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I .  I NTRODUCT I O N  

T h e  p u rpose o f  t h i s report i s  t o  cons i der  t h e  natu re and l ev e l  o f  p syc ho
l ogi cal stre s s  that may be as s oc i ated wi th each of several al te rnat i ves  for 
decontam i nat i o n  o f  the Three Mi l e  I s l and (TMI ) Uni t 2 reacto r b u i l d i ng atmo
sphere . T h i s report wi l l  br i e f l y  rev i ew s ome of the l i te rat u re on stres s ,  
response  to maj o r  di sasters or l i fe stres sors , p rov i de op i ni ons on each 
decontam i nat i on al te rnat i ve ,  and cons i der pos s i b l e m i t i gat i ve act i ons to 
reduce psyc ho l ogi cal stre s s . Th i s report p rov i des bac kground for conc l us i o n s  
on p sycho l ogi cal stre s s  presented i n  Sect i on 7 . 2 o f  NUREG- 0662 , Vo l ume 1 ,  
1 1 F i nal Env i ronmental Asses sment for Decontam i nat i on of the T h ree Mi l e  I s l and 
Uni t 2 Reactor B u i l di ng Atmosphere . .. The Nuc l ear Regu l ato ry Comm i s s i on staff 
anal yses  and conc l us i ons on the need for atmosphe r i c decontam i nati on and on 
the p o s s i b l e  heal th i mpacts o f  each  al ternati ve , as reported i n  NUREG- 0662 , 
were adopted as gi vens for the p u rpos e s  of  t h i s repo rt . The s e  as s umpti ons are  
beyond the s cope o f  t h i s report . Thus , we  have as s umed that the heal th 
effects o f  vent i ng Kr- 85 i nto the atmo sphere are negl i g i b l e .  

I t  s hou l d al s o  b e  noted that t h i s report i s  not a de f i ni t i v e  s tatement on the 
s i tuat i on at TMI . Our  conc l us i ons app l y  onl y to decontam i nat i on al te rnat i v e s  
des i gned t o  remove Kr- 85 from the reactor b u i l d i ng atmosphere . They are based 
on res earc h o n  s tr·e s s  respons e s  to other threateni ng events , none o f  wh i c h are  
comparab l e  to the s tuat i on at TMI . F u rthe r , ou r knowl edge o f  s t re s s  responses 
by res i dents o f  the TM I area i s  based on a number  o f  recent studi e s , many o f  
wh i c h have not yet been comp l eted . A s  a re s u l t ,  some of o u r  conc l us i ons are 
nece s sar i l y  spec u l at i v e .  However , to the extent that t h i s i nformat i on can be 
app 1 i ed to decontami nat i on a 1 te rn at i ves , they form the bas i s  fo·r o u r  
conc l us i ons . 

The focus  o f  t h i s report i s  stre s s . We wi l l  exami ne the l i t e rat u re on s t re s s  
and attempt-to determi ne the extent to wh i c h the acc i dent at TMI , the p syc ho
l ogi cal afte rmath of the acc i dent , and the s teps to be take n towards  atmo s p her i c  
decontam i nati on o f  the p l ant m i ght have caused  ( o r  wi l l  cau s e )  s t re s s . We w i l l  
rev i ew re s earc h on stre s s  and de ri ve hypothe s e s  regard i ng s t re s s  among res i dents 
o f  the TMI area. A rev i ew o f  the research that has recent l y  been  conducted i n  
response  to the TMI acc i dent wi l l  prov i de tentat i ve tes t s  of the s e  hypotheses . 
Those that seem to be s upported wi l l  then be used  to eval uate·al te rnat i ves  for 
deco ntam i nati o n .  



I I .  THE S I TUAT ION AT TMI : AN OVERV I EW 

Res earch c onducted over the pas t year has i ndi cated that the  i nc i dent at T h ree 
M i l e  I s l and has had a stre s s f u l  i mpact on res i dents o f  the  area s u rround i ng 
TMI ( B rome t , 1980; F l ynn , 1979; Houts et al . ,  1980) . These  and other s tu d i e s  
of  stre s s  i n  respons e t o  t h e  acc i dent i ts e l f and of  cont i nu i ng stre s s  a s  a 
func t i on o f  the p ro l onged unce rtai nty at the s i te has i nd i cated that better 
than hal f o f  those  area res i dents samp l eq had perce i ved the  acc i dent as a 
s e r i o u s  o r  a very s e r i ous  th reat . The c l o s e r  they l i ved to the p l ant , t h e  
mo re l i ke l y  they were t o  app rai se  t h e  acc i dent a s  th reateni ng ( F l ynn , 1979) . 
Pregnant women wi th c h i l dren we re part i c u l ar l y  l i ke l y  to perce i ve th reat as a 
res u l t o f  the acc i dent . 

F l ynn al s o  repo rts greate r emoti onal up set  fo l l owi ng the acc i dent . Agai n ,  
prox i m i ty to TMI and p regnancy s eemed to predi spose  re spondents to be i ng 
up s e t .  More than hal f of  those samp l ed al s o  i nd i cated d i s rupti on o f  no rmal 
act i v i t i e s .  

By m i d s umme r , s ome o f  these respons e s  had c hange d .  Conc e rn and pe rcep t i on  o f  
th reat had dec reased , but 41% s t i l l  fe l t  that TMI rep res ented a ser i o u s  o r  
very s e r i o u s  th reat ( F l ynn , 1979) . Long- te rm o r  ch roni c e ffects , due part l y  
to the acc i dent and part l y  to the cont i nu i ng percepti ons o f  i ns tab i l i ty o f  the 
p l ant , we re apparent . The Houts et al . , (1980) report s ugge s t  that c h roni c 
stre s s  may be re l evant conce rn to the TM I area. 

The s e  s t ud i e s s uffer from l i m i tat i ons that make the i r conc l u s i ons s omewhat 
tentat i ve .  Many , s uch  as B romet•s re s earc h , are i n  p rogres s  and o u r  rep o rt i ng 
of  them i s  bas ed on pre l i m i nary repo rts . Many are based  ent i re l y  o r  l arge l y  on 
s e l f- report data , i . e . , peop l e•s fee l i ng about the TMI s i tuat i on ,  rathe r than 
on mo re rob ust  behav i o ral data . F i nal l y , these  studi e s  do not have a p re
acc i dent samp l i ng o f  fee l i ngs to compare the i r f i nd i ngs wi t h ; s i nce it  was 
obv i o u s l y  not known that the acc i dent wo u l d  occu r , data abo u t  others  b e f o re 
the acc i dent co u l d  not be co l l ected . Yet , agai ns t the bac kdrop o f  s t re s s  
researc h conducted over the pas t few decade s , they do add u p  t o  ev i dence fo r 
ex i s tence o f  TMI re l ated stre s s . 

Psycho l ogi cal stre s s  ( e . g . , Lazarus ,  1966) i s  typ i cal l y  de f i ned as the  
app rai sal  o r  pe rcept i on of  an event o r  s i tuat i on as  threateni ng s ome k i nd of  
dange r ,  harm , o r  l o s s .  The key i s  in  the not i on o f  app rai s a l ; the act ual  
dange r i s  l e s s  i mpo rtant than what a person t h i nks the dange r i s .  S i nce  the  
app rai sal  o f  threat s eems to  set  off  a comp l ex p hys i o l ogi cal and p syc h o l ogi cal  
respons e patte rn i nc l ud i ng aro usal  ( i nc reased l ev e l s o f  c i rc u l at i ng adrenal i n ,  
i nc reased heart rate and b l ood p re s s u re , etc . ) as we l l as a s earc h fo r c op i ng 
al ternat i ves , i t  i s  the i nterpretat i on of  a stre s s fu l  event that m u s t  b e  
cons i de red c ruc i al . A t  TMI , then , t h e  actual dange rs o r  th reats are l e s s  
i mportant than what re s i dents pe rce i ve that has occu rred o r  wi l l  occ u r .  

Befo re any furthe r cons i de rat i on o f  t h e  stre s s  respons e o f  re s i dents t o  t h e  
TMI i nc i dent and before maki ng any attempt t o  e s t i mate t h e  l i k�l i hood o f  
furthe r stre s s  as the res u l t o f  decontam i nat i on p rocedure s , i t  s ho u l d b e  noted 
that the prevai l i ng s c i ent i fi c op i ni ons about  the acc i dent are at odds w i th  
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i nte rp retat i o n s  he l d  by s ome re s i dents . The genera l conc l u s i o n amo ng mo s t  w h o  
have wri tte n o n  t h e  s ubj ect i s  that t h e  hea l th  i mpact o f  the  acc i dent i s  
l i ke l y  to be sma l l .  Yet , s ome fract i o n  o f  the re s i dents do not b e l i eve th i s; 
they are fr i g htened by what happe ned , by what cou l d have happe ned , and by what 
may yet happ e n . They are unconv i nced that they wi l l  not  deve l op cancer or 
that the i r  c h i l dren  wi l be norma l . Contr i but i ng to the s e  fee l i ngs  are many 
t h i ngs: the c o n f u s i o n s u rro und i ng the acc i dent i ts e l f ,  the  c o n t i nued  debate 
and uncerta i nty , acc i denta l re l eases  o f  smal l amo u nts  o f  rad i oact i ve gas s i n c e  
t h e  acc i dent , general  d i s comfort wi th  a n d  fear o f  n uc l ear  powe r i n  gene ra l , 
and what peop l e co n s i der  to be  wee k l y  examp l es o f  what they fear may be  rad i a
t i o n  po i s i on i ng f rom the acc i dent . Wh i l e  the s e  1 1 examp l e s 1 1 have  been  exp l a i n e d  
fu l l y  and a r e  p robab l y  n o t  re l ated t o  t h e  acc i dent , some re s i dents  be l i eve  
that  they are . As  a re s u l t ,  i t  i s  u n l i ke l y  that  s tre s s  w i l l  be abated by 
s i mp l e docume ntat i on  o f  the s afety o f  the reactor  o r  o f  the  p l anned  deco ntam
i nat i on o f  the reacto r b u i l d i ng .  

T o  s ome extent , t h i s p rob l em may have been  exacerbated by t h e  qua l i ty o f  
documentat i o n  a n d  i n format i o n  made ava i l ab l e  by t h e  ut i l i ty a n d  t h e  NRC . 
Letters  rece i ved  by the N RC s ugge st  that re s i dents perce i ve d  that i n fo rmat i o n  
prov i ded by d i fferent s o u rces  du r i ng the  acc i de nt we re s ome t i me s  contrad i c t o ry .  
F u rthermo re , s ub s equent NRC  reports s uc h  a s  the p re l i m i nary env i ro nme ntal  
ass e s sment s tatement , seemed at t i me s  to be more  conce rned wi th  c o l l ect i ng 
data , s av i ng t i me and mo ney , and s a l vag i ng e q u i pment rathe r than  s av i ng l i v e s , 
p revent i ng further  acc i dents , m i n i m i z i ng dange ro u s  rad i oac t i vity l ea ks , a n d  
s o  o n .  S i nce the  i mpres s i o n s  o r  i nte rpretat i ons  one  ma ke s  are  m o r e  i mp o r-
tant than what was i ntended , t h i s k i nd o f  p u b l i c  re l at i o n s  i s  not he l p f u l  i n  
m i n i m i z i ng s t re s s . A l ready strai ned re l at i o ns  between  the re s i dents and  t h e  
NRC become worse  whenever  t h e  NRC appears  concerned p r i mar i l y  about the  u t i l i ty 
or  the  p l ant rather  than about the re s i dents • s a fety .  Cre d i b i l i ty as the  
agency that  s tands betwee n  them  and  uti l i ty i s  l ow and  re s u l ts i n  great 
s u sp i c i on whe n new facts o r  p l ans are presented . T h i s prob l em i s  a l s o  e v i d e n t  
from l ette rs rece i ved by N R C  i n  respo n s e  t o  NUREG- 0662 . O n e  comme nts , •� I 
strong l y  fee l the  Commi s s i on i s  s team- ro l l i ng o u r  m u n i c i pa l  o f f i c i a l s i nto 
accepti ng i ts p ropo s a l  and m i n i mizing the hea l th  e ffects to the pub l i c . 1 1 
Others  speak  o f  a l ac k  o f  concern by the uti l i t i e s and the  NRC  for h uman 
c o n s equences  of decontami nati o n .  

I t  i s  i mpo rtant t o  note that not a l l re s i dents o f  t h e  TM I area s ha re the s e  
op i n i on s  and fears . Some exh i b i t  trust  i n  the  u t i l i ty ,  the  NRC , and i n  
nuclear powe r. I t  i s  d i ff i c ult to really know whether  tho s e  who are more  
skepti ca l  fo rm a mode st  major i ty o f  re s i dents o r  whether  t h ey are a l arge 
m i nor i ty .  However , i t  s hou l d b e  recog n i zed that op i n i o n i s  n o t  u n i v e rs a l ;  
there are many l ev e l s t o  each  o f  t h e  many pos i t i o n s  that have  been  take n  by 
res i dents . 

