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THE ARGONNE RADIUM STUDIES 

Summary of Fundamental  Data 

F o r  the pas t  twenty y e a r s  a continuing investigation of the long- te rm 
ef fec ts  of rad ium deposition has  been conducted at Argonne National 
Laboratory and Argonne Cancer  Resea rch  Hospital. 
expanded great ly  in  1957 a f t e r  the discovery of a photograph of 98  d ia l  
pa in te rs  taken i n  August 1924. The identification and t racing of these  and 
many other pe r sons  occupationally exposed to radium, along with those iat- 
rogenically exposed, made possible the collection of a substantial  body of 
data  regarding exposure,  rad ium body content, retention pa t te rns ,  and the 
medical  consequences of such exposure.  
t ion have been placed and s tored  on computer  magnetic tape in a s tandard  
f o r m a t  in  o r d e r  to faci l i ta te  rapid r e t r i eva l  of selected data .  

These  studies w e r e  

Essent ia l  portions of this in forma-  

The corpus  of information condensed and summar ized  in  this  r epor t  
r ep resen t s  a n  information r e t r i eva l  dated January 1, 1969. The m a t e r i a l  
summar ized  h e r e  has  been developed p r imar i ly  by the p re sen t  invest iga-  
t o r s .  
ga tors  (W. B. Looney, R.  D. Evans,  A. M. Brues ,  W. P. N o r r i s ,  L .  D. 
Marinel l i ,  P. F. Gustafson, and A. F. Stehney) has  been included, along with 
some m o r e  r ecen t  data  f r o m  autoradiographic and microradiographic  anal-  
yses  of bone specimens (R. E. Rowland) and radiochemical  ana lyses  of bone 
and teeth (H. F. Lucas  and R.  B. Holtzman).  The contributions of these  in- 
ves t iga tors  a r e  c lear ly  denoted. The work of each investigator is a l so  ci ted 
by r e fe rence  to the published l i t e r a tu re .  

Some information gathered on these  s a m e  patients by other  invest i -  

The determinat ions of radium body content w e r e  made  pr incipal ly  by 
Char l e s  E .  Mi l le r ,  utilizing the human gamma- ray  spec t romete r  of the 
Argonne National Laboratory Health Division and the measu remen t  tech- 
niques that h e  developed. 
means  of the t i l t ing-chair  technique and many w e r e  a l so  measu red  with the 
7-crystal-posi t ion technique. 
designated) had to be made  in homes,  hospi ta ls ,  and mor tua r i e s  because the 
patient could not be t ranspor ted  t o  a total-body counter .  
some  pat ients  w e r e  made  in  the whole-body counter e i ther  at Argonne Cancer  
Resea rch  Hospital  o r ,  through the kindness of D r .  W .  Blahd, a t  the Veterans 
Adminis t ra t ion Center ,  Los  Angeles. 

Each pat ient ' s  rad ium content was m e a s u r e d  by 

In some c a s e s  field measurements  ( s o  

Measurements  on 

All radiographs repor ted  here in  w e r e  r ead  and in te rpre ted  by Robert  
J .  Has te r l ik  and Asher  J .  Finkel,  who devised a method of evaluation and 
quantitative scor ing  of the skeletal  radiographs.  
mutually a r r i v e d  a t  in  consultations between our  group and Dr .  J .  Gary ,  
Boston, radiologis t  f o r  the Massachuset ts  Insti tute of Technology Radio- 
activity Center ,  a uniform scoring sys t em was  adopted by both groups.  

After some  modifications 
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An interchange of selected s e t s  of x - r a y s  between the MIT and the Argonne 
groups demonst ra ted  that agreement  ex is t s  i n  the application of the scoring 
sys t em and that  i t  has ,  i n  fact ,  been uniformly applied to all radiographic 
studies by both groups of invest igators .  All radiographs were  r ead  without 
knowledge of the pa t ien t ' s  radium content. 

In present ing th i s  summary  of the raw data the au tho r s  t r u s t  that  
the information wil l  be of value to other  sc ien t i s t s ,  contemporary and future,  
who will  be in te res ted  in  the long- te rm consequences of in te rna l  radium de-  
position i n  a unique population whose exposure occur red  35 to 50 yea r s  ago. 
Publication in  th i s  format  i s  t imely even though the study m a y  not be com- 
pleted until pe rhaps  another 20 o r  25  y e a r s  have elapsed. 
compilation will  be followed short ly  by an  in te rpre t ive  monograph dealing 
with the findings and their  significance. 

