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MEMO TO: R. J. M. Fry BIM 
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F R O  M :  A. F. Stehney RPY 

SU i3 J E C T: Revised Research Proposal for Study of Radium Patients 

\ Attached is a revision of the Research Proposal for the Study of ,i f ects 
of Internal Radiation on Humans, referring to diagnostic 7rocedures proposed 
for radium patients,  originally submitted June 28 and revised and expanded ir. 
accordance with sllggestions made by youi  Committee. The comments beiow 
refer to queries bearing the corresponding numbers in your memorandum of . 
27  July 1971. .. 

1 .) A detailed analysis of radiation dose from skeletal radiographic. 
Risk-benefit 

* :  

examination has  been made by L. D. Marinelli (Attachment 3 ) .  

Brues (Attachment 4) .  
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2. )  The sentence in question has  been stricken from the proposal. 

. 3 . )  Your suggested consent form is a great improvement on the original 
form we proposed and has  been adopted almost word for word (Attachment 1). 

4 , s .  ) The comparison of X-ray techniques described in  Attachment 3 
indicates that the P.I\TT, and MIT procedures are in keeping with good practice 
elsewhere. We plan to measure skin d jses  and to explore possible irnprwe- 
rnents when new X-ray equipment now on order is delivered. 

. 

AF S/c f 
Enclosures 

cc: A. M . Brues - RPY 
3 .  M .  Givens.-  3 .  D. 
L.  D. Marinelli - RPY 
R .  E .  Rowiznd - fiPY 
F. W. Streh1,-E. D. 

RADlCLOGiCkC PHYSICS DIVISION, ARGOKNE NATiOi;4L LABGSATOEY 
9700 South CAS; Avenue, k rpnne,  lliinois 60430 Tekphonc S12-739-77 11 
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Project Title: EFFECTS OF INTERNAL RADIATION O N  HUMANS 

1. Objectives - .  . 
The r e s e a k h  objective is to obtain quantitative relationships between 

radiation d o s g v  and effects on humans by study of radium-dial painters and 

other people with body burdens of radioactive isotopes. From another point of 

view, the objective is to detect individuals whose body burden and physical 
I 

' condition are such as to indicate the need for close medical attention; 

detection of pathological condition s should increase the probability of 

for the patient and may aid in  developing improved therapy. 

b 

2. Scope and Location of Proposed Research 

early 

cure 

This proposal covers medical s tudies  and radioactivity measurements 

of humans exposed to internal radioactivity under circumstances beyond our . 

control. In general, the subjects come to our attention because of previous - 
. industrial medical, accidental or natural exposure to radioactive isotopes. . 

Procedures which require administration of mpdication or radioactive m P t o y i i + l q  

are included in this proposal only when used as  normal diagnostic techniqiles 

i n  medical pracrice. 

.- 

Patients will be examined in  facilities associated with Argonne Natlor-a1 

Laboratory or with the  Massachusetts Institute of Technology. Work at the 

l s t te r  site is funded under a subcontract in order to handle patients who live 

in  the eastern part of the United States. We  a lso  maintain a small field office 

at S t .  Mary's Hospital, East Orange, New- Jersey, for the purpose of locating 

and contacting patients in  that area. 

m L :  Medical examinations, including complete skeletal X-rays will 

. be done in facilities of the  Health Division. It may be necessary to have 

patients admitted t o  local  hospitals for procedures requiring several days of 

observation, such a s  measurements of metabolic balance. In addition, we 

anticipate that medical s tudies  will be made a t  the  Argonne Cancer Research 

Hospital for patients with high body burdens of radioacrivity or with indications 

c 
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* .  . (. . I  , ” ,of malignant growths. Radioactivity measurements will  be made in the low- 

‘ 1  

backgrounci I’acilities and laboratories of RPY in  Building 203 a t  Argonne. 

- MIT: MFdical examinations will be done in the student Health Center 

or at the C l in i c2  Research Center a t  MIT. Complete skeletal X-rays are to  

be taken a t  the Mount Auburn Hospital. Radioactivity measurements will be made 

in  the laboratories of the Radioactivity Center a t  MIT. 

* .  

3 .  Description of Radium Patients 

Our immediate concern is with a large group of people who were 

exposed to  intake of radium a s  dial  painters or received radium a s  a therapeutk 

measu re .  Some information on the age and sex distribution in th i s  group may 

help the Committee i n  evaluating th i s  proposal. The table below provides such 

data for 725 patients in our study who were living in 1969 and have had 

radioactivity m e  a surement s made: 
a 

RADIUM PATIENTS LIVING IN 1969 
L 

. c  

Dose Range (I) Women (2) Men (2) 
(Rads) No. Age Range Av. Age No. Age Range Av. Age 

1000 or more 62 58-92 68.5 9 5 7-86 68.2 

100 - 1000 142 43-92 67.2 15 46-91 6 8 . 2  

1 - 100 255 11-90 63.9 85 20-88 65.3 

Less than 1 13 1 14-83 62.8 26 32-83 64.0  

(1) Doses calculated to 1969 

(2) Years of-age ir. 1971  

It should be mentioned that the  dose is calculated a s  the  total alpha- 

particle eriergy released (from isotopes of radium and their radioactive 

descendants) from intake to 1969, averaged over the skeletal mass. A present 
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body burden of about G . 5  p Ci R a  corresponds to 1000 rads accumulated in  40 
L 

'. - .( 

'years. Included in  the above are 7 women and 2 men under 30 years of age and 

. all these have dose accumulations of less, than 3 rads. 

