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CONFERENCE SUMMARY 

YELLOW RAIN: FINDINGS AND ASSESSMENTS 

A p r i l  1 5  and 1 6 ,  1983 

* 
I n t r o d u c t i o n  by t h e  Conveners 

Beginning i n  1976,  r e p o r t s  of t h e  u s e  of  c h e m i c a l  weapons i n  
Laos came .from h igh lander  refugees  e n t e r i n g  T h a i l a n d .  I n  
December, 1980, t h e  UN General Assembly asked f o r  a n  i m p a r t i a l  
i n v e s t i g a t i o n  i n t o  t h e s e  r e p o r t s ,  and i n t o  o t h e r  a l l e g a t i o n s  of  
t h e  use of chemical weapons. I n  t h e  f a l l  o f  1 9 8 1 ,  i n  a s t a t e m e n t  
by S e c r e t a r y  of S t a t e  Haig, t h e  U.S. Government f o r m a l l y ,  c h a r g e d  . 
t h e  S o v i e t  Union w i t h  us ing  o r  a i d i n g  i n  t h e  u s e  o f  c h e m i c a l  a n d  
t o x i n  weapons i n  Indochina  and Afghan i s t an .  These  c h a r g e s ' w e r e .  . " . . . . . . .  

r e s t a t e d  and ampl i f i ed  i n  r e p o r t s  by S e c r e t a r y  Haig i n  March 1 9 8 2  
and by S e c r e t a r y  S c h u l t z  i n  November 1982. 

The p u b l i c l y  r e v e a l e d  evidence  is based on t e s t i m o n y  o f  , . 
refugees ,  medical examinat ions  and t e s t s  of b i o m e d i c a l  s a m p l e s .  . 
drawn from v ic t ims  o f  a l l e g e d  chemical  a t t a c k s ,  and  a n a l y s e s  o f  
samples from t h e  environment.  

B io tox ins  c a l l e d  t r i c h o t h e c e n e s  have  been d e t e c t e d  i n  s p o t s  
of 'yel low r a i n '  on l e a v e s  and rocks ,  i n  pond water and i n  b l o o d ,  
u r i n e  and t i s s u e  from a l l e g e d  v i c t i m s .  These t o x i n s  a r e  p r o d u c e d  
by c e r t a i n  fung i  which p r o l i f e r a t e  on g r a i n  and o t h e r  p l a n t  
m a t e r i a l s .  These toxin-producing f u n g i  have been t h o u g h t  t o  be 
common i n  nor thern  t empera te  zones,  b u t  much less  s o  i n  the t r o -  
p i c s .  

Many t a k e  the  c h a r g e s  of t o x i n  w a r f a r e  as p roven .  Some , . . 
argue t h a t  t h e  a c t i o n s  demonstrate  n o t  o n l y  that;no r e l i a n c e  .c 'an.  . . . 

be placed i n  i n t e r n a t i o n a l  agreements fo ' r  c h e m i c a l  o r  b i o l o g i c a l  
disarmament, bu t  a l s o  t h a t  no r e l i a n c e  i s  p o s s i b l e  i n  t h e  f i , e l d  -. . . . .  . 

of nuc lea r  arms c o n t r o l ,  u n l e s s  h i t h e r t o  u n a t t a i n a b l e  s t a n d a r d s  ... 

of v e r i f i c a t i o n  a r e  met. 

Others  cons ider  t h e  a l l e g a t i o n s  as unproven o r  i m p l a u s i b l e . .  
Among t h e i r  reasons a r e :  t h e  f a i l u r e  t o  f i n d  s p e n t  c h e m i c a l  mun- 
i t i o n s  a f t e r  r epor ted  chemical a t t a c k s ,  some of  which are i n  
a c c e s s i b l e  a reas ;  t h e  f i n d i n g  of d e n s e ,  h e t e r o g e n e o u s  p o l l e n  
assemblages i n  d r i e d  ye l low-ra in  s p o t s ,  d i f f i c u l t  t o  e x p l a i n  a s  
included i n  chemical muni t ions ;  t h e  i n s u f f i c i e n c y  of c o n t r o l s  
regarding p o s s i b l e  n a t u r a l  occurance of t h e  t o x i n s ;  and t h e  
not ion t h a t  whatever m i l i t a r y  e f f i c a c y  t h e  a l l e g e d  u s e s  of chemi- 
c a l  or  t o x i n  weapons might possess  would be  outweighed by t h e  
r i s k  of  opprobrium fo l lowing  v i o l a t i o n s  of i n t e r n a t i o n a l  conven- 
t i o n s  out lawing such weapons. 



