow pareachyme with subsequent
disappearanss of all types cf parenchymatous elemenis. So=callod "reticulum
proliferatica” has besn poorly demonsirated in this gludy. '
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10, Normal merrow tramnsplantation to intramedullary marrow sites
is without appreciable bensfit to the radiated host., Such procedures in-
duce intramedullary bleeding vith resultant organization and fibrosis,
rather than stimiation of bone marrow growtho

il. Rone and marrow transplantation results in death and replace=
ment of the graft. The newly formsd bone marrcw¥ probably arises from pere
sisting portions of the original zarrow, rether than the trensplentad marrow.

12, Forml marrow transplantation to normal or radiated,epleen is
without appreciable benefit. Residual deposits of the marrow fat only
9an be demonstreted.

13, Stimuleted bone marrow transplanted intravenously results in
multiple heterotopic bonme spicules within the pulmonary veins of the lungs.
The evidence suggests that concomitant with this type of marrow transplant-
ing the mortality is 45 psr cent whereas the mortality of the control group
is 67 per cent, Likewise, tho total whlts blood cell count, the absoluts
lymphooytes, and the reticulocyte values of the peripheral bicod ere in=
creased slightly in the trensplantsd group of animals.

14, Surgicel procedurcs induco an sdditional load upon the radiated
host, Howaver, those two procedures do not appear to inhibit the forma-
tion of callus and subssyusnt bone growth.

15, An explanation for the irability to transplant bons marrow suo-
cessfully was gtudied further. Such fallure ocould not be cdequately ex=
plained on the tasis of lack of demand on the part of the racipient for
bone marrow, homogenicity, or selection of transplant sits. The transplan-
tation of bone merrow to such regions as the enterior chamber of the eye,
the subcutansous ragion of the ssr, intra.mesdular regions, intraparitoneal
sites, and within the mesdulla of long bonss was uwniformly unsuccessful,

16. ‘fhe beliei ©that tissus sensitivity can bo reduced and rendered
mora acceptable for transplantation by passing the tissue through tissue
culture mesdie or subjocting the domer and/or host to radistion is not
supportved by these studies,

17, Autologous or homologous marrow transplented to extra-msdullary
sites rppidly results in heterotopic bone formation.

18. Shislding experimsats suggsst o sparing action on ‘the part of
the protected marrow for the host and cytologiczl studies lend further
evidence in support of the belief that the orffect of radiation on hemato-
podctic tissues is a direct ome., Furthermore, such oxperiments indicate that
total destruction of the borne marrow parenchyma requires more than a single
dosege of 2000 r.

16, %Yransplantation of sslected autoclogous, hcmologous end hetero-
logous nhematcpoiatic suibryonal tissuss to radiation hosts showed no avie
dones or alterstion of the radiation intoxication in these hosts nor con-
clusive evidence of successful transplantation of thsge tissues in the short
.poriod of tim studied, - '
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20, Transplantation of selected autologous, homologous eand hetero-
logous tissues to non-radiated hosts and examined at least 80 days after
transplantation frequently showed proliferating cartilogs, soms ostso-
genesis and occasionally a suggestion of carly marrow formation,.

¥arrow Cultures

A first draft of a fimal report on cultivetion of marrow by tissue
culture technique has boen submitted. This rsport has been revised and is
now ready for retyping and subsequent distribution., i summary of this
reéport follows:

1, Cultivation of normal adult bone marrow resulted in an immedi-
ate and abundant migration or proliferation of cells from ths explant. For
the most part thess cells were of the myeloid saries and in ths latter
stages of maturation. This migration persisted up to about 4 days after
axplantation when fibroblast growth began and overran the culture within
10 to 14dayso

2. Ths cultivation of bones marrow by roller tube and flask tech-
niques shows no significant differences in the rate, the megnitude, or
duration of growth, Slide cultures invariably showed less evidence of
growth but were more suitable for detailed cytological examination,

3o A study of standard media such as chicken plasma, hetarologous
adult and/or embryonic sera, embryonic juices amd ealt solutions indicates
that longeterm cultivation of hematopoietic tissues cannot be sustained by
the madia and proportions so tasted. ’ :

4, The absence or variations in concentration of doxtrose hes no
appreciable irhibiting or stimulating effect on marrow cells.,

5. Zigh concentrations of 02 aad high concentrations of COz.
initially promote growth, but the end result is about the sams,

6o The freezing of mddia does not appear to effect the growth of
colls in tissus culture,

"T¢ EBons marrow, oxplantad from enimals whose marrow had beon stimue
lated by acute blseding or suboutansous injsction of turpentins, shows a
marked increase in csllularity.

8, The cultivation of marrow fyom radiated animals indicates that
the production of marrocw parenchymatous clemesnts decreases with time, after
radiation ud to end inciuding the 21st day of radistion, 3Segiuning with
the 28th day after radiation & productica of parenchymatous cells is again
notod s . ,

9, Cultivetion cf ths splsen results in an irmitizl outpouring of
round cells, probably lymphocytss. As these cells disintegrats, small
granular cells with procssses are seon. In 21l probability these latter
cells are early fibrobiagts,
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10, The cultitvation of cmbryonic spleen and bons marrow did not
differ conspicuously from the cultivation of adult spleen aznd bone marrow,

Radiation Intoxications

In dogs given 3E0 r of single dose total body x-irradiation, 64 per
zent (16 of 25) of the untreated animals died with o wide-spread hemorrhagic
diathesis., Then the flavomol glycosido, rutia, was administored continu-
ously pre- and posteradiation, 10 per cent (3 of 25) of ths animals died,

A reduced incidence of hemorrhaglc signs was cobserved in these animals,

Problem Codsg .R.3 (Therapy)

Secticn Code: 3561 {Eleotive Research)

Folic Acid and Radietion Leukopania

Reports have been completed on the clinical effects'of folic acid
on radiation lsukopenie in human patients receiving radietion therapy and
on the effects of folic acid given both prophylectically and therapeutically
to cats receiving 200 r whole body radiation, A fimal report entitled,
"Polic Acid Thorapy. Rssults of e Clinical Study"” has been submitted as a
final report (Report No. ¥=19 ), declassified, and will be published
shortly in Tthe madical litsrature. It has been pointed out in this report
that no discernible beneficiel effect on radiation leukopenia in human
patients resulted from-folic ecid therapy.

The animal expsrimentation showed no benericial effect of folic acid
given in large doses either orally or subcutaneously to cats raceiving 200 r
whole bedy radiction. This was true whether folic acid was given pro-
phylactically prior to radiation or therapsutically following it. The
data are not fully analyzed. 4 fimal report on this phase of the work will
bs made within a few months,

Problem Code; HoRod¢ (Hematology)

Section Codeg 3561 (Elective Researsh)

Adrenal Cortical Hormene and Thorscic fuot Lymphoovtes:

-~

A. ZTurlog thy poriod July 1 to September IO, 1847, the program deal-
ing with the offect of adrenal zortical hormone on the numbers eand rate of
flow of thoracic dust lymphocytes was completed insofar as the superimantal
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work wras concerned. Successful thoracic duct cannulations and moasurement
of lymph volume and numbers of lymphocytes over a pericd of gseveral hours
have been completed on the fcllowing groupsc of exporimental animals (cats):

1, A control group cf ten animls racsiving no
adrenel cortical hormozno.

2, Five normal animals receiving sdremal cortical
hormone aftsr two<hour baseclinc determinations
were obtained, '

3. Five adremalectomized animals receiving adrenal
cortical hormone efter two-hour basseline deter-
minations were obtained,

4, TFive norml cnd ome cdremalectomiced animal
receiviag adrenal cortiocsl hormore efter tase-
iine determinations of more than t7o heurs tvers
obtained.

The data are not yet analyzod and no conclucions can be drawn as of
September 30, 1947, It is contemplated that a final report oa this phase
of the study will te ready before or shortly after January 1, 1948,

B. A study ocn ths effects of 200 r whole body radiation on the
peripheral blood ahd bone marrow of the sternum, ribs, and femur has been

complsted. The dats are being, analyzed and a finel report on this study
should be available shortly after Jamuery 1, 1948, -

Froblem Code: X.R.5 (Genetics)

Section Code; 3411 (Discontinued)

The Effsct of X-rays on the utation Rate in Drosophile melenogastors

The ©inding of Caspari and Stern (Rochester Report Fo. M-1966) that
the sex<linked mutetion rate in the sperm of Drosophila mslenogaster was
not significantly altered by continuous xeirradiation of 2.5 r per day fer
21 deys initicted further work to attempt to discover why this result was
at varience with the well-estcblishsd rule for acute dosess namely, that
mutation rets is linear with z-ray dosage, Upholf and Stern (Rochester.
Report Ko. M=-2000, Dot yet issued) irradiated females with §0 r from radium
on ths 2lst day rfollowing insemination. A total of 46,232 offspring from
the experimental flies snd 44,601 offspring from‘the control flies were
tacsted for lethal mutaticns. The experimental and contirol mutation rates
wera 002834 zand 0.1€82 por cent, respectively., This difference is statise
tically significant., It agrees with the linear rule and, thy refore, dis-
agrees with Caspari and Stern’s results using chronic exposures. That
the mutetion retes ng 3§psrimenta1 animals, 0,28324 and 0.2848 par cent,
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wore very similar in the trvo expariments whilc the control rates were quite
difforens, C.1882 and 0,248 por cent, cuggests that some unknown fector
swvelidated the control rats with chronic ezposurz. IThis explazatvion i3

not satisfactory, howsver, ceccuss the low convtrol reto of the acute experi-
ment is not as typieal as the.nighsr chronic rate.

fhat the resultz can Ls explainac by ropeir during crhronic sxposurs
i3 rot supported by pew work of Hevitski {ilochosvor Report Hoo ¥-2001, not
vet issusd) in which ths mutation rate vas measurs fCer spsrm in £pIrmAe
theoac of fumales irradiztod with a cingle dose of 1CD0 v, o difference
was observed batween chose oxsss ia which fertiliszaiion occurred &t once
or was delayed thres woeks., Ccnsequently, no rerair could be hypcthecated, .

At present it does not appear rossible te conclude whethsr Caspari
ané Starm's chronic errerinmentsz are evypiocal or represzent & real difference
in yesponse when ths time of application of a given doscge of radiation i3
verv rroicngeds

mhis work hes baen disconSinued in Rochestcr bacnuse Uro Curd Stsrao
S

was moved tc the University of Guliformic, Zorkeley, Culiforaic.

Problen Codes XoR.6 (Bmbryoiogy)

Secticn Codes 3402

Sffects of Irredisticn on Exbrryonic Dsvelopmant

4 totzl of 36 ret cmbryos have been exposed to x-irradietion on the
i0tL day of gestation. These embrycs were from nine different mothers in
«hich the tims of ovulaticn s dctermined to the hour, plus or minus one
hour. {Recent etudies of reproductive physiolcgy in the rat hove rads
coszible such procise timing of ovulation.)

3pecial srecautions wero taken to eliminats pessible varietions in
<he cuzntity of irradiation reaching individuzl embryos, The ebdominal wall

o the motaor vms opomed undor anesthesis end the embryos to te irradiated

‘wera trought t5 ths surfice of the imcision, oriented in a standard manner

with respect to ths puth ol she rays and ail cxposed at the sams timeo In

- ¢his iay thore was mo shiclding bty warying thiclmosses of rxternal tissues

i

.06 iztestinecl coutents.