The present  

It should be noted that the p re sen t  compilation includes only those 
The re  is a persons  about whom we have developed some  scientific data .  

l i s t  of names  to  whom numbers  have been assigned that have not been 
studied because of re fusa l  to cooperate  o r  because they w e r e  occupationally 
exposed a f t e r  1930 and consequently acqui red  body contents in the domain 
of 
s e r i a l  numbering of the patients included in  this  r epor t .  

c u r i e s  of radium. These  two groups account fo r  the gaps in  the 

Finally,  it should be  recognized that the p re sen t  r epor t  is the r e su l t  
of the patient and perspicacious work of M r s .  I rene  D. Sweet who helped 
t r a c e  and interview the patients,  who converted the r aw data  into a fo rm 
adaptable for  magnet ic  tape s torage ,  and who was responsible  for  the orga-  
nization and collation of the data. 
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A STATEMENT ON FORMAT 

The  per t inent  data  for  each c a s e  have been organized according to 
the format  which follows. 
the l a s t  t en  columns on the right to p e r m i t  any pa r t i cu la r  p iece  of data on 
any patient t o  be re t r ieved  quickly by computer  technique. 

Each  l ine of the printout has  a code number i n  

The  first two digits of the code number  ( i . e . ,  03) r e f e r  to  patients 
that compr i se  the Argonne National Labora tory-  Argonne Cancer  Research  
Hospital s e r i e s .  
tionally exposed to rad ium in Pi t tsburgh,  Pennsylvania and studied ei ther  
a t  the Massachuse t t s  Insti tute of Technology Radioactivity Center  o r  a t  
Argonne. 

The numera ls  09 r e f e r  to  a group of patients occupa- 

The next t h ree  digits ( i .e . ,  401, 402) a r e  a specific identification 
number ass igned  to  each individual patient.  
iatrogenically a s  a therapeut ic  procedure  a t  the Elgin State Hospital in 1931 
a r e  ass igned numbers  in  the 100 s e r i e s .  
orally o r  parentera l ly  by the i r  physicians,  principally in  the Chicago a r e a ,  
a s  a f o r m  of medica l  therapy during the per iod about 1920 to 1930 compr ise  
the 200 s e r i e s .  The 300 s e r i e s  has  been left  unassigned for fur ther  ia t ro-  
genic patients as they a r e  identified. All pe r sons  occupationally exposed, 
such a s  d ia l  pa in t e r s ,  rad ium chemis ts ,  j an i tors ,  and office worke r s ,  a r e  
ass igned numbers  in the 400 through 900 s e r i e s .  In the c a s e  of the P i t t s -  
burgh s e r i e s  the numbers  w e r e  ass igned  sequentially beginning with 00 1 
and include only occupationally exposed pe r sons .  

Pa t i en t s  adminis te red  radium 

Other patients adminis te red  rad ium 

The l a s t  two digits of the code number and the l e t t e r  following ( i .e . ,  
01, 02,  02A) r e f e r  to the par t icu lar  ca tegor ies  of information outlined on 
the fo rma t  sheet .  Categories  01  through 0 5  a r e  self-explanatory,  and, of 
course ,  a r e  l i s ted  only i f  the patient died (with identifying numbers  omitted 
in  this printout).  
en t r ies .  The  f i r s t  i s  always the causes  of death a s  officially s ta ted on the 
death cer t i f ica te  by the attending physician.  In some  instances this l ist ing 
i s  a t  var iance  with the t rue  causes  of death,  in  which case  another l ist ing 
follows that gives causes  of death proposed by us  on the bas i s  or' additional 
information and interpretat ion,  and is identified by the word,  "actual ."  

Category 09 lists causes  of death and may contain two 

Category 10 is concerned with the sou rce  of the case ,  i .e. ,  the man-  
ne r  by which the patient came to our attention. 
tionally exposed, this will have been f o r  the mos t  p a r t  by our search;  
however, in some  instances m o r e  than one source  may appear .  
l i s t s  the pr incipal  l i t e r a tu re  r e fe rences  to that patient.  
the type of exposure.  
tion by the patient.  
i t  will contain information concerning the physician involved, date of ad- 
minis t ra t ion,  type of medication, and, where  known, amount of radium 

In the c a s e  of the occupa- 

Category 11 
Category 12 gives 

Category 13 outlines the detai ls  of radium acquisi-  
In the case  of those adminis tered rad ium therapeutically 
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adminis tered.  
information concerning the actual factory involved, alleged da tes  of employ- 
ment ,  job activity, and work habits (tipping of brush  with l ips ) ,  

F o r  those occupationally exposed, this category will contain 

Category 14 l i s t s  pertinent i t ems  concerning the detai ls  of medical  
adminis t ra t ion of rad ium to the Elgir: State Hospital patients and a s u m m a r y  
of their  medical  h i s tor ies .  
explanatory. 
medical  his tory.  