G i ve n  these  cons i derations , i t  s eems clear that s t re s s  may be  one  o f  the  mo s t  
i mportant effects o f  the acc i dent . S i nce  stre s s  can  l ead t o  a range o f  emo
t i onal , cogn i t i ve , and p hys i o l og i c a l  prob l ems , t h i s cons i derat i o n  i s  i mp o r t an t .  
W h i le the degree o f  re l at i on s h i p  betwe e n  s tre s s  a n d  i l l ne s s  has  not been  
spec i fi ed to  mos t  s c i enti sts • sati s fact i on , the  fact that s t re s s  i s  a s s o c i ated  
wi th  p sycholog i ca l  and  phys i ca l  i l lne s s  has  been  w i de l y  documented . S i m i l a r l y ,  
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s t re s s  has  b e e n  s hown to cause  emotio nal  d i s t u rbance , l o s s  o f  cogn i t i ve ab i l i 
t i e s , dec reme nts  i n  s c hoo l performance , and re l ated p rob l ems . Becau s e  o f  
the s e  e f fects  o f  stre s s , i t  i s  i mpo rtant t o  reduce the l i ke l i hood o f  a ny 
further  trauma and to mi n i m i ze fears o f  future uncontro l l ed functi o n  by t h e  
reacto r .  Stres s- i nduced prob l ems o f  e i ther  a psyc ho l og i ca l  o r  medi c a l  nature 
are not  a ny l e s s  d i s rupt i ve than i f  caused by rad i ati o n .  

III . STRESS 

T h i s sect i o n  rev i ews s ome of the pert i nent  l i te rature o n  s t re s s  and i ts c o n s e
quence s . Stre s s  i s  de f i ned as a comp l ex o f  emot i o na l , menta l , behav i o r a l , and  
b i o l o g i c a l  re s p o n s e s  to the threat o f  b e i ng harmed o r  o f  l o s s  o f  s ometh i ng 
dea r .  Acute s t re s s  i s  the s hort- l i ved re s p o n s e  to th reats that occ u r , b u t  
d i s s i pate rap i d l y .  Thus, acute stre s s  i s  a re sponse  t o  s ho rt- te rm t h reat . 
Wh i l e  th reatened , re sponse  occurs , but  fo l l owi ng te rm i nat i o n  o f  the  t h reat , 
s t re s s  d i s appears . Chron i c  stre s s  on  the other  hand , i s  t h e  re s u l t o f  t hreats 
whic h pers i s t over  l o ng pe� i ods o f  t i me o r  wh i c h are repeated l y  encou nte red . 
By de f i n i t i o n, stre s s  re sponse  i n  t h i s case  l asts  l o nge r .  

I n  th i s  d i s c u s s i o n, then, the phyc ho l og i ca l  e f fects  o f  both  acute and c h ro n i c 
stre s s  p roduced by an  e n v i ronmental  acc i dent , s uc h  as that wh i c h occu rred at 
TMI, wi l l  be  rev i ewe d .  The ge neral  co ncept of s t re s s ,  and  how i t  can affect  
the psycho l og i ca l  and  phys i o l ogi ca l  funct i o n i ng o f  an  i nd i v i dua l , w i l l  f i r s t  
b e  d i s c u s s ed . Next , re search demo n s trat i ng how perce i ved contro l /  n o n c o ntro l 
can  s i gn i f i cant l y  affect the negat i ve  i mpact o f  a part i c u l ar  s tres s fu l  e v e n t  
wi l l  be  rev i ewed . Ind i v i dual  d i ffe rences  i n  re sponse  to s t re s s  wi l l  t h e n  be  
d i s c u s sed . F i n a l l y ,  s ome of  the  c l i n i ca l  wo r k  o n  psyc h o l o g i ca l  react i o n s  to 
c i v i l i an castrophes  wi l l  be pre s e n ted . 

A .  The Concept of Stre s s  

Stre s s  i s  v i ewed a s  a maj or  contr i b u t i ng factor t o  t h e  p roduc t i o n  o f  a v a r i ety 
o f  p syc ho l og i ca l  prob l ems s u c h  as  dep re s s i o n and p syc hos omat i c  i l l ne s s  (Mears  
and Gatc he l , 1979) and med i ca l  d i s o rders  s uc h  as  hype rte n t i o n  (P i c ke r i ng ,  
1968),  pepti c u l cers  (M i rs ky ,  1958) and even  s udde n death (Rahe and L i n d , 
1971) .  A l though  there i s  s t i l l  not  a comp l ete o r  p rec i s e  de f i n i t i o n  and  
unde r s tand i ng o f  the co ncept of  stres s ,  there i s  a g rowi ng  amo u n t  o f  re s e a rc h  
wh i c h demons trate s the i mpo rtant ro l e  that e n v i ro nme ntal , s oc i a l , a n d  p syc ho
l og i ca l  s t re s s  facto rs p l ay i n  determi n i ng what we fee l  and do . 

Se l ye (1956) prese nted the f i rst  comp re h e n s i ve and i n f l u e nt i a l  mode l o f  s t re s s , 
wh i c h he ca l l ed the General  Adaptat i o n S�ndrome , s ugge s t i ng that the  body 
reacts  to a stre s s f u l /th reate n i ng s i tuat 1 o n  by mob i l i z i ng i ts p hys i o l og i ca l  
re s o u rce s . Stre s sors  may b e  any events  o r  th i ngs wh i c h are threatening  t o  the  
body s uc h  as  extreme tempe ratu re s , pathoge n s , and the  l i ke .  General l y ,  the  
body has the capac i ty to de feat o r  ove rcome the  e f fects  o f  these  stre s s o rs . 
Howeve r ,  i f  the stre s s o r  i s  too pro l o nged , these  cop i ng  re s o u rces  may b e c ome 
exhausted and a vari ety o f  phys i ca l  symptoms may appear . Se l ye refers to  
the s e  symptoms as d i seases  o f  adaptat i o n .  
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The i n i t i a l p h a s e  of  the  stre s s  respo n s e  i s  ca l l ed the a l arm react i on. I t  
rep re s e nts  the  f i rst  expos ure of  the o rgan i sm to the s t re s s o r , d u r i ng w h i c h  
t i me the  organ i sm 1 1 mob i l i ze s 1 1 to meet the th reats posed. The  next phase  i s  
the s tage of  re s i s tance , dur i ng wh i c h the organ i sm re sponds  to the stre s s o r  
and attempts  t o  acti v e l y  cope wi th i t. I f  t h i s adaptat i o n i s  s ucces s fu l , t h e  
stre s s  respo n s e  e n d s  a n d  adaptat i on i s  ac h i eved. Howeve r , i f  u n s ucces s f u l  ( or 
i f  the s t re s s o r  cont i nues  to exi st  over  a l ong pe r i od o f  t i me) ,  the  stre s s f u l  
event i s  l i ke l y  t o  cont i nue  t o  arouse  the i nd i v i dual  and req u i re re spond i ng. 
Res i s tance causes  wear  and tear on the body , and i f  too p ro l o nged , may cau s e  
s o  muc h wear a n d  tear that the o rgan i sm fal l s  i nto a s tage o f  exhau s t i o n. At 
t h i s po i nt ,  the  o rgan i sm can no l onge r e ffect i ve l y  cope wi th  the  stre ssf u l  
event. I f  t h e  orga n i sm•s  adaptati on  re s o urces  are dep l eted , and cop i ng i s  
exha u s ted , d i seases  o f  adaptat i o n s uch  a s  hyperten s i o n and u l c e r s  are more 
l i ke l y  to occur. 

Lazarus  (1966) has p o i nted out  that stre s s  has  an i mpo rtant  p syc ho l og i c a l  
component. He has a l s o  emp has i zed the i mpo rtant i mpact that p sycho l og i ca l  
stre s s o r s , s uch  as l o s i ng a j ob , t h e  death of  a l oved one , s udde n catastro
phes , etc. can have o n  i nd i v i dua l s. Stre s s o r s  are app ra i s e d  o r  i nterpreted by 
peop l e. I f  they are seen  as th reate n i ng , stre s s  may re s u l t. T h i s i s  i mpor-
tant s i nce  many events  wh i c h may not real l y  be cause  for a l arm can  be i nterp rete d 
as th reate n i ng and therefore s t re s s fu l .  F o r  examp l e ,  l et us s ay that em i s s i ons 
from an e l ectr i ca l  generat i ng p l ant are dete rmi ned to p o s e  no th reat to the  
hea l th  o f  those  l i v i ng nearby. To  the degree that nearby re s i de nts  b e l i eve  
th i s ,  there s hou l d be  no stre s s  respo n s e. However , tho s e  p e op l e who do not  
be l i eve  t h i s ,  who  choose  to i nterpret the em i s s ions  as  threate n i ng , are  
l i ke l y  to expe r i ence stre s s. 

Lazarus  and Cohen  (1977) have noted some genera l  c l as s e s  o f  s u c h  stre s s o rs. 
The f i r s t , catac l y sm i c phe nomena , re fers  to s udden , u n ique , and  powe rfu l 
s i ng l e events  or  c l u s ters  of  re l ated occurrences. Mo st maj o r  d i sasters  are 
i nc l uded here , s uc h  as  earthquake s , tornados , vo l can i c e rupt i o n s , maj o r  f i r es , 
and other  natural  d i sas ters. The acc i dent at Three M i l e  I s l and  wo u l d be  
con s i dered to be i n  t h i s category. The  con s equent hards h i p s , d i srupt i on ,  a n d  
he i ghtened  v u l nerab i l i ty prov i de powerfu l ac ute threats that req u i re a g reat 
deal  o f  i mmedi ate effect and adapti ve ab i l i t i e s . 

. 

Lazarus  and Cohen  refer to another  group of  stres s o r s  as 1 1 bac kground  st re s s o r s 1 1 
or  1 1 da i l y  has s l e s 1 1-- s tab l e  o r  repet i t i ve prob l em s encou nte red i n  da i l y  l i fe 
that i nd i v i dual l y  do not present  great adapt i ve d i ff i c u l ty. I n  other  wo r d s , 
encounte r i ng any one  of  these  events  a l one  does  not genera l l y  cause  great 
prob l ems. Rathe r , eac h i s  coped wi th  fai r l y  eas i l y. Howe ve r , when expe r i 
enced repeated l y  o r  i n  comb i nati on wi th  other  p rob l ems , t h e s e  l ow l ev e l  
stre s s o r s  may eventual l y  cau s e  great d i ff i c u l ty. Many o f  t h e s e  are more 
chron i c  than the s t res sors  de s c r i bed i n  the f i rst catego ry , and may m a ke 
cop i ng  wi th eac h s ub s equent stre s s or  more d i ff i c u l t. Job d i s s a t i s fact i o n , 
ne i ghbo rhood p rob l ems , uncerta i nty , and  c o n s tant l ow l ev e l s of  fear are  
examp l e s of  s uch  s t re s s o rs  that may p e rs i s t over  l o ng p e r i ods  of  t i me , p re s ent  
stre s s  that  can  be  dea l t wi th  but  wh i c h c reate a c h ro n i c  l ev e l  of  d i s c omfort 
and ten s i o n. The l o ng per i od  o f  uncertai nty concern i ng p o s s i b l e  dange r s  a n d  
act i o n s  wh i c h has been  present  s i nce t h e  TM I acc i dent  i s  another  examp l e  o f  
th i s category. 
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The s e  s t re s s o rs are ofte n c h ron i c ,  and the appare nt eas e wi th  wh i c h peop l e may 
adapt to them i n i t i ally may beli e the i r lo ng- term i mpact. The c h ron i c i ty o f  
these s t re s s o rs may res ult i n  them hav i ng decept i ve l y  severe conseque nce s .  
Becau s e  o f  regular and prolonged expo s u re t o  them , they may n o t  b e  perce i ved 
as  severe , b u t  they may requ i re far more adapti ve re spo n s e s  over  t i me than 
other stre s s o rs.  Psych i atri c prob l ems and negat i ve emot i o nal s tates  have bee n  
shown t o  be  as s oc i ated wi th these psyc ho l og i cal stres sors.  P ro l o nged s t re s s  
has been  found  t o  be as soci ated wi th depre s s i on ,  anx i ety ,  h o s t i l i ty ,  and 
psyc hos omat i c  i llne s s  ( Holmes and Rahe , 1967) .  P syc ho l og i s t s  have al s o  i de nt i 
fi ed afte re ffects of  stre s s .  Afte re ffects d o  n o t  occur dur i ng  expos u re t o  
stres s ,  b u t  rather are li ke l y  afte r adaptat i on o r  term i nat i o n  o f  the s t re s s o r. 
One way o f  vi ewi ng these effects i s  to t h i nk of  adapti ve  ene rgy bei ng dep l eted 
wh i le the s t re s s o r  i s  present  and costs be i ng exacted afte r expo s ure wh i l e  the 
organ i sm i s  recove r i ng. We may be l e s s  able to pay atte nt i o n  to th i ngs o r  
perfo rm tasks followi ng stre s s  (Glas s and Si nger , 1972) o r  may 11fal l apart 11 

more read i l y  i f  confronted wi th another stre s s o r. 

