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TRPATMENT OF ACVTE RADMTION INJURY UNDER MEDICALLY AUSTEtE CONDITIONS 

A B S r n r n - S W Y  

The TRIMAC Committee (Cormnittee on Treatment of Acute Radiation Injury 
under Medically Austere cOsldition.6) was convened at the request of t h e  
Office of C i v t l  Defense, Department of Defense, and t he  National Rediolog- 
i c a l  Defense Laboratory, San Francisco, California. The conmitteels task 
has been t o  define, i n  l ight  of present howledge, the  best p l a n  for  medical 
management of large numbers of radiation casualties under austere medical 
conditions and t o  evaluate specific courses of medical research which would 
most adequately improve ouc ab i l i t y  t o  cope with c i v i l  defense aspects of 
d i a t i o n  sickness. 

Pa r t  I. SHELTER CONDITIONS AND C A E  OF RADIUTION CSSUXITES:  General 
assumptions underlying the  presently planned shel ter  conditions are sunmar- 
ized. 
viewed br ie f ly  in order t o  emphasize the importance of the decay ra te  i n  
determining the period of austerity. 

The conanittee's report consists of two parts. 

Radiation exposure accumulated f r o m  fa l lout  fission products is re- 

The t o t a l  period of austeri ty would include an i n i t i a l  period of severe 
aus te r i ty  of 2-3 days duration, corresponding t o  the period when fallout 
would be deposited and dcse rates from f iss ion products would be relatively 
high. 
During the ensuing 11-12 days, confinement could be less s t r i c t .  

There would be s t r i c t  confinement t o  shel ter  during this period. 

The population at risk is considered t o  be representative of the 
c iv i l ian  population of the United States. 

Radiation injury is viewed as only one of a number of noxious agents 
which m i g h t  be expected t o  act cumulatively or  synergistically under the 
shel ter  conditions postulated. The medical significance of pre-existing 
disease and d isab i l i ty  in the shel ter  population and the  medical effects 
of confining large randomly selected groups of persons under the austere 
conditions postulated are emphasized throughout. 

The NCRP (Report #29) classification of categories of radiation in- 
ju ry  has been used i n  the report as a basis .for discussing therapy of radi- 
ation injury.  
ing degrees of injury are discussed briefly. 

Simple laboratory procedures most l ikely t o  aid in evaluat- 

Measures most l ikely t o  influence ultimate radiation-related mortality 
include management of infection and of hemorrhagic manifestations of radi- 
ation injury, and management of surgical problems. Presently available 
chemical "protective agents" are mentioned but the cornittee doubts t h e i r  
effectiveness i n  preventing radiation mortality under the shel ter  conditions 
postulated. 

P a r t  11. RECOMMENDXl'IONS FOR FURTHER STUDY: The following reconmendations 
are m a d e  wi th  respect t o  operations: 

0 Existing c i v i l  defense plans fo r  fa l lout  shelters should be reviewed 
and suunnarized in l igh t  of questions raised i n  the report .  
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0 Space a d  vrter are the most Important repuironents for survival 
mdet the corditions poetulstcd, and the need t o  revise premmf .Iloc8tio~ 
l r  empbaalzed. 

L i d s o n  betvem O.C.D. ani civilian Brwps rempomible for dls.ster 
control in the went of flood, flre, tornadoes, and the like should be 
mtmngthmed so that p W  for  Mllous types of disaster8 may be cpmp.tible. 
The most probable number of shelter# without 1) a phyaici.n and 2) Don- 
M.D. with medical ekille is estimated for vsrioua ratios of the tvo groups 
of medically trained pernone t o  shelters. E s t l s c a h  such m thest should 
be corrsiderud in d l s ~ t e r  control plmninp. 

0 A ccmrmittee should be carrvmed t o  consider the cnre of the sick 
generally under shelter conditions as defloed after campletLng the review 
of apnatlope. 

upon the outcme of operations recommendatione, are M follows: 

pictures M w e l l  as morbidity and mortality rates mer ir&dlatiao when 
doses arc deuvered a) over a period not longer than appr ra ima te~  SIX 
hours and b) at chaaglng doee rates t h a t  would mimic the rspid initial build- 
up of radiation levels as fallout is deposited, followed by decrecuing 
levels a~ f l s s l o n  pmducts decay. 

Research rccamendatione, vhich would be SubJect t o  change deperding 

0 Additional research should be c8rrled out t o  cornpara the c l ln lcs l  

0 Additional research should be carrled out t o  doomtent, if possible, 
the beneficial effect  of rest and the a t e n t  t o  which rnirmla m y  exert 
themselves a f t e r  inntliation and during protracted ifiadiatlon wlthout 
si&iic.ntly increasing the mortality rate. 

Additional research should be carried out t o  evaluate the eflects 
of crowding, d i r ty  environment and &remes of environmental temperatures 
on mortality rates of irradiated animals. 

8 Library and experimental research should be carried out t o  determine 
the most reliable c l inical  indiC8tiOn~ O f  infection under c d t i o n s  *ere 
fever is l ikely t o  be induced by high ewironmentaltempcrtrtuFes. 

8 Some means should be f d  t o   sure that a supply of tranqullizers, 
analgesics 4, probably, narcotics would be available t o  a trained medical 
off icer  in a shelter. 

0 Research on wthoda of Fncreasing shelf l i f e  of major antibiotics 
d vaccines and on alternative waye  t o  admlnister major therapeutic agents 
that must nom be admlnlstered by injection should be promoted. 

ing temperature should be evaluated as possible additions t o  shelter stocks 
and simple procedures for measuring body temperature with the devices 
selected should be developed and incorporated Into the medical msnual. 

8 .  Thermistors or  other durable, easily disinfected devices for  measur- 



a m i n g  Ldeu &cut simple, npid  nthod. for estating both 
count8 should be aplozad .M totall- .rd abrolutc 

developad ii thp cantimm to look praaabg.  

recording, serially, ioiormStlm such aa &I4 body tempemture, ohould be 
sought. These should be suitable for me uder shelter colditiczu. 

a Eldm for t.gglns or identifying indlViduAL8 in somc wrry 6nd for 



TREATHENT OF ACUTE RADIATION INJURY UNDm 

MEDICALLY ASUTFRE a l N D I T I E  

A p r i l ,  1967 

Distribution of t h i s  document i s  unlimited. 

V. Ingram, chairman 
W. R. A m e s  
C. 0. Anderson 
G. A. Andrew 
V. P. Bond 
J. T. Brennan 
G. L. Iiekhuis 
J. R. Binshaw 
E. I.. rSaenger 
C. M. Unruh 
N. Wald 
E. D. Thomas (correspondjng member) 

contractor: 
University of Rochester 
Rochester, New York llr627 

This report has been reviewed in t h e  Office of C i v i l  Defense 
and approved for publication. Approval does not signify that  the . 
contents necessarily r e f l ec t  the views end policies of the Office 
of C i v i l  Defense. 

OCD Subtask 2l13l.F 

TRC-67-21 



TABLE OF 

A B s z I u u ; T - s ~  

PART I. SBELTER COHDITIOI?S AND CARE OF RnDuemOIl CASUALTIES 

~ O D U X I O N  

mLXKPlTOIl OF Aus'ERg COHMIPIOIVS 
G e n e n l  as sump ti^ 
Period of Austerity 
Population at Risk 
Austere C o n d i t i o n s  

D m  OF RADIATION fKNw 

SIMPLE LABOWTOFlY RlocHNRts m T  LTXELY To AID IN D I X N D S I S  

Mus- LMELY m JxFLmcB ULTnUn RADULTION-RELATED m&m 
General Measures 
Managewnt of In iec t im 
Shock Aggravated by Swere Paln 
Eemon-hagic Manifestations 
Surgical Problems 
chemical Protective Agents 
pnrtial Scdy Shielding 

CONCLUDIS2 COMMENTS, PART I 

-0DUCTION 

REcoMMFJDA!rIoNs: I. O€mA!rIONs 
Review of existing plana 
Improving l iaison with civilinn groups concerned with natural 

Review of papulation at risk 
R e v i e w  of spsce requirements and fnci l l t ies  allocated 
Review of environment 
Review of shelter management 
R e v l e v  of wdlcationa 
Review of manu8ls and guidebooks 

Water 
Therapeutic snd prophylactic agents 
Experiments t o  study biological effects of exposure t o  

radiation from fallout 
Partial Body Shielding 
General measures supportizq survival of radiation casualties 
Aids t o  health assessment 

disasters 
. 

FlEcoMMENDmoNs: 11. €tlmARcE 



TAB- OF COI"EKR (cootla.) 

CONCLUDING COMEITIS, PART 11 

APEERDIX I. 

APPEND= II. Bsnes and &&resees of members of ZIIIMAC C d t t e e  

Samc Unperturbed Doctor-Fallout Shelter Distribution 



LIST OF TABLES 

I 

11 

111 

N 

v 
VI 

VI1 

VI11 

M 

X 

XI 

Percentages of the Infinity Radiatloll W e  Received from 
1 Minute t o  Various Times After Detonation 

Austere C a n d i t i o n e  ln Fallout Shelters 

Fodl and Water in Fallout Shelter 

Satitation Suppllea in Fallout Shelters 

Medical Supplies in  Fal lout  Shelter 

Radiological MDnitoring Ilrstruments in  Fallout Shelters 

Laboratory and C l i n i c a l  Observations 

Selected Health Statistics 

Shelters Without a F'hysiciau -- 
Illness and Disability in C i v l l i a n  Shelter Population 

.Effect of Bercise  on Reeponse to Whole Body Ifiadiation 

Limits  

i v  





The coauoittee’s t a s k  has been t o  ’define i n  detail ,  whatever I s  con- 
sidered on the basis of the present state-of-the-art t o  be the most sen- 
crible plan for  the austere medical management of large numbers of radiation 
casualties and to evaluate several speci f ic  courses of medical research 
which will most adequately improve our abi l i ty  t o  cope d t h  the c iv i l  
defense aspects of radiation siclmess.” 

the committee was encouraged t o  complete the assignment even sooner, if 
possible. The first meeting of the ccmmittee was held the l a s t  week in 
F e b r q ,  1966. 

tensive assistance from the Office of Civil Defense (OCD) would be required 
in mder to  define the postulated “austere conditions” so tha t  they would 
accurately re f lec t  current c i a 1  defense plana. Such assistance vas gener- 
ously given, not only in an extensive briefing session i n  Vhich experts i n  
various aspects of ciivll defense planning provided detailed information f o r  
the assembled canmittee, but also through assistance i n  locating and pro- 
d d i n g  copies of the offical  reports, and in providing ready answers t o  the 
canadttee’s recurrent questions about concepts underlying Civil Defense 
planning. 
a a t e f u l .  

