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1. An es t imate  based on incomplete in£ ormation ind i ca t e s  t h a t  

it may be f ea s ib l e  t o  de t ec t  t h e  5 i e l d  t e s t i n g  of b io log ica l  

weapons a t  s t a t i o n s  remote from t h e  t e s t  s i t e .  There a r e  

s e r i o u s  uncer ta in t ies  i n  t h e  est imation.  

2. A b r i e f  discussion i s  given of var ious  arms-control b e n e f i t s  

and r i s k s  which could accrue a t  var ious  s tages  i n  t h$  

development of a  t e s t  de tec t ion  capabi l i ty .  Subs t an t i a l  

b e n e f i t s  might be obtained even a t  an e a r l y  stage.  

3 .  I t  i s  proposed, t h a t  a  r ap id  de t ec t ion  capab i l i t y  may be  less 

e f f e c t i v e  fo r  over-a l l  arms con t ro l  purposes than a slow 

one. I n  any case, r a p i d i t y  i s  not  needed f o r  test detect ion.  

I. THE FEASIBILITY OF REMOTE TEST DETECTION 

I n  order  t o  be detected,  p a r t i c l e s  from a  remote b io log ica l  
._ -.-_ 

weapons f i e l d  test  must a r r i v e  a t  t h e  sampling s t a t i o n  i n  



s u f f i c i e n t  concentrati ,on t o  be d i s t ingu i shed  from t h e  n a t u r a l l y  

o c c u r r i n g  background of micro-organisms i n  t h e  a i r .  

T ~ O  a tmospher ic  processes ,  deposit i .on and d i f f u s i o n  w i l l  a c t  

t o  r e d u c e  t h e  concent ra t ion  a t  t h e  sampling s t a t i o n .  

A .  ~ e p o s i t i o n  

The problem here  i s  t o  determine whether t e s t  p a r t i c l e s  w i l l  

remain a i r b o r n e  long enough t o  be t r a n s p o r t e d  by wind t o  t h e  

sampling s t a t i o n .  

P a r t i c l e s  r e l e a s e d  by a b i o l o g i c a l  weapon a r e  l i k e l y  t o  have 

d iamete r s  of l e s s  than 5 microns. Larger  p a r t i c l e s  become 

t r apped  i n  t h e  upper r e s p i r a t o r y  passages ,  p reven t ing  them 

from reach ing  the pulmonary spaces of the  human lung. ( ~ a f c h ,  

1961) .  p e n e t r a t i o n  t o  t h e  pulmonary spaces  i s  necessary  t o  

i n i t i a t e  most i n f e c t i o n s  of p o t e n t i a l  m i l i t a r y  i n t e r e s t .  

\ 

P a r t i c l e s  wi th  diameters  i n  t h e  micron range  and possess ing  

a d e n s i t y  c h a r a c t e r i s t i c  of  b io logi ,ca l  m a t e r i a l s  can remain 

suspended i n  t h e  atmosphere f o r  many days. Atmospheric t u r -  

bulence t e n d s  t o  keep . p a r t i c l e s  from s e t t l i n g .  I f  t u r b u l e n c e  

and s e t t l i n g  a r e  taken i n t o  account b u t  washout and coagu la t ion  

a r e  neglec ted ,  it may be e s t i m a t e d  tha t  t es t  p a r t i c l e s  w i l l  

remain suspended f o r  many weeks, long enough t o  b e  blown-beyond 



10,000 k m  from t h e i r  r e l e a s e  poin t  (Schrodt,er, 1960).  T,urbu- 

l e n t  v e r t i c a l  t r a n s p o r t  i s  so much inore r ap id  t h a n  s e t t l i n g  

t h a t  t h e  he ight  of r e l e a s e  may be neglected i n  t h i s  e s t i m a t e .  