4. PrinciDal S tgf  

, Center for Humdn Radiobiology, e 
R. E .  Rowland, Director . Ph.D., Radiation Biology, University of Rochester, 1964 

A. F. Stehney , Scientific Coordinator 
Ph.D., Chemistry, University of Chicago, 1950 

.- Austin M . Brues, Medical Consultant 
M.  D . ,  Harvard University, 1930 

Henry F. Lucas, Jr., Group Leader, Radiochemistry 
B. S., Chemistry, University of Chicago, 1950 

John H. Marshall, Group Leader, Bone Metabolism 
Ph.D. , Physics and Biology, Massachusetts Institute of 

\ 

1952 

Mary Rallo, Staff Assistant (New Jersey Field Office) 
R . N . ,  St. James School of Nursing, 1936 

Elizabeth Rhoads, Staff Assistant 
M.A.T., Bioiogy, Notre Dame, 1970 

John Rundo, Group Leader, Body Radioactivity 
Ph.D., Biophysics, London University, 1958 

Harvey A. Schultz, Custodian of Patient Records 
Ph.D., Physics, University of Illinois, 1937 

,-- 
Health Division, ANL 

Francis W. Strehl , Director 
M. D. , University of Illinois, Chicago, 195 1 

.c 

Dingess M.  Givens, Staff Physician 
M .  D., Duke University, Durham, 1957 

8 0 0 4 3 0 3  
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Radioactivity Center , MIT 

Robley D . Evans, Principal Investigator 
Ph.D., Physics, California Institute of Technology, 1932 

Mary Margaret Shanahan , Deputy Principal Investigator 
A. B. , Chemistry, Radcliffe College, 1936 

- 
- .  

Samuel D . Clark , As sociate Director, MIT Medical Department' 
M. D. , Harvard University, 1935 

Melvin H. Chalfen, Staff Physician, MIT Medical Departmefit 
M .  D. , Tufts University School of Medicine, 1954 

. 

Part-Time Medical Consultants , ANL 

Melvin H. Chalfen 
M.D., Tufts University School of Medicine, 1954 

Jan Lieben 
M. D. , University of Liverpool, 1943 

.- E.  David Nordberg, Radiologist , (Mount Auburn Hospital) 
M . D. , Jefferson Medical College, Philadel'phia , 1960 . 
ic . Hairlson Xyder 
M.  D. ,  College of Physicians and Surgeons, Baltimore, 1913 

'William D . Sharpe , Pathologist 
M. D . ,  Johns Hopkins University, 1958 

5. Procedures to be Performed 

The procedures covered in th i s  submission are  diagnostic i n  nature. 

They are intended to evaluate the heal thpf  the patient, to measure body 

radioactivity and to gtudy metabolic patterns. A l l  procedures will be performed 

at the direction of a physician except for radioactivity measurements and measure- 

ments of bone mineral mass. 

8 0 0 4 3 0 4  
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1) Physical Examination. A medical history will be taken and normal - * >  

. *  . .  
examination procedures will be done by a physician or technicians under his  

direction. A tentative protocol for the examination is attached. - 
2) Skel'letal X-rays. Complete skeletal X-rays will be made at  intervals 

of not less than two years for most patients. More frequent exposures, especially 

of the skull ,  pelvis,  and long hones, may be requested when deemed advisable 

for diagnostic purposes by the responsible physician. Exposures are estimated 

to be less than 0.5R (mean marrow dose) and about 0.7R (mean t o  endosteum). 

A sample work-sneet of X-ray exposures is attached. 

3) Special Blood Sampies. Some patients will be asked to contribute 
\ 
10-20 m l  of blood which we shall examine for chromosome changes in  cells. 

High-level patients may be asked to give 200 m l  of blood, i f  deemed capable 

of d0ir.g so by t h e  physician in  charge. This quantity is required for measure- 

ments  of the concentration of circulating radium. 
.* 

4) Excreta. We will attsmpt to measure the rate of excretion of 

radioactivity for some patients. In order t o  obtain complete collection of urine 

and feces  over a period of several days,  it may be necessary to make special 

arrangements such a s  residence in the metabolic ward of a hospital. 

5) Bone Mineral Mass.  Each patient will have a measurement made 

of the bone mineral mass in the  foream. This  will be done by measurenent of 

the transmission throilgh the arm of soft X-rays from a source, e .g. I I25I. The 

total dose delivered by the  beam, collimated to  a 2 mm width, is 1.5 mr to  t h e  
1 

' bone and 0.3 rnr t o  soft tissue above the-bone. 