Time for  completion of the assigned task was limited t o  one year and 

It became apparent very early in the cuumitteets discussions tha t  ex- 

For this most competent assistance the commlttee is indeed 

The report was developed in the  context of necessary siprplifyhg as- 
It is urged tha t  sumptions, within the framework of eds t ing  OCD policy. 

the problems considered be continuously reevaluated in the l ight  of 
evolving concepts underlylng drll defense plans and regimens t o  be em- 
ployed during confinement in shelters. 

DESCRIPTION OF AUSTERB CONDITX~S 

General Assumvtions: The austere conditions to be considered are based on 
current c i v i l  defense planning (1) and the assrrmptions are implicit i n  the 
problem formulated f o r  t h e  committee by the Office of C i o i l  Defense. 

stocke$ shelter area housing approximately loo0 persons and providing 
8 f e e t  of floor space (no bunks) per person. 
heat wd  cooling a re  prodded apmadically if a t  a l l .  

lng before fa l lou t  and that  their  t o t a l  ewosure in the shelter is fran 
radiation from fa l lou t  deposited outside the shelter. 
accumulated radiation exposure from fal lout  f iss ion products from a nuclear 
weapon is shown in Table I. 
weapon of conventional design (2). 
Multiple weapons detonations wlth fa l lout  arrival times distributed over 
m a n y  hours or several days vould substantially a l t e r  the values shown i n  
the table. 

The physical s i t e  under consideration i s  a preoiously designated and 

Senrfces such a5 l ight,  

It is assumed tha t  the persons housed in the shelter reach that builC- 

The typical 

This  table was calculated f o r  a single 
Only Y radiation exposure i s  considered. 

1 
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TABLE I 

Time - 
1 hr. 
2 hrs. 
4 hrs. 
6 hrs. 
12 hrs. 
1aaY 
1 week 
1 month 
1 year 
10 yeam 

Percerrt of Infinity Eq osure 

55 
62 
68 
71 
75 
80 
89 
94 
98 
99 

N o t e  that most of the exposure occurs very early because of the very 
fast decay during the first few hours. For example, if one were in a well 
shielded location for only the first hour a f te r  exposun, his t o t a l  (infi- 
nity exposure) dose w o u l d  be reduced by over 50$. 

clothing and it is assumed that such contamination w o u l d  represent a 
negligible problem. 
ingested or inhaled particulate fallout would be negligible when compared 
with external radiation. 
i n  the  ventilation air would cause any apprecieble increase in redistion 
dose. The very simple procedure of minimizing shel ter  ventilation during 
the short period of fa l lou t  deposition would  avoid in-shelter contamination 
frm t h i s  source. 
kept t o  a minimumwhile dose rates  observed in the shelters were increas- 
ing -- that is, w h i l e  fallout was accumulating on the outside of the 
shelter.  
the  fa l lou t  in the ventilation air would not signlficautly add t o  the ex- 
posure of the shel ter  occupants. 

Period of Austeritx: 
2-3 days duration, during which all living occupants of the shelter remain 
s t r i c t l y  confined t o  it. 
fa l lou t  f i s s ion  products would be high, when fal lout  would be accumulating 
outside the shel ter  and when ventilation w o u l d  be kept t o  a minimum. 
the ensuing 11-12 days, no outside help would be available, but confinement 
t o  the she l te r  could be somewhat less s t r i c t  and ventilation would not be 
restr ic ted.  Thereafter, sane type of hospital fac i l i ty ,  e.g. portable 
emergency hospital, would be available and the population could leave the 
shel ter  at  will. 

No separate ezea would  be available for decontamination of body snd 

It is further asswed that  radiation delivered by 

It is =likely that fal lout  entering the shelter 

It would be reasonable t o  recommend that ventilation be 

Once the observed dose rates have stabilized or begun t o  decrease, 

The period of severe austeri ty is considered t o  be of 

This would be the period when dose ra te  from 

During 
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Population a t  Risk: 
of the civi l ian population of the United States, including edults and 
children. 
apprmimstely 1:1OOO, based on the average ra t io  of physicians t o  populs- 
t ion  in the U.S. and asslmrLng no selective loss of physicians. The ra t io  
of other medical persoarre1 t o  tutal populstion is considered t o  be approxi- 
mately 10:1oOO, based on the average r a t io  for U.S. 
include dentists, veterinarians, technicians and nurses. 
acute and chronic diseases in the group would be that in the U.S. ea a 
whole. 

It is  assumed that there would be an effective early w a r n i n g  system 
and that the population would have been conditioned( rimarily by rapidly 
mounting international tension i n  the Immediate past P t o  consider attack 
both l ike ly  and innobent. It is further assumed that most persons in the 
shelters, which would be outside the zone of direct weapons effects, w o u l d  
not have severe lacerations, burns, fractures, or other Injuries and that 
their only physical I n j u r y  would be due t o  radiation exposure. Durlng the 
period of modifled austerity (af ter  the first two weeks), msny persons 
would be do- fairly heavy work, often engaged in unfamiliar tasks, and 
minor injuries such as lacerations and puncture woupd8 might be falrly 
cmmon. 

The casualties mder consideration are "representative" 

The ra t io  of physicians t o  t o t a l  population is a s s 4  t o  be 

l h s e  personnel would 
lphe incidence of 

Austere Conditions: 
Tables 11, 111, I V ,  V and VI. Supplies and f ac i l i t i e s  listed In the 

Austere conditions are sumtmrized briefly in 

tables represent &rent  C i v l l  Defense planaFng at the national level. 
Although there may, i n  fact ,  be regional variations i n  planning and stock- 
piling, the Federal C i v i l  Defense Guide has been taken as the authorita- 
t i v e  source in d e w  austere conditions (1). 



Period of str ict  confinesent 

Total period in shelter 

Space per person 

2-3 W 

2 weekg 

8 ft.2 floor spce (no bunks) 

Population at r i sk  

Power supply 

Focd 

Water 

Sanitation 

Medica1 

Radiation dosimetry 

civilian population i n  area (adul ts  
snd children)$ persons 
(spaces) 

Muscle power only 

10,ooO calories/sgace (see Table IIX) 

14 quarts/space 

17 and 1/2 galion drums t o  store 
3 and 1/2 gallons/space (see Table N) 

Medica l  kits for units of 53-65 or 
300-325 spaces (see Table V) 

Battery operated CDV-715 survey meter 
and personnel dosimeters p l u s  
instruction manual a& simple 
repair Fnstructions 

* Based on current c i v l l  defense plannFng as stipulated i n  Federal 
Civil Defense Guide ( 1 ). 

f Possible modifications are discussed in the present report. 



houat  of food 

Type O f  food 

Amount of water 

p==kasing 

5 lbs. (10,OOO calories) per a w e  

Biscuit, cracker, bulgar M e r  snd 
carbohydrate supplement (various 
canblnatiom) 

Hermetically sealed cans and fiberbognl 

3 and 1/2 @lorn (14 qts.) per space 

cases 

17 arrd 1/2 galla diums W i t h  ply- 
ethylene liners; sepsrste dispensing 
spout; 70 cups and spaces 

* Based 01) current civil defense planning as stipulated in Federal 

# Possible moaificstioas are discussed in the present report. 

C i v l l  Defense Guide App!xb33~ 1, January, 1965 ( 1 ). 



DescrlpticPl 

Paper, t o i l e t  tissue (rolls) 
Seat, cwmde, plast ic  
opener, can (band openrted) 
Pads, heavy ( h e n )  

Gloves, polyethylene (pdr) 
Spout, dispensing water 
B e  Wires, bag closures 
cups spd uae 
Colmnode chemical liquid, bottle)* 

Bag liners, polyethylene, ccarmcde 
lastruction sheet 
Fiberboard bares 
Fiber drum 

P a ,  sanit , regular (dozen) 
c l e m e y  waterless, pint (can) 

caormode chemical t gramrlar, packet)2 

. 

1 
1 
1 
1 
35 
1 Pt. 
6 
i 
1 
2 
1 

10 
1 
1 
2 
3 
1 
1 
1 
1 
70 
12 
1 
1 
2 
1 

1 qt. 

This item is not being Fncluded In l a t e r  procurement. 

provided a liquid cornnode chemical wlth ea iodlae base. L a t e r  procure- 
ment provided a granular quarternary canpound in packets of 10 &rams each. 

Based (x1 cunent c i v i l  defense planning as s t i p  u hted In Federal civil 
Deferrse Guide ( 1 ). 

#Possible modifications are discussed in the present report. 