At l.ast half of the umbryos of euch litter vas protectsd from
‘ppaaisticn tv lead shields, shus providing unexposed controls Ir sach
iittor containing oxposed c.ilzilse. The controls wers givem a sham f3zpo~=
surc” by carrwing them taroush th2 sams manipulations &s were aecessary
Tith the exrnirimsntalsz, but ns curcent wads used in the uamchize., The
=others werc eatiraiy oiislicduc {rom irradiatics, except for u sacrt segment

@l B ARIEIE Y
Lo bLisoRHEiLE

[
[omp
P
A

'

UR 00481



DECLASSIFIED

of wterus containing the embryos that were irradiated.

Three levels of dosage were used == 50, 100, and 200 rosntgen units -
1n difforent litters; but at each level the 1ntensity of irredintion was
the same anc. only the time of cxposures was varied.

Irradiatsd embryos and & suitable mumber of controls were tuken from
each iitber at 48, 72, and 95 hours post-irradiation and weighed, measursd,
ans f£ixod. Thay were then dehydrated in the usual way, serially ssotioned
and staiaed fer histologic study.

Observations; To datz 18 of the irradiated sambryos have been sec-
tionsd and 10 ol these have bcen studisd. This number is not sufficient
to permit any complete analysis of ths effects of irrediation on the 10th
day of gestation but soms interesting observatiocuns were made. The embryos
chus ar studied include only those recsiving doses orf 50 and 100 ro The
dose ¢ 50 i was inslfsctive in producing morphological altsrations that
were wisible on the second or third post-irradiation day. Before judging
this dos® completely inerfectivo, however, more animals must be exposed
zné come of them alliocwed to 1ive beyond the third posteirradiation day.

}4

Doses of 100 r caused alterations in the develommsnt of the oye that
wers rscognized &s early as the second post-irradiation day and which by
the ©hird day resuited in promounced miorophthalmia and often such bizarre
malformations as displacement of the lent outsido the optic oup. Three
days eftar exposure this dose caused recognizable but less conspicuous
abnormalitiss in other organs, such as ths sortic arch arteries, the lung
buds, and the urogenital sysiem. Some of these latler affects mzy be
atiributabla vo retardation of developmental processes, particularly growth.
These embrycs ae e whole were shorter of crownerump length and weighed
less than their litter-mats controls, a fact suggesting cn overall retarda-
tion of dsvelopment by x-irradiation. ‘

To conspicuous chenges either in blood-forming orzans or in the oell
comternt of cirsulating blood has besn observed in the irradiated cmbryos.
?o definitaly aestabliszh this point, howsver, a more detailed study than

s yet been possible must be undertaken.

The rajor accomplichmsnt thus far is tnat of having established a
procedure that fulfills the needc of this type of inmvestigation and which,
a2t the sems time, is sufficieuntly simpls that it may be repesated irndefinitely
with 1ittle likelihood.of variations, Zmbryos recsiving the same dosege and
rexsved the sams pumber of hours after irradiation have shown surprisingly

ittle wvariction, whether from the game or different 1itters.

Fu»n*e oxperiments will iavolve ths use of higher doses and further
extanzicn o.” thos interval botwsen axposurc and the tsimination of pregnancy.
vher the eflfzets of 10th-day irradiation are more fully urdersztood, ox-
posure on other days of rregnoncy will ba tried.

DECEASSIFIED
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Problem Codes X.R.7 {Bacteriology and Immuznology)

Section Codesg G561

Effect of X-radietion on Zamuas ochenism in Labbite:

HWork was continusd to detormine the effects of roentgen irradiation
on the immun3s mechanism of rabbits,

A, DMata collectsd in vegerdé to exposurc of two groups of animals to
250 r whole body irradiction delivered eight how's befors irmmunizetion with
typhoid vaccins and sheep Ted cslls were statistiocally analyzed. ZGech
group consisted of rine esnimels, with five ecxpsrimontal und Jour comtrol
rabbits in the first group end four expsrimsatal and {ive control in the
sacond group. The following pointc were establishods.
‘i, This amcunt o z=rey given eight hours piior %o
immunization doffinitely depregssd the cpility of <The eni-
mal to form serum antibody. (Ths blood ccuuts wero
follozed and ¢ signii'icant depression of the periphersl
blood lymphocyte level was showm which lastad throe vo
four weeks,)

2o This depresecnt cffect of x-rmny on antibody produc-
tion was transient in nature, Ons month affter exposurs the
irraciated enimels regained their ability to responc to
immuniz?tion in th? neorrmal muner,

3. 4n enamnestic response of tha cntibedy titro
could not bs elicitad by cecither 20 r or 250 r whole body
irraciation,

Bo The effect of exposure 1o x-roy of animals ia whoa antibody
production had clready commenced is Leing studisd im an experiment still
in progress.
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BIOLOGICAL EFFSCTS OF RADIOACTIVE YATERIALS (CONPACT, INGESTION, ETC.)

Problem Codes Rollel {Poloniun)

Section Cpdes 3130

The Development of Radiocautozraphic fochrique cs a Jooi for the Study of

the Cellular Distribution of Polonium:

Backgmounds The tachnique for production of radicautozraphs from
tissue seotions conteini.g clphe-emittors such as polonium hds been re-
cently improved by mounting tho tissue scotion directly on the photographic
emulsion. This method ius the disadvantnge tiat sutzequont staining of the
tissue colors the emulsica end reduces the contrast for the alpha partiole
tracks. A new mothod has been developed to overcoms this difficulty.

Mathod: The pfocsss consists v mounting = ssction of polonium
containing tissue directly upon a photographic emulsion and exposing for
a suitable length of time at ebout 10°C.

Aftar exposure tro plate with ths tissus in place on the emulsion
is run through xylens to remove the paraffin followed by an alcohol-water .
series to romove the xylsne end alcohol. It is then developad for two
minutes in D12, passed through a stop vath ard fixed. After fixing and
washing, it is rur back through tie elecohol-water series to xylene instead
of dryirg in eir. Air drying cen be used, but the formar mathod is faster
and the tissue can then ze covared in balsam immadiately,

When the slip is secure, the 3lide is ready for exemination with
the phase microscons. Ons con foous just ebove and just balow the tissue
emulsion intsrface cnd thus locats the alphs tracks relative to the cells
of ths tissue. The pkuge microscope onables ome to cee the tissue without
staining, which eliminates the objoction of stainimg the gelatin of the
emulsion and thus obsocuring the tracks. While it is possible to use phase
1llumination to sas the tracks just bslow the tissue, they can be seen even
better with bright fisld illumination. Thus, for a ropid survey at between
500 X and 1000 X magaification, one can use phase for both ths tissue and
tracks. For c. more careful oxamination, it is advisable to use phase far
the tissus und dbzright fiold illuminetion for the trocks,

For photomicrographic work, it is advisable to obssorve the tissue
with phase ané to use a dark field condeuser for the tracks, The photo-
graph on fegs SO is en oxample of this mathod. The phass photomicrograph
was taken, -rinted, ard tomed in sepia., ifter this photomicrograph was
taken, the fisld wms not chanzed but oaly the focal plans of the objective
lowered ty £ ©to 7 micra so &s to bring into focus the end of the tracks

; \ r?gﬁu_
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adjaoent to the cells. A paraboloid dark fisld condenser was switched into
place and the alpha track picture was taken, This was reprcduced as a
reversible print and then superimposed on the sepia toned tissue photo-
miocrograph with the oross hairs being brought into register, Both prints
were made on a lantern slide, and tho photograph was printed from the
lantern slide. Thus, the sspia eppears a light grey. The contrast between
ths black tracks and the sepia toned tissue is much more impressivs when
viewed In color, '

Resultss See photograrvh below.
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Problem Code: R.Mol (Polonium)

Section Cods: 3120

The Effect of BAL and NDR 399 on Excretion of Poloniumg

Backeround: Previous oxporiments (Rochester Peport No. M-1935) . U7
have demonstratod that BilL and related compounds, when administered as an.. - -
intramusoular injection to rats, cause a significantly increased excretlon
of polonium. These experiments elicited the curious finding that depending
on whether the polonium was administered as an intravenous or suboutanecus
injection, the compound of choice was BAL (NDR 133) or the urea dérivative
of BAL (NDR 399). This raises the practical question: "From the available
data on rats, which of the two NDR compounds should be administered in
treating & polonium accident case where the mode of introduction is un-
likely to be exclusively intravenous or subcutaneocus?® Since it 'is diffi-
cult to simulate the conditions of all the possible accidental ingestions

 of polonium in rat experiments, the question was approached from another.
angle. Experimesnts were set up in which polonium was administered to two
rats as an intravencus and a subcutaneous injection respsctively. Bach
rat received alterpate doses of BAL and' NIR 399, It was thought that if
the presence of the othsr NDR compound did not impair the action of the com-
pound of choice, such an alternate plan of medication might recommend it BT
self for treatment of accident cases. ‘.hvo such experiments were performed, °-

&

~ Method: Pour malec rats were used in these expanmentso Two were
injected subcutansously and two intravenously at & poloniim dose level of.
15 uc/kg. Dummy polonium injections were delivered into bottles con- S
taining 100 co. of 0,5 F HCL acid from which aliquots were taken for pht- coe
ing in order to determire the "theoretical® doge. . LR

For the purposes of treatment with FDR compounds, 10 per cent BAL
in peamut oil and 2.5 psr cent RDR 399 in saline solution wsre injected '
intramuscularly as altermte doses into each of the four animals. A e
single dose of BAL was .16 ml./kz. and a single dose of NDR 399 was L
.64 ml./kg. The schedule called for a total of three doses per day and
treatmsnt vms begun directly after the polonium injection and continued
up to the date of sacrifice., The rats were kept in individual glass meta-
bolism cages constructsd so as to permit separate collection of feces and
urins. Eech collection period was 24 hours except for Surdays and holi-
days in which cases 48~hour samples were colleoted.

At tho end of 20 (or 21) days the rats were sacrificed and selected
tissues, including the injection site, were disseoted out for analysis,.
The remainder of the rat carcass was digestsd and an analysis made.

The analyses were performsd by plating out polonium on a silver foil
and measuring the ectivity in an ionization chamber,®

@EG&ME
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Resuits: Tables I and II (Pages 34 and 35) present the ten<day
excrocion cuta for the four rats studied, snd, in addition, data froem

rreviosus oxpsrimsnts”® for the sake of comparison,

The rasults ere exprossed im terms of por cent of dose. The term
gar czat of dose is a convenient msans of characterizing ths activity of

en cxpar.mencal sampla. The activity of ths sampie is m2asurec¢ in torms
of the activity on a stendard poionium foil. Since thé activity of the
svenaard Yoil, the ectivity oi the s“mple, and the eotivity of the dose,
airl cdeoey vrith the same half lifo, it is apparent tihat the psr cent of
dasa figure is independent of the time at which the msasurement ic madec
It iz further trus that the sum of the activity Tsasuremsnts for he exe
creta and the tissues made at seorifice, if expressed in torms of per
cant doso. chould equail 100 por cent dose.