Perhap s mos t  i mpo rtant among afte reffects i s  the s i mple e ffect stre s s  seems  to 
have on ab i l i ty to adapt i n  the futu re. Cal houn•s ( 1970 ) d i s c us s i ons  o f  
crowd i ng  i nc l uded 11re fractory peri ods 11 d u r i ng wh i ch o rgan i sms  recove r from 
inte ract i on s  wi th  others , and seve ral stud i e s  have s ugge s ted that repeated o r  
pro l o nged expos u re t o  stre s s  can reduce one•s ab i l i ty t o  cope. Suppo rt for  
th i s pos i t i o n has als o come from stud i e s  o f  adjus tment to li fe c hange 
( Do h re nwe nd and Dohrenwend , 1974 ; Holmes and Rahe , 1967) .  T h i s wo rk has 
s ugge s ted that there are p hys i ologi cal and psycho l og i cal costs  as s oc i ated wi th  
adaptat i on ,  espec i al l y  when events that requ i re adjus tment o r  adaptat i o n  a re 
c l uste red together i n  t i me. When peop l e  must  adapt to a n umbe r  o f  c hange s o f  
vary i ng magn i tude , e i ther se r i ally o r  at once , eas e a n d  s ucce s s  of  adjus tment  
dec reas e s  and  adaptat i on becomes i ncreas i ngly d i ff i c u l t. I f  the  amo unt  of  
adju stment requ i red i s  large enough , it  may re nder the i nd i v i dual unab l e to  
cope and  lead to severe consequences.  

B.  Control and Stre s s  

Percept i o n s  o f  contro l , o r  t h e  degree to wh i ch a s t re s s o r  i s  s e e n  a s  u nde r an 
i nd i v i dual•s contro l , are also i mpo rtant i n  the app rai sal  of t hreat. Cata
clysm i c events and c h ron i c , .un s olvab l e p rob l ems are typ i cal l y  not v i ewed a s  
be i ng under a n  i nd i v i dual 1 s contro l .  Suc h events can o fte n l ead to fee l i ng s  
of he l p l e s s ne s s , depres s i o n , or  a te ndency t o  g i ve up e fforts to cope wi t h  
env i ro nmental demands. 

Se l i gman ( 1975 ) o r i g i nal ly i ntroduced the concept of l earned h e l p l es s ne s s o n  
the bas i s  of  a s er i e s  of  stud i e s  on  traumat i c  avo i dance l earn i ng i n  dogs . I n  
the se  s tudi es , i t  was found that i nescapab l e and uncontro l l ab l e avers i ve 
events , s uc h  as the adm i n i strat i o n  o f  e l ectri c s hoc k by the  exper i menter, 
s i gn i f i cantly affected thei r behav i or  and res u l ted i n  the i r i nab i l i ty to l earn  
to  es cape the  s hoc ks whe n they were s ub s equent l y  g i ven the chance to  do s o .  
These  dogs began to.demon s trate a help l e s s, 1 1 g i v i ng up 1 1  fo rm o f  behav i o r i n  
wh i ch they s topped mov i ng around the expe r i mental c hambe r, l ay down , and 
qu i et l y  wh i ned. Even  i f  they we re then p l aced i n  a s i tuat i o n  i n  wh i c h they 
could e s cape the e l ectri c s hock  by perfo rm i ng s ome behav i o r, they fai l ed to  
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try to do s o .  The i r pas t expe r i e nce of  11 learned helple s s ne s s 11 appare ntly 
eli m i nated the i r mot i vat i o n  to i n i t i ate any behav i o r .  The s i gn i f i cance o f  
th i s for re s i dents of  the TMI area i s  i n  the fact that s i m i lar effects have 
been s hown for human s exposed to a range o f  u ncontrollable stres sors  o f  whi c h  
the TMI acc i dent may b e  cons i dered one . 

Learned helple s s ne s s  was i nterpreted as a phe nomenon  that develop s whe n an 
organ i sm learns  that re spond i ng and re i nfo rceme nt ( e . g . , e s cape from s ho c k )  
are i ndepende nt; that i s ,  i t  i s  perce i ved that one•s behav i o r can not c o n t r o l  
e n v i ronmental events . Seligman u s e s  th i s concept to explai n react i ve dep r e s 
s i on that develops a s  a react i o n t o  e n v i ronmental stre s s  and i s  c haracte r i z e d  
by apathy and i nert i a .  He has noted a number of  parallels between  sympt o m s  
produced by learned help l e s s n e s s  and t h o s e  symptoms f o u n d  i n  depre s s i o n .  
Helple s s ne s s  has been found i n  h uman populat i ons  as well , and appears to c a u s e  
reduct i o n s  i n  mental ab i l i t i e s , negat i ve emot i onal state s , a reduct i on i n  
mot i vat i o n , and , i n  s ome cases , maladapti ve behav i or and depres s i on ( e . g . , 
DeVelli s ,  Walls ton , Walls to n , and DeVelli s ,  1980; Seli gman , 1975) . F u rthe r 
stud i e s  o f  people exposed to chron i c  stre s s  over wh i c h li ttle control was 
obtai nab l e s uggest  that mot i vat i o nal and behav i o ral effects  and li kely ( e . g . , 
Baum and Gatche 1 , 1980; Rod i n ,  1976) . There· have a 1 so  been  a n umbe r  o f  r e cent 
stud i e s  deomo ns trat i ng that the negat i ve emoti onal i mpact ( s uc h  as anx i ety and 
dep res s i on )  o f  a stre s s ful event appears to be a funct i o n  o f  the degree t o  
wh i ch a s ubj ect can control i t  ( c f .  Gatc hel , 1980) . Perso nal control app e a r s  
t o  decrease s i gn i f i cantly the negat i ve emot i onal i mpact o f  a s tres s o r ; p e r 
c e i ved no nco ntrol wi ll i ncreas e t h e  negat i ve i mpac t .  I n  t h e  case of  the  TM I 
acc i dent and i ts afte rmath , the pe rcept i o n o f  noncontrol o f  eve nts by the 
local re s i dents mos t  li kely max i m i zed the negat i ve emot i o nal i mpact of thi s 
stre s s o r .  

C .  I nd i v i dual D i fferences i n  Re sponse  to Stre s s  

Lazaru s  (1975) has also p o i nted out  the i mportance o f  cop i ng behav i o r i n  
response  to the above ·  types  o f  s tres sors . That i s  to say ,  people wi ll t ry t o  
deal wi th  stre s s ful s i tuat i ons  s o  as to reduce the dange r they p e rce i ve .  
The s e  behav i ors may take a numbe r o f  forms . They be d i rect act i on behav i o rs , 
where the person  tri e s  to di rect l y  man i pulate o r  change h i s o r  her  relat i on
s h i p to the stre s s ful s i tuat i o n .  Thus , i nd i v i duals may change the s e tt i ng,  
flee o r  otherwi s e  remove the p hys i cal pre s ence o f  the stre s s o r .  When thi s i s  
not pos s i b l e ,  i nd i rect cop i ng behav i ors  may be nece s s ary . He re , the p e r s o n  
copes  wi th  a stre s s fu l  s i tuat i o n  by alte ring h i s o r  her  11 i nternal e n v i ronm e nt 1 1  

by tak i ng drugs , us i ng alcoho l ,  deve l op i ng p sychologi cal de fe n s e  mechan i s m s . 

There appear to be s i gn i f i cant d i fferences i n  people 1 s ab i li ty to e ffect i ve ly 
employ adapti ve cop i ng behav i ors . For  example , the exi stence  o f  a h i gh- s tr e s s  
r i s k  personal i ty has been  i mpli cated i n  a n umber o f  studi e s . One s uc h  e a r l y  
s tudy was reported by G r i nker  and Sp i egel (1945) . They noted that o nly a 
smal l percentage o f  ai r co rps combat c rews who fought i n  Wo rld War I I  d e ve l oped  
se r i o u s  o r  d i agnosable stre s s - re l ated d i s tu rbances . T h i s led to the argument 
that peop l e  d i ·ffe r i n  the i r v ulne rab i li ty to s t re s s . Sev e re d i stu rbance s , 
part i c u l ar l y  those that pers i s ted after c e s s at i o n  o f  combat , we re relat e d  t o  
1 1ne u roti c d i ffi c u l t i e s 1 1  that ex i s ted p r i o r  to combat and reduced tole rance for  
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stress . Th i s  ana l ys i s  i s  s i m i l ar to others i n  that i t  postu l ates a n  i nd i 
v i dual  behav i or pattern or sty l e that ma kes stress react i o ns more l i ke l y , more  
severe, or b o t h . For examp l e, G l ass (1976) has descr i bed a coronary- p ro n e  
behav i or pattern (Type A) that d i sti ngui shes betwee n  peop l e  o n  the  bas i s o f  
react i o n  to stress, l oss of contro l ,  and c h a l l e nge . Type A 1s, who resp o n d  
more compet i t i ve l y, w i t h  greater t i me urgency, a n d  wi th  more hos t i l i ty, a r e  
cons i dered to be prone to coronary artery d i sease  a n d  a n umber of other 
stress-re l ated prob l ems . S i m i l a r l y, cop i ng sty l es such  as  11scree n i ng11 w h e re  
peop l e  are c a l ss i f i ed  i n  terms of the ir res i l i ance or ab i l i ty to p r i ori t ize  
demands and i gnore some aspects of a stressor are  seen  as  med i ati ng  stre s s  
responses . P refe re nces for certai n  ki nds of sett i ngs or act i v i t i es a l s o  
med i ate stress (e . g . ,  Epste i n, 1967; Lazarus , 1975). 

An  examp l e  of how these sty l es and preferences i nteract w i th  the e n v i ronment  
can  be drawn from the l i terature on occupat i ona l  stress (e . g . ,  House , 1974).  
Some peop l e  e nter the  wor k p l ace with  strong preferences  for respons i b l e ,  
se l f-determ i ned, or comp l ex and i nvo l v i ng occ upat i ons .  When  these expec ta
tions are n ot met, (jobs are excess i ve l y  redundant, bor i n g , pre s s u red , 
contro l l ed by ot hers, or do not carry respon s i b i l i ty wi th  them), d i s s at i s 
faction  and  stress are more l i ke l y .  

I n  terms of t h e  stress produced by the TMI acc i dent, i t  c a n  b e  expected t h a t  
some i nd i v i dua l s  wou l d  have greater d i ff i c u l ty cop i ng  wi th  t h i s  stressor t h a n  
others . These i nd i v i dua l s  wou l d  be t h e  ones who exper i ence  the  greate s t  
degree of p sycho l og i ca l  d i stress . 

D. Psycho l og i ca l  React ions to C i v i l i an Catastrophes 

In c i v i l i a n  l i fe, peop l e  exposed to catastrophes s uc h  as automob i l e  acc i d e n t s, 
exp l os i o ns, earthqua kes or other terr i fyi ng  exper i e nces o fte n s how 1 1 s hoc k 1 1  
react ions character i zed by trans i ent  perso n a l i ty deter i o rat i o n . A l though  
these 11s hoc k1 1  react i o ns may s how a wi de range  of symptoms depe nd i ng  on  factors  
such as sever i ty of the terr i fy i ng exper i e nc e, degree of s urp r i se  and u n c e r
tai nty, and the persona l i ty character i st i cs of the  i nd i v i dua l s  i n  the  d i s as t e r  
area .  T h i s  syndrome c a n  be categor i zed accord i ng  to the  i n i t i a l  react i o n s  t o  
t h e  traumat i c  exper i e nce, a n d  a l so accord i ng to poss i b l e l ate r pos t - t raumat i c  
comp l i cat i ons .  

The i n i t i a l  react i o n  p hase  i s  usua l l y  re ferred t o  as the  s hoc k s tage . I t  
is  at t h i s  po i nt i n  t i me that the  v i ct i m  i s  s udde n l y  stunned , dazed, and 
becomes apathet i c .  If the v i c t i m  i s  i nj u red , he  or s he frequent l y  i s  u n aware 
of the i nj ur i es, has a tendency to wander abo ut a i m l e s s l y , and not be  ab l e  to  
make any major effort at a i d i ng  h i mse l f/herse l f  or othe r s . The  second p h a s e  
i s  l ab e l ed  the sugges t i b l e s tage . I t  i s  at t h i s t i me that the  pe rson h a s  a 
tende ncy to be pas sive  and s uggest i b l e .  He  or she  i s  wi l l i ng to take o r d e r s  
a n d  d i rect ions from rescue wor ke r s . There i s  a l so a tendency to exp re s s  
extreme concern  over the we l fare of others i nvo l ved i n  t h e  d i s a s te r  and a n  
attempt to b e  of ass i stance . However, these be hav i ora l attempts are not v e ry 
eff i c i ent  or he l p fu l . F i na l l y, d u r i ng  the recovery s tage the  pe rson may , e v e n  
though remai n i ng somewhat tense , anx i o us, and app re h e n s i ve ,  gradua l l y rega i n 
h i s or h e r  psyc ho l og i ca l  equ i l i b r i um .  There i s  a l s o  a need to repet i t i v e l y  
te l l about the cata s trop h i c  event  dur i ng th i s  s tage . 
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Dur i ng the i n i t i a l reacti o n  phase  o f  the d i sas ter syndrome , the  var i o u s  
c l i n i c a l  symptoms d i s p l ayed appear t o  re s u l t from t h e  s udde n i mpact o f  the  
p hyc ho l og i cal  s tre s s  produced by  the traumat i c  event . They a l s o  appear to b e  
a re s u l t o f  p sycho l ogi ca l  defe n s e  mechan i sms  b e i ng u s ed t o  protect the per s o n  
from the f u l l i mpact o f  the catastrophe unt i l he or s he i s  b etter ab l e  to d e a l  
wi th  t h i s s udde n trauma . 

