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PERSONNEL CHANGES 

During this quarter  three junior scientists have resigned f r o m  the 
Mrs .  Betty G.  Redfield, who joined D r .  Barron’s group in  1944; division: 

Miss Ella B. Tyree,  a member of Dr. Patt’s Physiology Group fo r  five 
years ;  and Miss Margaret Sanderson, who has  assis ted Dr .  J .  Gar ro t t  Allen 
for s ix  and one-half years .  

D r .  B. Vincent Hall, a senior zoologist who for the pas t  two y e a r s  
has  ca r r i ed  on research  under a half-time appointment, has resumed his  
full-time teaching schedule a t  the University of Illinois. 
on the laboratory staff as a consultant and will continue his studies on 
turn or  r adios ens it ivity . 

He will remain 

., Three associate scientists have been added to  the s t a f f .  A fo rmer  
National Cancer Institute Research Fellow at the University of Wisconsin, 
D r .  Robert W .  Swick, will collaborate with Dr.  Donald L. Buchanan’s 
Physiological Chemistry Group on radiotoxicity studies. 
Kubitschek, who has a Ph.D. in physics, will advise the staff generally 
in physical technique and experimental design, collaborate in the neutron 
program, and ca r ry  on research  in radiation microbiology. Mr. Clyde P. 
Stroud, who will shortly complete his doctorate in zoology at The University 
of Chicago, has joined the Neutron Radiobiology Group and will a s s i s t  
D r .  Howard Vogel. 

D r  . Herber t  

BUILDING PROGRESS 

The outside brickwork on the new building is essentially complete.  
Window f r a m e s  have been installed but still require  glazing and window 
si l ls .  
made on the interio; with regard to flooring, wiring, piping, and a i r  ducts.  
Tr ia l  painting on the  ceiling of Some of the laboratories h a s  already- been 
done. 

The roof fill is finished and ready for  surfacing. P r o g r e s s  has been 



Radium Toxicity Program Robert J. Haste rl ik 
Leonidas D. Marinelli 
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William B. Looney 
William P. Norr is  
Andrew H. Stehney 
Charles E. Miller 

PROGRESS REPORT: RADIUM TOXICITY PROGRAM 

L. D. Marinelli,  P. F. Gustafson, R. E. Rowland, and C. E. Miller 

In connection with the Radium Toxicity Program, this group has  
undertaken extensive study on the measurement of the y activity in human 
beings which is due to the nonemanating fraction of the radium present in 
the body. After preliminary studies ony -ray activity originating in the 
surroundings (background), it became apparent that in  o rde r  to investigate 
individuals containing less  than o n e 1  g of Ra within reasonable t ime,  it 
would be necessary to re ly  on NaI scintillation counters. Experiments 
were performed to utilize the spectrometric potentialities of this counter 
to a )  increase the ratio of the patient signal to the background activity 
noise, and b) to ascertain whether our  estimates on any single individual 
would prove independent of the pulse s ize  band selected for  measurement.  

A survey of different rooms at this laboratory and at the Institute 
of Radiobiology of The University of Chicago showed conclusively that the 
signal (one pg R a  a t  one meter )  to noise (background) ratio could be sub- 
stantially improved in a lead-lined room (1/8 to 1/2-inch thickness) by 
utilizing pulses corresponding to y r a y s  of energy lower than 370 kev. Se- 
lection of this energy range did not decrease materially the total net count- 
ing rate  available. 

\ 

Studies of the response of the counter to radium imbedded in presd- 
wood or water phantoms indicated that, on account of scattering, thecount- 
ing rate depended in a complex manner on the "depth"* a t  which the Ra 
was located, and to a much lesser  extent, on the total thickness of the phan- 
tom. When the counting rate is expressed as function of depth (keeping the 
back of phantom to counter distance equal to  one meter )  a relationship r e -  
sults possessing striking similari ty to "depth dose" curves obtained with 
therapeutic X rays in  presdwood o r  water phantoms. The curve cannot be 

"Hereinafter depth denotes the distance between the radium source and 
the face of the phantom nearest  to the detector. 
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expressed in t e r m s  of a function of the form 

where 

p = coefficient of absorption pe r  cm of presdwood o r  water  (broad 
beam) 

d = depth in phantom in c m  

x = source to  counter distance in me te r s  

N4 = reading of the Ra source at one meter .  

