
October 21, 1968 

D r .  F r a n c i s  Cr ick  
' Waldorf A s t o r i a  Hote l  

Park Avenue and 50 th  S t .  
New York, New York 

Dear F ranc i s :  

Most of what I have enclosed i s  more p o l i t i c a l  t h a n  t e c h n i c a l .  
What fo l lows  i s  a  summary of some t e c h n i c a l  p o i n t s  from t h e  
open l i t e r a t u r e .  

1. B a c t e r i a ,  r i c k e t t s i a , f u n g i ,  v i r u s e s ,  and t o x i n s  have been 
examined f o r  u t i l i t y  a s  weapons a g a i n s t  humans, animals  and 
c rops .  Most of  what fo l lows  concerns  BW a g a i n s t  humans. 

2. The most s e r i o u s l y  cons idered  mode of a t t a c k  i s  by means 
of an a e r o s o l  c loud r e l e a s e d  by p l a n e s ,  drones ,  m i s s i l e s ,  
submarines o r  s h i p s .  

3. For  i n f e c t i o n  t o  occur ,  p a r t i c l e s  must g e n e r a l l y  lodge  i n  
t h e  deep r e c e s s e s  of t h e  lungs .  The opt imal  p a r t i c l e  d iameter  
f o r  t h i s  purpose i s  1-3 micra .  About 50% o f  i nha l ed  2  micron 
p a r t i c l e s  lodge  i n  t h e  deep pulmonary spaces .  Larger  p a r t i c l e s  
a r e  f i l t e r e d  ou t  i n  t h e  upper r e s p i r a t o r y  t r a c t  where i n f e c t i o n  
i s  g e n e r a l l y  u n l i k e l y  t o  r e s u l t .  Above 10 micra t h e  p r o b a b i l i t y  
o f  deep p e n e t r a t i o n  i s  extremely low. Most n a t u r a l l y  occur ing  
a i r b o r n e  b a c t e r i a  and v i r u s e s  r e s i d e  on p a r t i c l e s  l a r g e r  t h a n  
10  micra.  

L. 

Below one micron t h e  e f f i c i e n c y  of r e t e n t i o n  i n  t h e  l ungs  de- 
c r e a s e s  and t h e  p a r t i c l e s  a r e  l a r g e l y  exhaled.  However, below 
approximately  0.2 micra r e t e n t i o n  a g a i n  becomes e f f i c i e n t .  

4 .  Once r e l e a s e d  i n  t h e  atmosphere,  p a r t i c l e s  i n  t h e  micron 
s i z e  range  remain suspended f o r  an average of a t  l e a s t  a  week. 
Thus a  l a r g e  p o r t i o n  of a  m i l i t a r y  a e r o s o l  w i l l  t r a v e l  f o r  
hundreds o r  thousands of k i l o m e t e r s  b e f o r e  it i s  removed from 
t h e  atmosphere. P a r t i c l e s  i n  t h e  micron s i z e  range  remain 
suspended longe r  t h a n  l a r g e r  ones  which s e t t l e  o r  sma l l e r  ones  



which impact more e f f i c i e n t l y .  

5 .  Aerosol  c louds  become d i l u t e d  a s  t h e y  t r a v e l  because of  a i r  
t u r b u l e n c e  a t  t h e i r  boundar ies .  Experiments sugges t  t h a t  f o r  
long  d i s t a n c e  t r a v e l  t h e  h o r i z o n t a l  spread i s  about one t h i r d  
o f  t h e  d i s t a n c e  t r a v e l e d .  V e r t i c a l  spread ing  i s  l i m i t e d  by t h e  
t ropopause.  A f t e r  a  few hundred k i l o m e t e r s  v e r t i c a l  spread ing  
i s  more o r  l e s s  complete. The v a l i d i t y  of t h e s e  approximat ions  
i s  somewhat dependent on me teo ro log ica l  c o n d i t i o n s .  

