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6. 

I ECBODUCTIOI 

This report is unlike the usual Quarterly Technical Beports issued 

by The University of Rochester Atomic  Energy Project i n  that it  redewe 

all o f  the research and service work done during the ent i re  calendar 

year of 1948. 

The work presented herein hae been coded at the Program and Problem 

levels  according t o  the scheme given on Pages 7' and 8. 

a l l  contribution8 t o  a given problem have been assembled together without 

regard t o  author or t o  the administrative organization except that the 

number of the section which did the work is prefixed i n  each case. By 

using t h i s  number, i t  can be found on Pages 12 and 13 w h a t  administrative 

off icer  can be approached f o r  information about particular work. 

does not imply ei ther  authorship, o r  sc ient i f ic  credit  which w i l l  appear 

only i n  f ina l  reporte issued from this Project. 

In the  report 

This 

UR 00899 



7.  

FXPLAUTION OF PBOGBAM AND PROBLEM CODES 

The scient i f ic  work at The University of Rochester Atomic Energy 

Project has been coded at the program and problem levels. 

general, indicate broad f i e lds  of investigative or  service a c t i v i t i e s  while 

the problems indicate divisions o f  these f ie lds .  

method o f  division Into problems was poesible, an attempt was made to  

The progrm, i n  

Although no consistent 

achieve a natural division i n  the sense that each problem would encampass 

a subject normally writ ten up and generally considered as a unit. 

program on chemical toxicity of uranium, f o r  example, has been broken down 

Into problem8 according t o  the divisions commonly employed by toxicologists. 

The 

The problem codes are not related direct ly  t o  the administrative or-  

ganization o f  the  Project, Consequently, the smallest administrative unit, 

the section, may work on more than one of the coded problems. 

more than one section may work on the same coded problem. 

t ive organization w i l l  be ignored i n  making t h i s  report of o u r  research 

and service ac t iv i t ies ,  a l l  material being assembled according to the pro- 

gram and problem codes. The contribution of each section w i l l  be prefixed 

by the section number, however, t o  permit reference t o  the administratire 

organization if necessary. 

Conversely, 

The administra- 

I t  has not been possible t o  code the problems sufficiently broadly 

t o  avoid a l l  overlapping. 

vestigation might be coded differently,  the whole work WEI coded according 

t o  i t s  principal subject matter a s  long a8 the minor subjects were rela- 

t ively unimportant. Otherwiee, the work was divided under appropriate 

codes. 

In cases i n  which various parts o f  a given in- 

UR 00900 
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PBOGBBN U D  PBOBLLEM CODES 

I. X . R .  BIOLOGICAL EFFECTS OF EXTERNAL BBDIBTIOB (X-RAYS AITD $RAYS) 

X.B.1 Tolerance Studies (dose levels, survival time, gross 
and hi st o-pathology) 

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

X.B.3 Therapy (m8asures against radiation effects) 

X.B.4 Bematology 

X.E.5 Genetics (histogenetics) 

X.B.6 , Embryology 

X.B.7 Bacteriology and Immunology 

- .-. 
... 

11. I .E. BIOIOGICBL EFFECTS OF E~CTEBH~L BBDIATIOB (~m-rn AHD U L T R A - V I O ~ )  

. I.B.1 Flash Burne 

III. R.M.  BIOIOGIWL EFFECTS OF RADIOACTIVB~ MATERIALS (CONTACT. IEGESTIOB. ETO.) 

B.M.1 Polonium 

B.M.2 Radon 

B.M.3 Thoron 

B.M.4 Miscellaneous Project Metals 

IV. u. URAEIOM 

U.l Physical and Chemical Properties 

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

u.3 T O X ~ C  ~imits (respiratory; oral; skin; eye; parenteral) 
._ 

fJR Oogol  



9 .  

U , 4  Fate (distribution and excretion) 

U.5 Mechanism of Toxic Effects 

U . 6  Methods o f  Detection o f  Poisoning, Prophylaxis, T r e a t -  
ment and Protection 

V. Be. BEBPLLIUM 

Be.1 Physical and Chemical Properties 

Be.2 Toxic Effects (description o f  acute and chronic toxicity) 

Be03 Toxic L i m i t s  (respiratory; oral; skin; eye; parenteral) 

Be0& Fate (distribution and excretion) 

Be.5 Mechanism of Toxic Effects 

30.6 Methods of  Detection of Poisoning, Prophylaxis, T r e a t -  
ment and Protection 

VI. Th. THORIUM 

Th.1 Physical and Chemical Properties 

Th.2 

Th.3 

Th.4 r a t e  (distribution and excretion) 

Toxic Effects (description of acute and chronic toxicity) 

Toxic L i m i t s  (respiratory; o ra l :  skin; eye: parenteral) 

Th.5 Mechanism of  Toric Effecte 

Th.6 Methods o f  Detection of Poisoning, Prophylaxis, .Treat- 
ment and Protection 

VII. 3’. FLUORIDE 

F .1  Physical and Chemical Properties 

2.2 Toxic Effects (description of acute and chronic todc f ty )  

2.3 T ~ X ~ C  ~ imi ts  (respiratory; oral; skin; eye; p a r e n t e d  

UR 00902 
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F.4 Fate (dis t r ibut ion and excretion) 

F.5 Mechanism of Toxic Effect 

P.6 Methods of Detection of  Poisoning, Prophylaxis, T r e a t -  
ment and Protect ion 

VIII. S.M.. SPECIAL MATXXILLLS 

S.M.l Physical and Chemical Propertiea 

S.M.2 

S.M.3 

S.M.4 Fate (dietribution and excretion) 

Toric Effect6 (deecription of acute and chronic toxicity) 

Toxic Limits (respiratory; oral; skin; eye; parenteral) 

S.M.5 Mechanism of  Toxic Effect 

S.M.6 Methods of Detection of Poisoning, Prophylaria, Treat- 
ment and Protection 

IX. I . S .  ISOTOPES 

I . S o l  Tracer Chemistry 

10S.2 Radioautography 

I . S .3 Therapy 

x. g .S. OUTSIDE SEBVICES 

X I .  P.H. PROJECT HULTH 

X I I .  H.P. HEALTH PHYSICS 

H.P.1 Research and Development 

H.P.2 Service 

. UR 00903 



..I , 

11. 

XIII. C.S. SPECIAL CLINICAL SERVICE 

XIV. I.M. INSTRUMEBTATIOB (SPECTEOSCC?Y. ELECTROB MICROSCOPY. X-RAY AID 
ETJCT;rcnR BBDIBTION DETECTORS, X-RAY DIFFEACTIOIIT. ELECTEOl?ICS) 

I .B .1  Beeearch and Development 

I.B.2 Service 

I dl.3 Inetnunentatlon for Outside Organizations 

UR 00904 



12. 

ORGAMIZATION 
- .  

6 .  DIVISION OF EADIOIDGY AM> BIOPHYSICS (3100): William F- Bale 

Section Code Section Administrative Head 

John B. Hursh 3110 Instment at ion 

31 20 Tracer Chemistry 

3130 Radiation Phyeiology 

3133 Radiat ion A n i m a l  s 

3140 Fiadiat ion Chemi 8 try 

3150 Spectroecopy 

3160 Radiation Mechanics 

3161 Electron Microscope 

Leon L. Miller 

Thomas E. Boonsrr 

Thomae E. Eoonan 

Kurt Salomon 

Ludlle T. Standman 

Francie W .  Biahap 

Francie W. Blrhop 

3170 Radiation Toxicology J. Eevell Stannnrd 

3171 Autoradiography George A. Boyd 

11. DIVISION OF FTUMACOKiGY AM) TOXICOLOGY (3200): Harold C. HoQe 
- 

Section Code Section m i n i  at rat ive Head 
-. 

3210 Induetrial Hygiene Eerbert E. Stoldnger 

3220 

3230 

3250 

3260 

Biochemietry 

Ingeetion Toxicity 

Pathology 

Physiology 

Uilliam 2. Eeumm . 
L,. _ -  ~ 

* .- .. -.. Elliott Maynard ".' . 

James K. Scott  

deer EO thst ein 

111. DIVISION OF MEDICAL SERVICES (3300): Joe W .  Howland 

c -  
Section Heed Section Administrative Head 

3310 Induetrial Services J . Russell Bayes 
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Section Code 

3312 

3320 

3330 

3340 

3350 

3351 

3390 

Section 

Clinical Problems 

Health Physics 

Project Medical Service 

Medical Research 

Radiation Therapy 

Hema t 01 ogy 

Photographic Service 

Administrative Head 

Joe W .  Howland 

Herbert E. Hernragen 

Joe W. Howland 

Joe W. Hovland 

Leslie E. Bennett 

Marylou B. Ingram 

Bobert Lo Hay 

IV. DIVISIOE OF DIVEBSITIED PROBLEMS (3400): Henry A. Blair 

Section Code Sect 1 on 

3410 Mouse Genetics 

Mminietrative Head 

Donald B. Charre6 

Hematology Lawrence E. T o w  3420 

Protein Metabolism 0 .  Burroughs Mider 3440 
3441 Embryology Xarl 3. Maeon 

Jamee 0 .  Wilaon 

IUUUWlity William L. Bradford 3442 

3450 Flash Burns 

34.60 Theor et ical Problem e 

Herman E. Pearse 

W. Burkett Haeon 

. UR 00906 
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PROGRAM X.R. 

BIOLOGICAL EFFECTS OF RADfA'PfON (X-RAYS AND r(abY8) 

Problem Code! X.B.1 (Tolerance Studlee) 

Section Code: 3130, 3133 I. - 

3 
L_ 

Effect o f  Acute Whole Bods X-irradiation Upon the Life S.pan of  Albino Ratst .. 
5 .  

. d BaCkR1.0 and: Studiee on effectu of whole body radiation on animals, in-: 
general, have been limited t o  observations on immediate effects.  Data 
from the experiments done here by Boche and Dowdy indicate, hovever, that 
a def ini te  shortening of l i f e  may be produced i n  r a t e  by repeated dally 
expowee  in which the t o t a l  accumulated dose l e  of the order of  .600 r 
(1 r per day fo r  2 yeare). 
effect of a single acute exposare t o  x-irradiation upon the l i f e  awn of 
the rat. 

It eeeaed of  in te rer t ,  therefore, t o  the-. 

Work done duriDp: the calendar sear 19481 The erperiment has been 
set  up i n  two unite, each unit coneieting of 96 r a t e  divided into f o u r  
equal groups. U n i t  1 wae composed exclusively of female, unit 2 of male. 
r a t e .  In  each unit, one group of 24 has served as a control, while three 
groups have received reapectively 150 r, 300 r, and 600 r of  whole body 
x-irradiation from a 250 Irv. eource. The animale oeed were eecured direct- 
ly from the animl colony of the Y i s t a r  Inst i tute ,  were of uniform age 
( a l l  born within a period of 20 days) at time of receipt, and were radiated 
at the age of approximately 5 months. 
radiated in January 1948, axd the other unit in April 1948. 

, 

The unit composed of  females wae 

On December 1, 1948, the data in Tables I and I1 (Page 15) were 
ob tal ned . 

It l e  not poeeible t o  evaluate the preeent data without atatlatical .  
analyeie. U h i l e  at first eight, i t  might appear that females are more 
euaceptible than malee, this difference may be o n l y  t o  random variation8 
In senelt ivity between the two groupe. It 1 s  planned t o  carry on this 
study u n t i l  all of the &male have died and t o  make a carefal  e t a t i s t i d  
analyela of the l i f e  epan and tumor incidence as related t o  expoetlre t o  
radiation. 

Propoaals f o r  future work Further extensions worthy of coneideration 
are: 

1. Repetition of above experiment t o  provide bet ter  data f o r  
e t a t i e t i c a l  analysle. 

2. Exposure of anlmale t o  daily doeee of 20-100 r uti1 a 
t o t a l  doee of 1000-2000 r h e  been accumulated; then 
determining the l i f e  span of euch animale. 

.. . 

UR 00907 
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U n i t  1. Females, 10 1/2 Months Post-Radiation 

- Dead Tumors noted in k v o r s  

0 Control 3 (1 with tumor) 

4 3 

4 (1 with tumor) 3 
150 r 

300 r 

2 600 r 13* 

*8 of deaths within 40 b y e  of radiation 

Table I1 .,, . 
. I  

. .. .. .._. ..., 

, ..-- 

. .  .- 

..... . .. - . 

. . .. . . 

, . --. .. . 

. .  

. .- _.-.---.- 

U n i t  2. k108. 7 1 /2  Month8 Post -Miat ion 

Dead Tumors noted i n  survivors - 
1 0 

1 0 

0 0 

2 0 

Control 

150 r 

300 r 

600 r 



16. 

Effect of Daily and Weekly Emosure of GrowinKRats t o  X-irradiation UDon 

Generzl Body Growth and Bemato~oiesis: 

Background: The effect of x-irradiation upon growth has been studied 
i n  tissue cultures and in the long bones of mammals. The effect of whole 
body radiation upon growth of mammals, while expected, had never been de- 
finitely established. It seemed to be of interest, therefore, to expose 
groups of weanling (21-day-old) albino rats to daily and to weekly doses 
of whole body roentgen rays to learn the approximate dose required to pro- 
duce significant inhibition of growth. 
retarding effect and the production of alterations in the numbers of blood 
cells by x-rays was also sought. 
these phenomena was begun late in 1947, and completed during the past year. 

A correlation between the growth- 

An experiment designed to investigate 

Work done durilur the calendar mar 1948: Albino rats were secured 
f rom the animal colony immediately after weaning and divided into four 
groups, each consisting of nine males and nine females. 
weighed and the hemoglobin level,  white blood cell count, and differential 
white cell counts were obtained on all animals. 
days old,  radiation was begun (using a 250 kv. aource) according to the 
following pattern: 

The animals were 

When the animals were 25 

Group I 10 r/day, 5 days per week 

Group I1 20 rjday, 5 days per week 

Group 111 100 r/day, 1 day per week 

Group IV Controls 

The radiation was continued for 30 weeks for all animals and for the maJority 
of animals for 35 weeks. The animals were weighed once a week and blood 
counts were made every two weeks for the first three months of exposure. 
After this, the weighings and counts were made at two and four week intervals, 
respectively. 

The m e a n  body weights of animals receiving 100 r per week, either in a 
single dose or divided into five equal doses, were lover than the controls 
three weeks after the beginning of radiation. 
both sexea and was highly significant by standard statistical tests. 
body weights of malee receiving 10 r per day were significantly reduced 
from the control males four  weeke after beginning radiation, but there was 
no difference in growth between the female rats receiving 50 r per week and 
the controls during the entire period of study. 
can be judged from Table 111. 

The reduction was noted in 
The 

The magnitudes of the effects 

No significant differences in the levels of hemoglobin or absolute 
neutrophils were found. The level of absolute lymphocytee, however, was 
significantly depressed in animals receiving 100 r per week, either in 
single or divided doses, the effect being noted three weeks after the start 
of radiation. Animals exposed to 10 r per day showed a reduction in absolute 
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Table 111 

Meen Body Weights ( i n  grams) of Animala 

after 30ur Weeke of Irradiation 

10 r 20 r 100 r 
5 timea/wk 5 timea/wk 1 timdwk Control 

113.3 96 -9 139 -6 

98.0 98 .O 114.7 

Malee 107.1 

Female a 118.8 

. UR 00910 
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lymphocytes which was significant only  after nine weeks of exr)o8ure, altho- 
quite apparent after seven weeks. 
be ahown to be dependent upon sex. 

Hone of the hematological effects could 

The data obtained from this experiment seem to justify the conclurlon 
that general body growth is relatively sensitive to whole body radiation, 
since a significant reduction in rate of growth may be detected practically 
a8 soon as a significant reduction in the absolute lymphocyte coat, which 
is generally considered to be a very sensitive indication of radfation ' 

damage. 
tlsmes which show inhibition of growth nor has thle particular experiment 
provided any information concerning the mechaniams by which radiation affect8 
growth. 

Eo information is available concerning the specific organs and 

Pronosal for future work: bhture extension of this work may develop 
along two lines. The first, of most direct interest to the Atomic Energy 
Commission, would be to stay the effects of daily exposure at lower dore 
rates (down to the tolerance level) upon growth. 
that any definite effect could be eetabliehed at low levels without the use 
of extremely large numberr of animals. 
line is of l ees  direct interest but may offer a much better overall method 
of securing useful information concerning problems in radiation biology. 
This approach wotlld involve the use of whole body radiation as a tool f o r  
the et* of growth phenomena. Such a line of attack would reqdre a clatrer 
understanding of the mechanlm of radiation effects upon growth. Am examples 
of possible experimental work along these lines, carbon lblabeled amino 
acids could be employed to study protein eyntheois in animals w h o m  growth 
had been inhibited and the effects of growth hormonee could be studied with 
irradiated animals. 

It is improbable, however, 

The second development along thir 

Proposal for future work:. 

Effects of X-radiation on Spennatomneeis in D o ~ s t  

From previous experiments initiated under the direction o f  Dr. Andrew 
H. Dowdy and Dr, Robert Boche, it is known that chronic x-radiation at 
dosage levels of 1.0 r or greater per day produce a condition of a%pennfs 
in dogs within one year. A dose of 0.5 r per day produces a lowered epem 
concentration in dog semen, with complete aspermia in some casee. Spem 
cotmts have been made on dogs exposed to 0.1 r per day of x-radlafion and 
according to Dra. S. Lee C m p  and Donald Charlea, a definite, stat5Stlcally 
significant depression in eperm concentration occurred. 

The sperm counts which supplied this information were not begun until 
eight month8 after the start of chronic x-radiation, and pre-exposure counts 
were not obtained. 
each of these three dosage group in the poet-radiation period. T h e m  final 
recovery studies were only recently completed. 

If the reeults o f  such radiation studies can be transferred to m, the 
significance in setting a permanent permissible human erposure level of 
radiation is apparent. 

Evidence of recovery was found in some of the dogs in 

UR 00911 
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We, therefore, propose t o  i n i t i a t e  and carry out a chronic study on doge 
i n  an endeavor t o  discover the lowest doeage level at which significant changes 
i n  syrm concentration can be induced. 
George W .  Caearett a s  a ?art of  the research program of this  Section. I t  is 
proposed t o  uee f o r  such experiment8 young adult males, and t o  continue such 
exposures over the reproductive lifetime o f  these animals or u n t i l  significant 
resul ts  have been obtained at the loweat radiation levels. Therefore, t h i e  
experiment w i l l  extend over a period of several years. 

an important part i n  mammalian f e r t i l i t y  by virtue of I t 8  effect of diapersing 
the fo l l icu la r  ce l l s  sarrounding theova when present i n  suff ic ient ly  high . 
concentrations. 
of  normal humans and other animale ie proportional to  the concentratfon of 
apermatoeoa. Semen specimens with excellent concentration8 of eperm may 
lack hyaluronidaee, however, and such epecfmene are considered Infer t i le .  
Bxceesively high concentrations of hyaluronidaee i n  Bemen are thought t o  
affect  f e r t i l i t y  adversely because of the deetructive action on the ovum 
i t s e l f .  It  would be of intsreet  t o  determine the relationehip between -1- 
uronidaee and sperm concentrationa i n  the semen of  doge and t o  ascertain the 
effect ,  i f  any, of chronic x=radlation on t h i e  relationship, in addition t o  
the study o f  other sperm factors which may influence f e r t i l i t y .  

This program w i l l  be in  charge of 

The work of several investigatore has indicated that hyaluronidaee playa 

It hae been shown that the amount of hyaluronidase In remen 

The dosage levels proposed fo r  th i s  more extensive study of dog 8pel.m 
and semen a re  0.5 r per day, 0.1 r per day, and 0.05 r per day. 

Problem Code: X.B.1 (Tolerance Studies) 

Section Code: 3390 

Fingerprint Analssi 8: 

In the dermatoglyphics ac t iv i t iea ,  a new technique for  the procurement 
o f  suitable fingerprints f o r  analye18 b e  been developed and i n  preliminary 
tes t ing has proved to  superior to  the original method in which dental molding . 
compound wae used. I t  i s  planned i n  the future t o  repeat a l l  existing finger- 
print  monitor ing by th i s  new technique. 
o l d  compounds have been analyzed and quO13tbU~ble one8 referred t o  D r .  Roger 
Harvey (University of  I l l i no i s  College of  Medicine) who is retained as con- 
sultant.  
and returned together with the interpretation t o  the originating inetal la t ion,  
thus psoviding them with a permanent record. 
ac t iv i ty  should be referred direct ly  t o  this  instal la t ion.  

In addition, expoeuree using the 

I t  is planned that a l l  pa tho log ica l  changes w i l l  be photographed 

Any request concerning t h i 0  
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Problem Code: X.R.2 (Mechanism of Effects) 

Section Code: 3120 

I. Earls Functional Chamee Secondary to Minimal Radiation Iniurs. 1. Serum 

Proteolytic Enzymes Derived From Leukocytes. The Relation of the Serum lEnzsme 

Level to Minimal Radiation InJurs: 

Backround: It has long been lcnown that leukocytes contain a group of 
powerful proteolytic enzymes classed as peptidases because they are capable 
of catalysing the chemical splitting of peptides. It is a180 known that in- 
flammatory responses associated with leukocytosis are accompanied by increased 
s e m  peptidase activity above levels observed in normal animals and humans. 
It is not clearly established whether the enzymes are released solely as a 
result of leukocyte destruction, or whether developing leukocytes release the 
enzymes. In recent years the lymphocyte and polymorphonuclear leukocyte have 
been separately studied for their peptidaee components, and it 3.8 poasible 
to distinguish the two in some measure on the basis of their enzyme content. 

Becase of the outstanding sensitivity of the leukopoietic system to 
ionizing radiations, we believe an exploratory study of the effects of low 
doeage whole body radiation may reveal significant changes in peptidaee 
activity without significant changes in the circulating lenkocyte count. 

Work done durincc the calendar year 1948: Work has been underway to 
est up accepted methods for measuring the activity of enzymes which can 
split the peptides leucylglycylglycine, glycylglycine, and benzoylarginins- 
W i d e  

Proposal f o r  future work: It io proposed to expose dogs and rabbit8 to 
single doses of whole body radiation which are known not to cause significant 
changes in the leukocyte counts of the peripheral blood. The animals will 
be bled small amounts ( 2  to 4 ml) and the serum enzyme activitiee measured 
every 48 hours over an interval of at least two to three weeks after expoeure. 

I. h r l y  Functional ChanPe8 Secondary to Minimal Radiation Indurs. 2. Hepatic 

Functional Chawes Secondary to Radiation Idurx: 

Backpround: It is believed that the l iver  i e  comparatively insensi- 
tive to damaging effect of Ionizing radiations. It is not entirely clear 
whether this is an intrinsic property of the organ per 86, or whether it8 
nresistancelf is referable to its tremendous capacity for regeneration after 
in jury. 

The proposedtests for l iver  functional impairment are numerous. A few 
of the common tests ( e . g .  brornosulfonphthalein clearance) have been applied 
in studies of liver function without pO8itiVe findings. The ability of an 

UR 00913 



.., , 

21. 

animal, such as the dog, to remove bilirubin, a normal hepatic excretory 
product, from the blood can be measured by injecting bilirubin into the blood 
and measuring its removal rate. 
function tests, but it is not widely used because of the expense of the bili- 
rubin, and because the injection solution must be freshly prepared for use. 

This is among the most sensitive of liver 

It is also known that the liver can respond to minimal noxious stimuli 
by pouring out into the blood greatly increased amounts of fibrinogen. This 
may be the s o l e  manifestation of Irritation, if not injury, to the liver and 
may be seen under conditions where no other known test of liver function will 
reveal. any abnormality. 

The laboratory methods have been set up and active experimentation will 
be started within the first two weeks of January 1949. 

Proposal for future work: It is believed that these two ntestsn of 
liver function should be studied first under conditions where minimal x-ray 
dosage is used (e.g. 15-25 r ) ;  later it may be worth studying the effects 
of higher single dosage levels. 
with the effects of low x-ray dosage on serum proteolytic enzymes in the 
same dogs. 

The former will be studied in conjunction 

Problem Code: X.B.2 (Mechanism of Effects) 

Section Code: 3140 

Background: The fundamental biochemical nature of the effecte of radia- 
tion on living organisms and living tissues is at present largely unknown. 
It seems, therefore, worthwhile to study the metabolism of organisms and 
tissues employing a variety of techniques in order to further our knowledge 
concerning the effects of radiation on metabolic proceesee. 

I. Studies with Glycine Labeled with CI4 in Its Alpha-carbon Atom: 

Compounds labeled with isotopes have proved to be valuable tools in 
the study of anabolism and catabolism of cellular conetituents. 
with our present concepts of the biochemical events in cellular metabolism, 
the tissue components are considered to exist in a state of flux being conetant- 
ly broken down and reeynthesized. 
the tiseue conetituents, it is possible to introduce isotopically labeled 
building stones into various tissues. 
the rate of synthesis and degradation of various tissue components, aa well 
as the isolation of such labeled metabolites. 
radiation would affect the ratesof snythesis and degradation of tissue com- 
ponents, a study along these lines was Initiated. 

In accordance 

Ae a coneequence of this dynamic state of 

This technique permits the study of 

Since it seemed probable that 

The use of glycine (amino acetic acid) for this purpose was prompted by 
the fact that glycfne would be incorporated in proteins, thus permitting the 
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study of  protein metabolism w i t h  respect t o  radiation. 
nitrogen atom o f  glycine has been shown to be incorporated i n  hemin, and 
for this  reason i t  was thought that the alpha-carbon atom o f  glycine would 
a l s o  serve as a specific precursor of  the hemin molecule. This would  then 
3rovide an approach t o  the study of  hemoglobin synthesis as affected by 
radiation. 
atom of  glycine serve as specific precursors i n  the biological syntheeia o f -  
purines9 such as u r i c  acid and the purines which a re  preeent in nucleic aofdn, 
and thus alpha-carbon labeled glycine should a l s o  be useful a8 a tool f o r  the  
study o f  purine (e.g. nucleic acid) metabolism. 
veres t i l i ty  of glycine, t h i s  two-carbon amino acid appeared t o  be a good 
choice In studying the problems suggested above. 

In addition the 

It has also been shown that the nitrogen and carboxyl-carbon 

Because o f  the metabolic 

A. T o t a l  Bods Radiation (Rate) 

T o t a l  body radiations were performed with roentgen rays in dosage6 
o f  300 and 600 r. Rats were used as experimental animals in al l  studiee 
pertaining t o  t o t a l  body radiation. 
duced by radiation, i t  was essential t o  inveetigate f i rs t  the metabolic 
behavior of  alpha-carbon a tom of glycine i n  untreated animals. 
atudies involved distribution studies i n  the various organs, studies of 
hemoglobin metabolism, and studies of varioue tissue components as ieolated 
from different organa e 

In order t o  interpret  any changes pro- 

Such preliminary 

1. l f f ec t  on the incorporation of the alQha-carbon atom of Plycinq 
into tieeueeo 

a. Preliminary etudlee with untreated animals: In the untreated 
animals the highest isotope concentrations were found In l iver ,  kidney, and 
gaatro-intestinal t r ac t ,  whereas brain and muscle ahowed the lowest fsotope 
concentrations on the baels o f  per gram of dried tisfme. 

Since i t  ie known that radiation produce8 decreaeed ap- 
pet i te  and also canses decreaeed absorption from the intestinal. t rac t ,  it  
seemed of interest  t o  investigate the effect  o f  variations i n  food intake on 
glycine metabolism. In  order t o  study extreme conditions the a n i d s  Were 
starved f o r  a period of f ive  and mven days pr ior  t o  the admixdstratLon of 
glycine. 
carbon atom of glycine was incorporated in f leceral  tisaaes, each ae liver, 
gastro-inteetinal t rac t ,  and kidney6 of the starved r a t e  than in the contrala. 
The incorporation in muscle of the starcved animals was not significantly 

It w a s  found that a f t e r  five-day starvation more of the alphe- 

Chaaged. 

b. Radiation effecter Since i t  i s  known that various o r w s  
respond t o  radiation at different time intervals after exposure, experiment0 
were designed in such a way that one microcurie of glycine wae i d e c t e d  
intravenously Immediately, f ive hours, 48 hours,  o f  8 days a f t e r  eqosare  to  
x-rays. 
of glycine into muscle uas significantly depressed when the labeled amino 
acid was injected immediately o r  eight days a f t e r  radiation. 
was administered 48 houre af te r  radiation, the 014 ac t iv i ty  of brain, kidney, 

The reeul ts  showed that the incorporation of the alpha-carbon atom 

When glyCin0 



.., , 

pancreas, and gastro-intesti 
A considerable lowering of Cx activity in bone marrow was observed when glycine 
was administered immediately after radiation and the animal sacrificed five . 
hours later. 

1 tract was higher than that found in the controls. 

2. Effects on hemoglobin srnthesis: 

a. Preliminam studies with untreated animals: Shemin and 
Bittenberg have presented evidence based on studies with E15 labeled glycine 
that the amino nitrogen of glycine is a specific precursor for hemin nitrogen. 
We have found, using methylene-labeled glycine, that the alpha-carbon atom 
of this amino acid is also incorporated i n  hemin to a relatively high degree. 
Considerable amounte of C14 are also incorporated in globin but hemin contains 
eight times more $4 on a gram t o  gram baeis. This finding formed the basis 
for further experiments intended to throw light upon the effect of radiation 
on the synthesis of hemin and globin. 

b. Radiation effects: When glycine wae administered intra- 
peritoneally six days after exposure to 600 r roentgen irradiation and the 
animal sacrificed 24 hours later, a substantial depression of hemin synthesis 
was observed. Globin synthesie under identical conditions appeared only . 
slightly depreseed. A s  eet forth under subheading (1) etarwt on experiments 
were conducted in the manner described above. The ratio of C1' activity of 
hemin to globin i n  the control rats ranged from 4.2 to 12. I n  the five-day 
starved rats this ratio was 65, and in seven-day starved animals, 1.2. After 
300 r radiation the ratio was 34. and 38. 
rats radiated with 600 r, immediately after radiation the valuee for the 
ratio ranged from 30 to 36. In one animal irradiated with 600 r and iaected 
with glycine after six days, the ratio was found to be 2.3. 
pointed out here that both in radiated and starved animals of the type described 
above, the ratio of C I 4  activity of hemin to that of globin, which normally 
ie d the order of 7.0, deviates from normal. 
mean that under the conditions mentioned hemin and globin synthesee are not 
necessarily coupled. 

, 

When glycine was administered to 

It should be 

Thia might be interpreted to 

3.  Effects on nucleoproteins: 

a. Preliminam studies with untreated animals: As mentioned 
above, glycine serves a8 a specific precursor for certain definitive carbon 
and nitrogen atoms in the purine ring. We, therefore, have fractionated 
liver, muscle, and intestinal tract into protein, desoxyribonucleic acide 
and ribonucleic acids. 
desoxyribonucleic acid and the ribonucleic acid fractions o f  the liver. 
data indicate changes of the ratio o f  the C14 activity of ribonucleic acid 
to desoxyribonucleic acid. 

Considerable overall activity has been found for the 
The 

b. Radiation effects: Experiments of this type applied to 
the study of the effect of radiation on nucleic acid synthesis are now in 
progrees but not sufficient data are at present available to be reported here. 

4. Effects on brain phospholipids: 

a. Preliminary studies with untreated animals: Since approxi- 
nately 30 per cent of the brain consists of phoepholipids, and since i n  all 
probability phospholipids play an imFortant role in the physiology of the 
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central nervous sptem, it seemed of imyortance to investigate the G I 4  
content of the phospholipid fraction of the brain. 
changes of C14 activity occur in thephospholipid fraction of the brain of 
the rat after radiation with 600 r. 

Tho data indicate that 

B .  In Vitro Studies on Bone Marrow (Rabbit): 

Because of the occurrence of secondary anemia as the result of 
radiation, a study of  certain aspects of bone marrow metabolism was under- 
taken. These studies were carried out in vitro with bone marrow homogenates 
prepared f rom rabbit bone marrow with the use of the Waring Blender. 

1. Hemin synthesie: 

Since it is well known that bone marrow is able to synthesize 
hemin in the intact animal, the ability of bone marrow homogenate8 to in- 
corporate the methylene carbon atom of glycine in the hemin molecule WB8 
investigated. 
homogenates in the presence of sodium acetate a8 a metabolizable subetrate 
and incubated for certain periods of time. Appreciable C14 activity was 
found in the protoporphyrindimethlester (derived from hemin of bone marrow 
cells) after BP incubation period of at least one and a half hours. T rty 
minutes of incubation did nut yield any significant incorporation of (1 
in protoporphyrindimethylester. These experiments laid the ground work for 
eqerimente to be conducted with irradiated bone marrow and with bone marrow 
of irradiated animals. 

Appropriate amounts of glycine were added to bone marrow 

2. Protein synthesis: 

Bone marrow preparations such as described above are also 
capable of syntheeizing protein. 
sent globin to a large extent, although chemical identification has not yet 
been satisfactorily established. 
within half an hour at 370 C with glycine labeled in the alpha-carbon atom 
have shown that appreciable amounts of the initial C14 activity are incorpo- 
rated in the bone marrow fats. In these experiments bone marrow fats were 
extracted and fractionated into the saturated and unsaturated fatty acid 
fractions. It was found that within half an hour appreciable amounts of C14 
were incorporated in both fractions, the saturated fatty acids containing on 
the average about four times the activity of the unsaturated fatty acid 
fraction. 
effect 8 .  

