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ABSTIUCT 

Clinical and epidemiologic follow-up studies of survivors 
of radiation accidents are a major part of the program of the 
Radiation Emergency Assistance Center and Training Site (REAC/TS) 
i n  Oak Ridge, Tennessee, where training is provided for physi- 
cians and paramedical staff concerned with radiation-accident 
victims. Guidelines have been developed for clinicians and 
epidemiologists to do follow-up studies after accidental expo- 
sures. The human radiobiological data so obtained are used to 
improve clinical care and emergency planning in nuclear-energy 
production. Other aims of these studies are to provide the 
best prophylactic and anticipatory care for possible late 
radiation effects, and t o  continually upgrade radiobiologic 
risk estimates by epidemiologic investigations. 

Routine annual clinical follow-up studies are recommended 
for those survivors who were severely injured, and others who 
showed clinical or laboratory evidence of the acute radiation 
syndrome. The extent and protocol for medical examinations 
will be described. In industrial plants located in the United 
States where annual physical examinations are routine, medical 
results obtained about the status of such persons are reported 
to REAC/TS. 
radiation accidents are contacted annually by phone or letter 
to ascertain their whereabouts and health status for epidemio- 
logic data collection. Dosimetric guidelines categorizing the 
follow-up groups will be defined. These are related to total- 
body exposure levels, extent of local exposures, and residual 
body and lung burdens of transuranic elements. The follow-up 
studies are continued for life. The records are deposited in a 
centralized national radiation-accident registry in REAC/TS 
where the information is available to clinicians, radiobiolo- 
gists, and epidemiologists. 

Persons involved but not seriously exposed i n  



INTRODUCTION 

One of the major programs of the Radiation Emergency 
Assistance Center and Training Site (REAC/TS) in Oak Ridge is a 
life-time morbidity study of survivors of radiation accidents. 
The central component of this program is the United States 
Radiation Accident Registry. 
manage that registry and to establish a national repository for 
the United States Energy Research and Development Administration 
(ERDA). Because REAC/TS is also involved in the direct medical 
management and health physics support of persons exposed or 
suspected of having been exposed in radiation accidents, its 
staff also maintains a second registry of its own cases and 
their histories. A third registry, which is largely an anecdotal 
library, contains what information is available worldwide in the 
open literature and in official documents on radiation accidents 
and their medical consequences. These three registries provide 
the factual has i s  for the training courses in Radiation Accident 
Management which are given by the REAC/TS staff with the help of 
their consultants1 several times each year for physicians , 
health physicists, and emergency medical teams [l]. These data 
also are used to identify needs for bptter knowledge and im- 
proved methods for the treatment of various kinds of radiation 
injuries. 

REAC/TS has been designated to 

'In addition to the Medical and Health Sciences and the 
Special Training Division staff the extramural seminar s t a f f  
lecturers have been W. R. Albers, Chief Occupational Health 
Physician, Division of Operational Safety, ERDA, Washington; W. 
R. Bibb, Chief of the Research and Development Branch of the 
Research and Technical Support Division, ERDA, Oak Rldge Opera- 
tions (ORO); Victor Bond, Associate Director, Brookhaven National 
Laboratory; W. W. Burr, Deputy Director, BER, ERDA, Washington; 
James Hogan, Head, Internal Medicine and Hematology, St. Barnabas 
Hospital, Livingston, New Jersc7y; T. A .  Lincoln, Director, 
Health Division, ORNL, Oak Ridge; George A .  Poda, Medical Super- 
intendent, E. I. duPont deNemours &, Co., Savannah River Plant, 
Aiken, Soiith Carolina; E. L. Saenger, Director, Radioisotope 
Laboratory, Cincinnati General Hospital; J .  B. Storer, Director, 
Biology Division, ORNL; George L. Voelz, Director, Division of 
Health Research, University of California, Los Alamos Scientific 
Laboratory, New Mexico; and Niel Wald, Chairman, Department of 
Industrial Environmental Health Sciences, University of 
Pittsburgh. 
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A I L  accident registries depend upon an active follow-up 
program for continuing growth. 
constantly to improve the accuracy of the records and to make 
them as complete as possible. 
up program, how it operates, and the role it plays in a national 
effort to minimize radiation accidents and their aftereffects. 