' Only one of these items if furnished per kit. Initial procurement 
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~ ~ e t y b & i c y ~ c  acid tablets: 5 gr. (aspirin); 9 ' 8 ,  &OCO'e 
cescara SWpada ext., tablets (laxative): 4 gr.; LOO'S 
-no1 (toothache remedy): 1 a. me, nose (a ear) drops: 1/2 02. 
Ieopropyl alcohol (dilute for rubbing alcohol): 1 q%. 
Kaolin arrd pectin ndxture (diarrhea medicine): 1 pt. 
---pectin m e r  (alternative items): 40 e. 
Penici l l in  G, tableh ISP, 250,000 units; 100's 
Petrolatum, white (Petrolem Jelly):  1 lb. 
Phenobarbital tablets: 1/2 gm.; W ' s ,  1ooO's 
soap, surgical with 2% k x a d i h q h e n e :  1 
Sodium bicslbanate: 1 lb. 
sodium chloride: 1 lb. 
~ulfsdicreine tablet8: 7 and 1.12 p. ;  ~ ' s ,  1000's 
Tablet, water-purification, iodine ( this  item no longer stored with 

medical Ut, but will be Fn sanitation kit) 
B-e, gauze, roller,  2" x 6 yd.; 12's 
Bsrdage, muslin, triangular, 37 x 37 x 52'' 
Cotton, purified: 1 lb. 
Pa&, gauze, surgical 4 x 4", m ' s  
Applicator, wood, cotfon-tipped end, 112 x 6"; l00ls 
Depressor, tcmgw, wwd;  Mons 
Forceps, splinter,  tweezer, 3 and 1/2" 
pin safety, 1 1/2", 12's 
Scissors, pocket, straight 4", dauble blun 

Themameter, human cl inical  oral, stubby bulb with c8se 

3/4 a. 

Syringe, fountain, plastic, and attachent & 

Based on current civil defense pLenning 88 stipulated in the Federal 
Civil Defense Guide ( 1 ). 

* Rro medical kits an? M s h e d ,  Kit A with supplies for 50 t o  60 spaces 
and Kit C for 300 t o  325 spaces. 
varying o n 4  in quantity. The supplies me  packed in weather-resistant 
f i b e r b o d  bcues. 

The kits contain identical items 

# Pres-4, rnodiiications would be necessary. 

 his item is not incl~ded i n  l a t e r  procurement. 



TABLE VI 

Instnunent Number pcr KitH DescripMon 

CDV-742 

1 R&i.iological survey meter, 
Geiger counter, pmbe type, 
bete-gaama discriminating 
0-0.5, 0-5 sad 0-50 -/&. 

mv-750 1 Radiological dosimeter charger 

* B a s e d  on current civil defense planning a6 stipulated in Federal 
civil &iense 0uid.e ( 1 ). 

++ The complement of instruments appropriate for shelter moDitolrPg is 
crssembled in to  a "Shelter Radiation Kit" CDV-m-1. A shelter 
p l d  and stocked for %).to loo0 persons w o u l d  be equipped with 
one kit; a shelter far 1,CQlto 3,000 persons w o u l d  have two kits. 



The degree of injuxy due t o  redistion vcruld have t o  be estimated on 
the  basis of the clinical picture, even though instruments for  radiation 
detection and dose rate  monitoring vould be available t o  evaluate the radi- 
ation envlroament within a fallout shelter. A nervly uniform radiation 
fleld may be cmticipated inaide most well designed shelters; hence, it 
would. be possible t o  estimate the general level of rsdiation dose received 
by the shel ter  occupants. Because of variationt, i n  exposure geometry, 
however, these data would have only limited value as a guide for  m e d i c a l  
treatment. Biological v6rtables are elso impartant in determining the in- 
jurious effect  of a given dose. 
children, for  example, are probably more susceptible thm healthy adults. 

t o  discuss treatment i n  a memingful fashion. 
been devised In several redews and reports (3, 4 5, 6, 7, 8). 
i f ica t ion  used here is that in the NCRF' report (41 which w a s  derived from 
several of the other publications cited. 

Clmonically ill patients and small 

A classification of categories of radiation iiljury is needed in ol'der 
Such categories have already 

The class- 

The sa l ien t  chsracteristics of the clinical  manifestations and leuko- 
cyte picture following the various degrees of injury are summarized i n  
Table VII: 

LABoRAMFiY AND CLINICAL OBSERVATIONS 
(Single Short-Term Exposure) 

Degree of Injury 

Patient Group I 

Patient Group I1 

Patient Group I11 

Patient Group IV* 

+ - + - 

* cc 

l a t e r )  

than 800 

than 400 

0 0 not lower 

f f not lower 

f. t o  + + not lower 
than 200 

tH+ cH+ (200 

*"he severely Fnjured patients in Patient Group I V  
would have an extremely poor pro@osis and therapy 
other than that for re l ief  of symptans would not be 
i d l c a t e d .  

minimal change 

Neutrophils vari- 
able on day5 1 and 
2; decreased t o  - 3000 by days 
5-10. 

Transient r i se  i n  
neutrophils and t o t a l  
mc count within 
few hr5 followed 
by precipitous drop 
t o  -loo0/mm3 a t  
10 dsys.  

Greater neutrophil 
and WBC increase, then 
a fall  t o  ~1000/nnn3 
in less than 1 week. 



The laboratory and c W c d  obserrcrtiona presented in Table VI1 . re  
thoae observed folloVing single, short-term 
a period not longer than apprcpdma;tely six hours. 
doses equivalent to t o t a l  doses in the ACRP report, accumulsted under 
fallout c a d i t i a n s  w o u l d  not necesssrily pmduce the aeme dew of i s f q .  
Undcr the shelter cordition6 postulated, the mtlre body probably Muld not 
be irradiated rmiformly. Furthermore, the dose w o u l d  be delivered over a 
perlcd of aeyS, rather fhan hours. This protraction w o u l d  allow recovery 
mechaulsnw t o  reduce the degree of injury produced by a given dose. 
other vonls, a larger dose is required t o  proiuce a glpza degree of e i fec t  
if the dose is de4vcred gradually. 
nauenon en not available for man. Approximste values b v e  been estimated 
for doses dellvemi at a reletively constaut ra te  Over prolonged perioda, 

1.c. crposurcs Over 
We w o u l d  emphasize that 

& 

PNcise quantitative data on this phe- 

: The hypothetical shelter conditions postulated are pro- 
bab v unrealist ic t o  some extent in that they preclude the presence of 
patients with severe bloP6. , lacerations, fractures or other types and com- 
binations of Fnjury not due t o  ionizlng radiation. 
c l ln lca l  descriptions of degrees of radiation injuzy mqy be misleading. 

t o  radiation injury BS a cause of sny gastrointestinal symptoms, m l a i s e  
and fever. It is particularly important t o  reserve judgaent about the de- 
gree of radiation in jury in acutely ill patients who have sustained   eve re 
burns, fractures and the like. Severely b m e d  patient8 rlll probably be- 
cane nauseated and vanit; so may pstients with fractures. Shock may obscure 
the  symptom and cl inical  si- of rediation injury in the severely trau- 
matized patient. L i t t l e  information about acute rsdiation injury In infants 
and children is available, hence a high d e p e  of caution in accepting 
nausea, vomiting and diarrhea as in fa l l ib le  signs of severe radiation in- 
jury is indicated when evaluating pediatric patients. An objective atti- 
tude about the relative importance of radiation 85 a cause of observed 
symptms would help allay patients' sPxiety when it stems from fear of 
radiation InJury. 

I n  this respect, the 

There is likely t o  be an unduly high index of suspicion with respect 

SIMpLe LABORXVXY pRocEDuREs W T  LIKELY TO AID IN DIAGNOSIS 

It is conceivable that In s m e  shelter situations, the degree of 

Such a situation m i g h t  s i s t  if the shelter 
auster i ty  might be flexible enough t o  permit some relatively easily per- 
formed laboratory tests.  
area were i n  a hospital or medical offlce building, f o r  example, where 
ski l led technical personnel as w e l l  as appropriate fac i l i t l ea  might be 
available. of the simple laboratory studies that migkt be possible, s e r i a l  
estimations of the number of panulocytes and lymphocytes h peripheral 
blood would be most helpful  In assessing degree of radiation injury. These 
estknations approximately every three days  would have considerable value 
when coasidered i n  l igh t  of the to ta l  c l inical  picture. Leukocyte counts 
would  also be of help i n  deciding whether a given patient's symptoms and 
signs could reasonably be attributed t o  radistion Injury. 'Ihe absolute 
lymphocyte count is particularly helpful in assessing the degree of radi- 
ation Innjury because the degree of lymphopenia is, i n  general, proportional 
t o  the degree of rsdiation injury following whole body exposure. 
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Although totsl leukocyte counts might aid In evaluating the sewr l ty  
of rdliation inJury, they could be seriouely misleeding i f  they were 
grossly inaccurate. Accurate blood counts would. not be possible and counts 
shouU not be attenpted unless trained personnel were present t o  do them. 

As idicated in the section describFng the popuhtion in the shelters, 
applrodmately ten pmnedlcsl personnel wwld be apectcd 
r a n d a y  selected persons. 
cell counting these persons could not only do many counts but might sleo be 
able t o  teach selected persons t o  assist them. Estimstes of total  leukocyte 
counts without different ia l  leukocyte counts might be misleading during the 
early stages of response t o  radiation i p j q  when high t u t a l  leukccyte 
ccunts may exist in the presence of marked lymphopeda. Additional canments 
about blood counts in shelter situations are included in the section on re- 
sesrch recamwndstions ( m e  27 ). 

every loo0 
If simple e q u i m n t  were available for  blood 

General Measures: 
rest in a clean environment, insure scrvpulous attention t o  good h y g l ~ l e  
Bnd personal cleanliness, and isolate  the patients fYcm potentiel carriers 
of infection. Under austere conditions these measures clearly w o u l d  not 
be possible. 