These protein preparatione probably repre- 

Appreciable amounta of C14 are incorporated 

This system also will be investigated with respect to radiation 

C. Diversified Problems: 

1 Studies on chlorophyll emthesis (chlorella vulgaris): 

Since we have shown that the alpha-carbon atom of glycine is a 
specific precursor f o r  hemin, it appears likely that the alpha-carbon atom 
of glycine will assume a similar functlon in chlorophyll, a pigment which is 
also chemically related to prophyrin. To this end chlorella vulgaris has 
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been grown in culture media containing glycine labeled in its alpha-carbon 
atom. 
and lyophylized. 
it wae necessary to  develop micromethods for the isolation of pheophorblde a 
and b, the crystalline split products of chlorophyll a and b. 
of these methods is now underway. 

After a certain period of culturing the chlorella cells were harvested 
Because of the limited quantity of chlorella cells obtained, 

The development 

11. An Vitro Studies of the Effect of Radiated Media on Tissue Metabolism: 

Recent reports seem to indicate that micro-organisms grown in media 
previously irradiated with ultraviolet light undergo genetic changes with 
the production of mutants. It appeared of interest, therefore, t o  study 
the influence of irradiated media on the metabolism of a variety of mammnliag 
tissues. 
well as homogenate8 of various tissues were incubated in this medium. Their 
oxygen uptake a8 well as aerobic and anaerobic glycolysis were measured with 
the Warburg Micromanometric technique. 

To this end, dog serum was irradiated with 10,000 r and slices as 

Significant changes were observed in a l l  tissues investigated, but the 
direction and order of magnitude of the changes observed differed with 
respect to the tissue employed. 
depression in anaerobic glycolysis; the most striking changes observed 80 
far were found in brain homogenates. Gel formation was observed as 000n as 
brain homogenates were added to radiated s e m  a fact which may account for 
the great depression of all metabolic actlvitiee under those conditions. 
In general, a depression of all metabolic activities o f  the tiasnee Investi- 
gated as measured by means of oxygen consumption and COO production was 
noted, with the possible exception of kidney tisme, where an increase in 
aerobic glycolysis has been observed. 
be produced by biochemical changes in the serum due to radiation. 
nature and significance of these findings is now under investigation. 

For example, bone marrow showed a great 

We assume that this phenomenon must 
The 

111. Studies on Ferritin: 

The role of ferritin, an Iron-protein molecule, in iron absorption 
and metabolism is under study. 

It has been postulated by S. Cranick that Iron is absorbed from the 
intestine in the reduoed (ferrous) form and that the presence of  i ron  in the 
inteatfnal macoea 8ervee as an impetus for ferritin synthesis. The presence 
of ferritin thus serves as a mucosal regulator of iron absorption. 
of Interest to investigate these points further in normal and irradiated 
animals (guinea pige) since the gastro-intestinal tract is very sensitive 
to x-radiation. 
an Increase in the numbers of iron-containing phagocytes through the mesenteric 
lymph gland. 
that this i ron is preeent partially or wholly as ferritin. 
lymphatics in iron absorption will be studied. 

1% 

Gillman and Ivy have studied i r o n  absorption and have found 

Trom preliminary experiments in this laboratory, we believe 
The role of the 
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Experiments on the isolation and purification of ferritin from horse 
spleen, one of the best sources, have been udertaken. 
success in increasing the purity of ferritin has been obtained thue far. 
Uniformly crystalline ferritin was obtained without any amorphous precipitate 
when viewed in the microscope. 
secure a p r e  compound with which to carry out antigen-antibody reactions 
which will serve as a basis f o r  a quantitative method for  the determination 
of ferritin. 
experiments.with a new iron reagent (Tiron) for the separation of iron from 
the protein portion of ferritin have been carried out, and the iron part 
seems to be removed quickly, easily, and quantitatively from the protein 
component (apoferritin) 

A slight degree of 

These experiments were essential In order to 

The details of thismethod are being worked on now. Preliminary 

Other experiments planned include the vitro synthesis of ferritin 
using tissue homogenates and slices, and a study of the amino acid compoef- 
tion of the protefn moiety of ferritin with the use of paper chromatography. 

Proposal for future work: 

1. Effect of Radiation on the Inconoration of the AlDha-Carbon Atom of 

Glycine in Hemin and Globin: 

The ratio of C14 activity of hemin to that o f  globin, which in normal 
rats is of the order of seven, has been found to deviate in radiated rate. 
Because of the importance of this observation, it seems desirable to establish 
the occurrence of this phenomenon unequivocally. 
tion of the experiment with an appropriate number of animals. 
important to extend the experiment temporally in order to establish the time 
of occurrence and the duration o f  this phenomenon. 
will be used for the purpose of establishing the relationship between the 
magnitudes of dosage and effect. 

This will require a repeti- 
It is a l e 0  

A wide range of doeages 

Since bone marrow is presumably the site of hemoglobin formation in 
the body, investigation of the irotope distribution in this tissue should be 
of value in elucidating the mechanism of this radiation effect. For thie 
type of investigation the quantities of bone marrow which can be obtained 
from rats are insufficient. It is, therefore, planned to use the rabbit as 
the experimental animal in this investigation. In order to gain information 
concerning the mechanis of radiation effects, it is necessesry to inveutlgate 
the incorporation of C1' in hemin and globin in rabbit bone marrow irradiated -- in vitro, as well a e  in bone marrow taken from normal and irradiated rabbltu. 

- _ _  

2. Studies Concernixx the Effect of Badiation on Eucleic Acid and Protein 

Smtheeis in Tumors: 

Nucleoproteins play an important role  in cellular proliferation and have 
been shown to be coupled with protein synthesis. 
has been studied using P32 ae a labelling agent, 
have been carried out with respect to metabolic changes In tumors f o l h d n g  
radiation, o u r  knowledge of biochemical reeponses of tumors to x-raym 

Their role in tumor growth 
Although eome inveetigstlons 
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is meager. 
is incorporated in proteins and nucleic acids. It seems, therefore, promis- 
ing to study nucleic acid synthesis in untreated and irradiated experimental 
tumors in rats. 
the alpba-carbon atom of glycine in the purine and pyrimidine componenta of 
the nucleic acids of these tumors and to relate nucleic acid synthesis to 
the rate of incorporation of the alpha-carbon atom of glycine in proteins. 
Such a study b u l d  yield information concerning the effect of x-rays on 
an important growth regulating system, the nucleic acids, and the relation 
of this regulatory system to protein synthesis. 

As mentioned in this report, the alpha-carbon atom of glycine 

It i a  planned to investigate the rate of incorporation of 

It is planned to carry out these proposals (1 and 2) in collaboration 
with the Section of Radiation Physiology. 

Problem Code'. X.B.2 (Mechanism of Effects) 

Section Code: 3150 

Study by AbsorDtion Spectroscom Methods of the Effects of X-radiation 

on Plasms Proteins: 

Background: The syndrome of radiation sickness as it usually occur8 
in man may include nausea, vomiting, hemorrhagic manifestations and a 
symptoms group related to infection. 
this complex set of symptoms are incomyletely understood, it is reasonable 
to regard damage t o  the hemopoietic system as one of the principle under- 
lying causes. The changes produced in the relative and absolute number of 
the formed elements of the blood as a result of irradiation have been widely 
investigated and are commonly used as a measure of the extent of radiation 
damage produced in humane and in experimental animals. 
eetablished information about the irradiation changes produced in the compoai- 
tion of the plasma matrix as opposed to the formed elements in exceptionally 
scanty . 

Although the primary causes behind 

The amount of 

The Spectroscopy Section planned a series of experiments in the hope 
that the relatively unexplored use of absorption spectra measurements in 
the ultra-violet, visible and infrared regions would reveal quantitative 
and qualitative changes in the protein fractions of blood plasma from ir- 
radiated animals. The identification of such changes in the plasma might 
serve two ends. In the first place, the discovery of specific changes ia 
the plasma proteins might throw light on the underlying processes contribut- 
ing to the com2lex syndrome of radiation sickness. 
study of plasma protein by the spectroscopic method might reveal a more 
sensitive index of radiation damage than is at present available. 

In the second place, 

Work done duriw the calendar year 1948: It was proposed to first 
conduct some exploratory esqmriments using a rather high level of radia- 
tion in order to accentuate any changes that might be produced. Rabbits 
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were chosen as the experimental animal. 
x-radiation (1000 r/dose at 100 kv.) were administe.red to the same Rnimal 
with recovery periods between each dose. 

A number of sublethal doses of 

One of the Droblems encountered was the development of a satisfactory 
nethod for isolating the four =in protein groups from blood plasma. 
was necessary that the fractions be salt-free and the proteins be unmodified 
by denaturation or other changes. 
small samples and that the precipitating reagent be such a8 not to interfere 
with subsequent nitrogen determination. 
all of these requirements. 
reagent of Butler and Montgomery and a dialysis technique modified from 
McMeekin. 
Fraction I contains fibrinogen and some of the globulin of lower solubility. 
Fraction I1 consists if englobulin and some pseudoglobulin. 
consists of pseudoglobulin and some englobulin. 
albumin and some pseudoglobulin. 
minations have been of the order of ninetyper cent. 

It 

It was desirable that the method employ 

A method was developed fulfilling 
This method employs the buffered phosphate 

The procedure divides the plasma protein into four fractiona. 

Fraction 111 
Fraction IV contains the 

Recoveries as checked by Kjeldahl deter- 

Since our attention was focused on early changes, the first blood 
sam~le was usually taken within the first hour o r  in some cases within the 
first few days after irradiation. 
times up to 53 days. 

Subsequent samples were taken at varging 

After irradiation of the rabbit with 1000 r at 100 kv., transitory 
changes in amount8 of the various plasma protein fractions were found. 
msximum effect could be demonstrated in the samples collected two b y e  post- 
irradiation. 
gen, a significant decrease in the albumin and smaller Increases in the 
globulins. 

The 

The changes consisted in a significant increase in the fibrino- 

Protein determinations were made both by chemical nitrogen determination 
methods and by absorption spectlvm measurement in the ultra-violet. 

Out plans for study of the qualitative changes in the proteins call 
f o r  the use of infrared absorption spectrum measurements. 
for proteins, is almost entirely unexplored and requires a great deal of 
method development. Some considerable progress has been made in working out 
procedures, and we now have completed some experiments in which differences 
have been found in the character of the infrared absorption spectrum between 
plasma samples taken from normal and irradiated animals. Further work is in 
progress to verify these observation8 and to identify the nature of theno 
changes. 

This technique, 

Problem Code: X.B.2 (Mechanism of Effects) 

Section Code: 3160 

Construction of Condenser-Tme X-ray Machine: 

BackRt.ound: Since the biological effects of x-radiation are known to be 
7 * , I  $ ‘ I ;  1 1 :I 1; i:. Li 1- 
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affected by the rate at which the dose is given, it was progosed to construct 
a condenser-type x-ray machine which could deliver a large dose in a very 
short time. 

Work done durinp the calendar year 1948: A condenser-type x-ray machine 
was constmcted and yeliminary experiments have been carried out. 
been able to obtain between 400 and 500 r with a single discharge. 
large energy i a  somewhat destructive to the x-ray tube and few animals can 
be treated at a time. The results are, therefore, slow in materializing. 
Xt i s  ho-ped that the problem can be SUCCe8Sfully solved during the coming 
months. 

We have 
This 

Problem Code: X.B.2 (Mechanism of Effects) 

Section Code: 3350 

Work In the radiation therapy group has been divided into a number of 
studies which may be listed as follows: 

1. 

2. 

3 -  

4. 

In rats 

The exchange of radio-sodium in the acute irradiated rat. 

The absorption and distribution of Vitamin A following 
acute irradiation. 

The effect on mortality of various substances following 
acute irradiation. 

The ,vascular mechanisms following acute irradiation. 

during the first four days poat-radiation a marked retention 
of radio-sodium occurs with shift of sodium into the intestinal tract in 
amounts as high as 2 per cent of the administered dose. Shifts into the 
kidneys, spleen and liver are also noted and elevation in the eerum OCC’UT~ 
with total serum sodium8 occasionally rising 5-8 Meq. Urinary excretion 
may be reduced to one-half of control values. 
previously reported work on increased KSCB spce. 

This information agrees with 

Studies on Vitamin A show a tendency toward increased absorption in 
the irradiated rat in the period from 24 hours to 5 days after irradiation. 
Following administration of Vitamin A to an animal 3 days after midlethal 
x-radiation, it was noted that in a 10-hour test leaser amounte could be 
recovered than in the controls, suggesting an increased utilization of the 
material. Distribution studies showed that in contrast to the normal, l iver  
values were low and values eleevhere higher than the controle. 
sites of deposition could be found. Diarrhea occurring in such rata did not 
show exceaelve amounts of fat. Investigation of the utilization and distri- 
bution is continuing with emphasis on the comparative absorption of Vitamin 
A both in alcohol and ester forms. 

Bo specific 
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Carefully controlled studies of the effect of various physical agents 
and substances on the mortality following midlethel irradiation have been 
carried out with ?articular emphasis unon the pssible value of metabolic 
stress as a protective mechanism. Influences of pre-radiation cold given 
in measured doses, adrenal cortical extract given pre- and post-irradiation, 
and metabolic streesee, such as phloridzin-propvlene glycol and propylene 
glycol alone have been studied. Some preliminary studies have been reported 
in previous Quarterly Reports on which the following interpetetion can be 
made -- that stress either from the physical or general agents may produce 
an influence on mortality of a favorable t n e  in certain instences. 
are not sufficiently well in hand for detailed interpretation. 

Results 

Methods for the estimation of hemorrhagic ?henomenon in aniaals o f  
varying species have been perfected up to the point in which duplicable 
results can be obtained on the same animals In day-to-day studies. 
such a tool, findings of interest are a6 follows: 
sensitivity as regards bleeding has been noted with the rabbit and rat, 
showing marked resistance to capillary changes; the dog, guinea pig, and 
man representing definite sensitivity. Increased heparin levels in the 
blood do not increase capillary fragility to aqy measurable extent. The 
same may be said for concentrations of hyaluronidase even above biological 
levels. Various substances previously thought to be beneficial in control 
of hemorrhage are being investigated and evaluated by the above biological 
test procedure. Methods of the possibility of flow rate and l o c a l  pooling 
is also being studied by means of iodine labeled proteins. 

With 
a definite species 

Problem Code: X.B.2 (Mechanism of Effects) 

Section Code: wl 

Histochemical Study of Chawes Induced in the Germinal &ithelium of the 

Testis of Rats by Irradiation. and the Influence of Nutritional States 

Uwn the Susceptibility to 1 n . j ~ :  

The effects of irradiation upon the testis and other organs of animal0 
have been studied extensively with the use of routine histologic and cytologic 
methods. These procedures involve the application of a variety of chemical 
agents for the purposes of fixation, dehydration, imbedding and staining. 
They register certain morphologic alterations in cellular components of the 
tissues without providing much insight into those biochemical and physiologi- 
cal changes w h i c h  precede, or are associated with them. 

In one tissue, namely blood, the normal and abnormal morphology of 
individual cell types have been studied in great detail. This is largely 
due to the fact that the cells can be readily obtained and studied in the 
form of fresh and unstained smears, as supravitally stained smears in which 
reactions of certain cell8 to supravital dyes can serve as a sensitive indicator 
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of their physiological activities, and as dried smears stained selectively 
but with a negligible exposure to chemical agents. 
also admirable suited for study by fresh and stained smears, such-as have been 
applied to blood; yet, in the many classic studies on the cytology and hieto- 
pathology of the testis, stained sections of fixed tissues have been almost 
universally used. 

The testis of mammals is 

The initial phase of the present study has been to demonstrate that teetie- 
histology, and cytology of germ cells in particular, can be evaluated by the 
study of living cells in supravital smears and by examination of smears sub- 
jected to fixation and staining, the latter being especially adapted to current 
procedures in histochemistry for the demonstration of lipids, nucleoproteins 
and mucopolysaccharides in cells and tissues. 
some of the progress in this direction. 

The present report details 

With the development of adequate methods, subsequent phases of the study 
will deal with (a) the cytological and cytochemical alterations demonstrable 
in irradiated testes, (b) comparisons between theee and the changes associated 
with dietary deficiency of vitamin A, vitamin E, and general inanition, and 
(c) influence of such dietary states upon the sensitivity of the teeMe t o  
irradiation. 
observations related to the first of these apgoaches. 

The present report can deal only with one preliminary series of' 

Develoment of Methods: 

1. Supravital Smears: Many modificationa o f  procedures used for 
blood cella were tried, using such dyes as neutral red, janus green, pinacyanole 
and brilliant cresyl blue. 
of teetie in a drop of saline on slides coated by a thin film of dye deposited 
thereon by evaporation of a very dilute absolute-alcohol solution of known 
strength, ringing the coverslip with ~aeeline to prevent evaporation, and 
microscopic examination in a warm box or at room temperature. 
prepared with neutral red and with pinacyanole proved most satisfactory. 
ewerience it wae possible to readily differentiate different stages of g e m  
cell maturation using such criteria as cell size, nucleo-cytoplasmic ratio, 
distribution of mitochondria, location of the Golgi apparatus, and certain 
nuclear characteristics. 

Best results were obtained by tapping a small bit 

Separate emear8 
With 

Considerable difficulty was encountered in differentiating Leydig 
cells from macrophagee and other connective tissue elements of the interstitial 
tissue. Information derived from certain fixed and stained smears, and from 
supravital smears of testes from rats stained intravitally with Trypan blue, 
eventually provided adequate criteria for differentiation; they alao.revealed 
certain undescribed and interesting features of the Leydig cell which are 
being explored as opportunity permits. 

2. Fixed and Stained Smears: Wet and dried smears of fresh rat 
-- testes were exposed to a great variety of fixing fluids followed by a much 

greater variety of stains, singly and in combination. Particular attention 
i-- - --, was given to methods that might demonstrate lipids of various types, mitochondria, 
P1,' Golgi substance, nucleoproteins and mucopolysaccharides and, at the same time, 
G permit good differentiation of cell types. For the most part, procedures were 
c. carried out in aqueous media so a8 to avoid undesired action of lipid solvents. 

- -. 
€2 i 
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After innumerable trfals certain methods were selected as being most suitab 
for the particular purposes of the study. Briefly stated, they a re  as f o l l  

- F i m t  ion - Stain Suited f o r  Studs of: 

Bormalin Sudan black To ta l  l ip id8 
Sudan I V  Beutral f a t s  

Zenlcer-acetic Carbol fuchsin-hematoxylin Certain l ipoproteinss.  
or 

Zenker-f ormol 

Picr ic  acid- McManus Glycogen,and other mucopolyeac 
alcohol-acetic acid Pinacyanole Metachromasia 

Eo sin-me t hyl ene blue Ribormcleopro t eins r 

3. Frozen SectionR: Frozen sections of formalin fixed teste82 
stained according t o  many of the methods used f o r  f ixed smeBr8, by vir tui iof  
maintaining the spatial interrelationship of cel ls ,  have served as a checkron 
interpretations mad6 from such smears, especially i n  identifying and eetabllah- 
ing c r i t e r i a  f o r  the various c e l l  types encountered. 
useful i n  the study of l ip ids  a f t e r  treatment with sudan IV, sudan 
blue sulphate, and osmic acid. 

They have proved eapecislly, 

4. Paraffin Sections: Testis t issue fixed and, a f t e r  de 
and paraffin imbedding and sectioning, stained according t o  the met 
t o  fixed smears have been used a l s o  as a check on-identification o f  
In smears. Certain methods w i l l  be adopted for  routine Study of  no 
damaged tes tes .  

Stain To Demonat rat e Fixation - 
Zenker Lo sin-methylene blue Bibonucleoprot eins 

Feulgen reaction De eoxyribonucleoprotein 
Carbol fuchsin-hematoxylin Certain lipoproteins 

Picr ic  acid- MCMslIllS Glycogen, and other 
a1 cohol-acet i c  nmcopolysaccharidea 
acid 

Preparation of Standard Reference Haterial: 
on normal tes tes  f o r  l a t e r  reference and comparison. covering both the pragrrb 
and postpubertal stages of the t e s t i s ,  a ser ies  of normal male rats were 
sacrificed at ages of 20, 25, 30, 35, 40, 45, 50, 55, 60 b y e .  
supravital smears was carried out and, i n  addition, a ser ies  of fixed and 
stained smear preparations and stained paraffin sections o f  fixed teste8 and 
epididymides were prepared according t o  methods selected as most applicable 
t o  l a t e r  studies on damaged tes tes .  

To secure data and maker 

;k; 
: 

A studp o f -  

. 

3. Preliminary Obeemations on Irradiated Testes: 
=i zj2;g- - 

---.a+- 
1. Material: A group of 12  adult male rats w a s  subjected t o  lo& 

- .- ‘*I *. . - 2,s 
-J&. 
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radiation of the left testis,’ a total dosage of 500 r being given at the rate 
of approximately 50 r per minute. Animals were anesthetized with nembutal, 
fastened to a wooden board approximately 17 cm from the tube, and -the right 
testis pushed into the abdomen and shielded by a 1/4 inch lead plate. 
left testis was irradiated directly through the anterior scrotal wall, with 
a 1/4 inch, hollow lead cylinder interposed between the tube and the scrotum. 

The 

On the basis of results reported by other investigators, who haye 
observed rather profound testis damage after slightly larger dosage, the level 
of 500 r was selected as one that might provide moderate or moderately severe 
damage. 

The rats were sacrificed at intervals of 3 to 4 days. 
gross change noted at necropsy was a purplish discoloration due largely t o  
vascular engorgement. 
in the right testis. 

The only 

This was usually apparent in the left testis but never 

2. Bfstologic Flndiwe! 

(a) Smravital smeare: Examination of supravital smears of the 
left testes, using neutral red and pinacyanole separately, revealed consider- 
able injury to certain of the gem cell types, ae outlined below. In aome 
instances the right teetis, when examined in the same manner, showed changes 
similar to but ueually less Intense than thoee noted in the left testis of 
the eame animal. 

3-6 days post-Irradiation 

Spermatogonia ahrunken, with nucleus distorted. Primary spermatocytee under- 
going most marked changes, rith nuclear swelling and chromatin distortion, 
fragmentation or loss of chromatoid body (marking region of Golgi apparatoa). 
Eumerous multinucleate giant cells. 
to acquire hyaline-like appearance and give a faint and dlffise etain with 
vital dyes. Mitochondria essential normal in appearance and distribution. 

Tendency for cytoplasm of many germ cella 

9-13-16-19 days post-irradiation 

Spermatogonia and primary spermatocytes as before but, as time progresses, 
showing less evidence of injury. 
show minor injury, especially in fragmentation or even loss of the chromatoid 

shows progressively lees tendency toward diffuse staining with the dyes but 
i n  some cells there is a metachromatic reaction with pinacyanole suggestive 
of either pH changes or of mucopolysaccharide accumulation. 

Secondary spermatocytes and spermatids 

* body. Mitochondria of germ cells show no specific alteration: the cytoplasm 

22 days uoet-irradiation 

Except for diffuse staining reactions in some germ cells, and abnormslltles 
of the chromatoid body i n  a few epermatocytes, the appearance of cells f a  
essentially that characterizing normal testes. 

(b) Fixed and stained smears: In Zenker fixed smears atalned with 
eosin-methylene blue, certain atypical staining reactions in the cytoplasm 
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and sometimes in the nucleus of many germ cells were interpreted as evidence 
of mild cellular damage. 
especially valuable for following abnormal changes in the chromatoid body. 

Sudan black staining after formalin fixation proved 

(c) Stained paraffin sections: On the basis of results obtained 
from study of smears, as described above, it was anticipated that sections 
stained with hematoxylin and eosin or other stained customarily applied of 
the testes would show at least moderate degreee of histologic damage. 
rather disconcerting to find that the testes were consistently within the range 
that would be considered normal. 
examination of the epididymides. 
corps, and cauda epididymis contained a normal complement of spermatozoa and 
were entirely devoid of sloughed germ cella such as always accompanies testis 
damage. 

It was 

Thie was further confirmed by histologic 
In all inetances the ducts of the Cap&, 

’ 

From other standpoints, on the other hand, these findings seem 
to have valuable eignificance. 
stud.y of the testis by means of smears, especially the supravital SmearE, 

may permit recognition of vaqdng degrees of  cellular damage not recognizable 
in conventional histologic sections of the testis. If this interpretation is 
verified, such procedures should aid in attaining one of the major objectives 
of this study; v i z . ,  a better understanding of the precise mamer in which 
radiation interferes with normal germ cell functions and thereby induces the 
StmICtUral alterations generally recognized as radiation damage. 

They indicate that the methods developed for 

Problem Code: X-B.4 (Hematology) 

Section Code: 3351 

Activities in the Hemtology Section have included the (1) establiehment 
of a portion of the health program for the cyclotrone of The University of 
Rochester Physics Department, (2) the editing of research of the former Hema- 
tology Section which is included in the National Nuclear Energy Series, (3) 
cooperation with the Project health in the investigation of the local beryllium 
exposures, (4) the carrying out of the routine hematology on Project person- 
nel, and ( 5 )  research on the life span and functional activities of lspkoc~es, 
ueing the technique of the marked leukocyte. 

All individuals ene;aged in cyclotron activities at the University baVe 
been examined, appropriate blood counts made and recommendations for future 
program correlated with the health physics activities. 

Routine laboratory procedures during the 6 months of operation are: 

224 complete blood counts 
182 partial counts 
113 sedimentation ratee 
65 WiXldy8iS 
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Preliminary experiments have been carried out on the possible means 

Attempts are being made t o  nark 
and mechanisms for the marking of white cells in the normal animals using 
saccharated iron and similar materials. 
the leukocytes in vitro ueing the animals own cells as a source. Methods 
of sampling have been developed which appear promising. 

Problem Code: X.B.4 (Hematology) 

Section Code: 3420 

Hemolytic Effect of Total Bods Radiation in Dogs: 

! h o  renal bile fistula dogs were given total body radiation after su i t -  
able base-line observations had been made. 
demonstrable effect on the erythrocytes in one dog. The dog receiviag 250 r, 
however, showed substantial increases in bilirubin excretion during the first 
and fourth weeks after radiation despite the fact that significant increases 
in a e m  bilirubin and in osmotic and mechanical fragilities could not be 
demonstrated. 
during the first 50 days after radiation, but there was no significant 
reticulocytosis. 

A dose of 150 r produced no 

The total red blood cell count fell from 5.5 to 4.3 million8 

Pre-radiation observations have been made on two additional renal' bile 
fistula dogs which will be given 250 r total body radiation. 
hematologic studies, liver function will be investigated and liver biopsies 
taken in order to detect possible hepatic damage due to the fistulae or to 
radiation. 

In addition to 

Effect of Total Body Radiation on Excretion of Urinam CovroQorphsrin in DoPS: 

There was no significant change in excretion of urinary coproporphyrin 
in the renal bile fistula dog that was given 150 r. The dog that received 
250 r showed a substantial increaae in coproporphyrin excretion within 24 
hours and a peak of 10 times the base-line figure was reached at one month 
after radiation. 
on the two additional fistula dogs which are scheduled to receive 250 r. 

Measurements of urinary coproporphyrin are being carried out 

Use of Iso-immune Syetems in Dops in Quantitative Studies of Hemolytic Phenomena: 

Individual differences among dog blood bave been explored in collaboration 
with an adjacent laboratory operating under a contract with the Office of Naval 
Research. Four different isohemagglutinins have been demonstrated in sera of 
dogs immunized by transfusions of dog erythrocyte6 containing factors lacking 
in their own cells. Factors thus far Identified serologically in tests of 
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approximately 350 dogs may conveniently be called "canine A, B, C ,  a n d D "  
and the  corresponding antibodies "canine anti-A, -B, -C, and -D". Anti-A 
is most  consistently potent, most  eas i ly  produced by isoimmunization and is 
capable of  causing hemolytic transfusion reactions and hemolytic diseaee -of  
newborn pups. 

Immune a n t i 4  plasma has been transfused into two n o m 1  and two rena l .  
The obJect of..theasp. 

These etadies were carried out with:the-- 

b i l e  fistula dogs whose c e l l s  contained the A factor. 
experiments was t o  chart as accurately as possible the couse  of  evente-fol-; 
lowing injection o f  isoantibodies. 
hope that they m i g h t  a id  in elucidating the hemolytic mechanisms operafi'ng in- 
human beings a f t e r  transfusion of  incompatible plasma or of blood from. 
dangerous universal donors. 
recipient dogs' c e l l s  was demonstrated fo r  approximately three week8 byZenploy- 
ing anti-dog-serum rabb i t  serum in "Coombs" t e s t s .  Spherocytosis and-Increased 
osmotic f r a g i l i t y  of recipients'  c e l l s  were demonstrated f o r  similar perfods, 
but increased b i l i m b i n  excretion persisted for only 4 t o  7 days,.and hemo- 
globinemia f o r  1 t o  3 days. 

Attachment of transfused canine A antibodyit0 

Studies employing the technique of different ia l  agglutination of dog 
erythrocytes showed that transfused normal ce l l s  lacking the canine A 
factor survived f o r  at least 3 months i n  the circulation of a normal re- 
cipient dog whose ce l l s  contained the A factor. An effort is being made 
t o  improve the technique of  d i f fe ren t ia l  agglutination of dog ce l l s  in order 
that further studies on erythrocyte s u r v i v a l  may be made. 
particular importance t o  measare the periods of  survival o f  radiated cells 
i n  normal recipients of normal c e l l s  in radiated recipients. 

It w i l l  be-ofA- 

. .  

Miscellaneous Hematol~Ric Investimtione: 

A six-year old child with severe megaloblastic anemia wae given 
vitamin B12 intramuscularly with excellent hematologic response 
had previoualy responded t o  injections o f  refined liver extract a t  age- 
two and t o  administration of f o l i c  acid at age four but had relapsed d 
time a f t e r  treatment was discontinued. 

She 

- -  

Problem Code: X.E.5 (Genetics) 

Section Code: 3410 

I n v e s t i a t i o n  of Semi-Steriles: 

This problem is designed t o  determine the time o f  death of  mouse embryos 
in semi-sterile, sex-linked l e tha l  lines and t o  evaluate the death t i m e  in 
terms of  human embryology. 
l ines  and three lethal-bearing l i nes  isolated by D r .  D. B. Charles i n  

The report is based on a study of six semi-aterile 

ing the mutation r a t e  under chronic exposure to-250 K V  x-radiation. 
det ermin- 

! 
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Materials: Tested semi-sterile females were mated w i t h  non-related normal 
males of the CFCW st rain,  o r  the reciprocal cross was made. A t  s tated intervals  
a f t e r  the appearance of a mating plug, an autopsy was made and the numbers of 
l i v e  young, dead or retarded embryos, and placentae i n  the uterus were recorded. 
As embryos die,  they a re  rather rapidly resorbed, but the placenta marking the 
s i t e  of an implantation i s  retained i n  place un t i l  par tur i t ion.  A count o f  
the corpora lutea gave the t o t a l  possible young for  that >regnancy, and the 
difference between the corpora and the contents o f  the uterus w a s  assumed t o  
have died before implantation. 

For construction of mouse embryological time tables, normal siblings o f  

Mating and autopsy times were recorded t o  the nearest half 
mice known t o  be semi-sterile were mated t o  the CFCW s t ra in  and autopsied from 
9-16 days l a t e r .  
hour. Ser ia l  sections were made o f  some or a l l  embryos i n  a uterus, depending 
on the gestation age at autopsy. Since variations i n  the development between 
embryos i n  the same uterus seem t o  decrease with age, fewer preparations were 
made of older embryos. 
derived from many sources; however, the most comprehensive source of  informa- 
t ion on human timing i n  the c r i t i c a l  period of 21-40 days was G .  L. St ree t e ra s  
se r ies  o f  papers, Developmental Horizons Human Embryolo=. 

References f o r  human s t ructural  development were 

Results: In a l l  of the semi-sterile l ines  studied so f a r ,  embryo death8 
have occurred before the 16th day o f  gestation. 
cent of l i v e  embryos i n  the semi-sterile uterus i s  33.9 per cent, which is 
t o  be compared with 73.0 per cent for a l l  n o m 1  u t e r i  at the 16th day. 
f igure i s  i n  good agreement with what i s  t o  be expected since semi-sterile 
l i t t e r  size i s  approximately half normal l i t e r  s ize .  

A t  that time, the mean per 

The 

The f a t e  of a l l  zygotes a t  16 days, expressed as per cent of corpora lutea, 
i s  recorded i n  Fig. I (Page 38).  Thie table includes i n  the second column, 
information gathered f rom two sex-linked l e tha l  l ines .  
l i v e  embryos recovered from !mown l e tha l  bearing females was 52.3 per cent. 
Since half o f  the male young o f  such females die,  l i t t e r s  would be expected 
t o  be three-fourths the s ize  of  normal l i t t e r s ,  or i n  this instance t o  average 
about 55 per cent o f  l i v e  embryos. I n  the semi-sterile l ines ,  a significantly 
greater proportion of  zygotes d i e  i n  the u%ems rather than before implantation. 

The mean per cent of 

Fig. I1 (Page 39) shows the per cent of l i v e  embryos on successive days, 
from three semi-sterile l ines  for  which information i s  a lmost  complete. 
s o l i d  l i n e  a t  the top o f  the f igure i s  the mean per cent of l i v e  embryos in 
a l l  normal u t e r i  for  the period 12-16 days, 70.99 per cent. The dotted linee 
l i e  one standard deviation above and below the mean. It may be noted that at 
9 day6 of  gestation, semi-sterile l i n e  9642 s l igh t ly  overlaps the n o W l  razlge 
f o r  embryos s t i l l  a l ive .  A t  12 days o f  gestation, the per cent o f  l i v e  embryos 
for the same l i n e  l i e s  wholly within the range typical of the translocation 
uterus at 16 days; the mean, 33.9 per cent, and deviations f o r  the l a t t e r  are 
indicated by the s o l i d  and dotted l i nes  respectively at the l e f t  of the graph. 
This indicates that developmental f a i lu re  begins on or af ter  9 days of gesta- 
t ion and is complete by 12 days. Reference t o  the comsrative mouse-human 
time tabla (Fig. I11 - Page 40) shows that t h i s  is most nearly equivalent t o  
the fourth week o f  human ?regnancy. 