Categories  15 through 20  should be self- 
Categories  2 1  through 24 a r e  r e se rved  for elaboration of the 

The date  of a specif ic  gamma-ray  measu remen t  and the amount of 
radium B and radium C present  in  the patient, as  determined by total-bgdv 
count, a r e  given in  category 25 .  The date of the radon brea th  de t e rmina -  
tion and the amount of rad ium in the body f rom which radon escapes  into 
the brea th  a r e  given in  category 26. The  total amount of iS6Ra present  in  
the body, a s  calculated f r o m  the gamma-ray measurement ,  is  given i n  c a t e -  
gory 27 ,  and as calculated f r o m  the breath measurement ,  in  category 28 .  
The assumed ra t io  of rad ium B and radium C i n  the body to  total-body r a -  
dium, which is used  to calculate the  total-body rad ium,  is  given in the l a s t  
column of category 27, while the assumed rat io  of radon in  the breath to  
total-body radium, which is used to calculate the total-body radium f r o m  
the brea th  measurement ,  is given in the l a s t  column of category 28. The  
date on which the  calculated maximum body burden occurred  in each patient 
and the magnitude of this body burden is assigned to category 29, but has  
been omitted f r o m  this printout. 

Categories  30A-D yield a summary  of the analysis  of tl=e skeletal  
radiographs and special  mastoid o r  paranasa l  sinus laminagraphy. 
radiographic interpretat ion has  been wri t ten in  detai l  and is on file a t  the 
Argonne National Laboratory.  Categories  31 through 39 a r e  r e s e r v e d  f o r  
repeat  radiographic examinations.  
tologic s tudies .  

The  

Categories  40 through 49 repor t  hema-  

Categories  50-50A contain an  inventory of t i s sue  samples  on hand, 
which a r e  available fo r  future use  and study. Categories  51 through 59 
summar ize  o ther  studies done on var ious specimens,  for the mos t  p a r t  
osseous t i s sues ,  collected in the course  of our  s tudies .  

Category 60 i s  of especial  importance s ince it lists tumor  diag- 
noses as established by competent authority. 
a t  p resent  unassigned. 
by competent authority f r o m  examination of blood s m e a r s  o r  t issue,  o r  f rom 
the bes t  interpretat ion of available clinical his tory and data.  
and 67 l i s t  all su rg ica l  p rocedures  sustained by the patient o r  d i seases  
previously o r  now present .  
Medical Association Standard Nomenclature of Diseases  (1961), and the 
numera ls  to the l e f t  of the diagnosis r e fe r  to the Standard Nomenclature’s  

Categories  61  through 64 a r e  
Category 65 lists blood dysc ras i a s  as  establ ished 

Categor ies  66 

The  listing i s  according to that of the Amer ican  

00 I b 4 1 2  
V 



numer ica l  coding of the condition. All diagnoses in which the condition i s  
believed, on the bas i s  of present  knowledge, to be  related to the pat ient ' s  
body content of radium a r e  placed in category 66, and a l l  diagnoses believed 
not to be related to radium deposition a r e  in category 67. 

Where  a n  autopsy r epor t  is on file a t  Argonne National Laboratory 
o r  the Argonne Cancer  Research  Hospital, this is s o  s ta ted in category 70, 
and where  p r i m a r y  tumor  diagnostic s l ides  o r  the s l ides  f r o m  the autopsy 
a r e  filed a t  these  institutions, this is s o  stated under  ca tegor ies  71  and 72. 
Categories  73  through 88 a r e  r e se rved  for studies of radium content of 
teeth. 

Category 89 lists the notation "not studied." This  publication, how- 
ever,  contains da ta  on only those patients who have been studied. In addition, 
t he re  ex is t s  a number of individuals who were  f o r m e r  dial  painters  who 
have been ass igned  code numbers  but a r e  not l is ted in  this  study because 
of the f r agmen ta ry  na ture  of the data available. 