I c o a g u l a t i o n  can probably be ignored (Green and Lane, 1964) b u t  

I washout due t o  r a i n  and snow and removal by water  condensat ion 
I 

1 , on t e s t  p a r t i c l e s  could be important.  To my knowledge, t h e r e  
I 
I 

I a r e  no f u l l y  adequate observat ions of deple t ion  under n a t u r a l  
I 
I 

I 
c o n d i t i o n s  of p r e c i p i t a t i o n .  .An average r e s i d u e  t i m e  of 30 days 

1 h a s  been repor ted  f o r  t ropospher ic  r a d i o a c t i v e  d e b r i s  from 

nuc lea r  weapons tests ( s t ewar t  e t  a l ,  1955).  The bu lk  of such  

1 r a d i o a c t i v i t y  i s  thought t o  r e s i d e  on micron s i z e  p a r t i c l e s .  

1 There i s  some evidence . t h a t  1-10 micron s a l t  p a r t i c l e s  r e s i d e  

I i n  t h e  atmosphere f o r  5-10 days on t h e  average (Junge, 1963, 

1964).  The e f f i c i e n c y ' o f  washout by r a i n  dec reases  w i t h  p a r t i c l e  

I .  d e n s i t y  and decreases  ab rup t ly  wi th  decreas ing  p a r t i c l e  s i z e  

I 
I i n  t h e  1-10 micron range (Mason, 1962) .  Because of t h e i r  some- 

what smal l e r  mean s i z e  and lower d e n s i t y ,  t e s t  p a r t i c l e s  shou ld  

remain suspended f o r  longer  t imes than  s a l t  p a r t i c l e s .  A mean 

suspension time of 20 days would r e s u l t  i n  5.0% d e p l e t i o n  5,000 

km away from t h e  source i f  t h e  t r a n s p o r t  speed from source  t o  
\ 

sampler w e r e  10 krn pe r  hour. (Transport  speeds w i l l  b e  g r e a t e r  

than  ground wind v e l o c i t i e s  because of v e r t i c a l  mixing i n t o  t h e  
I 

I - 
1 f a s t e r  winds foun-d a few hundred mete r s  above ground) . 



 his t e n t a t i v e  e s t i n ~ a t e  of depos i t ion  p laces  i ts  rnagnitu'de j u s t  

i n  t h e  most  c r i t i c . a l  range. I f  deposi t ion i s  much g r e a t e r  t h a n  

e s t i m a t e d ,  remote t e s t  de tec t ion  w i l l  not be f e a s i b l e .  If 

depos i t io l l  i s  only s l i g h t l y  l e s s ' t h a n  est imated,  .it may b e  

neg lec ted .  For purposes o f  t h e  ensuing d i scuss ion ,  I assume 

t h a t  depos i t ion  i s  n e g l i g i b l e  out  t o  5,000 km a long t h e  average 

d i r e c t i o n  t r ave led  by t h e  t e s t  p a r t i c l e s ,  

B. D i f fus ion  

~ t m o s p h e r i c  turbulence w i l l  a c t  t o  d i f f u s e  a p a r t i c u l a t e  cloud. 

A s  a  r e s u l t ,  the  peak concen t ra t ion  i n  t h e  c loud w i l l  s t e a d i l y  

decrease.  Diffusion may be  considered t o  occur i n  thr ' ee  d i r e c -  

t i o n s :  v e r t i c a l ,  cross-wind, and along-wind. 

Af ter  t r a v e l l i n g  s e v e r a l  days, p a r t i c l e s  w i l l  have d i f f u s e d  t o  

t h e  t o p  of t h e  l aye r  w i t h i n  which t h e r e  i s  good mixing - i.e. 

t h e  troposphere.  Th i s  p l a c e s  a  c i e l i n g  of 2-10 k m  on t h e  even- 

t u a l  h e i g h t  of t h e  t e s t  cloud. V e r t i c a l  mixing w i t h i n  t h e  

t roposphere should d i s t r i b u t e  p a r t i c l e s  r a t h e r  smoothly below 

t h i s  c i e l i n g  (Pasqu i l l ,  1962) .  I n j e c t i o n  i n t o  t h e  s t r a t o s p h e r e  

w i l l  be neglected. Cross-wind and along-wind d i f f u s i o n  f o r  

long Gistance t r a v e l  h a s  n o t  been adequate ly  s t u d i e d  s o  f a r  as  

