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A b s t r a c t 

Humans have d e m o n s t r a t e d a r e ­
m a r kable c a p a c i t y t o t h r e a t e n Mother 
E a r t h ' s n a t u r a l e n v i r o n m e n t . P o l ­
l u t a n t s , c o n t a m i n a n t s , rogue n u c l e a r 
s u b s t a n c e s , and d e b r i s have accompa­
n i e d humans upon t h e i r e n t r y i n t o 
o u t e r space. C o n c e r n e x i s t s o v e r 
the e n v i r o n m e n t a l problems r e s u l t i n g 
from t h e use o f r o c k e t f u e l s . A t ­
t e n t i o n has been d i r e c t e d t o t h e 
need t o p r o t e c t t h e ozone l a y e r from 
a v a r i e t y o f c h e m i c a l r e a c t i o n s . 

T h i s s t u d y c a l l s f o r f u r t h e r 
i n v e s t i g a t i o n s i n t o the e f f e c t s o f 
f u e l u s e s and t h e f o r m a t i o n o f i n ­
t e r n a t i o n a l norms d e s i g n e d t o p r o ­
t e c t a g a i n s t e n v i r o n m e n t a l d e t r i m e n t 
and decay. A c c o u n t i s t a k e n o f the 
i m p o r t a n c e o f s u c c e s s f u l space ac­
t i v i t i e s . N a t i o n a l r e s p o n s i b i l i t i e s 
a r e i n d i c a t e d . 

I n t r o d u c t i o n 

1992 p r o v i d e s a r e m a r k a b l e 
o p p o r t u n i t y t o improve on b a s i c 
commitments t o e n v i r o n m e n t a l s e c u r i ­
t y . Humans a r e r e s p o n d i n g t o t h e 
c h a l l e n g e s t o t h e i r s h a r e d b i o ­
s p h e r e . The 1992 UN C o n f e r e n c e on 
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Environment and Development (UNCED) 
a s s e r t e d t h a t t h e r e must be a more 
c a r i n g and a more c a r e f u l use o f t h e 
E a r t h ' s r e s o u r c e s . 1 5 6 . 1 I t c a l l s 
f o r a w i d e - r a n g i n g d i s t r i b u t i o n o f 
the b e n e f i t s as w e l l as the r i s k s o f 
o u r s c i e n t i f i c and t e c h n o l o g i c a l 
c i v i l i z a t i o n . The s e r i o u s and com­
m i t t e d e f f o r t s o f t h e p a s t must be 
e x t e n d e d and e n l a r g e d . 2 

Today a f u n d a m e n t a l p o l i c y 
i s s u e must be c o n f r o n t e d . I t i s a 
m a t t e r o f r i s k . The q u e s t i o n s a r e : 
W i l l e x c e s s i v e e n v i r o n m e n t a l con­
t r o l s l i m i t i m p o r t a n t p r o g r e s s ? 
What i s " e x c e s s i v e " ? How e x t e n s i v e 
c a n such c o n t r o l s be i n the absence 
o f u l t i m a t e f a c t u a l a ssessments? I n 
sum, i n m e a s u r i n g t h e element o f 
r i s k t h e r e i s t h e p o s s i b i l i t y t h a t 
i n a d e q u a t e c o n t r o l s w o u l d p r o d u c e 
l o n g - t e r m i m p a i r m e n t s o f t h e human 
environment. A l s o t o be c o n s i d e r e d 
i s the d i f f i c u l t y o f e l i m i n a t i n g im­
p r o v i d e n t c o n t r o l s when i t i s d i s ­
c o v e r e d t h a t supposed dangers were 
n o t so r e a l as o r i g i n a l l y p e r c e i v e d . 

Faced w i t h t h i s dilemma UNCED 
u r g e d p r e v e n t i v e a c t i o n s . I t ' s 
P r i n c i p l e 15 p r o v i d e d : " I n o r d e r t o 
p r o t e c t the e n v i r o n m e n t , t h e p r e c a u ­
t i o n a r y approach s h a l l be w i d e l y 
a p p l i e d by s t a t e s a c c o r d i n g t o t h e i r 
c a p a b i l i t i e s . Where t h e r e a r e 
t h r e a t s o f s e r i o u s o r i r r e v e r s i b l e 
damage, l a c k o f f u l l s c i e n t i f i c 
c e r t a i n t y s h a l l n o t be used as a 
r e a s o n f o r p o s t p o n i n g c o s t - e f f e c t i v e 
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measures t o p r e v e n t e n v i r o n m e n t a l 
d e g r a d a t i o n . " 3 