New information is sought 

This paper describes our follow- 

REGISTRY PROGRAM 

General Aspects 

Medical and epidemiologic follow-up studies of accidentally 
irradiated persons provide accurate human radiobiological 
information for scientific use and public dissemination. 
planned studies o f  immediate, subacute, and late effects of 
radiation continue to be needed to assess the magnitude of 
radiation-related health problems of the nuclear age. 

Well 

Radiobiological facts derived from these studies help us 
to deal with the hazards of radiation by refining the clinical 
care of accident victims and by improving our planning for 
emergencies arising in the production of nuclear energy, in 
medical institutions, and in research laboratories. Other aims 
of these studies are. to provide the best prophylactic and 
anticipatory care for possible late radiation effects and to 
continuously upgrade radiobiological risk estimates by epide- 
miologic investigations. A l l  information obtained is incor- 
porated into the data bank and continuously evaluated. 

Fortunately, the number of persons injured by radiation in 
accidents is small. However, the very rarity of such individuals 
makes any information about them extremely valuable; data on 
the clinical course of each one are needed to provide a totality 
of experience to guide physicians treating irradiated persons. 
The information in the Registry is also used by radiation 
biologists and rzdlation safety experts to continually reevaluate 
the radiosensitivity of man and the adequacy of protection 
standards and safety measures. 

Selection Criteria for Registrants 

Today management of data files that contain medical infor- 
maticn is complicated. In the past, little effort needed to be 
extended in maintaining the anonymity of radiation accident 
victims, and information about them could be disseminated in 
the scientific and public press. Recently, firmly established 
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l e g a l  c o n s t r a i n t s  i n  t h e  Uni ted  S t a t e s  and o t h e r  c o u n t r i e s  have 
produced g u i d e l i n e s  f o r  r e g i s t r i e s ,  such  a s  t h e s e  d e s c r i b e d  
h e r e ,  t o  p r o t e c t  t h e  i d e n t i t y  and p r i v a c y  of  r e g i s t r a n t s .  
Medica l  i n f o r m a t i o n  abou t  them c a n  b e  used i n  s c i e n t i f i c  r e p o r t s  
o n l y  w i t h  t h e i r  w r i t t e n  p e r m i s s i o n .  
A c t ,  a l t h o u g h  i n  p a r t  i n t e n d e d  t o  p r e v e n t  governmenta l  and 
c o r p o r a t e  management from s h i e l d i n g  from t h e  l a y  p r e s s  and 
o t h e r s  i n f o r m a t i o n  p o t e n t i a l l y  u s e f u l  i n  making a c a s e  a g a i n s t  
governmenta l  programs and c o r p o r a t e  management p r a c t i c e s ,  does  
n o t  a l l o w  t h e  d i s c l o s u r e  on demand of med ica l  r e c o r d s  i n  d a t a  
banks  such  as  o u r s .  However, w e  can  make t h e  R e g i s t r y  meet t h e  
needs  f o r  med ica l  i n f o r m a t i o n  by a b s t r a c t i n g  i t s  r e c o r d s  and 
c o l l e c t i n g  t h e  f a c t s  t o  answer s p e c i f i c  q u e s t i o n s  addres sed  t o  
i t  by r e s p o n s i b l e  p e r s o n s  o r  o r g a n i z a t i o n s .  

The Freedom of In fo rma t ion  

L i v i n g  r e g i s t r a n t s  i n  t h e  R e g i s t r i e s  who may, f o r  example,  
d e c i d e  a t  some remote d a t e  t h a t  t hey  do n o t  want t o  b e  a 
s t a t i s t i c  can  s t o p  t h e i r  p a r t i c i p a t i o n  i n  t h e  r e g i s t r y  and i t s  
fol low-up program a t  any t i m e .  L e g a l l y ,  however,  i n f o r m a t i o n  
about  a dead pe r son  which does  n o t  a F f e c t  l i v i n g  members of h i s  
f a m i l y  i s  open t o  p u b l i c  s c r u t i n y  and s c i e n t i f i c  m e d i c a l  
usage .  Data a c q u i s i t i o n  about  l i v i n g  r a d i a t i o n  a c c i d e n t  
v i c t i m s  depends on r e c r u i t m e n t  of t h e  i n d i v i d u a l  concerned and 
o b t a i n i n g  h i s  ' ' informed consent"  t o  p a r t i c i p a t e  i n  t h e  R e g i s t r y  
program. 

