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A r ad ia t ion  accident may involve persons only, o r  i t  may involve equipment or the 
environment alone, o r  any combination of persons, equipment and environment. For 
the purposes of t h i s  paper, we s h a l l  confine our observations, fo r  the most p a r t ,  
t o  those events t h a t  have involved persons t o  the extent  that they required medical 
a t t en t ion .  

Nevertheless, we emphasize the great  importance of the physician always: being kept 
informed of d e t a i l s  of those accidents which involve only equipment o r  environment, 
because frequently it is only by chance that such'accidents did not a l s o  involve 
persons. Although the amount of i r r a d i a t i o n  or isotope r e l ease  may have been small 
in a pa r t i cu la r  accident,  i t  is important t o  know why i t  occurred s ince a l i t t l e  
more r ad ia t ion  released i n  s imi l a r  circumstances could be very ser ious indeed. 
When physicians seek t o  l ea rn  from accidents involving only equipment o r  environment, 
they should analyze the  d e t a i l s  In  the l i g h t  of hov persons might have been affected,  
had they been present;  w h a t  preventive measures should be taken in the future;  and 
what medical act ion should be preplanned t o  a s s i s t  any possible victim. 
example, instances of stack-releases of tritium or  a bench-spill of plutonium, 
even though persons were not involved, should be reviened i n  t h e  l i g h t  of whether 
protect ive clothing and r e s p i r a t o r s  should be worn by employees during such 
operations i n  the future.  O r ,  assuming t h a t  a worker had inhaled tritium, what 
amounts of f l u i d s  should be forced; should d iu re t i c s  o r  chelat ing agents be used; 
how frequently should bioassays be performed; is hospi ta l izat ion needed, e tc . ,  
e tc .  

For 

For t h i s  discussion, we s h a l l  divide r ad ia t ion  accidents i n t o  two basic  types. 
One type is t ha t  i n  which a person is i r r ad ia t ed  without any radioact ive mater ia l  
coming i n t o  contact with the body. In  the other type, radioact ive mater ia ls  do 
come i n t o  contact with the body or en te r  it. 
i n  which radium, or uranium and thorium ores have been icvolved. As reasonable 
cut-offs  for  the lower l eve l  of r ad ia t ion  which may have medical s ignif icance,  we 
have taken 15 or more rem whole body for  external i r r a d i a t i o n ;  far i r r a d i a t i o n  
from internally-deposited body burdens of radioisotopes we have taken one-half 
of a body burden, a s  defined by the ICRP. 

' 

Further,  we shall eliminate incidents  

To show the extent  and c h a r a c t e r i s t i c s  of the USAEC experience1r2 i n  r ad ia t ion  
accidents  we w i l l  present three t a b l e s .  The f i r s t  is an adaptation and updating 
of a t ab l e  o r ig ina l ly  compiled by Gerstner3 i n  1957. 
of events and number of persons with r e spec t  to  the calculated o r  measured 
r ad ia t ion  doses, the medical experience that resul ted,  and the c l i n i c a l  course 
in terms of prognosis. 
exposed t o  a f a l l o u t  f i e l d ,  of persons receiving documented whole body thera- 
peut ic  i r r a d i a t i o n  ( a t  least, 750)4  and of a few volunteers. The data f rom-a l l  
these c l e a r l y  confirm the medical observations made on persons involved i n  the 
l i s t e d  accidents.  

This t ab le  shows the number 

The t a b l e  could be amplified by the h i s t o r i e s  of perscts  

Three points  shown i n  Table I should be emphasized. The f i r s t  i s  that persons 
receiving whole body i r r a d i a t i o n  amounting t o  150 rem (or possibly 200 rem) or 
more should always be hospi ta l ized;  where the dose i s  less than 150 rem the 
people can probably be handled successful ly  on an outpat ient  bas i s  unless 
c l i n i c a l  research procedures a r e  toebe ca r r i ed  out. Doses of less than 25 rem 
a r e  not  l i k e l y  to  show even t r ans i en t  s i g n i f i c a n t  e f f ec t s ,  even s e n s i t i v e  
r eac t ions  such a s  chromosomal changes. Since.the c l i n i c a l  picture of acute  
r ad ia t ion  sickness reported from m u l t i p l e  sources agrees with the data from 
experimental animals, we bel ieve that the pat terns  of r eac t ion  by the var ious 
t i s s u e s  a r e  reasonably t r u e  and can be used a s  a bas i s  for therapy and somewhat 
more caut iously f o r  prognosis. However, our present knowledge of delayed e f f e c t s  
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based on experiences with man exposed t o  very low dosage leve ls ,  does not 
prognosis about f e r t i l i t y ,  genet ic  damage, ca ta rac ts ,  longevity or  other  possible 
long-term chronic react ions.  