4 is laborstory praotice™ %o arrive ot the dose by carrying out
such ¢ sumuavion and the "dummy injection™ dzntc is used for checit purposeas

CRLY N

Th3 dota for ths animals injeoted subcutaneocusly is expressed inm
ar cent Gbsorbed doso wiidch is arrived at by subtraocting from the total

8

DE T's

csa ths Bst activiydy found et the injection site at the time of sacrifice.

e
K.

The rats were saorificed at the end ol 20 days and analyses were
mde of poionium content of blood cells, blood plasma, liver, kidmey,
spilear, bons, bone mrrow, lung, nmuscle, skin, testis, intestines, and
residua carcass. The results from these cnalyses show, in genersl, dis-
trituticns similar to those detailed in the progress report of Iscembsr
1946 ‘Rochester Report No, 4~1935).

It is interesting to note that the large siorage or polonium in the
r arvar intravercus polonium and NDR 399 treatment, has no counterpart
h8 prosent expseriments in whioh both BAL and .NDR 399 were administered,

S’

igcussion:; Thes rosults show that:

1. In o3l four sxperiments the administration of alternate
£ 2:L and HDR 38% results in a significantly greatsr ten-day excree-

2 [+
- Ticn ¢f posonium than is the cuse for ths uvatrsetsd animels.

2. In regard to intravenously admingétered poloniwm, the
reatasnt with DAL and EDR 399 gives results on thes average slightly less
satislaccory than resuitc when EAL wlone is employad.

"3~ In the oczse of eubouteneously acministered polonium, one
exporimane uvsing BAL--IDR 399 gives exoretion results comparable to use
of FDX 95 alone; the othsr experiment gives results comparable to results
obteinsd in other exparimonts using SAL alone.

2t is obvious thut furthsr cxzperimsats would have ts be performed
cerers it ¢an be s=id that use of BAL end DR 399 in alternats doses is,

CELASSIFIEN
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or is not, a3 effectivo as the use of the compound of choice alono. At
best the present experimsuts amaight bo interpreted as showing chat the al-
terpate treatment gives i3svuita not too inferior to use of the compound
of choice and that in soms casss of mixed routes of ingross of spolonium
into ths body, Tthis alterzato trpatment might present advantages.

¥ For details of this weavthod sce Rocnester Roport No. 4=1859,

??It will bs noted that in soms of the experimenta cltsé for comparison,
the NDR treatment lasted 3, and ir soms cases only 2 days., On the tasis of
exporimonts to date, it'may bto enid that centinwmtion of the Zreatment
beyond 2 days, results iu little, if any, improved excretion,
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Problem Code: RoM.4 (Miscellaneous Projeoct Metals).

Sectlion Code: 3110

Measuremant of Radon in Breath Samples:

Background: The method in present use for the determination of
radium In the body of living huran subjects is by measurement of the radon
concentration in the expired breath. The problem as presented to this
section was to devise a reliable method for messurement of concentration
of radon in the breath at.levels of one~tenth to one-third the acoepted
tolerance level of 1 uucurie of radon per liter of eir.

Mothod; Figura 1 {Page 38) shows the epparatus that is used to .
adsorb The redon on the charcoal cartridge. 4n operztor breathing inte '

. the glass bottle causes regular "inflation and deflation of a balloon. <

The bellows-1ike aoction of the balloon draws ths spiromster mixture of
expired air and radon through the charcoal cartridge at a rate oquivalent
to the normal breathing rate. It differs from the roal case of a subjeot
breathing into the oharcoal cartridge only in that the gas is passed
through the charcoal on the inspiration rather than the expiration of the
operator. Sinoe the breathing pressure cycle in man is more or less sinu-
soidal in character, this difference is felt to be unimportant.

The charcoal used in the experiments to be reported is twenty mesh
activated charcoal contained in a disc with copper retaining screens at the
circular entrance and exit ports, and a side wall of brass. The diameter
equals 33 inches and ths thickness equals 5/16 inches.

In preperation for each experiment the operator fills the spiromster
by expiratior into it until approximately 35 litsrs of expired air have
been collected. He then adds a meesured guantity of radon (ranging around
35 uuc) to the spiromester. The gas mixture is stirred up with a small fan .
sealed into the spirometsr bell, The radon-expired air mixture is then
passed through,the charcoal in the mamnner deacribed above.

" In order to recover the radon from the charococal, the charcoal 1s
transferred to a pyrex tube and heated in an ignition furmace at 350° Cen-
tigrade for thirty minutes. During the heating process nitrogen is slowly
streamed through the charcoal and collected in & 1 liter sampling buld, At
the conclusion of the collection psriod./ the sampling bulb is amalyzed for
radon in an ionization chamber or an o _counter. In the results reported
here, the routine ionization chamber technique was used exclusively since
the total activity was sufficiently high and since this procedure is more
rapid. A further geries of experiments are underway using lower radon con-
centretions which necescitats measurement by the aipha countsr techniques.

\

Results; Table I (Page 37) shows the recoveries measured in 19 rums.
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_TABIE I
Run No. Average Rate Concentratien Resovery
of Breathing of Radon (per ecent)
1 211 cc/sec. 1,14 uue/i 1285
2 248 1,36 108.2 - -
s 192 1,24 nie -0
5 101 1.14 96.8
6 219 1,14 94,7
7 - 200 1,04 | ' 80.4
8 234 | 1,01 110204
9 | 238 0,97 . 1116
10 240 0,99 . 103.2 -
11 258 0.95 . 106 -
12 256 0496 032 . . =
13 | 243 . 0096 10749
T 268 " 0496 2055
15 237 | | 1.02 . 938
16 260 _ 1.03 95,0 Q:;w-a',_
17 238 1,08 o 98.5
18 234 1.04 92,3
19 225 1.05 98,7
20 221 1.00 ' ©205.0
21 217 1,01 . 78.9
22 204 1,01 10604 -
23 237 : 1,04 112.6
Average of 22 239 | - 1,04 uuc/1 " 101.6

runs
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trobiem Codeg Tol {Thysical cad Chomical Proparsics)

Saotion Cedss 3210, 3220

#iore Uranium Method:

Tho study of the ramcticn ef uranium with various nrotaius ia 8olu«
sion ims bsen continued. T7e provoins Jave been investizaved == crystalline
ogg aibumr and bovina sorum widumis. The most rooant work has invclved
recneckinz calested data «.6 ¢S protoin conmgsniravion, pH 2nd baii's» con=-
centrations, and extsndinz (ks previoua observations to more concentrated
zoiutions ©f uranium.

Uranium Complexs .

Polarograpaic studieg ¢ the urcnium complox with citirate ware com=-
pleted, Citrete forms a soiusliz, complex ion, combining with U0, in a mole
ratio of one. Ths complex probebly exzists in solution as & mnegatively
cherged dimer which dissociatus only very slightly. The importance of the
wranium citrate complex in the cevelopnent of tolurancs has alreacy deen
established,

Titrztion oxpsrimants with ortho and pyrophosphate and other com-
olexing yroups "ave soen carricG cute

sasuremsnt of Lerosols;

A mod2l sxpsrimental cdust chamber has besn designad for testing ine
struments uctod in the Jotermincvion of Sust concentrotions end particle
sizes, This chamber of zvout I =% voiume 1s cylirdrical with a tapering
inlet ard outiet to give {g) o ninimem of turbulence, (T) uniform dust
digtribution, and (c) wiforz rarticleesico Gistribution. Comstruction is
undarey.

rbe electron microscopo iz in constant uze. A projeoeion box in the
form of 2 FD=inch desk has bzen Suily, on vwhich electron micregrupns are
projectad with a »enuiold rmapaificaticn. The optical system congists of
a Colde=biower projector with o 4-insh lens and a plain surfaoe mirror.

For elsctron microzravhs, cull dusd samples are disperced ca a
clean, dry siide (modified Green dispersion methed). A .thin film of
colledion ig formod cver ths s¢nocimsn-imvsddicg <ll gart‘clas. Ths film
iz 1ifted from the glegs end trecczlerred %o ths eivciuron misroscops grid.

UR 00494



Zine, magnesium, trass, cad beryilium fumes nave boen studied. The
characteristic zinec cxide crysualc. 2ach bearirg 2 or 3 spines, heve been
identified. fThe cubic crvstais of magnesium oxide ciump 2imo8tc corner to
cornsr giving a checxercteard apgearance. Lrass fume showead a minzture of
matsrial in which zine nariiclos could bs idemtified, Boryllium fume pro-
ducad by the arc of & berylliua rod cgainst carbon showed & characteristic
hexsgonal-sheaped crystel. Cryctal ciumping tcrdsd to ocowr 2% the ends of
the crystalia.

At present eisctrom microscopic studics aelso include siocctron diffrac-
tion pnotographs.

In preparation for opticai microscopy, ctibaite, SbaSz, with ro-
rractive index cf 4.0 has bsen used to osat dust sampics. It ferms a
stable, hard, optically cioar imbedding madium. Smalilicr particies may be
neasured with such a mediuvmg this affect has been desoribed previousdy
using selenium (refractive index Z.8).

The thsrmal precipitztor has boen redeeigred %o includo zn oscilla-
<ing sampling plate along the linss suggested by E, Green, rorion Labora=
tories, England. » ’

In coopsration with Dr, Joe ®. Eowland, o the Division of i2dical
Services, & seriss or industrici dust camples liave been coilected and
.analyzed from the Harshaw Chemical Company. Somc high urenium values
were found, Mr. R. N. Turner of this company end Mr., Co DRerghaut of the
Hsw York Oparstions Office have each spant three days here studying the
methods of dust collection and for ths estixation of particle sixe.

A survey at the Lorair plant cf the Brush Esryllium Corporation was
completed and presented at tha Sixzth Saranac Symposiuz, Septampber 29th to’ -
Jetober 2, 1947. Iloat riocesses wers btriafly descrited, analysis of the
medical history and a sumrary of the typss end crarscteristics of ccute
poisoning in beryllium workers were addad to the physical and chemical
deta, such es atmosphoric beryllium and fluorides ccncentrations and parti-
clo-size measursmentz.

Specific surfocso cetermirntious have been mads on vericus uranium
Custs, g, Wz, aad TFs heve reietively lcw values (10ths of & m2/g).
Poresity footors were elco low =« 1 to 2, W04 had a higher specific
surrace - 5.9 m°/z, A samplo of sowdered UOp wus separated by & sottling
method into u coarse and o fize fraction, The coarsec fraction had a
apecific surface ol C.47 :z/és the fine fracticn shoved a l0«fold grester
specific surface, vicoe, %ol m“/éo The porosity faotors, namely, 6.8 for
the coarse fraction, 1¢ for the fine rractizn, show only = twe-fold differ-
anca, indicating that ths incroaced surface arca iz primerily attributa-
bls to roduced particlc zizo. .