Ideally, one would like t o  keep irradiated patients at 

The uaaltersble deterrent t o  res t ,  cleanliness mi isolation w o u l d  be 
the severe cmwding which w o u l d  even make it impossible f o r  more than a 
relat ively small  percentage of those In the shelter t o  l i e  down at 84y one 
tlme. 

Considered i n  the context of crowded shelter conditions, selected health 
s t a t i s t i c s  showing the estFmated national frequency of ccxmncp1, transiently 
debi l i ta t ing illnesses assume considerable si@flcance. Table VI11 slmmnar- 
izes the national annual frequencies of c m o n  il lnesses causing one or more 
days l o s t  f r o m  work or school during 1963-64 ( 9 
s v ,  listing specific diseases and injuries according to  sge groups, sex, 
and urban, r u r a l  (non-fsrm), or farm residence, is presented in Re art of 

). A more de td led  

Ad Hoc Ccmnnittee on Medical Care i n  Public Fallout Shelters ( 10 se,, 
A t  any one time, a randan sample of 1ooo persons from a representative 

U.S. population w o u l d  contain both injured patients and patients with In- 
fectious i l lnesses.  Under the austere shelter conditions described in the 
present report, the ccxmnon diseases would almost certainly have considerably 
greater impact than they do i n  present civil ian l i f e .  

Management of Infection: 
or ant ibacter ia l  therapy t o  treat fnfection should offer sme hope for 
increasing survival. 

I f  active Fmmunization is t o  be undertsken, the ear l ie r  the imnmizing agent 
is administered, the greater the probability of 8n adequate response. 
vaccines probably should not be administered t o  irradiated patients. 

Lmunization t o  prevent infection, and antibiotic 

Immune responses would l ikely be altered in irradiated patients (ll,U,L3). 

Live 
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TABLE VIII 
lhe Division of Healtb lnterview Statistics this popul~tion averaged 185.797.000 perrons of 

obtains data on n wide variety of healrh topics. whom U~~956.000' were 6-16 yearn of age md 
'Ihese data a re  rcported from hwnehold inter- 119.868.033 were 17 years or older. 
views conducted during eachyear in 42.000house- In gener-I. the Items listed follow commonly 
holds consinleg of about 134.000 persons. The accepted definldons. Technical u8esofthedataand 
entlmates presented below are annual averages more dctalled lnfonnatlon rbour the roplcs are 
based on lntervlews conducted during July 1963- given in chC report endtled 'Werlrh Survey 
June 1964. The data refermthecivilian,nonfnsti- Procedure" ( V U  d H8&4 S W t i c &  Seriea 1. 
cudowl population of che UnltedStates. In 1963-64 No. 2). 

Table 26. Selccred hea l th  S t a t i S t i c S  

Health Copic Eatirmtcd national 
annual frequency 

55,283,000 
103.393.000 
100.907.000 
20,608,000 
S5.226,OOO 
51.9Cr1,OOO 

22,560,000 
0.152.000 

814.347,OOO 
43,671,000 

589,6SL,OOO 
209,022.000 
293,750,000 

78,069,000 

3,801,000 

15,077.000 
17.338.001) 

9,992,000 

'The f r e  uencirs include only acute  conditions for which a doctor was consult8d o r  
whlch cause8 t h e  person t o  r e sc r i cc  h i s  normal da i ly  a c t i v i t i e r  f o r  a t  l u s t  1 day. 

"The f igures  mutually exclusive. A work- or achool-loss day may a l s o  be L 
bed day. Work-loss days, school-loss days, and bco drys are includrd in restricted- 
a c t i v i t y  days. 

$The frequencies include only persons vhoee i n j u r i e s  required medical a t t en t ion  cr 
resu l ted  i n  a t  least 1 day of a c t i v i t y  r e s t r i c t ion .  The clasaes  of accidrnta  ar8 not 
mutually exclusive. e.g..a person injured i n  a moving motor vehicle  while ae uurk is 
c l a s s i f i e d  tn both categories .  

are not 

From DllEV/PHS P u b l i c a t i o n  600 (Rev. 1965) 
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Tetanus prophylaxis should decrease the mo-tality of those who have 
open wounds on entering the shel ter  88 well as those who are Injured in the 
shelter or after the period of close conf5nement. The most effective pm- 
phylaxis would be a tcxoid booster far those previously immunized. 
supplies w e r e  aveilable, a mutine booster for all the sheltered would have 
some merit. 
pletion of the inmnmizing course would  provide protection against tetanus 
during the hszardous existence W c h  would lnvariebly follow a nuclear d i s -  
aster. Although adequate debridement of necrotic t issue is the only really 
effective vay t o  ensure aginst the d e v e l o p a t  of tetarms, in most shelters 
t h i s  measure could not be carried out safely on an extensive w d .  
incidence of tetanus could be reduced by cleansing w o m b  as soon as possible 
and by ant ibiot ic  prophylaxis. 
because of its potential danger and i ts  doubtful efficacy. 
actively innmrnized who have sustained in jur ies most l ikely t o  result  in 
tetanus, humsn imune globulin would be the ideal treatment. 
re la t ively scarce supply and cost, however, wou ld  definitely limit the avail- 
a b i l i t y  of immune globulin. 

In the absence of adequate diagnostic capability, antibiotics should be 
administered t o  any patient showing definite c l inical  signs of infection 
(especially if the s i g n s  include definlte fever). The existing cl inical  and 
experimental evidence indicates that several antibiotics should be available 
and that a f t e r  a trial of a few days on one, the antibiotic should be changed 
if there i s  no response. The availabil i ty of several antibiotics would a l s o  
penult switching therapeutic agents when resistance t o  one antibiotic 
developed, a frequent observation in irradiated experimental BIlimals. Anti- 
b io t ic  therapy should not be given prophylactically, for Fn the absence of 
c l in i ca l  indications of infection, antibiotics would l ikely be of more harm 
than help. 

If 

In the absence of prior effective Fmmunization, subsequent can- 

The 

Tetanus antitoxin is definitely not advised 
For those not 

The present 

Since elevated body temperature w o u l d  be one of the most re l iable  early 
corroborative signs of serious infection, body temperature should be measured 
aa i ly  or  oftener in patients whose signs or symptoms suggest Fmpending in- 
fection. If possible, temperature messurements should be made by some means 
other than conventional c l inical  thermometers, which might easily convey in- 
fectious agents from person t o  person. 
thermistors are available and might be the best choice of instrument f o r  es- 
tFmating body temperature. 
with upper ann firmly against the Lateral chest w a l l  would give a temperature 
reading canparable t o  rec ta l  temperature. 
dicate body temperature accurately (14 ). 
surface of the exposed skin is greatly influenced by ambient temperature, 
it is not a re l iable  indication of internal body temperature. 

Temperatures should be taken by persons assigned t o  this task. Each 
patient 's  temperature should be recorded in some reasonably indelible form, 
preferably on the body of the pstient. This might be done very simply by 
using inexpensive b a l l  point pens which write easily on skin, leaving in- 
scriptions that are  d i f f i cu l t  t o  remwe, especially if soap and water are  not 
available for  washing. 
i n  this w a y  on the  l a t e ra l  surface of the upper ann, star t ing at  the shoulder 
and recording each day's results i n  sequence below that. 

Small, stable, battery operated 

Holding the probe in the ax i l la  for 2 minutes 

Umbilical temperatures also in -  
Since the temperature of the 

Temperature meas-nts could readily be recorded 
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"Definite fever" in adult patients Muld be axil lary tenrperature of 
100.5' F. or higher am two consecutive Q;ys or temperature of 100.5" P. or 
higher at one t h e  followed by continued or Increasing elevation vhen 
measured sgain after appmximately s i r  hours. 

Since children under the age of 2 years may have relst ively bl& tem- 
peratures (Lo2' - 104" F.) for brief periods at the onset of vew mild 
respiratory diseases, one might elect t o  wait for 24 or 48 hours after de- 
tecting the flrst temperature elevation of thls @tu& t o  see wbether 
the fever abates x i th  the onset of a typical cold. Temperature elwstions 
of this maepitude beginning or persisting sfter symptolns of a cold should 
be considered a deflnlte indication for therapy. High temperatures (in the 
102' - Lob0 F. range) axe much less camnon prcdrcmal signs of ccmuuon colds 
and similar mild infectious diseaae in children older than 4-5 years, and 
c r i t e r i a  of "fever" in adults might be applied in these and older children. 

Situations in wbich fever may be lesa reliable aa a carmborative sign 

kssures t o  minimize cross infection anmg the population i n  the shelter 

- 

of infection are discussed in Part II of the present report. 

would include, 1 )  protection of the water supply, and 2)  some method of 
chemical disinfection of the toi le ts .  Collapsable, disposable individual 
vater containers that  could be Mlled daily by responsible, caref'ul persons 
selected for the task  would have important advsntsges aver simpler dispen- 
sation systems fashioned af te r  the village vell. 
vay would help t o  prevent waste of water supplies and would go far toward 
assuring that each person received his full share of the c r i t i ca l ly  impor- 
t an t  water. 

Careful dispensing in this 

Every e f for t  should be made t o  keep the water supplies and t o i l e t s  160- 
lated 8s much as possible. 
the commodes should be securely closed with t i e s  before dlsposal and the 
closed drum containing the full bag pushed outside the shelter. The possi- 
b i l i t y  of an epidemic of infectious hepatitis following the period of 
auster i ty  deserves further careful analysis by a g m p  knowledgeable in the 
fleld of infectious disease and epidemiology. 
and other life-threatening viral disease likely t o  occur with increased 
frequency a f t e r  exposure t o  crowds under conditions of poor senitation, 
gamm globulin prophylsxis might be advisable. 
specific reconmendations t o  this effect at this time. 