The S o v i e t  Union and i t s  a l l i e s  have  opposed a Uni ted  
Na t ions  i n v e s t i g a t i o n  o f  t h e  a l l e g a t i o n s .  The UN o b s e r v e r s  were 
n o t  p e r m i t t e d  e n t r y  by t h e  Governments of Afghan i s t an ,  Kampuchea 
o r  Laos. So f a r ,  t h e  Uni ted  S t a t e s  government h a s  s p e n t  l i t t l e  
e f f o r t  on s y s t e m a t i c  s t u d i e s  -- e s s e n t i a l  f o r  r e s o l v i n g  i m p o r t a n t  
u n c e r t a i n t i e s  -- of a l l e g e d  human v i c t i m s  and c o n t r o l s ,  and of 
t h e  n a t u r a l  environment  i n  and n e a r  t h e  a f f e c t e d  r e g i o n s .  

The t a n g l e  of c o n t r o v e r s y  o v e r  t h e  r e p o r t e d  use  of  chemical  
and b i o l o g i c a l  war fa re  a g e n t s  i m p l i e s  s e r i o u s  c h a l l e n g e s  f o r  
s c i e n t i f i c  i n q u i r y .  Where s c i e n t i f i c  ev idence  i s  incomple te  and 
d i f f i c u l t  t o  g a t h e r ,  f r a g m e n t s  of such  ev idence  are c i t e d  i n  ' 

u r g e n t  d i s p u t e s r  wi th  l a r g e  i m p l i c a t i o n s ,  t h a t  a p p e a r  t o  'demand 
prompt p o l i t i c a l  a c t i o n .  The p o t e n t i a l  f o r  misunders tand ing  of , 

r e s e a r c h  r e s u l t s  is l a r g e .  Hence, t h e  need t o  d e f i n e  a r e a s  of  
u n c e r t a i n t y  and e x p l o r e  methods of r e d u c i n g  them is  a c u t e .  

*as a c o n t r i b u t i o n  t o  t h e  p r o c e s s  o f  c l a r i f i c a t i o n ,  35 pe r -  
s o n s  f rom many d i s c i p l i n e s  i n v o l v e d  i n  t h e  a n a l y s i s  of e v i d e n c e  
of  chemical  war fa re  assembled i n  Cambridge, Massachuse t t s ,  a t ' t h e  
American Academy of A r t s  and S c i e n c e s  on 1 5  and 1 6  April 1983. 
The c o n f e r e n c e  'Yellow Rain: F i n d i n g s  and Assessments ' ,  was 
sponsored  by t h e  American Academy, The Program i n  S c i e n c e ,  Tech- 
nology and S o c i e t y  o f  M.I.T. and t h e  I n s t i t u t e  for F o r e i g n  P o l i c y .  
and A n a l y s i s  of  T u f t s  U n i v e r s i t y .  The d i s c u s s i o n  f o c u s e d  c h i e f l y  
on Indoch ina ,  a l t h o u g h  ev idence  from o t h e r  , a r e a s  was t a k e n  i n t o  
accoun t .  No concensus was reached as t o  t h e  a r t i f i c i a l  o r  
n a t u r a l  o r i g i n  of t h e  y e l l o w  r a i n  phenomenon. Some remained con- 
v inced  t h a t  'ye l low r a i n '  was t h e  r e s u l t  of chemica l  war fa re ;  
some remained unconvinced. P a r t i c i p a n t s  heard e v i d e n c e  suppor t -  
i n g  a  r ange  o f  hypo theses  and o u t l i n e d  avenues o f  f u r t h e r  
i n q u i r y .  What f o l l o w s  i s  a  summary of p o i n t s  r a i s e d  a t  t h e  
c o n f e r e n c e .  