warrant 

There is  a mild,early,  reac t ion  by the rad iosens i t ive  hematopoietic system 
expressed as a t rans ien t  lymphopenia i n  individuals who receive a whole body 
exposure of about 50 rem. 
and involves a l l  o ther  c e l l  types. Therefore, such persons should receive h e -  
d ia t e ,  repeated complete hematological s tud ies ,  even'though there  are no c l i n i c a l  
symptoms o r  signs of i r rad ia t ion .  
examined by consul tants ,  and entered i n  the individual ' s  personal hea l th  record 
fo r  medicolegal reasons. 
whether whole body i r r ad ia t ion  can be distinguished from loca l  or  f r ac t iona l  
i r r ad ia t ion  and whether the s i z e  of the exposure can be estimated by biochemical 
tests, especial ly  those based on the excretion of unusual kinds or amounts of 
amino-acids i n  the ur ine (hydroxyproline, cyst ine,  taur ine,  beta-amino i s o b u t v i c  
ac id ,  e tc . ) .  
t o  leve l  of exposure, but a l l  ur ines  should be col lected and frozen for  study 
by the physician o r  h i s  colleagues. 

With la rger  doses the reac t ion  is  more prompt, extensive 

The blood s tudies  should be documented, 

Extensive researches are being car r ied  out  t o  determine 

As of now nothing de f in i t i ve  has been demonstrated to  be r e l a t ed  

When there  has been a s ing le  exposure of no more than 25 rem we a re  incl ined to  
a l low the man to  continue working with rad ia t ion  espec ia l ly  i f  the permissible 
cumulative exposure of 5(N-18) rem (where N represents  the worker's age) has 
not  been exceeded. 

6 I f  the dose is 200 rem or  more hospi ta l iza t ion  i s  ce r t a in ly  indicated 
degree of the acute  r ad ia t ion  syndrome as  described by Thoma and Wald , Shipman , 
Hempelmann7, Hasterlik8, and Brucerg w i l l  be  observed. 
t he  dosage the more abrupt,  intense,  and protracted is  the syndrome. When the 
r ad ia t ion  dosage l i e s  between 400 and 800 rem whole body, and espec ia l ly  between 
600 and 800 rem, death is expected t o  occur no matter what therapy i o  i n s t i t u t ed .  
But s ince  there  have been few exposures i n  t h i s  la t ter  span it  is exact ly  the  
one i n  which we have l e a s t  experience. If the spleen, l i v e r ,  or  parts of the  
bone marrow are protected and escape being i r rad ia ted ,  the chances of survival 
with "large" doses increase grea t ly .  
importance of keeping the victims i n  individual  pr iva te  rooms and using s t e r i l e  
procedures; allowing r e s t r i c t e d  v i s i t s  from next of kin only; and i n s t i t u t i n g  
immediate and continuing c l i n i c a l  and laboratory observations.  Par t icu lar  
a t t e n t i o n  should be paid t o  co l l ec t ing  a 50 mill i l i ter  sample of blood for  
Sodium 24 assay, if neutrons have been involved; the ur ine should be saved f o r  
biochemical analysis .  Changes i n  the per ipheral  blood, t he i r  appearance, 
s eve r i ty  and r ap id i ty  of change and the nature and timing of c l i n i c a l  s igns 
such as nausea, vomiting and fa t igue  should be recorded s ince  they are the 
bas i s  for  determining the general  range of exposure, individual  reac t ion  t o  
wposure,  and probably prognosis. 

and some 5 
Naturally,  t h e  l a rge r  

The lessonr t o  be emphamized are the 

Superior nursing and sedation, as needed, do much t o  control  the inevi tab le  
psychic react ions of the pa t i en t  and s t a b i l i z e  him. 
requi res  medical ass is tance.  
be q u i t e  surpr is ing.  