The 
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By contrast, semi-sterile l i n e  10015 even as early a s  nine days o f  gesta- 
t ion l i e s  within the range characterist ic of a l l  semi-steriles at 16 days. 
Since there a re  s t i l l  t o  be accounted for 44.5 per cent dead a f t e r  implantation 
as evidenced by the presence of placental remains, the inference i s  that death 
occur6 at some time between 5 days (when the developing egg s e t t l e s  into a 
uterine crypt) and 9 days. The period can be further narrowed by the fact 
that the placental remains a re  those of  the t n i c a l  a l lantoic  placenta es- 
tablished between the 6th and 7th day of prewncy.  
t o  the third week of buman pregnancy. 
fa i lure  i n  this very early period since the distinction between l ive  and dead 
embryos and placental remains cannot be made by simple inspection under a dis- 
section microscope. Serial  s l ides  must be studied t o  obtain t h i s  information. 

T h i s  i s  roughly equivalent 
Bo attempt has yet been made t o  determine 

Semi-sterile l i ne  4257, a f t e r  the tenth day of gestation, has no more 
l i ve  embryos i n  the uterus than a t  16 daya; however, at 9 and 10 days., about 
11 per cent more zygotes a re  s t i l l  living. 
prior to day 9 and i s  complete at 11 days. 
remains a re  s t i l l  t o  be accounted for at  9 dag8 and indicate s t i l l  ear l ie r  
deaths. 
third and the fourth week o f  human pregnancy. 

So developmental f a i lu re  begins 
Around 20 per cent of placental 

The time period f o r  fa i lure  i n  th i s  l i ne  i s  equivalent t o  the la te  

In three additional semi-sterile l ines  for which the information i s  lees 
complete i n  the ear l ier  stages o f  pregnancy, a l l  deaths have certainly occur- 
red before the 13th day of gestation o r  before the equivalent 6th week of 
human pregnancy. 
be lower when ear l ie r  pregnancies a re  more fu l ly  explored. 

The period o f  developmental fa i lure  w i l l  almost certainly 

The equivalency table, Fig. 111, was composed i n  such a way that each 
point on the graph represents the time o f  appearance o r  different ia t ion of 
some organ i n  mouse and i n  man. For example, the lens placode i s  present i n  
a l l  mouse embryos at 10.0 days (aut not a t  9.5 days) and i n  human embryos 
at the end o f  the fourth week according t o  the l i t e ra ture .  Hence, a lens  
placode point is plotted on the graph a t  the intersection o f  10.0 days and 
3.7 weeks. It w i l l  be obvious that the time values a r e  subject t o  error, 
perhaps a few days for the human embryos, and at most ,  eleven hours i n  the 
mouse. 

l o  attempt t o  express human embryological time as a mathematical func- 
t ion  o f  mouse embryological time bas been made i n  t h i s  report since additional 
organ systems remain t o  be entered on the graph: however, three systems are  
now there and i n  reasonably good agreement with each other. I t  i s  anticipated 
that the points w i l l  not l i e  unreasonably f a r  off some smooth and re la t ive ly  
simple curve. 

glans: In the immediate future, determination w i l l  be made of the time 
of developmental fa i lure  i n  the three semi-aterile l i nes  for which we have 
inadequate data below the 13th day of  gestation. 
l ines  are now available for  study, one o f  which behaves irregularly: some 
pregnancies from tested individuals of this l i n e  r e s u l t  i n  large l i t t e r s .  
A possible explanation i s  that the genetic deficiency i s  suff ic ient ly  small 
so that some individuals which would be expected t o  d i e  during development 
survive u n t i l  b i r t h  and a f t e r .  
the entire gestation period. 

Two additional semi-sterile 

Here, developmental fa i lure  may occur through 
I t  seems important t o  investigate t h i s  possibil i ty,  
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and, because of the aberrant normal-tne l i t t e r s ,  many more autopsies must 
be made a t  each day of gestation than a re  needed for  the typical semi-aterile. 

Four additional systems w i l l  be, added t o  the mouse-human embryological 
Points based on t issue differentiation times are needed equivalency table. 

i n  the late period o f  gestation t o  correspond t o  the period from the tenth 
t o  the fo r t i e th  week of human pregnancy. With these added, i t  should be p a -  
sible,  within reasonable l i m i t s  o f  accuracy, t o  translate mouse developmental 
time into human equivalents. 

Slides o f  abnormal embryos have been grepared. I t  i s  proposed t o  study 
these -- and t o  make others of embryos i n  the period just  before develop- 
mental fa i lure  becomes ap-rent -- t o  determine, i f  possible, the causes of 
fa i lure .  

Since the primary purpose of this work i s  t o  assess the danger of  
radiation-induced semi-sterilities i n  man, it  would seem wise t o  base OUT 
judgment on a Bample larger than the eight studied so far. 
example, that among a l l  possible semi-sterilities, about 35 per cent pro- 
duced embryonic deaths a f t e r  16 b y e :  there would be an appreciable chance 
that eight l ines  chosen at random would a l l  show deaths before 16 days. 
The conclusion might be drawn that a l l  deaths are  ear ly  i n  semi-sterilitiee, 
but the t ru th  would s t i l l  be that deaths a re  l a t e  In 35 per cent o f  cases. 
On stsatistical grounds, i t  can be shown that f a i r l y  adequate information 
about semi-sterilities could be obtained by investigating a sample o f  20 
or 30 semi-sterile l ines .  This would mean obtaining 15-25 new semi-steriles, 
which could be done economically by acute exposures. 

SUppOSe, for 

problem Code: X .E. 6 (Embryology) 

Section Code: 3441 

Effect8 o f  Roentgen Irradiation on Embryonic DeveloDmentt 

Developing embryos have been subjected t o  roentgen i r radiat ion by 
several other investigators: but i n  a l l  previous experiments the pregnant 
mothers were exposed to  whole-body irradiation, and the effects  o f  such 
exposure upon the embryos was not observed u n t i l  delivery a t  full-term, 6 
to 12 days l a t e r .  
(1) t o  avoid exposure of the mother In order t o  eliminate the likelihood that 
the maternal reaction t o  i r radiat ion might i t s e l f  a l t e r  embryonic development; 
( 2 )  t o  reduce variations i n  the quantity of  i r radiat ion reaching the embryos, 
result ing f rom passage o f  the rays through variable thicknesses of maternal 
tissues and intest inal  contents; (3) t o  observe the early reactions of the 
embryo t o  the i r radiat ion and trace the effects  o f  these reactions upon the 
overall process of development. 

The experiments summarized herein were planned epeciflcally: 
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Methods: 
cer ta in  o f  the offspring of each exposed t o  roentgen i r radiat ion on the 10th 
day o f  gestation, 
o f  estrous behavior, since the t i m e  of ovulation (and presumably f e r t i l i za t ion ) '  
in the rat i s  known t o  bear a more constant relationship to  the beginning of  
behavioral es t rus  than t o  any other apparent event in the reproductive cycle. 
By t h i s  means the duration of pregnancy a t  the time of i r radiat ion was reckoned 
in terms of hours, plus or minus 2 hours. 

Twenty-eight female rats of the Wistar s t r a in  were mated and 

Pregnancy was carefully timed in reference t o  the onset 

Ten days a f t e r  the approximate hour of ovulation the pregnant females 
were anesthetized with nembutal and the ventral abdominal w a l l  opened by a 
midline incision about 3.5 cm i n  length. 
en t i re  uterine horn w a s  brought t o  the surface of the incision. 
lead shield was then placed underneath 2 t o  5 of  the implantation s i t e s  of. 
t h i s  horn; and the shield, as well as the overlying implantation s i t e s ,  were 
secured i n  place by means of gauze packs soaked in physiologic saline,  pre- 
cautions being taken t o  avoid occluding any uter ine blood vessels. d larger 
lead shield (10 x 10 cm), containing a port near i t s  center of  sufficient s i z e  
t.0 f i t  loosely around the 2 to  5 implantation s i t e s  selected, was then placed 
over the ventral Surface of the abdomn, leaving only the selected implanta- 
t ion s i t e s  uncovered by lead shielding. A check was always made t o  make sure 
that the small, underlying shield was so arranged that it  coincided with the  
port of the larger  shield and overlying the smaller shield, i t  was possible 
t o  i r rad ia te  the 2 t o  5 embryos contained in these s i t e s  without i r rad ia t ing  
any of the remaining embryos or any maternal t issues except the segment of 
one uterine horn containing the exposed embryos. After i r rad ia t ion  of  the 
unshielded implantation s i tes ,  they were restored t o  the i r  usual position i n  
the abdominal cavity. The second uterine horn was then brought t o  the surface 
of the incision, a similar number of implantation s i t e s  selected, and the 
same manipulations carried out ae  before except that the l a t t e r  group of i m -  
plantation s i t e s  waenot irradiated.  The sham exposure of the second uter ine 
horn provided non-irradiated controls. 
the abdominal cavity and the incision closed, the t o t a l  number and arrangement 
o f  a l l  implantation s i t e s  in both uterine horns was noted i n  a diagram t o  
f a c i l i t a t e  l a t e r  identification of the irradiated and non-irradiated embryos. 

With a m i n i m u m  of  handliog, one 
A Small  

Before th i s  horn was d B 0  restored. bo 

The dosage of  i r radiat ion administered t o  a l l  unshielded embryos of each 
l i t t e r  was ei ther  50, 100, 200, or 400 roentgen uni ts .  
shows the number of embryos exposed t o  each dosage. 

Table I (Page 

A t  24, 48, 72, 96, or 120 hours a f t e r  i r radiat ion of the embryos, the 
mothere were k i l led  by decapitation and both uter ine horns i n s p e c t e d 2  E i t U  
for resorbed implantation ei tes .  The t o t a l  number of implantation s i te8  was 
checked with the diagram made at the time of i r radiat ion and the exposed and 
control embryos identified and tagged. 
hardened i n  Bouin's f ixat ive f o r  15 minutes, par t ia l ly  opened t o  a l low better: 
penetration of f ixat ive t o  the embryos, and then a l low t o  remain i n  ffXatiPe 
for 24 t o  48 hours. After being passed through successive grades of alcohol 
t o  70 per cent,  the embryos were removed from the uterus, measured and weighed. 
A l l  i r radiated embryos together with 1 o r  2 of the controls were prepared in 
the usual way a8 continuous se r i a l  sections fo r  microscopic Study. 

The en t i re  uterus was then removed, 

. 
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Four females, some of whose embryos were exposed to 50 or 100 r on the 
10th day, were allowed to go to full-term. When it was apparenr; that labor 
was in progress, these mothers were killed and their litters observed 2 utero 
in order that the offspring might be identified while in position in the 
uterus. 
cord, were weighed and examined for gross abnormalities. All surviving new- 
borns that were previously irradiated, together with an equal number of non- 
irradiated, littermate controls, were given to foster mothers to be raised. 
Thereafter they were weighed and examined externally at two-weekly intervals 
until sexual maturity was attained, at which time they were allowed to mate. 

The young were then removed: and, after ligation of the umbilical 

Results: Survival and Rate of Growth (Table I): 

Twenty-four hours after exDosure: Dosage of 200 roentgen units or 
lese did'not cause death o r  resorption during the first 24 hours after exposure. 
A dosage of 400 r, however, resulted in intra-uterine death in all of 9 
embryos; and several of these had been dead for a number of hours when re- 
moved and preserved, judging by the degree of autolysis a-pparent in the 
histologie sections. 
no more than one-half the weight of their controls. 

Although not fatal, dosages of 200 r were generally 

Forty-eight hours after emosure: Dosages of 50, 100, and 200 
roentgen units did not significantly increase the rate of intra-uterine death 
within 48 hours after exposure. 
were invariably fatal to embryos exposed to this dosage. The rate of growth, 
as reflected by weight, was not altered by 50 r and was not appreciably 
changed by 100 r. The apparent retardation of growth observed at 24 hours 
after irradiation with 100 r may indicate only a temporary slowing of growth 
rate which has been obscured at the 48th hour due to resuqtion of a near- 
normal rate. 
examined at the end of the 24-hour interval. 
retarded by 200 r after a 48-hour post-irradiation period. The mean weight 
of all surviving embryos that received this dose was considerably lesa than 
the mean weight of their siblings. Eighty per cent were classified as "small" 
since their weights fell outside an arbitrarily established range for control6 
of this age. 

As with the shorter interval above, 400 r 

To establish this point a larger number of embryos must be 
Growth was unquestionably 

Seventy-two hours after exposure: Survival during this post- 
irradiation interval was not altered by a dosage of 50 roentgen units. A 
dosage of 100 r apyears to have increased the rate of intra-uterine death 
after 72 hours: 
cent of the sibling controls died during the same period. Likewise, exposure 
to 200 r resulted in an appreciably higher death rate among irradiated embryos 
than among non-irradiated siblings. Growth was not affected by dosages of 
50 r and 100 r, but was significantly retarded in embryos receiving 200 r. 
The m e a n  weight of surviving embryos exposed to the latter dosage was 42.9 mg., 
as compared with 55.4 mg for their controls. 

38 per cent of the exposed embryos died, while only19 per 

Ninety-six hours after exposure: During this post-irradiation in- 
terval, a dosage of 50 r appears to have caused a higher death rate among 
irradiated than non-irradiated animals; but considering the data obtained 
after intervals both longer and shorter than this, it seems doubtful that 
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the difference observed here was a real one. 
lowed by intra-uterine death in 30 per cent of exposed anhals, while only 
16 per cent of their siblings died during the same period. Although only 
4 embryos were exposed to 200 r, half of these died before the 92nd hour, 
w M l e  none of their unexposed siblings died. 
not altered by 50 r. 
greatly reduced by 200 r. 

Treatment with 100 r was fol- 

Again, the rate of growth was 
It was, however, slowed somewhat by 100 r and wa8 

120 hours after 6xI)osure: 
post-irradiation interval is too emall to permit any generalizations. 
be noted, however, that the few data available are in accordance with those 
obtained after shorter intervals, to the extent that 50 r did not reduce the 

The number of embryos removed after this 
It may 

rate of growth while 100 r appear8 to have resulted in some reduction. -. . 
L 

R'ull-term. 11 &ye after emosuret Five embryo6 in each of two 

All irradiated embryo8 survived and did not differ 
mothers were exposed to 50 r and the mothers allowed to carry their entire 
litters to full-term. 
from their non-irradiated littermates in size o r  appearance. 
these were successfully raised by foster mothers, but these sired o r  delivered 
normal offspring after reaching sexual maturity. 

Only 4 of 

Four embryos in each of two mothers were exposed t o  100 r and the 
mothers allowed to go to full-term. 
when examined at the time of delivery, they weighed an average of nearly 1 epI 
less than their non-Irradiated litter-mates. One never established regular 
respiration and died within one hour. One other survived less than 24 hours. 
Five were raised by foster mothers, but it was later discovered that 3 o f  
these were blind. 811 of the surviving 5 aired or delivered normal young 
after reaching sexual maturity. 

All irradiated embryos survived but, 

Results: State of Development in Irradiated Embryos (Table 11): 

After 50 r: This dosage did not alter the course of development 
at any post-irradiation interval at which embryos were examined, that IS, 
at 48, 72, o r  96 hours o r  at full-term. 

exposed siblings. . 

Beither histologic nor embryologic ' 

differences were found when exposed animals were compared with their un- . -. 

After 100 rt 
and examined at various intervals thereafter, exhibited some type of develop 
mental defect. 
frequent ocular defect was microphthalmia, that is, abnormal s ~ ~ n e s s  of 
the eye as determined by actual micrometer measurements. 
the small size, which reflectdd deficient growth, there often were indica- 
tione that specific developental proceeses concerned with formation of the 
eye were retarded. In one instance recognizable eyes failed to form, a 
condition lcnown a8 anophthalmia. Five embryos possessed eyes that were 
microphthalmic and in addition were malformed, for example, i n  one ia9tance 
the lens was found outside the optic cup. 
these ocular defects suggests that the eye was in a critical phase of its 
development at the time of irradiation. Indeed, on the 10th day of gesta- 
tion, the primordium of the eye is juet appearing as a slight evagination 
from the ventro-lateral aspect of the forebrain. 

About 60 per cent of embryos exposed to this dosage, 

The most commonly affected organ was the eye, and the most 

In addition to 

The frequency and severity of 
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This dosage a l s o  affected the development o f  ’other structures, but 
t o  a less striking degree than the eye. 
usually retardation in development, that is, the processes were proceeding i n  
the right direction but at a slowed rate. 
were most frequently retarded, but these were affected i n  somewhat l e s s  than 
half o f  the embryos. Only one instance of  malformation, and this of a minor 
nature, vas found in any other organ or system that the eye. 

The only fault in other organs was 

The brain, urinary system and heart 

The cases of  uncomplicated microphthalmi8 and of  retardation i n  
other organs were generally of 6uch character that they might conceivably 
have been corrected by an acceleration o f  development at aome time prior t o  
bir th .  
term, a l l  survived until delivered, and only one was known t o  be defective 
at the time of delivery (this one never breathed properly and died withln.1 
hour). 
found t o  be permanently blind. dn autopsy of the blind animals w i l l  reveal 
whether the cause i s  anophthalmia, eevere microphthalmia, o r  aome other o c u l a r  
malformation. 

In fact, of  the 8 embryos exposed t o  100 r and a l l o w e d  to  go t o  full- 

Of the 5 such animal6 raised by foster  mothera, however, 3 were later 

After 200 r: Thie dosage did not change the general pattern of 
developmental defeats observed a f t e r  treatment with 100 r; but It did raire 
the frequency and increase the severity of the defecte. The eyes were reverely 
affected i n  a l l  but one o f  these embryos: of the 17 studied, 12 had micro- 
phthalmia, 4 had anophthalmia, and 5 had some variety of malformation in  
addition. Other organs were i n  general o n l y  retarded i n  development, but 
sometimes t o  a coneiderable degree. 
instances and i n  eeveral of  these the state of development wad far behind 
that of  normal embryos of the same age. 
were as frequently but not as markedly retarded as the brain. Organu oc- 
casionally affected were the-heart, ao r t i c  arches, ear, and lungs. Halforma- 
tione, other than ocular,  were found i n  only two instances, one in the .brain 
and one in  the urinary t rac t .  

The brain exhibited retardation i n  11 

Certain parts of  the urinary eystem 

The localized developmental defects commonly seen in embryo6 re- 
ceiving 200 r were undoubtedly related t o  the small size of the  embryo a6 a 
whole (noted i n  the preceding section). Both ref lect  a reduction in the 
rats o f  c e l l  divieion: in the case of  specific defects and retardations, 
the mitotic ra te  was al tered focally or locally, whereas in the cam of over- 
a l l  smallness of s ize  the mi to t i c  r a t e  throughout the embryo was suppressed. 
The higher embryonic death ra te  a f t e r  this dosage may a l s o  be related t o  the 
frequent occurrence o f  al tered developmental processes i n  a localized region. 
Such a relationship can be conceived i f  i t  is aesumed that a localized retarda- 
t ion becomes sufficiently acute that the affected organ is no longer able t o  
meet the functional needs of  the embryo, with the resul t  that death would 
sooner o r  l a t e r  e n m  depending upon the functional importance of the o r e n .  
However, no example of  this can be cited at present. 

After 400 r: 
within 24 hours after exposure. The s ta te  of development in these embryos 
has not been c r i t i c a l l y  studied, but i t  was apparent that the brain i n  a l l  
caaes was arrested at a stage o f  development o n l y  el ight ly  i n  advance of 
that known t o  exis t  at the time o f  irradiation. Specific evidence of this 
wae seen in  the fact that no t rue optic vesicles had formed but, instead, 
the eye had remained in its primordial s ta te  as a slight evagination from 
the forebrain. 

As already noted, th i s  doeage was universally fatal 
_y 
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Conclusions: A dosage of 50 r on the 10th day had no effect  on embryonic 
development. 
organs and systems did not d i f fe r  i n  irradiated embryos and the i r  non-irradiated; 
siblings, when compared at 48, 72, 96, and 120 hours and at full-term. 

Survival, growth rate, and the s ta te  of development-of specific , 

E x p o w e  t o  100 r increased s l ight ly  the rate  o f  intra-uterine death,.., 
reduced the r a t e  of growth, and caused localized developmental defects, 
particularly i n  the eye, i n  about 60 per cent of  animals. The effects  of .f 
radiation were apparent 24 hours a f t e r  irradiation, but they did not become 
appreciably more pronounced a f t e r  longer post-irradiation intervals.  

Treatment w i t h  200 r was followed by the same general reactions as t&T 
dosage o f  100 r, but the effects  were more intense i n  degree. 
higher, r a t e  o f  growth waa lower, and localized developmental defects were: 
striking. 
rate  and the degree of developmental abnormality tended t o  increase. 

Death rate- 

After progreesivelg: longer post-irradiation intervals  the death 

A dosage of 400 r always caused intra-uterine death within the f i rs t  . - 

24 hours a f t e r  irradiation. 

After a l l  effective dosages, the eye was the moat sensit ive organ t o  
deleterious effects  of roentgen rays. With minimally effective dosages, the . 

eye waa frequently the only organ t o  show developmental aberrations, and w i t h  
higher dosages i t  waa the only structure consistently malformed or completely, 
suppressed by irradiation. The brain was second in order o f  sensi t ivi ty  t o  

. 

irradiation, but i t  was generally affected by retarded rather than aberrant 
development. 

:j. . 
; 

:. Some parts of the urinary system were almost as frequently but .. 
A: rarely as severely affected as the brain. . --h$ 

Problem Code: X.E.7 (Bacteriology and Immunology) 

Section Code: 3W2 

- - -  1 

Studies on the Effect of X-ray on Iberimental  Murine Pertussis: ,. 
;. 

The studies, made between April 1, 1948, and December 31, 1946, were . 
designed t o  observe the effect of external x-ray i r radiat ion on mice infected _.d ’ .. 
with freshly isolated s t ra ins  o f  Hemophilus pertussis. 

Background: The studies were undertaken t o  t e s t  the theory that the 
protective antibody i s  in someway related t o  the lymphocyte as proposed by 
the work of Dougherty and White. 
regularly characterized by a significant increase i n  the t o t a l  leucocyte c o a t ,  
of which an  increase I n  the number o f  lymphocytes occurs,  and since the 1-0- 
cyte is sensitive t o  x-ray, i t  occurred t o  uu that the effect  o f  x-ray on this 
experiment would be of some in te res t .  

Since experimental murine pertussis i s  

-~ 
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A. Exp eriment to Cornre Different Methods of Inoculation: Similar groups 
of mice were infected with equal doses of a suspension of freshly-isolated 
organisms by the intranasal, intracerebral, and intraperitoneal routes. When 
the mortality rates were compared by the 50 per cent end point method of bed  
and Muench, the mortality rate (MLD) in each group was a6 follows: 

Intracerebral 7.8 million organisma 
Intranasal 15.6 million organisma 
Intraperitoneal )250 million or&sms 

The total. white blood cell count6 were increased by the infection to 
similar levela of approximately 45,000 in the mice inoculated by the intra- 
cerebral and intranasal routes. 
intraperitoneally was about 7,000 which compared favorably with that o f  non- 
infected mice. 

The total leucocyte unit of the group inoculated 

B. Emeriment to Teat the Effect of X-ray on Positive Blood Cultures in 

Mice Survivim Intraperitoneal Infection: Mice surviving experimental 
inoculation by the intraperitoneal route (Exp. A) were given 200 f x-ray 
radiation. 
24-hour culture of H. pertussis. 

Two days later, they were re-inoculated with a euspension of a 

Tail blood cultures were made one-half hour after inoculation and the 
average number of coloniee resulting from the growths were calculated. 
Beeults were as fOllOW8: 

- Dose X-ray Averape Number of Colonies 
500 mil. orge. Yes 50 
500 mil. orgs. Iu) 5 
125 mil. orgs. Yes 20 
125 mil. orgs. no 2 

Under the conditions of the experiment, x-ray treatment appeared to 
increase the invasion of the blood stream by organisme injected intraabdominally 
into mice which had survlved a previous infection. 

c. Erpe riment to Test the lffect of X-ray Irradiation on Mice Vaccinated 
10 Days Previous to Intracerebral Infection: Groups of 20 mice each 

were treated as follows: 

Group 1. Vacinated with 2 billion killed organisms; 10 days later 
given 200 r x-ray and 2 days after x-ray treatment, 
challenged by intracerebral infection. 

Group 2. 

G r o w  2. Eot vacoinated, but x-rayed. 

Group 4. No vaccine; no x-ray. 

Same as Group 1, except they received no x-ray e x p o m e .  
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The mortality ra te  (MLD) i n  millions o f  organisms f o r  each group was 
a8 fol lows:  

Group 1. Vaccine + x-ray 3.9 million 
Group 2. Vaccine; no x-ray 14.2 million 
Group 3. Bo vaccine + x-ray 0.65 million 
Group 4. l o  vaccine; no x-ray <0.5 million 

Snmmargt In  non-vaccinated mice, the influence of x-ray exposnre YLIO 
only s l igh t ly  favorable. 
make than l ees  res is tant .  

In vaccinated mice, exposure t o  200 r appeared t o  

I). -t t o  Test W e c t  of 200 r x - on tbe 
Resistance of Mice t o  Infection with H. Pertussis when Given Prior 

t o  Immunization: In this  erperiment, mice were exposed to  200 r 
Inoculation 2 days before a single intraabdominal i a e c t i o n  of 2 b i l l i on  
organisms. 
l a t e r  . They received the cballenge infection intracerebrally 15 days 

Results expressed in terms of  dose requfred t o  kill 50 per cent o f  
the mice In each group. (m): 

Group 1. X-ray + vaccine 125 million organisma 
Group 2. Vacciae only 93.3 million organiems 
Group 3. X-ray o n l y  .6 million organiems 
Group 4. Beither x-ray nor vaccine 39.0 million organlams 

According t o  t h i a  data the protection given by vaccine inject ion t o  
previously x-rayed mice (Group 1) was only 1.3 13 that given by vaccine t o  
mice not previously x-rayed. 
non-x-rayed mice (Group 2) was only 2.4 X that in the nOn-vacChat8d group 
(Group 4). 
(Group 1) war 8 X that of animal8 (Group 3) that received no vaccine. 

(Group 2) The effectiveness o f  the vaccine In 

However, in x-rayed animals (Groups 1 and 3). vaccine protection 

Experfmonte are planned t o  vary the dose of  inoculation, t o  increase the 
seriod of immunization, and t o  introduce another antigen (sheep ce l l s ) .  
is planned t o  tee% the effect  of  x-ray on isolated lymphoid organs of  immrrnized 
animals and i t s  effect  on the skin t e s t  in immunized rabbits. 

I t  

E. Experiments unrelated t o  x-ray irradiation, performed during the 

These experiments revealed that this an t ib io t i c  i s  
period, included the tes t ing o f  the effectiveness o f  Aureomycin against the 
experimental disease. 
def i n i  t ely effective . 
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BIOLOGICAL EFFECTS OF EXTRRNAG BBDIATIOB (INFRA-= BM) ULTRA-VIOLET) 

Problem Code: I.B.l (Flash Burns) 

Section Code: 3450 

Production and HistovatholoRical Studs of a Flash Burn: 

BaCkR1.0 and: Therm81 iqjury has been the subject of increasingly intense 
The burns studied were those produced by moderate study during rec'ent years. 

temperature amlied over fairly long periods of time. 
bombing of Pearl Barbor, a different type of burn war encountered. 
superficial in degree and war produced by a high intensity source applied 
over a very brief period. 

Hiroehima and Eagalraki, noted that about 65-85 per cent of the caeaalties 
mstained barns and a large rmmber of these were of the "flash type". It 
seemed possible that the Vlash" burn might be a distinct entity with umaeual 
healing characteristics and vorth lnvestl@ting. 

Boneitor i n  En&nd, and Henriques and Horite in the United States) that the 
severity of a burn is Influenced by the relationship of time-and temperature. 
A given degree o f  burn, e.g. one producing transepidermal necrosis, can be 
reproduced roughly by an expome of 44' over a mix-hour period or 51° applied 
for only two to six minutes. Thus, it can be mid that "the higher the tempera- 
ture of the heat source, the less time required to produce a burn". The 
relationahip was well vorked o u t  down to the interval o f  one ~econd, but from 
there on, the curve so produced was calculated and no experimental lesions 
were produced. 

However, daring the 
It YSI 

T h i n  was termed the'Vlash burn". 

After the war, LeBoy, in investigating the effects of the atom bomb at 

It has been pointsd out by several obaervers (L&ch, Peters, and 

la the longer time zones, i . e .  above one second, certain physiological 
factors, mch as-vascular response and edema, serve to modify the severity of 
the thermal effect. Under one second, some of these factors are not involved, 
but thermal conductivity of the tissues per se becomes of extreme importance. 

Methods: With the relationship of time and temperature in mind, a 
aearch for a heat 8ource of about 0.1 to 0.5 second duration and over 1000' C 
W88 made. Thermite, the exploding wire of anderson, the Xenon flash tube, 
burning magnesium and several other high intensity sources were tried. 
Magneelum seemed to be the best source and previous work in the development 
of protective creams bore this out. 

The burning o f  124 grama of magnesium flash powder produced a flash, 
high in ultra-violet, of about 0.335 second duration, with a color temperature 
of around 3700' K. m a  amount of magnesium when fired about 30 cms. from an 
animal produced a distinct, uniform burn. 
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The pig w a s  selected as the experimental animal a8 i t s  skin has been 
shown t o  be the nearest t o  that o f  the human i n  morphology as w e l l  as reac- 
t ion.  Ihe animals were anesthetized with nembutal, the skin clipped, and 
the subJect placed in a box which w a s  so designed as t o  expose the clipped 
skin through numerous ports  of 3.0 a s .  in diameter. 
various distances from the source. 
photographed, observed i n  gross and biopsied at a l l  stages of t he i r  cotur8e 
from immediately after t o  ten daye. 

Exposures were made at 
The lesions 80 produced periodically were 

Results: The severity of burns produced varied w i t h  the distance of  
the skin from the source, the amount of magnesium burned, and the anatomical 
location o f  the burn area%. 
which developed within the first few hours, deepening in color  and becoming 
tan o r  brown over the next few days and f ina l ly  disappearing within a week 
with perhaps a f ine  scaling. 

The m i l d  lesions were characterized by a n  erythema 

The moderately severe and severe lesiona demonstrated a peri-burn flare. 
T h i s  flare subsided within one hour, leaving a ring o f  erythema about a-centml 
gray-white area of  dry,  cutaneous necrosis. 
color, subsiding within a week. 
becomes thickened and raised by twenty-four hours. 
peak by forty-eight hours, then subaides, gives way t o  induration and I s  l a t e r  
transformed into a flat, brown c m s t  covering the burn. 
adherent t o  the hairs which have grown out but f i na l ly  &ope o f f  in seven t o  
ten dags. 

The erythema again deepens In 
The central  area a l s o  deepen8 in color and 

The edema reaches i t 8  

The crust  renains 

Occasionally f l u i d  f r ee  vesicles a re  present in the central  necrotic 
area immediately a f t e r  the burn, or the epidermis may be o f f  entirely,  lOa*ng 
a r a w  dermal surface expoeed. 

Histologically, the magnesium fla8h burn presents several interest ing 
points not noted i n  the moderate temperature burn. 
(moderately aevere, produced by 124 grams of magnesium erploded at 30 cms. 
from the skin) presents a ehredded stratum corneum. 
from burxed t o  normal epithelium is abrupt and often accompanied by epidermal- 
dermal aeparation at the l i n e  of  juncture. 
the ce l l s  o f  normal architecture, and immediately adjacent the burned c e l l s  
a re  eosinophilic, present nuclear pyknosis and cytoplasmic vacnolation. 
burned ce l l s  run the gamut of types dercribed by Leach and Bossiter. 
degrees o f  dermal-epidermal separation are  present throughout, with attachment 
by elongated tonofibrils  i n  some areas. 

The common type of burn 

The epidermal trao8ltlon 

The normal epidermis is basophflic, 

'Phe 
V h o U S  

A similar abrupt demarcation of burned from normal epithelium is seen i n  
the skin crypts and In the hair fo l l i c l e s .  

'Ihe dermis re f lec ts  the depth of injury by a coagulation of the f ibr i ls ,  

In  the sections, . t h e  edema is manifkt by a loosening of the dermal 
collagen fibrils  and appears about s ir  hours a f t e r  burning. Polymorphomrclear 
leukocytic i n f i l t r a t ion  appears simultaneously. 
eight hours, both phenomena a re  a t  a maximum, fading off thereafter t o  disappear 
ent i re ly  by the f i f t h  day. 

with some fragmentation appearing l a t e r .  

By twenty-fob t o  for0y- 

ii I 3 I.1 j - 1  
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Healing is fairly rapid in the mild and moderately severe burns. Be- 
epithelialization begins at forty-eight hours  a M  generates from surviving 
epithelium o f  hair follicles, crgpts and lateral margins. It is completed 
at five days. The thermally damaged epithelium is undercut by the growing 
epithelium and the former shed as a dense sequestra. 
covering the lesion several days after complete re-epithelialization has 
occurred. 

This eschar remains 

O n l y  rarely was granulation seen. 