Iwo toxicity studies have been made on the ocomrse and fire fraotvions
lust doscrided. In ons ztudv the marticles had a m2ss medion size of 2.5
2, range 0,9 to EoC, I2 the ciher study the particie sizs had @ mess

‘mediar size of .45 .4, :
5D
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During this quarter 672 uranium snalyses have been domes 390 partiocle
size samples; 131 urine and Jilter papor campies Irom the Farshaw Chemical
Company; 6 urine samples sani =¥ Prc Wolf from the llcdlossz Tarshouses; 58
were occasional chock analyses ana 187 were atandar.iSe

Problem Cods: U,2 (Toxic Effccie)

Section Code; 3230, 2250

Uraniuns 3Zffect on Reproductions

A group of experimantal rets, caged in pairs, male and femzlo, were
given for one day only e diet containing 2 par cent uranium nitrata.
Thereafter, they were fad the usual stock ration. A comparable control
group has been observed simuliznoously. Surprisingly enough, the axperi-
mental group has picduced Jewer iitters and fewer pups per litter in the
seven montha following ths initinl administraticn.

Histological Studias:

A charactoristic difference has been found in the dsgres of injury
in the tissues (especially the kidneys) of several speocies of animals
exposed to UO2, depending on the rartiecle size: large particles are much
less toxic than small particlues,

Problem Code: U.3 (Toxic Limits)

Section Code: 3210, 3220, I23C, 3250

Toxicity versus Particlie Size:

Two studies designzd to show the importancs of particle size and
surface area in the toxicity of urconium dusts wers conducted at an atmos-
pheric concentration of 80 :g/b5 cnd avorage warticle sizes of 0.:.45/ and
greater than 14, respactively. isfinitive results were obtained {rom ex~
posures of animals et these narrowly separated particlo-size runges.
Uranitm injury was cbserved in ruts exposed to dust particles less than
1 vin diameter tut were rot ssen In rats expozed to particles greater than
1%, f‘oxicity dilferencos wmeic ot §o clear=qut in tho rabbits, but greater
injury was found ia those exposed To the smaller rarticles. Since the
surface areas, 0,47 and 1<l m;%[g, ~eoapactively, show a large difference,
pornaps surfocs aree ic mora cecirsive than particle size as & factor in

toxic response,
ERLASSIFIED
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Two-Tsar Uranium Dust Study:.

Tho. two~year ohronic exposure to uranium dust has been completed.
Dogs and rats previously treated daily for one year to various soluble and
insciuble dugts were subsequently exposed to an atmosphere containing 2 mg.
of uranium/m® as uranium nitrats for sn additional year. Prelimipary data
indicets no grossly observable injury during the second year of exposure.
There ware no deaths in oither speoies that could bs attributed to uranium
sxposuras the body weight, biochemical and hematological examinations were
within the limits of normal walus.

Skkin Studies:

Uranium dioxide powder was introduced into incisions in the skin of"
rabbits and the wound healing observed. There was no interference with
the healing, and, within oxperimental limits, all of the uranium placed
within tha skin was recovered from that site weeks later,

. Apatomical Diagnosis:

During the quarter a number of reports have been prepared, in which o

the histologiocal obaervations of various chronic uranium gtudies have been
presented, These include examination of tissues of rats fed TUOzF2 for two
yearss (0p and uranium nitrate for the same period. In addition, reports
vera esnt out covering tha appearance of the tissues in three of the year-
long uraniwn dust studies.

Proviem Codey TU.3 (Toxic Limits)

Secticn Codes 3537 {(Eleoctive Research)

nelationship of Age to the Texiocity of Uranium Nitrates

Prgvious work has indicated that 2l-day-old rats are more susoceptible

than Z8«day-o0ld rets to uraniym poisoning following ingestion or intraperi-
toneal injection of suitable dosaes., This resistance is promptly lost;

rate 2 to 6 months old ere much more susceptible than the B -day-old rats.
Betc 25 to 26 days old ars nearly &8 resistant as the 28-day-o0ld rats,

P
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Problem Code: TU.4 (Fh.to)
Section Codes 3201, 3220, 3210

Mechanism of Bone Deposition:

Using various chemical techniques, the mature of the mochanism by
which uranium is bound to the surface of bons mineral has been olarified;
Celcium and uranium compste for suitable combining sites (adjacent phos-
- phate groups) on the bone orystal surface.

Froblem Codes TU.4 (Fate)

Seotion Codes 3530 (Elective Research)

Mechanism of Bone Depositiong

Radiocaloium adsorption on bone has been studied and it has been
established that about 1/5 of the calcium in powdered bone is capable of
entering into a fairly rapid exchange reaction with calcium in solution.

Problem Codes TUo5 (Mechanism of Toxic Effect)

‘Seoction Code: 3210, 3260

Mechanism of Action of Uranium on Isolated Cells (Yeast)s

Additional evidenoce for the aoction of uranium on ths cell surface is
available from studies of the osmotic behavior of uranium, As the uranium
concentration is incrsased, the uranium uptaks by the oells follows a
series of asymptotio curves reprssenting the dissociation constants of
various complexes of uranium with groups on the cell surfece. The inhibi-
tion of glucose metabolism is associated with the first asymptote, which
represents_the lowest dissociation constant of the cell ~ uranium oomplexes
(ebout 10=8), This reaction follows the form U+C=UC, where C 1s the
complexing group. I£ the uptake of uraniuam by ths cells were primarily a
diffusion into the oslls, then the relationship between uranium concentra~
tion end uranium uptake should dbe u strazght line rather than & curve, or
series of curves,

At high uranium concentration, although most of the uranium is com-
plexed on the surface, some does penetrate into the cells, but this is
apparently completely complexed by the adequate supplies of bicarbonate and

VEELASSIFIE:
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phosphates in the cell for it seems to exert no toxic effect. The inhidi- R
tion of uranium can be completely reversed by washing the surface of the

¢sll with compsting complexers, sven though ths uranium inside the cells

remains there. -

Kinetic studies indicate that uwranium inhibits .the very first step
in glucose metabolism, the reaction: :

hexolinase .
glucose4-ATP*————=plucose 1FO4-{ADF’

®adenosine triphoaphafo ®%adencsine diphoephato

A competition aotunlly exists between uranium and glucose for the ATP- ,
hexokinage system. The uranium apparently ties up the phosphate groups

cf ATP, because the dissociation oonstant of the 3§anium complex associated
with inhibition of glucose metabolism is about 10 ~, which is much iower
than that for uranium-protein complexes. FPrelimirary data indicate that
the ATP=U complex will have a dissociation constant of this order of mag-
nituds,

Problem Codes U.S5 (Hechanism of Toxic Effsct)

Section Code: 3531 (Elactive Research)

Relation of Call Surface to Metabolism:

Yeast in the presence of glucose erd tracer quantities of Pzp (high
in count, very low in concentration) takes up considereble quantities of
Pzgo If left for 24 hours, this P3p is distributed in a fairly uniform
renner among the phosphato fractions of the cell, The cells can then be
washed in unlabelled phosphate and the surface P32 is exchangsd off. The ’
xajor pert of the Pzp within the cell, however, is non-exchangeable (at
Zeast in a period ol severel hours). The cells are then suspended in glu-
cose plus unlabelled phosphate, Smll emounts of organioc phosphate appear
in the medium, but despito the high speoific aotivity of the o0ell phos-
pnates, these organic phosphatus in the medium show practically no radio-
activity. <Thus, the organic phosphates did not leak out of the oells nor
were they formed from ooll rhosphates. They must arise from the phdsphate
of the medium and must bs formed &t the c¢ell surface., Present phosphate
msthods are inadequato to tha problem of isolating the organic phosphate
fractions. Ve are attsmpting to make use of the paper chromatographic tech-
nique to sepsrate the phosphorylatod iatermediates of carbohydrate metabolism
and have succeeded in modifying tho standard phosphate methods so that -
colors can be daveloped on filter papsr with only On;ug of Po If this

7 00 )
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technique works, it will be used to identify the compounde formod by ths
yeast at the cell surfacec

A second approach to this problem involves the study of phosphatas
in yeast, By use of ATP with P33 incorporated in the moleculs, it can be
shown that au onzyms is present which splits tha ATP te As® cnd inergenio
phosphate., The recovery of stoichiometrio amounts of produocts in the
supernatent, with no appearance of Pzs in the cell, indicates that this
enzyme is cn the ocell surface. 3omo of the charaoteristios of the enzymo
are as follows;

a, Its pH optimm is 3.4 = 4.0 with no activity at 7.0

b, Tt will hydrolyzs ATP, ADP, and inorganie triphos-
phate, but not inorganie pyrophosphate.

¢ It is inhibitsd by high concentrations of inorganie
phospiate and by much lowsr concentrations of inorganie in
the presence of ALY, AA elones does not inhibit.

d, The ectivity is directly proportional to engyme .
concentraticn (first order) reaction; but the time course
of the reaction involves a gradual slowing of the rate,
which is assccicted with inhibition by ths products of
the rezction, The ensyme itself is not destroyed by the
reaction.

@o Othsr enzymes exist on the surfece of the cell which
will hydrolyze alpha glycarophosphate and inorganic pyro-
phosphate; but not AA.

“AA - adenylio acic

Problem Codey U.6 (Hethods of Datection of Poisoning, Prophylaxis,
Treatment, and Protaction)

Section Cods: 3260 .

hmiro Acid Excretion in Uranium Poisoning:

The minimal doses of uranium to evoke a response in amino acid to
¢reatinine rotio has doen dstormined. The response to repeated doses of
uranium has beern evaluatod and the machanism of the response hae been
clarified. '

ECLASSIFIED
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BERYLL IUM

Problem Code: Be.l {Physical and Chemical Propertios)

Section Code: 3210, 3220

Analytical Methods:

| Tk i ' ‘:W
L ISR

Five analytical methods for beryllium have teen imvestigated im
gome detail: three colorimetris, one fluorescent, mnd a gpectrogrophie
nethods

Limit of tanaard
Agent or ¥ethod Sengitivity Error
a3 %

Colorimetric C.5 12
(1,4 dinydroxy anthraquinone)

Colorimetric - i.0 10
(aurin tricarboxyllic acid)

Colorimetriec 0.2 5

(alkanet)

Fluorescent 0s5 2
(1 amino L hydroxy anthraquinone)

Spectroscopic 0.C05 25

Radicactivity 0.CC1 . 5

The ovaluation given in the table indicates approximately the present
lirits of usefulness of these msthods. lany cubstances interiere with the
chemical reactions and work is underway to provide a suiteble procedure for .
the isolation of beryilium from biological raterial prior to i%ts anslysis.

A total of 503 beryllium enalysas have been performed: 2 l; ware

cascade impactor samples; 21X wer: exposure chamber semples; and 76 vwere
miscellaneous check eand standard zualyces.

Samoling and Measurement of Aerosocls:

Rscauge extreme difficultics were sxperionced in dispersing dry
beryllium sulfate dust, the Luskin atemiuzing fved has bsen uessd to disperse
the sulfate &3 a mist. This prccedure cuplicatad conditions in the industrial

UR 00501



sulfating process and permitted better control of atmospheric oconcentrations
than had been obtained with the dry dust. Strikingly, samples of the sulfate
mist showed tiny crystals surrounded by a layer of moisture. In two pilet:-
exposura studies concentrations of the order of 80 mg/nﬁ have been obtained
with uniform particle sizss, approximately luin die.meter, range 0,98
to 10) Ve

Complex Formation:

Titration experiments have been ¢arried out with various organie
aoids and beryllium. Only alpha hydroxy, disarboxyllic ecids (citrie,
maleic, tartario) proved to be effective complexers of beryllium. Among .
those tried with negative resul¥s weres aoetate, glycine, oysteine, pro‘!:oin
lactate, malate, auccinate, ote.