Often the  pa t i en t ' s  family 
The number of casual v i s i t o r s  and in te r lopers  may 

. 
Fina l ly ,  it is  u e l l  t o  have e r tab l i shed  working r e l a t ions  with the loca l  news- 
papers and/or public r e l a t ions  people, SO that j o u r n a l i s t i c  aensationalism w t l l  
be kept t o  a minimum. 

When ea r ly  heal th  physics and medical observations suggest very high whole body 
dosages with s t i l l  a chance of survival ,  ear ly  treatment i n  the form of as  
-ear?*. . ' c o ' ~ a o v $  as - o ~ ~ i b l ?  5 c ~ e  i z r r c v  t r m s o 1 a n r s  Shoii1t.i be i E s t i t x t e r !  
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Fnnnediately even though the r e s u l t  of such therapy 
i r r a d i a t i o n  dose is not high enough t o  i n h i b i t  the 

may be hazardous i f  the 
inunune mechanisms. 

I f  there is a discrepancy between the r ad ia t ion  dose a s  computed from instru-  
ments by the heal th  physicis t  and the dose judged from the c l i n i c a l  reactions 
of the pat ient ,  we believe t h a t  the c l i n i c a l  judgment should prevail .  
s e n s i t i v i t y  var ies  from p a t i e n t  t o  pa t i en t  and besides the treatment is  based 
on symptomatic principles.  

Radiation 

Even though death appears t o  be an inevi table  outcome, the physician responsi- 
b l e  fo r  therapy is j u s t i f i e d  in any and a l l  therapeut ic  procedures. Only from 
such s tudies  may medicine look forward to  progress i n  saving l i v e s  endangered , 

by apparently l e t h a l  doses of radiat ion.  The American a t t i t u d e  has been t o  
use therapy only when it was c l e a r l y  indicated; the European approach seems to  
be the employment of many procedures and drugs. 
followed both regimes i t  doer not seem worthwhile t o  argue Over which is  bet ter-  
especial ly  since symptomatic-replacement concepts a r e  our only guides to  therapy. 

But r ince  good r e s u l t s  have 

The second point t o  come from t h i s  table  is the lack of knowledge about the signs 
o r  symptoms i n  persons whose r ad ia t ion  dosage was 1000 rem and aver, and hence 
t h i s  is l e f t  blank. Three of there  carer were SL-1 victims who died very quickly 
from the mechanical e f f e c t  of a c r i t i c a l i t y .  They would, unquestionably, have 
died of radiat ion,  i f  the traumatic e f f e c t  had not predominated; there were no 
observed radiat ion e f f e c t s  in there people, The fourth person was involved i n  
the 1958 c r i t i c a l i t y  a t  Loe Alamor. The dore to  the head was ertfraated t o  be i n  
the region of 12,000 rem and he exhibited an Frmnediate ce reb ra l  (CNS) depressant 
state with death ensuing i n  35 hour8 a8 dercribed below. 
CNS undoubtedly predominates following dorer above 3000 rem but  we a r e  lacking 
c l i n i c a l  information about r eac t ions  t o  dorer i n  the range of 1000 to  3000 rem. 
Extrapolation f r o m  animal experiment8 point  to  the ro-called "gut death"; 
inferences from the experfencar a t  Hitorhinu and Nagaraki 4re more Confusing 
than helpful. 

Acute deprerrion of the 

The t h i r d  point i l l u s t r a t e d  by the t ab le  i r  the paucity of exporurer having 
medical significance,  considering the 19 year exir tance of the indurtry.  
nuclear energy indurtry i n  the USA since 1943, there  have bean 230 f a t a l  accidents 
of which radiat ion per  s e  war rerponrible  fo r  only 3* and each of there deaths 
war the r e s u l t  of a c r i t i c a l i t y  incident.  I n  over 3 b i l l i o n  man-hours of work 

' a t  r i s k ,  there  have been only 10 iacidentr  i n  which 41 perron8 received more than 
15 rem exposure acutely,  and only 14 perrons received expoaura8 of Over 200 rem. 