6) Body Radioactivity: The patierit sits or reclines for periods of about 

, 30 minutes while a detector is nearby. This is done i? heavily shielded rooms 

and may require special (clean) clothing and a shower. The total  counting tine 

required will normally be about one hour. 

8 0 0 4 3 0 5  
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7) Breath-Radon. The p3tient breathes into a mouthpiece and exhaled 

air is collected in a flask or plastic bag. Back pressures are less than 0.5 lb 

per square inch, aqd the effort required is ccnsiderably less than that t:, inflate 

a toy rubber balloon. The t i m e  required for breath equilibration and collection 

will normally be less than one hour. 

6. R i s k s  and Benefits 

. '  

- 

Patients participating in this program will gain the benefits of regular 

physical examinations. They will be studied by medical and scientific personnel 

well  acquainted with symptoms of exposure io radioactivity and will be aided 

,in seeking appropriate medical treatment should the occasion arise. It is 

already known that patients with bcdy burdens in excess of 0.5 pCi Ra have 

increased incidence of bone sarcomas and carcinomas of head t issues;  such 

patients should be examined frequently. Also, many of the patients are old, 

and some live far from urban medical centers, so even those with low burdens of 

radioactivity should benefit from the diagnostic facilities made available td them.  

The r i s k s  involved are no more than those acceptable in routine medical 

examination with the possible exception of the X-ray examination. Since a 

skeletal dose of about 0.5 - 0.7 roentgen is delivered in a single complete 

survey, one may que-tion the advisability of this procedure for patients already 

burdened with radioactivity. 1 ' However, the additional risk, i f  any, is small 

, compared to the high probability of serious bone disorders for patients with large 

burdens of radium, and the use of X-rays is justified by the need for thorough 

. 

diagnostic examinations. The frequency and scope of skeletal radiographic 

examinations will depend upon the age and radium burden of the individual 

patient. Calculations of the X-ray dosages,  and a description and explanation 

of the proposed l i m i t s  of X-ray exposure for the various categories of patients, 

are attached. 4 

/ 

\ 

7. Informed Consent 

Attached is  a cspy of a consent form ("Consent for Medica l  and Research 

Stzdies") which indicates the nature of information to  be given patients on a 
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- .. 
rc-atine basis. The oral explanation of the nature, demands, and foreseeable 

risks wi!! include simple descriptions of the type given above under “Procedurss 

to be Performed” -and any other information which the examining physici- an may 

consider a p p r o p r k e  to individual patients. 

As a practical matter, it will usually Se necessary to  bring the patient 

to the place of examination azd obtain preliminary information about the patient 

before the physician can explain the tests and obtain the signature of the patient. 

Also, t i m e  schedules may require that radioactivity measurements or other 
procedures be performed before a physician is available t o  see the  patient. In 

this case , the explanation will be given by a qualified person designated by rhe 

Director of t h e  Center for Human Radiobiology or his  Deputy. 

Patient contacts will usually be as follows: 

1) Reasons for the study and t h e  general nature of t h e  tests will be 
’ described to  the patient by the case  worker who contacts the patient and schedules 

the apgointment. These contacts may be entirely by telephone, although per3onal 

visits will be made when feasible. . 
2) A letter confirming appointment da tes  and travel arrahgements will be 

sent t o  t h e  patient. EL copy of the consent fcrm with the list of procedures to be . 

perfornied will be attached, and the patient, will be informed that he will b e  asked 

to sign <ne form wheri ne comes for the examination. In t h i s  way, there will be a 

record of what is cxpected of the patient and he will not be surprised by the ieq::,esi , 
for a release.  

3) Explanations will be given a d  the consent form signed prior to any 

test l isted -on the  f0r.m. 

appear to be advisable,. the consent of the  2atient must be obtained and t h e  

additional i t e m s  initialed by the patieat prior to  signing by the  investigator. 

If tests other than those listed in the confirmation letter 

If 

new tests are scheduled at  a later t i m e ,  a hew consent form m u s t  be signed. 

8. Rights and Welfare of the Pat ients  
. -  

As former radium workers, many of the patients have lived most of their 

adult l ives with a sense of vulnerability ‘io terrible diseases  from radiation. 

prcgrqm offers help afid qilidance, b u t  in g r x t  par; they are accepting p e r s o m i  

Our 
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inconvenience in order to  make a valuable contribution to knowlege of 

radiation effects. We feel quite strongly that such paiients are to be treated 

gently and respectfully, and that every effort should be made to avoid 0ffendir.g 

their sense of Fropriety. . 
Procedures to ensure the  privacy of patients are already i n  operation. A l l  

records identifying the patient by name are kept in locked files i n  locked rooms. 

Access to such records requires tho approval of the Director of the Center for 

Human RadiGbiology or h i s  Deputy. Each patient is assigned a case number 

which is the only type of identification to  be used in publications. 

and tests are conducted in  non-public offices and laboratories with only 

Interviews 

,necessary personnel present. 

A very capable, mature woman with hospital experience has  been 

designated to look after the patients. Her main responsibility is to  ensure that 

suitable arrangements for travel and accommodations have been made, and tp 

provide for the safety and well-being of the patient. The patients are permCFied 

to choose a traveling companion, or nurse, whose Expenses are paid by uss If 

* 

. necessary,  we  will provide a n  escort for the entire tr ip.  