During Vorld War I, epidemiological studies on servicemen living under 
far less close confinement than that proposed for fallout shelters indicated 
that if barracks space is reduced t o  less  than 40  ft.2 per mu, the rate of 
occurrence of meningicoccal carrlers may be expected t o  increase t o  25$, 
and this when close confinement is limited t o  periods in the barracks ( 15 ). 
The likelihood that some of the shelter population would be meningococcus 
c a r d e r s  should be considered when selecting antibiotics for stockpiling 
and when writing the medical manual. 

Many therapeutic agents that might ord ina r i l y  be considered "sympto- 
matic" therapy m i g h t  make an important and direct contribution t o  control 
of infections in the crowded shelter conditions. 
suppressants and sedation would be expected t o  reduce sleeplessness and pro- 
mote needed rest not only for  the patient w i t h  the cough, but also for 

libenever possible, plast ic  bags of excreta i n  

For prevention of hepatitis 

It is not possible t o  m&e 

For example, cough 



others in the crowded conditions. Agents t o  control diarrhes (whether 
benim or related t o  radiation Injury) might be expected t o  reduce contam- 
ination of the sldn of the afflicted patient arid of the spsce he occupies 
and the objects he touches. In severely Lnadiated or mured patients this 
might effective4 reduce the ihquency of potentially me-three- com- 
Ucations. 

Tranquilizers, administered jUaiciously t o  the over4 amEious, might 
a l s o  be expected t o  Increase the l n d l ~ d u a l ~ s  acceptance of the situstion, 
dull the edge of d e t y  and pranote caapliauce With regulations and disci-  
pline imposed i n  the shelter. Under austere conditions, such effects w o u l d  
be enormously he1pi'u.l. 

Shmk Aggr avated by Severe Pain: 
tramlatized. mi& t reauire narcotics. Csreful plannins for storage of mr- 

Some patients, especially those swerely 

cotics and k c o k i n p - f o r  t h e m  would be re@&, but &clusion of all nar- 
cotics fra the medical supplies would be a serious error. Severely trau- 
matized patients in group I (Table V I I ) ,  for  example, might be in greater 
FPrmediate danger from shock aggravated by severe pain than from subsequent 
manifestations of radiation Injwy, and narcotics might make it possible t o  
sustain l i f e  in these patients u n t i l  first aid measures or  definitive therapy 
could be undertaken and the danger of h e v e r s i b l e  shock decreased. 

Hemorrhagic: Hemorrhagic manifestations of radiation l n j u x y  
W o u l d  be unlikely during the first two-week period of severe austerity, but 
the general condition of the patient during that period might significantly 
Influence the severity of hemorrhagic lesions during the subsequent period. 
The probability of hemorrhage W i t h i a  the central nervous system might be 
decreased in patients With increasingly severe thrmbocytopenia by admlnis- 
ter ing cough suppressing and anti-diamheal agents, e.g. codeine and pare- 
goric. These could be administered, when indicated, t o  control coughing 
and straining at stool and t o  prevent the resulting sudden Increase In 
intracranial  pressure. 

mented in the l i t e ra ture  describing studies on animals (16, 17). 
of infection in general might be expected t o  decrease the severity of 
hemorrhagic manifestations of rsdiation-induced thrombocytopenia should 
they develop subsequently (three t o  four weeks a f t e r  exposure), and control 
of thrombocytopenia would, in turn, be c r i t i ca l ly  important t o  successful 
ant ibiot ic  therapy of concurrent infection. 

Speciffc therapy for hemorrhagic manifestations of d a t i o n  injuzy 
(three t o  four weeks after exposure) is the administration of fresh plate- 
l e t s  at the r a t e  of 2 or more units per day for several days  or un t i l  bleed- 
ing is controlled. The efficacy of platelets,  i n  the absence of antibiotics,  
for the hemorrhagic diathesis in swere  radiation injury remains t o  be 
evaluated. 
have any place in treatment of radiation casualties under austere conditions. 

cortisone is contraindicated as a therapeutic agent fo r  acute radiation 

The close relationship between infection and hemorr- is well docu- 
Control 

It is highly unlikely that bone marrow transplantation would 

Since cortisone and radiation tend t o  have similar detrimental effects,  

WW. 



Surgical Problems: Urgent surgical problems should be managed without re- 
m t o  the possSbility of radiation injury. 
cleausing ageuts at%3 tetsnus toxoid are limited they should be reserved for  
patients with open wounds. 
t ion  of a slmple dressing w o u l d  be the best procedure t o  prevent infection. 
Since the iodine-PVP SntLireptics (e.& Be-) are relatively b e d s  t o  
iaJured tissue, and since they are 86 effective against etapkylococci at%3 
far more effective egains; gram negative bacteria than are the hexachloro- 
phenes, they w o u l d  be the preferred antibacterial cleansing agent. 
supplies w e r e  limited, these iodine-FVP agents could be used quite effect- 
ively i n  a dilution of at leas t  7:l. 

Chemical Protective Agents: 
crease sunrlval of experimental aninuls subjected t o  single, very large 
(lethal range) shod-term exposures t o  ionizing radiation if the chemical 
agents are given shortly before exposure (18, 19). Much of the research on 
these campounds has been directed towad military and c i v i l  defense needs 
for "radiation protective" agents. Wor tmate ly ,  it appesrs unlikely that 
the chemical agents presently available would materially reduce morbidity 
or mortality from the type of radiation exposure under consideration in the 
present report. 

i f  they are present in the t issues during exposure. 
have t o  be present throughout protracted exposures. 

If the supplies of sldn 

In  a crowded shelter, cleansing and the  applica- 

If 

Certain chemical agents have been found t o  in- 

The reasons for  this are: 

1. Chemical agents provide protection against radiation iqlury only 
Presumably, they would 

2. The effective agents have prcminent inherent topticity which is 
greater for large animals, including man, than f o r  the usual small t e s t  
animals. 

Virtually nothing i s  known about the effectiveness of the protective 
agents during radiation exposures in which tbdose rate corresponds t o  that 
expected from weapons fallout. 
when administered over a sufficiently long period t o  counteract the major 
part  o f  the radiation dose from weapons fallout is unknown. 

One should, however, bear in m i n d  the possibility that one or more 
"protective" agents might eventually be found which could, for example, 
double the number of humns surviving an otherwise le thsl  dose of y radi- 
ation from weapons fallout. Such a chemical agent would have an enormous 
effect on requirements for  medical care, for  many persons surviving an 
othercrise lethal dose would subsequently develop cl inical  signs and symptoms 
consistent with exposure t o  sane dose less than that actually received. 
Thus, it is possible tha t  chemical protective agents might sharply decrease 
mortality and at the same time increase the number of patients able t o  re- 
spond t o  therapy and increase the need for  medical care proportionately. 

P a r t i a l  Bcdy Shieldlw: 
protective measure tha t  has effectively reduced lethali ty amoag experimental 
snimals follovlng large, brief exposures (20, 21). 
canpletely surroupding the epicondyle of the humerus (elbow) in the dog 
have been shown t o  afford significant protection( 20 ). 
metrical considerations under shelter conditions, where individuals move 
about and change position relative t o  the radiation source, make it diffi- 
cul t  t o  predict whether o r  not small par t ia l  body shields would appreciably 

Similarly, the taxicity of the cappounds 

Par t ia l  body shielding durlng exposure is another 

Small lead shields 

The complex geo- 
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benefit  a shel ter  population. 
w h a t  pa r t  or proportion of t he  baly should be shielded in order t o  achieve 
eignificant protection d e r  shelter conditions. 

It i s  not possible at this time t o  recmencl 

CONCLUDING COMbENTS, PARI I 

The ccmrmittee would emphasize two major considerations with respect t o  
shel ter  conditions and care of radiation casualties, namely: 

1. The medical sffects  of large randomly selected groups of 
persons under the austere conditions postulated muat be known before the 
effects  of superimposed radiation injury c8n be analyzed accurately. 
should have the best available infonuation, for example, about the frequency 
of occurrence of persons harboring pathogenic microbial agents in the popu- 
lation under considerstion. Antibiotics for stockpiling should be selected 
e n s t  a background of such data BB well 86 the best available deta on the 
m t e s  and patterns of emergence of various diseases i n  large groups of 
persons confined under crowded c d t i o n s .  

One 

2. m e  relationship betrreen response t o  protracted radiation doses 
and response t o  single non-protracted closes is poorly understood at present. 
I n  the present report, the cl inical  picture 8x13 hematological changes &ter 
exposure t o  radiation f r o m  weapons fission products have been discussed as 
though they were the same following short term and protracted exposure, 
although t o t a l  doses required t o  produce the various degrees of injury 
probably M e r  greatly i n  the two situations (22,23,24,25). 
More accurate description of degrees of radiation Injury due to y radiation 
A.cm fallout would require much more extensive cl inical  data from rea l  or 
simulated exposures of this nature than are presently available. 
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PmT 11: RECObME2JDXCIOIS FOR FURTHER STUDY 

Frm the outset, the  most diff lcul t  part of the camnitteens task has 
been defLnition of the austere cadi t ions  under which radiation Fnjury would 
be treated. Again and again, questions about medlcal m8uagement led t o  the 
realization that the answer would &pend upon the specific situation in 
question, for,  as we have tried t o  indicate in ear l ier  sections of this re- 
port, the  conditions of confinement would interact with i q l u r i e s  due t o  d- 
ation or other agents in determining the cl inical  course. 