Problem Code: Be.2 (Toxic Effects).

Section Code: 3250

Anatomical Dingnosis:

When beryllium sulfate is given intravenously, mid-zonal necrosis
of the liver cells, necrosis of cells of the distal 1/3 of the proximal
convoluted tubules of the kidney and degenerative changes in the cells of
the henapoietic system are produced. Follcwing a single intravenous
adninistration of beryllium sulphate, rather sharp changes oocur in the
elements of the peripheral blood. These consist of a secondary anemia

" (probebly resulting from intravascular lysis of red cells), a loukocytosis, e

and an increase in the numver of circulating platelets.

Following exposure of animals to.beryllium sulphate dust (100 mg/m3 S
8 hours daily for 11 days), inflammatory pulmonery lasions are prodused, = .. “i-
which vary in intensity with different species. Pulmonary adems, a terminml '
bronchitis, and fooal atelectasis are the most commonly obseirved lesions.
The egyes of some species exposed to this dust develop oon;junotivitin, :
Keretitia, and corneal ulcers. ) o

Problem Code: Be.2 (Toxic Effects)

Section Code: 3556 (Elective Research)

Production of Generalized Osteosclerosis and Osteogenic Sarcomas:

Repeated intrawvenous injections of beryllium sulfate have provoked in

SSIFER ...




rats a development of oancellous bone to the ‘extent of nsarly complete
replacement of the marrow cavity.

Rabbits have been given various doses of berylilium compounds and °

are at present under observation a\miting the development of osteogenic
sarcomas as reported by Gardner. .

Problem Code: Be.3 (Toxic Limits)’

Section Code: 3210, 3220, 3230, 3250

Preliminary Beryllium Sulphate Inhalation Studies:

A two-week pilot study was performed in 71 an:.mals exposed 6 hours -
per day over a two week period to a misty - atmosphere of Bo%0),.6H,0 following
& conditioning period of the same length of time. The concentration to
which the animal group, consisting of 3 rabbits, 10 rats, 3€ mice, 110
hamsters, and guinea plgs, was exposed was 99.8 mg/zn3 of the compound as
determined- gravimetrically. Deaths among the treatsd animls were distributed
as follows: 10 of 10 rats, 3 of 10 guinea pigs, and 2 of 10 hamsters. ’ ,
There were no .fatalities in the mouse or rabbit groups. The weight response
data showed that all of the animnls were adversely affected with the mouse
showing the greatest change with a weight loss of 13% following exposure.
The guinea pig and rabbit showed the least change with 2 and 3% loss,
regpsotively. The biochemioal ‘and hematologic valuss from the rabbits
and rats were unusually normal and consistent throughout' the experiment,
ehowing no indication of damage. ~Histologle results are not available,
but gross examination of the tissues at the time of autopsy revealed wide-
spread pulmonary edems in the rats and some alveolar congestion in the
guinea pigs. The mice, both those studied serially and at the. termination
of the experiment showed 1ittle indication of damage.

In order’ to agcertain if d:lfferencen existed between the susceptibility,
2lbino and colored guinea pigs (10 of each, approxinating, a mean of 1,00 g)
were exposed to & misty atmosphere of BaSOh.éHQO at & concentration of
100 mg/mB. Eleven old end heavier animals averaging 850 g were also placed
in the chamber together with 12 rats. It was noted that all of the young
guinea pigs disd while but two fatalities were recorded in the mature group.
There were no discernible differences notad in the effects of exposure upon
either the albino or colored young guinea pigs, as deaths cocurred with )
about equal frequenoy in both groups. All but one of the 12 rets died during
the course of the expsriment, with the. deaths occurring in about the same
ohronological order as in the initial mist-exposure study, e.g., the first
one being recorded on the 8th ocalendar day. .

Skin Reamotions: .

As fer ns has been ascertained, beryllium does not provoke a

o aAG ™ | |
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sensitization response. There is no absorption or practicelly nome

through the intact skin; however, once through the skin, soluble beryllium |

compounds produce a typical ulcer. .

\

Feeding Studiea:

Beryllium rickets has bsen produced in rats fed either beryllium .
sulfate or beryllium carbonate at a level of S% of the diet; 2.%7% beryllium .

carbonate did not produce rickets. When replaced on the stock ration,
these animals apparently recovéred and the rickets healed; however, in
the following weeks an odd, hitherto-undescribed, radiolucent area
appeared in the metaphyseal area and seemed to inorease in saggital
dimension with time. The nature of this lesion is unkmown.

When large emounts (10%) of beryllium oxide or powdered beryllium &t

Aoute Toxicity: Intraperitoneal Iix;jeoticn:

Aquecus solutions of a number ‘of salts have been administered to

albino rats intraperitoneally. The L150's are approximately as indiocated:

BeF, - 12 to 15, BeOF, = 13, Ba(NOz), = 500 to 600, BeClp = 100 to 200

L)

Aoute Toxicity: Intravenous Injection:

In order to attempt to reproduce prévious work which-showed that

- metal were mixed in the diet of rats, no depression in growth wag produced.

beryllium sulphate when injected intraperitonsally in an agueous solution o
was more toxic than in a saline solution, 20 rats were given intravencusly,K -

7.2 mg/kg of beryllium sulphate in aquecus and 20 in saline. Ten rats
of each group died and 10 eurvived. '

Since guinea pigs seemed to be umusually resistant to beryllium

sulphate when inhaled as a dust, it was thought worthwhile to determine

roughly the intrevenous toxicity in this species. Groups of 2 animls

were given increasing doses of beryllium sulphate intratvenously. These
results indicated that the guinea pig was more susceptible than the rat,

but less than the rabbit. :

Problem Code: Be., (Fate)
Section Code: 3201, 3210, 3220

Intratracheal Studies:

Turing the past three months, certain findings have made a.dvisablé

& revision of the original program of intratracheal administretion of
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beryllium compounds. A number” g‘? experiments which had appeared to be
negative at first are now, after 6 to 8 months, producing a high mortality
rate in rats. The irmsdiate inference is that the detailed studies of
the reaction of the body to beryllium should be planned to cover at least
this period; consequently, a group of 50 rats have been injected with 100
mg/kg of powdered beryllium metal and are being observed for mortality,
hematology, and organ weights at death.

Beryllium Distributions

The radioiaotope. Be~, has been produced by bombardment of lithium.

* in the oyclotron of the University of Rochester Physics Departmont. Only -

a few samples have been studied; however, it appears that beryllium .
adminstered intravenously appears pramptly in the urine, and is deposited
in the kiMmey, the liver, the spleen, the bone marrow, and perhaps in the

‘bone mineral.

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

Section Code: 3210, 3230, 3260

Agents Affeoting Beryllium Action:

ot

A group of 5 rats given beryllium metal intratracheally 3 menths

* previously were administered peanut oll by the same route. The severe -

leukooytoses and the tendenocy to eosinophilia, which were observed in a
similar preliminary test, have again been observed.

The following substances have been observed to produce lcocal
ulceration or minor reaction in the rabovit and guinea pig when introduced
intracutaneously: beryllium metal, beryllium lactate, and ammonium
beryllium fluoride complex. An injurious reaction is obtained with doses
verying from 0.07 to 0,67 mg of either the soluble or the insoluble
preparations. A similar but less severe inflammation has been obiained
in the rat. A leukooytosiz in &ll cases has accompanied local inflammation.
The administration of 0.05 mg beryllium fluoride complex appears to be
free of local effects. Beryllium sulfate at 0.07 mg. produces only a mild
inflammation as does 0.07 beryllium lactate; the latter 2 substances will
be further tested at & somewhat lower levsl.

Effects of Beryllium on Cells and Tissues:

Berylllum has no pronounced effeots on glucose oxidation or
fermentation by yeast.
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On the basis of a2 possible comﬂetition o‘ rvlllum for Ca-systems,

work as undertaken on {rog and thea on Turilc izart. :(u one preliminary

but erude frog-heart exreriment, msrited effoct« were observed. These
sould not ba duplicated cn a simple turile heart treparation (%total
removal of the heart). lio effect was observed on & turtls heart in situ
7hen beryllium was placed in the pericardial cavity. Finally in a more
complicated preparation, in which a roia and artery wers cannulatad
beryllivm saline was perfused through the heart 2t ncrmal prossure in.
such a way that the coronary circulation ¥as suppllsd, Iwo turtlos ware
used and in neither were any abnormaiities iz hecart rate, ouwtpus, =
beat characteristics observed.

Problom Code: Be.5 (llechanism of Txrie Affcet)
F
Section Code: 35%2 (Elective Research)

Infectious Agents Affecting EBeryllium Action: :

The zimlbaneous edministration of the hyaluronidnse with a
suspension of pneumococcus type XV, given intratracheally, induced a
narked leukocytosis in rats comparsd with an absence of reaction in the
control animals. “hen hyaluronidass was given with pneocumococcus type 111,
11 (100%) of the hyaluronidase rats succombed with a covore pneumonia
and pleuritic reaction, whereas cnly 1 {2C%) of tle comircl pacumncoccus
types VI, VIII, and XXII are now baing undertaken under idemtical conditions.

The organisms isolated firrom a rat dying with beryilium peisonirg in
Nay of this vear is being introduced intratrachsally imfto 12 wnts, L of
#hich will receive simultanscusly hwvaluvronidase and 3 e dose of baryiliun.
metal. . '

Bighty guinsa pigs with cuitavle centrecis have bisn injoctsd with
the tubarcle bacillus snd axpcsen waexly Gc bervlliwm puifate nist in an
attampt o determine Tho interplov o thess TWo svrdssss on the caimal
body. At the present time, aftsr three months of such “reatmsnt. slightly
greater onlargement of the lymph nodes was nodicsd In the animals rsceiving
both agents elthough the diffeorence was not remerkabdble. Animals subjected
to beryllium only have sufforod o greater vaignt Toss than thocu with
tuberculosis and beryliium.

Problem Code: Be.b (Yetheds cof T'atection of Poiconing, Frophylaxis,
Troatnsnt ~nd T v
fection Code: 3240

Lang Function Tests in Animels:

b

An etvtempt was made wo ar, oxipaner, o determine On sz2ituration
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in blood of rabbits, in the hope of applying such measurements to the
determination of cardio-respiratory reserve. The oximeter earpiece
c¢ircuit was borrowed from the Physiology Department. The electrical
measuring circuit was built by ourselves. A rabdbit cage was constructed
in vh ich the animals ocould be exposed to any desired O, tension. ihen
the anirnls were at equilibrium with the desired Op tension, dlooq
samples were drawn from the ear or from the femoral artery for VanSlyks-
determination of Op saturation. These analyses were compared with the -
oximeter readings. Our results can be summarized as followa.

a. Rabbits 1ike dogs can withstand very low Op saturation of™
the blood, considerably lower than man. o -

b. When the oximeter is mounted on the ear of albino ra‘bbita, e
' the readings are relatively unstable dus to marked changes- |
in circulation in that organ. :

Ce When the oximeter is .mounted on folds of shaved skin én:
the belly or back, the readings are stable. However, '
when the Oo tension is redused so that the Op saturatiom
drops from 95 to 454, the oximeter may_ only drop from 95
to 80 or 75%« The oximeter indicates qualitative but
not quantitative changes in 0o saturation of the blood. S
The reason for the dlscrepancy is not apparent at the PR ’
present time. .