Because of l i m i t a t i o n s  of funds  f o r  the  o p e r a t i o n  of such  
r e g i s t r i e s ,  n o t  a l l  p e r s o n s  exposed i n  r a d i a t i o n  a c c i d e n t s  a re  
r e c r u i t e d  i n t o  t h e  follow-up program of medica l  and ep idemio log ic  
s u r v e i l l a n c e .  Pe r sons  t o  be r e c r u i t e d  f o r  follow-up must have 
r e c e i v e d  doses  d e c i d e d l y  above p e r m i s s a b l e  o c c u p a t i o n a l  l e v e l s ,  
w i t h  some c e r t a i n t y  t h a t  a c u t e  o r  s u b a c u t e  e a r l y  c l i n i c a l  o r  
l a b o r a t o r y  e f f e c t s  w i l l  be  o b s e r v a b l e .  A l l  o t h e r s  are s imply  
r e g i s t e r e d  and t h e i r  e s t i m a t e d  exposures  are  r eco rded  as pub- 
l i s h e d  i n  t h e  a n n u a l  overexposure  r e g i s t r y  r e p o r t  of t h e  Bureau 
of R a d i o l o g i c a l  Hea l th  O €  t h e  Department of H e a l t h ,  Educa t ion ,  
and Welfare .  

For t h e  pu rposes  of  r e c r u i t i n g  i n d i v i d u a l s  i n t o  t h e  
R a d i a t i o n  Accident  R e g i s t r y ,  " s i g n i f i c a n t "  a c c i d e n t a l  i o n i z i n g  
r a d i a t i o n  exposures  a r e  d e f i n e d  as l e v e l s  a t  which e a r l y  b io-  
l o g i c a l  changes and c l i n i c a l  symptoms might  be  expec ted .  
De ta i l s  of a s p e c i f i c  r a d i a t i o n  a c c i d e n t  are  r e g i s t e r e d  as soon 
a s  we l e a r n  of t h e  e v e n t ;  and ,  f o r  each  a c c i d e n t ,  eve ry  pe r son  
who r e c e i v e d  any r a d i a t i o n  exposure  i s  l i s t e d  i n  t h e  R e g i s t r y .  
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I t  is i n t e n d e d  t o  o b t a i n  medica l  follow-up i n f o r m a t i o n  
a n n u a l l y  on p e r s o n s  exposed t o  doses  of 2 25 r a d s ,  t o t a l  body 
i r r a d i a t i o n ,  and on c e r t a i n  o t h e r  groups  a s  shown i n  Table  I.  

FOLLOW-UP PROGRAMS ___-__ 

L e v e l s  of Follow-up 
___I__ 

Our follow-up program i s  c a r r i e d  o u t  on t h r e e  d i f f e r e n t  
l eve ls  ( F i g u r e  1). The REAC/TS s t a f f  o b t a i n s  med ica l  i n f o r m a t i o n  
d i r e c t l y  from r a d i a t i o n  exposed p e r s o n s  t r e a t e d  a t  t h e  REAC/TS 
f a c i l i t i e s  o r  on a c o n s u l t a n t  b a s i s .  I n  most i n s t a n c e s  t h e i r  
ex tended  fol low-up i s  con t inued  by t h e  Oak Ridge s t a f f .  The 
second l e v e l  of d a t a  c o l l e c t i o n  f o r  t h e  R e g i s t r y  Program encom- 
p a s s e s  p e r s o n s  fo l lowed  by Nuclear  Regu la to ry  Commission (NRC) 
p h y s i c i a n s ,  i n d u s t r i a l  o r  p r i v a t e  p h y s i c i a n s ,  and by Energy 
Research  and Development A d m i n i s t r a t i o n  p l a n t  p h y s i c i a n s .  
Data from t h e s e  s o u r c e s  are  r e p o r t e d  t o  t h e  R e g i s t r y  w i t h  t h e  
c o n s e n t  o €  t h e  r e g i s t r a n t .  The t h i r d  mode of f o l l o w i n g  t h e  
med ica l  h i s t o r y  i s  th rough  d i r e c t  communication between REAC/TS 
s t a f f  members and t h e  exposed pe r son .  And f i n a l l y ,  a n e c d o t a l  
i n f o r m a t i o n  on r a d i a t i o n  a c c i d e n t s  t h a t  occu r  i n  f o r e i g n  
c o u n t r i e s  i s  fo l lowed  by t h e  R e g i s t r y  through s c i e n t i f i c  
p u b l i c a t i o n s  arid t h e  news medi<i.  