As indicated earlier, the  physicians and facilities of the Health Division 

ars to  be employed for medical procedures icvolving the patients at ANL. 

a n  emergency should arise, the 24-hour ambulance service at ANL is available 

by dialing 15. During the day, the  fire department ambulance picks up z 

physician a t  the Health Division. At  nignt, the ambulance goes to the victim 

, while the ANL Security Office telephones for a physician from a list which has 

been provided. Emergency treatment i s g i v e n  at A h Z  for heart attacks I shock, 

acute  asthma 8 and qccidents. Then the patient is taken to  La Grange Mernoriai 

Hospital, about 10 m i l e s  distant, and specialists are called i f  needed. 

If 

i 
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- 9. Attachments , -  ) .  - 4 

3 - 

1. Consent form. 

2. Suggesteed protocol for medicill examination. 

3 .  E s t i m a t e  of dose to marrow fron P.NL X-ray survey -- L. D. Maricelli. 

4. Risk and exposure considerations for skeletal X-rays -- A. . .  M. Brues. 

- - 

. 

8 0 0 4 3 0 9  



I .. 
C E N T ~ R  FOR I~TVIN RADIOBIOLOGY I...-  . . '  

Argonne National Laboratory 

- 
VOLUNTARY CONSENT FOR MEDICAL AND RESEARCH STUDIES t 

- 

I ,  , do hereby acknowledge 
that I have vslunteered to participate personally in  the clinical and research 
studies listed below. I have been fully informed of the research procedures 
to be followed, their possible benefits and attendant risks and discomforts, 
and Lle reasons for pursuing the research and its general objectives. I 
understand that I may withdraw from the-s tudies  a t  any t i m e .  

k 
my health and body content of radioactivity, and I confirm that no promise of 
subsequent medical treatment has  been given or implied. I hereby give 
permission for energency treatment by qualified personnel at no expense to ne 
for conditions which may arise at places or t i m e  periods associated with these 
studies. 

Further, I understand that these studies are for the purpose of evaluating 

L 

. c  

Date Patient' s Signature . 
Witnessed by 

CLINICAL AND RESEARCH STUDIES TO RE PERFORMED 

a? 

0 Investigator's Statement: 

W - 
0 -- 

I have esplained fully t o  the patient the research procedures to  be followed, 
their possible benefits and attendant r i sks  and discomforts, and the reasons fx , 

pursuirrg the resesrch am2 its general objectives. 0 

Date . Investigator's Signature 
I 

CX?.-.GZ~-Gl (re-J. E/i3,/? 1) 



CENTER FOR HUNAN RADIOBIOLOGY 

Argonne National Laboratory 

- - 
Suqgested Pmtocol for Medical Examination a t  ANL Health Division 

1) Patient fills out  questionnaire. 

2) Nurses take preliminary data: weight, height, etc. 

3) Physician goes over questionnaire with patient. 

4) Standard ANL examixiation is given, plus special  tests considered advisable. 

5) Neurologic test (reflexes, muscle power, etc.). 

6) Audiogram. 
\ 

7) Blood and urine samples for clinical tests. 

8) X-ray examination of skeleton. 

. 
.. 
. E  

8 0 0 4 3  I i 
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- 4  . * An E s t i m a t e  of the Average Absorbed Dose to the Bcne Marrow of Patients 

Subjected to Complete Skeletal X-riiy Diagnostic Procedures at Argonne National 

Laboratory. - . - .  
c 

by L. D. Marinelli 

The estimate described above and the estimate of absorbed dose to t h e  

progenitor cells on bone surfaces are essential  to an estimate of m o s t  of the 

cancerogenic risk undergone by radium patients being followed at the Center 

for Human Radiobiology a: ANL. The restriction of our *attention to  overall risk 

to these two t i s sues  is based mainly on the obsenrations of Court Brown and 

Doll on mortality of cancer following radiotherapy for ankylosing spondylitis (I) . 
The latter show that the overall increase in tne combined number of leukemias 

and cancer of the irradiated skeleton is nearly' 3 / 5  of total increase in a l l  c m c e r  

b 

cases occurring within the same period. 
.. 
.- . - Dose t o  the Active Bone Marrow 

- Basically, the estimates herein presented are based on the averaue 

absorbed dose to  the marrow for ches t ,  spinal and pelvic diagnostic exi>os-xes 

investigated 1. experimentally by L\e S. K, I. group (2) (3) who judiciously placed 

ionization chambers u'. representative sites within most bones containing marrow, 

under various Kvp's and filters. Portions of active marrow present in the 

irrzaiated field are stated in reference 2 ,  where reference is made to the pertinent 

anatomical literature. Calculation of the doses accruing in  ANL procedures were 

mostly impossible TO calculate by dire#- interpolations from the published data 

on mrads per Milliampere-second (MAS) at a given Kvp (Kilovolt peak) because 

the number of MAS used at ANL is unknown, since the timings are based on an 

empirically cdibrated phototimer. 