- r,:(,ﬁ : "::r?\
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THOR TUM

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

Seotion Code: 3210, 3220

Yethod ‘Devaiopnent s ' .

: Preliminary studies of the polarographic bshavior of scluble thorium
salts indicates that this method will probably not be useful for estimat-
ing thorium. A catalytic vave with nitrate ion has been found, but its
usefulness is doubtful.

A number of procedures have been tried; for example, the dithiazone
and the oxalate; and have been discarded. Sufficient preliminary testing
has been carried out using about 30 dyes to be able to Alscard all but
one of them; this one has.possible usefulness in the colorimetric method.

Sampling and Measurement:

' A visit was made to the laywood Chemical Works on September 2l
for the purpose of becoming better acquainted with the Industrial Hygiene
problems of the thorium industry. It was noted that the only dust hazard
in the production of the thorium nitrate was in the handling of monazite
ore and in stirring out the thorium nitrate at.the final step of the
process. The company officials reported they had had no industrial.
compensation claims presented during the course of their L0 years of
thorium production. This company has only a small number of employeea.

- Problem Code: Th.2 (Toxic Effects) .

Seation Code: 3230, 3250

Feeding Experiments:

Groups of weanling and 6 month old rats are being fed Aiets
, oontaining 3 levels of a typical soluble and a typlical insoluble thorium
compound. The dietary levels are 0.05, 1, and 10%4. Bbddy waights are
recorded. Ten per cent of thorium nztrate in the diet is sufficient to
ocause death after a protracted period of 2 mmths or more.

130833
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Problem Code: Th.3 (Toxic Limits)

Section Code: 3210, 3220, 3230, 3250

Intratracheal Toxicity:

The li-day MLD for thorium nitrate in rats has been established
for the intratracheal route to be 75 mg/kg; for thorium dicxide the MLD
was greater than 1,000 mg/kg -- the maximal dose possible by injectiom. = "~ " .. . .
After a period of two months, thorium dioxide animals have suffered no . ~. ... .
observable injury from this amount of oxide in the. lungs. . - o

Inhala*t;ion Experiments:

To monitor the inhalation experiments, it has been decided to employ
an alpha counter for thoron to make sure that Project persomnel are not-
exposed. This coumter has been btuili.

Problem Code: Thal; (Fate)

Sec.’cion Code: 3220 N

Distribution of Thoriums:

When thorium marked with UXy is administered to rats, rabbits, and
guinea pigs, a characteristic pattern of distribution has been found .
depending on the route of administration. When thariwm is administered
intramuscularly, there is no evidence of mobilization from the site of
implantation, When it is administered by mouth, there is no abgorption
from the gastro-intestinal tract; or perhaps it would be better %o say
that the absorption is- so slight as to be undetected by our sxperimemtal
procedures (less than 0.1%). “When'it is administersd intravenously, it
is deposited in the liver, &pleen, and bome marrow. Certainly nono
((0.5%) appears in the urine. There is a variable, but significant
fecal excretion. . .

]
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Problem Code: F.l (Physioal and Chemical Properties)

PROGRAY F.

' FLUORIDE

Seotion Code: 3210

Sampling and Measuremont: -

Beryllium has been found to interfere with the titration of
fluoride by the thorium nitrate-alizarin back titratian proceduro, ;
recoveries being seriously lowered when the ratio of mols. of beryllium-
to mols. of fluoride exceeds ome; beryllium does not interfers with the
separation of fluoride (as sodium fluoride) by the Willard and Winter
distilletion. Alkaline fusion, follcwed by perchloric acid distlillatiom,
is required for the determination of the fluoride content of beryllium
fluoride; beryllium oxyfluoride may be analyzed for fluorine by the usual
perchloric ‘acid distillation, by alkaline fusion and subsequont distilla~
tion, or by direct titration of an aqueocus solution of the salt. A '
satisfactory procedure was not devised for the analysis of beryllium ores
for fluoride ocontent, owing to the fact that the treatment wdth hydro-
fluoric acid is required for complete solution of the samples. In spite
of the fact that lmowm amounts of fluoride could be satisfactorily analyzed :
by & procedure applicable to Cascade Impactor samples, in praotice such
samples could not be satisfactorily handled owing to difficulty in neutraliz-
ing aliquots and to poor colors for matoching the end pointa. . ¢

The Harshaw Chemical Company has forwarded through the Service
Division (Division of Medical Services) approximately 50 atmospheric
samples and ljl urins samples for fluocride analysis; one sample of human
tissue (lung) has also been received. Ome hundred forty-tw exposure ,
chember samples have been received from the engineers for fluoride analysis.
Thirty-seven osgeous tissues from lMr. Sprague's two-year chronic uranium
exposure have been analyzed for fluoride contemt,

-

Problem Code: F.l (Fate)

Section Code: 3210

Determination of Fluoride in Blood::

A satisfactory method has boen developed for tho aneslysis of blood
for fluoride content, and the method has been written up for inclusion in
the second volums of the Pharmacology monograph. To date samples of lamb,
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PROGRA:\J S.M.

SPECIAL MATERIALS R

Problem Code: S.M.3 (Toxic Limits) \

‘Section Code: 3210

Halozenated Hydrooarbons, Hexachlorpropylene (HCP) , and Trichloracrylyl '
Chlorids (TCAC): S

HCP and its oxidation product, TCAC, are both highly toxis
substances. The LD50 for rats exposed for 30 minutes to the vapors of .
these substances is approximatoly L0 and 100 ppm, respectively. Whereas
the unpleasant odor of HCP may serve as a warning whan oven e few ppm are. .
present in the air, TCAC is more insidious, and i% appears- probable that
a dangerous cox\centration may be built up in the atmosphere without T ‘ .
sensory warning. o e T TR s

ACP upon inhalation by animals produces excitemsnt; continued ine:
spiration of higher concentrations resulting in the excitement stage of:
anesthesia; TCAC under similar oonditions gives some degree of sedatien. .
Both vapors in man may produce eye irritation, redness of the nasal =
membrane, unproductive cough, and nasal discharge, and reddening of the
pharyngeal mucous membranes; .lymph glands in some cases become slightly
enlarged and tender; some loss of appetite is also noted. The production
of senzitization appears to be a characteristic of the compounds. The
above symptoms are prodused by oxtremely mild exposures to TCAC that result
from the penetration through the Army -Assault Canister. .

<

Treatment would consist of removal from the toxic atwmosphere and R

continued rest. The Army Assault Canister offersg proteotion against HCP
tut not ageinst TCAC. For TCAC the use of a supplied air type of mask
is advooatad. ~ ‘\ :

L OSSR
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FROGRAM I.S.

ISOTOFES

Problem Code: I.S.1 (Tracer Chemistry)

Section Codes 3120

“The Applioa.tion of Filter Faper Chromatography to the Qualitative Analysis

of Voletile and Hon-»Volatile Organic Acidsg

Bac?round: ‘The use of fi]!: er paper chromatography for the quali-
tative analysis of mixtures of organic compounds depends upon the differe
ence in the partition ratios between the water phase and an organic solvent
phase for the organic compounds investigated. This difference is utilized
by setting up experimental conditions as follows: A small drop of: the
organic compound mixture is placed near ome end of a long strip of filter
paper (the water phase) and that end (not including the spot) dipped in the
selected organic solvent. This brings about a movement of the organic
solvent boundary and a following movement of the wvarious organic compounds
at a rate depending on their respective partition coefficients. After a
suitable interwval of time, the process is termineted by removing the ehd
of the filter paper from the solvent; the solvent boundery is marked and
the paper is dried and sprayad with some dye to give an identifying color
reaction. The various organic compounds are found to be distributed along
the strip as more or less narrow bands and can be idantifigd by calidbra=-
tion .experiments performed with the single pure compounds,™ The Rp valus
is defined as;

Movemsnt of spot"

Movement of advancing front of organic solvent

In the application of filter papsr chromatography to the qualita-
tive amalysis of mixtures of organic acids, certain difficulties are en-
countered as follows; (1) streaking of many aoids at the concentrations
requirad for detection by color reaction; (2) spreading or evaporation
from the paper of ths volatile meubers of the group; and (3) too rapid
migration, essentially with the solvent boundary, of 'the compounds of low
water solubility.

Of a number of organic acids salts and derivatives investigated,
the potassium hydroxamate was found to b3 most satisfactory in overocoming
some of these difficulties, Synthesis of the hydrozamtes enabled the

1. GO!’dOZI, Ao Ho, L'nrtin, A, Jo P°o and Syngeg R, Lo M., Biacnamon 37
Proc., xiil (1943)0 : .
T
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separation of most of the common organic acids with chain lengths of about
eight carbon atoms or less. '

Mothod: The potassium hydroxamate derivatives of the organic acids
were preparad by reacting the methyl ester with ebout a two-fold excess of
a mixture of potassium hydroxide and hydroxyl e in methyl alcohol. The
_ hydroxamate derivatives obtained from about 10" mole of each of the
organic esters were applied to the filter paper, The chromatogram was.
developed for each of a number of suitable organic solvents. In order to.
make the bands visible the dried filter paper was sprayed with ferriec -
chloride solution, This displayed the organic derivatives as purple spota .
on a yellow background,

Results; The RF values were detemned for a number of hydronmto_
derivatives and for a variety of organic solvents, These data are given
in Tables I and II (Pages 60 ard 61).

Discussions Converting the organic acids o their hydroxamate dee
rivatives increases the polarity, deoreases the wvolatility and makes
possible the use of a convenisnt and reasonably sensitive color reaction.
for development of ths chromatogram without increasing the molecular weight
to such a degree that solubility differences between members of a homolo-
gous series are seriously diminished. In general, the color reaction is
sufficiently sensitive to_detect on the r'inished chromatogram a spot conwa
taining approximately 10° =7 mole of aocid, assuming a quantitative conversion
of ths ester to the hydroxsmate in the proparative procedure, while use of
mixture containing more than about a milligram of any one component is
likely to lead to spreading or streaking due to ths overloading of the .
paper. With proper controls, a rough quantitative estimation may be made. - -
of the amount of acid in & spot by judging from ths size of the spot and o
the intensity of ths color., .

Disadventages in tho use of the hydroxasmate derivatives include the
manipulations involved in their preparation and the multiple spots cobe
tained from ths eoids with multiple functional groups. The multiple spots
ars presumably due in general to failure to carry the preparative reactions
to completion, although the possibility of complicating impurities in soms
of the stock organic acids employed has not been entirely ruled out,

‘The colors in the developed chroms.togram are rslatively stabls, a.l-
though continued exposure to strong light causes a loss of contrast,
principally by action on the ferric chlorids btackground. Intense spots of‘
the ferric hydroxamastes tend to spread to other papers in contact with them,
so that in filing it is well to insert blazk cheets of paper between the.
chromatograms, .