* C a r l  Kaysen, Matthew Meselson and S t u a r t  Schwartz- 
s t e i n  

** (names and a f f i l i a t i o n s  by working group) A n a l y s i s  
f o r  Tr icho thecene  Mycotoxins: Bruce J a r v i s ,  Michael  
M a r l e t t a r  J o s e p h  Rosen, Wi1,liam Roush and Emery S a r v e r ;  
Botany, Palynology and Mycology: P e t e r  Ashton, James 
Bamburg, Gordon Congdon, David J a r z e n ,  Matthew Mesel- 
s o n ,  Paul  Nelson,  J o a n  Nowicke, Donald P f i s t e r ,  Samani- 
y a  Sukroongreung; Epidemiology,  P a t h o l o g y  and Toxicol -  
ogy: John Cons tab le ,  Timothy Dunnigan, G.R. Humphreys, 
David Luce, Herber t  Marcovich, Margor ie  Meucke, Roger 
Rump£? Bruno S c h i e f e r ,  Diane S i l i m p e r i ,  Amos Townsend, 
Bernard Wagner and Gera ld  Wogan; Chemical Warfare:  
Gary Crocker ,  Esmet Ezz ,  Frode Fonnum; C a r l  Kaysen, 
James Leonardr  William M i l l e r ,  J u l i a n  Robinson, Emery 
S a r v e r  and S t u a r t  S c h w a r t z s t e i n .  



A. A n a l y s i s  f o r  Tr ichothecene  Mycotoxins- 

1. Tr ichothecenes  have been found i n  
environmental  and b iomedica l  samples 
from a l l e g e d  a t t a c k  s i t e s  and human v ic t ims .  

2 .  The a v a i l a b l e  a n a l y s e s  of c o n t r o l  samples a r e  
i n s u f f i c i e n t  t o  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  
t h e  t r i c h o t h e c e n e s  a s s o c i a t e d  w i t h  a l l e g e d  
a t t a c k s  a r e  of n a t u r a l  o r i g i n .  

A d d i t i o n a l  c o n t r o l s  need t o  b e  analyzed,  i n c l u d i n g  

a) environmental samples,  such  a s  yel low s p o t s ,  
from a reas  n o t  s u b j e c t  t o  chemical a t t a c k .  

b)  blood and u r i n e  from v i l l a g e r s  and s o l d i e r s  
no t  involved i n  chemical  a t t a c k s .  

Suspected  samples and c o n t r o l  samples should 
reasonab ly  matched w i t h  r e s p e c t  t o  v a r i a b l e s  
p o s s i b l e  importance, i n c l u d i n g  c o n d i t i o n s  of  
c o l l e c t i o n  and shipment ,  s e a s o n  of c o l l e c t i o  
and,  i n  t h e  case  of  b iomedica l  samples,  
d i e t  and symptoms of i l l n e s s .  

Con t ro l  samples and,  where p o s s i b l e ,  samples from 
s u s p e c t e d  a t t a c k s  should  be  o b t a i n e d  i n  q u a n t i t y  
s u f f i c i e n t  t o  a l low a n a l y s i s  i n  more than one  
l a b o r a t o r y .  Analyses shou ld  b e  made no t  o n l y  f o r  
t r i c h o t h e c e n e s  b u t  a l s o  f o r  man-made chemica l s  
such a s  d i spe r s ing  a g e n t s  a n t i - f  oaming a g e n t s  and 
o t h e r  s y n t h e t i c  s u b s t a n c e s .  

* Bruce  J a r v i s ,  Rapporteur 
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* 
B. Botany, Palynology,  and Mycology 

1. S p o t s  of 'yel low r a i n '  c o n t a i n  a  h igh  concen t ra t ion  of  p o l l e n  
g r a i n s .  

2.  The p o l l e n ,  on taxonomic c r i t e r i a ,  seems t o  c o n t a i n  more 
i n s e c t - b o r n e  forms t h a n  would be  expected  i n  a i r b o r n e  p o l l e n .  