I n  the 

Each f a t a l  incident provided valuable h 8 8 O m .  Thr first Lor Alarnos accident 
occurred during a c r i t i c a l i t y  experiment la 1945. 
a mixture of f a i t  neutron8 and grrmnr-ray8 calculatad t o  give dorer of 590 and 
31 rem, respectively.  
dropped a tool on the arsembly and r t r r t r d  t h r  chain r eac t ion ;  he might have sur- 
vived had ha not a t  once reached i n  r r f l r x i v r l y  t o  dirarremble the experiment and 
s top the reaction. Aa a r e r u l t  of thin experlance a l l  such procedures a r e  now 
ca r r i ed  out by.remote control i n  ruch 4 way that the rr8embly may be automatically 
dumped; no longer can a worker manually d i r l ~ r n t l e  an experiment of thin nature. 
Because no film badge8 -re worn, the dorr had to  be computrd from the amount of 
Sodium 24 act lvatad from Sodium 23 i n t h a  blood, 
a ~ e ~ P t i ~ ~  80 i n t o  tho c a l c u l ~ t i o n r  a d  confidancm i n  it. preciriorr 1s not  high. 
Neverthelesr i t  i r  b e t t e r  than nothing urd 8hould be  a t t w p t e d ;  hopefully 8 C t f V a -  

t ion f o i l s  would be r t r a t e g i c a l l y  placed whrrwvrr c r i t i ca l i t i es  might occur, so 
that the heal th  phyr i c i s t  w i l l  have datA on neutron f lux  and spectrum for  calcula- 
t ions.  

Two perrons were exposed t o  

The man who r r c r ived  590 ram and died 24 day8 l a t e r  

Then, aa now, A number O f  
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The second Los Alamos accident ,  9 months later i n  1946, w a s  an accidental  
c r i t i c a l i t y ,  also.  
while demonstrating t o  a s tudent  t he i r  physical re la t ionships .  
has been s t r i c t  enforcement of the r u l e  t ha t  a dangerous manewer can never be 
used as a teaching device. 

A s c i e n t i s t  manually brought the  c r i t i c a l  par t s  together, 
Since then there 

The th i rd  f a t a l i t y  took place i n  Los Alamos i n  1958. 
a rout ine Plutoaium 239 salvage operation, the s l u r r y  was s t i r r e d  in to  a c r i t i c a l  
configuration and del ivered a mixture of neutrons and.gaarma rad ia t ion  t o  the 
operator as  he stood over the  cy l indr ica l  reac t ion$vesse l .  
a t  the time i t  was not  a t  f i r s t  rea l ized  tha t  he was exhib i t ing  an Fnmediate 
cerebral  reac t ion  to  the l a rge  pulse of r ad ia t ioa  estimated t o  be 12,000 rem to  
the head. 
inside", h l s  rescuers f i r s t  thought of chemical in toxica t ion  ra ther  than radia- 
t ion.  
of equipment so t ha t  sludge cannot c o l l e c t  and be s t i r r e d  up in to  a small 
homogeneous reac tor.  

During the course of 

Since he was alone 

Because of h i s  confusion and h i s  statement that he was "burning up 

The accident, which was no f a u l t  of t h e  operator,  resu l ted  i n  redesign 

In  the SL-1 accident i t  appears that a control  rod was withdrawn during a manual 
re fue l ing  operation of a small water-moderated reactor .  
of steam blew some of the elements ou t  of the cauldron and the combination of b l e s t  
and missi les  k i l l e d  two men out r igh t  and the  th i rd  died shor t ly  afterward. 
if they had not died of trauma, i t  is l i k e l y  tha t  they would.have died of radiat ion 
s ince the reactor  and its s h e l l  were highly contaminated by f i s s ion  products. 
Further,  radioact ive p a r t i c l e s  were s t rongly embedded on and i n  the bodies of the 
three men-so much so, i n  f ac t ,  that those who would have rescued and t reated then 
would have been exposed t o  such high doses of r ad ia t ion  from the clothing, h a i r ,  
and bodies of the men, t h a t  l i t t l e  could have been done except by remote control.  

The r e su l t i ng  generation 

Even 

This accident is archtypical  of the uncertainty of r ad ia t ion  accident problems. 
It demonstrates how r e a l l y  unprepared we a l l  a r e  for unexpected complications that 
can r e s u l t  from a r ad ia t ion  accident.  
prepared us t o  be ab le  t o  a c t  e f f ec t ive ly  i n  the presence of such a very highly 
contaminated environment o r  t o  t r e a t  highly contaminated people. 