Type of I n f o r m a t i o n  Requi red  

The i n f o r m a t i o n  i n  t h e  R e g i s t r y  f o r  each  r e c r u i t e d  pe r son  
i n c l u d e s  t h e  f o l l o w i n g :  e s t i m a t e s  of d o s e ,  by type  of r a d i a -  
t i o n  f o r  each  p a r t  of t h e  body exposed ,  and d e t a i l s  of t h e  dose  
c a l c u l a t i o n s ;  a comple te  med ica l  h i s t o r y  b e f o r e  and a f t e r  t h e  
a c c i d e n t ;  c o p i e s  of a l l  r e l e v a n t  h o s p i t a l ,  l a b o r a t o r y ,  and 
p h y s i c i a n s '  r e c o r d s  c o v e r i n g  t h e  p e r i o d  of o b s e r v a t i o n  € o r  
s i g n s  and symptoms d i r e c t l y  r e l a t e d  t o  t h e  a c c i d e n t ,  and t h e i r  
management; and c o p i e s  of r e c o r d s  of all subsequent  p h y s i c a l  
examina t ions  and h o s p i t a l i z a t i o n s ,  i n c l u d i n g  pa tho logy  r e p o r t s  
and s l i d e s  of t i s s u e  specimens as  they  appea r  t o  re la te  t o  t h e  
r a d i a t i o n  i n j u r y .  

The exposure  i n f o r m a t i o n  g e n e r a l l y  becomes a v a i l a b l e  from 
t h e  a c c i d e n t  i n v c s t i g n t i o n  r e p o r t s  r e q u i r e d  by s t a t e  o r  f c d c r n l  
govc>riimcnL\. Ilowcvc>r, t l i c a  rest or t h c b  i n r o r o i n t i o n  c,in I J C  
ol)L,i incad oi i ly  w i t 1 1  ~ I i c  w r i t  t c s n  consc 'n l  or the  p c i t i ( , i i ~ .  
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Recruitment and Kelationship with the Registrant ____ - ___ 

Recruitment of persons into the follow-up program is 
national in scope, and it is under the direction of the Division 
of Biomedical and Environmental Research, ERDA, and by official 
agreement has the cooperation of the Regulatory Division of the 
Nuclear Regulatory Commission (NRC). 
relationship with NRC, and individual states. A l l  accidents 
occurring in the private industrial use OP radioactivity are 
reported to us; after the exposed persons have been treated, an 
investigation of all aspects of the accident is conducted under 
the guidelines of ERDA (Division of Safety, Standards, and 
Compliance), NRC, or the agreement state. On completion of the 
investigation and oificial medical surveillance or therapy, the 
investigative consultant physician (ERDA, NRC, or agreement 
state) explains the nature of the follow-up program to the 
potentiaL registrant. 
form and identified his private physician to us, the REAC/TS 
staff gets in touch with him and makes a schedule for future 
follow-up contacts. The frequency of these are determined by 
the nature of any residual injuries, arid the severity of the 
initial radiation-induced damage. 

There i s  a close working 

After he has signed the "informed consent" 

There are two ma:jor categories 0I registrants: one consists 
of those whose irradiation levels exceed lower limits of 
exposure set arbitrarily to exclude t1;:isc persons with little 
or no probability of developing acute 1:' subacute effects and 
for whom all of the information is obL;-'ined Erom outside 
sources. The second category encompasses persons referred 
directly to us for medical management or consultation. A third 
group, entered into a supplementary registry, are people in- 
vol.ved in radiation accidents outside the United States. We 
are also maintaining still zcother data bank on persons exposed 
to acceptable occupational radiati.on levels; this latter group 
is of little concern in this paper. Figure 1 shows the sources 
of patients, types of registri-es, fol . low-up, and research 
programs of REAC/TS. 

We are informed of accidents as they occur in laboratories 
supported by the Energy Research and Development Administra- 
tion; WCJ receive information from the Nuclear Regulatory Com- 
mission; and we are contacted by agencles that are responsible 
for radiation accidents in the individual states. Rased on the 
release form, copies of employment records and medical records 
are obtained. It is much easier to recruit a person into a 
follow-up program during the iJariy phase of Collow-up since a 

1 0 1 0 1 4 5  
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b e n e f i c i a l  r e l a t i o n s h i p  of  t r u s t  and c o n f i d e n c e  between t h e  
a c c i d e n t  s u r v i v o r  and t h e  p h y s i c i a n  shou ld  have developed a t  
t h a t  time. It i s  e s p e c i a l l y  impor t an t  t o  s t a r t  a fol low-up 
program e a r l y  i n  pe r sons  who have r e c e i v e d  a r e l a t i v e l y  mi ld  
ove rexposure  r a t h e r  t han  t o  c a l l  them back  i n t o  t h e  program 
y e a r s  l a t e r  a f t e r  t hey  had i n i t i a l l y  been  informed t h a t  t h e  
exposure  w a s  p robab ly  of no  s i g n i f i c a n t  consequence t o  t h e i r  
l i v e s  and h e a l t h .  