f 

(4). Except for this parameter, other exposure 
- 

factors such as target-film dis tance,  filter and use  of intensifying screen and 

grid,* filtration and rectification of the H. V. applied to  the x-ray tube are 

*The single exception is the presence of t h e  grid in  the  ANL technique for the 

b I 

lateral  view of the cervical spine contrasted t o  the lack oI' it at Sloan-Kettering 
Institute (SKI). 

r 

8 0 0 4 3  1 2  
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identical at both institutions. In Table I ,  exposure paraneters at PQXL and 

SKI are compared for chest ,  spinal and pelvic exposures. The estimates of 

MAS effective at ANL for'the usually slightly different Kvp values at SKI are 

calculated by the empirical formula derived from Reference (8) for 2 mm A1 

. 

- 
filtration, namely 

* 

h e r e  the subscripts A and S'refer to ANL and SKI respectively; these and 

other assumed MF.S values in Table I Ere enclosed in parentheses. 

In particular, the estimated AN., values of average marrow dose i n  
_ .  

rnreds have been estimated for the various exgosures as  follows: .. 

Chest: Identical MAS value to SKI'S because of the very slight - . . E  

difference in values of ,Yv?'s. 

Cew'ical Spine, u.: Although the dose zt ANL should be lower thzn 
SKI'S because of hisher Kvp's (5) , this  is.compensated by-b-ath 

field overlap and slightly larger f i l m  size a t  ANL. So no change 

from the SKI estimate was made. 

Cervical Spine, Lateral: The main correction on the  SKI value is made 

for the presence of grid a t  ANL. A factor of 4 x the SKI dose 

is assumed to compensate for this .  (See ref. 1, p. 99). -1 - 

Thoracic Spine, -- A .  P . -- and Latemi: Correction for influence of different 

Kvp on MAS has  been mede in opposite directions for each of 

the two views and the corrections almost compensatz esch 

other, dosewise. 

- 

Lumbar Spine, A.  - P. and -- Lateral: The doses  assumed are identical to the 

r 

T d v i  s , 

ones at SKI, althoush dotmward corrections i v  MAS are probably 

in  order. The Gxissioa is made to compensate for field oveilap. 

- A. P. : The MAS for this t e c h i q u e  was not derived f r m  SKI 

exposure data but from MIT techniques, beceuse the Kvp used 

there were identicai to ANL. Average r n a r r o ~  dose 2er :v::,S 21-2 
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taken from the appropria:e SKI 5raph. The deliberate choice 

in  E.; .:s higher WAS value is to compensate :or probably field 

overlap. - 1 

Published measurements and estimates of marrow doses  at SKI are 

limited to the fields mentioned above which comprise the bulk of the exposure 

to the active marrow. 

included other diagnostic fields including marrow. Thus: 

Comprised in ANL. skeletal survey, however, are 

. .  

Femora, Riaht and Left: The MAS are assumed to be 1/2 the number 

used for the pelvis. This ratio is derived from the relative 

values  of the.MAS used for 50th exposures at MIT (0.4) 

correcting for difference in Kvp (65/60) + a 7% correction for 2 

field overlap. The amount of ;:arrow exposed is assumed to be 

8% of the total ,  nanely 4% in the head of the femur(6) and $% 

i n  the overlap of the sockets; th i s  is 0.2 of the amount of active 

marrow irradiated ic the pelvic exzosure 

* .  

.C 

(including the ; 

femoral hends and necks). Hence, to a first approximatioc, 
_. --_ 

Average Oose from 2 femoral f i l m s  = 2 x 1/2 x .2 x 44 = 9 mrads. 

Humeri, Riqht and Lef t ,  A . P . :  The assumption is made that the MAS (3C) 

are identical to MIT's, using identical Kvp. The average narrow 

mrad/MAS (. 15 at 60 Kvp ) is taken to be identical to the 

exposure of the cervical spine A.P. (3.4% of total  marrow) 

corrected for fraction of marrow 

(2) 

(6 1 in the head of two humeri (4%). 
,/ - The result is: 

Average marrow dose = 30 x . 1 5  x 4/3.4 = 5 . 3  mrads. 

Skull (A.P, , Lateral -- and - Waters' view) + &Lateral Msst0id.s + -- 2 Posterior Uastoicis 

The estimate of the merage  dose t o  the marrow, resulting from the 

diagnostic procedures, of the skull and mastoids, is a very difficult problem, 

enhanced by t ? e  shape of the skull bones and the distribution of the marrcw within 

. 
8 0 0 4 3  1 4  



them. To avoid dosimetric errors easi ly  made by sim2lifying assumptions on 

the  role of these two factors,  it was t h o u ~ h t  Sest to depend mainly on the 

experimental data and on calculations proviked by the  extensive do s inetr ic  

studies a i  N .  Y: U . pertinent to the x-ray 9pilation treatment of l ineas  

capi t is  in  children (7); t h i s  study explored the marrow dose resulting from the 

Adamson-Kienbock technique. The latter consis ts  of 5 exposures: 2 laterals,  

2 A.P. ' s  and one vertical t o  the top of the  skull; except for t he  latter,  these 

exposure fields approximate well the 7 fields used i n  the diagnostic procedures 

at ANI.. A voltage of 100. Kvp and no added filter were used i n  the treatment aad 

the T. 'S. D. was 20 - 25 c m  

qosi t ions above and below scalp to record the dose a s  accruing'from the 5 

exposures used in the treatment; interpolation was used between these readings 

to calculate the dose to the  marrow assuming that the P~ll thickness of skull 

bones averaged the equivalent of 2 mm of A1 and that it was uniform throughout. 