Nothing i n  a l l  our previous experience had 

We must recognize that we were not,  and s t i l l  a r e  not ,  prepared to  cope w i t h  
contamination of that magnitude. For example, how can we remove large amounts of 
contamination tha t  have been driven i n t o  the skin along with grease? Should one 
amputate limbs t o  reduce the general whole-body dose? H o w  can contaminated ha i r  
and clothing be removed quickly by remote control? 
t o  remove heavy surface contamination before repa i r ing  severe lacerat ions or v ice  
versa-asauming that one can approach c lose ly  enough t o  do e i ther?  
have the answers to  these and many other  obviously fundamental questions. 

Is i t  more important t o  t r y  

We do not 

A p a r t i a l  list of USAEC experiences with other  contaminating incidents  is given i n  
Table 11. The l is t  is p a r t i a l  becaure incidents  of ten  escaped detection ir, the 
ea r ly  days before i t  was f u l l y  r ea l i zed  what kind8 of hazards existed.  
of f ac t ,  formulation of the concept of the "Internal E m i t t e r  Hazard" by che XCRP 
is a r e l a t i v e l y  recent  thing and ba r i c  idear about it are s t i l l  being evolved. 

As a matter 

The moat unfortunate aspect  of t h i s  subject ,  of course, 11 our inab i l i t y  to  s t a t e  
Precieely w h a t  is the body burden of moat o f  those radioisotopes which a r e  the 
most frequent contamlnant8. The whole body comte r  is a very valuable too l  if the 
radioisotope has a reasonably shor t  h a l f - l i f e  and a de tec tab le  gamma-ray spectrum. 
(We bel ieve any major nuclear production i n s t a l l a t i o n  should have access t o  one.) 
Otherwise, w e  must depend on urine or feca l  assays t o  p r w i d e  an estimate of the 
body burden. A great  deal of research on excretory rates s t i l l  has not given us 
fac tors  which can be t rans la ted  in to  reasonably precise  body burdens. Fe-.er:helr-ss 



It should always be recognized that body burden data  are subject  t o  considerable 
uncertainty and should always be so qual i f ied.  

The s t a t e  of OUT knowledge is bes t  i l l u s t r a t e d  by the f a c t  that most of the 
biological  ha l f - l ives  l i s t e d  i n  the ICRP tables  are based on estimates of 
many kinds r a the r  than on measurements made on man. 

It w i l l  be noted from Table 11 t h a t  a ce r t a in  few radioisotopes a r e  involved. 
This is because the permissible body burden is so very  low t o  begin with 
(Plutonium, 0.04 y c ) ,  the mater ia l  is i n t r i n s i c a l l y  d i f f i c u l t  t o  Control 
(Plutonium, Iodine, Ruthenium), o r  such la rge  quna t i t i e s  a r e  handled. In  
connection with control ,  we have observed tha t  the number of instances of 
contamination decreased abrupt ly  when negatively pressurized glove boxes were 
subs t i tu ted  for  the o r ig ina l  simple-enclosure design. The 27 instances of 
p a r t i a l  body burden f ran  Loa Alamos a r e  men who used the older  design glove 
boxes. 
rou t ine  control ;  s t i l l ,  only a few tiny, aerosolized p a r t i c l e s  could account 
for  t he i r  body burdens. 

Some were never involved i n  an accident o r  s p i l l  o r  breakdown of 

A number of lessons become evident on s b d y i n g  the  recards  condensed in to  
Table 11. F i r s t ,  i t  i s  d i f f i c u l t ,  or  impossible, t o  decide w h a t  denominators 
t o  use for  making comparisons of incidence: 
p lan t  man-years; s c i e n t i f i c  man-years; man-years of those working with radio- 
isotopes;  number of times per day or  year tha t  operations involving radio- 
isotopes o f f e r  a po ten t ia l  hazard, o r  w h a t ?  In  the absence of such points of 
reference the data  i n  Table 11 should be regarded only a s  i l l u s t r a t i o n s  of what 
can happen and the order of magnitude. 

. Should incidence be baaed on t o t a l  

Second, considering the opportuni t ies ,  i t  is  remarkable how few body burdens have 
exceeded the ICRP maximal permissible burdens. We submit, however, that the 
numbers could enlarge rap id ly  i f  our i ndus t r i a l  hygiene measures were relaxed. 