Dur i ng the p o s t- traumat i c  react i o n phase  o f  the d i s as ter syn drome , there may 
be s ome i nd i v i dua l s for whom p sycho l ogi ca l symptoms endure for wee ks , mo nth s , 
or even  year s . These  symptoms , as pre s e nted by Co l eman (1976) , may i nv o l e t h e  
fo l l owi ng: (1) Anx i ety ,  wh i c h can vary from mi l d  s tates o f  appre h e n s i o n to 
more i nte n s e  ep i s ode s of  anx i ety prompted by.s i tuati o n s  that s t i mu l ate memo r i e s  
of  the traumat i c event; (2) Chro n i c te n s i o n  and i rr i tab i l i ty ,  wh i c h i s  fre
q u e n t l y  accompan i ed by i n somn i a ,  fat i gab i l i ty ,  and  the  comp l a i nt that  "I j u s t  
can • t  s eem t o  r e l ax; " (3) Repet i t i ve n i ghtmares that dep i ct the  traumat i c e v e n t  
d i rect l y  or symbo l i ca l l y; (4) Comp l a i nts o f  i mp a i red memory a n d  concentrat i o n; 
(5) Fee l i ngs  of depres s i o n .  The s e  var i o u s  symptoms a s s o c i ated w i th  t h i s 
recovery phase  appear to be res i dual  effects o f  the  i n i t i a l s ho c k  react i o n . 
They s eem to re f l ect the person•s  rea l izat i o n  that the wor l d can  s udde n l y  
become dangero u s  and overwhe l m i n g l y  threate n i n g .  Indeed , many o f  the s e  abo v e  
symptoms  have been  noted t o  res i de nts  l i v i ng i n  t h e  TMI area (Houts  et  a l . ,  
1980) . The s e  c o nt i n u i ng effects are made more l i ke l y  by events  wh i c h are n o t  
comp l ete l y  e nded .  If , fo l l owi ng t h e  occurrence o f  a d i s a s ter , uncerta i nty a n d  
threat (even  i f  a t  a l ow l ev e l  of  i nte n s i ty) conti nue , p sycho l og i ca l  effec t s  
are more l i ke l y  to pers i s t through recovery . 

Thus , i n  add i t i o n  to the i mmed i ate p sycho l og i ca l  e f fects c a u s e d  by acute 
stre s s , more pro l onged effects can occur i f  the i nd i v i dua l  rema i n s  for an  
exte nded per i od o f  t i me i n  a s i tuat i o n  where he or  s he fee l s t hreate ned . T h i s 
may re s u l t i n  more c hro n i c  ma l adj u s tment , depende ncy , and gre ater s ever i ty o f  
h i s or her prob l ems i n  l i fe .  Symptoms s uc h  as  chro n i c fat i gue , l owered wo r k  
eff i c i ency , and exce s s i ve dr i n k i ng and drug u s age are commo n .  If  there are 
fee l i ngs  o f  b e i ng "trapped" and be i ng unab l e to contro l  the  s i tuat i on ,  t h e n 
i nd i v i dua l s may become res i s tant , i rr i tab l e ,  fau l t- f i nd i ng , and  extreme l y  
re s e n t f u l  about b e i ng "p us hed aro u nd . " For other i nd i v i du a l s ,  fee l i ngs  o f  
apathy may deve l op .  

A s  a n  examp l e o f  a study o f  i nd i v i dua l s fee l i ng "trapped" and  i s o l ated i n  a n  
uncomfortab l e  l i fe s i tuati on , Sat l off  (1967) and Serxner (1968) as s e s s e d  
gro up s  o f  i nd i v i dua l s conf i ned t o  s ubmar i nes  for 60- day per i ods  (dur i ng  wh i c h 
t i me the s ubmar i nes  were conti nuo u s l y  s ubmerged and no  "e s c ap e" was p o s s i b l e) .  
In  the s e  gro up s , approx i mate l y  5 percent o f  the  men deve l oped  certa i n p syc h o 
l og i ca l  disturbance s wh i c h appeared t o  be  prec i p i tated by the  c o n s tant  
e n v i ro nme nta l /  p sycho l og i ca l  stre s s . Symptoms such  as  anx i e ty ,  depre s s i o n ,  
i n s omn i a ,  headac h e s , and other s omat i c co ncerns were commo n . In  another s uc h  
study ,  Pop k i n and c o l l eagues (1974) exami ned the  behav i o r o f  a 22-man team i n  
a South Po l e  s tat i on  dur i ng the 6-month  antarcti c n i ght . I t  was fo und  t h a t  12 
of the 22  me n demon s trated a condi t i o n  termed "dr i fti ng" dur i ng t h i s p er i o d .  
T h i s cond i t i o n  was c haracter ized by apathy , i natte nt i o n , and  a genera l reduc
t i o n  o f  cogn i t i ve functi o n i ng . T h u s , exp o s ure to c hro n i c e n v i ro nmental  s t re s s 
can have s i gn i f i cant e ffects o n  the  p syc ho l og i ca l  funct i o n i ng  o f  an  i nd i v i dua l . 
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Res earch  has  addre s s ed the p sycho l og i ca l  consequences  o f  d i s a s ters . Some 
stud i e s  have i nd i cated that these maj or s tre s s ors  have s ome p sycho l og i ca l  
e ffects o n  the i r  v i c t i ms vary i ng i n  sever i ty and l o ngev i ty (Me n n i nger , 1952; 
Moore , 1958; T i tchener and Kapp , 1976; Fr i tz and W i l l i ams , 1957; Tayl or, 
1976). Many stud i e s  f i nd i n i t i a l react i o n s  wh i c h q u i c kl y  s ub s i de i n  t h e  face 
of  i ncreas e s  i n  s oc i a l cohes i vene s s  i n  the commun i ty and i n  cop i ng s ki l l s  
(e . g . , Quaronte l l i  and Dyne s , 1977). At TMI , however , cop i ng may have b e e n  
b l u nted by the c o n f u s i on s urro undi ng the acc i de n t  and t h e  l o ng- term u n c er 
tai nty character i z i ng the s tate o f  the p l ant . The rather u n i q u e  chara c t er i s t i c s  
o f  the TMI i nc i dent  render the s i tuat i o n  l e s s  ame nab l e  t o  ana l ys i s  than  wo u l d 
be  des i re d .  

E .  P sycho l og i ca l  E ffects o f  Stre s s  

We ear l i er d i s c u s sed  the fact that there are certa i n i nd i v i dua l s who d o  n o t  
re spond we l l  t o  h i gh- s tres s  s i tuat i o n s . I n  genera l , t h e  more i ntegrated a n d  
stab l e an  i nd i v i dua l • s  persona l i ty before a p syc ho l ogica l l y  s tre s s fu l  e v e n t , 
the more adapt i ve and qu i c ker h i s or her recovery w i l l  b e� I f  attempt s  are 
not made to he l p  i nd i v i dua l s dea l  wi th  the acute and  c hro n i c  s tre s s , t h e  l e s s  
s tab l e i nd i v i dua l s wo u l d b e  expected to demo n s trate s ome s i gn i f i cant degr e e  o f  
psyc ho l og i c a l  symptoms . Stat i s t i c s  s ugges t  the fo l l ow i n g  preva l ence  rat e s for 
maj or forms of  psyc ho l og i ca l  d i s orders (from Mears  and  Gatc he l , 1979): A nx i ety 
d i s orders (2- 5% o f  the  popu l at i o n); depre s s i ve d i s order s  (5- 15% o f  the popu l a
t i o n) ,  and  p syc h o s omat i c i l l ne s s e s  are even  more c ommo n .  

Anx i ety d i s order s  are emot i o n a l  prob l ems that are c h aracter i zed , as the  t erm 
s ugge s t s , pr i mar i l y  by the pre s e nce of anx i ety .  Anx i ety i s  de f i ned a s  a 
genera l i zed s tate o f  fear or apprehe n s i o n .  The  a f f l i cted i nd i v i dua l  w i l l  
beg i n to exper i ence  anx i ety and d i s tres s  i n  everyday s i tuat i o n s  that do n o t  
normal l y  e l i c i t  s uc h  behav i or from other pers o n s . T h e s e  d i s orders  are c h arac
ter i zed by d i ffuse and o ften severe 1 1 free- f l oat i ng 1 1  anx i e ty that may not be 
re l ated to any one i mmed i ate s i tuat i o n  or obj ect threat . The i nd i v i dua l may 
not  be  ab l e  to i de nt i fy the  s o urce o f  fear or appre h e n s i o n .  P hys i o l og i c a l  
symptoms , re f l ect i ve  o f  h e i ghtened autonom i c nervo u s  sys tem aro u s a l , i nc l ude 
re spo n s e s  s uch  as  e l evated heart rate and b l ood pre s s ure  l eve l ,  sweat i n g, 
i nte s t i na l  d i s tres s ,  and m u s c u l ar te n s i o n and wea kne s s . A nx i o u s  i nd i v i dua l s 
a l s o  report symptoms s uc h  as  i n s omn i a ,  worry , forgetfu l ne s s , d i ff i c u l ty i n  
concentrat i ng ,  i rr i tab i l i ty ,  and  freq u e nt l y, m i l d  depre s s i o n .  Be s i de s  t h e i r  
c l i n i ca l l y  h i gh l eve l o f  anx i ety ,  t h e s e  i nd i v i dua l s o ften  exper i e nce  acu t e  
ep i s odes  o f  pan i c .  S u c h  anx i ety attac ks u s ua l l y  l as t  anywh ere from a f ew 
seconds  to we l l over an h o ur .  They come o n  s udde n l y, c l i mb q u i c kl y  t o  a h i g h  
i nte n s i ty ,  and t h e n  gradua l l y s ub s i de .  T h e  attac ks are accompan i ed by i nt e n s e  
fee l i ngs  o f  pan i c over s ome pre s umed i mp e nd i ng d i s tre s s  or cata s trophe . Acute 
symptoms i nc l ude s hortne s s  of breath , pro fuse  sweat i ng ,  and  d i zz i nes s .  Suc h  
anx i ety attac ks c a n  be  extreme l y  pa i n f u l  p syc ho l o g i ca l  exper i e nc e s_ for t h e  
i nd i v i dual  wh i l e  they l as t .  

Depre s s i ve d i s order s  are mar ked by d i s turbanc e s  of  mood whi c h  c a n  caus e  a 
great deal  of  deb i l i tati ng  d i s tre s s  for the  aff l i cted per s o n . Depre s s i o n i s  
character i zed by a dejected mood , l os s  o f  de sire to do t h i n g s, ge neral  t i red
nes s, and i nab i l i ty to concentrate . I t  can be  a s i gn i f i cant  pro b l em t h a t  
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s e r i ously i nte rfe res wi th an i nd i v i dual 1 s everyday functi o n i n g .  Wi th the 
i nten s i fi cat i o n  o f  a dejected mood , the i nd i v i dual o fte n l o s e s  i ntere s t  i n  the 
wo r l d ,  and l ac ks the mot i vati on  and desi re to get i nv o l ved i n  tasks . The 
f utu re l oo ks b l eak , and the pers o n  beli eves  that noth i ng can be  done to change 
thi s condi tion. Moreove r ,  the dep re s sed i nd i v i dual may o ften  expe r i e nce 
c ryi ng  spe l l s, l o s s  of  appeti te ,  we i ght , s l eep , and s exual  de s i re ,  and a 
des i re to avo i d  peop l e .  

I t  has been e s t i mated that a s i gn i f i cant porport i on  o f  the  popu l at i o n  (up to 
20%) may be espec i al l y  s us cept i b l e  to ac ute o r  chro n i c stre s s  and to psycho
l og i cal d i s o rders or  de f i cits caused  by stre s s  ( Mears and Gatc he l , 1979). I n  
other words , one  m i ght expect up to a f i fth of  a popu l at i o n  to expe r i ence 
conti n u i ng p rob l ems as  a res u l t o f  a majo r l i fe stre s s o r. T h us , the f i nd i n g  
( con s i dered i n  the next secti o n )  that 10-20% o f  the re s i de nts o f  the TMI area 
( e. g . , Houts e t  al . ,  1980) i s  s t i l l  experi e nc i ng s ome p sycho l og i cal symptoms 
as a re s u l t o f  the TMI acc i dent , i s  not nece s sari l y  o u t- o f- l i n e wi th what 
wou l d  be expected . 