The N. Y. U. doses ' a t  mid level of the craniuxx from the combination of al l  5 c 

fields averaged 250 rad (no correction for secondary electrons from bone) - C  

whereas the average dose to the sca lp  w a s  600 rads: this leads to a preLminary 

"deptn dose ratio" of ZSO/SOO = .385. 

, 

and LiF dosimeters were placed at several 

. 

. 

Some corrections to this  figure ougkt io  be contemplated. Because of 

the very different target-skin distances betwaen ANL procedures and N.Y .U . 
treatmezt (- 85 or 25 c m  respectiveiy) the  "depth dose ratio" correction of 1.C6 

should apply to the ANL iigures. A more drastic correction is due to  the "ds?th 

dose ratio" b e c a u e  the Kvp's and filtration in  the two i n s t a m e s  are considerebly 

different. Assuming the thickness of the t i s sue  of the  scalp a s  equivalent to 

.2 mm A1 and the  mid slkll thickness 051.0 mm A l ,  we must correct for the 

transmission of 100 Kvp no fi l ter  (H.V. < 0 .7  mm P:l) through tissue equivalent 

to 1 .2  mm Al  and t h e  transmission of 70 Kvp a t  3.2 mm AI a s  compared io that 

of 2 mm of a. The ratio of these transmissions 

.70/. 50 = 1.4 which is the factor by which tne NYU "depth dose ratio" oucht 10 

be corrected: these revisions ir,crease the degth dose r2:io for XANL techniquss 

to 1.4 x .385 x 1 . 0 6  = .57. This is a rather generous correction because the 

(8) comes approximately to  

r 
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G '. . -  . * .  effective thickness of the skull, which the x-rays r;l..ust cross in lateral 3rd frontal 

.' projections t o  reach the marrow, is  hig5ar 5xin 1.0 mx 05 A1 equiviiient and the 

ra tes  above will - decrease and eventually become lsss than unity as the 

filtration increcases a t  oblique angles.  As B rough approximation, we shall a l so  

. assume that the target-skin distance to the head and pelvis are approximately 

the  same. It foilows that the skin dose,  a s  measured a t  SKIat 70 Kvp $. 2 rnm A l ,  

14 x 17 field s ize  and s a m e  distance a s  ANL (Xef .  2 ,  TaS!e I) is 96 mr for t h e  

10 MAS used a t  ANL. Corrections of fraction of maxcjw in skull (. 12),  the 

number of exposures a t  AhX 7 v s  5 a t  hW (1.4) and the "depth dose" xentioned 

above lead the overall estimate to: 
\. 

96 x .12  x 1 .4  x .5i7 = 9 mrads 

a s  the average to  the mzirrow, with 30 secondary electron cor;ection. 

This is a hish figure idso because the vertical field, used in  the therapy I .  

set up; b i t  not in  tl-z diagnostic one,  contributes t h e  highlest dose to the scalp 

and the effect of overiapping fields has  been taken into account i n  the theraDeutic 
v 

1 dose ineasurements and calculations. 

The total  dose to the marrow for complete skeletal x-ray will be the 

total of t he  underlined values  in  Table I (420 mrads) times the correction 

co 
0 
0 
-I= 
w 

e 
- 

necessary to  the e s t ina t e  of the  contribution of the photoelectrons generated in 

bone and ending in the marrow. A perusal of the values shown by Spiers 

suggests a correction of 1.1 which brings the average dose to  the marrcw to 

460 m a d s .  It is obvious from Table IJhat the average marrow dose can be 

reduced to  nearly 1/2 by simply omitting the lateral exposure to  the lumbar spir,e 

and to about 1/3 by foregoing a l so  the  lateral view of the thoracic spiile. A 
preliminary estimate of the  average marrow dose accruing in MIT diag- iLostic 

proce9ures (where all  MAS are explicitly stated) yields a value of about 550 r x e d s .  

(See Tabla 11). 

(5) 

- 

A n  a:,proxination to t h e  dose to the progenitor endosteal 'cells  cm be  

made by assuming that ,  on The average, these cells--being close to  the  bone--will 

receivt? a dose approximately 1.5 tines the average marrow dose (71, Ramely, 

mugkny ? O O  m a d s  on the average. 



. .  

r 1. . .4 t5:irnate of Average Absorbed Dose to Marrow Fro= Corn?!ete S l d e t a l  X-3ays As Given A: ANL 
A.V. Marrow 

Part Position Institution ' Screen * Grid kT?(peakJ MAS dose m a d s  
Int en s ifying 

Che st 

Chest 

Cerv. sp. 