I know. Over d i s t a n c e s  of about 100 k m ,  P a s q u i l l  (1962) f i n d s  

97% of a re leased  c loud of t e s t )  p a r t i c l e s  t o  b e  ipc luded  w i t h i n  



a hor i zon ta l  angular spread of about 0.2 radians subtended from 

t h e  source  and within an along-wind distance equal t o  about 0.3 

of the  dis tance traveled. A t  a  distance of 5,000 km from the  

source, these  re la t ions  predict  a cloud 97% contained within a 

volume approximately 1,000 km. X 1,500 km X t h e  troposphere height  

This g ives  for a 5 km troposphere. 

i s  reasonable t o  assume tha t  ha l f  of the  mater ia l  i s  contained 

i n  a volume of about l o 6  km3 o r  1015 m3. This value r e s t s  on 

t h e  unproven assumption t h a t  cloud behavior out t o  100 km may 

be  extrapolated t o  much grea ter  distances. 
I 

I 
1 
I 

C. Concentration of Pa r t i c l e s  a t  the  Samplinq Station 

I f  a f i e l d  t e s t  of a biological  weapon re leases  1016 p a r t i c l e s  
I 
1 

(about 1 kilogram) i n  the  micron s i ze  range, t h e  above d i f fus ion  I 

I 

estimate shows t h a t  a sampling s t a t i o n  located 5,000 k m  from I 
I 

t h e  t e s t  s i t e  and within a few hundred km of t h e  center of a 

passing cloud should experience a concentration of about 1 p a r t i c l e  

per m3. The concenkration should remain a t  t h i s  value fo r  a 

I 
I nwber  of days during passage of t h e  cloud, 

~ e t e c t i o n  and Iden t i f i ca t ion  

There i s  no hope of detecting concentrations so low a s  one 

, p a r t i c l e  per m3 by means of long path l i g h t  sca t te r ing .  Even 
I 

i 



2 over a 1 0  kr, path t h e r e  would be only one p a r t i c l e  p e r  cm . 
I n  o r d e r  t o  be de tec ted ,  t h e  p a r t i c l e s  must be c o l l e c t e d  and 

c o n c e n t r a t e d .  There i s  a v a i l a b l e  from L i t t o n  I n d u s t r i e s  (USA) 

a d e v i c e  which c o l l e c t s  10 m3 of a i r  pe r  minute and e f f i c i e n t l y  

c o n c e n t r a t e s  p a r t i c u l a t e  mat ter  i n t o  a l i q u i d  flowing o u t  o f  

the  i n s t r u m e n t  a t  10 m l  pe r  minute. Thus, with one t es t  

organism p e r  m3 of a i r ,  one would o b t a i n  an e f f l u e n t  of  10 

organisms p e r  minute a t  a concen t ra t ion  of 1 organism p e r  m l .  

I f  each t e s t  p a r t i c l e  contained s e v e r a l  separable  organisms, a 

correspondingly  h igher  number would b e  found i n  t h e  e f f l u e n t .  

Th i s  h i g h  degree of concen t ra t ion  i s  d e s i r a b l e ,  b u t  t h e  sampling 

r a t e  of t h e  L i t t o n  instrument  i s  f a r  h igher  than  needed f o r  

sampling t h e  slowly pass ing  p a r t i c u l a t e  cloud envisaged he re .  

A much s i m p l e r  inskrument might t h e r e f o r e  be used. 

Various means a r e  a v a i l a b l e  f o r  d e t e c t i n g  and ident i ' fying micro- 

organisms w i t h  concen t ra t ions  a s  low a s  a few p e r  m l .  ' A f t e r  

s e v e r a l  days of t r a v e l ,  many organisms of  p o s s i b l e  m i l i t a r y  

i n t e r e s t  would not  be v i a b l e ,  a l though c e r t a i n  ones might be .  