Nonpatho l ogi c, b ut general l y  negative psyc ho l og i cal c o n s equences  o f  s t re s s , 
are not as seve re or  deb i l i tat i ng as thes e  11 c1i n i cal 11 c o n s eque nces . Howev e r, 
dec rease s  i n  p rob l em- so l v i ng ab i li t i es ,  i nc reas e s  i n  gene ral negat i v i ty ,  
i mpat i ence , i rr i tab i l i ty ,  fee l i ngs of wo rthl e s s nes s , and emot i onal i ty may all 
accompany a s t re s s  respo n s e . 

F .  P hysiol ogi cal E ffects  o f  Stre s s  

The effects o f  stress are not l i mi ted to the m i nd. The  f u n c t i o n i ng o f  the 
body may al s o  s u f fe r .  As sugges ted by Se l ye ,  stre s s  may , under  c h ro n i c 
condi t i o n s , overwhe l m bodi ly  res i stance and cau s e  o r  p red i spose the o rgan i sm 
to i 11 ne s s. 

Stres s ,  by act i vati ng  the p i tui tary and adrenal g l ands , i s  as s o c i ated  wi th 
i ncreased secreti on  of adrenali n and noradrenal i n . T h e s e  catec ho l am i nes  i n  
turn i nc rease car i ovasc u l ar re spond i ng ( heart rate , b l ood p re s sure, etc . ) and 
i nc reas e res p i rati on, persp i rati o n , and othe r bo i d l y  functi ons . Thus , i nc reas e d  
l eve l s  o f  catecho l am i nes  and i nc reas ed p hys i o l ogi cal react i v i ty are as soc i ated 
wi th  stre s s . Thi s stre s s - re l ated aro usal  has been  exp l ai ned  i n  term s  o f  the 
res i stance to stre s sors ; i nc reased adrenal i n ,  no radre nal i n ,  and correspond i ng 
sys tem i c change read i e s  the organ i sm to f i ght  the stre s s o r  o r  fl ee  from i t  
( e . g . , Cannon, 1931) . C h ron i c  arousal and c h ron i ca l l y  e l evated l eve l s o f  
ad rena 1 i n  and noradrena 1 i n  may exe rt a t o  11 i n  wear a n d  tear o n  t h e  card i a
vas c u l ar, renal , gastro i ntes t i nal o r  res p i ratory systems and may re s u l t i n 
i l l ne s s  or  death ( e . g., Pau l us , McCai n ,  and Cox , 1978; Warhe i t, 1974). F o r  
exampl e ,  re search co nducted at t h e  Kennedy Space Cente r  i n  F l o r i da s t ud i e s  the 
e ffects o n  emp l oyees  under a numbe r  o f  co n f l i ct i ng p re s s u re s  over a re l at i ve l y  
l ong per i od o f  t i me .  Increas ed al coho l i sm ,  d i vorce, and p e rsonal d i ffic u l ty 
i ncreased as p re s s u re to comp l ete theCenter•s m i s s i o n inc reased , and emp l oyees  
s howed a spontaneou s  r i s e  i n  s udden death rate s ( e. g . , E l l i ot and  B ue l l ,  
1971) . Of course , the magnitude and nature of  t h i s s tre s s or i s  d i ffe re n t  from 
thos e  we have been cons i de r i n g .  However , more comparab l e  stre s s o r s  have  bee n 
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li n ked to d i s eases s uc h  as co ro nary heart di s ease, hype rte n sio n , gas t r i c 
ulcerat i o n , atherosclerosis , and arthr i t i s ( e. g. , G l ass ,  1976; Kasl and C o b b , 
1970) . 

G .  Summary 

Stress i s  a syndrome of arousal and res i stance evo ked by a t hreat of harm or 
los s .  Psychological app rai sal of s tress o rs l eads to activat i o n  of the p i tui 
tary and adrenal glands ,  to inc reased p hysiologi cal arou s al ,  and to attemp t s  
to cope with and overwhelm the stres so r .  Succe s s ful copin g  o r  the spo ntan e o u s  
eli m i nat i o n  or term i nat i on o f  a stre s s o r  wi ll e n d  t h e  s t res s respons e , and 
phys i olog i cal and psycholog i cal  respo ndi ng wi ll return to 1 1 normal. " Unsucce s s 
ful cop i ng o r  a prol onged o r  repeated exposure t o  a stre s s o r  wil l result i n  
c h ro n i c  elevat i ons  of b od i ly re spond i ng ,  continued psychologi cal p rob l ems , and 
pos s i ble compli cati ons . · 

The s trength o f  the stre s s  response i s ,  o f  course , an i mpo rtant determ i nant o f  
these  e ffects.  High magnitude s tre s s ors o f  an  acute nature are pote ntial ly 
more arous i ng and di s rupt i ve than l ow- le v e l  s tres so rs. Chroni c low-l eve l 
s tres s , h owever , may i ncrease the consequences fo r p sycho l ogi cal and physi o
logi cal function. Hi gh  magn i tude acute stress followed by a recovery pe riod 
characterized by low-le v e l  stre s s  may be even more deb i l i tati ng .  It appears  
that the current s i tuati o n  at TMI  i s  mos t li ke t h i s l ater  cas e  where  the  
acci dent and i mmed i ate afte rmath were h i ghly stre s s fu l  and  short-l ive d  but the 
recovery peri od  was c haracterized by cont i n u i ng u nce rtai nty and threat at 
c n s i derably lowe r leve l s . 

Based o n  th i s  dete rm i natio n  and the rev i ew we have just pre s e nted , seve ral 
general conclus i on s  abo ut stress and the situat i on  at TMI can be  drawn : 

1. The accident at TMI was an ac ute stre s s o r. The threats by the 
accident were seve re b ut s h o rt-li ved ; the eme rgency per i od o f  two 
weeks  was followed by reduct i on of  the danger ass o c i ated wi t h  the 
plant. Thus , one  m i ght expect an acute stre s s  response  .by residents  
o f  the TMI area and some fract i on o f  the s e  re s i dents to experience 
cont i n u i ng p robl ems . 

2. Whi l e  one would expect most  res i dents to recove r  f rom the stre s s ful 
e ffects o f  the acc i dent, the continue d  unce rtai n ty characte riz i ng 
the p l an duri ng the post-accident peri od may have i nterfe red with 
recovery . As  a result of this chron i c  condi t i o n  o f  uncertai nty, 
peopl e who might normal ly recover might i ns tead expe r i e nce continued 
probl ems .  Thu s , the number o f  people s uffe r i ng f rom p sycho l ogical 
stress as a res ult o f  the accident and aftermath sho u l d be greater 
than one wo uld expect  from a majo r acute stre s s o r .  

3. A l though  those resi dents expe r i enc i ng stress are a m i n o rity o f  a l l 
res i dents , it is li ke l y  that even those  who do not expe r i ence  
symptoms o f  s t re s s  may have been rende red les s  ab l e  to cope w i th 
s ub seque nt s t res s o r s . S i nce p�rsistent exposure to s tressors with 
which  people can cope seems to reduce ab i li ty to cope i n  the future , 

-12-



i . e . , s ucces s fu l cop i ng exacts  costs ,  i t  s hou l d b e  expected that 
most re s i dent s  have exper i e nced at l east  a mode s t  decrease  i n  cop i n g  
reserves . As t h e  l en gth o f  t i me dur i ng wh i c h re s i dents  are uncer
ta i n o f  what threats may s t i l l  exi st at TM I i ncreas e s , the i r  ab i l i ty 
to cope w i th i ndependent or re l ated prob l ems s hou l d decrea s e  s omewhat . 
To l erance  for fru s trati on , s ucce s s  at prob l em s o l v i ng ,  and other 
adapt i ve behavior may suffer . The occurre nce o f  an  acute s tre s s or , 
be i t  l os s  of  a job or a n  acc i denta l l ea kage of  Kr-85 from TM I , 
cou l d  there fore have much more s erious  conseque n c e s  than  i f  TM I 
resi dents were not c hronica l l y stre s s e d .  Perce i ved  l ac k  o f  contro l 
over events  at TM I wou l d a l s o  i nte n s i fy s uc h  s tre s s . 

4. Effects  of  the cont i n u i ng s tre s s  at TMI s hou l d pr i mar i l y  be  re s tr i c
ted  to those  1 1 at r i s k1 1  for s tre s s--peop l e  more suscep t i b l e to the  
effect s  of  s tressors . Th i s  port i on  of the res i de n t  popu l at i o n  
s h o u l d  s haw symptoms  o f  s tre s s , i nclud i ng c hro n i c aro u s a l ;  anxi e ty , 
emoti o n a l  upset , concern , depres s i o n ,  and s omat i c  d i s c omfort . 
E ffects cou l d s l ow l y  i nte n s i fy over t i me .  

The extent to which  any o f  the se  pos s i b i l i t i
-
e s  exi sts  can b e  parti a l l y  

determ i ned by exam i n i ng the  res earch that has spec i f i ca l l y  con s i dered 
respons e s  to TM I by area res i dents . By exami n i ng th i s  l i terature , t h o s e  
co nc l us i on s  t h a t  s eem appropr i ate can t h u s  be  u s ed to make pred i cti o n s  about 
a l ternat i ves  for decontam i nat i on  procedures  at TMI .  

I V .  RESEARCH O N  STRESS A T  THREE M I LE IS LAND 

A .  I ntroduc t i o n  

N o  one.wou l d  doubt that the  events  at Three M i l e  I s l and h a v e  produced s tres s , 
part i cu l ar l y  to persons re s i d i ng c l o s e  to the p l ant . A good n umber o f  re s e ar c h  
e f forts  have bee n  a t  l ea s t  part l y  concerned wi th  t h e  s hort- term or l o n g-term 
e ffects of that s tre s s .  Some of  the re s earc h  has been  of c on s i derab l y  q u a l i ty 
and has produced data that are acceptab l e  i f  rev i ewed by s c i e n t i f i c s ta ndard s . 
Other re search i s  more pre l i m i nary , l i m i ted i n  s cope , and o f  i nteres t  anecdot
a l l y  rather than  s c i ent i f i c a l l y .  A l though  the s um tota l of  t he s e  stud i e s  y i e l d  
somewhat te ntat i ve or pre l iminary fin d i ngs , we wi l l  here b e  concerned w i t h  t h e  
data that i s  ab l e  t o  wi t hstand a t  l e a s t  some s c i e n t i f i c s crutiny . 

B. Stre s s  A s s oc i ated W i th the Acc ident  

The dangers as s oc i ated wi th the TM I acc i dent  were commu n i c ated to the  l oc a l  
residents  by s tatements of var i o u s  o ffi c i als , by t h e  medi a a n d  b y  the  t hreat o f  
an  upcoming o ff i c i a l evacuat i o n .  T h e  major i ty o f  t h e  re s i dents  were aware o f  
the danger and too k i t  s e r i o u sly: The  var i o u s  s tud i e s  app e ar to agree that 
about two-thirds (from 66% to 70%) of  the l oc a l  pop u l ati o n  p erc e i ved the TMI 
s i tuation  as a ser i ous  t h reat at the t i me of  the  cr i s i s .  About  the s ame  n umber 
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o f  perso n s  vi ewed the events as dange rous.* Some gro ups,  howev e r, appear to 
have been partic u l ar l y  concerned about  the s e  dangers ; p regnant women, mot h e r s  
o f  young c h i l dren (and to s ome degree females i n  genera l ) ,  s tudents,  a n d  tho s e  
wi th  h i ghe r educati onal l evels were more sens i t i ve t o  the threat p o s e d  by the 
acc i dent. Of course, the degree of upset was , i n  most cas es,  higher amo n g  a l l 
groups the neare r to the TMI l ocation  they l ived. 

I n  part, evacuat i on may be  vi ewed as  an indi cat i on of perce i ve d danger, o r  as  
a behav i ora l response to  this danger. Wh i l e  evacuati o n  o f  s ome res idents  was 
s ugges ted by the authorit i es and conseque n t l y  cannot s e rve a s  a n  i ndi cato r of 
concern ove r the TMI events, many o f  the evacuees l eft vo l u ntaril y .  More than 
two-thi rds o f  thos e  who evacuated vo l untar i l y  s tated that they d i d  so  becau s e  
they wanted t o  avo i d  fo rced evac uat i on (F l ynn, 1979) whil e other s  stayed eve n  
though they wanted t o  evacuate becaus e  they cou l d not l eave the i r job s  ( 64%) o r  
we re afra i d o f  l ooters  ( 34%). Nonthe l es s, the majo r i ty of evacuees appear to 
have l e ft becaus e  they v i ewed the situati o n  as dangerous ( up to 91%) .  I n  con
t rast, 14% of tho s e  who d i d not l eave s aw no or l i ttl e danger and 52% wanted to 
wa i t  for an offi c i a l evacuation  o rde r .  Amon g  tho s e  who d i d  n o t  l eave i n  great 
numbe rs were wo r ke rs who we re empl oyed by TMI. Onl y  24% of th i s  gro up appear 
to have con s i dered the s i tuat i on  dange ro u s  at the time o f  the acc i dent.  