It appears that in many cases, one w o u l d  gain more by treating the 
patientns environment then by treating his illness. Reccumnendations t h a t  
m i g h t  seem t o  be indicated clearly in one se t  of circumstances might be hap-  
propriate when applied t o  another set. For example, reccarmendations v l t h  
respect t o  administration of antibiotics in the presence of malaise plus 
persistently elevated bcdy temperature would appear t o  be sound, at first 
glance. 
poor, however, a large proportion of those in shelter might have elevated 
body temperatures, and the degree of elevation would vary with age, activity 
and so for th  as w e l l  as with infection (26,27, 28, 29 ). Consequently, Mrm 
unqualified recamendations that  body temperature be accepted as a cardiaal 
c l in ica l  sign of infection and an indication for  administration of anti- 
biot ics  might resul t  in wasted supplies of the valuable therapeutic agent, 
especially if the "medical officer" w e r e  not a physician or other professional 
person with c l in ica l  experience. 
affected by the local situation. 

Although one might be tempted t o  recormend that research be under- 
taken t o  determine the most reliable c l inical  indications of early infection 
under conditions of extreme crowding and high environnental temperature, 
one would do so with more confidence if the probability of encountering 
such extremes w e r e ,  in fact ,  reasonably high. Similar practical consider- 
ations might influence how strongly one would recamend other l ines of 
investigation. 

precise definition of the operaticnal aspects of the shelter program in 
various geographical areas, various types of buildings and so forth. 
ccmnnittee is a w a r e  that many highly qualified groups have worked on the 
various aspects of the problem long before the TRIMAC ccmrmittee.existed 
(30, 31, 32, 33, 34, 35, 36, 37, 38 1. Mevertheless, w e  have not found 
information about the probability of encountering various types of environ- 
mental extremes in fal lout  shelters in  the United States. U n t i l  such infor- 
mation is available, specific research recamendations must be considered 
86 preliminary and speculative; subject t o  revision, or cancellation. 
recumendations made i n  t h i s  report are relatively broad and are divided 
i n t o  two categories: operational recormendations and research recommendations. 

RECOMMENDLSITOMS: I. 0PER.QIONS: These recamendations should receive 
immediate attention. 
the research reconrmendations. 

If shelter confinement were in a hot climate and ventilation were 

Water requirements would clearly be 

The research reccmuendations emphasize a b m  a l l  else, the need f o r  

The 

!The 

The outcome of operational studies would influence 

-19- 
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Review of exist- plans: The most recent Civil Defense plans fox 
allout shelters at state and local levels ln all e s  of the cnmtrv should 

be reviewed and smnfkrlzed in a concise form that iould show the p s k n t  range 
staffing 

and shel ter  management. Existing marmals, (ieckal, state and locall on 
shel ter  management or medical care should be collected and comparsd as part 
of this undertaking. Inspection of shelter f ac i l i t i e s  eud stockpiles of 
supplies should be carried out as necesssrg t o  determine the accuracy of the 
rem. 
ful of 

of variabi l i ty  i n  requirements, as well as in plaaning, prwisioning 

This should be done by experienced civil defense staff who an mind- 
questions raised in the present report. 

fmprovlng lldson wlth civllian grou ps concerned wlth natwal disssters: 
n 3  
pr- for medical managant  of patients-in &aster situations me 
oriented toward management of mess casualties following major fires, flood, 
toznadoes and the llke. Most of these programs are designed t o  cope with 
situations that d i f fe r  markedly fran that lmder consideration in the present 
report. 
patients and the degree of urgency in provlding skil led medical care, the 
location of disaster stations t o  which physicians are assigned and the manage 
ment of the population generally i n  the two types of disaster situations. 

Using estsblished statist ical  techniques, the probable number of 
shelters 1) without a physician and 2) vithout a non-M.D. with medical 
skills can be estimated for various rat ios  of the two groups of medically 
trained persons t o  shelters. 
analysis a& the data with respect t o  various physician/shelter ra t ios  are 
s m m r i z e d  in Table M. 

Differences include the anticipated &er of severely injured 

Appenhix 1 t o  this report contains such an 

The data in Table M indicate that even if physicians were evenly dis- 

If physicians w e r e  t o  go 
tributed thrmghout the population and there w e r e  no selective loss of 
ghysicisns, many shelters might be physiciadless. 
t o  disaster  stations other than shelters, or if they were not equally dis- 
t r ibuted among the population for any reason, the percentage of shelters 
without pEysicians w o u l d  be even greater. 
non-M.D., medically trained person i n  a shelter is considerably greater than 
that of having a physician. 
Table M should be of considerable help i n  anticipating the consequences 
of various plans for  kp loy ing  medically trained persons during disasters. 
A t  present, many physicians have no disaster assignments or haw forgotten 
them. 

The likelihood of having a 

Estimates such as those surmnarized in 

In general, existing civil ian medical programs appear t o  include l i t t l e  
p l m  for nuclear warfare. 
for nuclear warfare are concerned primarily vLth the need t o  maintain troops 
and equipment in the f i e ld  in functional condition, not with medical care 
of the civilian. 

On the other haad, military medical plans 

Ideally, those responsible for medical aspects of civil ian defense 
should exchange infornation freely with both military defenders and civllian 
organizations responsible for  medical management of patients and the 
population generally in non-military disasters. 
Office of C i v i l  Defense end military defenders has been assured by the 
organizational relationship of O.C.D. t o  the Secretary of Defense. 

Camrmnication betveen the 

There 
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remains, however, a need for improved liaiaon betveen O.C.D. and orgrmiza- 
tiom concerned with medical care of civlllane la natural &esters so t h a t  
plans for various types of disasters ma;y be campetible. 

Review of population at rlsk: For maximum effectiveness, medical plans 
for fa l lout  shelters should be based on the most accurate Infonuation avail- 
able about the population t o  be expected in fallout shelters in  d o u s  re- 
eone, at Wrious seasons, am€ BO forth. D a t a  m the health chsrsctcr- 
i s t i c s  of the  population at rlsk are available -- for example, fbm the 
Division of Eealth Interview Stat is t ics ,  DHEW/P€E ( 9). 
of illness and volume of disabi l i ty  i n  the free living population may be 
reduced t o  terms of two weeks as a time base and one thousand d~ a population 
base as shown in Table X. 

Anwal frequencies 

TABLE Xi 

Number of Conditions Nuuber/lKO/2 weeks 

Acute : 
, 

- 
Infective and parasit ic disease 
Connuon Cold 
Other acute respiratory conditions 
Acute digestive conditions 
lnjuries 
A l l  other acute conditions 

11.3 
21.3 
20.7 
4.3 

11.3 
10.8 

chronic : 

Severe chronic asease  or impairment 22.P 

* Aaapted Prom Table 26, reference 9 
+, Prevalence, rather than frequency, over a two week period. 

A more detailed tabulation of the types of injuries and acute and 
chronic illnesses, classifled accolding t o  age gmup and sex of the popula- 
t i o n  and according t o  sefson and residence (urbsn, rural-non fatui end farm) 
has been prepared by the NAS-NRC Ad Hoc Committee on Medical Care i n  public 
Fallout Shelters ( 10). 

Among acute conditions, the respiratory diseases, injuries and gastro- 
in tes t ina l  dieturbances are the most frequent. These figures are derived 
from nation-wlde a ~ u a l  averages and they will vary, depemiing on local 
population characteristics, geographic location and season of the year. 
For example, In  l a t e  vlnter and early spring there would be a higher f re -  
quency of acute respiratory disease in the north; a population containing 
a Mgh percentage of elderly persons would have a higher frequency of 
chronic conditions. 

Assuming that the shelter population were simllar t o  the population of 
the  8- area there would be, on the average, about 75 acutely ill 
or Fnjured persons per thousand shelter population, plus perhaps 20 per 
thousand seriously disabled persons who might require assistance in the i r  
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ac t iv i t i e s  of aaily living. 
one death per two thousand five hundred persons in a two week period. 

The ltormal forces of mortality w o u l d  result i n  

In addltlon to illness, there is the problem of viral ard bacterial 
infection without obvious illness. Studies of the prevalence of lnfection 
in the free living population (39, 40, 41, 42, 43, 44) show that infected, 
though apparently well, persons v0U)d inevitably be introduced into the 
shel ter  environment. 
viral and bacterial, are nost prevalent in the l a t e  winter and early spring 
weather, while the enteric bacterial and viral pathogens are  most prevalent 
in the l a t e  summer and early fallmonths. 

As a broad generslization, the respiratory infections, 

This leads t o  the recctmnendation that planning for  the shelter environ- 
ment provide some f ac i l i t i e s  for the severely and chronically disabled; that 
the introduction of acute respiratory a d  gastrointestinal illnesses and 
t he i r  etiologic agents be anticipated; that provision for  the management O f  
these as well as other disorders be made. This would influence considerations 
of space requirements, management of the environment, selection of anti-  
biotics, 8nd possible research into *her methods for interrupting the 
transmission of microorganisms in a shelter type of operation. 

portant reccsmnendation in  this report concerns the space allotment per 
person during confinement in the shelter. 
in determining survival. 
provide the f ac i l i t i e s  required for adequate medical treatment necessary t o  
reduce morbidity and mortality associated with radiation injury. 

Review of space requirements and f ac i l i t i e s  allocated: The most im- 

This allocation may be c r i t i ca l  
 be recamended a n . 2  per person wou not 

Even though the period of s t r i c t  confinement t o  shelter be only t w o  
days, during those two ws -- even under relatively comfortable ccmfice- 
ment conditions -- one w o u l d  anticipate dissemination of bacterial  and viral 
agents harbored by the shelter population. 
irradiation, it w o u l d  depress i!imnme processes, enhancing susceptibility t o  
pathogenic orgadsms. 
period of maximum leukopenia and thrabocytopenia, significantly increasing 
the h a z e .  

Should there be concomitant 

The enhanced susceptibility would persist i n t o  the 

Most shelter studies have been done using relatively smll groups of 
apparently healthy people. 
t ion  quite different from this would be assembled. 
plans, there i s  l i t t l e  possibility of separating are= for  sleeping, living, 
food preparation, disposal of excreta, s l c h e s s  control and administration. 
We recommend that c r i t e r i a  used in arriving at space allocation be reviewed 
and that plans f o r  optimal ut i l izat ion of a l l  available space (Le .  overhead 
as well as floor space) be developed. 