Cerv. sp.  

Cerv. s p .  

Cerv. s p .  

Thorac. sp. 

Thorac .,sp. 

Thorac. s p .  

.Thorac. sp. 

Lumbar sp. 

Lumbar sg . 
Lumbar sp.  

Lumbar sp. 

Peivis 

Pelvis 

Zxferni->ra 

Zxhuned 

Skull 

Skull 

Skull 
2xma stoic! s 

2mas to ids  

A.P. - ANL 

A.P. 

A.P. 

A'. P . 
Later. 

Later. 

A . P .  

A . P .  

Later. 

Later. 

A.P. 

A.P. 

Later. 

Later. 

A.?. 

A.P. 

A . P .  

.A.P. 

A . P .  

Later. 

Waters 

Later. 

Poster. 

SKI 
ANL 

SKI 

Ah% 

SKI 
ANL 

SKI 
ANL 

SKI 

ANL 

s i 1  

ANL 

SKI 
A N i  

SKI 

ANL 

EiNL 

ANL 

ANL 

A A ?  

ANL 

ANL 

+14x17 

+14x17 

+lox12 

+8 x10 

+lox12 

+8 x10 

+14x17 

+14x17 

+14xl7 

+14x17 

+14x17 

+14x17 

+14x17 

+14x?7 

+14x17 

44x17 

+14x17 

+11x14 

-10x12 

-10x12 

-10x12 

-1Oxi2 

-10x12 

,---- - 

- 
- 
+ 
i 

+ 
- 
+ 
i 

+ 
4- 

+ 
+ 
i 

+ 
i 

+ 
i 

+ 
$. 

+ 
+ 
+ 
+ 

85 

- 86 

70 

56 

76 

68 
65 

70 
76 

72 

70 

68 
85 

82 

65 

68 

65 

60 

75 

70 

70 

70 

- 70 

3 

3 

6.4 

6.4 

9.6 

2.4 

- 

- 

- 

i 32 

- 30 
- E8 

- 

72 

23 

2 3  

" 2 10 

2 10 

a- 4 4  

38 

9, 

5.3  

- 

.. 

. 

-- 
1 
. I  / 

TFD -- 72" (chest); 4G!' for a l l  others. Filtration = 2 mrn A l  

(+) or (-1 = preserlce or absence of either grid of int. screen. 
dhei: s icn  s of f i l m .  

-I? 

Numbers indicate the 

A.P. = anterior., posterior. Later. = later21 .. 
I 
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_ .  .- . . .  RXSK AND EXPOSURE COK.T.";iDZR.:;TIONS FOR SKELETAL X-RqYS 

A .  M. bques 
- 

Rad io1 og ics 1 P n y s i c :; D i vi 1: :. on - 
The bas ic  criteria for estab1i:;hing the c".: s:r,ures from diagnostic 

skeletal irradiation to be used on various risk g m i p s  in  t he  study are those 

of the International Commission for Radioiogical Prcjtection (ICRP) for non- 

occupational exposures (1) and those indicated in  a recent publication of the 

U. S. Public Health Senrice prepared by the American Coilege of Radiclogy (2).  

Criteria of risk are derived in  part from the results of previous radium toxicity 

studies,  using the conservative linear extrapolation to low exposures rather 

than the  non-linear function inferred from the m o s t  recent tabulation of data (3) 

compiled by the Center for Human Radiobiology. 

Irradiation of patients for medical purposes has  generally been kxempted 
L 

from "permissible exposure" guidelines on the basis  that diagnostic and 

therapeutic irradiation is performed for the  bcncfit of the  individual and that 

~riciivid~lai -discretior! nicisx Le useti i i ~  * - ~ 1 ~ i i 1 ~ 1 ~  trAe acivanmgeousness oi  a 

given procedure. 

A good deal of attention has ,  however, been given to the mean gonadal 

dose received by various large populations, a s  this forms a substantial portion 

of t h e  total "ger,etically significant" dcse ,  which is not influenced by the 

distribution of individual doses.  For this  reason, a distinction 'has been 

drawn between exposure l i m i t s  for large populations and those for individuals 

within the population who are not -6ccupationally exposed. ICRP sets the  limit 

for the latter group (total-body, bone marrow and gonads) at one-tenth of the  

occupational l i m i t ,  i .e . ,  a t  500 mrads/year, and for the "large population" 

a t  one-third of that value,  rounded to 170 mrads/year, based OR the 

occupational l i m i t  of 5 rads. 

(I) International Commission on Radiological Protection; publication 9 (1966). 

(2) X-ray Examinations. A guidc tc Good Practice. American College of 

(3) R. E. Rowlmd, eJ aJ. ANL-7760, Part 11, 1 - 17 (1970). 

Radiology - U.S. Public Hezlth Service (1971). 

r .  
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- 8  
' The l i m i t s  for most other t i s sues ,  including endosteum, are three times these 

values, based on the occupational l i m i t  of i5 rads for those t issues .  These 

values apply - to radiations whose RBE is ts-ken as 1. 