In the more severe transcutaneous burns, demarcation is not as marked 
laterally and is non-existent in depth. 
l y ing  fat have a fixed, coagulated appearance. The characteristic leukocytic 
boundary and healing by granulation seen in moderate temperature burns are 
present in this degree of flash burn. 

The epidermis, dermis and under- 

Discussion and Summa=: While many variations in the picture of the 
flash burn were noted, two characteristics are outstanding and seem t o  be 
unique for this particular lesion. 
healing beneath the sequestered eschar characterize the burn. AFparently 
both of these characteristics are functions of radiant thermal conductiety. 
The brevity of the thermal assault, although intense, does not allow the 
tissues t o  come to equilibrium while it is in effect. Thus it is, that 
which is injured i s  injured beyond repir. 
affected . 

The abrupt demarcation and the rapid 

What remains is virtually un- 

With the establishment of the flash burn as a lesion with certain 
distinct characteristics, it is now possible to amplify the studies to in- 
clude physical and biological factors simultaneously. 
factors a8 spectral changes, dietary deficiencies, infection, and ionizing 
radiation are to be studied eventually. 

The effect of such 
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PBOGBBM E. M. 

BIOLOGICAL EITECTS ( CoblTACT , INGESTION, ETC . ) 

Problem Code: B.M.l (Polonium) 

Section Code: 3170 

Backround: The resu l t s  obtained i n  the ear l ie r  work on polonium 
toxicity depended upon a rather small number of  animals i n  some cases, work 
performed f o r  the most part on rats, al though some dog experiments and rab- 
b i t  experiments were performed, and paid, in  general, l i t t l e  a t ten t ion  t o  
the detailed mechanism by which the body handled polonium. It may be further 
commented that f o r  the purpose of setting maximal permissible exposure leve ls  
t o  polonium, the presently available information must be supplemented by long- 
term studies at low dosage levels  with large numbers o f  dogs. 

Work done durinn the calendar year 1948: 

Estimation o f  Maximal Permissible Levels of Polonium: 

Since no comprehensive Project Report existed on maximal permissible 
levels  of  polonium i n  the body, it was decided t o  issue a compendium of the  
revelant b io log ica l  data and pertinent calculations. T h i s  work appeared a e  
Rochester Report, UR-44. 
content o f  polonium t o  be 0.2 w/70 Kg nnn. 
body i s  accompanied by about 400-500 d/min/24 hr.  sample of urine.  
is taken i n  via the air alone, maximum permissible air  concentration i s  about 
1380 d/min/cu. m. for continuaus exposare. 
ingested water alone, a maxim permissible water content is calculated t o  
be about llO/d/min/ml. 

This report estimated a maximum permissible body 
T h l s  level  of polonium i n  the 

If polonium 

If polonium is taken in Via 

Influence o f Route o f  Administration on the Distribution and Excretion of  

o f  Polonium by Rats: 

Differences i n  the behavior of polonium in the body when it  enters via 
the gut rather than by direct  intravenous ingestion were noted in ea r l i e r  work 
but required confirmation and extension. 
comparing the content of polonium (expressed as the per cent of body content)* 
a f t e r  o r a l  and Intravenous administration i r  presented i n  Table I (Page 5 6 ) .  

A summary of present information 

*Bods content refers  only t o  polonium absorbed from the gat i n  oral administra- 
tion rats and does not include the large fraction o f  fed polonium unabsorbed 
and excreted a s  feces. 
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Table I 

Distribution and Excretion of Polonium After Oral 

o r  Intravenous Administration t o  Young Bat e 
(Approx. 20 pc/kg initial body content) 

Tissue - 
Plasma 
Blood Cells 
Kidney 
Liver 
Spleen 
Lymph Nodes 
Bone 
Bone Marrow 
L W  
Testia 
Adrenal 
Heart 
Muscle 
Skin 
Int e st l n e  
Residual Carcass 

Urine 
Fecee 

DIS'PBIBTPPIOlil 

Average Per Cent of Body Content 
per Gram of Tissue at.10 Days 

Oral ( 5  rats) Intravenous (4 rats) 

0.2 
12.8 
1.9 

4.0 
0.8  
0 *7 
0 -9 
0 09 
0.1 
0 -5 
0.8 
0.06 
0.1 
0.4 
0.2. 

0 -7 

0.04 
1.2 
4.0 
2.8 
9.0 
2.4 
0.4 
2.3 
0 07 
0.2 
0.6 
0.3 
0.1 
0.2 
0.4 
0 *5  

EXCmTIOB 

Average Per Cent of Body Content 
per Day for 10 Days 

3 *22 0.14 
18.94 2.09 
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All t issues except the plasma and blood ce l l s  a re  seen t o  contain-a considerably 
lower proportion of the body content of  polonium ten h y s  a f t e r  oral administra- 
tion. On the other hand, the  formed elements of the blood contain a nmch higher 
fraction of the body content after o r a l  administration. Probably related t o  the 
higher blood content, is a more rapid initial urinary excretion ra te  a f t e r  in- 
gestion of this material. 

Both the lower organ contents and the higher ini t ia l  excretion rate  of  
polonium administered ora l ly  versus intravenously would be reflected as an 
increase i n  the estimation of the maximum permissible oral intake of  polonium 
since present calculations a re  based on distribution and excretion data from 
intravenous e-eriments. ?he error, if any, is therefore i n  the conservative 
direction and tends t o  increase the safety factor .  

ProDosal for  future work: A se r i a l  study of  dis t r ibut ion and excretion 

Six months is the estimated time f o r  th is  
of polonium-bearing dusts or aerosols is planned. 
in ea r l i e r  work must be employed. 
work. 

Improved methods not employed 

Patholorn o f Chronic Polonium Poisoning: 

A recent Rochester Report, UE-42, on the pathological effects  of  p o l o n i a  
on tissues describes a kidney lesion in rats which is marked at a doeage leve l  
of 10 pc/@ but not so marked at 20 pc/kg. The les ion may be inhibited by the 
higher concentrations since the primary effect appears to  involve prolifera- 
t ion o f  arterioler endothelial ce l l s .  This has been and is being investigated 
at dosage levels  of 1.0, 5.0, and 10 pc/kg. I'hese levels  may be considered in 
the nchronicN range i n  that the l i f e  span of  rats is not greatly shortened. 
Results t o  date confirm the production of t b i u  kidney lesion at 10 W/kg, show 
that it  def ini te ly  occur8 at 5pc /kg  within about 90 days, and indicate that 
i t  may not be of importance at the 1 pc/kg level .  
part of a general study of pathological effects  o f  polonium. Hematologial 
investigations carried on concurrently show that the c r i t i c a l  level  f o r  e f fec ts  
on t o t a l  white c e l l  counts lies somewhere between 1 and 5 ~ c / k g  in the rat. 
(Differential blood ce l l  count s have not yet been completely assembled.) 

These investigations are a 

The renal lesion is of interest  in t r ins ica l ly  because it  apparently in- 
volves prol i ferat ive changes in ar te r io la r  endothelium and because of i t 6  
l imitation t o  dosage levels  i n  the nchronicn range. It  is l i ke ly  a l s o  t o  
be supporting evidence f o r  the choice of kidney as the most vulnerable organ 
in chronic polonium poisoning. 

ProDoeal f o r  future work: The present experiment i s  scheduled t o  continae 
u n t i l  Summer 1 9 4 .  
in rats at lower dosage levels w i l l  be necessary unless the renal lesion ap- 
pears this Spring at the 1 p / k g  level  o r  unexpected changes in other organs 
appear. However, extension t o  other animal species should be considered, 
and the application of organ function tea ts  is essential. 

It is not anticipated that investigation of t issue pathology 
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Distribution of Polonium to Tissues at Low Dosage Levels: 

All animals from the 1Ichr0nic~~ experiment described above are utilized 
It for both pathology and determination of tissue polonium concentrations. 

wag desired first to determine whether or not distribution was qualitatively 
the same at these low dosages as at the higher dosages reported earlier. 
the trend of tissue contents with time could be determined since this experi- 
ment is scheduled for one and one-half years, much longer than previous 0x188. 

Also 

Table I1 (Page 59) presents average tissue contents expressed as per cent 
of the body content up to 250 days after administration of a single dose. 
There is reasonably clear evidence of shifts with time in the relative amounts 
of polonium in various tissues. 
a larger percentage of the remaining polonium is found in the blood cella, 
whereas correspondingly the organs contain a smaller percentage. 
a significant redistribution of the material after or because of the initial 
attempt8 of the body to eliminate it by phagocy’tosi8 and excretion. 

At longer sacrifice times after injection, 

This indicates 

These shifts were evident in earlier work at higher dose levels. It 
can be concluded that the dosage level per 88 does not greatly influence the 
relative distribution of polonium to the tiesuee. 
tions were based on distributions ae found for higher dose levels, this 
conclusion supports the validity of the calculation in this respect. 

Since  tolerance calcula- 

A o ~ o s a l s  for future work: It is planned t o  continue the present experi- 
ment and to extend it to other animal epeciee if circumstances permit. 
mechanism of the polonium shift to blood cells requires further investigation. 

The 

Theraueutfc MeaBur8e for Polonium Poisoning: 

Previous work in this laboratory ha8 shown that BBL (British Anti-Lewisite, 
a simple sulfhydryl compound) iqjected intramuscularly in rats about doubles 
the excretion of  intravenously adminfstered polonium during the first ten days. 
A minor extension of this work was performed during 1948, in that the action 
of BAL glucoside was tested in rats and was found t o  be less effective than 
BAL in promoting excretion of polonium. 

Proposal for future work: 

(1) Influence of phlorizin and alloxan diabetis, diuresis, etc. 
In  hastening excretion. 

(2) Effects of beet pectin, apple pectin and related mb8tances 
which have been demonstrated to be of use in mobilizing 
selenium and other metals related to polonium. 
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Problem Code: R.M.1 (Polonium) 

Section Code: 3171 

The Presence o f  Polonium Angrectatea in the Blood: 

Backmound: In devising therapeutic measurea, as well as in calculations 
of &mal permissible dose, the distribution of a toxic material (specifically 
of polonium in th i s  case) among the body tissues is of  utmost importance. Pre- 
liminary experiments suggested that the physical form as well as the chemical 
Froperties o f  polonium might be concerned with determining t h i s  distribution. 
Autoradiographic studies were made t o  investigate this possibility. 

Work done duriw calendar gear 1948: The autoradiogra@a showed that 
large polonium aggregates (hundreds of thousand8 of atoms) may be found i n  
body tiseuee. After intravenous injection of 16 microcuries of  polonium per 
ldlogtpeun body weight to  a rat, the polonium aggregates i n  the blood were 
detected up to  16 hours. El0 aggregates were discovered i n  the sample8 taken 
at 24 and 32 hours. 
were no aggregates found i n  the feces. 

Aggregates were again found in the 48 hour sample. There 

If 500 pc/kilogram were given by stomach tube', no eggregates were found 
in the blood but did appear in the feces. 

This data suggests that in the preliminary intravenous experiment, the 
aggregates a re  a t  least in part removed from the blood by the phagocytic ce l la  
since some aggregates are  found in the reticuloendothelial organs. 
is not known where the aggregates originate, in the original solution of 
polonium chloride or  imediately a f t e r  i a e c t i o n ,  a technique bas been developed 
f o r  observing aggregates in solution. 
the technique does not produce the solution aggregate8 observed. 

Since it 

However, we have not yet proved that 

Proposals f o r  future work: Further experiments are proposed to  m b s t m t i a t e  
the preliminary findings reported above. 

These experiments w i l l  be done by counting the track8 in each of a large 
number o f  aggregates in each of  a large number o f  blood smears from two minatee 
to  nine days and estimating the number of polonium atoms present in each a% 
gregate. This should give us a relat ive measure of size and we  hope t o  find 
some method o f  determining the actual dimensions of the particles.  T h i s  in- 
formation, if it can a l s o  be obtained f o r  other body t issues  w i l l  be very 
helpful i n  calculations of  maximum permitted dose o f  polonium. 

The autoradiographic technique can a le0  obviously be extended to  the Stndy 
of radium, neptunium, thorium and several f i s s ion  products, a l l  reported to  
contain nradiocolloiden. 

*The mount absorbed from a 500 pcfkilogram dose given orally Is r o w ?  
comparable t o  the 16 pc/kilogram intravenoue dose. 

1 3 0 ;  1 1 1  
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In  addition t o  the  autoradiographic study of  polonium aggregates and the 
aggregates of other metals, other methods such as dialysis ,  u l t ra f i l t ra t ion ,  
etc.  w i l l  be used t o  supplement the resul ts  f r o m  autoradiography. 

Problem Code: E.M.4 (Miscellaneous Project Metals) 

Section Code: 3110 

The Charcoal Adsorption Method f o r  Mearmrement o f  Radon i n  the B r e a t h :  

BackPround: 
containing ores, and since a body content of radium i n  amounts as small as 
0.9 pg bas been reported to cause crippling bone changes in an exposed individu- 
a l ,  i t  is of considerable importance t o  have available a method o f  measuring 
the accumulation of radium by plant employees. 

Since the refining of uranium requires processing of radium 

The measurement of radium a s  contained i n  the body is most readily per- 
formed by collecting and analyzing the breath f o r  radon, a disintegration 
product of radium. 
breath i n  a one l i t e r  bulb and t o  measure the radon by counting i t s  alpha 
ac t iv i ty  in a gas chamber. 

The procedure currently used i s  t o  collect the expired 

This procedure is technically exacting on two scores. I n  the first 
place, care met be taken in collection of  the sample so that it  I s  a repre- 
sentative sample of expired air and so that i t  is f ree  from contamination 
by ore dust. 

The second d i f f icu l ty  is concerned with the measurement of the radon 
Present practice i s  t o  set  .1 pg of  radium as the 

The gas 

contained in the sample. 
m a x i m  permissible body content and one micro-microcurie of radon per l i t e r  
o f  expired air as the equivalent maximum permissible breath level.  
chamber alpha counters currently used t o  make these radon measurements i n  
t h i s  laboratory a re  similar In design t o  those in general use. 2he back- 
ground i s  about 0.3 count per minute. 
obtained from one micro-microcurie of radon ( a f t e r  about two hour8 in the 
chamber) i s  2.6 counts per minute. It is obvious that under these circum- 
stances long counts are required to  obtain a result  f r ee  from large errors  
due t o  randomness alone.' 
ments of fractional maximal permissible dose levels.  

It i s  found that the net aample count 

This res t r ic t ion applies particularly t o  measure- 

*If the radon ie meaeured i n  equilibrium with i t s  short half-l ife alpha- 
par t ic le  emitting daughter products Radium A and Radium C ' ,  1 micro-microcurie 
of radon i s  associated with 6.6 alpha disintegrations per minute. When 
measured in an alpha counter gas chamber, the maximum number of counts one 
would  erpect t o  obtain would be about 4.4 counts per minute. 
since Radium A and Radium C part ic les  acquire a positive charge and a re  de- 
posited on the surface of the metallic cathode within a time shor t  in com- 
parison w i t h  the i r  half-lives. Thus, one m i g h t  roughly expect t o  count a l l  
the disintegrations from radon gas but only one-half of the disintegrations 

This comes about 

(continued on page ' 62) 
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As a consequence o f  these d i f f icu l t ies  in the measurement, radium body 
content determinations have generally proved t o  be e r r a t i c  and unreliable. 
It has been recognized for  some time that radon could be concentrated from 
the air by two methods: 
tion in a l iquid air trap.  Since concentration of. radon from the breath 
seemed a reasonable approach t o  development o f  a bet ter  method f o r  measure- 
ment of radium, we have, for  the past two years, been exploring such a pro- 
cedure. 
condensation as being adsptable t o  simpler f i e l d  manipulations and trans- 
portation of the sample t o  a central  analysis f a c i l i t i e s ,  and i t  i s  this 
method that we have studied. 

(1) aasorption on activated charcoal, (2) condenss- 

The charcoal adsorption method recommended i t s e l f  over l iquid air 

Our work during the calendar year 1947, may be br ief ly  characterized 
a8 a study of the following variables as related t o  the efficiency of col-  
lection and release of radon; the amount of activated cbarcoal required, 
i t s  grain s ize ,  appropriate containing vessels, velocity o f  gas f low,  
necessary temperature, and time fo r  release. 
a method was worked out which would permit concentration of radon from about 
30 l i t e r a  of breath with the radon gas at tolerance level and passing through 
the charcoal at normal breathing rates.  
and measurement of radon gave recoveries from 95 t o  102 per cent f o r  twenty 
runs. 

As a resul t  of these studies, 

The subsequent release by heating 

Work done durim the calendar mar 194%: During the calendar year 1948, 
we have modified and further developed the method in order t o  make i t  ap- 
plicable f o r  measurements i n  the f i e ld .  
of an industrially produced face mask t o  accept a charcoal cartridge of suit- 
able design f o r  o u r  purpose. 
with the new cartridge. 
Rochester and a ser ies  of measurements were carried out  with resu l t s  
sat iefactor i ly  reproducible, for  example, the resu l t s  of  a set  of  measurements 
made on one of  these individuals was 13 2 4 per cent tolerance. d f i e l d  
t r i p  was made t o  a radium refinery where paral le l  air bulbs and charcoal 
cartridge samples were taken on six different individuals with different 
degrees of exposure in the i r  employment record. The checks obtained i n  the 
meaeurement by the two methods were unaatiefactory due, we believe, both t o  
the inherent inaccuracy i n  the air bulb sampling technique, and t o  contamlna- 
t ion of the charcoal cartridges by standing. During the last few months o f  
this year, we have been concerned with improving the charcoal cartridge method 
by devising and test ing hermetically sealed storage containers and with the 
construction of a duplicate of our present alpha counting equipment. 

This work began with the modification 

Further calibration studies were carried out 
Several workers exposed t o  radium were brought t o  

from Radium A and Radium C'. 
pulse height discriminator may be set  so a e  t o  reject  pulses below a cer ta in  
amplitude in order t o  discriminate against background counts originating from 
the chamber walls. 
with a background of about 0.3 count per minute and a net count o f  about 2.6 
counts per minute per micro-microcurie o f  radon i n  equilibrium with RadiumA 
and Radium C I .  
level and a one l i t e r  sample of expired air, this chamber would count about -5  
count per minute net. 
of about 10 per cent requires that background and sample be counted f o r  somewhat 
over six hours. 

I n  practice the chamber voltage gradient and the  

- 

L e - *  

An alpha chamber so adjusted is operated in t h i s  laboratory -I 

(-1 

- Therefore, at 20 per cent of maximum permiseible breath radon 

To establish this result  plus o r  minus a re lat ive deviation 
G- 
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F r o 7 o s a l s  for fcturs work: We are proposing t o  take two o r  three more 
f i e ld  t r i p s  t o  t e s t  Px the r  the method from a Doint o f  view o f  reproducibility 
on the same inciividual and general agreement with resul ts  obtained with breath 
'culbs (using special preaut ions t o  get a representative sample o f  expired a i r ) .  
I t  i s  possible that for  highest accuracy, we may have t o  construct a dry box 
i n  order t o  maniplate the charcoal i n  a radon-free ataosphere. 

I t  i s  anticipated that th i s  part  02  the program should be completed about 
July 1, 1949. 

The next phase of the program should be periodic breath radon measure- 
ments on about twelve selected individuals. This might be carried over a 
period of a year w i t h  t e s t s  every two months. It may be that these t e s t s  
should be suTylernented where possible with g's-mma ac t iv i ty  measurements on 
the individuals concerned. Euring t h i s  time, periodic standardization and 
blank runs w i l l  be scheduled. Depending on the progress inade, it inight ap- 
pear advisable t o  ship some cartridges out t o  the health off icer  8t a suitable 
plant with instructions as to the method of collecting ciiircoal samples and 
compre the resu l t s  of  such a t e s t  with samples taken on the same iadividuale 
by a crew sent out t o  the plant from o u r  group. 

Measurement of the Radium Conbent of the Zodiee of  Individuals Without Known 

Expo sure: 

Background: As a result  of a study o f  in jur ies  sustained by d i a l  painters 
and other occupationally exposed individuals for  whom the radium body content 
was meaaured, a maximum permiasible level of 1 x IO-? grams of  radium per whole 
body has been commonly accested. 
safety since i n  a group of patients etudied by Drs. Aub, Martland, and Evans, 
the lowest 
was 9 x lo-$ grama of  radium. On the other hand, in this group no individual 
having a body content of 5 x 10-7 grams o f  radium o r  l e s s  showed clinical symptoms. 

T h i s  level may include a cer ta in  maran of 

ody content retained i n  an individual showing def ini te  bone changes 

To contrast with t-hie picture of the radium body content o f  exposed workers, 
i t  i s  interesting t o  note the findings of A. Krebs who measured the radium body 
content of eighteen individuals who died with no known exposure during the i r  
lifetime. 
gram6 of radium, with an average o f  1.4 x 

He found body contents ranging from less than 1 x 10-9 t c  4 x lom8 
grams. 

I f  these findings have a general application, the mar i n  between the 
level that may be regarded as rtsafelf, for  example, 1 x 10-9 rams and the 
radium load carried by some nunexposedw individuals, 4 x 10.8 grams, is uI1- 
comfortably narrow. 
i t  m i g h t  well be that a t  or  below the Itsafe" level there would occur more in- 
sidious effects, such as a shortening of l i f e  span of  genetic aberrations. 
For these reasons, i t  was decided t o  check Krebs3 findings on such crematory 
material a8 we could secure from local hospitals. 

Since the exposed group was tested o n l y  for  grose eymptoms, 
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Work done during the calendar year 1948: This problem was started at 
midyear and so far w e  have secured known aliqwts of  the body ash-es of  seven 
individuals. 
Two samples have been measured and checked. 
3.6 x 10-10 grams of radium per whole body. 
analyses confirm this order of magnitude (about 1/40 of Krebs’ average value 
and 1/290 of  the ”safe” value), we shall be obliged t o  conclude that Krebe’ 
findings f o r  German unexposed individuals a re  e i ther  invalid o r  do not apply 
t o  individuals  inhabiting the geographical areas from which our  sample8 are  
drawn. 

The material i s  i n  various stages of preparation f o r  measurement. , 
The results were respectively, 
If the findings of subsequent 

Proposals f o r  future work: It i s  proposed t o  extend the present series 
of  cases i n  order t o  collect data from about twenty-five individuals. T h i s  
problem should be completed by July 1, 1949. 

. . . . .- -. 
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The emphasis in establishing safety standards for uranium exposure is 
c lear ly  shifting in the direction of radiation effects. Before undertaking 
a long-time inhalation exposure study designed to explore the importance of 
radiation in uranium exposures, a great deal of basic information met be 
obtained to enable us to set up the critical conditions of exposure. 
of the factors that determine the toxicity of insoluble uranium dusts have 
been currently under investigation. 

Several 

Problem Code: U . l  (Physical and C h e m i c a l  Rupertiea) 

Section Code'. 3220 

Uranyl-Ci t ra t e C om1 ex: 

Because of the importance of the cranyl-citrate complex in the develop- 
ment of "tolerance" to injected uranium, a aeries of chemical investigatlone 
on the nature of this complex was conducted. 

Titration studies indicated that uranium combines with dicarboxylic acids 
t o  form stable ring structure8 containing five, six and seven members. 
tion, alpha hydroxy acids apparently form ring structures with uranium through 
the ionization of the h y d r o q l  group. Thua, in uranyl-citrate a double ring 
structure is formed utilizing two carboryl groupe and the one hydroxyl group 
of the citric acid molecule. lCvldence wae also obtained which would indiWt8 
that the complex exists to a large extent as a dimer, particularly at elevated 
pH. 
to free uranyl i o n  was extremely low and confirmed the concept of dimerization. 

In addi- 

Polarographic studies indicated that the diseociation of uranyl citrate 

The results of these chemical studies would indicate that uranyl-citrate 
may be assigned an important role in the detoxication of uranium. 

Problem Code: U . 3  (Toxic Limits) 

Section Code: 3210 

Investfezitions on the General Problem of the Effect of Particle Size of Duets 

on their Toxicitg: 

The important hygiene problem of what is the relation of the size of an 
airborne dust t o  its toxic potentialities I s  one that has only recently become 
capable of precise experimental solution. T h i s  is chiefly because 

1 f 3[) :  1 q 
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only  recently suitable sampling devices, notably the Cascade Impactor and 
oscillating thermal precipitator, have become available. 
permit non-selective sampling of dusts and fumes of wide particle size distri- 
bution range. 
toxicity was made through the use of uranium dusts. The dust was so selected 
that one, UOa, represented a highly insolable substance to which considerable 
exposure is expected among Atomic Energy Commission personnel; the second, 
UOa compound, although highly Insoluble in water is relatively soluble in 
body fluids. 
that entirely different effects might be obtained on the basis of their dif- 
ferences in solubility. 
but to complete the investigation, teets of a still more soluble compound, 
UOaXa, is contemplated. 

These instruments 

Attack on the problem of the relation of particle size to 
I 

These two compounde were selected becauee it appeared reasonable 

Studies on theae two substances are nearing completion, 

Two particle size ranges were tested, one below 1 micron and the other 
above this limit, because previous experimental work had shown that distinctly 
different effects were observed above and below this value. Special methods 
were required for the preparation of suepensions of both UOa and UOa dusts. 
The two size fractions showed a small amount of overlapping; 13-15 per cent 
of the particles above 1 p were in the 2 p fraction. Rabbits and rats were 
used in the test because past experience bad shown the former to be a species 
'highly sensitive to uranium poieoning. 
sensitive, this species had the advantage of a more uniform response to e m -  
sure. 
that considerably facilitated the solution of the experimental problem. 
separate studies, the animals were exposed to particles of each dust dispersed 
in an exposure unit a e  an aqueous aerosol so attenuated that essentially d r y  
dust resulted. Air sample6 in the chamber taken during exposure by the filter 
paper dust sampler for concentration and the Cascade Impactor for particle 
size showed variations in any day's run to be within the size limits given 
above. 
one month during which time the animals' daily responses in weight, urinary 
protein and amino nitrogen and eemi-weekly responses in blood lQpbT and urea 
nitrogen concentration as evidence of uranium injury were measured and com- 
pared with their pre-exposure control values as well as with similar values 
from suitable groups of control animals. 

The rat was used because although more 

The use of both species thus provided a range of potential responses 
In 

Exposures were made for 6 hours daily, 5 days a week for approrimstely 

UOn Dust Particles: A series of four studies with UOa dust were per- 
formed (Table I - Page 67). 
ing. !Two facta of outstanding importance in the control of industrial duet 
were found: 
particle size; particles below 1 ~r are more toxic than are those above 1 p, 
and (2) Uranium inJury is almost entirely a function of the ma88 of the 
inhaled particles below 1 p in size and little, if at all, related t o  the 
total concentration of all sizes t o  which the anlmls were exposed. 

The results of this series were most enlighten- 

(1) the toxicity of an Insoluble uraniumgust I s  related to i t s  

The effects appear to be related to the greater amount of deposition 

' 0.5 p maes-median size Waf3 of the order of 10 times as great as that from 

On the other hand, t issue analyses shown in Table I do not indicate 

in the lung. 

duet o€ approximtely 2 p at the Bame exposure concentration (columns 11 and 
IT). 
any correlation between particle size and the amount of uranium in the femur 

Table I shows that the deposition of uranium from the dust of 
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- I I I u u  
%sa-Median Particle Size ,  p 0.5 0.5 1.0 2.0 

E o m e  Concentration 
"poll sizee) mg/m3 22 80 80 80 

1 p (approx.) mg/m3 19 68 30 14 

' ExpoeareHonrs 140 191 191 192 

Concentration of size8 below 

LUBG: Babblt 76 2,180 373 46 
Bat 305 1,233 510 157 

Table I 

. -. . 

_... . 
? i 

.. . 

Deposition of UOa in Tissues of Rabbits and Rats in 

Micrograms of Uranium per G r a m  of Wet lissue 

KIDHEY: Rabbit 

FEMUBr Rabbit 

Eat 

Bat 

1.0 1.2 2.6 1.1 
2.0 3.0 3.2 1.2 

1.8 2.2 4.8 2.7 
1.2 4.0 3.1 1.9 

I A 

.- _. 
. .  - .. 

. . .  . . 
.I . 
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or kidney of either species. 
smaller particle size is related to the higher reactivity of the smaller 
particle size. 

It is believed the greater toldcity with the 

UOn Dust Particles: Similar studies performed on hydrated U03 aerosol 

Results of studies with 
suspension, a compound differing markedly from UOa in its being soluble i n  
body fluids, showed no such particle size effects. 
particles of maes-median size of 0.5 U and 1.8 U, which are still incomplete, 
indicate that not only did the smaller particles not ahow greater toxicity 
but they showed lees than the larger particles. Among all criteria except 
weight lose, larger particle size produced greater mortality, higher eleva- 
tion of blood HPH and urea nitrogen and urinary protein than did the d l e r  . 
s izes .  Whether this will be found due to increaeed retention of the larger 
particle sizee o r  to differences in particle surface remains to be'shoun. 

effects of particles soluble or insoluble in body fluids; particles below 1 p 
augment toxicity o n l y  if the uranium dust is highly insoluble in body fluids. 

Thus, has been brought to light a clear distinction between the toxic 

Problem Code: U.4 (Pate) 

Section Coder 3WO 

Retention and Dietribution of Uranium Duets in Animals ' .  

Further insight into the problem of the effect of particle size and 
concentration on retention and dietribution of uranium duets was afforded 
in a special approach to the problem wherein an eepecially designed a p  
paratus permitted intensive study of dust retention in single anilmale. The 
problem under investigation was to determine the amount of uranium duet re- 
tained for short periods ( 5  minutee) and to learn how the amount of inhaled 
particulate matter is modified by duety atmospheres of known characteristics, 
such as concentration and particle size. Little information is available in 
this field owing t o  the difficulty of preparing, diepereing and measuring 
dusts of graded particle size.  

Pulmonary retention was determined in rabbits by exposing them indiVidually 
' to UOa particles Buspended in air at maas-median particle size8 of 1, 0.5, and 

0.2 p and at dust concentrations ranging from 10-250 mg/ma. 
fitted with a system of.electronic controls, has been constructed in which a 
rabbit breathes dusty air In a face-piece. The valves are operated in tmch a 
way that the exhaled air ia drawn off  through a filter paper sampler at a 
regulated rate to maintain the air preseure within the face-piece essentially 
equal to that of the atmosphere. 
same volume as the atmosphere is being inhaled, permitting calculation of the 
quantity of dust retained by the rabbit. 

An apICgtU8, 

A duplicate line continuously samples the 
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Retention! Five findings of particular applicability to the industrial 
dust problems of the Atomic Energy Commfssion installations were +de: 

per minute per kg. body weight at a concentration of 100 m g / S .  This figure 
was of particular usefulness in calculating the amount of retained dust from 
an atmosphere of known concentration. 

the volume of air breathed by the animnl. and is independent of the rate o f  
breathing. 

Retention Varies as the 3/2 power of the concentration over 
the range from 10 to 250 mg/m3 

(1) Uranium d i o d d e  dust was retained by rabbits at a rate of 10 pg 

(2) The retention of uranium dioxide i a  directly proportiorm-l to 

(3) 

(4) There is no significant difference in the retention of uxanium 
dioxide particles 1, 0*5, and 0.2 p in diameter. 

( 5 )  Variations in respiratory volume may be equivalent to a five- 
fold variation in effective concentration and variation between individual 
animals may be equivalent to a two-fold variation in effective concentration. 

Dietributionr Pilot elrperimente made by injection of uranium dioxide 
indicate significant differences occur in the rate at which the three \s5.rea 
are eliminated from the lung. Approrinrately 50 per cent. of the larger sires 
disappear from the lungs of rats in from 1 to 3 days following the adminlstra- 
tion of doses of UOa of from 20-30 mg/kg; on the other hand, 50 per cent of 
the dose of smaller sizes (0.2 to 0.3 p) may remain in the lung after from 3 
to 4 weeks. 
from the lung is a mechaaical process by w h i c h  particulate uranium moves from 
the lung to the gastro-intestinal tract. 
rabbits exposed by inhalation and utilizing the retention apparatus above 
described as a m e a n s  of e x p o m e .  
tends to confirm this hypothesis. 

Evidence is accumulating that thi6 early, rapid removal of uranium 

This hypothesis is being tested in 

Limited data from one series of 12 rabbits 

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

Section code: 3220, 3260 

Mechanism of Uranium Poisoniqg: 

The mechanism of uranium poieoning has been studied in two complimentary 
programs -- one having to do with the deposition of uranium in bone and the 
other having to do with the metabolic effects of uranium. 

Uranium in Bone: From the long-term point of View, the only  site of 
significant storage of uranium is the ekeletal system. 
of fnvestfgatione was conducted to determine the mechanism of the deposition 
of uranium and the factors controlling this process. 

Accordingly, a eerie8 
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The evidence would indicate that uranyl ion exchange8 for calcium in the 
surfaces of the bone mineral aubetance. The reeultant bone: uranium combina- 
tion apparently involves a linkage between the two, adjacent phoaphate group8 
and each uranyl ion. Ilhe diesociation of this complex ie extremely low. 

Animal  studiee indicated an unequal dietribution throughout the ekeleton, 
with highest concentrations of uranium appearing in thoee areas exhibitillg 
the most active calcification. 
rachitogenic (low phosphorue) diet increased elightly the rate of mobilization 
of uranium from the ekeleton. The biological half-life of skeletal uranium in 
the young rat wae estimated to be of the order of two montha. 