L
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Rp Values of Hydroxamate Derivatives of Organic Aoids in Various
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Solvents on Whatman Ho. 1 Filter Paper,

. Hydroxamate Solvent

N " |Methyl Ise- -

n-Hsxyl | n-Amyl | n=Butyl reo-Butyi ethyl |butyrie A
! alcohol | alcohol | aleohol { aleohol | ketone aoid Phenel
Formie 0.06 - 0.12 0040 ~ | 0,54 0.22 0,45 0,67
Acetic 0023 0035 - 0681 0.63 0,40 57 0,70
‘Propionioc 0.43 0.56 0,68 0,78 0,61 .- 0,68 0.78
Butyric 0.63 0.71 0.79 . 087 0.75 0.74° . 0,80
Valerio 0,73 0.78 0.86 " 0,90 0.84 - 0.83 0.84
Capl'ylio 0.86 0,88 0,90 0.91 0.91 0.87 0,90
Pelargonic 0084 0085 0091 0,90 0,91 0.88 0090
Capric 0.89 0.89 0,92 0,90 0,90 0,92 0,95
Bengzoic , 0069 0073 0082 '0086 0083 0079 0085
Phenylacoetic | 0,73 0,76 0.83 0,83 0.84 0.75 0:86
lactic 0.14 . 0,23 0.42 0.53 0.28 0,50 ‘| 0,66




MBLE T1

Rp Values of Hydroxamats Dorivatives of Organic Acids iz Phenod
and in Isobulyric Acid on Whatmmn Jo. 1 Miter Fopow

Bydroxanate ; Sotrons _
Fhenol 2 Igobubyrac Acid
_ { ' .

Oxalic : 0,14, 0,40 0,23, 0,28, 0.32 .

Halonie ' 0.11, ¢-23 0.15, .92

Suocinic 0,40, .72 orange 0648, 0.52 ourangd

Glutaric | 0,47 0.37, D.62 ‘

Adipic : 0.5¢, 0.87 , 0.44, €.50

Pimelio 0060, 0,73 0.52, G569

Azelaic 0.83, 0.74 i { 588 streniced

Sebacic 0.89 0074, 0,32

Citric ' 0,09, 0,23 0e20, T.20

. Tarteric 0,10 § 01§
! Pyruvie 552, 0,98 ? Deld, T.C2 oranzz, 0.73
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Radiocarbon and Filter Paper Partition Chromatography:

Background; Due to the important rols that carbon compounds.piay in
biological systems, it was thought useful to study the degree to which cl4
containing produsts of intermediary metabolism as separated by partition
chromatography could be identified by radioautsgraphic exposuras. :

Hathods For the purposes of this study one milligram of Chlorella - :
suspended in 0.1 ml. of distilled water was exposed to lighty in the presence
of 2 ml. of air containing a few miorograms (one miorocuris) of radicactive
carbon dioxide for a period of four hours, and the tube containing the 7~
Chlorella was then connscted with a tube containing solid X0H for an addi-. )
tional hour. The Chlorella suspension wa3 divided into two equal portions,
one of which was hydrolyzed in 0.1 ml. of 1 N HC1 for 24 hours, and the o
other centrifuged and extracted with 26 mioroliters of Lot 80 par cent
alcohol for 30 minutes., A-two-dimensional chrometogran of each of the
solutions ( plus added emino acid markers) was developed with phenol and
collidine® and after the filter papers were dry, they were pressed direoctly
‘ngainst sensitive xwray £ilm (E.K. "No Soreen®) for thres days.

Results; The alechol extraot gave an excellent chromatogram, the” R
radioautograph of which shcwed exposed areas as follows: o L

. l, A rather poorly definsd very dark spot or spots,
. due to relatively fat-soluble radiocactive substances,
poasibly organic acids of low volatlility, which had .
travelled essentially with the bourndary in both phenol
and collidine,

2o A dark spot in approxlmately the p051tion taken
oy giuoose in routine chromatograms (Rp values of 0,42 and
0.4l in phenol and collidine, resractively),

3. A moderately dark spot coineiding in poeitién
with the glycine, alanins, arginineo vnllneo and proline -
added as marksrs. ’

4, Light spots tentatively identifled as aspartioc
ancid, serine, and threonins; two light spots nsar glycine
and two near alanine which cculd bo sugars or peptidsesj
and an unidentifiad light apet ﬂitﬁ Rp valuss of 0098
and 0,08,

Thero was no visible exposure in the area oocupied by the phenylalanine
ndded s = zmarker or in the positiors ordirarily taken oy the sther amino
acids not listed in the precedinyg paregraphs,

A chromatogram prepareé from e 80 por cont 2lcohol oxtiract of

*The mixturs referrec to &8 collidine in this degoription was actually the
organic phase from a nixturs orf 1 pers, 2, &, 6 collidmao 1 part d, 4 luti- ~
dine, and 2 parts 520 a8 recommended to us dy Dr, Co. B, Dentn
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200 mg. of non-radioaotive Chlorella caused no “chemical exposure™ of an
x-ray film, and when treatsd with ninhydrin showed spots tentatively iden-
tified as aspartic acid, glutamic acid, serins, glycins, threonine, ala=-
nine, histidine, and argim.ne, and an unidentified spot with Rp values

of O, 10 &nd 0,05, -

Dus to & marked tempsrature change during dsvelopment, the chroma-
togram prepared from the Chlorella hydrolysate wms skewed to such an ex-~
tent that detailed identifxcations could not te made, but insofar as it .
could be interpreted, it a.ppeared qualitatively s:.milar to ths alcoholic
extract chmmtogram

Discuasion: These oxpariments appear to be comrinoing evidenca
that an extremsly valuable tool for intermediary metabolism studles with

"radioisotopes is at hand, With the possibility of preparing filter paper
‘chromatograms of moderetely water-soluble compounds of low molecular weight,

such as amino acids, sugars, organic acids, .purinss, peptides, and a
variety of othsr organic and inorganis substanceg, 2 considorable amount
of data concerning the metabolioc fate of radiocactive compounds may be ob=
tained by a very simpls procedure. A particularly veluable featuro of the
ohromatographic technic is its ability, without any deviation from the
routine procedure, to isolate.and draw attention to unexpacted or even .
unknown compounds involved in a metabolic process under study, and in
addition to mrnish oonsidemble aid in their idsntif:.catioho : .
The lower 1limit to the quan‘bity of any given compound which may bo
handled successfully by partition chrematograrhy seems to be determined,
in general, by the semnsitivity of the procedure employed for detecting the
spots. With most good visual color reactions this lower limit is in the
order of a miorogram {and frequently embarrassingly close to the upper
1imit), but with radiocactive compounds of high specific activity quanti-
ties many orders of magnitude smaller may be easily detscted, identified
and 1sola.ted in a smamll volume of solvent for further tests.

Use of Radiocactive Reagents in Fllter Faper Partition Chromatographys

Background: One of the principal limitations in the application of
filter paper chromatography to blological studies is the ratheor narrow
range ¢f concentrations over which the uswal tschnique affords reliable
resulta. The smallest amount of a subs}gnce which may be detected by color
reactions is of the order of 107® to 10~ grams whereas the largest amount
which may be handled without overloadin'r the papsr and causing streaking
and spreading is of the order of 10~% to 10~3 grams., This is a partiocularly
serious limitation in the analysis of mixturss of organic compounds darived
from biological material since the concentration of individuil compounds
may vary by severeal orders of maegnituda,

A method for the extension of the useful concentratlon range sugges<
ted itself from experiments in which radiosutogruphs of filter paper chrom-
tograms were prepared in order to determins the :stabolic transformations of
an injected radiocactive ‘compound. Excellsnt chrimatograms could be prepared

‘UR 00518



with quantities of materials many orders of magnifude less than those ree
quired for visible color reactions. Therofore, it seemed reasonabls te
investigate the use of radicactive reagents, rather than color reagents,
for the detection of the various compounds on {ilter paper, Two mothods
wers tried for incorporation of the radicactive isotope into the compounds
to be separatedo

Mbthbd and Results:

1. Suspension of the latent chromatogram in 2 closed vessel '
filled with & radiocactive gas which was able to react with the class of -
compounds under investigetion,

’ 8. Varicus quantities (10'11 to 10“8 mole) of
silver nitratoe and othylamine hydrochlorida werse
placed as individual spots on e strip of filter
paper. The paper vas allowad to dry end then ex-
posed to the wapors of hydriodic acid containing
1131,  sfter an hourfs exposure, the filter paper
was prepared for a radioautograph by pressing it
against an x-ray film with a sheet of cellophane

. intervening. The radioautograph clesrly showed the
spots, and, in genoral, the density of the spots
"varied direotly with the amount of material added,

bo A second experiment with non-radiocactive
hydrogen sulfide a8 the reagent acting on spots
containing micregram quantities of verious metal
lons has indicated that radiocactive hydrogen sul=
fide mey be a valuable reagent as a chromatographie
indicator.

Zo Addition of the radioective reagent to the compound mixa .
ture prior to its plecemsnt on the filtsr papar,

gc A mixture of amino asids and rsdicactive
hydriodic acid was tested end the resulting redio-
autograph of tho chromatogram showed a single
spot for the hydriodic acid demonstrating that the
emino acids and the hydriodic acid wont their
separate wnys. A mixture of radio-potassium end
mono=carvoxylic acida showed the sams unsuccesgsful
result, ‘

b, On the other hand, prelimimary tests with simple
amino hydroiodides have shown that amines carry the
radio-hydriodic acid along even whoen iittla or no
hydriodic vocid was vresent in the system,

Disoussion: “he methods presented above represent only a few of the
simpler procedures for introducing & radioactive roagent. The success ob-
tained in theece exporiments warrants further study of methods whereby the
sensitivity of radiceutographic techniques can ke utilized in extending tho
range ol usefulness of flilter pepsr chromatogrepiy.

SSifY

pnm

" UR 00519



’ Problem Coda:

Seoction Code:

PROGR2M 0.S,

OUTSIDE SERVICES

None

3110

Analyses for Special Material Pianta:

The following analysss ﬁare_ made for the spscial matsrial plantsg -

&o

82‘air samples were analyzed for radon contsnt. |

Five Golger tubes of local dosign have had mice windowe' cemented
on, been filled, and tested as & servico to the University of California
Atomic Enmergy FProject, Los Angeles, California,

Spectrochemical Analysesg

: As a service to outside organizations, the following spectrochemi-
cal analyses were performed for the period July 1 to September 30, 1947;

12
10

10

samples including soil, paint, and foliage for uranium
samples of soil for uranium and vanadium

samplas of £0il for ﬁmnium

samples human au‘bopsy,mteriﬁl for uranium and l;eryllim
semples human au-top.sy material for uranium and lead

samples huran sutopsy material for uranium

sample human liver biopsy for U, T, Bs, Va, Pb, Hi, Cr,
and Cu.

In addition, about 25 miscellaneous a;mlyaes moestly for Be were 'done
for units within the Projsct,

Electron Miorographs:

A series of 20 electron micrographs of Be0 ousts wera made as a
sarvies to Clifton Products Co. '
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Problem Code: None

Section; 331C, 3311

Measuremsnte of Industricl Scmples;

During the months of July, August; ard Scpisuber, 1947 the follow-
ing messurements wers mads of industrial sampless

6. 7133 industrial £ilm badges, processed and reporved.

bo 32 radon g2s semples (an&lyze& by Dr. Joha Rursh)

¢. 30 breath samples for body Yy content (analyszed oy
Dr. Robley D, Evane, M. I. To)

d, 278 fingerprint impressions (analyzed by Dro
Roger Barvey, University of Illinois College of
M=dicina ).

o 5 dust tubss enalyzed.