The rat ios  of the experimental  counting curve to the N4 e-M/x2 curve va ry  
with the depth of the radium and with the pulse band selected fo r  counting. 
In F igure  l9;A shows these ratios for  pulse's of y- ray  energy l e s s  than 
370 kev and Figure 19 B shows the same function where pulses of energy 
higher than 370 kev a r e  counted. 
c m  c r o s s  section and depth of 20 and 28.7 cm, respectively. These findings 
a r e  consistent with the theo?y of the Compton effect and point out that 
sma l l e r  corrections,  and hence more  accurate  results,  a r e  obtained i f  only 
the hard radiation is counted. 

The figure re fers  to  phantoms of 30 x 30 

In practice,  however, pu.lses of energy grea te r  than 370 kev r ep re -  
sent only a ra ther  sma l l  fraction ( ~ 1 / 5 )  of the total available for  counting. 
Moreover, owing to the smal l  thickness of lead that can be economically 
applied to  a counting room, the signal to  background ratio is uncomfortably 
sma l l  whenever radium contents a r e  lower than onepg .  These two factors  
contribute to  la rge  s ta t is t ical  e r r o r s  i f  counting t imes a r e  limited t o  sui t  
the patient's comfort. 

It h a s  been possible, nevertheless,  to  obtain satisfactory precision 
with both methods by counting repeatedly four patients on different days 
and by selecting patients with high Ra content. 

In o r d e r  to  es t imate  the radium burden it has  been necessary  t o  
make some assumptions.  They a r e :  

1) The average absorption in the human body i s  equal to  
that obtained with a presdwood o r  water phantom. This 
is justified on the basis of extensive work reported in 
the radiological l i terature .  
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CORRECTION APPLICABLE 
TO Y-RAY MEASUREMENTS IN VIVO 

> 
W 
Y 

x 
0 a 
m 

Figure 19. Correction factor Ki to be applied to formula (1) in the form 

K == 1 1  
in measurements of y-ray activity in vivo. 
represent typical ratios of experirncntal counting ra tes  ob- 
tained hy moving a Ra source within a presdwood phalltom 
to the value of N, x -' e-pd which h o l d s  only for radiation 
originatinE directly from the Rn source. 

in order  to account for effect of body scatter 
The ordinates 



2 )  The average depth of radium in the body is  five cm from the 
surface. 
Ra localization in chronic cases  and does not a l ter  our measure-  
ments to any practical extent even if it  were in considerable 
e r r o r .  

This assumption is consistent with our knowledge of 

\ 

Following Evans('), the radium content can be written a s  '\ \ 

p g  = K(l  - d -) (NINJNie -Pd)  1/2 
X 

where: 

' K e 0 . 7  (scattering factor for counting below 370 kev) 

K.vO.93 (scattering factor for counting above 370 kev) 

both of these values obtained as the square root of product thevalues obtain- 
ed from graphs such a s  shown in Figure 19 (interpolated for phantom thick- 
nesses  equal to the average thickness of the patient) and taken a t  five cm 
from either end of the phantom. 

d = average thickness of patient in meters.  

x = standard distance f rom back of patient to detector; i.e., 
one meter .  

N, = reading of patient facing counter and placed on a r c  of 
c i rc le  one meter  in diameter wi-th center a t  the counter. 

N, = same as N, but with patient facing away f rom counter. 

N, = counting ra te  of one p g  of Ra a t  one meter  f rom counter. 