A t  t h e  t i m e  of t h e  f i r s t  c o n t a c t  by t h e  R e g i s t r y  an  
approximate  d a t e  € o r  t h e s e  annua l  c o n t a c t s  i s  e s t a b l i s h e d  f o r  
t h e  convenience  of t h e  R e g i s t r a n t .  A t  t h e  t i m e  of t h e  annua l  
c o n t a c t  t h e  r e g i s t r a n t  i s  asked  abou t  h i s  h e a l t h  d u r i n g  t h e  
p a s t  y e a r .  I f  h e  h a s  had any i l l n e s s e s ,  o r  p h y s i c a l  examina- 
t i o n s ,  he  is r e q u e s t e d  t o  have  t h e  med ica l  r e c o r d s  made a v a i l a b l e  
th rough  h i s  p h y s i c i a n s .  
t h e s e  r e c o r d s  i s  bo rne  by t h e  R e g i s t r y .  

Any expense  invo lved  i n  o b t a i n i n g  

There  i s  t h e  r i s k  of l o s i n g  p a t i e n t s  €rom follow-up 
e s p e c i a l l y  i n  t h e  Un i t ed  S t a t e s  where peop le  move t h e i r  resi-  
dence  much more f r e e l y  thaii  e l s ewhere ;  b u t  an  e a r l y  commitment 
t o  p a r t i c i p a t i o n  i n  t h e  program shou ld  make a fair1.y comple te  
fol low-up p o s s i b l e .  
i n  r a d i a t i o n  a c c i d e n t s ,  i . e . ,  less  t h a n  25 r a d s  t o t a l  body 
exposure  o r  less  than  one-half  maximum permj s s i b l e  body o r  
organ  burden ,  wil l .  b e  c o n t a c t e d  a n n u a l l y  by phone o r  l e t t e r  t o  
a s c e r t a i n  t h e i r  whereabouts  and I i ea l th  s t a t u s  f o r  ep idemio log ic  
d a t a  c o l l e c t i o n .  

Pe r sons  invo lved  b u t  n o t  s e r i o u s l y  exposed 

Recommended Follow-up S t u d i e s  

Annual p h y s i c a l  and l a b o r a t o r y  examina t ions  a r e  d e s i r a b l e .  
These may be performed a t  i n d u s t r i a l  p l a n t s  where a n n u a l  
p h y s i c a l  examina t ions  are r o u t i n e ,  by p r i v a t e  p h y s i c i a n s ,  and 
i n  a few cases by REAC/TS p e r s o n n e l .  Pe r sons  who, because  of 
r e t i r e m e n t ,  have d i s c o n t i n u e d  r o u t i n e  a n n u a l  i n d u s t r i a l  medica l  
examina t ions  w i l l  b e  asked  t o  c o n t i n u e  t h e  fol low-up through 
t h e i r  p r e v i o u s  employer o r  p r i v a t e  p h y s i c i a n s .  

With each  annua l  check-up t h e  med ica l  h i s t o r y  i s  updated 
w i t h  emphasis  on s k i n  changes ,  and e a r l y  symptoms of c a n c e r .  
The h i s  t o r y  should  a l s o  i n c l u d e  q u e s t i o n s  conce rn ing  t h e  
h e a l t h  s t a t u s  of any c h i l d r e n  of t h e  r e g i s t r a n L  b o r n  a f t e r  t h e  
r a d i a t i o n  a c c i d e n t .  A t t e n t i o n  shou ld  be g iven  t o  j o b  p e r l o r -  
mance, r e c r e a t i o n a l  p h y s i c a l  d c t i v i t i e s ,  mental  and psychologi -  
ca l  s t a t u s ,  and t h e  inar i ta l -sc .xua1 s p h e r e .  
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The physical examination focuses on early detection of 
cancer. 
elements which have specific tissue concentration sites, 
examination of these target organs is emphasized, and perhaps 
more aggressive surveillance with specific diagnostic procedures 
may be indicated, i . e . ,  sinus cancers after radium incorporation. 