6.  B i o l o g i c a l  a e r o s o l s  l o s e  v i r u l e n c e  and v i a b i l i t y  a s  t h e y  
aqe.  Th i s  h a s  been s t u d i e d  a t  c o n s i d e r a b l e  l eng th ,  You should - 
s e e  B a c t e r i o l o g i c a l  Reviews, volume 25, number 3 and volume 30, 
number 3 f o r  e x t e n s i v e  c o l l e c t i o n s  of  papers  p re sen ted  a t  t h e  1 $ 
" I n t e r n a t i o n a l  Conferences on Aerobiology" l a r g e l y  organized by 
t h e  U . S .  Army B i o l o g i c a l  L a b o r a t o r i e s .  The important  p o i n t  i s  
t h a t  c e r t a i n  a e r o s o l s  r e t a i n  t h e i r  v i r u l e n c e  f o r  many hour s ,  a t  
l e a s t  i n  t h e  absence of  s u n l i g h t .  Even i n  t h e  presence  of sun- 
l i g h t  I would expec t  t h a t  a e r o s o l s  c o n t a i n i n g  spo res  o r  c e r t a i n  
v i r u s e s  might be  q u i t e  s t a b l e .  At tempts  a r e  being made t o  pro- 
duce microencapsulated a e r o s o l  p a r t i c l e s .  The encapsu la t ion  
m a t e r i a l  would be  chosen s o  a s  t o  f a c i l i t a t e  a e r o s o l  p roduc t ion  
and ma in t a in  o r  enhance v i r u l e n c e  under a  v a r i e t y  of condikions .  

7 .  A c o n s i d e r a b l e  number of organisms and v i r u s e s  have been in -  
v e s t i g a t e d  a s  p o s s i b l e  BW agen t s .  The u n c l a s s i f i e d  Army f i e l d  
manual on t h e  employment of chemical  and b i o l o g i c a l  weapons 
s u g g e s t s  t h a t  s e v e r a l  b i o l o g i c a l  a g e n t s  have now been s tandard-  
i z e d  and' a r e  a v a i l a b l e  a s  weapons. Reference i s  made bo th  t o  
l e t h a l  and t o  i n c a p a c i t a t i n g  b i o l o g i c a l  agents .  I n c a p a c i t a t i n g  
a g e n t s  a r e  de f ined  a s  t h o s e  in tended  t o  produce 2% o r  fewer 
d e a t h s  among t o t a l  c a s u a l t i e s .  The u n c l a s s i f i e d  manual r e f e r s  
t o  a  second manual t h a t  i s  c l a s s i f i e d  a s  s e c r e t  and which pre-  
sumably c o n t a i n s  more d e t a i l e d  informat  ion.  Some of t h e  organ- 
i s m s  and d i s e a s e s  on which F o r t  D e t r i c k  and Por ton  have r e p o r t e d  
a r e  t u l a r e m i a ,  Venezuelan equine  e n c e p h a l i t i s ,  yel low f e v e r ,  
an th rax ,  p lague ,  coccidioidomycosis ,  and Q f e v e r .  Rice  b l a s t  
and wheat r u s t  have a l s o  been mentioned i n  t h e  l i t e r a t u r e .  



d i r e c t l y  exposed t o -  a t t a c k  become i n f e c t e d .  Contagious d i s e a s e s  
a r e  u n d e s i r a b l e  because t h e y  a r e  e s p e c i a l l y  d i f f i c u l t  t o  p r e d i c t  

. and might i n f e c t  f r i e n d l y  popula t ions ,  ~ l s o ,  r e l i a n c e  on contag ion  
1 

i s  t o  be  avoided i f  a  prompt e f f e c t  i s  d e s i r e d .  

9.  Aerosol  a t t a c k  would cause  t h e  pulmonary form of  a  g iven  
d i s e a s e .  Gene ra l ly  t h i s  i s  no t  t h e  most commonly occur ing  form 
under n a t u r a l  c o n d i t i o n s .  The pulmonary form of  a  ' d i s e a s e  i s  
g e n e r a l l y  more s e v e r e ,  more r a p i d  i n  i t s  devzlopment and more 
d i f f i c u l t  t o  t r e a t  t h a n  o t h e r  forms. 

10.  The number of organisms r e q u i r e d  t o  i n i t i a t e  i n f e c t i o n  
depends upon a  g r e a t  number of f ac to r s - ,  For some d i s e a s e s  under 
c e r t a i n  c o n d i t i o n s  a s i n g l e  i nha l ed  organism i s  s u f f i c i e n t  t o  
i n i t i a t e  i n f e c t i o n .  I n  o t h e r  c a s e s ,  hundreds o r  even thousands  
of  organisms a r e  r e q u i r e d .  Cons iderab le  e f f o r t  h a s  gone i n t o  
s tudying  t h e  f a c t o r s  t h a t  i n f l u e n c e  t h e  v i r u l e n c e  of i nha l ed  
organisms.  