In thz case of diagnostic medical 'irradiation these values do not apply 

for reasons stated above. It can be assumed that individuals so irradiated 

derive different measures of benefit and that reliance should be piaced on 

professional judgment excegt where large surveys are in question. In the 

present proposal, the followinq principles apply: 
+. 

1. A l l  patients i n  this prcgrarr. wil! recciT-.e a t  least  one conplete 
.I 

skeletal  survey (estimated to i n w r  :r, - 7  cases of about 700 millirads to  

endosteum and 500 to associated r s c i r y x j  which is widiin the annual ICRP 

l i m i t s  for individuals not occupationally exposed. 

2 .  Individuals in  the lowest radium-exposxe category, who a t  the  

first examination fail to show clinically significant abnormalities (radiogenic 

or otherwise) may receive further complete examjnations a t  intervals of not . 
less than three (3) years in order to establish and presewe a record of "neturzl" 

changes occurring with t i m e .  

verification and follow-up, as would naturally be done in the  m s e  of any 

clinical examination that revealed unexpected findings. 1 

.* 

(Questionable local findings will receive earlie; 

3 .  Any positive findings not apparently related to radium will be 

referred for medical handling; they may, in addition, be examined i n  this 

prcgram at more frequent intervals because of the possible influence of 

associated pathology on response tolradium. 

4.  Any positive findings suggestive of radium effects (admitting t h e  

possibility of individual peculiarities of metabolism or radiosensitivity! m w  

be followed at more frequent intexvals for signs of progression. 

' 

5 .  In the above categoresI further examinations will,  i f  possible, he 

limited i n  scope I i. e. I .will include only locally abnormal aieas , aca the 

"general" follow-up sunreys wi!! be limited to representative fields in  order 

to reduce as much as possible radiation exposure to bone marrOw while presexing 

8 0 0 4 3 2 1  
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an adequate picture of time-related changes. In all groups not considered at 

significant risk from naiignancy, follow-up f i l m s  of the iumbar spine will be 

omitted, a s  they are  the leas t  productivs of information and yield a large 

share of the bone mamow irradiation. 
- 

6. Patients considered at significant risk from radium-related 

malignancy (i. e. , 0 . 1  p Ci or 2 00 Cumulative Rads) will be examined routinely, 

priority being given to those who are at high r isk,  i.e. , show moderate or 

advance bone changes, or who have higher levels (e.g., 0.5 p Ci  or 1000 

Cumulative Rads). In the high risk group, frequency of examination and its 

scope will depend on factors other than the diagnostic x-ray exposure. 

7. In the  case of gonadal exposures or possible exposures to a fetus, 

clinical  evaluation of the indications for radiography will conform to the  criteria 

used in  good medical practice (2).  
L 

Estimation of the risk involved in  radiography of the  skeleton has  -been 

made in two ways: by comparing the skeletal x-iay dose with the average. 
. .  ---..--.l-A--? 'L-- LLz - * - - ?  

;IL~~:IILILCL=.- ~ r y  ai" ahe~c iu i i  ;rulii iddiulll depsSiiiWii, dKU D y  CGK,,ijGFi?-:.S LSSUl-LCG 

r i sks  per rad with the apparent risk of malignant disease in  radium patients. 

The mo-st appropriate data for the latter purpose seem to be those published (4) 

i n  a follow-up of persons irradiated for ankylosing spondylitis, in which the 

mean dose to the bone marrow has  been estimated. 

Data from the present study (3) indicate a l i f e t i m e  incidence of malignant 

disease increasing about 10% per 2000 rads,  which would indicate an increase 

per rad of about 0.005%. The ratio ok"benefit" (in terms of tumor detection) 

to risk (in terms of incremental tumor induction per 500 mad)  then becomes 

about 4000/p Ci  skeletal  burden (approximately 2000 Cumulative Rads) and i s  

obviously tolerable in  the groups at significant risk (paragraph 6 above). 

Calculations by the second method suggest a somewhat smaller risk. 

In t h i s  c a s e ,  extrapolation from very high,mean marrow x-ray doses  would 

suggest a total leukemia risk on the order of 10 per complete skeletal exzninatior. 

and a substantially lower bone tumor risk based on the numbers actually encomterec 

in the  series: 4 6  excess leukemiss and 4 excess bone tumors. 

-5 

r 

(4) Court &own, W. M.  and 2 .  3c ! ! .  2rritish Mcd. J .  ,&, 1327, (1965!. 
8 0 0 4 3 2 2  



-1 - 

In evaluating these calculations it may be noted that the RBE for radium 

v s  x-rays has not been taken into account, nor has the possible influence of 

non-uniform ipadiation from radium; also ,. that estimates of risk from diagnostic 

roentgenography necessarily assume the severely pessimist ic  linear extrapolation. 

Consideration of RBE makes the  second, more optimistic estimate above more 

likely. 

Genetic considerations for large populations are not pertinent i n  a series 

of this scope. Individual r isks of gonadal and fetal irradiation, which apply 

to only a small segment of the patients in  this  program, have been considered 

in  the foregoing plan. 

L 

. C  . 
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