In cases with a history of incorporation of transuranium 

A blood leukocyte count and differential are done routinely. 
Special attention is given to absolute granulocyte and lympho- 
cyte counts, basophilia, and the emergence of immature cells. 
We do not feel that routine examination of bone marrow is 
necessary. Abnormal leukocyte morphology i s  an indicator for 
it, of course. 

Cytogenetic analysis of lymphocyte chromosomes is a most 
useful tool in determining the radiation dose of accident 
victims, even if the exposure antedates the chromosome analysis 
by years. However, at this time no characteristic chromosome 
abnormalities have been found to be of predictive value for 
leukemia or cancer. There are a number of malignant diseases; 
for instance, chronic granulocytic leukemia, Burkitt’s lymphoma, 
and some cases of acute leukemia, in which the malignant cells 
display chromosome abnormalities. Although minor clones of 
cytogenetically aberrant cells have been seen in lymphocytes 
and marrow cells from some persons with previous radiation 
exposure, in no instance have these abnormalities been shown to 
predispose the affected cells to neoplastic transformation. We 
anticipate that annual cytogenetic examination may, with 
increased awareness and new techniques, such as chromosomal 
banding, develop into a useful p a r t  uf the follow-up protocol. 

While interesting biochemical serum abnormalities are 
found in a variety of patients with different types of advanced 
cancer, it is questionable at present whether any test or 
battery of tests can be useful for detection of early cancer in 
asymptomatic patients. Eiochemical tests are generally not 
part of the examinations unless the medical history o r  clinical 
findings should indicate the need for them. 

A free dialogue between the patient and the physicians 
should be started in the early post-accident peri 
potential sequellae of radiation damage should be 
frankly and competent answers given to questions. 

One problem in this continued discussion may 
divided responsibility between the physician deal 

d. A l l  the 
discussed 

bethat of 
ng with the 
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r a d i a t i o n  a c c i d e n t  and t h e  p a t i e n t ’ s  p r i v a t e  p h y s i c i a n .  Good 
communication i s  t h e  s o l u t i o n .  We hope t h a t  t h e  t r a i n i n g  
p rov ided  by i n s t i t u t i o n s  such  as  REAC/TS w i l l  g i v e  i n d u s t r i a l  
p h y s i c i a n s  an  o b j e c t i v e  p e r s p e c t i v e  of r a d i a t i o n  e f f e c t s  on man 
and a c o n f i d e n t  b a s i s  t o  d e a l  w i t h  t h e  problems t h a t  ar ise .  

C o s t s  f o r  Follow-up Program 

The c o s t s  may be  cons ide red  under  t h r e e  d i f f e r e n t  c a t e -  
g o r i e s .  F i r s t ,  t h e  p rocedures  t h a t  a r e  p a r t  of any good 
h e a l t h  main tenance  program; depending upon whether  o r  n o t  such  
a program a l r e a d y  e x i s t s  r e g a r d l e s s  of r a d i a t i o n  a c c i d e n t s ,  
t h i s  may o r  may n o t  c a u s e  a s i g n i f i c a n t  i n c r e a s e  i n  c o s t .  
Second, p r o c e d u r e s  t h a t  are b e i n g  done f o r  r e s e a r c h  p u r p o s e s ,  
such  as s e r i a l  c y t o g e n e t i c  o r  s p e c i a l  b iochemica l  tests.  The 
c o s t s  h e r e  would depend on t h e  n a t u r e  of t h e  r e s e a r c h  p r o j e c t  
and would need t o  b e  p a i d  o u t  of r e s e a r c h  funds .  T h i r d ,  t h e r e  
a re  t h e  c o s t s  a s s o c i a t e d  w i t h  e s t a b l i s h i n g  t h e  R e g i s t r y  and 
c o l l e c t i n g  and a n a l y z i n g  t h e  d a t a .  Depending on t rave l  c o s t s  
and on whether  examina t ions  t h a t  are o t h e r w i s e  n o t  done must be  
p a i d  f o r ,  t h e  c o s t s  may va ry  wide ly .  A modest fol low-up program 
cou ld  b e  done by m a i l  w i t h  a r e l a t i v e l y  low budget ;  even  s i m p l e  
s u r v i v a l  s 
shou ld  pay 
companies ,  
t o  c o u n t r y  
t i n u e d  f o l  
d u r i n g  t h e  
of t h e  emp 

a t i s t i c s  would be v a l u a b l e  f o r  t h e  R e g i s t r y .  Who 
f o r  t h e  program; t h e  government,  p r i v a t e  i n d u s t r i a l  
o r  i n s u r a n c e  companies? T h i s  may v a r y  from c o u n t r y  

The most p r a c t i c a l  s o l u t i o n  i s  p robab ly  a con- 
ow-up by t h e  employer o f  t h e  i r r a d i a t e d  pe r son  
e n t i r e  employment and ex tend ing  i n t o  t h e  r e t i r e m e n t  
oyee .  