Part of the reaso n  fo r the stress  wh i ch the l ocal pop u l at i o n  experi enced at 
the t i me of the acc i dent was due to con fus i on c reated by the fact that i nf o rma
ti on about  the acc i dent was i s s ued by many s o urce s  and was o ften contrad i cto ry. 
Al mo s t  three quarters o f  the l oca l  popu l at i o n  comp l a i ned that the i nfo rmat i on 
they rece i ved was con fusi ng. Th i s  proport i o n  was eve n highe r among the evac uees 
( F l yn n, 1979) . One conseque nce o f  th i s  confus i on was i ncre a s ed d i strust  o f  the 
autho ritie s i nv o l ved . For examp l e, the most d i strust  was expre s s ed toward Metro
p o l i tan Ed i s o n :  very few res i dents  thought that the info rmat i on p rovi ded by 
Met Ed was usefu l , compared to s l i gh t l y  more than ha l f the popu l at i o n  who fe l t  
that the informat i on pro v i ded by the Governor  o f  Pennsyl van i a  and by the NRC 
was usefu l . Th i rty-one percent thought favo rab l y  of  the i nfo rmati o n  conta i ned  
i n  s tatements by President C a rte r . ** The mos t  pos i t i ve fee l i ngs towards i nfor
mati on s o u rces we re fou nd toward l ocal rad i o and te l ev i s i on: abo ut two-t h i rds 
of those questi oned cons i dered report i ng by the s e  medi a as  use fu l . 

Not a l l groups we re pos i t i ve l y  d i s po s ed towards the medi a .  T h o s e  c l o s e r  to  
TMI were le s s  sati s f i ed with medi a report i ng than thos e  futher  away . Pregnant 

* 

** 

S i nce the di fferent que s tionnai re s and i nterv i ews u s ed i n  v a r i ous stud i e s 
o ften used  different tech n i que s to assess percept i ons  o f  danger, seriousne s s ,  
etc . , we wi l l  descri be t h e  f i nd i ngs i n  11gene ral11 ( s ummari z i ng) terms t h a t  may 
not prec i s e l y  re f l ect a l l o f  the que s t i ons  as ked but s h o u l d be genera l ly 
descr i pti ve and app l i cab l e. The same summariz i ng descri pti ons wi l l  be u s ed 
i n  l ater parts o f  thi s report . 

Greater trust i n  government s tatements was ob s e rved i n  o l der, l e s s  t r u s t  i n  
younge r persons . 
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women and students expres sed the greatest d i s sat i sfact i on wi th the med i a. 
Regard l e s s  o f  these  cr i t i cisms,  the l ocal medi a we re rel i ed on  most heavi l y  
for what was con s i dered re l i ab l e  informati on; more than two-t h i rds o f  tho s e  
affected s tated that the i nformat i on o n  wh i ch thei r dec i s i o n s  we re based  was 
obtai ned from l ocal medi a, pr i mari l y  from rad i o stat i ons . 

As we imp l i ed ear l ie r, s ome s ources o f  i nfo rmat i on were vi ewed wi th d i str ust, 
and pub l i c  con f i dence i n  these  o rgan i zati ons  suffered as a res u l t o f  the acc i 
de nt. Th ree q uarte rs o f  the l ocal pop u l ati o n  stated that the i r  trust i n  Met Ed 
dec reased because o f  the acc i dent . On l y  two percent ended up wi th more conf i 
dence. Tru st i n  government handl i ng of nucl ear powe r a l s o  decreased, but not 
to the s ame degree : 43% of  those q uesti ons s tated that thei r l eve l of  confi 
dence dec reased, 4% reported an i ncrease . I n  one  study ( Krayb i l l , 1979) more 
than half of those  ques t i oned i nd i cated that they d i d not fee l they had been 
tol d the truth about c i rcumstances s urround i ng the acc i dent . Nonethe l es s ,  
(among a l i mi ted subpop u l ati on)  mo re tan two-thi rds app roved of  gove rnment 
handl ing of the  cri s i s. The major credi t fo r p u b l i c  confi dence i n  the gove r n
ment seems due to the actions and s tatements  o f  the Governor  o f  Pennsy l vani a. 

Anothe r s ource  o f  d i s tress duri ng the acc i dent was confus i o n su rro u n d i ng what 
peop l e  s ho u l d do . It became q u i te cl ear to many as  the acc i dent u n fo l ded that 
there was no mean i ngfu l  and e ffect i ve emergency p l an wh i ch wou l d, fo r example, 
as s ure the succes s ful evacuati on  and care o f  the l ocal  popu l at i o n  i n  the event 
that an emergency d i d  occur . F urther, many re s i de nts fe l t  that the s c i enti sts 
i nvo l ved i n  the operation, contro l ,  and s upervi s i on of the TMI p roject at the 
time of the acci dent appeared to d i s agree wi th each other, and, con s equent ly, 
coul d not be trusted to ma ke the appropr i ate dec i s i on s . Effect i ve contro l o ve r  
events a t  the p l ant was seen  a s  l ow or lac k i ng . One resu l t has bee n a dec r ea s e  
i n  the previo us l y  more o r  l ess  favo rabl e att i tude s  toward nuc l ear power.  In 
one samp l e  ( reported by Krayb i ll ,  1979) , 43% of the popu l at i o n  came away f r om 
TMI wi th less favorab l e  atti tudes toward nuc l ear power (wh i l e  o n l y  4% f e l t mo re 
favorab l e  after the acci dent ).  Nonethe l e s s ,  62% of thos e  as ked s t i l l  s upp o rted 
n uclear energy ( wi t h  27% opp o s ed) . F i fty-e i ght pe�cent o f  tho s e  as ked i n  a 
50-mi l e  rad ius we re i n  favor o f  re s tarti ng TMI ,  but more than h a l f o f  these 
wanted stri cter safety standards i mposed f i r s t. Th i rty-s i x  percent object e d  
t o  a re-start . I n  t h e  H o u t s  et  al . (1980) s amp l e ( s trati f i ed by dis tance) 
obtained n i ne months after the acci dent, it becomes evi dent that those object
i ng to re-start i ng the n uc l ear ene rgy p l ant at TMI are those l i ving c l o s est to 
i t: about 60% wi th i n  the 5-m i l e  concentri c ci rc l e  around TMI o bjected, about 
50% i n  the 6-15 mi l e  radi us, about  40% betwe e n  16 and 25 m i l e s,  wh i l e, o n l y  
about 30% who l i ved beyond 25 m i l es had objecti o n s . Howeve r, o n l y 16% o f  the 
populat i on wi th i n  a 15-m i l e  rad i u s  s tated that they may cons i de r  movi ng e l se
where if TMI i s  reopened as a n�c l ear faci l i ty .  To s ummarize : the pe rce i ve d  
danger and threat posed by the p l ant (as pe rce i ved) , i n  comb i nat i o n  with con
fus i on, di s trust, and the stre s s fu l  effects of evacuat i on and the  u ncertai n ty 
and potenti al l os s  of f i nanc i a l  securi ty may b e  cons i de red as s o u rces  of str e s s  
that m i ght lead t o  psyc h o l ogi ca l ,  p syc h i atr i c,  o r  med i ca l prob l ems.  

C .  Effect s  o f  the Stress Expe r i ence  

Stre ss  exper i e nce can res u l t  in  p sycho l ogi ca l , s oc i al ,  psyc h i at r i c, and  
p hysi ological -medical  outcomes.  In  a l l of  these areas we  may b e  ab l e  to 
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d i s t i ngu i s h  between  symptoms ( comp l a i nts by the person  that he  i s  not funct i on
i ng normal l y  o r  fee l s i l l )  and actual  ma l funct i o n i ng and/o r  d i sease  and p hys i o
l og i ca l  damage as an effect of expe ri enced stre s s .  

There i s  c u rrent l y  no ev i dence o f  stre s s - i nduced phys i o l og i c a l  o rgan damage as 
a re s u l t of  TM I stres s ; however, s uc h  damage wou l d  typ i c a l l y  not become e v i dent 
i n  s uc h  a s hort t i me peri od and cannot cons equen t l y  be ru l ed o ut .  Howe v e r, 
more phys i o l ogi ca l  symptoms ( comp l a i nts of a med i cal  nature ) were rep o rted  by 
peop l e  l i v i ng near TMI i n  compar i so n  to those  l i v i ng further away . The s e  
i nc reases  ave rage abo ut 10 to 12% wi thout any app rec i ab l e effect o f  t i me o n  
those  repo rts . The same appears t o  b e  true fo r p sycho l og i c a l  and p sych i at r i c 
symptoms, a l though there i s  s ome e v i dence that i nc reases  i n  s uc h  p rob l em s  were 
repo rted i n  January 1980 ( i n  compa r i son  to J u l y  1979). 

The use of p syc h i atri c meas u reme nt s c a l e s  de s i gned to refl ect  p syc h i at r i c p rob
l ems has re s u l ted i n  mi xed fee l i ngs . Some researchers report no  d i ffe re nce s  
between  persons  l i v i ng near TMI a n d  tho s e  l i v i ng furthe r away . Oth e r  res earchers  
d i d obta i n d i ffe rences i n  anx i ety and dep res s i on .  B romet • s (1980) fi n d i ngs 
s ugge s t  that d u r i ng or  s ho rt l y  after the acc i dent abo ut one-th i rd of the l oc a l  
mothers ( o f  sma l l c h i l dren ) s howed s i gn s  of depres s i o n and anx i ety compared t o  
o n l y  14% o f  mothers a t  a comparab l e  nuc l ear fac i l i ty .  On l y  a b o u t  h a l f o f  those  
mothers s howi ng symptoms of anxi ety o r  dep re s s i o n ment i oned the fac i l i ty a s  
the cause  o r  one  o f  t h e  cau s e s  fo r the i r p rob l ems . Genera l l y, howe v e r, a b o u t  
o ne-fi fth of the popu l at i on  was affected beyo nd what m i ght be expected near  any 
nuc l ear p l ant . S i x  months l ate r, B romet found that d i ffe rence s betwe e n  t h e  
popu l at i o n  n e a r  TMI a n d  n e a r  the compa r i son  p l ant h a d  l arge l y  d i s appeare d . 
These  sma l l and temporary effects  seem to s ugges t  that the p rob l ems p roduced 
by the TMI acc i dent i n  the areas of anx i ety and depres s i o n s eem to have been  
l i m i te d .  P re l i m i nary ana l y s i s  of i tems on  sca l e s  meas u r i ng anxi ety, dep re s s i o n, 
etc. , appears to s ugge s t  that s ome may we l l ex i s t, s ugge s t i ng that l i v i ng near a 
nuc l ear fac i l i ty and hav i ng exper i enced the c r i s i s  may be a s s oci ated wi t h  d i s 
tre s s  a n d  symptom report i ng .  

D .  D i s tance from TMI 

The c l o s e r  a person • s res i dence i s  to TM I , the greater the l ev e l  of s tres s that 
he o r  s he seems to have expe r i enced . The l eve l  of stre s s  appears to  decrease  
s l i ght l y  from 5 to 10 to  15 m i l e s from the p l ant, s hows a majo r d rop aft e r  15 
m i l e s and then dec reases  aga i n from 16 to beyond 40 m i l es from the  p l ant  ( Houts  
et a l . ,  1980). 

E .  Effects of Ti me 

Several  sources  have concl uded that s t re s s  l eve l s returned to 11norma l 11 after  
s ome mo nths . Recent reports s uch as  the one  p repared by Houts  and h i s as s oci 
ate s ( 1980) s ugge s t  that these  co ncl u s i o n s  may have been  s omewhat p remat u re .  
Wh i l e  i t  i s  true that scores refl ect i ng the percept i on of dange r, the l eve l of 
up s et, the d i strust  i n  autho r i ty, ar.1d the  objecti on to n ucl ear  powe r a l l 
decreased duri ng the months fo l l owi ng the acc i dent, the s e  scores  d i d not  reach 
11normal 11 or base l i ne l eve l s deri ved from peop l e l i v i ng more than  40 m i l es from 
TMI ( Houts et a l . ,  1980) . 
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Meas u rements o f  stre s s - rel ated symptoms i n  the v i c i n i ty o f  TMI do, for  examp l e ,  
s how that thos e  l i v i ng wi thi n 15 m i l e s of the p l ant we re s t i l l  very concerned 
about potent i a l  rad i oacti ve emi s s i o n s  (41%) ,  even though that n umber had 
decreased  ( from 61% duri ng the c ri s i s )  s i nce the acc i de nt  ( F l ynn, 1979 , Houts 
et a l . , 1980 ) . About ha l f the l oca l  res i de nts s t i l l  con s i de red the p l ant 
11 dangero u s 11 after severa l months ( down from two- th i rds dur i ng the  c r i s i s) .  
S i mi l a r l y, just over 40% cons i dered TMI to be a threat to the  s afety o f  t he i r 
fami l i e s  i n  J u l y, a f i g ure that dec reased to ju s t  u nde r 40% i n  January 1980 
( down from about 70% i n  t he s ame 10- m i l e  radius dur i ng the c r i s i s ) .  The s e  
v a l ues  are about  30 percentage p o i nts  h i gher than respo n se s  obta i ned beyond 40 
mi l es from the p l ant . At these  t i me s  i t  i s  l i tt l e  s urpr i s e ,  then, that l ocal 
res i dents (wi th i n  a 15-m i l e  radi u s )  conti nue to b e  upset  about TMI .  D u ring 
the t i me o f  the acc i dent, the percentage o f  pers o n s  ups e t  was 42%- 52% h i gher 
near the p l ant than i t  was beyond 40 m i l es from TMI .  That perce ntage d i ffe r e n 
t i a l  h a s  decreased  to 15% duri ng t h e  fo l l owi ng months .  Nonethe l es s, t here 
s t i l l  i s  a d i ffe renti al . 