Mevertheless ,  no genera l  d e t e c t i o n  scheme can be  based  on 

procedures  i n  which t h e  tes t  organisms must reproduce. 



I n  connection with i t s  recen t  d iscuss ions  of t h e  r a p i d  detec-  

t i o n  of  a ir-bor~zmicro-organisms,  t h e  B io log ica l  Warfare S tudy 

Group has  ou t l ined  severa l  methods which should be cons ide red  

f o r  use i n  t e s t  de tec t ion .  These inc lude  a c r i d i n e  orange s t a i n -  

i n g ,  d i e l e c t r i c  p a r t i c l e  counting, and f l u o r e s c e n t  an t ibody 

l a b e l i n g .  Because of t h e  long pe r iod  of exposure expected a t  

t h e  sampling s t a t i o n ,  s e v e r a l  methods might be used i n  r o t a t i o n ,  

Although no de tec t ion  and i d e n t i f i c a t i o n  technique h a s  been 

brought t o  a poin t  of g e n e r a l i t y  and s e n s i t i v i t y  s a t i s f a c t o r y  

f o r  use i n  long-range t e s t  d e t e c i i o n ,  it i s  l i k e l y  t h a t  adequate  

methods can  be developed, No d e t a i l e d  d i scuss ion  of  d e t e c t i o n  

, and i d e n t i f i c a t i o n  procedures w i l l  b e  given h e r e  inasmuch a s  1 
meteoro log ica l  f a c t o r s  and t h e  l e v e l  of  n a t u r a l  background are 

l i k e l y  t o  be  overr id ing  i n  dec id ing  whether long-range tes t  

d e t e c t i o n  of . t h e  s o r t  under c o n s i d e r a t i o n  h e r e  i s  ' f e a s i b l e  a t  

a l l .  If t h e  na , tura l  background of i n s o l u b l e  micron s i z e  

p a r t i c u l a t e  matter  i s  s u f f i c i e n t l y  low, a t e s t  c loud might 

i n i t i a l l y  be de tec ted  by p a r t i c l e  count ing  alone. S u i t a b l e  

f i l t e r s  could  be employed t o  remove p a r t i c l e s  wi th  d iamete r s  

o u t s i d e  t h e  range of i n t e r e s t ,  P a r t i c l e s  l a r g e r  t h a n  0.5 micron 

can be counted and s i z e d  by a  d i e l e c t r i c  counter  manufactured 

by Coulter  E l e c t r o n i c s  (USA) .  Means can almost s u r e l y  be dev i sed  

f o r  counting and s i z i n g  smal l e r  p a r t i c l e s ,  such a s  most v i r u s e s .  



~ i s c r i m i n , l t i o l ?  c o u 1 d . b ~  increased by the  use of o p t i c a l  count- 

ing of p a r t i c l e s  s t a i n e d w i t h  nucleic ac id  o r  p r o t e i n  s t a i n s .  

/ 
I£ i n i t i a l  detect ion could be based on such r e l a t i v e l y  non- 

s p e c i f i c  counting, samples obtained during per iods  o f  high 

counting r a t e  could be taken from the  sampling s t a t i o n  t o  a  

c e n t r a l  f a c i l i t y  fo r  spec i f i c  i den t i f i ca t i on .  This  would re- 

duce the  leve l  of instrumentation and operator  s o p h i s t i c a t i o n  

needed a t  sampling s t a t i ons .  

I f  t h e  n a t u r a l  concentration of airborne micro-organisms i n  t h e  

micron s i z e  range i s  comparable t o  t he  concentra t ion i n  the .  

passing t e s t  cloud, spec i f i c  detect ion methods must be  used a t  

t h e  o u t s e t .  Fluorescent antibody s t a in ing  seems t o  be  t h e  

most promising of these.  I t s  use would r e q u i r e  some knowledge 

of t h e  types  of organisms l i k e l y  t o  be encountered i n  t es t  clouds. 