Ep idemio log ica l  S t u d i e s  

While  t h e  e a r l y  e f f e c t s  of h i g h  l e v e l  r a d i a t i o n  c o n s t i t u t e  
rather c h a r a c t e r i s t i c  syndromes, t h e  l a t e  e f f e c t s  c o n s i s t  on ly  
i n  a change i n  i n c i d e n c e  of n a t u r a l l y  o c c u r r i n g  d i s e a s e s .  
Thus,  t h e  l a t e  e f f e c t s  can  neve r  be  t i e d  t o  r a d i a t i o n  i n  t h e  
i n d i v i d u a l  case, and a p o p u l a t i o n  s t u d y  w i t h  a s u i t a b l e  c o n t r o l  
group a p p e a r s  n e c e s s a r y .  I d e a l l y  members of a c o n t r o l  group 
f o r  r a d i a t i o n  a c c i d e n t  v i c t i m s  would be  of t h e  same sex and 
a g e ,  have  t h e  same type  of  o c c u p a t i o n ,  l i v e  i n  t h e  same g e n e r a l  
cnvironincnt ,  and have s i m i l a r  l i f e  s t y l e s  and  l l a b i t s .  ‘Thcsc 
rcqulrcinc>nLs a r c  d i l - l  I c c i l t  L O  i n c e t ,  .ind c.oml’rorn[scs wl 11 ti,ivc. 
t 0 1 1 C k  l l l i ~ d ~ ~ .  
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Instead of trying to assess cause and effect in irradiated 
persons by means of suitable unirradiated control groups, we 
have elected to design our follow-up ?rogram as a dose-response 
study in which "dose groups'' will be categorized according to 
dose, total or partial body irradiation, continued or acute 
exposure, and type of radiation. Thus, the individual dose 
groups, 25-49 rad, 50-99 rad, 100 to 149 rad, etc., and 1/2 t o  
1, >1 to 2, >2  to 3 Maximum Permissible Burden (MPB), etc., can 
be compared with each other, decreasing the emphasis on or even 
eliminating the need for "normal" control groups. The s t u d y  
will focus more on morbiditv than mortality; and the Registry, 
based on valid medical observations, may lead to the detection 
of new radiation effects and provide a better understanding of 
RBE. Good determinations of air dose, skin dose, and absorbed 
dose are of cardinal Importancc. 

We believe that this approach is more likely to yield 
useful scientific and practical medical information at con- 
siderably lower costs than othcr atteinpts that would include 
control groups based on disputable selection criteria. In any 
event the success of a long-term follow-up study would be 
limited because of the small number of persons involved, and it 
will not be possible to prove or disprove a small change in the 
incidence of late neoplasms or genetic effects. But if a large 
increment can be ruled out, this will be  of considerable 
reassurance to accident survivors. 

Cytogenetic Studies 

Peripheral blood lymphocyte karyotypes are examined in 
persons followed by the REAC/TS staff and on a consultant basis 
primarily for dosimetry purposes. T h e  dose estimates, based on 
chromosome analyses are compared with the dosimetry information 
derived from film badges and other devices. Special attention 
is given to dose distribution: total. body exposure versus 
partial body radiation, and external radiation versus exposure 
from incorporated radionuclides. 

If direct bone marrow preparations can be included in the 
cytogenetic analysis, attention is a l so  focused on the detec- 
tion of clones of cells with chromosomal abnorrnalities. No 
specific clues or methods are now known to be of value in 
detecting preneoplastic chromosomal derangements that could be 
predictive in following radiation accident survivors with the 
intention of early detection oC leukemia or cancer. 



-10- IAEA-SM-215 / 2 1 

Special Problems - 

The REAC/TS research program includes a special project on 
application of Die thy lene t r i amine -pen taace t i c  acid (DTPA) as a 
chelating agent in decorporation measures. REAC/TS has the 
United States supply of Ca-DTPA and is responsible for the 
distribution and safe application of this agent. Our main 
concern is quality control and biomedical detection of early 
and late effects in persons to whom it has been given; these 
are a special group in our follow-up program. 