I t  appears, then, that persons  l i v i ng near TMI exper i ence h i gher  l ev e l s o f  
c h ron i c s tress a s  compared t o  thos e  l i v i ng far (more than 4 0  mil es )  f rom t h e  
p l ant . The mos t  obv i ous  exp l anat i o n  wou l d b e  the acc i dent  expe rie nce and t he 
cont i n u i ng threat of  potent i a l rad i oacti ve re l eases  from TMI . Cont i nu i ng 
uncertai nty i n  the abs ence of any steps to c l ean  up the p l ant or to stabil i z e  
i t  may gradua l l y  i ntens i fy res i du a l  e ffects of  t h e  acc i dent . A l ternati ve l y, 
the stre s s  exper i enced at TMI may be  s i m i l ar to the stre s s  expe ri enced  by 
those  l i v i ng near any n u c l ear p l ant (parti c u l arl y after the  TMI acc i de n t  h a s  
s h own t h e  potenti a l dangers i nvo l ved) o r  near any fac i l i ty that m i gh t  b e  
hazardou s  ( as s ugges ted by B romet ,  1980 ) .  Stre s s  experie n c e s  ( and t he i r 
potenti a l  con sequences )  may be s hared by person s  l i vi ng near any n uc l ear 
fac i l ity or near any hazardo u s  operat i o n . 

F .  Characteri st i cs  o f  the Stre s s ed I ndi v i dua l 

Before we deal  wi th s ome o f  the p otent i a l
· 

c haracte r i s tic s  o f  the person  expe r i 
enc i ng stre s s ,  we s hou l d empha s i ze that the inc i de nce o f  s t re s s  exp e r i ence 
s everal  months after the TMI  acc i dent i s  not s urpri s i ngl y great . Wh i l e  s ome 
persons  we re ab l e  to reduce the threat of dange r or  i ns u l ate thems e l ves from 
potenti a l  consequences of a d i saster by the be l i ef that whateve r  m i ght happ e n  
wou l d  b e  i n  God 1 s hands (69 . 6% o f  tho s e  who d i d not evacuate i n  the i mmedi ate 
area), mos t  peop l e  d i d ( and  to s ome degree sti l l  do ) perce i ve danger as s o c i ated 
wi th TMI . Nonethe l ess , the persons  reporti ng one  o r  mo re p hy s i cal o r  behav i o ra l  
symptoms are not exceedi ng the popu l ati on beyond the 40 m i l e s d i s tance by much 
more than 10 to 15% and may not b e  very d i ffe re n t  from pers o n s  l i v i ng near 
unprob l emat i c  n uc l ear p l ants e l s ewhere . Among mothe r s - - one  o f  the mo re stresse d  
groups- - anx i ety and depres s i o� at TMI v s . another nuc l ear p l ant d i d exceed  t h e  
expected  va l ue near n uc l ear  p l ants by 20% but dropped s ha rply  by fal l o f  that 
year .  

I t  may be o f  i nteres t  to focus- - to the degree poss i b l e  wi th the l i m i ted data 
we have to date- - o n  the c haracte r i st i c s  o f  the person who d i d  expe r i ence  
s tress and  d i sp l ayed stres s  symptoms . I t  appears that those who  con s i de r  TMI 
dangerous are more l i ke l y  to expe r i ence stre s s - re l ated symptoms than thos e  who 
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v i ew the p l ant as safe o r  as l e s s  dange ro u s . They are mo re l i ke l y  to  b e  thos e  
persons  who e vac uated and trave l ed potent i a l l y  further when they d i d l eave . 
They are m o s t  l i ke l y  not the emp l oyee s  o f  the nuc l ear fac i l i ty i ts e l f u n l e s s  
they we re emp l oyed temporari l y  at the ti me o f  the acc i de n t .  Wi tho u t  ques t i on,  
thes e  are peop l e who are more s e n s i t i ve to stre s s  and re spond more s e v e re l y  to 
stres s i ng c o nd i t i on, probab l y  any stres s i ng s i tuat i o n .  No nethe l e s s ,  we s ho u l d 
be care f u l  to avo i d  l ab e l i ng the s e  persons  as  abnorma l . These  peop l e are  
typ i c a l l y  n o rma l functi o n i ng peopl e  who have a s e r i o u s  l ev e l  o f  concern  that 
is produc i ng l i m i ted symptoms . 

G .  Conc l u s i ons  

The f i ndi ngs  o f  many studi es  now ava i l ab l e  s ugge st that our  hypothe s e s  about  
pos s i b l e  s tre s s  amo ng res i dents o f  the TMI area  are  u s e fu l . These  s t u d i e s  
f i nd l i m i ted e ffects o f  stre s s  i n  the TMI area . Re s i dents s how more symptoms 
of s t re s s  nea r l y  a year after the acc i dent than one wo u l d  expect i n  the absence  
o f  a s t re s s o r .  Stre s s  was more p rono u nced i mmed i ate l y  after the acc i de nt, b u t  
cont i nues  as  a l ow magn i tude p rob l em fo r a sma l l segment o f  the popu l at i o n .  
There i s  s ome e v i dence o f  gradual  i ncreases  i n  stre s s - re l ated symptom repo rt i ng  
as  ti me pas s ed, but fo r the  mos t  part  it  appears that s t re s s  l eve l s are  b e l ow 
tho s e  o f  a year ago . Thus , i t  may be conc l uded that a l though not s e v e re,  s ome 
stre s s  cont i nues  as a jo i nt product o f  the acc i dent and the  unce rta i n ty of the 
s ucceed i ng yea r .  I t  i s  therefore po s s i b l e that cont i nued uncerta i n ty i n  the 
abs e nce o f  decontam i nat i on  procedures o r  s teps to c l ean up the s i tuat i o n  may 
further tax res i dents • ab i l i ty to cope . The que s t i on , 11How much mo re o f  th i s  
can we take? 11 becomes a centra l one , and i t  appears that , i f  s teps to  reduce 
uncerta i nty and stre s s  can be accomp l i s hed s afe l y, they s ho u l d  be taken  as 
qu i c k l y  as  i s  feas i b l e .  

Many o f  the peop l e  l i v i ng near TMI a re conce rned ; s ome o f  them are s t i l l  
fri ghtened and angry .  I f  there are dange rs a s s o c i ated wi th any act i o n  taken 
wi th regard to TMI ,  peop l e l i v i ng i n  the v i c i n i ty s h ou l d be g i ven  e n o ug h  
i n fo rmat i o n  t o  ma ke i nte l l i gent dec i s i ons o n  how t o  respo nd . They s ho u l d  be 
i n fo rmed about the progre s s  o f  the s i tuat i o n  and about what expectat i o n s  are 
fo r future events at TMI and future l i fe i n  the area . They s ho u l d b e  g i v e n  
s ome s ay ( co ntro l ) about the upcom i ng events,  a n d  they s ho u l d be ab l e  to turn  
to  one  s i ng l e source wh i ch p rov i de s  a re l i ab l e, truthfu l ,  and autho r i tat i ve  
( trustworthy) s o u rce o f  i nformat i on and reas s urance . 

The rema i nde r o f  th i s  report wi l l  c o n s i der the l i ke l i hood o f  stre s s  c ha nge 
( e i ther  i nc rease o r  decrease) as  a funct i o n  o f  the a l ternat i ves  for deco ntam i na
ti o n  o f  the reacto r b u i l d i ng atmosphere ( NUREG-0662) . 

V .  PSYCHOLOG I CAL E FFECTS OF D ECONTAMI NATION ALTERNAT I V E  

A .  I ntroduct i o n  

T o  s ummari ze, i t  appears that
'

majo r upheava l s  and stre s s  d u e  t o  catac l ys m i c 
eve nts are re l ati ve l y  s ho rt- l i ved--o nce the event i s  over, stre s s  i s  reduced 
cons i de rab l y .  The re may be s ome l onger l as t i ng consequences  o f  s uch an o c c u r
rence, but for the mo st  part, once  the event i s  over, n o rma l functi o n i n g  
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return s .  Acute ( s ho rt- term) stre s s  i s  a prob l em p r i mari l y  d u r i ng .  the occurrence 
of  a stre s s f u l  event . The TMI acc i dent repre s e nted s uc h  an event-- the two-we e k  
eme rgency peri od aro u s ed a great deal o f  stre s s  among res i dents  whi c h  s hou l d 
have d i s appeared , for the most part , w i t h i n severa l month s .  However , afte rmath 
o f  the acc i dent pers i s ts ;  radi oact i ve Kr-85 rema i ns i n  the reactor b u i l d i ng 
and the reacto r i s  s t i l l  i n  a cr i pp l ed s tate . Res i dents be l i eve  that the re i s  
s t i 1 1 dange r .  Thus , the TMI acc i dent s eems to have  e ngendered an aftermath o f  
l ow- l ev e l  c h ron i c ( l o ng- term) stre s s . Th i s i s  i nd i cated by many o f  t h e  p ro
vent i ng l etters  rece i ved ; peop l e  are aware o f  the u n s tab l e and potenti a l l y  
dangerou s  consequences  o f  conti nued de l ays  i n  decontam i nati o n . Many l ette r s  
i nd i cated that peop l e wo u l d not fee l s afe unti l t h e  reactor i s  decontami nated 
and the p l ant s hut  down . 

Thus , i t  can be conc l uded that one reas o n  for cont i nued s tres s among TMI area 
res i dents i s  the fact that decontami nati o n  has not yet been accomp l i s he d .  I t  
i s  a l s o  reasonab l e to as s ume that s ucces s fu l  decontam i nat i o n  o f  the reacto r , 
once i t  i s  accomp l i s hed , wi l l  reduce s ome o f  the s tre s s  expe r i e nced by s ome 
res i dents . As  the reactor approaches  1 1 n orma l cy" o r  a s tab i l i zed , non- threaten i ng 
s tate , s t re s s  s h o u l d abate . Thus , i n  add i t i on to the s tated reasons  for 
decontam i nati o n , o ne cou l d add that i t  wi l l  p robab l y  reduce p syc ho l og i ca l  
stre s s  o nce it  i s  compl eted .  By remov i ng the s o u rce o f  conti n ued threat a n d  
dange r ,  t h e  harmfu l e ffects of  l i v i ng near TMI ( i n  terms of s tre s s )  s ho u l d be  
l es s e

'
ned . Howeve r , d u r i ng the decontam i nat i o n  peri od , stre s s  may temporar i l y 

i nc reas e .  Th i s  i s  due to ( a )  the fact that someth i ng i s  occ u r r i ng after a 
year o f  i nacti v i ty and ( b )  the l i ke l i hood that deco ntam i nati on procedures  wi l l  
present  new threats ( o r  perce i ved threats ) that have not been p rom i nent  concerns . 
For examp l e ,  venti ng o f  Kr- 85 i nto the atmosphere wi l l  be p e rce i ved to p resent  
a new source o f  dange r to res i dents- - the pos s i b i l i ty that  they wi l l  be exp o s e d  
t o  add i t i onal  rad i at i o n .  Wh i l e  t h e  decontam i nat i o n i s  be i ng accomp l i shed , 
the s e  new concerns wi l l  be s a l i ent .  H oweve r ,  the s e  too  s hou l d d i s appear once  
decontami nati o n  i s  accomp l i s he d .  

B ,  Reactor Bu i l d i ng P u rge 

As out l i ned i n  NUREG- 0662 , atmospher i c p u rg i ng offers a numb e r  of advantage s ;  
the system i s  an ex i s t i ng one and therefore decontam i nati o n  cou l d be  accom
p l i s hed more rap i d l y .  I n  addi t i o n , t h e  document i nd i cate s that acc i denta l 
dose i mpacts are smal l � that such a p urge cou l d be  contro l l ed ,  and that re l ea s e  
c a n  be ma i nta i ned wi th i n Fede ral regu l at i ons . The p r i mary d i s advantage o f  
th i s  a l ternat i ve may be the i mpact o f  res i dents • i nterpretati on o f  the e ffec t s  
o f  re l eas i ng radi oact i ve gas i nto the atmo sphere . P syc ho l og i ca l  stre s s  res u l t
i ng f rom t h i s i nterpretati on  i s  very l i ke l y .  