So f a r  a s  I know, t h e r e  a r e  no s u i t a b l e  e s t i m a t e s ' o f  t h e  n a t u r a l  

background of airborne micro-organisms 4n t h e  micron s i z e  range. 

However, t h e  r e s u l t s  of some very l imi ted  inves t iga t ions  leave 

open t h e  p o s s i b i l i t y  t h a t  i n  c e r t a i n  p l aces  t h e  n a t u r a l  back- 

ground i s  l e s s  than 10 organisms per  m3, poss ib ly  much l e s s .  I t  

i s  important t o  know not  only t h e  average n a t u r a l  concen t ra t ion  

but  t h e  nature,  frequency and i n t e n s i t y  of f luctuat ions i n  t h e  

na tu ra l  background. 



E ,  ~ r z c i n q  

I f  a test cloud can be posi t ively ident i f ied,  it xay be poss ib le  

t o  l o c a t e  the approximate source of the  material  by consideration 

of synoptic meteorological information and fe levant  geographic 

fac tors .  

11. A P d S  CONTROL ASPECTS 

Effor t s  t o  develop a  biological  weapons t e s t  detect ion capab i l i ty  

could have several arms control  e f fec t s  - some benef i c i a l ,  and 

some detrimental. 

Under ce r t a in  conditions even preliminary s tud ies  of the  f eas i -  

b i l i t y  of biological  weapons t e s t  detection could have a  

benef i c i a l  effect .  I f  such s tudies  a r e  conducted by competent, 

responsible, and respected individuals or  i n s t i t u t i o n s ,  they 

can a c t  t o  reinforce worldwide concern with t h e  need t o  prevent 

biological  warfare and may st imulate various o ther  developments 

and measures aimed a t  maintaining t,he b a r r i e r s  t o  t h e  use of 

biological  weapons. Especially i f  it can be determined , t h a t  

t e s t  detection is* ult imately feas ib le ,  it may be advantageous 

t o  publicize development e f f o r t s  a t  a  r e l a t i v e l y  e a r l y  stage. 

However, i f  it should turn  out t h a t  detect ion i s  not possible ,  



p r c i ~ ~ a t u r c  publ ic i ty  might lead t o  disappointment and d i s i l l u -  

siollmcnt l a t e r  on. A t  p resen t ,  ca re  should be exercised not 

t o  give t h e  impression t h a t  the  problem i s  d e f i n i t e l y  soluble .  

Ins tead ,  ove ra l l  concern with t h e  problem of preventing bio- 

l o g i c a l  warfare and sustained e f f o r t  towards i t s  prevention 

should b,e emphasized i n  publ ic  statements. 

I f  a  de t ec t ion  capabi l i ty  of even modest p,erformance can be 

developed and deployed on a l imi ted  sca le ,  a  s t rong i n h i b i t i o n  

aga ins t  bio1,ogical weapons f i e l d  t e s t i n g  can r e s u l t .  I t  i s  
.A.. . . 

reasonable t o  suppose t h a t  some p o l i t i c a l  l e ade r s  may be  under 

p ressure  from t h e i r  m i l i t a r y  advisors  t o  au thor ize  f i e l d  t e s t - '  

ing  of b io log ica l  weapons. Even i f  t h e  n a t u r a l  i n c l i n a t i o n s  of  

an o f f i c i a l  or  h i s  c lose  advisors  a r e  aga ins t  author iz ing such 

t e s t i n g ,  it may be d i f f i c u l t  f o r  them t o  resist continued re- 

ques t s  ' from weapons l abo ra to r i e s  wishing t o  ob ta in  information 

from f i e l d  t e s t s .  The ex i s tence  i n  t h e  world of even a r a t h e r  

modest detect ion capab i l i t y  could inf luence t h i s  s i t u a t i o n .  