The problem of radiation damage to the extremities, often 
resulting in gangrene and loss of limbs, is another subject of 
our research. We are testing radioisotopic methods in animals 
t o  detect the final line of demarcation of necrosis. Definitive 
amputation at a relatively early time after radiation insult 
should preserve more and better function of a limb and yield 
better cosmetic results than the multiple amputations guided by 
progressing gangrene, which prol.ong morbidity. 

DISCUSSION - 

With continued acquisition of data through our Registry we 
should be able to supplement the vast reservoir of radiobio- 
logical data in animals with valid observations in humans, so 
that adequate plans can be made for safety, and €or skillful 
management of those radiation accidents that can not be com- 
pletely avoided. 

Each human population group has certain disadvantages from 
a scientific-epidemiologic point of view, such as pre-existing 
disease, unknown dosimetry, and unrelated health problems. The 
greatest limitation is the lack of adequate numbers for statis- 
tical evaluation in each exposure group. For  this we should be 
thankful. Nevertheless, the approach described in this paper 
offers a possibility for demonstrating even an extremely lox 
incidence of dire late effects, should such occur, even though 
it is not likely to document a small increment of radiation- 
induced neoplasms. Thus, while n o t  solving problems of thresh- 
o l d ,  the study should produce data reassuring to the patients 
involved and the public. Indeed, the data so fa r  available 
tend to provide such reassurance. 

It is distressing to scientists that the general population 
seems unaware that radiation injury has been better studied 
than almost any other environmental hazard. The tendency for 
anti-nuclear propaganda to demacd a specific exposure level 
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below which t h e r e  would b e  zero  amount of damage i s  unreasonab le  
i n  view of t h e  f a c t  t h a t  no such  l e v e l s  a r e  known f o r  l e a d ,  
s u l f u r  d i o x i d e ,  o r  o t h e r  p o l l u t a n t s .  While i t  has  seemed 
f r u i t l e s s  t o  t r y  t o  convince  t h e  p u b l i c  t h a t  t h o s e  who advoca te  
t h e  u s e  of n u c l e a r  ene rgy  are n o t  i n  a c o n s p i r a c y  t o  d e s t r o y  
t h e  wor ld ,  i t  h a s  been p o s s i b l e  t o  h e l p  r a d i a t i o n  worke r s  t o  
deve lop  a r a t i o n a l  a t t i t u d e  abou t  t h e  h a z a r d s  of t h e i r  occupa- 
t i o n a l  envi ronment .  

We hope t o  b e  a b l e  t o  r e p o r t  on t h e  p r o g r e s s  and some 
r e s u l t s  of t h i s  fol low-up program a t  a l a t e r  t i m e  and t h e n  
c o n s i d e r  whether  t h i s  approach  can be  deve loped  t o  an  a c c e p t a b l e  
model f o r  o t h e r  i n s t i t u t i o n s ,  a model which could  form t h e  
b a s i s  f o r  a l a r g e r  i n t e r n a t i o n a l  follow-up program w i t h  c e n t r a l  
d a t a  c o l l e c t i o n  pe rhaps  sponsored  by t h e  I n t e r n a t i o n a l  Atomic 
Energy Agency, t h e  World H e a l t h  O r g a n i z a t i o n ,  o r  t h e  Uni ted  
Na t ions .  
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TABLE I 

CRITERIA FOR SELECTION OF CASES FOR LONG-TERM 
2 

MEDICAL FOLLOW-UP 

Condition Criteria 

1. Dose to Whole Body, Active 25 Rem 
Blood-Forming Organs or 
Gonads 

2. Dose to Skin of Whole Body GOO Rem 
or Extremities 

3 .  Dose to Other Tissues or 75 Rem 
Organs from External Source 

4 .  Internal Burdens 

5. Medical Misadministration 

1/2 NCRP [2 ]  Maximum 
Organ Burden 

All misadministrations, 
provided they a l s o  re- 
s u l t  in a dose (if a 
radiation source) or a 
burden (if a radiophar- 
maceutical), equal to 
or greater than the 
criteria for conditions 
1, 2, 3, or 4 above. 

'Agreement between directorate of Regulatory Cperations 
(NRC) and Division of Biomedical & Environmental Research 
(ERDA) regarding long-term medica1 follow-up of significant 
exposures. 
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