Third, the most frequent cause of contaminating accidents seems t o  be a f a u l t  
on the p a r t  of the worker, followed by accidental  explosions, breakage of g lass  
containers and no known reason. 
contaminated, but  sometimes the contamination is  detected on rout ine bioassay. 

Generally, the person is aware of having become 

Fourth, the resp i ra tory  system seems t o  be the most s ign i f i can t  rou te  of ingress  
of contamination, although i t  is the  one we know least about. Evidence a t  hand 
shows t h a t  some inhaled aerosols  can be absorbed in to  the blood stream, while 
other  pa r t i c l e s  a r e  coughed up and expelled, or swallowed; s t i l l  others w i l l  be 
taken in to  the tracheo-bronchial lymphatics much l i k e  carbon i n f i l t r a t e s  the 
lung. Since t iny,  weak deposi ts  of radioisotopes i n  the lungs of experimental 
animals can produce adenomas and bronchogenic cancers, pulmonary contamination 
is a matter of real concern. 

F i f th ,  the physician can of ten reduce the body burdens by appropriate therapy. 
Certainly he can e f f ec t ive ly  hasten the excret ion of T r i t i u m  and Iodine and LO 

a much less degree the removal of Strontium, Plutonium, and other  bone seekers. 
The moderate succesi  achieved by intrauenous chelat ing agents encourages fur ther  
research. Poorly soluble  radioisotopes in jec ted  beneath the dermis or i n t o  
lacera t ions  should be promptly excised, if at all posaible;  debridement guided 
by rad ia t ion  detectors  can be very e f f ec t ive  i f  done a t  once. 



Thus f a r ,  no c l i n i c a l l y  de t ec t ib l e  changes have been linked w i t h  the in t e rna l  
contaminations i n  these people, but i t  is too soon to  make statements or claims 
about harm o r  lack of harm. 

Generally, the s p i l l s  and environmental contaminations tha t  accompany contamina- 
t ion  of personnel a r e  minor and e a s i l y  cleaned up. 
contaminations, however, which produced widespread, cos t ly  contamination while 
only s l i g h t l y  contaminating workers. 
prototype i n  which both workers and environment were heavily contaminated. 

There have been other 

The SL-1 accident would have been the 

Final ly ,  i t  is conceivable tha t  f a i l u r e  of control  of e f f luents  i n  a plant  
handling radioisotopes or  f i s s ion  products would r e s u l t  i n  deposits of radio- 
a c t i v i t y  off  the p lan t  s i te  which then might ge t  i n to  the food chains of the 
c iv i l ians .  
a densely populated locale.  
sampling networks which w i l l  a ler t  the proper public au tho r i t i e s  to  take whatever 
act ions a r e  deemed necessary. 

This is most l i k e l y  t o  happen where the plant  si ts  i n  the middle of 
The only so lu t ion  t o  t h i s  is t o  e s t ab l i sh  rout ine 

Table I11 gives an indicat ion of the r e l a t i v e  frequency of a l l  kinds of accidents 
i n  operations directed by USAEC, comparing the number of those involving persons 
t o  the t o t a l  number of accidents ,  July 1958 through June 1962. These a r e  sub- 
divided i n t o  two groups: 
and f a c i l i t i e s ,  and those occurring i n  USAEC l icensee operated, t ha t  i s ,  
privately-owned f a c i l i t i e s .  

those occurring i n  government-owned and operated plants  

In  some instances one individual har been af fec ted  in an accident ;  i n  others  
several .  
i n  the 4 years. 
rescue and service operations. 

In  a l l ,  184 individuals  were a f fec ted  i n  83 out of a t o t a l  127 incidents  
The l a rges t  s ing le  group was the  8 persons involved i n  the SL-1 

The problem of s ing le  exposure incidenta is much la rger  than that of cumulative 
exposure a s  seen i n  t h i s  table .  However, we feel it safe  to  predict  an ever 
increasing number of isotope users  will tend to  show more cumulative exposure 
excesses unless they recognize and accept the necessi ty  of a carefu l ly  managed, 
continuing program of fi lm badge and bioassay monitoring of the individual ,  and 
a consistent--or where possible,  an automatic--monitoring of the environment. 