Within governments, opponents of t e s t i n g  could c i t e  t h e  increased  

hazard of publ ic  d i sc losure  brought about by t h e  e x i s t i n g  de- 

t e c t i o n  capabi l i ty  and made l i k e l y  by p o s s i b l e  fu tu re  s t reng th-  

ening of such capabi l i ty .  Furthermore, it could be  argued t h a t  

t h e  p o l i t i c a l  l i a b i l i t i e s  of pub l i c  d i s c l o s u r e  would b e  increased  



i n  t h a  environment of worldwide opposition t o  weapons t e s t i n g  

genc ra t fd  by respected individuals  and s t a t e s  cooperat ing i n  

a  l i m i t e d  detection e f f o r t .  

A l i m i t e d  detection capab i l i t y  might be deployed cooperat ively  

or  i n  p a r a l l e l  by a number of s t a t e s  with d i f f e r e n t  p o l i t i c a l  

alignments who have agreed among themselves not  t o  t e s t .  

p a r t i c i p a t i n g  s t a t e s  might be expected t o  urge t h e i r  non-parti- 

c i p a t i n g  mi l i t a ry  a l l i e s  t o  r e f r a i n  from de tec tab le  t e s t i n g .  

Even a r a t h e r  modest detect ion capab i l i t y  might c r e a t e  an 

environment i n  which nat ions  would p a r t i c i p a t e  i n  an i n t e r -  

n a t i o n a l  agreement t o  forego c e r t a i n  types of tests. This  

could occur even though t h e  t es t  de tec t ion  c a p a b i l i t y  may no t  

be  adequate t o  detect  a l l  v i o l a t i o n s  of such an agreement. 

A very e f f ec t ive  t e s t  de tec t ion  c a p a b i l i t y  might lead t o  t h e  

conclusion of a t r e a t y  s imi la r  t o  t h e  l imi ted  Nuclear Tes t  Ban 

Treaty.  However, such a c a p a b i l i t y  must a t  p resen t  be  con- 

s idered  very remote. Nearer t e r m  arms con t ro l  b e n e f i t s  should 

be  pursued a s  indicated above. 

It i s  very l i ke ly  t h a t  a l l  na t ions  have more t o  l o s e  than  t o  

ga in  from t h e  general  in t roduc t ion  of b i o l o g i c a l  weapons i n r o  



warfare .  I t  s l~ould  constant ly  be emphasized t h a t  t h e  long term 

hazard t o  t h e  s f c u r i t y  of whole populat ions f a r  outweighs any 

l i k e l y  m i l i t a r y  gains t o  be obtained by t h e  in t roduc t ion  of 

b i o l o g i c a l  weapons. Unless t h i s  emphasis i s  maintained, a  

concen t r a t i on  on t h e  dangers of b io log i ca l  warfare might 

unneces sa r i l y  s t imula te  t h e  i n t e r e s t  of some nat ions  i n  pro- 

ducing and poss ib ly  using such weapons. .Furthermore, a l l  

e f f o r t s  t o  develop a  t e s t  de t ec t i on  ' capab i l i ty  should be s c r u t i -  

n ized t o  make sure  t h a t  they do not  con t r i bu t e  need l e s s ly  t o  

t h e  technology of b io log i ca l  war£ a r e  i t s e l f .  For example, t h e  

development of a  very slow ac t i ng  t e s t  de tec t ion  c a p a b i l i t y  ' 

would have much l e s s  m i l i t a r y  a p p l i c a b i l i t y  than would a  f a s t  

r e a c t i n g  system. The f a s t  r e a c t i n g  system could be used i n  

a c t u a l  mi l . i ta ry  operat ions 1 a l b e i t  f o r  defensive purposes.  

h a s  sometimes been argued t h a t  t h e  a v a i l a b i l i t y  of r a p i d  Be- 

t e c t i o n  equipment could discourage the use  of b i o l o g i c a l  weapons. 

I b e l i e v e  t h i s  argument should be c a r e f u l l y  reexamined. Mean- 

w h i l e .  u n t i l  a  convincing ca se  can be  made, it i s  probably 

b e t t e r  t o  s t e e r  c l e a r  of any development with d i r e c t  m i l i t a r y  

app l i ca t i on .  