There i s  one stre s s - reduc i ng ( o r  potenti a l l y  stre s s - reduc i n g )  aspect o f  th i s  
a l ternat i ve .  The decontami nati on  o f  the reactor wi l l  reduce stre s s  and the  
mo re rap i d l y  th i s i s  accomp l i s hed , the more  rap i d l y  s tres s may be reduced . I n  
addi ti o n , the l onger the de l ay i n  decontam i nati ng the reacto r ,  the greater i s  
the l i ke l i hood of add i t i ona l uncontro l l ed o r  acc i denta l  re l eases  of  rad i at i o n .  
The very nature o f  these  acc idents , the i r i mage o f  u nc o ntro l l ab i l i ty ,  wi l l  
p robab l y  he i ghten stre s s  responses  to them .  Such uncontro l l ed re l eases c a n  be 
i nterp reted as ev i dence that those  runn i ng the reacto r cannot c ontro l i t ,  that 
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there has  b e e n  rad i a ti on  e s cap i ng a l l a l ong . Whether  the s e  i nterpretat i o n s  
are c o rrect  i s  not a n  i s s ue .  When i nvo ked , they wi l l , i n  a l l l i ke l i ho o d , l ead 
to s t re s s . Therefo re , m i n i m i z i ng the potent i a l  for acc i de nta l re l ea s e s  o f  
Kr- 85 i nto t h e  atmo sphere s ho u l d reduce d i stre s s  o r  p revent  i nc reas e s  i n  
stres s .  

Desp i te t h e  fact that the rap i d  atmo s p he r i c decontami nat i o n  o ffe red by reactor  
p u rg i ng  wo u l d  1 ead to stab n i zat  i o n mo re rap i d l y , there are a n umbe r of  factors  
that  s h o u l d re s u l t i n  i nc reased stre s s  d u r i ng purg i n g .  Peop l e  are  f r i g h te ned  
by the  prospect  o f  expo s u re to  rad i oact i v i ty .  The bomb- s h e l ter  s cares  o f  two 
decade s ago are s t i l l  re l evant to many peop l e ,  and , for the  l as t  35 y e a r s , 
peop l e have been  exposed  to horror s to r i e s  about rad i at i o n  rang i ng f rom reports  
of  b i rth  de fects , i l l ne s s , and death i n  Naga s a ke and H i ro s h i ma to mov i e s  and  
nove l s abo ut  mutants  and  the end  of  the  wo r l d .  An  e n t i re ge n e rat i o n  o f  Ame r i 
cans  h a s  n ow been  rai sed  d u r i ng  the 1 1 atom i c e ra 1 1  and has l i ved  wi th 1 1 t h e  b omb 1 1  
fo r t he i r e n t i re l i ves . Desp i te the s afety records o r  peac e f u l  p u rpo s e s  o f  
muc h n uc l e a r  tec hno l ogy ,  s ome of  the fears and doubts  peop l e have abo u t  t h e  
safety o f  the  wo r l d from nuc l ear weapons  wi l l  ge nera l i ze to non-m i l i tary u s e  
a s  we l l .  To s ome extent , many Ame r i cans  have doubts  abo u t  n u c l ear powe r and  
whether  i t  i s  safe to u s e . 

T h i s i s  apparent i n  re search  o n  r i s k  pe rcepti o n- - nuc l ear p l ants  are s e e p  by 
Ame r i c a n s  as far r i s ki e r than  they are (S l ov i c ,  F i s c h o f f  and  L i chte n s te i n ,  i n  
pres s) . The  re l at i ve l y  dramat i c  nature o f  acc i dents  i nv o l v i ng nuc l ear  p owe r 
and the  grap h i c  not i o n s  o f  what nuc l ear  acc i de n t s  may enta i l .  can  l ead t o  a n  
exagge rated e s t i mate o f  dange r .  Peop l e s eem t o  j udge the s a fe ty o f  n u c l e a r  
powe r b y  d i fferent c r i te r i a than they j udge t h e  s afety o f  o t h e r  t h i n g s . T h ey 
seem more l i ke l y , fo r examp l e ,  to make j udgme nts  about n u c l e a r  p l ants  i n  t e rms  
of  the  1 1 wo r s t  po s s i b l e  acc i dent 1 1  wh i l e  t h i s d i s a s te r  s tandard i s  not  u s e d  to 
j udge the  s afety o f  other  act i v i t i e s or  tec h no l og i e s . The  i mpact o f  TM I , 
the n , s ho u l d be  v i ewed aga i n s t  the bac kdrop o f  p revai l i ng fears  abo ut  t h e  
r i s ks o f  n uc l ear reactors . I t  i s  po s s i b l e that s ome amo u n t  o f  stre s s  re s u l ts 
s i mp l y  from l i v i ng near a reacto r , regard l e s s  o f  whether  i t  ma l funct i o n s . 

The p u rg i ng  o f  the reacto r b u i l d i ng atmo s p h e re wi l l  be c o n t ro l l ed by u t i l i ty 
pers o n ne l and wi l l  be s ubject  to i n spect i o n and overs i ght . Howeve r ,  i t  i s  p o s 
s i b l e that th i s  wi l l  n o t  trans l ate i nto pe rcept i o ns  o f  c o ntro l by res i de n t s . 
D i s t r u s t  o f  the mot i ve s  o r  ab i l i t i e s o f  re l evant compan i e s or  age nc i e s , c o up l ed 
wi th  reported hu�an error  d u r i ng the acc i dent and s u b s e q u e n t  acc i de nta l rad i a
t i o n  re l ease  may undermi ne the . conf i dence  of re s i de nts  i n  the ut i l i ty • s a b i l i ty 
to co ntro l the p u rge . Bad pub l i c i ty fo r the  n uc l ear  i nd u s t ry and the  N RC doe s  
not he l p  matters . Lette rs  rece i ved i n  re s p o n s e  t o  the  NRC  request  f o r  c omme n t s  
on  NUREG- 0662 c l e a r l y  s ugge s ted doubts b y  res i dents  o f  the  TM I area abo u t  t h e  
mot i v e s  o r  competency of  the  nuc l ear i ndustry ,  ut i l i t i e s , a nd -r-elevant gove rn
me nt age nc i e s .  Regard l e s s  o f  the  verac i ty o f  these  c l a i m s , they affe c t  re s i 
de nts • pe rcept i o n s  o f  r i s k . I f  the p u rge o f  rad i oact i v i ty i s  s ee n  as  beyo n d  
the i r co ntro l a n d  i n  t h e  h a n d s  o f  peop l e w h o  a r e  e i ther  not  t r u s ted o r  s e e n  
a s  unab l e  t o  e ffect i v e l y  co ntro l i t ,  i t  i s  conce i vab l e  that  s t re s s  wo u l d  b e  
he i ghte ned . 
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C .  Other  A l ternat i ves  

The  o the r dec ontam i nat i o n  p rocedures  out l i ned are c harcoa l  ab s o rpt i o n , use  o f  
a gas c ompres s i o n sys tem , c ryoge n i c  proces s i ng system , o r  a s e l ect i ve ab s o r p 
t i on  sys tem . U n l i ke t h e  p u rge a l te rnati v e s , they are n o t  i mmed i ate l y  ava i l ab l e 
for u s e . Adop t i o n  o f  one  of  thes e  a l ternat i v e s  wou l d  re s u l t i n  de l ays o f  a 
year o r  more . They a l so  wou l d  po s e  offs i te sto rage p ro b l ems requ i r i ng l o ng
te rm s u rv e i l l ance . They wou l d  res u l t i n  sma l l e r beta s k i n  do s e  expo s u r e s  a n d  
tota l body gamma expos ures dur i ng norma l p roce s s i ng than wou l d a reacto r p u rge , 
but  co u l d i nvo l ve greater expo s u re i n  cas e of  an acc i dent . I t  i s  there fore  
u n c l ear  that these  a l ternat i v e s  are safer  than  purg i ng i nto t h e  atmo s p h e re . 

The s e  methods wo u l d  p robab l y  be  perce i ved  as  safer  than  a reactor p urge bec au s e  
radi oact i ve gas  wo u l d  not b e  re l eased i nto the atmosphere . The s e  a l ternat i v e s  
i nvo l ve ab s o rb i ng  o r  drawi ng  o f f  the rad i oact i ve Kr- 85 i nto s to rage conta i n e r s  
or  fac i l i t i es , transport i ng t h e  rad i oact i ve g a s  ( o r , i n  t h e  case  o f  t h e  s e l e c 
t i ve abs o rpt i o n  a l te rnat i ve ,  the  rad i oact i ve krypto n) t o  a n o t h e r  l ocati o n , a n d  
stor i ng  o r  b u ry i ng i t .  T h e  rad i ati o n  i s  b e i ng  conta i ned , moved , and  s t o re d . 
No  rad i at i on  (or  very l i tt l e) wi l l  be  re l eased  i nto the atmos p h e re aro u n t  TM I .  
As  a re s u l t ,  t h e s e  a l ternat i ves  may seem s afe r and l e s s  threate n i n g  to re s i d e n t s  
and may there fore c a u s e  l e s s  acute s t re s s  t h a n  a p u rge . · 

However , there are a l s o -aspects o f  the s e  a l te rnati ves  that may i nc rease  s tr e s s .  
F i rst , the  de l ays i nv o l ved i n  co n s truct i o n  o f  the  sys tems  wo u l d  re s u l t  i n  c o n
t i nued uncerta i nty and l ow- l eve l stre s s . Th i s cont i n ued u n ce rta i nty c o l d l ea d  
to c h ro n i c stre s s  effects f a r  wo r s e  t h a n  those  a s s o c i ated w i t h  a c u t e  s t re s s . 
Wea r  and tear on  the body i s  gene rated by s uc h  c h ro n i c s t re s s , p un ctuated by 
per i odi c i nc reas e s  i n  stre s s  a s  rumo rs  about the  reactor are c i rcu l ated o r  
rad i at i o n  i s  acc i denta l l y  re l ease d .  T h i s wear  and tear may res u l t i n  damage 
to the card i ovas c u l ar system .  Be hav i o ra l p rob l ems , decreas i ng cop i ng  ab i l i ty ,  
and costs  to me nta l hea l th  may a l s o  be  h e i ghtened by s u c h  c h ro n i c  u nc e rta i n ty .  

Agai n ,  a p r i mary p rob l em wi t h  s uc h  a p l an i s  the  fact that c o n s truct i o n a n d  
de l ay co u l d  re s u l t i n  a greater po s s i b i l i ty o f  future uncontro l l ed re l ea s e  
o f  Kr-85 . T h e  stre s s - i nduc i ng p rope rt i e s  o f  t he s e  re l ea s e s  h a v e  a l ready b e e n  
n oted . 

V I . CONC LUSIONS  

In  a l l l i ke l i hood , any procedure t hat i s  adopted fo r the de contam i nat i o n  of  t h e  
reactor b u i l d i ng atmosphere wi l l  re s u l t i n  s ome p sych o l og i c a l  s tres s .  T h i s 
stre s s , however , s hou l d abate as  co ntam i nat i o n  i s  reduced a n d  the i n s tab i l i ty 
and u nce rta i nty s u rro und i ng the reacto r i s  d i m i n i s he d .  I t  i s  po s s i b l e that 
stre s s  l ev e l s after s ucce s s fu l  comp l eti o n  o f  vent i ng o f  Kr- 85 wi l l  be l o�e r

. than before the venti ng i s  begun . The  decontami nat i o n  o f  the  reactor b u 1 l � 1 ng 
atmo sphere c an thus  be j u s t i f i ed o n  p sycho l og i ca l  grounds as  we l l as  tec h n 1 ca l  
ones . Any steps  taken to neutra l i ze the reactor s hou l d  have s a l utary e f�e c ts 
o n  res i dents . However , the p rocedure s  i nvo l ved i n  decontam i nat i o n  a�e l 1 ke l y  
to res u l t i n  at l ea s t  temporary i nc reases  i n  p sycho l o g i ca l  s t re s s  wh 1 ch may 
cause p rob l em s . 
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The pr i mary advantage s , i n  te rms of  stres s , o f  the pu rge a l ternat i ve , are the  
rap i d  comp l e t i o n  o f  the decontam i nati o n  and  the consequent e l i mi nat i on  o f  future 
u ncontro l l ed re l eas e .  The pr i mary d i s advantages are that such p u rg i ng wi l l  be 
perce i ved by many as a threat to hea l th and may be v i ewed wi th s uspi c i o n  a nd 
d i strus t .  Pe rce i ved uncontro l l ab i l i ty of s uc h  a procedure may a l s o  he i g h te n  
s tres s .  Howeve r , severe s tres s  e ffects a r e  l es s  l i ke l y  i f  the durat i o n  o f  
s t re s s or expos u re i s  reduced . The l ong  de l ay s , cont i nued uncerta i nty ,  a n d  
pos s i b i l i ty o f  uncontro l l ed re l ease that characte ri ze  t h e  other a l ternat i v e s  
may o f f s e t  the  pe rcept i on that they a r e  safe r .  T h e  degree to wh i ch c h r o n i c  
s tre s s  wou l d re s u l t  i n  the event o f  s uch de l ays i s  unc l ear . I t  i s  o u r  op i n i on 
that these  c o u l d be  consequences  o f  l ong de l ays . 
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