In a group of six patients measured with the two pulse bands the following 
resul ts  were obtained: 

Equivalent 7-ray activity 

Patient ~ 

Pulses <370 kev 
( A )  

c. s. . 5 4  
D. A 2 .07  
A.M. . 5 4  
c. L. 1 . 2 0  
A. D. 5 . 1 2  
D. D. 2 .44  

AVERAGE 

Pulses >370 kev 
(*) 

. 6 1  
2 . 2 2  

. 5 7  
1 . 3 4  
4 . 8 0  
2 . 1 9  

- 8 8  
. 9 3  
. 9 5  
. 9 0  

1 . 0 7  
1.11 

0 . 9 7  
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These experiments have given us a certain confidence in the cor- 
rectness (*15%) of our method which, in addition, has yielded resul ts  con- 
sistent also with the estimates of Rn in the breath exhaled by these patients.* 

Estimates of y-ray activity to date have been extended to 34 patients, 
2 8  of which, however, have been tested either a t  one meter  (pulse band 0 
to 370 kev) o r  in a standard sitting position. With both pulse bands in the 
latter case the significance of the readings was established by comparison 
with the six patients whose Ra burden was established by the absolute 
method. 

In addition, special measurements on Ra localization have been 
made on five human beings who had inhaled radium a s  a resul t  of a single 
accident. 
with a scintillation counter a t  10 cm distance from the back of the patient 
seated on a “standard” chair. 
crystal  a t  64 cm and 59 cm from the floor. The former  corresponded to 
the 12th lumbar ver tebra  and the latter to the height used in preliminary 
tests a t  the s i te  of the accident. Two patients were measured on the cot a t  
100-cm distance by the absolute technique, in order  to establish the signifi- 
cance of the chair  readings for this particular localization. On the basis 
of this, the estimated ( t 1 5  %) nonemanating and emanating fraction of the 
radium burden is a s  follows: 

The measurements consisted of readings in a lead-lined room 

Two sets of readings were taken with the 

Patient y ray  Emanating Ra* Rn fraction 
(Ilg) cud (% of total) 

Remarks 

Ras  .15 .05 25 Absolute technique 

Car  .19 .024 11 Absolute te c hnique 

Cha . l l  .013 10 Chair technique 

Sch .09 .015 14.0 Chair technique 

Kue .07 .025 26.0 Chair technique 

It should be noted that the Rn fraction for this group i s  radically different 
f rom the value of 0.69 obtained in the chronic ser ies .*  Scanning of the 
patients with our setup, built in record time** for the occasion and cover- 
ing on the average a 15 cm diameter field, revealed that essentially a l l  

*To be reported by Dr .  W. P. Norris.  

+‘The splendid assistance of 3. Kotora is hereby acknowledged. 



y-ray activity w a s  confined to a cube 20 c m  x 20 cm x 20 c m  located axial17 
in the body, in approximate anterior-posterior symmetry and with center 
located at 40 c m  f rom the top of the cranium. 

It i s  planned to keep these individuals under observation for some 
t ime in order  to study the transport  of Ra f rom the lung. 

LITERATURE CITED 

1 .  Evans, R. D. 1937. Radium poisoning. 11. The quantitative determi- 
nation of the radium content in the radium elimination rate for living 
persons.  Am. J. Roentgenol. Radium Therapy, 37:368-378. 
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PROGRESS REPORT: MEDICAL ASPECTS OF THE 
RADIUM TOXICITY PROGRAM 

W .  B. Looney 

Up to  the present clinical studies have been made on 36 patients. 
One 68-year-old male given radium chloride intramuscularly 25 yea r s  ago 
has an estimated total-body radium of 13.9 pg. This is the largest  amount 
of radium found in any patient studied thus far ;  complete roentgenographs, 
however, indicated only minimal skeletal changes. 

Two radium dial workers in a nearby town have been studied. AC- 
cording to the plant manager radium has been the only alpha emitter used 
in the manufacture of luminous dials since the founding of the company. In 
one patient, 44 yea r s  old, who worked f rom ages 16 to 27 and has an esti-  
mated total-body radium of 0.68 pg, small  a r eas  of decreased density were  
observed in the skull and minimal streaked a r e a s  of decreased density in 
the left radius and fibulae. 