Under postulated shelter conditions, a popula- 
According t o  current 

Civil defense plans should include instructions f o r  the populace about 
w h a t  t o  bring and w h a t  not t o  bring t o  the fal lout  shelter. 
cements under "Review of medications for Shelters"). 

(See other 

Rev iew of environment (heat%, cooling, ventilation, l ight)  : The en- 
vironmental problems (e.g. climete) and methods for controlling the environ- 
ment should be reviewed for  various local i t ies .  



Studies byvarlvarious experts on the effects of extremzs of temperature on 

A l l  three should be measured in shelters 
humaD physiology have shown that temperature, hrmurdity d air flow are a l l  
impartant emrLrorrmental variables. 
in verious regions at Various seasons. Us- such data, it w o u l d  be possible 
t o  predict what pravisiona should be made for regulating these variables. 

Scaue light source would be necessary in the shelter so tha t  it would be 
possible t o  read labels, instruments and mnuals. Redm of prorlsions for 
Ught should inclde the types of l igh t  available and parsible hazarda asso- 
cwtd with ce- liglTt sources. 

disinfectants m i g h t  properly be considered an important aspect of regulating 
the shel ter  environment. 

Water requirements should be considered wlth reference t o  expected 
emriromnental temperatures and humidity, for requirements w o u l d  vary greatly 
frm me s e t  of environmental conditions t o  another. 
are discussed -her on page 25.  

Review of shel ter  management: C a r e  of the sick a d  wounded should be con- 
sidered in l igh t  of shelter management generally. 
In the medical management of seriously ill patients, which might include those 
with trauma, those who ccanplain of paCn or are disoriented, and those repre- 
senting possible infectious hazerds, are: 1) t o  prwide the best possible 
cme for the sick without undue penalties t o  the well, 2) t o  prevent the 
spread of Infectious disesse, and 3) t o  cope w l t h  the psychological impact 
of pain, disorientation, illness and death. 

ill or Injured patients from the rest of the shelter population and t o  have 
care of the sick delegated t o  persons able t o  manage it with minimum disrup- 
t i o n  of the shelter. 

Prwisions for odor control, probably through provtsion of effective 

water requirements 

The obvious requirements 

It would be important t o  achieve sane physical separation of acutely 
, 

Pr ior i t ies  assigned t o  medical matters should be included Fn the review 
of shel ter  msnagement. 
personnel t o  take the position that care of the ill, wen if they are  only a 
small p a r t  of the population, is more important than anything else; and one 
can conceive of a situation in which a domineering physician might insist 
upon policies t h a t  w o u l d  not be for  the c m o n  good. 
have high priority,  b u t t h e  shelter manager, havlng weighed the reccrmnnenda- 
tions of medical personnel, is s t i l l  responsible for  mgking decisions for  
the beneflt of the shelter population Fn general. Priorit ies assigned t o  
medical problems, and decision msklng In situations when the relative 
Importance of medical considerations must be weighed should be part of the 
training of shel ter  managers. 

It is not unheard of for  physicians and medical 

Medical problems should 

Review of medications: Financial and logistical  constrsints on i n i t i a l  shelter 
P W  ng led t o  the following decisions with respect t o  stockpiling of - - - - 
mealcations : 

1. 
normal, healthy group of persons during a period of approximately two weeks. 

Medications stockpiled in shelters would be those required by a 
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)ns for  the cbronice y ill muld not be a 

3. 

4. 

L i t t l e  could be doM under shelter conditions t o  improve surviyBL 
of severe4 mured patients. 

caciously only by a physician would not be stockpiled. 

Ad Hoc C d t t e e  on Medical Care in public Fallout Shelters in 1964, and some 
changes w e r e  recmrended ( lo). 
plans should W e  in to  account the occurrence of persons with illness and 
InJuries in any reasonably large rand.m sample of the c i v i l t a n  papulation. 
The TftIMAc c d t t e e  eniorses most of the NAS-NFC caamdttee@a recommendations 
and recouuoends in addition, that the varieties as well as the quantity of 
medications that should be stockpiled i n  order t o  reduce radiation-related 
morbidity and w r t a l i t y  should be r d e w e d  fo r  various local i t ies  with 
respect to: 

1. 

2. 

Special medications and supplies that could be used s a f e 4  and e f f i -  

L i s t s  of medications that were stockpiled were reviewed by the NAs-mC 

The same cclrmcttee empbsized that shel ter  

The size of the sheltered population. 

The knowledge and experience of the most m e d i c a l l y  knowledgeable 

The extent t o  which the populace have been educated t o  brlng with 

person in the shelter. 

3. 
them medicatipns that they require for maintenance therapy, e.g. insulin, 
digi ta l is .  

4. The extent t o  which physicians, dent is ts  and pharmacists have 
been educated t o  bring medical supplies t o  the shelters. 

Review of manuals and guidebooks: Appropriately oriented gUiaebooks should 
be prepared and di stributed forthwith. These guidebooks should include 
information on organization of shelters,  designation of responsibilit.y, 
p r ior i t ies  and decision making as well as technical i n f m t i o n  on many sub- 
jec t s  such as ventilation, fallout radiation, medical problems, sanitation, 
handling of dead bodies, and so forth. 
instructions for the administration of medical supplies (e.g. antibiotics) 
and, where appropriate, warnings about possible adverse effects ani how t o  
avoid or control them. A l l  pro- 
cedures should be presented in simple cook-book s ty le  and the maTlual should 
be extensively indexed. 

They should contain s i m p l y  worded 

The guidebooks should be r e d l 4  legible. 

RECOMMENDXCIONS: 11. RESEARCH: Research recanmendations that seem most 
appropriate at t h i s  time ere as follows: 

- Water: Together, space and water are the most important requirements for 
survival under the conditions postulated. Water requirements for healthy 
men under various environmental conditions have been studied extensively, 
but minirmrm allocations derived from such studies have proved t o  be too low 
when tested under shel ter  conditions even less  rigorous than those postu- 
lated( 38). Water requirements in overcrowded shelters that house injured 
and sick persons will inwitably exceed present shel ter  allotments. 
tu re  search and a d d i t i o n a l  research on healthy and irradiated experimental 

A l i t e r a -  



animals confined d e r  simulated shelter conditions w o u l d  be expected t o  
lead t o  redsions of proposed water rations. An increase would be necessary 
in any case if a significant part of the presently p h e d  vater supply were 
allocated t o  medical uses. 

Therapeutic and. prophylactic agents: With better control of the environ- 
ment and rrl t h  an adequate water supply, it is reasonable t o  suppose that 
m o r t a l i t y  among persons receiving a radiation exposure athenrise l e t h a l  t o  
-jO$ or less  of the population could be at least  halved i f  two or three ant i -  
b io t ics  w e r e  available (16 ). 

To determine the most reliable c l inical  indications of infection under 
canditions where fever is l ikely t o  be induced by some agent other than in- 
fection, a l i terature  search and experimental research should be encouraged. 
These would provide the information required t o  obtain maximum benefit 
firm antibiotic therapy. 

mere should be a review of efforts presently being made t o  increase 
the shelf l i fe  of major antibiotics, analgesics and Fnrmunizlng agents, 
especially tetanus toxoid. 
research in t h i s  area should be promoted. 

If relatively l i t t l e  effort  i s  behg  expended, 

Efforts presently being made t o  find alternative w a y s  t o  administer 
important therapeutic agents that must now be administered by injection 
should be h e w e d .  
this area should be promoted. 

If insuTf ic ie~t  effor t  is be- expended, research in 

If space and water requirements were met and antibiotics were avail- 
able for  serio.s ly  injured patients with infection, methods for preserslng 
and stockpiling platelets w o u l d  be important in further improving ult inate 
survlval, for  stored supplies might be shipped frm remote areas t o  t r ea t  
patients with severe thrombocytopenia when platelet  counts were m x b a l l y  
depressed three t o  fou r  weeks a f te r  exposure. 
presently actively a t  work on the problem of platelet  preservation ( 45 

Several rcsearch groups are 
). 

- 
1 as a guide in estimating prognosis on the basis of clinical  signs 

and synptoms in patients receiving their  t o t a l  dose from fallout gamma 
redlation after detonation of a nuclear weapon. 
should be carried out t o  cmpare morbidity and mortality associated wlth 
short term si3gle exposures with morbidity and mortality after exposure 
t o  radiation delivered a t  changing rates tha t  would mimic the hlgh i n i t i a l  
build-up of radiation l w e l s  as fal lout  i s  deposited, followed by decreasing 
radiation levels as f iss ion products decay. These studies should be carried 
out using manrmals that develop the classical  acute radiation syndrome as it 
is seen in man. Results should be analyzed t o  determine the predictability 
of the c l ln ica l  response t o  various doses of y radiation administered t o  sFn- 
ulate exposure t o  y radiation from weapons fallout. 

Additional research 

Pa r t i a l  Body Shielding: 
nificant protection aeainst l e tha l  x-radiation in dogs i s  intribmlng. Fur- 

The observation that small lead shields afford s ig -  

t he r  investigations should be carried out t o  determine t'm effectiveness of 
such shields when exposure geometrf and dose rates sinulate those anticipated 
in a fallout shelter. 



General measures supporting survival of d i a t l o n  casualties: 
tracted exposure, recovery processes become active while injury is accruing. 
This si tuat ion emphasizes the importance of obtaining additional information 
about certain general measures that have long been considered basic in therapy 
of radiation injury; measures that may be effective prLmarily in promoting 
recovery rather than reducing iqlury. These are rest, cleanliness, adequate 
nutr i t ion and hydration. 