A t  the extreme r i g h t  i n  Table I11 a r e  numbers of persons receiving rad ia t ion  i n  
so-called "Type A" and "Type B" events. These categories  are useful adminis t ra t ive 
c m e n t i o n s  whose primary purpose i r  t o  ensure speedy report ing of s ign i f i can t  
events t o  USAEC Headquarters10. Factors a r e  dosage received, number of persons 
affected,  property value loss, and public r e l a t ions  significance.  Suff ice  it t o  
say that these report ing requirements a r e  a fac tor  in  the constant vigi lance of 
a l l  concerned, which underl ies  the  excel lent  record of the industry i n  the 
United S ta tes .  That record, mentioned earlier i n  t h i s  paper, of only 3 f a t a l i t i e s  
due to  rad ia t ion  per  se i n  the 19  years of the industry 's  existence,  is no 
accident. 
over the manner and methods of work.2.which should r eau l t  i n  the  prevention of 
a l l  conditions associated with delayed in jur iour  effect".  

From the very beginning the policy was t o  "maintain str ict  control  

The outstanding cha rac t e r i s t i c  in our axparience warn the  unpredictabi l i ty  of the 
operation e r r o r s  which in a l l  camas were the source of d i f f i cu l ty .  
the  accident has been the r e s u l t  of an e r ro r ,  completely unpredicted, bu t  i n  
re t rospec t  a s i t ua t ion  tha t  can be protected aga ins t  in the future.  

In  every case 
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Safety measures include use of hoods, adequate exhaust, enclosed processes with 
negative a i r  pressures,  work within c e l l s  by remote cont ro l ,  protect ive clothing, 
use of hand and foot  counters and continuous environmental monitoring, with 
iden t i f i ca t ion  and marking of high rad ia t ion  areas  as w e l l  a s  s t r i c t l y  controlled 
access t o  them. 

On the  medical s ide ,  the responsible physician m e t  have preplanned and rehearsed 
procedures that include methods to  determine quickly..the types and amounts of 
r ad ia t ion  released. Coordination of preplanning with the hea l th  physicis t  is 
essen t i a l .  Two ca l ibra ted  instruments t o  measure r ad ia t ion  of a l l  types should 
be r ead i ly  ava i lab le  t o  the s i te  of an accident. 
hazard t o  rescuers  and therapis t s  must be determined or estimated. 
c lothing,  resp i ra tors ,  e tc .  for  rescuers should be s tockpi led for immediate 
access ib i l i t y .  
emergency and continued therapy without exposing rescue and therapy personnel 
t o  r ad ia t ion  exceeding 150 rem/hour for  one hour only. 

The extent of potent ia l  
Ro tec t ive  

Advance planning makes provision f o r  containment of victims for  

Complete hematological s tud ies  on a l l  persons with over 50 rem exposure should 
be made and documented i n  the individual ' s  hea l th  record. Those exposed t o  
150 t o  200 rem or  more should always be hospi ta l ized.  If possible,  whole body 
counter measurements should be made. A l l  body excret ions should be collected,  
measured and assayed for  radiological ,  chemical o r  hematological values and 
trends of change. Sodium 24 assay of blood should be done if neutrons were 
involved. Appearance, sever i ty ,  and r ap id i ty  of changes i n  peripheral  blood, 
and nature  and timing of c l i n i c a l  signs should be recorded as a bas is  for  
determining general range of and reac t ion  t o  exposure and prognosis. 

In  cases of very high whole body dosage with s t i l l  a chance of survival ,  
immediate treatment with bone marrow transplants  should be i n s t i t u t e d  even 
though hazardous from the standpoint of fmmune react ton.  
r e l y  upon the c l i n i c a l  judgment of the responsible physician using the symptomatic- 
replacement concepts which a r e  our only guides t o  therapy. 

Beyond th is ,  we m u s t  

Much research remains to  be done to  give us the  knowledge and the tools  necessary 
t o  determine precise  body burdens of many r ad ia t ion  contaminants; how t o  decon- 
taminate guickly a high dosage rad ia t ion  accident vict im;  t o  devise e f fec t ive  
means to  prevent contamination--particularly r e sp i r a to ry  system contamlnation; 
and t o  give us answers t o  the many r e l a t e d  problems. 

W. T. Doran, Jr., M.D. 
H. D. Bruner, M.D. 
Washington, D. C. 
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