3 .  Each s p o t  c o n t a i n s  p o l l e n  from a heterogeneous group of  p l a n t  
s p e c i e s .  

4 .  S p o t s  from d i f f e r e n t  s i t es  c o n t a i n  s u b s t a n t i a l l y  d i f f e r e n t  
k i n d s  of  p o l l e n  g r a i n s .  

5. Po l l en -con ta in ing  s p o t s  have been found i n  t h e  c o n f l i c t  a r e a s  
and i n  Bangkok, which i s  w e l l  o u t s i d e  of such a r e a s .  

6.  P o l l e n  i n  yel low s p o t s  r e p o r t e d  t o  be  yellow r a i n  and i n  y e l -  
low s p o t s  c o l l e c t e d  i n  e c o l o g i c a l l y  s i m i l a r  a r e a s  remote from 
m i l i t a r y  a c t i v i t y  shou ld  be a c c u r a t e l y  i d e n t i f i e d  by comparison 
w i t h  r e f e r e n c e  c o l l e c t i o n s  o f  p o l l e n  from t h e  region.  

7 .  The s e a s o n a l i t y  of  f l o w e r i n g  and i n s e c t  a c t i v i t y  i n  a r e a s  
where y e l l o w  r a i n  o c c u r s  should  be cons ide red .  Environmental  
samples r e p o r t e d  t o  c o n t a i n  t o x i n  have been c o l l e c t e d  e s p e c i a l l y  
from l a t e  February through e a r l y  A p r i l ,  a  c l u s t e r i n g  toward t h e  
end of t h e  d r y  season. I n  s e a s o n a l  t r o p i c a l  a r e a s  i n s e c t  abun-. . 
dance and behavior  can be  v e r y  s e a s o n a l  i n  response t o  the avai- 
l a b i l i t y  of pol len  and n e c t a r .  

8. Samples from t h e  n a t u r a l  environment ,  inc lud ing  y e l l o w  s p o t s ,  
s o i l  and f o o d s t u f f s  l i k e l y  t o  be s u b s t r a t e s  f o r  funga l  growth,  . 
both  w i t h i n  and o u t s i d e  t h e  c o n f l i c t  a r e a s ,  should be ana lyzed  , 
f o r  t h e  p r e s e n c e  of fusa r ium s p e c i e s  and o t h e r  fung i  a b l e  t o  pro- 
duce t r i c h o t h e c e n e s .  C u l t u r e s  of such fung i  grown on t h e s e  sub- 
s t r a t e s  s h o u l d  be t e s t e d  f o r  t r i c h o t h e c e n e s .  Samples shou ld  be 
t aken  a t  v a r i o u s  t imes  of t h e  y e a r ,  i n c l u d i n g  t h e  end of t h e  d r y  
season.  

* Gordon Congdon, Rappor teur  
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* 
C. Epidemiology, Pa tho logy ,  and Toxicology 

1. Trichothecene mycotoxins have been found i n  r e f u g e e  b l o o d ,  
u r i n e  and t i s s u e  samples i n  S o u t h e a s t  As ia .  The o r i g i n  of t h e s e  
mycotoxins and t h e i r  r e l a t i o n s h i p  t o  d i s e a s e  i n  r e f u g e e s  i s  
u n c l e a r .  

2.  A t  p resen t ,  s e v e r a l  problems p r e v e n t  clear d e f i n i t i o n  o f  a  
t r i c h o t h e c e n e  d i s e a s e  phenomenon i n  S o u t h e a s t  Asian r e f u g e e s  . The 
most f r e q u e n t l y  r e p o r t e d  symptoms i n c l u d e  n a u s e a ,  v o m i t i n g ,  d i a r -  
r h e a ,  d i z z i n e s s ,  s k i n  b l i s t e r i n g ,  r a s h e s ,  a t a x i a ,  l o s s  o f  muscu- 
l a r  c o n t r o l ,  c h e s t  p a i n ,  s h o r t n e s s  of b r e a t h ,  cough, a n d  
anorex ia .  These symptoms can a l s o  b e  caused  by one o r  more of t h e  
d i s e a s e s  endemic t o  S o u t h e a s t  Asia .  T h e r e f o r e ,  i t  i s  d i f f i c u l t ,  
by medical h i s t o r y  a l o n e ,  t o  e x c l u d e  combinat ions '  o f  t h e s e  
d i s e a s e s  a s  t h e  c a u s e  of t h e  r e p o r t e d  symptoms. 