T h i s i s s e n s i b l e and c r e a t i v e 
c o u n s e l . A l t h o u g h n o t u n c o n d i t i o n ­
a l , i t h i g h l i g h t e d the r o l e o f 
s t a t e s i n the p r e v e n t i o n o f e n v i r o n ­
m e n t a l d e g r a d a t i o n . As s u c h i t must 
be seen as an improvement o v e r t h e 
h i g h l y i m p o r t a n t P r i n c i p l e 21 o f the 
1972 UN C o n f e r e n c e on t h e Human 
Environment, w h i c h p r o v i d e d : 
" S t a t e s have, i n a c c o r d a n c e w i t h the 
C h a r t e r o f the U n i t e d N a t i o n s and 
t h e p r i n c i p l e s o f i n t e r n a t i o n a l law, 
t h e s o v e r e i g n r i g h t t o e x p l o i t t h e i r 
own r e s o u r c e s p u r s u a n t t o t h e i r own 
e n v i r o n m e n t a l p o l i c i e s , and the 
r e s p o n s i b i l i t y t o ensure t h a t a c t i v ­
i t i e s w i t h i n t h e i r j u r i s d i c t i o n o r 
c o n t r o l do n o t cause damage t o t h e 
environment o f o t h e r S a t e s o r o f 
a r e a s beyond the l i m i t s o f n a t i o n a l 
j u r i s d i c t i o n . 1 , 4 

The n a t u r e o f t h e r i s k i s b e s t 
u n d e r s t o o d i n t h e w i d e s t c o n t e x t . 
One w r i t e r , whose f o c u s has been on 
t h e e n v i r o n m e n t a l i s s u e s r a i s e d by 
harms t o t h e E a r t h ' s ozone l a y e r , 
has i d e n t i f i e d major a r e a s o f con­
c e r n . I n h i s v i e w r e s e a r c h e r s need 
t o go " f a r beyond a t m o s p h e r i c chem­
i s t r y ; t h e y [have] t o examine t h e 
p l a n e t as a system o f i n t e r r e l a t e d 
p h y s i c a l , c h e m i c a l , and b i o l o g i c a l 
p r o c e s s e s t a k i n g p l a c e on l a n d , i n 
w a t e r , and i n t h e atmosphere, p r o ­
c e s s e s t h a t a r e t h e m s e l v e s i n f l u ­
e nced by economic, p o l i t i c a l , and 
s o c i a l f o r c e s . " 5 

E s s e n t i a l S c i e n t i f i c F a c t s 

The 1972 S t o c k h o l m p r i n c i p l e s 
were f a s h i o n e d i n o r d e r t o r e s p o n d 
t o t h e p e r c e i v e d phenomena o f t h e 
t i m e . These c o n c e r n s f o c u s e d on 
p o l l u t i o n o f t h e oceans, a c i d r a i n , 
t r a n s b o u n d a r y a i r p o l l u t i o n , g l o b a l 
warming, and e s p e c i a l l y on t h e 

greenhouse e f f e c t o f h y d r o c a r b o n s . 
More r e c e n t l y c o n c e r n s have a r i s e n 
about e q u a l l y i m p o r t a n t h a z a r d s . 
These i n c l u d e t h e s o l i d d e b r i s o f 
n o n - f u n c t i o n a l s a t e l l i t e s . The 
p r e s e n c e o f n u c l e a r waste, t h e m i l i ­
t a r y o r o t h e r h o s t i l e use o f e n v i ­
r o n m e n t a l m o d i f i c a t i o n t e c h n i q u e s , 6 

the o z o n e - d e p l e t i n g e f f e c t s o f 
c h l o r o f l o u r o c a r b o n s on the a t ­
mosphere (CFC 11, 12, 113, 114, and 
115), u s e d i n many E a r t h - b a s e d i n ­
d u s t r i e s t o c l e a n p r e c i s i o n e l e c ­
t r o n i c , m e c h a n i c a l , and o p t i c a l 
components, h a l o n s (1211, 1301, and 
2402), c a r b o n t e t r a c h l o r i d e (CC14), 
m e t h y l c h l o r o f o r m , u s e d i n m e t a l 
c l e a n i n g and d e g r e a s i n g o p e r a t i o n s , 
and the c h e m i c a l r e a c t i o n s between 
the atmosphere and t h e f u e l s o u r c e s 
( b o t h l i q u i d and s o l i d ) w h i c h have 
s u p p l i e d power f o r t h e l a u n c h o f 
space o b j e c t s and n o n - o r b i t i n g r o c k ­
e t s . 

I n the U n i t e d S t a t e s t h a t 
Space S h u t t l e and t h e T i t a n - 4 
l a u n c h e r a r e t h e l a r g e s t u s e r s o f 
s o l i d f u e l s . I n Europe t h e A r i a n e 5 
employs s o l i d f u e l s . These f u e l s 
c o n s i s t o f an ammonium P e r c h l o r a t e 
o x i d i z e r (NH 4C10 A) and a p o l y m e r 
f u e l ( t h e p r o p e l l a n t b i n d e r ) l o a d e d 
w i t h powdered aluminum. "The p r i n ­
c i p a l e f f l u e n t s a r e h y d r o g e n c h l o ­
r i d e ( H C l ) , aluminum o x i d e ( A l 2 0 3 ) , 
w a t e r ( H 2 0 ) , h y d r o g e n (H 2) , c a r b o n 
monoxide (CO), and c a r b o n d i o x i d e 
(C0 2) . " 7 N i t r o g e n (N 2) as w e l l as 
t r a c e amounts o f m e t a l s and o r g a n i c s 
appear i n l a u n c h e x h a u s t s . 8 The 
aluminum o x i d e component c o n s i s t s o f 
s o l i d a l u m i n a p a r t i c l e s . 9 