Categories  91 through 98 a r e  r e se rved  for  additional data der ived 
during the cour se  of these s tudies ,  and category 99 completes the tabula- 
tion with the l a s t  date on which data  were  added o r  revised.  A l ist ing of 
all abbreviations used in  this compilation follows. 

0 0 1 b 4 1 3  
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LIST O F  ABBREVIATIONS 

A, B, C, D, etc. in  category 27  r e f e r  to l i t e r a tu re  citations in category 11. 

ACRH 

A J F  

AMBH 

AMP 

ANL 

B 

BIM 

BR RADON 

CALC 

CEM 

CVA 

DEC 

DIFF 

E 

HD 

H F L  

HG 

HGS 

HTC 

INVEST 

L 

LASL 

L W  

LOC 

M 

MIS C 

MIT 

MONG 

MVD 

0 0 1 b 4 1 4  

Argonne Cancer  Research  Hospital 

Asher  J .  Finkel 

Albert  Mer r i t t  Billings Hospital  (The University of Chicago) 

Amputated 

Argonne National Laboratory 

B as ophil s 

Division of Biological and Medical Research ,  ANL 

Brea th  radon 

Calculated 

Char les  E. Miller 

Cerebrovascular  accident 

Deceased 

Different ia l  white cel l  count 

Eosinophils 

Health Division, ANL 

Henry F. Lucas ,  J r .  

Hemoglobin 

Human gamma-  ray spec t rometer  

Hematocri t  = packed cell volume 

Inve s tigato r 

L y m p  ho cy t e s 

Los Alamos Scientific Laboratory 

Living and well 

L o  cation 

Monocytes 

Mi scar r iage 

Massachuset ts  Institute of Technology Radioactivity Center  

Mongolism 

Marvin Van Dilla 
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NCI 

P 

P C I  

P F G  

PPF 

RA RET 

RBC 

RBH 

RER 

RJH 

RPY 

7-CRYST- 
P os 
ST 

TL 

TS 

U O F  C 

U O F  ILL 
RES.  HOSP. 

U O F  MO 

UCI 

UUCI/G 

UUG/G 

VA LA 

WBC 

WPN 

Nanocurie = cur ie  

Polymorphonuclear leucocyte s 

P icocur ie  = cur i e  

Phi l ip  F. Gustafson 

Per t inent  positive findings 

Radon retention factor  

Red blood cel l  count 

Richard B .  Holtzman 

Robert  E. Rowland 

Robert  J .  Haster l ik  

Radiological Phys ics  Division, ANL 

Seven- crystal-posi t ion technique for  whole-body 
gamma-  ray spec t romet ry  

Stab cells = white blood cel ls  i n  band s tage 

Thorium C"  

Thomas  Speckman 

The  University of Chicago Clinics 

Resea rch  & Educational Hospital, University of Illinois 

University of Missour i  

pCi  = microcur i e  

ppci/g m i c  r omic rocur  ie/g ram 

ppg/g = mic r omic r og r am/g r am 

Veterans Administration, Los Angeles , Radioisotope 
Service whole-body counter 

White blood cel l  count 

William P. N o r r i s  
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B I R T H O I T E  03-000-01 
02 
O 2 A  
03 
04 
05 

T E  L E  PH Oh E 
03-000 NAME 

ADDRESS. OR D E C E A S E D  
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M A I D E N  NAME 
OTHER NAMES 
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0 5 A  OTHER P E R T  XNENT N O S .  

06 
07 
08 
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09 
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11 
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L I T E R A T U R E  C I T  AT ION 