3. There a re  s e r i o u s  gaps  i n  our  knowledge o f  t h e  e f f e c t s  of 
t r i c h o t h e c e n e  mycotoxins on humans. Too l i t t l e  i s  known a b o u t  
t h e  r e l a t i o n s  between t h e  i n t e n s i t y  and t y p e  of  e x p o s u r e  (o ra l , , .  
i n h a l a t i o n ,  pe rcu taneous )  and t h e  s e v e r i t y  and t y p e  o f  t h e  symp- 
toms produced. 

4. Another confounding f a c t o r  i s  s t r e s s  a f f e c t i n g  t h e  r e f u g e e s  
b e f o r e  and a f t e r  t h e y  reach camps i n  T h a i l a n d .  The environmen- 
t a l  s t r e s s e s  t o  which they  a r e  exposed a r e  l i k e l y  t o  i n c r e a s e  
t h e i r  s u s c e p t i b i l i t y  t o  t o x i c  a g e n t s ,  s u c h  a s  myco tox ins ,  b u t  
a l s o  t o  o the r  p o s s i b l e  e t i o l o g i c  f a c t o r s .  The r e f u g e e s  l i v e  ou t -  
s i d e  t h e i r  t r a d i t i o n a l  c u l t u r a l  envi ronment ,  o f t e n  w i t h o u t  t h e i r  
f ami ly  support  g roups .  The i r  d i e t s  a r e  f r e q u e n t l y  i n a d e q u a t e  and 
n u t r i t i o n a l  d e f i c i e n c i e s  a r e  common. Also  p r e s e n t  are  p a r a s i t i c ,  
f u n g a l  , b a c t e r i a l  and v i r a l  i n f e c t i o n s ,  c o m b i n a t i o n s  of which  
a f f e c t  a  high p r o p o r t i o n  of t h e  r e f u g e e s , .  All of these f a c t o r s  
can predispose  one t o  i l l n e s s  t h a t  might  o t h e r w i s e  have  n o t  
occurred .  

5 .  We a r e  not  aware of any' documenta t ion  o f  n a t u r a l l y  o c c u r i n g  
ou tb reaks  of t r i c h o t h e c e n e  mycotoxicoses ,  e i t h e r  i n  a n i m a l s  o r  
man, i n  Southeas t  As ia .  There have been s e v e r a l  p u b l i s h e d  
reports ,however,  of  t r i c h o t h e c e n e s  i n  c r o p s  i n  t r o p i c a l  a r e a s  of 
I n d i a .  Factors  invo lved  i n  t h e  s e l e c t i o n  and s t o r a g e  of 
f o o d s t u f f s  may a l l o w  b a c t e r i a l  o r  f u n g a l  c o n t a m i n a t i o n  and i n g e s -  
t i o n  -of toxic  m e t a b o l i t e s .  I n  o t h e r  p a r t s  of  t h e  w o r l d  where  
t r i c h o t h e c e n e  mycotoxins a r e  known t o  o c c u r ,  however,  o u t b r e a k s  
of mycotoxicoses have been d e s c r i b e d  i n  b o t h  human and a n i m a l  

* David Luce, Rappor teur  



p o p u l a t i o n s .  The l a c k  of  such  r e p o r t s  from Sou theas t  A s i a  m i t i -  
g a t e s  a g a i n s t  t h e  n a t u r a l  o c c u r r e n c e  of t r i c h o t h e c e n e  mycotoxi- 
c o s e s ,  b u t ,  i n  view of t h e  l a c k  of b a s e - l i n e  d a t a ,  d o e s  n o t  r u l e  