Acid and alkaline diets did not affect, and a 

Although a great deal of information is already at hand, eome further 
work is required to clarify the problem of the radiation hazard resulting 
from uranium depoeited I n  bone. 
mination of the m81Elmpm accumulation of uranium in bone at varioue levels 
of daily exposure to uranium, preferably by inhalation. 

Theee etudiee should be aimed at the deter- 

Hetabolic Effects of Uranium- Much of the work of the Physiology Section 
(3260) was devoted to elucidating the meehaniern of gction of uranium on llvfng 
cella. The primary eitee of action of uranium in rtnimals are the cells of the 
proximal renal tubule. Becauee of serious technical difficulties, the types 
of information tbat nay be obtained concerning the action of uranium o p  Hdney 
cella are limited to renal function and to hietopthologid stadies. 
yeaat cell, on the other hand, i e  an excellent biological syetem offering 
many technical advantagee. It hae therefore been used to investigate in de- 
tail the characterietic effects of M u m  on living cella. 

. 

The 

\ 

Uranium ha8 been found to almoet completely inhibit the utilization of 
hexoeee such as glucoee, fmctoee, and galactose by any route, glycolytic 
or respiratory, 
the eyntheeis of glycogen from alcohol, or the aerobic metabolism of alcohol 
and acetate. Uranium w e t  be acting on metabolic eteps w h i c h  are anique to 
the hexose8 and not concerned with glycogen, alcohol or acetate metaboliam. 
Accordingly, only the early etepe in metabolism of sugar can be involved. 

But uranium did not Inhibit the utilization of stored glycogen, 

By eeveral techniquee, it hae been poeeible to show conclusively that 
uranium inhibite sugar metaboliam by combingin with certain groupe on the 
surface of the cell which are concerned with the initial steps In sugar 
metabolism. The diesociation conatant of the uranium complex with cell 
surface groupe hasbeen compared with the complex which uranium forme with a 
wide variety of subetances. The constant for the uranium hexametaphosphate 
complex most cloeely approximatee that for the yeaet-uranium complex. 
constants for polyphoephatea, both organic and inorganic, are about 10 to 
20 time8 ae high. Those for protein carboxyl groups, dicarboqllic acids 
and ester phosphate8 (including nucleic acide) are 100 to 6000 time8 as high. 
Polyphoephatee, such a8 adenosine triphoephate are known to play an important 
role in metabolism. 
are a l e o  involved in an ae yet unknown manner. 

The 

Recently it hae a l e o  been shown that polymetaphoephstee 

The cell surface groupe complex not only with UO,*, but alao with other 
bivalent cations, such ae Mg*, Ca-, and Ba*. 
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The total rmmber of cell Burface groups per yeast cell Is about 5 I lo-?. 

The rate of metabolism fs airectly pro- 
If half of the groupa a r e  inactivated, 

These groups form a reversible one-to-one complex with uranium with a hissocia- 
tlon constant of about 3 to 5 x 10-9, 
portional to the number of freegroups. 
the Inhibition is ‘75 per cent, etc. 

Further information concerning the relationship of cell groups to metabolism 
is supplied by kinetic studies and by studies of temperature characterfetice 
of metabolism in the presence and absence of uranium. 
yet incomplete. 

These studies are as 

Although the.mechani8m of action of uranium has not asyet been completely 
and unequivocally defined, a hypotheeis can be presented w h i c h  se8011s beat to 
fit the available facte. At the present time, it is not even possible to 8ay 
that this is the only reaeonable hypothesis. Basic to the present hypothetais 
I s  the assumption that the initial metabolic reactions between the yeast cell 
and external substrate (sugar) take place at the cell sclrface. These intital 
reactions are  considered to m e t i o n  in the active traneport of the subatrate 
into the interior of the cell and are poesibly analogous to the mechanlama of 
resorption of mgars from the gut and from the kldney tubule. 
port mechanism is probably not part of the classic Embden-Meyerhof achemeta. 
Uranium blocks the sugar traneport mechanism by complexing with polyphorphate 
groups on the cell &ace which are a neceseary s r t  of the enzyme ey+telata 
involved. 
m c e e  A similar general meahanism could erplain the action of uranium on the 
proximal tubule. 

The active trane- 

It may either prevent transphosphorylation or offer a eterlc hinder- 

In addition to the direct studies on uranium, a number of Srzbsidiary 
studies have been made. The existence of other enzymes on the cell surface 
of yeast has been definitely demonetrated, namely, the phosphatases and 
sucrase. In the case of the phosphatases, a large variety of compounds can 
be aplit, including adenosine triphosphate, inorganic polyphosphatee and 
various ester phosphatee, such a8 augar phosphates. These phosphstsees ccul 
be competitively inhibited by low concentratlone of molybdate o r  tungatate, 
although glucose metabolism ie not thereby affected. 
surface phosphatases seems to be the splitting of phoephate compounds w h i c h  
cannot be metabolized directly, yielding organic residues which can be- 
metabolized. For example, fmgar phoephatee cannot be metabolized directly, 
but after the phosphate group has been split off, the g1aCOSe residue can 
be utilized. 

The function of the 

.. 
The presence of sucrase on the cell eurface was demonstrated by mixlg 

uranyl nitrate to inhibit hexose metsboliem. 
split 8ucroee into glucoee and fructose, and these products can be qoantita- 
tively recovered in the supernatant. 
this would not be 80. 

Uranium-poisoned cellS can 

If the sucrase were inside the cell, 

In connection with studies of the effects of uranium on sugar metabolism, 
a program has been undertaken to utilize the technique of paper chromatography 
to separate and identify phosphorylated intermediates of metabolism. 1% is now 
poesible to separate and visualize a number of compounds, such as phosphorylated 
~ u g a r s ,  glycerophosphate, pyrophosphate, adenosine triphosphate, sdeaylic acid, 
and orthophosphate. The technique is not as yet perfected to the state where 
tissue extracts can be completely analyzed. 

J ** ‘”) , ” 
11;.11!.-11Ld UR 00964 



92 

Problem Code: U . 6  (Hethods of Detection of Poisoning, Prophylaxis, 
Treatment and Protection) 

Sect ion Code: 3260 

Sensitive Tests o f  Uranium Poisoning: 

The rat io  of amino-acid nitrogen t o  creatinine (AILB/C rat io)  in the 
urine h e  been eetablished as a simple, sens i t ive  t e s t  f o r  kidney dysfunc- 
t i o n  resulting from uranium p018OEhg. The teat requires only a spot sample 
o f  urine. 
i s  0.02 m g / k g  i n  rabbits. 
varies with the amount of uranium given and with the number o f  erposurer. 
Generally there i s  EL peak reeponse In 2 t o  4 d a y s  followed by a return t o  
lower but st i l l  abnormal values. 
does not  return t o  normal even after  several months. 

The minim1 intravenous dose of  uranium necessary t o  give a rerponee 
The time course of  the responee o f  the U / C  ratio 

After a damaging dose of uranium the ratio 
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Beryllium poisoning i n  i t s  two forme, epecifically, acute pneumonltir 
and chronic granulomatosis, have i n  common a primary d ieabi l i ty  o f  the lung. 
Consequently, a large proportion of  the e f for t s  BO far ha8 been directed 
toward inhalation toxici ty  studies. Beryllium eulfate waa first examined. 

Problem Code: Be.1 (Physical and Chemical Properties) 

Section Code: 3210 

Beryllium Content of Coal: 

Sample8 o f  sof t  coal from a nearby power plant vere analyzed f o r  beryl- 
l i u m  content a f t e r  air 8amplee taken ~ome distance from the pro jec t ' s  scrubbed, 
effluent gar eta& revealed no decrease in beryllium concentration i n  the air 
with increaeing distance8 from the project bullding. Two 8ample8 of c o a l  vere 
analyzed, om on October 4, 1948, and the other on December 2, 1940. The coal 
wae obtained from a Pennsyleania mine i n  the Weatville No. 2 Freeport 8eam. 
Spectrographic analySi8 on the f i r e t  sample showed 1.3 pg Be/g of  coal. 
Analysis of  the second eample showed: 

coa l  4.3 PLg Be/g 

b8h 25 P% Be/g 

Average ALoh 18 
f o r  every gram of coal, approximately 1 pg o f  beryllium would 
e l iberated into the air from the stack. AB 12 t o  70 tone of c 

Therefore, 
appear to  1 

If them figarea 
a re  burned per day, depending upon weather conditione, thie  correeponde t o  
the l iberat ion of from 10 t o  60 grame of beryllium per day. 
can be ueed a8 a guide for  eetimating the beryllium output of other eoft 
coals, a figure of  25.per cent o f  the analyzed beryllium content of the coal 
apparently eecapee in etack gaeee. 

Problem Coder Be.1 (Physical and Chemical Properties) 

Section Code: 3220 

Physical Chemistry of Beryllium8 

To obtain information on the chemical behavior of beryllium in the dd 
body, the eolution chemietry o f  beryllium under phyeiological condition8 ha8 
been studied. 
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It  ha8 been demonstrated'that beryllium exist8 only t o  a negligible 
extent a8 a f ree  ion at pH 7. 
hydroxide o r  forms eoluble complexes with various anions. O f  the,meny ty-pes 
of compounds studied, only complex hydroxy acid8 and polyphoaphate compounds 
appear t o  be effective complexere: Thue f a r ,  only the reaction between beryl- 
l i u m  and c i t r a t e  ( a s  an example of a complex hydroxy acid) has been studied. 
In the presence of an excees of c i t ra te ,  beryllium is completely eoluble and 
u l t ra f i l t rab le .  
formed (preeumably a complex hydroxide) which, though apparently soluble, will 
not pass an u l t r a f i l t e r .  
the diesociation constant of the soluble beryllium c i t r a t e  complex. 

Rather, the metal e i ther  precipitate8 a8 a 

When beryllium is preeent in excees, 8 stable colloid is 

Polarographic studies have been conducted t o  determine 

From the above, It is clear that the Wor constituents of body f luids  
have but l i t t l e  a f f i n i t y  fo r  beryllium. We might predict, therefore, that 
the solubili ty of beryllium in t issue f luids  would be very low and, following 
intravenous injection, it  would be l ike ly  that colloidal hydroxide would be 
formed. Animal experiments with Be7 t o  date have'confirmed these predictions. 

Analytical Chemietrv of Beryllium: 

hlthough the spectrographic method fo r  the determination of beryllium 1s. 
adequate for  many ty-pesof experiment, the need for  a precise analytical  method 
is s t i l l  urgent. A whole series of color reactions has been inveatlgated i n  
de ta i l  and, a0 a resul t ,  we have at hand six quantitative procedure8 f o r  the 
eetimation o f  beryllium in amountefcom 0.2 t o  30 pg with a precieion varying 
from 3 t o  15 per cent standard error. 
advantage8 and disadvantages. They a l l  have one shortcoming in common, i . O - ,  
they a re  a l l  eubJect t o  interference by moderate quantities of moat inorganic 
substance e. 

Bach of theee procedures has spec id  

A large part o f  our  effor t ,  therefore, has been directed t o  the et* of 
procedures f o r  the isolat ion of beryllium f ree  of interfering materiale. dl- 
though some meaeure of  8uccese hae been attained, t o  da te ,  the methods are 
too  time consuming and tedious t o  be applicable t o  routine ueo. 

Problem Code: Be.1 (Physical and Chemical Propertiee 

Section Code: 3320 

Beryllium Oxide Cryetala: 

X-ray diffract ion studlea have been made o f  beryllium oridee as well ae  
Such etudies ln- 

It  ie ehown that heat treatment increaeee the 

c - 
Ld 

c- 
L.2 

beryllium fumes produced under certain epecial conditions. 
dicate a difference in crystal  patterns with beryllium oxides produced by 
calcining at different heats. 
crystal  size a@ well asreduces the impurity of the compound. 
correlate well v i th  resu l t s  of electron mlcroecopy and meaeurement of par t ic le  
eize and area by physical methods. 
future bchee ter  Quarterly Technical Report. 

Such r e d t o  

A complete analysis may be found i n  a ,-.- 
4 7  
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Problem Code: Be.2 (Toxic E f e c t s )  

Section Code: 3250 

Pathologic Anatoms o f  Beryllium Poisoning: 

Thie work hae been done i n  collaboration wi th  the Industrial Hygiene 
Section and coneisted of examination o f  animals sacrificed o r  dying a f t e r  
exposure of the animals to  different beryllium compounds. The lesions ob- 
served have been limited largely t o  the lungs. Pol lowizg inhalation of  the 
soluble beryllium compounds, the pulmonary lesions o f  many epecles consist 
of an exudate made up of edema, phagocytes, lymphocytes and a few neutrophiles. 
In t e ra t i t i a l  inflammation and f ibros is  uere observed. The extent and severity 
of  the exudate varied with the doeage, period of inhalation and species. These 
pulmonary leeione in many respect8 resemble those occurring i n  the acute beryl- 
l ium pneumonitis o f  humans. 
no leeione of significance. 

The insoluble beryllium compounds have produced 

Hematolow o f Beryllium Poisoning: 

When emall amounts of beryllium sulphate are i a e c t e d  intravenously, the 
number of circulating plateleta  is increaaed and the coagnlation and pro- 
thrombin times of the blood are  decreased. Studies a re  being carried out 
on the effects  of other metals on blood coagulation, and on the rnechanirm of 
the hypercoagulability of the blood. 

Problem Code: Be.2 (Toxic Effect8) 

Section Code: 3260 

Effect on Cellular Metgbolism: 

The effect of beryllium on isolated ce l l s  b e  been studied on a small 
scale. 
o r  on growth of E. coli .  
metabolism and growth only slightly.  
eeems t o  be that on the cell-surface phoepbataeee of yeast, which a re  inhibited. 
Beryllium ha8 no marked, reproducible effects on frog and turtle heart prepara- 
tions. 

Beryllium in low concentrations has no effect on metabolism of yeast 
In re lat ively high concentrations i t  inhibite 

The only specific action of beryllium 

I t  doee not 8eem t o  compete with Caw in t h i s  system. 

None of the effects  of beryllium on isolated ce l l s  and t i e w e s  806311 to 
shed any l ight  on the mechaniem of action o f  t h i s  substance on the hpmsn lung. 

The development of techniques for evaluating beryllium damage t o  the 1 ~ 8 ,  

With t h i s  objective i n  mind, a program of study was recently 
aad f o r  characterizing beryllium toxicity in physiological term8 is of prime 
importance. 
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ini t ia ted.  The f i r s t  effort6 of t h i s  program have been directed toward develop- 
ing techniques f o r  continuous measurements of O2 tensions both i n  expired air 
and in blood. The most  promising method seeme t o  be the electro-reduction of 
dissolved O 2  a t  a micro-platinum or other electrode under cer ta in  fixed condi- 
tions. 
desired purpo8es, but a number of problems s t i l l  must be solved before i t  can 
be used on a practical  scale. 

Considerable progress has been made in adapting the method to  the 

Problem Code: Be.3 (Toxic L i m i t s )  

Section Code: 3210 

The Character of  the  Acute ResPonee i n  Animals Inhall% BeSQ,: 

Cases of  acute and chronic toxicity,  often ending f a t a l ly ,  have recently 
been ascribed t o  exposure t o  compounds involved in the production o f  beryllium. 
Eo unequivocal proof existed i n  the l i t e ra ture  that beryllium i 8  the et iologic  
agent, o r  that bergllium per se is t o x i c ,  f o r  reports exist imputing the tox ic i ty  
of beryllium compounds of the acidi ty  of their  anions. 
required immediate re-examination, and the t ru th  o f  existing reports confirmed 
o r  denied. 

The si tuat ion obviously 

Accordingly the acute toxici ty  f rom inhalation of beryllium sulfate  m i 8 t  
i n  animals vas determined i n  large-scale experlnents wherein the toxic l i m i t s  
o f  exposure and the characterization of the acute reeponse were established. 
Beryllium sulfate was chosen because It represented a typical soluble beryllium 
compound from which plant medical his tor ies  of injurious exposure were known; 
a mist was employed because of  close simulation t o  the s t a t e  in which the 
sulfate occurred in neutralizing and centrifuging operations i n  the beryllium 
plants. 
m 3  of  air)  were tested i n  daily six-hour exposures f o r  periods of from 14 t o  
105 days. 

A series of 4 concentrations (100, 50, 10, and 1 mg BeS04-6Ha0 per 

Partlcle size o f  the mist was from 0.5 t o  1.3  p. 

Marked species variation i n  response was noted. A t  l eve ls  o f  100 and 
50 mg/m3, 80-100 per cent mortality occurred during weeks 1-6 i n  the &t, dog, 
rat, goat, and monkey, 60 per cent (weeks 1-2) i n  the guinea pig, 10-50 per 
cent (weeks 2-5) in the rabbit, mouse and hamster; all mine and f o w l  survlved. 
Overall mortality chiefly confined t o  t h e  r a t ,  at 10 mg/rn3 was 14 per Cent; 
at 1 mg (0.04 m g  Be/m3) no mortality was observed i n  any species and W e i g h t  
losses were recovered a t  the end of 90 day6 exposure although cer ta in  evldencem 
of  poisoning were s t i l l  present. 

. 

The monkey, dog, cat, and rabbit showed acute pulmonary inflammatory 
response, resembling that in  man; the ra t  gave an atypical reeponse. Effects 
that were severe and rapid in onset a t  the 100 and 50 mg l eve ls  were minimal 
and slower i n  developing at the 1 0  mg level changing t o  moderate with continued 
exposure and, at the 1 mg level,  were nonexistent I n  cer ta in  species at the 
end of 105 days exposure. The rabbit ehowed two consietent pictures of pro- 
gressive icjury wi th  increasing exposure. Highest level8 produced eevere 
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proteinuria and changes i n  blood protein values, not ap,wtrent at lower levelr .  
A t  the lowest level,  reduced blood oxygen tension, a l terat ion i n  blood c e l l  
l i p id  ratios and possibly serum alkaline phosDhatase give promise of su i t ab i l i t y  
as diagnostic aids i n  early or mild forms of bery l l ium poisoning. d hypochromic 
macrocytic anemia appeared i n  the dogs. 
were determined and showed on the 10 mg level that the t issues containing 
significant deposition in the rat were i n  decreasing order: 
lymph nodes, l i ve r ,  tooth, kidney, femur. Other t issues showed insigniffcant 
accumulation at the end of 95 days. 
most, that of the guinea pig next, the dog leas t ,  (11, 6, 4 pg/g respectively). 

( I )  beryl-  

Beryllium concentrations i n  20 t i s m e a  

lung, pulmonary 

Among species, rat lung contained t h e -  

From these studies, three fac ts  of importance have been noted: 
l i u m  is unquestionably a toxic element. 
a manner typical of such agents with the production of the typical acute lesion. 
Moreover, R control study with HaES04 that simulated conditions of  acidify 
(pH 1.5) , concentration (100 mg/m3), part ic le  size ( 1  p) , and duration of 
exposure (14 days) of beryllium sulfate  fa i led t o  produce lesions in animals 
similar t o  those men in beryllium exposures. (2) To date, although the acute 
phase i s  sfmilar, the typical picture of chronic pulmonary granulomatosir seen 
in humans has not been reproduced in animals from inhalation of the soluble 
beryllium sulfate despite continued daily exposure f o r  period8 of 3.5 monthr. 
( 3 )  Certain species, notably the guinea pig and goat, appeared t o  poaseaa the 
capacity t o  recover from the acute phase of poisoning i n  the face o f  continwd 
daily exposure t o  concentrations of the beryllium m i s t  that i n i t i a t ed  the 
response, a finding not reported to  occur i n  man. 

The response t o  dosage progressed in 

On the Correlation between Toxicity by I n h a l a t i o n  and the Physical Promrt les  

o f  Beryllium Oxide: 

A suggestion from Mr. Eicsenbud of the New York Operations Office that one 
special beryllium oxide distinguished from others by a lower temperature of 
calcining vas responsible for the human cases, led t o  an intensive examination 
of physical, chemical and toxicological Froperties o f  a ser ies  of beryllium 
oxides. 

Early i n  the program the need for the selection for experimental t e s t  
of  beryllium compounds implicated i n  producing toxic exposures in plant person- 
ne l  came face t o  face with the perplexing situation that individuals exposed 
t o  beryllium oxide i n  one plant did not develop beryllium poisoning wherear 
at another plant the same compound appeared t o  be a diat inct  health hazard. 
Indeed, survey experimentation confirmed the innocuousness of the oxide i n  
the f i r s t  instance in animals. Accordingly, beryl l ium oxide was freed of 
implication i n  the toxic exposures and was disregarded as  a compound with 
potential toxicity.  
that pointed unmistakably t o  the oxide could not be set  aside and further in- 
vestigation suggested that different methods o f  preparation may be at the basis 
of the differences i n  the reaponsee at both plants. 
tested i n  t h i s  study that involved the combined techniques of physical chemistry, 
electron microacopy, x-ray diffraction analysis, surface area, density aad 
porosity measurement8 and the inhalation exposure of animals. 

Continued report of toxic exposures in the second plant 

This hypothesi8 was 

As a resul t  of 
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these studies, a plausible interpretation of the previously confusing situation 
is that the toxicity of inhaled Be0 aploears to depend upon the physical proper- 
ties of the material. 
Be0 involve calcining a beryllium salt at high temperatures. 
the physical properties of the product are the result of differences in the 
nature of the salt used as a starting material and in the temperature and dura- 
tion of calcining. 

The processes currently eaployed in the production of 
Differences in 

Dogs, guinea pigs, rabbit6 a d  rat6 have been exposed 6 hours daily for  
12-15 days t o  an atmosphere containing approximately 85 mg/m3 of Be0 aerosol. 
Even at this relatively high concentration, one grade of Be0 appeared to be 
virtually non-toxic. This material was fired at 1350" C and war composed of 
unit particles having an arithmetic mean diameter of about 0.7 p, with ag- 
gregates of low porosity (5.2 per cent). 
evidence of toxicity. 
particles of about 0.5 IJ. diameter, with aggregates of markedly greater porosity 
(35 per cent. 
rats, held for observation following expome, showed a marked increase i n  
their leukocyte count due to an absolute increase of neutrophils and lympho- 
cytes. 
ewoaure, and the lungs of this animal, which wa8 sacrificed terminally, 
exhibited extensive lesions.. Dogs and rats exposed to an aerosol of Be0 
produced by calcining Be(E03)a at 400" C exhibited weight l o s s  during exposure, 
1 of the 2 dogs showed a significant reduction in blood oxygen tension, and 8 
of 40 rats died. 
mean diameter and aggregates of very high porosity (19 per cent). The small 
eizee were confirmed by x-ray diffraction analysis, which also revealed trace 
quantities of a foreign subetance identified as silica. 
material at 1000° C, grain growth occurred followed by the disappearance of 
the silica lines. 

A second grade of B e 0  gave definite 
This material was fired at 1100" C and comprised anft 

Two of 20 rate died during the exposure period, while 3 of 5 

One of 4 dogs showed a transient low blood exygen tension following 

This material was made up of unit particles of about 0.4 p 

On heating of the 

Another possible complicating factor, that I s  not easily amenable to 
solution is the possibility of emall amounts of highly toxic beryllium com- 
pounds (e.g., beryllium hydroxide or nitrate) occluded in the latter prepara- 
tion which would contribute significantly to the observed toxicity. 

Problem Coder Be.3 (Toxic Limits) 

Section Code: 3230 

Oral Toxicity of Beryllium: 

The inhalation exposures always involve a certain amount of  exposures 
by mouth. 
tion program and providing data which are useful In interpreting the results 
of inhalation exposures. 

A limited oral toxicity study is useful in sup?lernenting the inhala- 
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Aims of the Program: 

1. Data to be obtained from experiments in which laboratory a n b 8 I . S  
were given beryllium orally could be expected to serve a two-fold parpose 
i n  the overall problem of beryllium toxicity. 

(a) A picture of the fundamental histopathological changes brought 
Feeding about i n  the body by various beryllium compounds could be obtained. 

studies provide an opportunity for the uniform, controlled Intake of a chemi- 
cal substance by a normal route in the body, thus giving full opportunity for 
all tissues to be affected and for all animals in the experiment to be equally 
exposed. By comparison, administration of a chemical by the route of lnhal- 
tion cannot be 8xpeCted to give consistently uniform pathological result6 In  
all exposed animals, because it is often impossible to maintain either I non- 
fluctuating exposure concentration or a uniform concentration of the teat 
material i n  all parts of the experimental erposure chamber. 

4 

(b) The establishment of toxic levels of various beryllium compounds 
when given orally would make possible the determination of the possible role 
of ingestion as a factor to be considered in the interpretation of data ob= 
tained from inhalation experiments. 

2. Because the case histories of aome women suffering from beryllium 
poisoning indicated pregnancy as a possible contributing factor, it seemed 
worthwhile to investigate the possible role of pregnancy in beryllium- 
poisoned laboratory animals. 

Program: 

1. Groups of albino rats (10 male and 10 female per group) haye been 
fed varloue dietary levels of beryllium ealfate (BeSO4 .6H,o), beryllftzm 
carbonate (BeC03.2(OB)a.3HaO), beryllium metal, and two grades of beryllium 
oxide (fluoreecent and refractory of SP) for periods of about one month. 
Preliminary studies with dogs involved the simple experiment of feeding one 
l eve l  of a given beryllium compound to a single dog. Beryllium 8uJfate arrd 
two grades of beryllium oxide were so tested. 

2. To test the possible effect of pregnancy on beryllium poisoning 4 
groups of female w e a n l i n g  rats (25 per group) were treated as follows: 

Group I -- 
Group I1 -- 

Group I11 -- 
Group IV -- 

Controls - no beryllium administered. 
Injected intraperitoneally with a single dose of 
1 g beryllium oxide (fluorescent grade)/& b o w  weight 

Same treatment as Group 11. 

Injected intraperitoneally with a single dose of 
1 g beryllium oldde (refractory or SP grade)/& 
body weight 

U R  00972 



80. 

In groups I, 11, and 111, each female rat was then caged with a male 
f o r  the duration of the experiment. 
of pregnancy and returned t o  the female a f te r  the b i r t h  of each l i t t e r ,  the 
young being discarded. 
thus preventing pregnancies i n  this group. 

The male was removed during each period 

The females i n  Group I V  were not caged with males, 

Results Obtained f rom Programr 

Rats Fed Beryllium Sulfate He& drate: Ho effect on growth uar 

Bats fed 2.0 per cent beryllium sulfate i n  the diet  when compared with 
noted i n  rats fed this compound at a dietary level of 0.5 per cent. 
died. 
controls exhibited an average weight depression of 30 g f o r  malee and 10 g 
f o r  females. 
cant cr i ter ion of toxicity; the 10 g depression i n  femalee i s  of doubtful 
significance. Complete inhibition o f  growth resulted i n  rats fed 5.0 per 
cent beryllium sulfate i n  the diet  and 2 rats died i n  the 3O-da.y eIperlmental 
period. When 10.0 per cent beryllium sulfate w a s  given i n  the d i e t s  of male 
and female rats, rapid weight l o re  occurred and al l  of  the animals vere dead 
i n  9 days. 

Eo rat8 

Such weight depressions i n  male r a t a  perhaps serve as a siwfi- 

El0 pathological changes of significance occurred i n  the t i s m e s  of  
rats fed 0.5 and 2.0 per cent beryllium -fate in the diet .  
a 30-day period on a diet  containing 5.0 per cent beryllium sulfate  hieto' 
pathological changes were detectable i n  l iver ,  kidney, gonads, and bone. 
The bone changes were a l s o  clearly evident radiographically. 
placed on a stock diet  containing no beryllium, after previously ingeetin& 
5.0 per cent beryllium sulfate in the d ie t  f o r  30 days, and sacr i f ices  were 
made at 10, 20, and 6 0 4 7  intervals, rapid and progressive repair  o f  kidnay, 
l i ve r ,  and gonads was demonetrated. 
evident at the end of 60 
diet .  Repair of  the bone inJury a f t e r  return of the animals t o  a stock d i e t  
was not clear cut. A t  the end of the 30-day period on a die t  containing 5.0 
per cent beryllium sulfate,  a rachitic-like condition Ua0 present accompanied 
by a thickening of carti lage plates  and a decrease in oeteoblaetic act ipi ty .  
A t  t h i e  time of marked inhibit ion of osteoblastic act ivi ty ,  there was observed 
near the head of  each of the t ib iae  a plate of  fused irregular inactive bone. 
Upon removal of  the beryllium sulfate f r o m  the d ie t s  of the rats this bony 
plate  remained, although there was a return of  normal osteoblastic ac t iv i ty  
and apparent recovery f rom the rachitic-like condition. 

A t  the end of 

When rafr were 

Complete recovery of these organs W a b  
after removal of beryllium sulfate  from the 

Bats Bed Beryllium Carbonate: A t  a dietary level of 0.5 per cent 
beryllium carbonate the r a t e  grew equally a8 well as the controle. BO 
died. A t  a dietary level of 2.5 per cent, there wae a slight decrease in 
average body weight when compared w i t h  the controls (males 19 g, female6 11 9) .  
Such weight depressions are of questionable significance. 
When 5.0 per cent beryllium carbonate was fed i n  the diet  a very serious growth 
depression occurred, amounting to  about 100 g i n  the males and about 50 g in 
the females, when compared wi th  the controls. 

There were no doathe. 

One male and 2 females died. 

The only definite pathological changes attr ibuted t o  the ingestion 
of  beryllium carbonate were rachitic-like changes i n  the l o n g  bones. 
rickets-like condition was confirmed by radiographs. 

T U B  
Some l ive r  damage war 
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?resent in approximately l / 3  of the animals terminally sacrificed; OUT pathologist 
declared t h i s  finding t o  be of questionable significance. 

Rats red Beryllium Oxide (Refractors o r  SP Grade): A t  dietary level6 
of 0.5 a.nd 2.0 per cent beryllium oxide (refractory grade) the rats grew as well 
a8 the controls. 
depreesion of  about 35 g occurred i n  the males when'compared with the controle; 
i n  the females the corresponding weight depression amounted t o  approximately 
20 g .  
have not been completed. 

0.5 and 2.0 per cent beryllium oxide (fluorescent grade) no significant depres- 
9iOnS of body weight occurred i n  rats at the end of 30 days. 'Share were PO 
deathe. 
male rats had an average weight depression of about 50 g when compared with 
the controls; i n  the females the corresponding weight depression amounted t o  
about 20 g. Pathological studies on these animals have not been completed. 

A t  a level of 2.0 per cent of the d ie t  an average growth 

No deaths occurred. At present the pathological studies on these aninrale 

Eats Fed Bemllium Oxide (Fluorescent Grade): At dietary level6 of 

When 20 per cent of the fluorescent grade oxide was fed i n  the 'diet ,  

Rats Fed Beryllium Metal: A t  dietary levels  of 0.5 and 2.0 per 
A t  a dietary level  of 20 per cent the rats grew as well a e  the controls. 

cent an average growth depression of about 30 g occurred i n  males when compared 
v i t h  the controls; i n  the females no significant depression occurred. 
were no deaths. 

There 
Pathological studies on these rats have not been completed. 

Docs Fed Beryllium Sulfate Hexahsd rate: When beryllium uulfate 
hexahydrate was given i n  the d ie t  of a dog at a level  of 1 g/kg/body weight 
per day fo r  a period of about 2 months, there were no cl inical  effects  ap- 
parent and histopathological studies disclosed no abnormal conditions in 
the t issues.  

- 

D o m  Fed Beryllium Oxidee! When beryllium oxide (fluoreecent 
grade) or beryllium oxide (refractory or SP grade), respectively, was fed t o  

2 months, neither c l inical  nor histopathological effects were observed. 
'a single dog at a dosage level of 5 g/kg/body weight/day f o r  a period'of about 

Female Bats Inlected Intraperitoneally with Beryllium Oxides: A t  
the end of approximately one year following the injection of a single intra- 
peritoneal dose of beryllium oxide i n  weanling female rats an average weight 
loss  of about 20 g was evident. 
o f  questionable eignificance. During t h i s  experimental period 1148 ppps i n  
138 l i t t e r s  were born t o  the controls; 883 pups i n  114 l i t t e r s  were born t o  
the females i a e c t e d  with refractory grade oxide: 855 pups i n  11'7 l i t ters  
were born t o  the females injected with fluorescent grade oxide. These dif- 
ferences in t o t a l  pups born during the experimental period represent decrease8 
of 23 and 25 per cent, respectively, when compared with the controls. 
statistical significance of these figures hae not been determined. 
of  50 females injected with fluorescent grade beryllium oxide died a6 compared 
wi th  3 of 25 injected with refractory grade beryllium oxide and 2 of  25 
controls. 

Such a weight depression i n  mated f d e a  3,s 

The 
Nineteen 
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Problem Code: Be.4 (Pate) 

Section Code: 3220, 3250 

Distribution and &c re t lon of Beryllium Sul-Dhate Uaim Be7 as a Tracer: 

Beryllium sulphete was administered Intravenously t o  rats and rabbits; 

In some C a 8 8 8  non- 
the r a t e  of blood clearance, the urinary and fecal excretion and the d i s t r i -  
bution t o  organ8 war determined by counting techniques. 
radioactive beryllium rulphnte was added t o  the isotopic beryllium sulphate. 
More than 95 per cent of the beryllium was cleared from rabbi t s '  blood during 
the firs$ 5 hour@ a f t e r  adminiatration; the rate of clearance was more rapid 
when isotope alone war edmitrirtered than when carrier was added. The urinary 
excretion of beryllium war greateet during the f irst  6 honre a f t e r  administra- 
t ion; thereafter small ~~llulu~~tr, l o re  than 1 per cent, were excreted dally. In  
both rabbitr a d  ratr a higher per cent of the isotope was excreted when isotope 
alone wao giwa than uhen carrier war added: 28 per cent and 11 per cent, and 
35 per cent ard 25 per cent, respectively. The t o t a l  fecal excretion over a 
?-day pperlod war rpproxinmtelp 10 per cent of the dose in the r a t e  and 2 per  
cent iP the rabbitr. When car r ie r  was administered with the ieotope approxi- 
mately 35 per cent war found in the skeleton of the rat and 51 per cent i n  
the rlwletorr of the  rabbit; when i so tope  alone was administered the skeletal  
recovery war 48 per cent and 9 per cent. The amount o f  Iuotope recovered 
from the l i ve r  and rpleen of the rat was lnsi&ficant when isotope alone 
wa8 adminirtered and amounted t o  12 per cent and 2.5 per cent, respectively 
when carrier -8 added. 
bone nmrrow when carrier was administered with the isotope. 
tained lea8 than 1 per cent of the dore. 