EXPOSURE 01 D I A L  P A I N T E R  
R A  C H E M I S T  OR L A 8  k O R K E R  02 

03 
04 T H E R A P E U T I C - - O R A L  

T H E R A P E U T I C - - I N J E C T I O N  05 
06 THERAPEUT IC--OTHER 
07 UNKNOWN 

OTHER OCCUP. q SPEC I F  Y 

13 SCURC€ 

14 SCURCE ANC M E C I C A L  RECORD ( E L G I N  G R O L P )  

15 
1 5 A  
15 B 

F A M I L Y  b 1 S T O R Y  
MARR I E O  
HUSeAFvD 

PARA GRAV I OA 
B I R T H  I - E A L T H  

16 Cti I L D P E N  SEX S I R T H  I - E A L T H  

20 M E D I C A L  H I S T O R Y  

25 
25 A I NVE ST 

GAMMA-RAY MEASUREMENTS 
D A T E  N U C L  I D E  AMOUNT TECHN I QL E 

26 
I N V E S T  26 A 

27 
RA-RET.  27 A 

B R E A T H  YEbSUREMENT S 
AMOUNT T E C H N I Q L k  D A T E  N U C L I D E  

CCF(PUTEC TOTAL-BOCY R A D I U M  
O A T  E GAMMA-RAY BR. R A O O h  T O T A L  

28 
RA-RET.  28 A 

TOTAL-BCOY R A D I U M  COMPUTED FROM B R E A T H  RACON 
C A T €  BR. RADON T O T A L  

1 
E S T I P A T E D  D A T E  ANC AMOUNT OF M A X I M U M  B O C Y  8 U R D E h  29 
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X-RAY E X A M I N A T I O N  
T Y P E  

G E N E R A L  I M P R E S S I O N  
P E R T I N E N T  P O S I T I V E  F I N O I N G S  

D A T E  W E R E  X-RAY NO. Lot. 

40 
40 A 
40 B 
40 C 

C L I N I C A L  L A B O R A T O R Y  F I N D I N G S  
C A T  E HG HT C R BC 
WBC C I F F .  P S T  L M E B 
O T H E R  P R O C E D U R E S  OR R E M A R K S  

50 
50 A 

S P E C I V E k S  A V A I L A B L E  
T I S S U E  AMOUNT L O C  . C U S T C D I  A N  

R A D I O C H E M I C A L  A N A L Y S I S  
T I S S U E  I N V E  ST 

UUG/G A S H  R A - 2 2 6  U L C I / G  A S H  T H - 2 2 8  D A T E  G A s h  

5 1  

518 
s i a  
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C A T €  T I S S U E  

52 
52 A R E S U L T S  I N V E S T -  

A b T O R A D I O C R A P b I C  A N A L Y S I S  
C B T E  T I S S U E  

C A X I M U C  HOT SPOT 

53 
53 A 
53 B 

I N V E S T .  
P C I  R A - 2 2 6 / M G  B O N E  

C Y T O G k N E T  IC A h A L Y S  IS 
C A T E  T I S S U E  

54 
5 4 4  R E S U L T S  I N V E S T .  

O T H E R  A N A L Y S E S  55 

M A L I G N A h T  TUMCR 60 

B L O O D  D Y S C R A S I A S  65  

000 - 0 O O G  C I S E A S E  ( R A C  I U C  1 66 

000 -0OOC C I S E A S E  ( h O N - R A C I L M )  67 

ACITOPSY R E P O R T  A T  A N L  70 

P R I M A R Y  TUMOR S L I C E  A T  ANL 7 1  

A L T O P S Y  S L I C E  A T  A N L  72 

TCCTH MEASUREMENT 
S A M P L E  T G O T H  
T O T A L  U T ,  C A L C  -GHS. C 4, 

73 
73 A 
73 R 

A C O I T I O h A L  I N F O R M A T I O N  9 1  

D A T A  R E V I S E D  ( D A T E )  99 
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F *  2 7 9 9  I A E A T  V I E N h A  ( 1 9 t 2 ) .  C A S E  A. 

0 3- 10 1- 11 
03-10 1- 11 A 
03-101-11 R 
03-101-1 lC 
03- LO 1- 11 0 
03-1 0 1- 11 E 
03-10 1- 11 F 
03-101-111; 
03-1C 1-11 H 
03-101-11 I 
0 3 - 1 0 1 - l l J  

E X P C S L R E  T H E R A P E U T I C - - 1 N J E C l I C N  05  03-101-12 

SCURCE 6NC I - O S P I T A L  R t C O R C  
A C P I T T E C  E L E I h  S T A T E  t O S P I T A L  05-16-3C. R E C E I V E C  R A C I L P  C H L C R I D E  
I h T P A V E k O L S L Y 9  T O T A L  15C L C I T  B E T h E E N  MARCH Ah0 J C L Y T  lS31.  
AGE 22 4 T  I h J t C T l O N .  t - O S P I T A L  RECORC-- 

C6-26-31 I N  C l l N G  COTTAGE.  
01-12-31 I N  A h N E X  4. 