1 it o u t .  
-1 

6. The s i t u a t i o n ,  cou ld  be g r e a t l y  c l a r i f i e d  by e p i d e m i o l o g i c a l  
s t u d y  by a  q u a l i f i e d  medica l  and a n t h r o p o l o g i c a l s u r v e i l l a n c e  
team. S y s t e m a t i c  examina t ion  should  i n c l u d e  o r a l  h i s t o r y ,  medi- . 
c a l  examina t ion ,  and t r i c h o t h e c e n e  a n a l y s i s .  I n t e r v i e w s  shou ld  be 
des igned  t o  d e t e r m i n e  whether  r e p o r t s  have  an i n t e r n a l  con- 
s i s t e n c y  and p l a u s i b i l i t y  a s  t o  t ime,  p l a c e  and c i r c u m s t a n c e s  of 
exposure .  There  shou ld  b e  a  c o n c u r r e n t  examinat ion of c o n t r o l s ,  
matched s o  f a r  a s  p r a c t i c a b l e  wi th  r e s p e c t  t o  g e n e r a l  l i v i n g  con- 
d i t i o n s ,  n a t u r a l  envi ronment  and d i e t .  



2)  Chemical i r r i t a n t s  o r  o t h e r  i n c a p a c i t a t i n g  a g e n t s  c o u l d  
p e r h a p s  s a t i s f y  m i l i t a r y  r e q u i r e m e n t s  s e t  by f a c t o r s  ( a )  o r  ( b ) .  
D e a t h s  have sometimes f o l l o w e d  use  o f  s t a n d a r d  a g e n t s  of t h e s e  
types, b u t  it seemed i n c o n c e i v a b l e  t h a t  t h e  g r e a t  numbers of peo- 
ple r e p o r t e d l y  dead i n  A f g h a n i s t a n  and S o u t h e a s t  A s i a  f rom CW 
a t t a c k  could  be  e x p l a i n e d  i n  t h i s  way. T r a c e s  c h a r a c t e r i s t i c  of 
s u c h  a g e n t s  had no t  been  found i n  t h e  a v a i l a b l e  sample m a t e r i a l s .  

- 

3) From t h e  e x p e r i e n c e s  of peop le  who had worked w i t h  t r i -  
c h o t h e c e n e s  such a s  T-2, i t  appeared  t h a t  t h e  i n t e n s e  l o c a l  
e f f e c t s  of t h e s e  s u b s t a n c e s  on human s k i n  a?d e y e s  c o u l d  b e  a t  
l e a s t  comparable wi th  t h o s e  from s t a n d a r d  m i l i t a r y  h a r a s s i n g  
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1) Resor t  t o  chemica l  w a r f a r e  d u r i n g  c o n f l i c t s  of  t h e  t y p e  
under  c o n s i d e r a t i o n  might  b e  f avored  by t h r e e  f a c t o r s ;  ( a )  
o p e r a t i o n a l  c i r c u m s t a n c e s  s e r v i n g  t o  enhance t h e  c o s t -  
e f f e c t i v e n e s s  of CW i n  comparison w i t h  o t h e r  weapons; ( b )  war 
a i m s  t h a t  could  be s e r v e d  by t h e  p e c u l i a r l y  i n t e n s e  m o r a l e  
e f f e c t s  of CW; and ( c l  l o g i s t i c a l  c i r c u m s t a n c e s  s e r v i n g  t o  
i n c r e a s e  t h e  r e l a t i v e  a v a i l a b i l i t y  of  CW weapons. Given t h e  ' l o w  
i n t e n s i t y '  of t h e  f i g h t i n g  and t h e  g e n e r a l  absence  of a n t i c h e m i -  
c a l  p r o t e c t i v e  equipment ,  a t  l e a s t  t h e  f i r s t  o f  t h e s e  f a c t o r s  

- 
a g e n t s  o r  p o l i c e  t e a r  g a s e s .  

m i g h t  w e l l  be o p e r a t i n g .  ~ 

* J . P .  Pe r ry  Robinson, Rappor teur  