Significant amounts of beryllium were present i n  the 
The kidneys con- 

Problem Code; Be.5 (Meuhanism of Toxic Effect) 

Section Codet 3WO 

The mXw Factor i n  Beryllium Poisoningt 

D r .  Gardner had the hunch that part of  the mysterious character of beryl- 
lium poisorriag aroae from the existence of a factor, mXm, which, added t o  a 
beryllium expomure, war followed by beryllium poisoning but i n  the absence of 
which, berylllam expowe  was not always in a canna1 relation t o  the well-known 
c l in ica l  beryllium direaser. The search f o r  a possible factor "Xn has 80 f a r  
been unuuccerafbl. The following terts have been made: 

(1) Effect of Hp. 

( 2) 

(3) mmct of infection? 

Effect of phyrlological s t ress  ( excercl ee) 

gram-negative rod 

hyaluronidase 
tuber d o  8 i  a UR 00975 
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(4) Pneumonitis from intratracheal o i l  administration 

PoteatlatlnR Effect of  Inhalation of fIF Gas on Beryllium Sulfate 

PoisoniaR in Rats: 
geneous but consist o f  mixtures of other potentially toxic agents. In 8oao 
procerses i n  the manufacture of beryllium, hydrogen fluoride (HF) o r  other 
soluble fluorides have been shown not only t o  be present with the beryllium 
but actually to  exlet i n  amounts several-hundred-fold greater than that of 
beryllipm. 
ne1 at  r i t e s  where these mixed eqosures  existed. The study deecribed below 
warn performed to  determine whether HF had a potentiating effect  on beryllium 
pofronlng by inhalation. 

Induetrial exposures t o  beryllium are commonly not homo- 

Toxic exposurer have been ahown t o  occur a l s o  among plant perron- 

Tho r e d t r  obtained i n  rats confirm t h i s  hypothorir. 

Bighty rata were expored i n  groups of  10 and 20 each t o  e i ther  ber;lllim 
&fate o r  t o  IEI reparately, or in combination on al ternate  days or dr i ly  f o r  
one month, a period of sufficient duration t o  determine completely the effect8 
of  exposure. The concentration of beryllium sulfate herohydrate seleoted ap- 
proximated 10 mg/m3.  
giving 50 per cent mortality in rata i n  a period of 3 weeks. 
centrations of BF were to  approximate 7 mg/ma, a concentration that 1-80 
had been previously ehown t o  produce either inconsequential pulmonary ch.nger 
in rats or no rerponie at all. 

T U 8  concentration had previously been established as 
Blxposure con- 

The 20 rats that were sabmitted t o  both  agents were exposed on sltemrrte 

Thir procadurs 
days f o r  6 hours, f irst  t o  the beryllium aerosol and then t o  the fluorido 
ga8 f o r  a t o t a l  exposure period o f  62 hours f o r  each aerosol. 
wa8 pltrp080ly adopted partly t o  avoid analytical d i f f i cu l t i e s  that would 
otherwise occur i n  a mlxed expoaure of.,the two aerosola and partly becruro a 
defini te  interpretation o f  toxicologic’remltr  would be made more certain i f  
exponure t o  each agent was lema thn that of the controls on the rearoning 
that if mortality occurred from reduced exposure (lowered C.T. valuer), tho 
IEI would have potentiated beryllium toxicity, HF being certainly not le tha l  
at the C.T. values employed. 
t ional  groups of rats; one group of 20 was orposed daily t o  Bp at concentm- 
tions approximating 7 =/ma (124 erpoaare hours), another group of 20 rata 
wa8 exposed to  beryllium m l f a t e  hexahydrate m i s t  a$ approximately 10 86/m@, 
a third and fourth group of 10 rats each were exposed on al ternate  days t o  
tho above concentrationr of  either ErJ’ or beryllium sulfate.  

Serving a r  controls f o r  this shdy were 4 addi- 

. 

The toxicologic findings were clear-cut and uneqnivocal. Bestiltr of 
mortality, weight response and histologic examination all were consistent 
for  any given group and were sharply different between the group exposed t o  
the mixed agents a s  compared v i th  the groups exposed t o  the agents separately 
f o r  the same erpoanre time. As f o r  mortality, precisely the same number of 
rats died that were exposed t o  both agents on al ternate  days an died from I 

beryllium sulfate alone and that were expored d a i l y .  
13th and 10th days In  each group, respectively, but both groups reached the 
identical  ra te  of mortality on the 20th day (40 per cent), apd no change 

Mortality began on the  
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occurred i n  this variable thereafter. 
from one-half the to t a l  expoaure t o  beryllium plus HF as was produced by double 
the amount of expoanre t o  beryllium alone. 
exposed t o  HF alone daily, or t o  beryllium sulfate alone on a l te rna te  -8. 
One rat o f  a group of 10 exposed t o  H3 on alternate days, died, however, f r o m -  
some cause unrelated to the exposure. 
ing toxicity of HF for beryllium were the weight-response data. The only rat. I -  

groups t o  show weight changes l o w e r  than the pre-exposure mean values were 
the same 2 groups showing the 40 per cent mortality. 
the other 3 groups never dipped below t h i s  pre-expoeure mean and i n  2 coupe  
ehowed progressive increaae i n  weight upon continued expoaure. 
substantiating the main conclusion w a s  obtained from histologic examination 
of the animals dying from exposure and thoee aacrfficed at its termination. 
Bats erpoeed t Q  beryllium sulfate ehowed m i n i m a l  t o  moderate pulmonaky dillease, 
and thoee exposed t o  the combination of both beryllium and fluoride ahwed 
pulmonary changes similar i n  character and degree to  those exposed dai ly- to  
beryllium alone. 
pulmonary lesions i n  o n l y  a few instances, none i n  a few cases and equivocal 
e f fec ts  i n  the remainder, 

Thus, the same mortality was produced 

Ho deaths occurred i n  rat groups 

Substantiating this evidence of potentiat- 

Plots of the weighte of 

S i m i l a r  oridewe 

Exposare t o  beryllium on al ternate  days resulted in defini te  

Thus, i t  may be definitely stated that since pulmonary inJury and 88- 
aociated effects were as great i n  rats receiving one-half the expoaure t o  
beryllium sulfate when HF-erpoenre was superimposed (and under condltioas 
that ei ther  agent alone produced no changes) as the effects  produced by rata  
receiving tvice the exposure of beryllium enlfate alone, that mhas a potentiat- 
ing effect on beryllium action i n  the body. 

. 

It was not aacertained whether inhalation of  BF'gas induced additional 
intake o f  beryllium thus predisposing the animals t o  greater inJury. 
pears more probable that HIF would reduce pulmonary exchange. 

It ap- 

Effect o f  Phssiolodc Stress i n  Beryllium Poiaonixq: 

Effect o f  Exercise: Case studies of  beryllium industrial workers 
indicate that physical act ivi ty  may increase the tendency t o  acute poiSoIlhg. 
Effor ts  have been made t o  produce a comparable effect i n  animals. 
was choaen as the experimental species because previous inhalation erposare 
studies at high concentrations of beryllium aulfate m i s t  (100 and 50 mg/m3) 
had indicated that hamsters were more resistant t o  t h i e  lung i r r i t a n t  than 
were other animal species snitable for  such a study. If mortality could be 
induced i n  t h i e  species through i t s  added atreae o f  exercise, then i t  wa0 
f e l t  that a striking case f o r  sach s t ress  i n  beryllium exposure would be 
demons t ra  t ed. 

The hamster 

Exercise was provided by placing the animals i n  a rotating cage of 
21" diameter which revolved at the rate of 2.3 revolutions per minute or 138 
revolutfone per hour. 
was rotated f o r  20 minutes each hour, followed by 40 minutes o f  r e s t  daring 
the 5 daily expoaure hours. 
i n g  period and during the duet expornre phases of the study. 
exposed t o  beryllium sulfate mist at a concentration of 10 mg/m' of  air. 

I n  order to  avoid over-exertion of the animals, the cage 

T h i s  procedure was followed during the condition- 
The animal0 Were 
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The mor ta l i t y  resul ts  of two studies o f  t h i s  type are given i n  
Table I -- Page 86. I n  each instance an equal number o f  exercised and non- 
exercised animals were US&, the l a t t e r  group serving as beryllium expored 
controls, e.g., placed i n  the chamber in a etationary exposare cage. I t  is 
seen that identical  resul ts  were obtained in each experiment, namely, that 
a l l  animal0 subjected t o  exercise succumbed, where only 1 i n  6 died from 
exposure without such exercise. Deaths occurred In  both exposed groups in 
from 9 t o  12 dayr; exerciee thus did not speed the time of death. 

The resul ts  of thie.hamster experiment indicate that the combined 
effect of exercise and beryllium sulfate inhrtntion exposure a r e  more toria 
and produce more 8evere pulmonarg lesions than exposare alone. 

Effect o f  Infection: The relationship of a concurrent pu.lm011.rjr 
infection h e  occasionally been propored t o  explain the course of beryllium 
pneumonitis. 
gram-negative rod from the lungs and blood atream of huplans with berylliw 
diresee. An attempt was made t o  eartoy brief ly  the bacter ia l  nature of,the, 
lungs of  a n i m a l o  given beryllium by intratracheal administration o r  throw 
the inhalation route. Uefng  s t e r i l e  precautions, a loop etreak war obtdned 
ftom the lungs of recently sacrificed aaimato and cultures were made from 
blood agar, Douglas broth and an anmrobic m e a t  culture. 

Gardner, e t  al have reported the Isolation o f  an aoid-fast 

More than 35 rats, rabbite, dogs, and @nea piga were 6tUdbde . 
The number o f  contaminated eampleta were no more than 2 o r  3 and the conbrPrinantr 
were readily identified a o  staphylococci o r  streptococci. However, from tho 
lungs of a rat receiving beryllium metal intratracheally several month8 pro- 
vlouely and expooed t o  beryllium sulfate by inhalation and which was maorificed 
when found t o  be dyspneic and moribund, a po r i t i r e  pure culture of  a grapr- 
negative rod was obtained. Specific bacteriologic characteristic8 of this 
organism have been given In  de t a i l  in Rochester Report Eo. M-1974. 
time, i t  wa8 tentatively believed that the organism was anaerogenic ss laolul la  
enter idi t is .  
inhalation, thare war obtained another motile gram-negative rod whore 
characterist ics varied but were in mepy ways similar t o  the organism prs- 
vionsly obtained. 
were s te r i le .  

At that 

Prom the lung8 of a rabbit expored t o  beryllium sulfate  by 

The cultures from the lunge of  other sacrificed a n i l P r l O  

The organism, described ae a salmonella and obtained from the beryl- 
lium-treated rat, wae grown f o r  48 homo on blood agar plates and a mopension 
of  the organilm i n  saline wao made and wao adminiatered through the Intra- 
tracheal route t o  3OO-gram male rats. 
(Group 1). 
beryllium metal (Group 2). 
plus 5 ml of  hyaluronidase (Group 3). 
within 6 day0 a f t e r  treatment. 
4 days poet-treatment and one succumbed three months l a t e r .  Group 3: 3 Of * 

the 4 ra te  died within 5 d a y s  poet-treatment. 

Ten rate were given the organism alone 
Eight  rata were given the ease number of  organisms plus 22 of 

. Bour were given the 8ame xrumber of  organlsma 
Oroup 1 8  of the 10 rate, 5 died 

Group 21 6 of  the 8 i n  t h i s  group died’wibhin 

A l l  rats administered the earpenofon of the unknown organism ohowed 
a very marked leukocytoeie sad evidenced an obViOUS toxlc course. At autopry, 
the lungr were hemorrhagic, conrolldated and yielded on culture a pure growth 
of the eame organiem ins t i l l ed .  When the Bnrvlving a n i m a l o  were uacrificd, 7 
months l a t e r ,  frequent abrceseer and congertion of the lunge were t o  be won. 



86. 

Table I. 

.. . 

Effect on Exercise on Mortality o f  
Berylliwn-Sulfate-Exposed Hamsters 

I a P X E L r n  1 EXPERIMEHT 2 
Bo. 190. % NO. BO. 4 

Blrpoaed Dsiw Mortalitx E x ~ o s e d  Dsf~ lp ;  Mortality 

merC5 S e d  6 6 100 12 12 100 

BTon-exerci sed 6 1 19 .12 2 17 
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From more than 35 s t e r i l e  cultures taken from the lungs of bery l l i  
treated rats, rabbite, dogs, and guinea pigs, 2 positive cultures were obtei 
One of thew was from a rat and i t  was tentatively identified as an 
salmonella enter idi t is .  From the lungs of an exposed rabbit ,  anoth 
negative rod whfch had several similar quantities was isolated. In 
ins t i l l a t ion  of a culture of the organism obtained from the rat proved tozb 
very toxic t o  other rats. The simultaneous adminiatration of beryllium met 
or hyaluronidase appeared t o  potentiate the fatal effects of this organim... 

Pigs: 
soluble beryllium compounds on the extent of  tuberculous infection 
pigs and further mggested the treatment of gainea pigs with beryl1 
increase the sensi t ivi ty  of this animal  in testing t U b t 3 r d O U S  sptpm. 
of t h i s  report and the present Induetrial interest  in the toxici ty  o f  beWlli\zm, 
it  was thought advantageous t o  confirm th i e  observation. 

In 1935, Loomis and Bogen reported an enhancing effect of VarioUS2 

BOcoU80 

Equal numbers o f  male and female guinea pigs were selected anbcbiu- , 
One group w a 8  infected with 0.00f; mg o f X .  

These animals served a8 control-iniecfbb' 
Two other groups of guinea pigs received the tuberculous infeotion "*' 

tributed among groups of 10 each. 
tuberculosie, s t ra in  H37 (A!CCC 8236). 
anifnals. 
i n  dosee of 0.5 and 1 mg subcutaneously and intra-abdominally, respectfvo&y, 
and in addition received weekly exposure to beryllium eulfate at a concontra- 
t ion o f  50 mg/ma f o r  from 2 to 6 houre daily. 

received neither infection nor exposure to  beryllium sulfate and served as- 
normal weight controls for  the ent i re  group. 
continued for  2 1/2 months. 

time autopsies were performed on the animals and the reeults of previourly 
obtained nodular s ize  correlated with the histologic retmlte from staine 
sectione. 

A 4th group received no infecti 
with tuberculosis but was exposed t o  beryllium sulfate only. A 5 th  group -'f . 

E x p o m e  t o  beryllium was 
Weights were taken weekly and observations were 

A t  t h i n  continued for  a period of  4 months from the start of  the infection. _ _  - 

The microscopic examination of the t issues o f  the guinea pigs 
to show that weekly erposures t o  50 mg/ms of beryllium Bulfate had any sffe 
on the course of tuberculosis i n  the guinea pig. 
the are8 of infection showed i n  a l l  groups the same type of tieme reaction, 
namely, proliferative tubercles some o f  which were caeeous. 
spleen of a few an imals  in each of the 3 infected groups contained a few 
tubercles of m i l i a r  s ize and of proliferative type but no eignificant dif- 
ferences between the groups, although the dosage of tubercle b a c i l l i  among 
the groups differed widely. 

The lymph nodes draining 

The l i ve r  

Bo pulmonary tuberculosis was found and the pulmonary lesions 0. 
observed from the inhalation of  beryllium sulfate were either minimal o r  abeent; 
t h i s  finding has been previously observed i n  the guinea pig, which i e  a rela- 
t ively resistant animal to  inhalation t o  beryllium duet. 
be concluded conversely that the tubercular infection d id  not predispoee 

- 

Accordingly it lpay 

guinea pigs to  beryllium poisoning. ... 
UR 00980 
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The findings at gross autopsy and measurement of  nodular e l m  mede 
throughout the study &owed no differences attr ibutable t o  the different treat- 
ments among the groupe. Moreover, the weight reeponee of a l l  treated group6 
showed a paral le l  rise in growth following the thlrd week of the etudy which 
was at a l l  t i m e  eomevhat lees than that of the untreated controle. The beryl- 
lium-exposed animals showed the poorest growth reuponse of a l l  groupe. fn- 
general, however, the weight reoponee was consistent with the hiatologic find- 
ings. 

These reerrlte with experimental animals agree with the general im- 
preesion of induetrial  physicians that beryllium workere with tuberculorie a re  
not more susceptible t o  beryllium pOi80ning. 

Effect of Hmluronidaset The invasivenees of  cer ta in  types o f  mfcro- 
or&anime i e  dmendent upon a nepreadlng factor" b u n  as hyuluro~daee. Some 
conelderation w i a  given 'to the pi06ibi l i ty  of  etfnmlmtlng the pneumonitic 
penetration of othervise benign mlcro-or,gdcnns by frupiohlng them with an 
a r t i f i c i a l  supply of hyaluronidase. 
t ion of mch ELU effect, a more epecific approach might be made t o  the effect6 
upon beryllium dfeease i n  the lunge of q e r i m s n t a l  animale. 

It waa anticipated that with the combina- 

Pure d t u r e e  were grown of a variety of  micro-organisms iaclrrdf~% 
several types of pneumococci and pertusela. 
solution, with or without the oddition of 2.5 t o  5.0 
given intratracheally t o  adult rats. 
leukocytic count and different ia l  count wae obsemed. 

Suepenslone of theee in d i n e  
hyaluro~daee,-  were 

The dai ly  pattern of the t o t a l  w h i t e  

A sppppary of several of the teeta  is given below. It may be stated 

( h e  Table I1 - Page 89) .  
that pneumococci Type V I  and V I 1  were a l e 0  teated but without demonetrating 
any toxicity t o  r a t a  with o r  without hyoluronldaee. 

The concurrent administration of hyaluronidaee t o  a variety of 
In types o f  pnemmococci and H.pertueeie gave eonswhat variable reenlte. 

one o r  two trials, the pnstlmonitic virulence of these organleme appeared t o  be 
increased but the result8 appeared t o  be eomewhat inconeietent. 

JCffect of Peanut O i l :  The pecularitiee o f  the eueceptibility of 
beryllium dieease In bumaae suggested that certain uncontrollable factore 
might be of eome importance. One route of increoeed beryllium maeceptibllity 
can concsikbly e d e t  I n  individuals bearing a concurrent pulmonary infection. 
Another could poseibly involve an increaaed beryllium penetration w h i c h  
would mobilize the eecond o r  third l i n e  o f  body defense. 

The intrapulmonary admlnietration of oils i n  general tend8 t o  
produce a pnerzmcrnitie. 
contain a epecial i r r i t a n t  and i e  capable of producing a marked pn?UIDonitlC 
involvement. 

In pexticular, however, peanut o i l  has been known t o  
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An exteneive eurvey wae made of  the reaction o f  a large mrmber of 
rats t o  quantit ies of 0.1 t o  0.8 m l  of castor o i l ,  peanut o i l ,  mineral o i l  
and olive o i l  f o r  control purposes. 
ueed as criteria. 
i n  rats receiving the larger quantit ies of peanut o i l .  
manifested a leukocytoeie persisting f o r  several weeks. 

Daily leukocyte count8 and mortality were 
The only epecific indicators o f  any toxlci ty  were observed 

The affected s n i d e  
(See Table I11 - Page 91). 

To 8 rats (Group 1)  were given 100 mg of  beryllium metal intra- 
tracheally 2 t o  3 monthe previously. 
-e route. 
given. 
peanut o i l  were given. 
olive o i l  plur 0.2 cc peanut o i l  were given. 
of olive o i l  plus 0.5 m l  peanut o i l  were given. 
ml o f  olive o i l  plue 0.2 ml of peanut o i l  were given. 
0.1, 0.3, and 0.5 ml of peanut o i l  were given. 

0.5 m l  of  peanut o i l  wae given through the 
To 5 rats (Group 2) beryllium metal and 0.2 ml of olive o i l  vera 

'Po 5 r a t e  (Group 3) beryllium metal and 0.3 cc olive oil and 0.5 cc 
To 5 r a t e  (Group 4) beryllium Ipetal and 0.3 cc o f  

To 4 r a t e  (Group 5 )  a 0.3 m l  
To 5 r a t e  (Group 6 )  a 0.3 

To 6 r a t e  (Group 7) 

Bo diet inct  changes in weight were noted on the above d I U d i 3 .  

 the^ einmltanaoue intratracheal a h i n l e t r a t i o n  of beryllium metal 
plue olive oil aad peanut o i l  had no eignificant effect on the mortality 
from beryllium d%saaee in thoee animals over a period of  9 monthe of  observa= 
tion. 
the addition o f  the o i l  t o  the  beryllium metal. 
which bad received beryllium previous .to the adminiatration of peanut o i l ,  
a significant eoainophilia developed. 

Houever, a more marked leokocytoeis was obaerved in moet aninale from 
Peculior t o  thoee a n i m a l o .  

Butin a8 a Pro$hylactlc and Therapeutic &ent i n  Berslliam Poieonhg 

In Done: 
i s  that of an effective prophylactic or therapeutic agent. 
th ie  need were focused on rutin,  a plant flavonol, becauee of i t s  partidar 
chemical configuration and phyeiologfc propertiee. One of theee latter pro- 
pertiee is i t e  ascribed capillary an t i f rag i l i ty  action. T U 8  action should 
prove beneficial in beryllium poieoning poieoning which I s  characterized in 
part by hemorrhage and edema of  the lunge. 
beneficial value In beryllium poieoning is i ts  phenolic strrrctnre permitting 
complex formation with beryllium. 
colorimetric method employing rutin a e  the analytical  reagent has been 
developed in th ie  laboratory. Further evidence on the potential effectivenee8 
of N t i n  in beryllium dieeaee was furnished by an experiment i n  which beryl- 
l i u m  combined with e e m  WaE shown t o  be capable o f  removal by dialysie in the 
preeence o f  rutin; removal o f  beryllium from the  em protein8 did not occur 
i n  the abeence of m t i n .  
m i g h t  prove effective a8 a therapeutic or prophylactic agent in the treatment 
of  beryllium poisoning. 

One o f  the greateet neede i n  the current beryllium erpoeure problem 
Attempt8 t o  f u l f i l l  

A eeeond property o f  potential  

Indeed an especially sensitive micro- 

There was thus a mrmber of indicatione that ru t in  

Accordingly, an inhalation expoeure experiment wae performed employing 
10 dOg8, 5 of which received daily by c a p d e  100 mg of ru t in  i n  2 daily divided 
dosee f o r  2 weeke prior t o  the beginning of  exposure t o  beryllium 6ulfate mist 
a t  a concentration o f  25 mg/m3. A cloaelg elmilar group o f  doge, Borne o f  which. 
were l i t t e r  matee of those In the untreated group, received the regular diet  

UR 00983 
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without rutin but received the exposure to the beryllium sulfate simdltaneously 
with the treated dogs, 
for 6 hours for a period of 35 days. 
daily, at first in 100 mg amounts, later during the last 2 weeks of the experi- 
ment in 300 mg daily dose. 

There was no significant difference in the weight response of the animals 

Bxposure to beryllium sulfate mist was continued daily 
During this time, rutin was administered 

of the 2 groups at the termination of the beryllium sulfate exposure. 
the coarse of exposure, however, animals receiving no m t i n  showed a decided 
loss in weight from the first to the third week but after this period the 
weight of the 2 groups was essentially indistinguishable. Differences in 
mortality in the control and treated groupe were not ramarkable. 
of the beryllium-exposed group died, one on the 17th, and other on the 35th 
day of exposure; but one of the 5 rutin-treated dogs died on the 22nd day of 
erposure. T h i s  difference, though indicating p. possible favorable response 
to rutin treatment, was not considered significant. 

During 

Two dogs 

Inasmuch as rutin has been claimed to maintain the integrity of the 
capillary, a special attempt was made to determine differences in the amofllpt 
of edema or hemorrhage in the lungs of the dogs receiving rutin compared with 
those of the controls. Bo such effect was observed; rather the lungs of the 
animals receiving rutin showed somewhat more edema than the controls. 
more, the character of the inflammatory response was similar in both group8 
and no difference in the degree of extent of the pulmonary lesions could be 
demonstrated. 
change from mild to extensive pulmonary involvement, of 5 beryllium-exposed 
but not rutin-treated animals, 2 each gave a 1- and 2-plus reaction and 1 
showed a kplus reaction: of the 4 animals examined in the rutin-treated 
group, no animal showed a l-plus response, one each showed a 2-plus and a 
4-plus response and 2 showed a 3-plus response. 
proving the condition of the pulmonary leeion from beryllium did appear to have 
exacerbated the condition. Further evidence bearing out this observation wae 
furnished by spectrographic analysis for beryllium content of certain tissues 
of the eqosed and treated dogs. 
that rutin rather than ridding the tissues of beryllium tended to prevent 
elimination of this element. 
and kidney were for the beryllium-exposed animals, respectively, 4.9, 0.56, 
0.24, and 0.08 = /go  
of beryllium were correepondingly 5.6, 0.72, 1.2, and 0.09. Thus, in each 
tiesue, somewhat higher average values for beryllium were found in the ratln- 
treated dogs. 

Ftlrther- 

Eating the degree of injury from 1 to 4, indicating progreseive 

Thus, rutin instead of im- 

Results of these analyses appeared to Show 

Amounts of beryllium in the lung, bone, liver, 

For the same tissues of the rutin-treated dogs, values 

It is therefore, concluded that from the basia of histologic evaluation 
and reeulte of spectrographic analysis o f  the tissues for beryllium that rutin 
is ineffective either as a prophylactic or therapeutic agent i n  the treatment 
of beryllium injury in dogs. 
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Problem Code: Be.6 (Methods of 
Treatment, 

Detection of Poisoning, ProPhylariS, 
and Protection) 

Section Code: 3WO 

An InvestiRation of Clinical Criteria I n  Beryllium Poisonine;: 

At present no reliable biochemical methods exist for the diagnosis of 
early or mild forms of beryllium poisoning. Such methods present special dif- 
ficulties in discovery and development because beryllium le a pulmotodc agent 
and few function tests exist for measurement of lung dysfunction, and none 
that are of service for detecting early beryllium poisoning. Accordingly, a 
broad survey of clinical criteria was undertaken In aninale undergoing e-- 
sure. This included determination of changes in urinary protein and amylase, 
blood non-protein nitrogen, urea nitrogen, serum protein, serum albumin- 
globulin ratio, fibrogen, serum calcium and phosphorus, acid and s e m  alkaline 
phosphatase, arterfal orygen tension and 10 lipid fractions of the blood with 
special attention to phospholipid and free cholesterol concentrations In the 
red cells. Dogs and rabbits were studied that had been exposed to beryllium 
sulfate at concentrattone ranging from 1 to 100 mg/m3 and beryllium oxide at 
from 10 to 85 mg/m3 for periods up to 100 days. 

Of the many criteria applied, arterial oxygen tension and red cell Con= 
centrations of free cholesterol and phospholipid and poeeibly 8 e m  alkaline 
phosphatase give iadication of potential value as clinical procedure8 In fol- 
lowing the course of beryllium Injury; many of the other criteria failed at 
lower levela o f  inlurg. 

At the experimentally tested level (1 mg BeS04.6Ha), 4-0 pg Be/m3), a 
level of probable occurrence in'industry, 3 of 4 dogs showed abnormally high 
values in both cholesterol and phospholipid in the red blood cell. The rim 
in phospholipid was generally accompanied by a rise in free cholesterol but 
at a alover rate and after a longer period of eaosnre. 
after exposure, the first sample obtainable, showed phospholipid roee 10 per 
cent (1.6 standard deviation) from normal and remained elevated during continued 
exposure; free cholesterol rose to similar values but only after 29 day8 and 
remained elevated for at least 28 additional days. 
the exposure considerably higher values were obtained for both constituen~~t 
phospholipid rose to a maximum of 22 per cent increase (3.5 Std.Dev.1 , 
cholesterol, 19 per cent (3.8 Std.Dev.). These changes occurred between the 
60th and 90th days of exposure. 

Values found 15 b y 8  

For the greater part of 

The changes appeared to be cyclic. 

Similar changes were found i n  2 other dogs exposed f o r  15 day8 to Be0 
at 85 mg/m3; far more striking changes occurred in rabbits injected with an 
approximate LD50 dose of BeSO+ (2 mg/kg), 

Decreases i n  arterial owgen tension paralleled the changes in lipid in 
time and degree and in the same 3 of 4 dogs exposed to the low level of Be 
sulfate mentioned above. Inexplicably, occaeional normal values were observed 
randomly throughout the 5O-day period of study. 

In a very preliminary study, that w a s  highly suggestive however, a 2-fold 
inkrease in serum alkaline phosphatase was observed consistently to occur after 
2-weeks in dogs exposed daily to 10 mg/m3 Be0 calcined at 400e C.  i 1 3 3 3 h  I 
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PROGRAM Th. 

THORIUM 

Problem Code: Th.1 (Physical and Chemical Properties) 

Section Code: 3210 

Rapid Colorimetric Estimation of Thorium in Micropuantitiee: 

A method has been developed for the rapid colorimetric determination of 
thorium i n  microquantities, based on the formation of a stable colored complez 
with excess carminic acid in acid solution. 
complex at 560-590 rap and pH 4.04.2 is directly proportional to the concentra- 
tion of thorium overthe range 2.5-25.0 pg/ml. The method h e  the advantage8 
tha% the colored complex between thorium and carminic acid forms almoet in- 
stantaneously in solutions at room temperature, eliminating the neceeeity of 
heating to accelerate color development, and the color I s  stable indefinitely 
at ordinary t emperature s. 

The spectral absorption of the 

'Phe reagent le a complex polyhydroxyanthraquinone derivative w h i c h  act6 
as an acid-base indicator in aqueous solutions, undergoing a color change from 
orange to triolet in the range of pH 3.45 to 7.45. 
o c m s  in the presence of thorium. 
is probably at or below 3.45, but satisfactory resrxlte have been obtained with 
0.5 M SOdiPm acetate-acetic acid buffer at pH 4.04.2, the choice of pH being 
governed by the advisability of working in the range of maximal buffer capacity 
of the solutions. 

A similar color change 
The optimum pH f o r  determination of thorium 

Berrous and ferric i ron  interfere seriously in the determination of thorium, 
as does aluminum, also. The sensitivity for  ferrous iron is about the same 
as for thorium, 1:400,000, while that for ferric iron and alumimm is about 
one part in 750,000. K, Ha, Ca, Mg and the common anions with which thorium 
forms soluble compounds do not interfere in the method, which cannot be used, 
however, in the presence of anions which precipitate thorium as water-ineoluble 
compounds, or in the presence of certain organic substances, e e g . ,  citrate azrd 
tartrate, which form complexes with thorium in which the strength of the co- 
ordinate bond is greater than with carminic ac id .  

Problem Code: Th.3 (Toxic Limite) 

Section Code: 3210 

Inhalation Toxicity of Thorium: 

Interest i n  the toxicology of thorium sterne from the poseibllity that the 
element may have wide use a8 an alternative source of fiesionable material, and 
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from .the fact that Atomic Energy Commission personnel are exposed -to a possible 
hazard in the separation and purification of thorium metal. 
contains conflicting accounts regarding toxic effects following the use of 
thorotrast in roentgenography as well as following exposure to thorium dust in 
mining and refining operations. It seemed desirable, therefore, to undertake 
a seriea of experiments with the object of characterizing the toxic response 
to inhaled thorium dusts and defining the acceptable limits of exposare. 
Aerosols of thorium nitrate and thorium dioxide have been used initially a8 
repreaentative soluble and insoluble thorium compounds encountered in the pro- 
duction of pure thorium metal. The toxicological studies were delayed because 
of the necessity for developing a satisfactory quantitative method for the 
detection of thorium in microgram quantities. 

experiments has been completed in which 85 laboratory animals, comprising 6 
species, were exposed to an atmosphere containing 75 mg Th(XOa)+/ma. The 
purpose of these experiments wae to determine whether acute toxic effect8 
are produced by inhalation of thorium nitrate duet in relatively high concen- 
tration. 
with regard to sex, 10 male guinea pigs and 3 rabbits were exposed 6 hour8 daily 
for a total of 68 hours during 11 l/3 calendar days. 
hamsters were exposed 6 hoar8 daily for a total of 60 hours during 10 calendar 
days in the second experiment, and in the third and final experiment, 4 female 
dogs were given the same exposure. 

The literature 

Acute Toxicity of Inhaled Thorium Eitrate Dust: A aeries of three pilot 

In the first experiment, 25 female mice, 20 rats, equally divided 

Three rabbits and 20 male 

The thorium nitrate was dispersed as a dry duet prepared by rnicrowlveriza- 
tion of material parchased f rom the Maywood Chemical Company. Spectrographic 
analysis of a sample of the Maywood product by the Hations1 Bureau of S t W d a  
indicated the thorium content of the material to be 41.55 per cent by weight. 
The overall mean concentration of dust as thorium in these experiments, there- 
fore, was 35.5 mg/rn3. 
years ago, it contained appreciable amounts of mesothorium. 