09-C8-31 h I h G  C C T T A G E  2. R E C E I V l N G  A A D I b H  C E L C R I D E  CIEEKLY. 
09-28-31 IS R E C E I V I N G  R A O I U P ”  C H L O R I C E  I N T R A b E h O L S L Y -  
11-17-31 hIhG C C T T A G E ?  RECEIVING R A C I L M  C H L C R l D E e  
( h O T E  TI -AT  ABGVE C A T E S  C O N T R A D I C T  P l B L I S H E D  HPRCH TC J U L Y  I h J E C -  
T I O h  C A T E S . 1  

F A M I L Y  I - I S T C R Y  
& E V E R  P d R R I E O  

03-  10 1- 14 
03-1C1-14A 
03-101-148 
0 3 -  1 0  1- 14C 
03-101-140 
03-101-14E 
03-10 1 - l 4 F  
03-10 1-14G 
03-  LO 1- 1 4 H  
03- 10 1- 14 I 
03-  10 1-14 J 

0 3- 10 1- 15 
03-1 0 1 - 1 5 1 1  

0 3- 10 1-20 
03-  10 1-20 A C I A C N C S E D  D E M E N T I A  PRAECOX A T  ELGIN S T A T E  H C S P I T A L .  P b T I E h T  
03-  10 1- 20 E R E M b I h E C  k E L L  U h T I L  1S4Cv A T  k H I C H  l I P E  B E C I b S E  OF C R T H C P E C I C  

C I F F I C U L T I E S  R A C I O G R A P P S  h E R E  CAD€ A T  E L G I N  S T A T E  HCSF. CF eOTH 03-101-2OC 
FFMCRP dNC b E R E  R E P C R T E C  A S  SHOkING O L D  O S T E O C H C N C R I T I S .  O V E R  I k E  03-101-200 
Y E A R S  P b T I E h T  H A S  D E V t L C P E D  A W A D D L I N G  G A I T .  03 -1  01-20 E 

C E C I C A L  RECCRC 

03-101-25 G P P P A - R b Y  H E A S U R € P E h l S  
c.495 U C I  H G S  1 T I L T I h G  C h A l R  CEP 0 3- 10 1-25 E 

0 3 -  10-6C RPI3.HAC C .521  U C I  bGS 1 T I L T I h G  C H A I R  CEC 03-10 1 - 2 5 F  
C . 3 8 4  C C I  HGS 1 T I L T I h G  C k A I R  C E P  03-101-25G 
c . 4 9 c  U C I  H G S  1 7 - C R Y S T - P C S  CEP 03-101-25H 

0 7- 3 0- 5 9  R A B T R A C  

1 2 -  1 7 - 6 3  R P B e R A C  
12-  17-63 R P  8 T R AC 

03-101-26 
03-101-26F 

B R E A T P  C E 6 S L R E H E N T S  
03- l0-6C EC-222 1.c L C I  B R E A T P  R A C O h  H E L C E T  I -FL 
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CCFPUTEC TOTAL-BOCY R A D I U M  
12-31 1.00 U C I  
06-32 0.90 U C I  
05-5 1 0.57 U C I  
07-53 0.6C U C I  
07-30- 59 0.495 U C I  
03-10-60 0,521 U C I  
12-17-63 0.384 U C I  
12-  17- 63 0.490 U C I  

7 . 2 0  U C I  8.2C U C I  
2.50 U C I  3-40 U C I  
1.04 U C I  1.61 U C I  
1.15 U C I  1.75 U C I  

1,596 U C I  
1.680 U C I  
1.242 U C I  
1.580 U C I  

T O T A L  
T O T A L  
T O T A L  
T O T A L  
T O T A L  
T O T A L  
T O T A L  
T C T A L  

S C H L L N C T  
SCHLC'NDT 
h O R R I S  B 
h G R R I S  B 

0.31 
0.31 
0 - 3 1  
0.31 

03-10 1-27 
A 03-101-27A 
A 03-101-278 

03-10 1 - 2 7 C  
03 -101-2713  
0 3 - 1 0 1 - 2 7 E  
03-10 1-27 F 
03-10 1-276 
03-10 1 - 2 7 H  

TOTAL-BCDY R A G I U H  COMPUTED FROM B R E A T H  RADON 03-101-28 
03-10-60 1.0 UCI 1.449 U C I  T C T A L  0.69 03-101-28F 