" Analyses of Hiscellaneous lMateriulsg

In eddition to the above-named routine work, these sections were
used extensively in consulting capacities, and eas & centrelized medium for
the collsction of samples, expediting the analysis by other sections, and
reporting results relative to the followings

6. 1 analysis of artificinl teeth for radicactive and

toxicological hazard. '
t., 45 soil samples received (for urenium content),
$ analyrced and reported.

Ll

c. 57 urides (anslyzed for uranium content).
d. 45 urines amalyzed for fluoride.
8. 166 smear ssmples counted on alpha counter,

258 dust samples for uranium content received,
67 annlyzed and reported.

’
g. © five-gallon river water samples, not yet anmalyszed.

Filn Researcl:

rdditional £iim research vms cerried om regarding ths effsct of

13000 UR
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heat to density of various éxposures; the film effect of exposure to radio-
activs iodine; a comparison of the sensitivity of Eastman Kodak Type K
film with the DuPont film; and a study (still going on) of the method of
counting proton recoil tracks versus the cadium and lead strips on film
for determining noutron exposurs. Much time:has also been spent in con-
sidering features for a nsw badge design, '
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PROGRAM P.Ho

PROJECT HEALTH

Problem Code: Yone

Section Code: 3330

Projeot Medical Service:

' 1. The medical office has on file 38 physical rocords which were
completed during the months of July, August, and Septsmber, 194?°

2o During these months 43 chest roports were completed and filed
in the medical of'fice. e : ) :

3. There were no lost=time eccidents due to injuries received on
the Project. Of the injury cases reported to the medical office, ons was
reforred to Emsrgency at Strong Memorianl Hospitel, one to X-ray at
Strongz Memorial Hospital, one to an outside physician, end two returnsd
to the medical office for second treautment. The usus). compsnsation forms
have been submittad on these cases. ' '

4, The results of the tuberculin tests that wore given during
the month of July to the employees of this Project ars as followss

Test with Pirst Strengths

No. of Reactions

. Regative ] 113
. + 4

‘ -1 3

2+ ) 1

Check x-rays have been taken on personnel whose reactions were posi-
tive o . :

5, The report of the blood counts bsing done in the medical office
for the months of July, August, and September, 1947 is es followss

a, Initial complate Blood counts 42
b, Routine completo bloed counts 203
¢o Sadimentation rates \ &7
d. Wassorman testse 46
. @ Special oomplete blood counts 1
£, . Incomplate blood coumts 4

go Terminmation complete blood counts 30

6. For the sbove months, 90 repsat urinalyses were cbmpleted with
o 43 initial urinalyses, 1 special urinelysis, 3 orthostatic albumen tests,

e end 29 termination uriralysess g ‘e
EQA t.’ua§L§ “ﬂﬁigjﬁtb~ b
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FROGRAM I.N.
INSTRUMENTATION (SPECTROSCOPY, ELEGTRON MICROSCOPY, X-RAY AND NUCLEAR

RADIATION DETECTORS, X~RAY DIFFRACTION, EIECTRONICS)

Problem Code: I.N.l (Research and Dsvelopment) ~ o

Section Code: 3110

Back-Scatter from Silver Foil Samples

Background; One method used in this laboratory to prepare beta
samples for counting involves the distribution of the radiocactive solution
on a silver foil in the form of small droplets disposed over a specified
osntral area, These dropleis are then evaporated with gentle heat from an )
infra-red lamp. When dry, the foil is placed on a brass sample and counted
under a tiin window, bell-type counting tube., . o
In order to objain absolute eotivity measurements the geometry and
absorption of the counting tube was determined in ths usual manner, The
standard used was a silver foil on which 1 mg. of uranium had been plated
at least two years previously. Sinoce after this interval Uszg, UXy, UXp,
and Upzy would be present in equilibrium concentrations, we can predict the
number of hard beta disintegrations per unit tims by ocounting the alpha
emission in an alpha parallel plate counter. The uranium foil was placed
on the beta counter semple mount and counts were made with an increasing
numbsr of 2 mil. aluminum filter discs between the foil and the counter -
window. The hard beta per nminute count was extrapolated back to zero win-
dow thickness and divided by the total number of hard beta disintegra-
tions per minute as inferred from theo{ count to give a figure for the '
tube geometry. ‘

Similar filter experimonts were conducted with the beta isotope foil = .
sample, ths activity of which we desired to determine. The counts were L
extrapolated back to a noswindow count so that absorption in the mica win-
dow could be allowed for,

This method of ¢alibration did not take into account the possibility
of a difference in the back-soetter of the urarium betas as. compared to
the back-scatter of the beta emission to be measured., The preliminary ex-
pariments to be desoribad are an attsmpt to evaluats back=scatier as a
source of.error in such calibration measuremsnts,

Mothods For use in these experimsnts & thin-walled cylindrical.
lucite cup was made, This cup is illustrated in Figure 1 (Fage 71). It
consists of a bottom portion with a base designad to fit in our sampie
holdér support, The top outside lucite ring is designed to bs forced down

z;EEBE‘f
5 4 £t
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flush around the top 1n31de lucite ring 80 as -to straetoh smoothly a sheet

of varnished cellophans in a fashion similar to the wooden embroidery frame
tschnique, The ‘top insids ring may then be put in place on the base form=
ing a cellophane coverad lucite cup of 5 cm. inside depth, of 4.5 cm. ine
side diameter, and of 0.3 cm. wall thickness. The cup was deslgned to that
when in place on the sample holder support of our shielded counting appara-
tus, ths cellophane surface was at a window distance ‘oquivalent to the posi-
tion of the silver foil in our usual counting teehniqueo

A brass plug vas machined out so that it would Just £111 the air
space inside the cup. A 3 mil. silver foil was soldered to the upper sur-
face of the plug. When the plug was in place in the cup, the foil surface
‘approximated the lower surface of the cellophans cover. .
The experimsntal procedure employed was to remove the cellophans
covered top of the cup and evaporate small droplets of the beta isotope solu-
tion distributed within a central circular area on the under surface of the
cellophane, The circular area chosen {3 cmo in diameter) corresponded to
the silver foil area used for deposit.

When the droplets had completely evaporated, the top was replaced
on the oup after having first removed the brasa plug. Counts were now made
with a series of aluminum filter thiclmesses from zero thickness to 14 mils.
in steps of 2 mils.  The same procedurs was repeated with the brass plug
in plece in the cup. These two sets of data were plotted on semi-log paper
giving usually straight line plots representing conditions of no back-scatter
and back-scatter respectively,

The beta omitting isotopes so far studied are UKy, Phosphorus 32, .
Iodine 131, and Iromn 59,

Resultss The data were in all cases exoept Fe 59" oztrapolated baock
to gzero window thickness and the ratio of metal backed count Lo air baoked
count was calculated giving wmlues as followse

Isotope lax. Bata Energy Hotal-backed Count
i UELV, Alr=-backed Count
Wy 2032 1.7
Iy33 <80 : 1.4

Discussion: It would, therefore, appear that backscatter under the
conditions of the above maasurements is less for soft betas than for hard
betas and that, therefore, the betas from UXs are not o suitable reference
standard for abso]uts measuremsnts of 1333 beta activity unless & correce
tion is applied, :

The second point of interest in this data is the magnitude of the back-
gcatter. Theoretical considerations dealing with this point will be re-
ported at & later time,

*The iron isotops contained beta particles of 2 maximum energies end, theree
fore, the data did rot plot o3 & simple straight lire on semi-iog paper.

DECLASSIFIED
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Figure 3

@ top ouvsifdc ring

top insicde ring

‘brass sylinder base

LUCITE SAMPLE MOUNT
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 Problem Code; IoN.l (Research and Development)

‘Seotion Codes 3160

. _-'Usé of the Electron Hicroscops for Dust end Fums Studies'i

Backgrounds The study of plant dusts and fumas ha.s besn facili-
tated by use of the elevtron microscope for the msasurement of rertiole
size and shapes The snecifio tochaniques under study aresg

, 'Msthod- ao The preparation of dust and fume samplos to be studied
by electron micrography. = These include BeQ, Ws, U0z ae ‘Dulk mtorials
and metallic fumes such as Al, Zu, Yg, otce ‘

be The detoction and identification of some of these
materials by electron diffraction patterns, .

¢o The use of rephoa me'bhods for those materiasls ‘tha‘b
oclump in the suspension ordinarily used in preparation oi‘ electron mioro«s'
graplv specimen.

Rosults-~ &0 Sucoessful methods of preparatlon have been developed
for Bed, Wy, end U04 &8 woll as for the common fumes. Several hundred
electron micrographs have been made of e large and ve.rled aasortment of
dusts and fumes in order to catalog their characteristic a.ppea.ranoe and
their idiosyncrasies in the preciprba.torSo

.‘oo The modifloe.tion of one of the electron microscopes
for the production of electron diffraction patterns is just getting ste.rted
and no results will be reported et this time, :

8o The use of rephoa ma3thods for sizo measuremént of
dust particles that clump in ths suspension medium has proved dise.ppointo
ing. The materials frequently traunsfer from the glass slide on which they
were initially deposited through the polystyrenc step to the silita £ilm
which is used in the electron microscops, It was diffioult to eccount for -
. this behavior since the material appearsd to bs flat on the primry glass
slide and also on the electron miorograph, To determire how much of &
third dimension these particles sctuelly had, gold shddow castings and
more particularly stereoscopic micrographs were made, This study rovealed
that instead of e flat field, that which eppeared to be a single particle
-would often be a superimposition of two or more .particles and the forma-
tion of irregular chains extending into space.. In view of  these findinge,
it becomss obvious that a method of replice production that involves _
pressure would break down these chains and distort partiole.size msasure=’
ments. The direct transfer of some materials instead of the cast: of these
materials was explained, . The comparatively large third d:.menslon and the
orientation of these particles that have been noted in the stersoscopic
study indicates that caution must be -exerciscd in the measurement of the
particle size and that a large number. of perticles must be measured to
arrive at e true value,
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Electron Micrographs of Single Whole Cellss

Background; boocause of the desirs .to sacure eloctron micrographs
which inoluded a single whole cell, the RCA microecops had to bs modified.

Mathod: In order to reducs the megnification by ths order of several
hundred times, the objective polo pieces woro removed. .Tho objective aper-
ture is an integral part of the pole piece and its removal rosults in e
considerable loss in contrast. The RCA misrogeops hoe no provision forr
an objective aperture at these magnifications. Therefors, a non=magnetisc
pole piece was congtructed in the shop with provisions for mounting the
objective aporturs,

Results: The fesulting piotures show o remarkeble inorease in de-
tail and contrast and this modification should pay dividends in any work
involving magnifications in this range.

Further work has been done toward eutoradiography using electro-
static magnification of the images formed. Useful beam currents have been
obtained, but because of the instability of the motals used as an active

cathode, sufficiently long exposures cennot be made at present. Investi-

gatlon of other cathode materials is necessary,

0453  emrvRWEL L
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