Since the thorium nitrate was processed more than two 

In each experiment, the period of exposure was preceded, by a 2-week 
conditioning period during which the animals were placed for 6 hours daily 
in a chamber which was held at the same temperature and relative humidity 
as the exposure chamber, but which contained no thorium nitrate dust. The 
weight response of the animals, urinary protein, blood l P X ,  and urea nitrogen, 
and the hematological picture were followed as toxicological indices during 
both the conditioning period and the  period of exposuree 

There were no deaths among any of the animals during the period of expo- 
sure and all were sacrificed terminally with the exception of 2 dog8 which 
are being held for further observation. The dogs were the only specie8 in 
which toxic signs were observed during exposure. 
caeional vomiting were observed periodically beginning on the third day of 
exposure. 
species of animals and anorexia was not observed even in the dogs. 
clinical chemical determinations revealed no significant change8 in blood EPE 
and urea nitrogen or fn urinary protein content at any tfme during the condition- 
ing and exposure periods or during the period of observation following exposure 
in the case of the 2 dogs, which were held for'this purpose. 

' 

Retching, gagging and OC- 

There were no significant changes in weight among any of the 6 
The 
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Begative hematologic findings were reported except f o r  the dogs. There 
were no significant changes i n  the red blood ce l l  counts  o f  any species. 811 
of the doga exhibited leukocytosis at some time dur ing  the exposure period or 
immediately thereafter.  
of a l l  4 animals w a s  about 50 per cent, the peak of the response occurring at 
different times in different individuals. In  the 2 dogs which were sacrificed, 
the highest leukocytic count occurred during the second week of  exposure, whereas 
i n  the 2 animals that were held for farther observation the peals o f  the response 
waa observed during the first week following exposure. 
subsequent decreaae i n  the white c e l l  count was observed a f t e r  the peak had 
been attained. 
the dogs has been interpreted as evidence of  possible damage t o  the hemopoietic 
tissue. 
zation of the i r  cytoplasm, and by the presence of atypical eosinophilic granuler 
and globules, o f  varying size and staining property. 
first appeared i n  the blood f i l m s  on the seventh day a f t e r  the beginning of 
e x p o m e  at which time they constituted 6 t o  10 per cent of the t o t a l  g r a l d o -  
cytes. 
abnormal granulocytes reached a maximum of 9 t o  12 per cent, 5 112 weeks after 
exposure, at which time 4 t o  5 per cent of  metamyelocytes with bizarre rmcell 
were observed. The atypical granulocytes were s t i l l  present to  the extent of 
about 5 per cent in blood films from these dogs 4 112 month8 a f t e r  erpoeure. 

The average increase i-n the white blood ce l l  count 

In 3 of  the animals a 

The appearance o f  atypical granulocytes i n  the blood f i l m s  of 

These cel l0  a re  characterized by the basophilic staining and v a w l i -  

The atypical granulocyte0 

In the 2 dogs which were kept f o r  observation, the proportion of 

The only significant pathological changes in the t issues of any of the 
animals occprred in the lungs of the 2 dogs which were sacrificed terminally. 
In one of theoe, a giant c e l l  reaction was seen about the amal l  bronchi, the 
giant cel la  containing a crystall ine material and resembling the giant multi- 
nucleated cel la  which have been observed previously in animals following intra- 
peritoneal and intratracheal administration of thorium ni t ra te .  The 1-6 of 
the other dog showed predominantly a monowclear type of reaction with o n l y  
a few scattered giant ce l l s  containing crystals. 

Acute Toxicity of Inhaled Thorium Dioxide Dust: Two p i l o t  erperirnentr 
have been completed in which 81 laboratory animals, comprising 5 species, 
were exposed 6 hours daily f o r  a t o t a l  of-60 h o u r e - d u r i k  2 &lend& weeks 
t o  an atmosphere containing 49.4 mg TphD,/m3. 
centration a8 thorium w a n  43.4 %/ma. 
the erne as i n  the p i lo t  t ea t s  with Th(IT03)4, and an attempt was made t o  adjuet 
the dust concentration eo that the exposures in the 2 ser ies  of experiments , 

would be as nearly as possible identical  with respect to thorium concatration. 
The distribution of animal species i n  the 2 completed t e s t s  was a8 fol lows:  
(1) 10  male guinea pigs, 20 hamsters, 25 female mice, and 20 rats, equally 
divided with respect to  sex; (2) 6 rabbits.  Preceding exposure, the animal8 
were conditioned 6 hours daily f o r  10 days during a 2-week period in a chsmb8r 
held at the same temperature and relat ive humidity as the expoaure chamber, 
but i n  an atmosphere f r ee  f rom Thoa dust. The thorium dioxide was dieperfmd 
in the exposure chamber as a dry dust prepared by micro-pulverizing material 
obtained from the U. S. Atomic Energy Commission, Iowa area, and containing 
83.4 per cent of thorium, with a l o a s  on ignition of 2.5 per cent. 

The mean atmospheric dust con- 
The purpose of the experiments wa8 

Toxicological indices followed during both  the conditioning and ezpo- 
m e  periods were the weight response of the animals, urinary protein excretion, 
blood EPB and urea nitrogen, and complete hematologic studies on blood films 
f rom 3 of the rabbits. There were no deaths among any of the 5 species, and 
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animals were sacrificed terminally except the 3 rabbits on which hematologic 
studies a re  being followed. 
autopsy. In general, moreover, the c l in ica l  chemical determinations yielded 
negative results.  In the case of the rats, a a i s t i nc t  depression of growth 
wa8 observed i n  both males and females following the in i t i a t ion  o f  the dust 
exposures. 

The gross pathological findings were negative at 

The weight changes i n  the other species were not significant.  

Problem Coder Th.4 (Fate) 

Section Code: 3220, 3250 

Distribution and Excretion of  Thorium: 

These studies were performed using the al 88 a radioactive tracer. The 
isotope plus thorium eulphate were administered by various routes. 
indicated that thorium wae largely insoluble i n  body fluids;  when given orally 
i t  i s  excreted in the feces, when given intramuscularly most  o f  the thorium 
is recovered from area o f  iqjection, when given intratracheally i t  remains i n  
the lungs. Following intravenous administration approxiIPately 95 per cent of 
the dose i s  recovered f rom the l i ve r ,  spleen, and bone marrowo suggesting that  
the reticulo-endothelial system i 8  the s i t e  o f  deposition. 

A l l  studiee 
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PROGRAM F. 

FLUOR I DX 

Problem Code; F.4 (Fate) 

Section Code: 3210, 3220 

To supply evidence useful i n  the l i t iga t ion  arising from an alleged 108s 
of  a fruit  crop several years ago, a number o f  problems have been opened. 
Since excessive blood fluoride levels  were reported i n  human residents of the 
same area, our  principal effort  has been devoted t o  describing the relation- 
ship of blood fluorides to  toxic effects. 

The principal defect i n  undertaking this stt@ or ig ina l ly  was the lack 
of a method f o r  determining the fluoride content of blood. 

- Determination of  Fluoride i n  Blood: 

A reproducible, accurate method mitable  for routine work was developed 
which depended upon a prelfminary aeparation of the fluoride from the or@c 
components o f  the blood by d i s t i l l a t i on  from concentrated sulfuric acid at 
134-137" C, evaporation and arhing of the d i s t i l l a t e  i n  platinum i n  the prerence 
of lime, and a final rediet i l la t ion o f  the fluoride from concentrated perchloric 
acid. 
a modification of  the thorium n i t ra te  -- a l izar in  red t i t ra t ion.  

The fluoride content of a suitable aliquot of the distillate i r  done by 

It  is necesoary In the absence of information t o  determine first the 
content of fluoride in normal human and animal blood t o  serve as a bare line 
f o r  the toxicity studies. 

Fluoride Content o f  Bormal Human Blood: Application of t h i s  method t o  
the determination of the fluoride content of 20 specimens of nonfastiag blood 
o f  donors whose water supply contained 0.06 ppm fluoride showed a range o f  
from 0-9 micrograms of fluoride per 100 m l  of  blood; 45 per cent o f  there 
bloods contained no fluoride. 
of 12 bloode from donors whose community water aupply contained 1.36 p p  flwrfde 
showed only 8 per cent of the samples t o  contain no fluoride; 42 per cent Of 
the samples contained 3-6 micrograms of fluoride per 100 m l .  
range of  valuee found f o r  the group was no different from the range of 0-9 P& 
F/100 nl found f o r  the previous group of samples. 
that the mean blood fluoride leve l  i s  related to  the fluoride content o f  the 
c o d t y  water eupply; the data are being extended t o  include saaplerr from 
l oca l i t i e s  whose drinking water contains st i l l  greater amounts of flnoride. 

In contrast t o  these observations, the a n a l y s I 8  

However,. the  

These data may indicate 

Fluoride Content of Normal DOE and Rabbit Blood; In the course of erperi- 
mental work, 75 analyses were obtained on 30 normal dogs and 20 analpeswere 
obtained f o r  13 normal rabbits. rood analyses showed the d ie t  of the dogs t o  
contain 13.1 p p  of fluoride; that of the rabbits contained 3.4 p p m .  Df ink iz lg  
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water contained 0.06 p p m  of fluoride. 
f r o m  both  speciee were found t o  contain l e se  than 10 pg S/ml. An additional 
13 per cent of  the dog bloods and 20 per cent of  the rabbit  blood6 contained 
10-20 pg F/100 ni l .  A emall number of dog earnplea contained relat ively large 
quantities of fluoride, ranging up t o  70 pg/lOO m l .  

Approximately 80 per cent of the bloodr 

Routes of Fluoride bdmfnietration: Two route6 of admbistrat ion of-fluorider 
have been used: 
peritoneallu; 
fluoride so that inha'lation exposures were made. 

(1) Bate have been given large doses of sodium fluoride intra- 
(2) Rabbits and dogs have been placed i n  atmosphere o f  w o g e n  

Blood Fluoride Levels in Bate Followiw the Intraperitoneal Ialectioa 

of BaS: Groups of 20 female rats weighing approximately 134 g were iZ&)ec*ed 
intraperitoneally with 37.8 mg BaP/kg, the approfirnote I950 for rats of  thir  
sex and weight. 
i n  different groupe were sacrificed and the fluoride content of the poOl8d.blOOd 
sample determined. It ua8 found that the fluoride content reached a peak o f  
approximately 900 pg S/lOO m l  within 30 minutee following the iajection: the 
level then decreaeed agsin. Twenty-four b u r r  a f t e r  the i u e c t i o n ,  the blood 
content was again at a normal level  of 0-3 pg F/100 nil. In sp i te  of the fact 
that the mnrimnm blood level i e  resched within a half hour a f t e r  injection, 
significant m b e r s  of f a t a l i t i e s  did not begin t o  occur u n t i l  4-5 hour8 offer 
the injection, by which time the blood fluoride level was reduced t o  approxi- 
mately one-tenth o f  its maximum value. 

A t  regular time intervale following the injection, the uurvlvor8 

Blood Fluoride Content 3'ollowiw E m w e  t o  Hydrogen PluoridQ: The 
complete absence of reliable data on blood fluoride levels  i n  previously re- 
ported studies of t o r i c  effects  of hydrogen fluoride leaves an undesirable gap 
i n  the Information available regarding the metabolism of fluorides. 
t o  obtain data of this nature, two 5-day exposttres of a Y d u 8  t o  hydrogen 
fluoride were completed with blood fluoride analyses being made at regalor 
intervals throughout the exposure period. 

I n  order 

The exposure of  rabbits t o  approxlmately 29 mg HF/ms f o r  intervals 
of 1 t o  5 days resulted in a ffve-fold Increase i n  the blood fluoride level.  
The blood level reached a plateau a f t e r  1 day of  eupoarre and did not Increase 
with continued erposure. The fluoride content decreased immediately f o l l o w i n g  
termination of  the erposure, but was e t i l l  significantly above the normal for 
at least 3 &ye after the animals were removed from the hydrogen fluoride 
atmo ephere. 

When dogs were exposed f o r  intervals of 1 t o  5 days t o  approdmte ly  
20 mg m/m3, however, the blood fluoride content showed a progressive i n ~ r e ~ a s e  
t h r o u g h  the 4th day; t o  a maximal value of 291 pg F/100 m l  at the conclusion 
of  the 5th day of  e q o ~ u r e ,  the blood level showed a preCipitOU6 drop t o  103 IJ.g 
F/100 ml. 
the dogs; moreover, the maximal level occurring i n  the dog wae a p p r o x h ~ t e l y  
2.5 timee a6 great as wa8 the highest level seen i n  the rabbit. 
a f t e r  termination of the exposure the blood levels  were s t i l l  3-5 tlmes greater  
than the pre-exposure levels. 

The plateau effect 80 etriklng In the rabbits was not noted~with 

Five dapr 
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Urinary Excretion o f  Fluoride: 

1 

-.-- 

Work by various investigators has shown that under usual conditions of 
exposure t o  fluoride, as i n  cryol i te  factor ies ,  magnesium foundries o r  i n  
communities whose water supplies contain appreciable quantit ies of fluoride, 
the greater portion of the ingested or inbaled fluoride i s  excreted by t he  
kidneys. However, these investigations have ignored the relation, if any, 
between the functional statue of the kidney and the corresponding urinary 
fluoride excretion. 

The Effect of Renal Dysfunction on the Urinary Excretion of Fluoride i n  

the Rabbit: 
of fluoride has been studied i n  rabbi t s  receiving: (1) a subcutaneous iaeC-  
t ion of 0.3 mg U/kg ais uranyl nitrate; (2) the aame dosage of uranium fn 
addition t o  15 ppn fluoride i n  the drinking water; and (3) 15 ppm fluoride in 
the water supply. 

Within 3 t o  4 days after injection of the nitrate, the uranium excretion 
of fluoride in those r a b b i t s  receiving o n l y  the injected n i t r a t e  dropped from 
a pre-inJection leve l  of  0.35 mg F/total  dal ly  urine sample t o  a level of 
0.05 mg U / t o t a l  dai ly  urine sample (a eever-fold decreaee). In  thoae rabbit8 
receiving both uranium and fluoride the urinary excretion dropped from a pre- 
injection level of  1.9 mg F/total  dai ly  sample t o  a level of 0.25 mg F/total  
dally sample, which again is approximately a seven-fold decrease. 
excretion returned t o  the pre-injection level  i n  both groups approximately 12 
days a f t e r  the injection. 

The effect  of araaium-produced nephrit is  on the urinary excretion 

Control urinary fluoride excretion was also determined. 

The Urinary 

Fluoride content of the t o o t h  and bone indicated that the presence of 
uranium in the kidney may inhibi t  the deposition of ingested fluoride i n  the 
bone and thus offer a degree of protection againat fluorosis. 
contents of  the too th  root, femoral epiphysis and j a w  alveolar bone for 
rabbi ts  receiving only added fluoride were eingificantly higher than in come 
parable t issues  f r o m  rabbi t s  treated w i t h  both uranium and fluoride, despite 
the greater quantity of fluoride consumed by theae latter animals. 
mpporting evldence f o r  the protective effect o f  added fluoride on uranium 

(1) a two and one-half-fold lower blood u r e a  nitrogen: and P 2) lowered mortality in those rabbite receiving both agents, as compared t o  
the resd l t s  obtained i n  rabbits receiving only the uranium injection. 

The fluoride 

Other 

oisoning was: 

The Determination of Urinary P1uori.de Excretion as a Possible Test for 

Renal Dysfunction: 
o f  Ingested fluoride has been meaeared i n  two individuals with normal r e d .  
function, and in two patients with h o w n  abnormal kidney function. 
with chronic glomerulonephritis was o n l y  able t o  excrete 20 per cent of the 
Ingested fluoride; the second patient with chronic pyelonephritis with m e r -  
tension could excrete none o f  the fluoride. 
excreted 45 and 51 per cent of  the dose of ingested fluroide. 

The determination of the urinary excretion of small doeem 

Om patient 

The two control individuals 

These preliminary data indicate that the measurement of the urinary excre- 
t ion o f  a t e a t  dose of fluoride may prove of value in detecting cer ta in  types 
o f  renal disorders. 
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Fluoride i n  Bone: 

The problem of  the mechanism of deposition of fluoride i n  bone bar 
never been aettled. This problem i s  doubly importaatr 
understanding of fluoride toxicology and also to  the u s e  of fluoride in . the  
prevention of dental caries. 
whether fluoride Ion underwent ionic exchange with aome grouping i n  the bone 
mineral nubstance. It  was found that, for the most part, fluoride exchanges 
for hydroxyl ion i n  the apatite lattfce o f  bone. 
to  that observed for  uranium. 

I t  is basic to  be 

A program o f  investigation waa designed to . , tes t  

This process i s  analogous 
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PBOGW I.S. 

I SOTOPES 

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

Section Code: 3120 

Studies of Protein Metabolis m i n  the Pormal Doe: UsixLz C14-hbeled Lysine; - 
Studlee of protein nutri t ion and protein metaboliem are o Backmound: 

fundamental importance in  seeking an  understanding of a variety of phenomena 
of basic concern t o  modern medicine. Blood protein production and utillPo$iot 
wound healing, convalescence, the resistance of  Bidneys and l i ver  t o  speofflc-.. 

and the physiological burden of pregnancy are among the ou+rfand- 
in te res t  in which i t  is already recognized that adequate protein- 
an understanding of protein metabolism are c r i t i c a l l y  involved. 

toldc agents, 
ing fields o f  
nutr i t ion and 

Because under normal conditiona the concentrations of the varioar blood 
protein component s are maintained within narrow llmlt s by physiologic mechanrr~r, 
it was impossible by classical  methods to  measure ei ther  the ra te  of productton, 

. .*d‘ ; or the r a t e  o f  disappearance of a given protein component. 
I. c 

The element carbon l e  an integral  chemical component of the amino acidr 
from w h i c h  the proteins a re  fabricated by the body. If one could label  or 
tag carbon atoms and thereby label amino acide,  the incorporation i n  a protein 
o f  such a labeled amino acid would become apparent t o  an investigator eqdppad 
with the neceseary t o o l s  f o r  detecting and measuring the presence o f  such a 
label.  

. .  
The nuclear reaction p i le  has made available C14* an isotope o f  carbon, 

which l e  chemically indistinguishable fro 
labeled by virtue of  the fact  that each CR atom has a known probability of . - -  
emitting a beta part ic le  detectable by suitable measuring instruments. The 
organic chemist has syntheeized amino acids (such a8 the lysine used in OUT -6 ;  

studies) with the C14 atoms in a known position in the amino acid molecule. 
Such amino acids can be fed t o  a n i m a l s  and are  absorbed and metabolized Jurt 

ordinary carbon, C12, and which i a  L . 

1 

-,’. * l tke the chemically identical amino acids of the food proteins. 
1 - _  , . -  

La’beled DL-lysine: 
rate of  appearance of the labeled amino acid i n  the various blood protein 
fract ions becomes a measure of the apparent r a t e  of production of the  varlour 
blood and plaama protein fractions. By the m e  token, a f t e r  the single dore . , 
of labeled amino acid has been bu i l t  up into proteins, the re la t ive  r a t e r  o f .  I”-.- 
disappearance of  the ac t iv i ty  from the red cel le  and plasma protein fract ions 

’ 

becomes a measure of  the disrrppearance of the fractions themselves. ‘.‘-s-$ 
conclusions a re  v a l i d  insofar as i t  i s  impossible f o r  single amino acids t o  -,:I 

C I 4  labeled DL-lysine has been fed t o  normal dogs and the . .  

--. 

Such. 
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UR 00995 



103. 

"clip in and out of" the giant protein molecules without  complete destruction 
of the protein molecule. In other words the loss of a radioactive amino acid 
label i s  an indication and a measure of the l o s s  of a whole protein molecule - 
and i t s  replacement by an identical  but non-radioactive molecule. These con- 
siderations are applicable t o  the blood proteins, but i n  the case of  the t iesue  
proteins evidence exiets f o r  the replacement of single amino acid8 i n  tissoe 
protein moleculee without complete o r  very profound degradation o f  the parent 
molecule. 

Out studies i n  the ~lortDal dog have demonstrated rapid and extensive in- 
corporation i n  blood and t issue proteins. In a typical experiment abou$ 3 
per cent of the fed dose of  radioactive DL-lyaine was present in the circulat- 
i n g  plasma proteins at the end of 24 hours; at th i s  time the serum albumin 
ac t iv i ty  per gram was about twice that of the globulin fraction. However, 
determinations on specimens removed at regular intervale  during the 24-hOar 
period suggested that the globulin f ract ion w a s  actual ly  being formed and, 
therefore, turned over at a greater r a t e  than albumin. This conclusion was 
confirmed by other studies mentioned below. 

The labeled blood plasma of such an animal was removed with heparin 88 
an anticoagulant and used t o  t race the fate of plasma proteins when Injected 
into a recipient animal (see I, 2). 

The dist r ibut ion of the ieotopically labeled amino acids fed t o  normal 
animals yields a body of data essential  f o r  evaluation and comparison of  
results t o  be obtained from animals in various abnormal o r  pathological etates.  

2. The Fate of C14-~beled Plasma Proteins When I d e c t e d  Intravenously 

Into a Normal Dog8 

B a e o u n d :  A number of inveetigators have used isotopically labeled 
plasma proteins t o  trace the i r  removal o r  disappearance from the ci rculat ion 
o f  normal an imals  into which they have bean Injected. 
made no attempt t o  distinguish between the varioue plaema protein fractione 
and in some instaacee, the proteins were treated chemically i n  a manner which 
might seriously a l t e r  t he i r  native state.  
of  the InJected proteins had been removed from the circulation (and replaced by 
non-isotopic proteins) in 24 t o  48 hours. 

de a d e ,  these etudiee 

In general i t  wae found that one-half 

Work done duriw the  calendar year 1948: In two eqeriments normal dogs 
were injected intrave usly with plaema obtained from a normal dog w h i c h  had 
previously been fed C3-1abeled lyeine. Analysis of samples of  blood pla- 
removed at intervale reveals that one-half of the injected albumin had been 
removed from the circulating blood i n  55 t o  58 hours, and onehalf  of the 
globulin f ract ion had been removed i n  38 t o  44 hours. 
dog the plaema globulin fraction is turned over more rapidly than the albumin. 
This conclusion has been verified by a study of the albumin and globulin a c t i v i t i e s  
of the dog i n  which a single feeding of labeled lysine was made a8 in I, 1 of 
this report, and samples of the plasma taken at intervals  over a period of 
f ive weeks. 

Thus, even in the n o d  
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Studies of  the type just described are of sl&ficollce i n  any a t t e q t  t o  
understand the pathological physiology of cer ta in  disease s ta tes  (8.g. chronic 
nephritis, hepatic cirrhosis, etc.) i n  which it has been imporsible t o  aeeertain 
whether the abnormally low plaama albumin is the resul t  o f  abnormal loee,  o r  a 
result of  fa i lure  t o  produce albumip at a normal rate. 

Proposal f o r  ihture  workr By injecting plasma proteins of &ficien*ly 
high specific act ivi ty ,  i t  is hoped t o  fol low the utf l featfon of the plarrpa 
protein by the various t i e n e e .  T U B  w i l l  subject t o  erperimental scrrrtirrp 
the hypothesis that the circulating plasma proteins a re  nornrally i n  a dynoopic 
eqpilibriom with the tierme proteins which eqailibriam may be diet.rrrbed.in 
dieesse. 

3. The Fate of C14-Labeled Plaema Proteins When Injected into the Perltonea& 

Cavity of the Exmrimentalls Aecitic Doe;; 

W o u n d :  Certain disease states such as cirrhosis  o f  the l i t e r  and 
c o r c l k a t o s i a  are aseocfated with abnormel accumulations of f l u i d  in the 
abdominal cavlty b w n  as ascites.  
in fac t  an animal o r  haman may have an aec i t i c  accumulation containing several 
time8 as m h  albumin ae  is present in the entire circulating blood. 

The ava i lab i l i ty  of C14-labelsd plaepra proteins lnilkes i t  possible t o  
study the rate of exchange of the protein between the abdominal cavlty and the 
circulat ing plasma. 

The aec i t ic  f l u ld  is very r i ch  i n  protein@: 

Work done durim the calenda r year 1948: I n  a typical experiment, C14- 

The plasma was injected into the abdominal (peritoneal) 
labeled plasm protein was obtained from a normal donor dog previously fed 
C14-labeled lysine. 
cavity and the r a t e  of appearance of the labeled plasma in the circulating 
blood wae followed at intemals .  The data show more rapid movement of the 
(smaller) albumin molecules into the circulation; furthermore, the exchu%e 
between the abdominal cavity and the blood occurs so rapidly that within 2fj-30 
hoar8 a steady e ta te  is approached in which the blood level  of labeled albumin 
becomes constant . 

P r o p o d  for future work: Tecbniquea a re  known f o r  perfusing eprViflng 
l i v e r s  wlth blood under known oxygen tensions. 
t a i n  the l i ve r  under conditione cloeely approximating the i n  vivo state.  I t  
i s  proposed t o  use surviving l i ve r s  t o  etudy di rec t ly  the i r  contribntion to- 
vards the production of specific plasma protein fractions. Conversely, by 
perfusing a normal surviving l i ve r  with blood containing labeled pla81UU proteins, 
the role of the l i ve r  in metabolism of  the plasma proteins can be studied. 

Thus, it is possible t o  main- 

4. Studio6 of the Protein S t a b i l i t y  and Life Span o f the  DOE Er~throcPtet 

Backxround: Until the advent of isotopic t racer  methoda, the average 
l i f e  span of the red c e l l  was ill determined. 
days t o  150 days or more were quoted. The most re l iab le  figure, baeed on 
quantitative s t u d h e  of blood hemin formation and b i l e  pigment excretion, 

Values r u n g  from about 15 

W ~ B  125 t o  130 days. 
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Work done during the calendar rear 1948: C"-labeled lysine wae fed i n  
a single dose t o  a normal dog prevfously rendered anemic by repeated bleeding. 
Under the stimulus of the anemia, the dog rapidly made new red ce l l s  incorporat- 
i n g  the fed isotopic amino acid. The animal was then bled only small amounts 
for C14 aeeay at intervals over a period of 150 d a y s .  
the decrease of the C14 content of the circulating blood cel ls ,  indicate an 
average l i f e  of  115 days f o r  the erythrocyte protein as an  en t i ty  not exchanging 
with extracellular components. 
l i f e  span figuree, that i t  indicates these experiments have independently 
measured the l i f e  spaa of  the red cel l .  
that red c e l l  protein is not actively al tered during the l i f e  of the circulat-  
ing normal dog red cel l .  
the organism. 

The resul ts ,  based on 

This figure corresponds so well with the best 

In  addition it strengthen6 the opinion 

This makes the red ce l l  unique among all the cells of 

. 

" l i f e  span" the hemoglobin protein is not preferentially re-utilized f o r  the  
formation of new red cells.  

Furthermore, on the breakdown of  the red ce l l s  at the termination,of t h e i r  

Prowsal fo r  f'uture work: 
protein component of hemoglobin, v iz . ,  globin, can be u t i l i zed  to meet the 
protein needs of the organism. 
parenterally, it w i l l  be poeeible to  study the e i tes  of hemoglobin breakdown 
and ut i l izat ion.  

Cogent circumstantial evidence exist8 that the  

By givlng labeled hemoglobin (laked red ce l l s )  

5 .  The Intermediary Metabolism of Lseine: 

Ba&round: I t  is known that many amino acids undergo metabolic con- 
version t o  chemically related but different metabolites before the i r  incorpora- 
t ion into proteins. Hence, without isolation, adequate chemical characteriza- 
t ion  and identification, and iaotope assay of the individ amino acids, one 

014-labeled lyeine. 
cannot be certain of the exact chemical binding of the C 1F administered a0 

Previoue attempts by other workers seeking t o  detect the conversion of  
lysine t o  other amino acids were unsuccessful, chiefly because of the methods 
employed. 

Work done during the  calendar mar 1948: Accepted methods f o r  protein 
hydrolysis and amino acid isolation have been adapted and Improved f o r  the 
emall scale isolat ion of  lysine, arginine, hietidine, glutamic, and aspartic 
acide. I t  has already been found that lysine may be converted into at least 
three other amino acids. Hence, the t o t a l  C14 a c t iv i ty  of a protein from an 
animal fed C14-labeled lysine can be resolved into components a t t r ibutable  to  
lysine, glutamic acid, aspartic acid, and arginine, as well as at least one 
more unknown component, probably the amino acid proline. 

The obaervation that lysine may be converted t o  arginine by the animal 
accounts fo r  one possible source of  the latter when the d i e t  contains l i t t l e  
or no arginine. 

Proposal f o r  future work: It is expected that the duration of the 
problems on protein metabolism w i l l  be indefinite (minimum of three yeare). 
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11. The Prewration of Antisera to Normal Tissue and Tumor Comwnente: 

1. The Use of Radioactive Tracers in F o l l o w i m  Thls Reaction Between 

Tissue and %or Components and Suecific Antisera: 

Background: Attempts to treat neoplastic disease (cancer) with antieera 
were first made over fifty years ago.  
have been prepared and within the laat year the preparation and immunochemical 
assay of antisera f o r  normal adult tissues, embryonic tiame and tumor tiaerres 
have been described. 
labeled with radioactive iodine uaa described and preemptive evfdence for its 
preferential localization in the rat kidney after inJection wae presented, 
There is Considerable room for a careful quantitative study of the reaction 
between iaotoplc-labeled antisera and normal tlswe and tumor C O q O n e n t l ,  first 
to demonatrate the specificity of the reaction 
reaction in vivo. 
antiserum can be affected, it will open up a poesibly effective mode o f  
therapy for cancer. 

More recently antisera for nornal,tisoaes 

In one report the preparation of anti-rat kidney serum 

vitro and then t o  e t 7 3 4  the 
If a highly speciQc fixation of radioactively labeled 

Work done durine the calendar year 1948: Extracts of normal rat liver and 
kidney tissue have been prepared and methods of producing antisera i n  quantity 
have been worked out using a precipitin reaction for controlling titre. of  
ant ibody. 

The work on the radioactive iodination i s  now In progress. 

Future urowsal of work: It is estimted that the duration of thfr 
problem w i l l  be about two yeare. 

Problem Coder I .S.2 (Autoradiography) 

Section Code: 3171 

AutoradiopraDhic Techniaues: 

%*round: Autoradiography is a new field and offers a power- tool 
to the psthologist, physiologiet, biologist, and biochemist. 

1. Strimine: F i l m  Techniauet Stripping film is a film apecially prepared 
so that the photographic emulsion is on a ten micra thick cellulose eater baee 
which is, in turn, temporarily bonded to a thick supporting film to facilitate 
handling. On the occasion of ite use, the emulsion and thin base may be ,etripped 
from the supporting f i l m .  T h i s  provides one with an emulsion coated on a thin 
water impervloua base. T h i s  arrangement has been of great uee i n  the development 
of autoradiographic techniques where it i s  desirable to mount the fistme and 
photographic ermtlsion in a permanent relation. 
have been developed depending on this device, 

A number of specific techniqwa 
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2. Calibration of Film: With the increasing use of autoradiographic 
techniaues. it becomes important to determine the most satisfactory emulsion . * - -  
or emulsions for this purpose. Comparative studies of several films’and plate8 
have been made to determine the fastest emulsion with the lowest background and 
highest resolution for cytological, histological, and gross autoradiographs. 
The 1131 beta epectnuj was used; Eastman NTB emulsion was found best for cyto- 
logical and histological work. 
for the best gross autoradiographic emulsion. 

Data is not yet finished to permit a choice 

3. Autochemopraphg: We have shown that several tissues, when fresh, fog 
a photographic plate giving a characteristic pattern. The various tisrmee fog 
at a different rate. Bone marrow, kidney, liver, etc., fog  at various rate8 
even in the deep freeze unit while blood does not fog. This we assume, is  as- 
sociated with one or several reducing agents present in varying quantitiee or 
having varying reducing potentials. This has been termed autochemography. It 
is obviously a matter of importance to gain information on this phenomenon since 
chemical emulsion fogging might otherwise be wrongly attributed to the activity 
of the specimen. 

It is a l s o  a matter of interest in its own right. Experiments in progrees 
have suggested that autochemography may have a place a8 a histochemical techni- 
que. 

development. 

The photographic plate is more sen8 tive than most chemical methods in 
that one has a chemical l eve l  of about 10 ii through the catalytic process of 

A particular application which has been of interest to this laboratory 
section is the possible use of this tool in the diagnosis of cancer. 
liminary experiment has shown that a section of gut demonstrating canceroue 
tissue produced fogging. Methylene blue studies have shown that the blood of 
80-95 per cent of proved cancer contains a reducing substance in the blood. 
Since plate fogging is believed to be due to reducing substances, it may be 
that a photographic plate method would have advantages over the methylene blue 
procedure. 

A pre- 

4. Freezing Microtome Techniques! With short half-life materiala it is 
desirable to reduce so far as possible, the time required for the histological 
preparation of the tissue, as well as to avoid losing the radioactive material 
in the fixing solutions normally used. T h i s  laboratory has, therefore, developed 
a technique for cutting a frozen section of seven micra thickness and tranafer- 
ring while thawed to a photographic plate in the darkroom. Another technique 
has been developed for cutting a ten micra section and, while keeping it in a 
frozen condition, transfer to a photographic plate in the darkroom. It is 
planned to carry the technique one step further, i.e., separate the tissue 
in to  individual cells moved laterally from one another. 
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Problem Code." 1 .S.2 (Autoradiography) 

Section Code: 3171 

AutoPraDhs of  Blood Cells Containim C1'-hbeled Glycine: 

Background: Sinc A l t m a n ,  e t  al demonstrated that the alpha carbon of 
glycine labeled with Cf4 is incorporated into the hemin and globin moieties 
o f  hemoglobin, i t  was believed that the incorporated C1' i n  an individual 
blood ce l l  could be demonstrated by an autoradiograph. 