X-RAY EXAW I N A T  I G N  
P A R T I A L  S K E L E T A L  SURVEY 

ACVPNCEC CHANGES T Y P I C A L  OF R A D I U M  C E P O S I T I C N .  SCORE 10 
0 5 - 1  1-51 E L G I N  S T A T E  HOSP. LOC. ACRH 

P P F  P A T C k Y  BONE S C L E R O S I S  I N  NECK C F  R I G H T  HC'HERUS, FtECK C F  L E F T  
HUMERUS, AT S I T E  OF O L D  P R O X I M A L  € P I P H Y S E A L  L I N E S .  A S E P T I C  hECRC-  
SIS OF H E A D S  O F  BOTH FEPORA W I T H  MARKED SECCNCARY H Y P E R T R O P H I C  
O S T E O A R T H R I T I C  CHANGES ABOUT B O T H  H I P  J O I N T S .  

03-101-30 
03-101-30A 
03-1 0 1- 3 0  R 
03-10 1 - 3 0 C  
0 3 - 1 0 1 - 3 0 0  
0 3-1 0 1 - 3 0  E 
03- 10 1-30 F 
0 3- 10 1- 3 0 G  

P A R T I A L  S K E L E T A L  SURVEY 03- 10 1- 3 1 A 
0 7 - 2 3 - 5 3  E L G I N  S T A T E  I-OSP. LOC. ACRH 03-1 0 1 - 3  1 8 
ACVANCEC CHANGES T Y P I C A L  O F  R A D I U M  C E P O S I T I C N .  SCORE 12 0 3 - 1 0 1 - 3 1 C  
P P F  C U L T I P L E  U P  TO 5 MM S I Z E  L I N E A R  AREAS C F  BCNE R E S C P P T I C N  03-1 0 1 - 3  10 
P R E S E h T  I N  THE C O R T I C E S  OF B O T H  T I B I A E  A N 0  F I E U L A E .  MARKED PRO- 0 3 - 1 0 1 - 3 1 E  

GF @ O T H  FEMCRA. 0 3 - 1 0 1 - 3 1 G  
G R E S S I O N  I N  F R A G M E N T A T I C N I  C O M P R E S S I O h ,  AND R E S C R P T I O N  C F  HEACS 0 3 - 1 0 1 - 3 1 F  

P P R T I C I L  S K E L E T A L  SURVEY 03-1 0 1-32 A 
12-0 5-55 E L G I N  S T A T E  HOSP. LOCO ACRH 0 3 - 1 0 1 - 3 2 8  
A C V I N C E C  CHPNGES T Y P I C A L  OF R A D I U M  C E P O S I T I O N .  SCORE 12 0 3 - 1 0 1 - 3 2 C  
P P F  C O A R S E h I F t G  OF TRARECULAR P A T T E R N  OF P E L V I S ,  T I B I A E  AND F I B L -  03-101-320 
L A E  U h C P A N G E D *  FURTHER P R O G R E S S I O N  I N  R E S O R P T I O N  O F  H E A C S  OF THE 0 3 - 1 0 1 - 3 2 E  
FEMCR4. SOME I N C R E A S E S  I N  P A T C H Y  S C L E R O S I S  I N  R E G I O N  O F  NECK PNC 0 3 - 1 0 1 - 3 2 F  
G R E b T E R  TROCHANTER OF R I G H T  FEMUR A h 0  A FEW UP TO 8 MPI S I Z E  AREAS 0 3 - 1 0 1 - 3 2 6  

PATCHY S C L E R O S I S  I N  HEAC O F  L E F T  HUCERUS. 0 3 - 1 0 1 - 3 2  I 
OF POhE R E S O R P T I O N  I N  T k E  P R O X I M A L  l H I R D  C F  S H A F T  OF L E F T  FEMUR. 0 3 - 1 0 1 - 3 2 H  

CCMPLETE S K € L E T A L  SURVEY 

ACVANCEC CHCINGES T Y P I C A L  O F  R A D I U M  C E P O S I T I C N .  SCORE 14  
P P F  P R O G R E S S I O N  OF S C L E R O T I C  CHANGES I N  H E A D  O F  R I G H T  I-UHERUS 
WITk ROUGhEFt ING AND F L A T T E N I N G  OF S L P E R I O R  A R T I C U L A R  SURFACE OF 

R E S C R P T I O N  C F  HEAD OF R I G H T  AND L E F l  FEMORA W H I C H  ARE hCW ALHCST 

08-22-58 E L G I N  S T A T E  HOSP. LOCO ACRH 

T H I S  kUMERUS. S I M I L A R  CHANGES I N  H E A D  QF L E F T  HUMERUS. F U R T k E R  

C C M P L E T E L Y  RESORBED. I N C R E A S E  I N  P A T C H Y  S C L E R C S I S  I N  h E C K  Ah0 
G R E I T E R  TROCHANTER R E G I O N S  OF B O T H  FEMORA. hO F U R T H E R  C k A N G E S  I h  
T I B I A E  ANC F I B U L A E .  