During pro- 

Documenting the therapeutic effect of rest is t ru ly  a challenge. Rcpre- 
sentative data from the  few experiments that have been conducted -e sunmu- 
ized in Table XI. These data suggest t h a t  prevention of exhausting activity 
might be effective in reducing mortality following exposure t o  large doses 
of radiation. Additional research should be carried out t o  determine whether 
o r  not rest is indeed of major importance in improving survival. 
should be designed t o  determine the extent t o  vhich animals may exert them- 
selves during and after protracted exposure uithout si&ficantly increasing 
the mortality rate. 

t ion  injury are  probably due t o  reduced incidence of infection. This hss 
been discussed earlier in the present report. 
t o  determine the probable gain (in terms of reduced mortality) t h a t  could 
be expected if facil i t ies uere provided for cleaning superficial  lesions, 
and fo r  cleaning hands before handling food or uater and after defecation. 

Studies 

Beneficial effects of cleanliness on surv iva l  following severe radia- 

Effort should be expended 

Observations of the  effects of crovding a n W s  in cages are perhaps 
the closest experimental approach t o  evaluating the importance of cleauli- 
ness. 
of crowded shel ter  conditions in mind. These studies should include experi- 
ments t o  determine the effect  of environmentally induced hyperthennia on the 
incidence of generalized infection and mortality in irradiated animals mer 
simulated shelter conditions. 

Aids t o  health assessment: In a shelter environment uhich could, by i tself ,  
cause temperature elevation, identification of fevers indicative of W e c -  
t i o n  would require temperature measurements on a large sample of the shelter 
popuiation. 
in such a situation, procedures for taking temperatures shocld be simple, 
the  measuring devices used should be easy t o  clean between measurements, 
and they should not promote spread of infection. 
mometers would not meet these specifications. 

Experiments of t h i s  type might profitably be extended with the analogy 

Since many measurements of body temperature uould be necessary 

Conventional c l inical  ther- 

Thermistors or other metal devlces for  measuring body temperature should 
be evaluated 88 possible additions t o  shelter stocks. Simple, convenient 
procedures for measuring body temperatures uith the devices selected should 
be developed and incorporated into the manual on medical care. 

If persons reasonably skilled i n  hematological techniques were present 
in the  shelter,  it would be helpful i f  methods of estimating both - the leuko- 
cy-te count and absolute lymphocyte count were available. These determina- 
t ions should not be attempted nor the results interpreted by inexperienced 
persons. 
simple, durable equipment (other than conventional microscopes, for  example) 

Promisiq ideas about methods of making such estimations, using 
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should be explored and developed i f  they seem sufficiently pnanising. 

Methods should be sought for identifying persons and recording, for  
each person, infoxmation such as temperature, medical treatment and food 
d water intake. 

CONCLUDING COMMENTS, PART If 

The conunittee w o u l d  emphasize the following considerations with re- 
.epect t o  reccarmendstions f o r  further study of operations: 

1. The most important recmendation in t h i s  report concerns the space 
allotment per person during confinement i n  the shelter. The recumended 
8 f’t.2 per person w o u l d  not provide the f ac i l i t i e s  required for  adequate 
medical treatment necessary t o  reduce morbidity and mortality associated 
with radiation injury. 

2. More precise information then that presently available about oper- 
ational aspects of the shel ter  program will be required before firm reccmuen- 
dations can be made about medical management of acute radiation injwy under 
shel ter  conditions. 
shelters should be reviewed with respect t o  space requirements and f a c i l i t i e s  
allocated, the probability of encountering various types of emrlronmental 
extremes, the population at risk, shelter management, medications, and 
manuals and guidebooks. 

Operational aspects of c i v i l  defense plans for fa l lout  

3. Liaison between O.C.D. and civil ian grpups responsible for disaster 
control in the event of flood, fire, tornados, ami the like should be 
strengthened 80 that plans for various types of disasters may be compatible. 

The conunittee would emphasize the following considerations with re- 
spect t o  recommendations for  research, with the understanding that the 
recommenbtions are subject t o  revision depending on the outcane of the 
review of operations: 

1. Water requirements in wercrawded shelters t ha t  house injured and 
sick persons w i l l  inevitably exceed present shelter allotments. 
allotments should be revised. 

These 

2. Additional research should be carried out t o  compare morbidity snd 
mortality assaciated with short tern single exposures with morbidity and 
mortality a f t e r  exposure t o  radiation delivered a t  changhg rates that would 
mimic the high initial build-up of radiaticm levels as fallout is deposited, 
fo l lwed  by decreasing radiation levels as fission products decay. 
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SOYE "WPZP.TW3jED" DOCTOR-FALLOVP S!ELTEE! DISTRIBLJTIOSS 

One can ca lcu la t e  t h e  unperturbed d i s t r i b u t i o n s  of  doc tors  aqd 

p a r m e d i c a l  personnel in a f a l l o u t  s h e l t e r  Crid system by es t ab l i shed  

c r t u t i s t i c a l  t e c h n i ~ u e s .  It i s  not  intended here  t o  Fonder t h e  r e a l i t y  of 

the unperturbed d i s t r i b u t i o n s ;  however, a ranee of d i s t r i b u t i o n s  is given 

so t h a t  one m2y note t h e  m a c i t u d e  of t h e  va r i a t ions  i n  the d i s t r i b u t i c n s  

as t h e  r a t i o  of t h e  number of doc tors  o r  parayedics  t o  t h e  nmber of 

s h e l t e r s  chonges. These changes can be thoufht  of as per turba t ions  i n t r o -  

duced i n t o  t h e  d i s t r i b u t i o n  of doctors  r n s u l t i n p  fror .  a wide v a r i e t y  of 

ccuses ,  suc!i e.; doctors  r epor t ing  t o  h o s p i t a l  f a c i l i t i e s  i n s t ead  of shelters,  

localized r e s i d e n t i a l  d i s t r i c t s  where there is a hieh percentaze of doc tors '  

homes, s e l e c t i v e  va r i ab le s  t ha t  prevent  doctors  from going t o  s h e l t e r s ,  and 

o thers .  

To exeo.ine t h e  problem, l e t  us assume t h a t  "r" doctors  occugy "n" 

f a l l o u t  shelters t o t a l l y  a t  randon. Then: 

(1) The probeb i l i t y  t h a t  exac t ly  "3" s h e l t e r s  have no 

doctors  is: 



W 

-2- 

(2) The probability tha t  "m" or less shelters have 

no doctors present is: 

(3)  The most probable number of shelters without a doctor 

is : 

(4) When A i s  equal t o  about 20 or more, the probability 

tha t  "mn or less shelters have no doctors present is: 

Equations (3)  and (4 )  are  of practical  interest  for assessing the 

most probable number of shelters without doctors and for assessing the grob- 

ab i l i t y  of t h a t  number or less occurring. 

The following s w n a r j  statenents can be nade: 

(1) For an equal number of doctors and shelters the nost 

probable percent of shelters without a doctor is 30. 

There i s  a 50 percent probability that  t h i s  distribution 

vi11 occur. 

(2 )  For paramedics, when they outnuTber shelters by 10 t o  1, 

t h e  lost probable percent of shelters without a 



paramedic I s  0.004. 

(3) For a variable  ratio of doctors and she l t e r s ,  the  

most prsbable percent of she l te rs  wlthout a doctor 

I s  given i n  Table I. 

TABLE I 

Most Probable Percent of Shelters 
Without a Doctor 

Rat io  
DoctorslShelters 

1 
0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 

Most Probable Percent of Shel ters  
Without a Doctor* 

30 
40 
40 
50 
50 
60 
60 
70 
80 
90 

*The probabi l i ty  of t h i s  percent or less occurring is about 

50 percent. 

( 4 )  For a var iable  r a t i o  of paramedics and she l t e r s ,  t h e  

nos t  probable percent of she l te rs  without a parmedic 

is  given i n  Table 11. 



. .  

TABLE I1 

Most Probable Percent of Shel ters  
Without a Paramedic 

Ratio 
Psramedics/Shelters 

10 
9 
8 
7 
6 
5 
h 
3 
2 
1 

Most Probable Percent of Shel ters  
Without a Paramedic* 

o.oot 
0.01 
0.03 
0.09 
0.2 
0.6 
1 
5 

10 
30 

*The probabi l i ty  of t h i s  percent or less occurring is about 

50 percent. 

To return b r i e f l y  t o  the perturbed ac tua l i ty  of doctors going t o  

f a l l o u t  she l t e r s ,  it i s  c l ea r  t h a t  t h i s  is not a random process as assumed 

here. 

sysixn w i l l  tend t o  prevent doctors from going t o  she l te rs  o r  w i l l  t end  t o  

concentrate doctors i n  some she l te rs .  In  actual  experience these influences 

will r e s u l t  i n  a higher number of she l t e r s  without doctors s ince these 

calculat ions show the ne t  results of a t o t a l l y  random dis t r ibu t ion  betveen 

doctors and she l te rs .  

It appears t o  be c l ea r  t h a t  t h e  perturbations operating on t h i s  

Table I11 provides some addi t ional  insight i n t o  the  d is t r ibu t ion  

probabi l i t i es .  I n  t h i s  t ab l e  the nmber of doctorless she l te rs  which 

would not be exceeded 90 percent of t h e  t i n e  is shmm for both an equal 
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number of doctors and shel ters  and for a perturbation tha t  results i n  

only one-half as many doctors as shelters. 

It vould appear tha t  the only way t o  improve significantly the 

distribution of doctors t o  fa l lout  shel ters  vould be t o  make firn shel ter  

aasignments for  each doctor. 

Acknowlediqtnent: 

The s t a t i s t i c a l  equations presented here, and which form the 

basis for  t h i s  summary, were derived by T. ?1. Beetle, of the Battelle- 

Northwest Mathematics Department. 
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