Work done durinp calendar gear 1948: In collaboration with the Badiation 
Chemistry and Radiation Physiology Sections o f  this Division, an eygrlment 
was performed i n  which a rat was given 3 pc o f  glycine containing C 
alpha carbon atom. 
t ion of the dose, diluted with serum made from dog blood, and smeared directly 
on an Eaetman BTB emulsion. 
alcohol. After 69 days exposure, the plates  were developed and cleared, .and 
the ce l l s  were stained with Wright's etain. 

l a  the 
Blood w a s  taken from the ta i l  vein 24 hours a f t e r  administra- 

The smears were dried in air and fixed i n  methyl 

Excellent autoradiographs were obtained. In general, it may be said that 
the percentage of cells of each type aesociated with def ini te  autoradiographs 
declines in the orders lymphocytes, polymorphonuclear, leucocytee, erythrocytee. 
T h i s  difference may be associated with the fact  that the r a t e  of  turnover of 
the different c e l l  t y p e  decreases in the above order. 

A second finding was that the concentration o f  s i lver  grains appear8 t o  

T h i s  follows from 
be higher i n  the c a s e  of  the lymphocytes, which may be correlated with the 
higher concentration of.  nucleoproteins i n  the lymphocyte. 
the assumption that a large part of the C I 4  ac t iv i ty  may be associated with 
the nucleoproteins bui l t  up i n  part from glycine. 

This work ha6 been published in Science, 108, 529 (1948). 

Proposa ls  for future work: The radiation Chemistry Section o f  th ie  
Division plans t o  continue i t a  study of blood formation and t h i s  section 
proposes t o  cooperate i n  reepects where autoradiographs may make valuable 
contributions. 

Problem Code: I .S.3 (Therapy) 

Section Code: 3110 
-̂  

- 
'A' 

e - 3  

PreTJaration and Measurement of  Sr9* Films i n  EgecuDs!, 

Backround: This problem was undertaken in collaboration with D r .  A. 4J2 
G- 
pi 

H. Dowdy of the University of California Medical School and is concerned with 
a new device fo r  treatment by radiation of  surface conditions of the cornea 
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of the eye, I t  i s  desirable that the radiation used for t h i s  purpose produces 
its greatest effect  within the f i rs t  1 or 2 mm of depth in order that the len0 
of the eye receive no injurious effects. 
the treatment i n  a period of  time not l p e r  than ten minutes.. I t  seemed pos- 
sible that a beta emitter, such as Sr90 

It is furthermore eqedien t  to  addnlater 

might be used i n  this connection. 

Work done durillg the calendar year 1948: The first part  of  t h i s  problem: 
involves the construction and measurement of a suitable a'mlicator. This  
phase of  the work has been tenatfvely completed and further modifications 
depend upon the c l in ica l  findings and t e s t s  which are i n  progress. 

The detai ls  of the preparation of the applicators can be br ie f ly  m- 
sarized, To carrier-containing Sr9O solution, gelat in  was added. 
gelatin or' uniform thickness were prepared and these f i l m s  were cemented to 
the inner surface of the eyecups, each f i l m  covering approximately one 90' 
quadkant. 
was cemented onto a flat  brass plate. 
of butyl methacrylate. 
specially constructed extrapolation chamber calibrated by means o f  x-irradiation. 
The dose delivered by the finished preparation was measured t o  be 12 r per minute 
average t o  the first millimeter of tissue. 

T i l m s  o f  . 

An equal area of  the same shape cut f rom the same f i l m  preparation 

Dosage measurements were made on the flat film with a 
Both films were covered with a layer 

Proposal f o r  future work: If the  c l in ica l  t e s t s  turn out aatiefactorily, 
beta applicators o f  varied shapese designed f o r  a number of uses, may be made. 

Therapeutic Use of  Radio-iodine. 

vo 1 
is 

Background: This work i s  a continuation o f  a collaborative program In- 
.vi% the Department of Radiology of Strong Memorial Hospital. 
concerned w i t h  the use of the eight-day half-l ife isotope of iodine partially 

The program 

or wholly t o  destroy thyroid t issue both in  normal situ and metastatic. -The 
division of labor i s  such that the Radiology Department c r i t i ca l ly  eelecte 
suitable cases f o r  treatment from the group of pat ients  referred by hoepital 
staff  members. An agreement i s  arrived at i n  regard t o  the suitable dose. 
The personnel o f  t h i s  Section, having measured the ac t iv i ty  o f  isotope hip-  
menta from O a k  Ridge, make up the dose f o r  the particular patient and a n d y z e  
urine and biopsy samples, i f  any, fo r  beta ac t iv i ty .  Frequently gamma count8 
a re  made with a lead columnated G.M. tube at points of in te res t  around the 
Burface 07 the pat ient ' s  body subsequent to  administration of a tracer or 
therapeutic dose. Autoradiographs a re  made i n  all cases where seunplee of 
biopsy t.hyroid tumor a re  obtained. 

Work done d u r i x  calendar sear  19480, In general we have used iodine, 1131, 
t o  t reat  three k ind6  of  cases: Gravesus disease, thyroid tumors, and a third 

*Sr90 emits beta par t ic les  of & =: -65 MEV with a daughter product of Yttrium 
with a beta par t ic le  of  E,, = 2.2 MEV. 
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group where destruction o f  thyroid t issue i s  indicated i n  treatment of  some 
condition not involving thyroid disorders per se. 
indicates the scope o f  the treatment program f o r  19488 

The f o l l o w i n g  summary 

No. of  t o t a l  doses 
(Including tracer studies) 

Eo. o f  therapeutic 
treatments 

Amount i n  mill icuries 
I 131 diepeneed 

Patient 8 

13 

12 

89 

Suspected o r  
GravesDs Disease Verified 

Tumor Patients Other 

13 3 

3 3 

104 25 

.. 1 

In  general, i t  may be noted that t h  treatment f the Gravee's di80aee 
patients has been uniformly marked with Buccesa and enjoy8 the enthusiartic 
cooperation of the hospital staff. 
shown improvement. 
be answered a f t e r  longer treatment and observation. 
thyroid w a s  deetroyed i n  order t o  treat heart disease have given satiefactory 
results.  

The tumor cat388 that we have treated have 
The question a e  t o  whether cures w i l l  be produced can only 

The c a m e  in w h i c h  the 

Proaoeal f o r  fa ture  work: It  is proposed t o  continue this  collaboration 
program with an increased emphasis upon measurements of a research nature i n  
order t o  improve the c l in ica l  treatment procedures. 

Effect of X-irradiation on the Abi l i ty  of Rat Thsroids to Take UD Iodine: 

Eackgrouad: Since this Section of the local Project i n  collaboration 
w i t h  the Radiology Department of Strong Memorial Hoepltal has undertaken 8 
program employing radio-iodine a e  a therapeutic t o o l ,  the queetion o f  the 
radiation resistance of the throid gland i s  important f o r  o u r  work ae  well 
as the work o f  many other therapeutic users o f  11% As a first objective, 
we proposed to  answer experimentally the question " W h a t  is the  maximum dose 
of  x-irradiation which has no effect on the rat thyroid as measured by i t 8  
a b i l i t y  t o  take up iodine and to  bind iodine i n  organic form?". 

Work done durine the calendar year 1948: Our method of  investigation 
has involved the local  x-irradiation (250 k.v. f i l t e r ed  BO that the half value 
layer was equivalent t o  2.15 mm copper) of the thyroids of rats plac on an 
iodine-low diet ,  and the tea t  of thyroid function by administering I@' i n  a 
small single dose at varying intervals o f  time a f t e r  irradiation. 
were sacrificed f o u r  hours a f t e r  administering the iodine dose, and the 
excised thy ro id  glands were analyzed f o r  t o t a l  1131 content and separately 
f o r  dialyzable and non-dialyzable fractions. 

The 8nimaI.f~ 
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The present s ta tus  of the work is that t e s t s  have been conpleted f o r  
1000 r dose of x-irradiation and are  underway at the 3000 r level.  
ings a re  that thyroid function is not impaired at the 1000 r dose level. 
the basis o f  the incomplete data f o r  3000 rs i t  appears that there i s  likewise 
no effect  at t h i s  dose. 

The find- 
On 

Proposal for future work: I t  is proposed that the studies a t  the 3000 r 
level be completed. 
doses due t o  systemic effects  found i n  spi te  of careful columnation of the x-ray 
beam. 

I t  may be d i f f icu l t  t o .  extend the x-irradiation t o  higher 

As a corollary t o  t h i s  dose study, i t  is proposed that autoradiographs be 
made of rat thyroids and human biopsy thyroid specimens t o  study the space 
dis t r ibut ion of iodine, 1131, in the gland.. 
area would be made on an area of the autoradiograph suff ic ient ly  large t o  be 
representative of the t issue.  
time a f t e r  the administration of the dose and perhaps as a function of  the dose. 

Emulsion grain counts per unit 

This should obviously be done as a f'unction of 
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PROGRAM 0.3. 

OUTSIDE SERVICE 

Problem Code: Pone 

Section Code: 3310 

The nature of the work carried out under Code 3310 (Outside Service) 
daring 1948, has been the supplying and processing of film badges f o r  radia- 
t ion  moni tor ing ,  and liaeon work with the New York Operations Office involving 
the analysis and reporting of various eamples collected in the plants under 
the i r  direction. 
over direct ly  by the Bew York Office EO that by the l a t t e r  half of the ybar 
we were processing only 1/8 of  the amount previously received. 
were from places l i ke  Brookhaven, Columbia, California and the University of 
Rochester Physics Department where the monitoring involved radiation6 addi- 
t i o n s l  t o  beta and gamma. 

During the year the majority of the f i l m  monitoring was taken 

These few films 

* 

The balance of the work prfonned by t h i s  Section was concerned with the 

Included a l s o  was the pre- 
receiving of eamplee approtloned t o  other Sectione, chiefly, 3110, 3150, and 
3210 for analysis and final reporting of results.  
paration of cer tain aampling containers and shipment of such sampling equipment 
t o  various eitee.  
Section f o r  the calendar year 1948, are a s  follows: 

The number of  different types  of samples handled by this 

Smears: 20 

Urines: 
Uranium 718 
Fluoride 338 
Beryllium 53 

Beryllium dust 2197 

Uranium dust 

Radon air 

Radon breath 

Fingerprint 

Soil: 
U r a n i u m  
Beryllium 
Radium 

Liquid: 
Uranium 
Fluoride 
Beryllium 
304 

168 

354 

9 

916 

104 
4 
5 

54 
31 
3 
17 

. .. . .  , .. . 
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31 Mi sc ellaneoue : 
(Tissues for analysis - 
done by Dr. Steadman) 

Films 14,031 
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I PROGRAM P.H. 

PROJECT W T H  

Problem Code: Bone 

Section Code: 3330, 3351 

Activit ies in, the Project Health group have consisted in establishing a 
medical code for personnel of t h i s  Project, for pre-employment and termination 
examination of individuals employed here, and the necessary first aid for 
individuals employed here, and the necessary first  aid for individual8 injured 
on the job. 

The second ac t iv i ty  i n  cooperation with the Hematology group ha8 been 

On 
concerned with the careful evaluation of  poeslble expome8 t o  beryllium and 
i ts  compound8 t o  Project personnel working on the Inhalation cbambere. 
mch areas, an occaeional small concentration of beryllium in the atmosphere 
has been obeerved. 
beryllium concentration in 24-hour urinee have been carried out .  To date no 
apparent abnormalitiee have been noted although this project i s  continuing. 

Careful examinatlone, x-rap, hematology, and analysis of 
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PROGRAM H.P.  

EWLTH PHYSICS 

Problem Code: H.P.l (Research and Development) 

,._ . -. . . ... 

Section Code: 3320 

Inveetigation of Film BehaPiorr 

The maJor interest  in the area of  developmental health physic8 ha8 ln- 
volved the thorough investigation o f  the use of photographic film of mmne; 
typee in the accurate meamusement of  ionizing radiations of wavelengthe 
ing  f rom 1 angetrom t o  0.001 angetrom. 
the x-ray meawemente, inasmuch a8 generators uere available. 

Inveetfgatione were directed f fret  t o  

The plan of a t tack hae consleted in the main of the measurement of.  abeorp- 
Such measurements ultimately reveal the half- t ion  came8 from the generatore. 

value layera for specific pre-filtration. Ulth auch values known, all data 
could then be referred t o  the reepectlve half-value level8 f o r  the epeclflc 
wavelength rangee. 
f i lm8  were expoeed i n  algebraic progreeeion aniformly developed together with 
sensitometric control s t r ipe  and meaearement of  each expome correlated by 
simttltaneoue measurement of ionisation by a Victoreen 
againat a standard chamber (888 l a t e r  eection) . 

Ueing the available .14 WIPV. and a 1.0 NEV generators, 

meter calibrated 

Data obtained from th le  method uere correlated with meamemente made 
in a parallel experiment with pereonnel of the Department of Badiology In the 
medical School. 
0.12 and 0.24 mm in thlckneae, thue making area8 of three different deneltiee 
available for interpretations. 
with pencil chambers and fixed area monitore. 
technique developed f o r  reducing measured densit ies i n  film t o  abeolute e m -  
sure values for  the different energiee received by the f i l m .  
la t fons concerning such meawemente are given i n  the Quarterly Technical Report 
f o r  JulpSeptember, 1948 (Bocheeter Report W-45). 

The film packet8 etudled were eqaipped with two copper f i l ters  

Other meaenrement a were made elmtlltaneoaely 
Such data were analyzed and a 

Details and tabu- 

.With the Bucceee of the preeent method plane a re  in progrees t o  carry 
th i e  inveatigation, not only t o  higher energlee, but a l s o  t o  those complex 
energiee found in the analyals of  f i l m  following e q o e u r e  t o  beta k a d l a t l o n .  
To speed the carqdng out of such meaaurements a photographic seneltometer 
ha8 been deeigned and conetructed. T h i s  apparatus coneiste of  an alumlnrrm 
caeeett containing the photographic emleion which i s  brought into a beam of 
the desired radiation by meane of a stepping control. 
regulate exposure ei ther  by algebraic o r  geometric progreseion. A t  the 8amb 
t i m e ,  eirrmltaneoue recording of  the t o t a l  radiation dose i a  achieved by the 
uae of  an integrating recording ionizing chamber. 
gation not o n l y  of vaqing  typee of radiation but varying grade8 of  eeneitlve 
compounds of emuleione t o  each specific type. 

Thla l a t t e r  control CBP 

plans call f o r  the lnveetl- 
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With the a i d  of  the Bureau of Standards a standard type of f r ee  air 
ioniz ing  chamber has been constructed and I s  being used in the  previoualy 
discussed calibration scheme. Plans f o r  the extension of the ranges of t h i n  
instrument beyond that of the present 250 k.v. radiation are well under way, 
and i t  is hoped that ranged beyond 1 HEV. can be attained, thus allowing 
fo r  measurement of gamma radiation from standard radium source8 and the l ike.  

Problem Code: H.P.2 (Service) 

Section Code1 3320 

Monitoring: 

A eeparate ac t iv i ty  of this Section haa been concerned primarily with 
routiue monitoring o f  the f a c i l i t y  including contaminated areas, e x b u s t  
stacks and fixed ionizing generators. 
radiation hazard exieta. 

Surveys have indicated that no -or 

Ohemid. analyeis f o r  potaslble chemical hazards has likewise bean car- 
ried out  on a routine basia f o r  control of exyosures, particularly beryllium 
compoun.de . 

A small "hot" laboratory bas been constructed and i s  supervised by 
this group. 

1 1 3 0 3 7 0  UR 01009 
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SpBlcML CLIBICAL SERVICE 

Problem Code: None 

Section Code: 3312 ' 

During the year seven patienta w i t h  chronic berylliam poieonlng were 
studied, the maJor effor ts  being directed into two d is t inc t  areas: 
t o r y  physiology, and (2) metabolic study. In addition, f o r  comparative m o n e a ,  
one patient with chronic l i v e r  disease and one patient with p p l m o ~  flbrosir 
with severe anoxia were studied. 
been reported i n  detail in the Quarterly Reports covering this period (Bacheater 
Reports UB-U, UE-38, and W-45). 
studies of thetas v a r i o u s  patients can be summarized as f O l l O W 6 :  
deviation from the normal is hypervantilation, particularly daring worki-tM.6 
compeneatlng f o r  the produced hypoxenriS. 
saturation is a fbct ion of abnormally incrsaeed alveolar-arterial  gradbnt 
f o r  oxygen and a contracted lung v~lume, the complemental air being w . t f d a r l y  
involved. 
observed in the majority of caees. Advanced cases of varying etages of;cor 
pulmonale and occasionally congestive heart fa i lure  occur as a resul t  of. the 
increased pulmonary reeietance. O f  def inl te  interest  is the da i ly  variation 
in the  intensity of the dyapnea which can be only related t o  the peycholo&d 
resul ts  of an occupational disease and the anxiety tao produced. 
that definite a l terat ione in the water and electrolyte exchange may produce 
increased awareness( of dyspnea f rom a fmbJective viewpoint . 
reepiratory s t u d b e  are reported i n  extensive de ta i l  i n  Rochester Report m-43. 

Besalts of the complete metabolic s t a y  on f ive pat ients  and partial - 
study on two additional pat ients  yield the following information! Patient8 
with chronic beryllium poisoning defini te ly  preeent a picture of a generalized 
disease aesoclated w i t h  excessive weight loss, hypoalbamfnemia, evidence-of 
l i v e r  disease as well as renal disease and laboratory evidence of disturbance 
i n  nitrogen metabolism. Prom reepiratory studies, it i a  quite obvious that 
anoxia presents a defini te  complicating picture. 

(1) rerpira- 

Beeulta of a l l  of them experfmento hats 

Significant finding8 on the  reeplrstory 

The obesrved diminished a r t O r i a l  

The 

Polycythemia may a l s o  be 8een a8 a compensatory m e c h a n h m  bPt'ls not 

It i s~poro fb le  

Results of- 

~ 

Careful study of the  nitrogen metabolism o f  four patiente, only three 
of whom erhiblted marked respiratory embarraeement, a l l  exhibited large Weight 
losses. Hltrogen balance. studies on very high nitrogen intake ahowed marked 
di f f icu l ty  i n  eetablishing good evldence of nitrogen etorage. B e d  nitrogene 
were in excess of the normal amount, suggesting diff icul ty  in absorption: 
erldence of l i ve r  disease would suggest the possibi l i ty  of d i f f i cu l ty  i n  
uti l izat ion,  and anoxla of  the bowel might likewise be contributory t o  faul ty  
abeorption and u t i l i za t ion .  However, etool  analysis for fat on two occasions 
w a 8  not observed t o  be high as would be erpected if faul ty  absorption w a s  a 
major factor. 
into the gut could be raised, although this possibi l i ty  has not yet been in- 
vestigated. 

The poeaibil i ty of increaeed excretion of nitrogenoue tmbstancee 

In view of the presence of  l i ve r  Involvement and poreible faul ty  
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metabolism based on such pathology, one patient with l i ve r  disease was investi- 
gated i n  a similar faehion and showed a marked a b i l i t y  to store nftrogen, 
particularly under the influence of testouterone. 
did not cause appreciable storage in patients with chronic beryllium poisoning. 
A t  the present time the effect  of anoxia on protein metabolism is being studied 
i n  individuals whose anoxia i s  not a t t r ibutable  t o  chronic beryllium poisoning. 
Results are not yet ready f o r  analyeie. Complete summaries of  accumulated data 
on the metabolic experiment6 may be found i n  the Quarterly Reports covering 
this period, t o  which reference can be made for more deta i l .  

three women. In contrast t o  the normal value obtained i n  th i s  laboratory, all 
showed marked decrease in keto-steroid excretion. In the women, values of 5.1, 
2.8, and 4.7 (normal 6-20 %/day) were noted. 
3.6-6.0, and 7.0-8.7 mg/day (normal 13-25 %/day) were found. Urinary gonado- 
trophins in two men were determined, and subnormal values were a l s o  obtained. 
The significance of them findings and their re lat ion t o  nitrogen metaboliem 
is a8 yet unknown but i e  being fbrther inveetigated. 
given i n  a future report. 

Adequate trial of teetosterone 

The daily urinary 17 keto-steroid excretion was etudied i n  three men and 

I n  the men, values of 3.0,  

Conrplete de t a i l s  w i l l  be 

UR 01011 



IBSTEWEEU2108 (SplEC2EOSCOPY, EUCTROI MICROSCOPY, X-RAY A D  
NUCr.lF;aR BdDZdTIOH DEI!~C'PORS, X-RAY DII'EUCTIOB, EYcC2RONICS) 

Problem Code: I .B.1 (Research and Development) 

Section Coder 3110 

Inetrumeatation Beamrch and Develoment I 

shop work In the design and construction of  new equipment t o  be used by the 
V ~ ~ ~ O U S  Section8 i n  carrying out the i r  research program. 

Backmoundt Thie problem category includes machine shop and electronics 

Work done durina the calendar rear  194.8: 

1. ~ 1 4  program; 

(a) ~ u i l t  vane ionization c a b e r  and e l e c t r i d  componaate 
according t o  Dr. W. 3.  bale'^ design. 

(b) In connection with 014 counting method bui l t  special 
counter tubee, lead tube ehleld, qnencbfng c i r d t s ,  and 
other e lec t r ica l  componente a s  well as &seware for 
tiesue digestion and COO handling. 

(c) Rebuilt proportional counter f o r  t e s t s  investigating 
au i t ab i l i t y  of  thls method for $4 counting. 

2. Radon Meaeurement Program (B.M.4): 

(a) 'Built an ignit ion furnace for heating charcoal cartridges. 

(b) Made mads parte f o r  use in collection of breath radon. 

(c) Made hermetically sealed containers for charcoal cartddges.  

3. Radon Measurement Program (0 .8 .  ) : 

(a) Redesigned and rebuilt  vane ionization chamber for air 
bulb meaenremente. 

4. 9 2 0  F ~ U  Measurement 8 (I .s.3) I 

(a) B u i l t  emall extrapolation chamber probe and probe chamber. 

(b) B u i l t  aeeociated e lec t r ica l  c i rcui t  8. 

(c) Built metal we118 f o r  preparation of films. 

UR 01012 



120. ' 

5 .  Miscellaneous Items o f  General User 

(a) Counter probe and e lec t r ica l  c i rcu i t s  f o r  survey of 
laboratory bench-top contamination. 

(b) Hand counter tube and shield f o r  checking hand contamination. 

6 .  In Connection with Teaching Program: 

(a) Special apparatus t o  carry out measurement o f  range of 
6 part ic les .  

(b) Cloud chamber t o  obeerve and photograph track8 made by 
alpha and beta par t ic les .  

Problem Code: I .H.1 (Research and Development) 

Section Coder 3150 

Development and Improvement of SpectroPraDhic Methods of Analpais: 

Backnound: Spectrographic methods have proved a very useful t o o l  i n  the 
quantitative assay o f  such metals as uranium, beryllium, and thorium. 

The uranium content of t issues  is rarely large, even i n  t issuee cont8inh.g 
the greatest  mount of uranium a f t e r  long-time expowee .  
lase than 1/10 of a pg frequently a re  encountered, Obviously the former araniunl 
method with i t 8  sensi t ivi ty  of about 0.2 pg could not be employed. 

Amounts of uranium 

One of the most mystifying aspects of beryllium poisoning i s  the extra- 
ordinarily minute trace8 o f  beryllium present in the t issues,  f o r  example, i n  
the lung of  patients dying from chronic grarmlomatosis o r  f rom acute pnaumonitie. 
Eo sensitive chemical method i s  available. In  the experimental animals, l ike-  
wise, only the minutest traces of  beryllium are  found  i n  many of  the t i s sues  . 
fol lowing exposure t o  beryllium dust-laden air. Providentially, the spectro- 
graphic method f o r  beryllium is one o f ,  i f  not the mos t ,  sensitive analflical 
methods known. 

The probelm of thorium dis t r ibut ion and excretion is complicated by the 
extraordinarily d l  quantit ies of thorium which ordinarily a re  found i n  the 
tiesuee- There i s  no chemical method applicable. 

Work done du r iw  the calendar year 1948: The sensi t ivi ty  of  t he  methods 
developed i n  this laboratory f o r  the determination of uranium was increased 
by about a factor o f  ten. The present sensi t ivi ty  is about 0.02 micrograms 
uranium. The method is described i n  the Rochester Report UR-41. 
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The sensi t ivi ty  o f  the method developed i n  this laboratory f o r  the deter- 
mination of beryllium, i n  urine i n  particular, was increased by about a fac tor .  
of f ive.  
urine measurement i s  about 0.01 micrograms per l i t e r  using a 500 sa'nple. 
A comprehensive abstract of the method was written up as a Rochester Report 
u8-18, and made available t o  industr ia l  analytical laboratories. Stnruln.rdi 
t ion measurements and consultations were carried out i n  collaboration with: 
several spectrochemical laboratories out side the Atomic Energy Commission 
the purpose of unifying the  methods of analyses t o  be used i n  the beryl1 
industries. 

The smallest amount measured is 0.002 micrograms. Sensit ivity for 

The sensi t ivi ty  of the method developed i n  this laboratory for the 
determination of thorium was increased by about a factor  of  ten. 
sensi t ivi ty  i s  about 0.01 micrograms. 

order t o  improve the apectrographic methods of analyses of materids of 
in te res t  to the Project. 

The pree 

P r o ~ o s a l  for future work: It is proposed t o  continue this  research In: - 

Problem Code: 1.8.1 (Research and Development) 

Section Code: 3161 

Research and Develoument of Electron Microscope Techniaues: 

. ; .  , 

:>. 1. 
..v.;. 

1.. .;. ._.. 
6 .  . 
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... . 
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Backround: Requests a re  made t o  t h i s  Section f o r  electron niCrOgraph6 
of a great variety of materials. 
necessary t o  maintain an active progran on research and development of nev 

I n  order t o  get satisfactory results,  fb i e  

handling techniques. 

Work done d u r i q  the calendar year 1948: Below are l isted the improvements 
- ,-. - i n  technique w h i c h  have been realized during the paet year: 

1. 

2. 

3. 

4. 

A special method was developed for electron micrographs of &€eS 
beade. These beads were used In calibration of equipment f o r  

.is?+:.::, meaeurement o f  the d a c e  area of particles.  

A photo-electric device was developed which measures the inten- 
s i t y  of illumination of a fluorescent screen i n  the path of tho 
electron beam and provides a means of predetermining the correct 

. g . %.-, . 
! ,;<;gg& ; 

..? . 

erpoaure of slate8 in the  electron microscope. _ .  
A standard microtome was al tered t o  make poseible the catting; 
of his to logica l  sections of the order o f  0.1 t o  0.2 micro I n  
thickness . 
A magnetic beam sp l i t t i ng  device was constructed which is at- 
tached externally t o  the electron microscope. The magnetic -_.  

. UR 01014 
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5 *  

6 .  

7. 

Problem Code: 

Section Code: 

f i e l d  from a pair of c o i l s  separates the electron bdam into two 
components uhl-ch, i f  the instrument is not correctly focu8ed, 
retmlte in two imager of the specimen. 
achieved, the two images move into coincidsnce. 
similar t o  that of a range' finder of a camera. 

When exact focus  is 
The e f f e c t . i s  

A technique f o r  the easy production of silica f i l m s  f o r  uae a e  
a apecimen Bupport was developed. 

bn lnatrrunent t o  mark the electron xdcroecope specimen W a r  
devlred w h i c h  makes porsible the localization of the particular 
area for oraminntion in the optical and electron mlcroecopee. 
It a l e 0  eimplifies the finding of the a w e  area i n  the electron 
microscope whenever desired. 

A preliminary inveetigation of a new photographic eamlrioa in 
collaboration with be tman bdak promises an improved plate  f o r  
electron mfcroscopists. T h e  f a r ,  it is indicated that the pla te  
w i l l  have greater sensi t ivi ty  t o  the electron beam, greater 
contrast, and a several-fold gain in resolution owr the beat 
plate8 ueed in the past. 

I JJ.1 (Research and Development) 

3320 

Rautron Detector: 

By arrangement with the Univereity this Section has been developing a 
program on health safety f o r  the new l3O-inch cyclotron. 
the proposed program indicated a necessity f o r  a suitable neutron iodica tor  
capable of measuring high intensi ty  radiation. 

An instrument has been designed i n  which i t  is  hoped that adequate com- 
pensation f o r  gamma radiation can be gained similar t o  that of  other inrtru- 
mente developed elaswhere. 
o f  different esnsi t ivi ty  in w h i c h  the central collectors are  connected and the  
outer electrodes have opposing high potentials. 
electrodes is produced by a neutron beam, the current so produced is amplified 
by a vacuum tube electrometer d direct coupled amplifier, and the output fed 
ei ther  into a millismmeter o r  a continuous -per recorder. 
i s  now under design and appears t o  react well t o  the energy beam produced by 
the cyclotron. 
mean8 of the C12 (n,2n) C l l  reaction occarring a t  high energies. 
results of these studies w i l l  be reported elsewhere. 

Early evaluation of 

T h i s  instrument cansirts  of two ionlzing chamber8 

If an imbalance of the central  

T h i s  instrument 

Calibration for high energy neutrons is t o  be attempted by 
More c o q l e f e  
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Problem Code: I J . 2  (Service) 

Section Code; 3110 

Inet rumentation Service: 

Backqoand: This problem category include8 building and repair  of 
staPdard electronic and mechanical equipment where no new deeign o r  research 
i s  indicated. 
Sectlorsoof the Radiology and Biophysics Division. 

I t  a l s o  includes routine measurements performed f o r  o t h e r  

Work done durixx the calendar gear 1948: 

1. Meaeurement of  Polonium B o i l  Samples: 

(a) 1412 f o i l  samples were analyzed i a r  alpha act iv  

2. Servlce and Repair of Counters: 

(a) Six countere i n  use by this Divlsion have been maintained 
i n  operating condition. 

3. For Radon Measurement (R.M.4) $ 

(a)’A duplicate alpha gae chamber and aesociated e lec t r ica l  
c i rcui t  s were built. 

4. Construction o f  Miscellaneous Items: 

(a) E i g h t  G.M. tubes were b u i l t ,  f i l l e d ,  and are being teated. 

(b) A scaling c i rcu i t  was constructed f o r  use i n  tes t ing new 
G.M. tubes. 

(c)  An alpha plate  counter electronic c i rcui t  wae b u i l t .  

(d) A standard ionization chamber pover supply was constructed. 

(e) A emall portable ionization chamber w a s  constructed. 

( f )  Twelve screw thread remote f i l l i ng  devices f o r  pipettee 
were constracted. 

5 .  Glass Bench: 

(a) G h s 8  bench supplies were purchased and glass bench 
f a c i l i t i e s  maintained as a Division servfce. 
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Problem Code: I .E.2 (Service) 

Section Code: 3150 

SDectromaphic Service U s a e s :  

B 8 W O  und: The resulte of analyses made f o r  personnel of the  Bocherter 
Project have been incorporated in the research programs of several Sections. 
U y s e e  have been done mainly f o r  beryllium. 

Work dons during the calendar year 1948; These asalysee are  divided 
into three principal types; 

1. Analyses of human wines from patients studied by the Diviaion 
of Medical Services. Eumber of Analyses - 102. 

2. Analyses of animal t issues f o r  distribution studies by the 
Division of Pharmacology and Toxicology. l9umber of Analyses - 401. 

3. Alr duet analyses f o r  control of beryllium dust chamber 
concentrations for the Pharmacology Division. Number of analyses - 1505. 

Uork Dlanned fo r  the future: 
K i l l  continua f o r  an indefinite period. 

It i s  anticipated that t h i s  service 

Problem Code: I.B.2 (Service) 

Section Code: 3161 

Electron Microscoae as Used fo r  the Examination of Dusts: 

Background8 The electron microscope was instal led f o r  the pplpose of 
studying the morphology of the numerous particulate materials (dusts) used 
in the various animal exposures. 

As an example of the usefulness of this approach, the measurements on 
beryllium dust may be cited. 
Operations Office came to us with the suggestion that om of the grades of 
beryllium oxide might be responsible f o r  much o f  the poisoning found in beryl- 
lium workers. It  immediately became important t o  see whether any differences, 
physical, chemical o r  toxicological, could be discovered between the various 
grade0 of beryllium oxide. 
part ic le  s ize  was immediately discovered by the use of  the electron microecope. 
The refractory grade has large, masaive, c m  particles;  the fluorescent 
grade has open, basket-like, mosaic-surfaced particles;  the special material 
heated o n l y  to  M O O  contained innmerable, extremely minute flakes. From 
other sources, evidence is accumulated that the increases i n  toxici ty  are 

Some time ago, Hr. Eisenbud of the Bew York 

A dramatic demonstration o f  the difference in 
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paralleled by increases in particle area to volume ration, that is, by dearearres 
in particle size. 

of about 950 photographic plates were taken in connection with the m e a s u r e = e n t  
o f  particle size. Studies were made on the following dusta: 

Work done duriaR the calendar year 1948: During-the paat year, a t o t a l  

1. Beryllium oxide 

2. Berylliuni hydroxide 

3. Uranium oxides 

4. Beryllium fluoride 

5 .  Silica dusts 

6. Rutin crystalr 

P r o v o d  for k t t l r e  work: It is  proposed to contintte the use of the 
electron microcrcope for the examination of small particle6 am a service t o  
local and outeide grouprr. 

. . - 
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