03-1 0 1-33 A 
03-101-338 
03-1 0 1 - 3 3 C  
0 3 - 1 0 1 - 3 3 0  
0 3 - 1 0 1 - 3 3  E 
0 3- 10 1 - 3 3  F 
0 3 - 1 0 1 - 3 3 G  
03-10 1 - 3 3 H  
0 3 - 1 0 1 - 3 3  I 
03-101-33 J 

4 



CCMPLETE S K E L E T A L  SURVEY 

AOVbNCED CHANGES T Y P I C A L  OF R A D I U M  C E P O S I T I C N .  SCORE 18 
P P F  P R O G R E S S I V E  D E S T R U C T I V E  CHANGES I N  H E A C  CF R I G H T  HLMERUS 
W I T P  L E S S E R  C h A N G E S  IN H E A D  OF L E F T  H L H E R U S -  C O A R S E N I N G  OF 

12-18-63 ANL X-RAY NO. R-229 LOCO ANL 

TRABECULAR P A T T E R N  OF R I G H T  A N D  L E F T  R A D I b S  AKD ULNA- S E V E R A L  
AREAS OF @ONE R E S O R P T I O N  P R E S E N T  I N  THE C A R P A L  C A P I T A T E  80NE- 

AREAS OF BONE R E S O R P T I O N  P R E S E N T  I N  NECK O F  B O T H  FEMORA-  P A R K E D  
P R W R E S S I O N  IN R E S O R P T I O N  OF H E A D S  CF B O T H  FECORA WITH P U L T I P L E  

C O A R S E N I N G  I N  NUMBER O F  AND S I Z E  OF L I N E A R  AREAS O F  BCNE RESORP-  
TIOh P R E S E N T  I N  T H E  M I D  P O R T I O N  O F  S H A F T S  OF B O T H  T I B I A E  ANC 
F I B b L b E .  

C L I N I C A L  LABORATORY F I N D I N G S  
09-22- 32 b G  98 HTC Q8C 4.9 
YBC 9 , 5 0 0  CIFF- P 62  ST 2 L 35  H E B 

09-06-49 I-G 14.5 HTC RBC 3 - 9 4  
W8C 119600 C I F F -  P 43 S T  4 L H E 8 

0 3 - 1 0 1 - 3 4 A  
03-1 0 1-34 B 
03- 10 1-34 C 
03-101-340 
0 3 - 1 0 1 - 3 4 E  
03- 10 1-34 F 
0 3- 10 1 - 3 4 G  
0 3- 10 1-34H 
03-101-34 I 
03-101-34J 
0 3 - 1 0 1 - 3 4 K  
03-10 1-34L 

03-101-40 
03-101-408 
03-101-400 

03- 10 1-4 1 A 
03-10 1-41 R 

1951 kG 1 2 - 5  HTC RBC 4 - 5 0  0 3- 1 0 1 -4 2 A 

12- 18- 63 k G  1 3 - 3  HTC 43  RBC 4 - 4 8  
WBC 1 2 9 4 0 C  C I F F -  P 76  S T  L 2 1  H 3  E B 

03-1@ 1-43 A 
0 3- 10 1-43 E 

2 3 0 1  - 4 7 2 2 . 1  A S E P T I C  N E C R O S I S  OF THE H E A D  OF THE HUCERUS ( L E F T V R I G H T )  03-101-66 
23113-4722.1 A S E P T I C  N E C R C S I S  OF THE H E A D  OF THE R A D I U S  03-1 01-66A 
2 3 5 1 3 - 4 7 2 2 - 1  A S E P T I C  N E C R O S I S  O F  T H E  H E A D  OF THE FEMUR ( L E F T g H I G H T )  03-101-668 

000 - x 2 0  S C k I Z O P H R E N I C  R E A C T I O N *  N O 1  G T H E R W I S E  S P E C I F I E C  03-10 1-67 

D A T A  R E V I S E C  11-01-68 03-10 1-99 
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