11. A s imple  g a s  mask o r  perhaps  j u s t  a  wad of  c o t t o n  he ld  over 
t h e  nose and mouth can p rov ide  ve ry  s i g n i f i c e n t  p r o t e c t i o n  a g a i n s t  
t h e  i n h a l a t i o n  of  b i o l o g i c a l  a e r o s o l s .  Various d e v i c e s  have been 
cons idered  f o r  p rov id ing  warning of  a  b i o l o g i c a l  a t t a c k  bu t  it i s  
no t  c l e a r  t o  me i f  any of them i s  very  good. I n  s p i t e  of s t a t e m e n t s  
t o  t h e  c o n t r a r y  t h a t  have appeared i n  t h e  p r e s s ,  .I know of  no n a t i o n  
t h a t  h a s  made any ve ry  e x t e n s i v e  p r o v i s i o n s  t o  p r o t e c t  i t s  c i v i l i a n  
popu la t ion  from b i o l o g i c a l  a t t a c k .  

My own f e e l i n g  i s  t h a t  a l though  b i o l o g i c a l  weapons could k i l l  o r  
i n c a p a c t i t a t e  very  l a r g e  numbers of  people  t h e y  would n e v e r t h e l e s s  
be  very  poor weapons from a  p u r e l y  m i l i t a r y  p o i n t  of view. Some 
of  t h e  r e a s o n s  f o r  t h i s  a r e  a s  fo l lows .  

N~ vir$L s ~ F ~ ~ c .  - i - C X ~ ~ J .  

@ The u s e  of BW obvious ly  i n v i t e s  r e t a l i a t i o n  i n  k i n d ,  
e i t h e r  a t  t h e  t ime  o r  a t  f u t u r e  c o n f l i c t s .  

@ Any n a t i o n  making s e r i o u s  u s e  of b i o l o g i c a l  weapons 
would ve ry  l i k e l y  be ob l iged  t o  p rov ide  a  de fense  
a g a i n s t  such weapons f o r  i t s  m i l i t a r y  and c i v i l i a n  
popu la t ion  and perhaps  f o r  i t s  a l l i e s .  T h i s  could 
be  ve ry  t roublesome and expensive.  

@ It w u l d  be  very  d i f f i c u l t  t o  p r e d i c t  o r  c o n t r o l  
-. 
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I ;; B i o l o g i c a l  weapons a r e  l i k e l y  t o  be  f a r  cheaper 
I t o  produce and develop t h a n  o t h e r  modern weapons, 

t h u s  p l a c i n g  g r e a t  d e s t r u c t i v e  power i n t h e  hands 
of  t h o s e  not  now posses s ing  it. 

For  t h e  above r e a s o n s ,  among o t h e r s ,  it seems t o  me t h a t  it would 
b e  lunacy t o  u s e  o r  even t o  t h r e a t e n  t o  u se  a  b i o l o g i c a l  weapon, 
1. b e l i e v e  t h a t  any n a t i o n  t h a t  p r o 3 e c t s  an ambiguous a t t i t u d e  
on t h i s  ma t t e r  r i s k s  i t s  own f u t u r e  s e c u r i t y  wi thout  o b t a i n i n g  
any compensating b e n e f i t s .  

Even i n  emergencies s o  g rave  t h a t  n a t i o n a l  s u r v i v a l  i s  a t  s t a k e  
I do not  s e e  a  r a t i o n a l  u s e  f o r  b i o l o g i c a l  weapons. Weapons 
powerful  enough t o  t h r e a t e n  t h e  e x i s t e n c e  of g r e a t  powers cannot  
be  n e u t r a l i z e d  by a  preemptive b i o l o g i c a l  a t t a c k .  M i s s i l e  
l aunching  s i t e s  and m i s s i l e  submarines a r e  no t  vu lne rab le  t o  
b i o l o g i c a l  weapons. 

The above o u t l i n e  l e a v e s  ou t  a  number o f  i n t e r e s t i n g  and impor tan t  
c o n s i d e r a t i o n s .  But t o g e t h e r  w i t h  t h e  o t h e r  m a t e r i a l s  I have 
enclosed it should be  enough t o  i n d i c a t e  my g e n e r a l  a t t i t u d e  
about t h e  sub j  e c t  . 

I would l i k e  t o  s e e  a  copy. of  whatever you say  o r  w r i t e  about 
t h e  s u b j e c t .  With b e s t  r e g a r d s ,  

AS e v e r ,  

Matthew Meselson 