The other radium dial worker is 45 years  of age and has worked 
continuously since 1924. She has an estimated total-body radium of 1.7 pg.  
This patient broke her left femur in 1948, and it was refractured four 
months later a s  the r e su l to fa fa l lon  crutches. It was  one year  before she 
was able to re turn to her normal duties. Roentgenographs (October 10, 
1951) revealed a reas  of decreased density in the bones of the skull, radii ,  
ulnae, left tibia, and fibulae, and left metatarsals.  There was mottling of 
the head of the left femur and a healed fracture  of the shaft. 

The patient with a fibrosarcoma of the left foot described in ea r l i e r  
reports (estimated total-body radium content 1.3 u g )  died August 15, 1951 
with generalized metastatic disease.( l )  

LITERATURE CITED 

1. Looney, W. B. 1951. Radium toxicity: Clinic,z.l studies on 24 patients. 
ANL-4625. P. 55 

, . ~ ~ .  . . .. . , . I ,I . ., . , . .,I.. _1 .-:. , ..., -.i.r,. . . ,". . . . 
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Radiochemistry William P. Norris 
Walter E. Kisieleski 
Richard Sato 
Lois A. Woodruff 
Blanche J. Lawrence 

PROGRESS REPORT: RADIOCHEMISTRY 

.. / W. P. Norr is  

Radium toxicity and metabolism (T. W. Speckman and M. Myrick). 
The continued work in radium toxicity and metabolism during this quarter 
has included observations of both human and animal material. Determina- 
tions of exhaled radon have been used to estimate the equivalent emanating 
radium in cases of radium poisoning in humans. These measurements,  
coupled with determinations by y-ray measurement of the nonemanating 
fraction (by L. D. Marinelli and P, F. Gustafson of this laboratory), indi- 
cate the total-body radium content and likewise show the emanating fractio; 
t o  be approximately 70 per  cent, substantially higher than the value of 
4 5  per  cent reported by Evans.(l)  Of interest  in this regard w e r e  the ob- 
servations of personnel exposed to radium sulfate dust in a recent indus- 
trial mishap. As long as a month after the exposure the percentage of 
total-body radium appearing as exhaled radon was 25 per  cent o r  less in 
all the individuals tested. These findings, a r e  further confirmed by those 
of Marinell i  which show unusually high y activity in the lung region, indi- 
cate the effective low solubility of radium sulfate in the- lung and the con- 
sequent retention of radon. 

Some autopsy material has become available and i s  being used in 
various ways to study the distribution of radium. Also a number of anal- 
yses have been done to  determine the radium content of blood and ex- 
creta. Alpha counting leaves much to be desired in this work, and al ter-  
native methods of measurement are being investigated. 

Essentially a l l  observations on human beings a r e  being paralleled 
by experiments with animals in order  to observe the early period. 

Separation of ions by electromigration and/or chromatography 
(R. Sat0 and W. E. Kisieleski). 
ganic ions either by electromigration in a moist  filter paper cell  o r  by 
combination of electromigration with chromatography which results in 
differentiation in two directions has been carr ied to the point where clean, 
quantitative separations may be achieved in the majority of cases.(2) 
Dr, H. Strain of the Chemistry Division, Argonne National Laboratory, 
collaborated in this work. 

The separation of t race amounts of inor- 
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The use of electromigration in the separation of complex ions and 
It would appear that the equipment proteins has given promising results.  

will require sorne modification before optimum results a r e  achieved. 

Determinations of Ca40 and Ca45 (Blanche J. Lawrence). Techniques 
for  the analysis of Ca45 associated with either macro  o r  micro  quantities 
of Ca4' have been developed to a point of high precision and accuracy. Cal- 
cium is precipitated as the oxalate and filtered onto the sintered plate of 
a modified Gooch crucible where i t  i s  counted to determine Ca45. The pre-  
cipitate is then dissolved in HC10, and titrated with cerate to  determine 
total calcium. The method is presently being prepared for publication. 
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