Each S h u t t l e l a u n c h v e h i c l e 
u ses about 1,000 t o n s o f s o l i d p r o ­
p e l l a n t and about 730 t o n s o f l i q u i d 
p r o p e l l a n t . 1 0 I n a s s e s s i n g t h e ad­
v e r s e e f f e c t s o f r o c k e t f u e l s on t h e 
environment, i t i s n e c e s s a r y t o 
i d e n t i f y a r e a s , amounts, and d u r a ­
t i o n o f e f f l u e n t s . The t r o p o s p h e r e 
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e x t e n d s from the s u r f a c e o f t h e 
E a r t h upwards f o r about 8 km, t h e 
s t r a t o s p h e r e from 8 t o 50 km, and 
the mesosphere f r o m 50 t o 67 km. 
Above t h i s i s t h e thermosphere o r 
i o n o s p h e r e w h i c h r e a c h e s up t o about 
450 km where the e x o s p h e r e b e g i n s . 
The atmosphere r e a c h e s i n t o t h e 
e x o s p h e r e , a l t h o u g h t h e r e i s no 
a g r e e d d i s t a n c e above t h e s u r f a c e o f 
the E a r t h f o r the atmosphere. The 
ozone l a y e r i s f o u n d a t about 18-50 
km above t h e s u r f a c e o f the E a r t h . 

The impact o f t h e ozone de­
p l e t i n g c a p a b i l i t y o f c h l o r i n e - b a s e d 
f u e l s depends on "how much o f each 
compound i s i n t r o d u c e d a t v a r i o u s 
a l t i t u d e s , r e a c t i o n r a t e s , w h i c h 
depend on t e m p e r a t u r e , p r e s s u r e , 
r e l a t i v e c o n c e n t r a t i o n s and r e s i ­
dence t i m e s ; and, how q u i c k l y harm­
f u l c o n s t i t u e n t s a r e t r a n s p o r t e d out 
o f the s t r a t o s p h e r e . " 1 1 

The e f f l u e n t s o f the s o l i d 
f u e l s a r e d i s s e m i n a t e d below 50 km. 
A c c o r d i n g t o one s t u d y , about t w i c e 
as many k i l o g r a m s o f c h l o r i n e w i l l 
be r e l e a s e d a t 15-20 km t h a n a t 30-
35 km and about 40 t i m e s as much a t 
15-20 km t h a n a t 45-50 km. L e s s 
w i l l be r e l e a s e d a t 20-25 km t h a n a t 
15-20 km. 1 2 S i n c e t h e ozone l a y e r 
r e s i d e s a t about 18 km above the 
E a r t h ' s s u r f a c e a b o u t 24% o f t h e 
c h l o r i n e e f f l u e n t w o u l d e n t e r t h e 
ozone l a y e r . D e t r i m e n t w o u l d be 
s u b s t a n t i a l . The b a l a n c e w o u l d be 
r e l e a s e d a t a l t i t u d e s h i g h e r t h a n 20 
km. 

L i q u i d p r o p e l l a n t s a r e a l s o 
r e q u i r e d f o r space l a u n c h e s . "The 
t h r e e l i q u i d p r o p e l l a n t c o m b i n a t i o n s 
most commonly i n use a r e l i q u i d oxy­
gen/hydrocarbon [ k e r o s e n e ] , n i t r o g e n 
t e t r o x i d e u s e d w i t h a m i x t u r e o f 
u n s y m m e t r i c a l d i m e t h y l h y d r a z i n e and 
h y d r a z i n e [ a e r o z i n e ] , and l i q u i d 
o x y g e n / l i q u i d h y d r o g e n . 1 , 1 3 The ex­
h a u s t p r o d u c t s o f t h e l i q u i d f u e l s 

f o r t h e S h u t t l e ' s m ain e n g i n e con­
s i s t o f h y d r o g e n gas and w a t e r ; 
t h o s e f o r a T i t a n - 4 a r e c a r b o n mon­
o x i d e , c a r b o n d i o x i d e , h y d r o g e n gas, 
w a t e r , and n i t r o g e n . 1 * The systems 
u s i n g k e r o s e n e " w i l l a l s o e m i t CO, 
C0 2, and N 2. B o t h s o l i d and l i q u i d 
systems a l s o form o x i d e s o f n i t r o ­
gen, N0 X ( e . g . , NO o r N 0 2 ) , as h o t 
e x h a u s t p r o d u c t s r e a c t w i t h N 2 i n 
the a t m o s p h e r e . " 1 5 The e f f l u e n t s 
from l i q u i d f u e l s " a r e p r i m a r i l y 
i n j e c t e d above 50 km." 1 6 

E x p e r t s i n a t m o s p h e r i c chemis­
t r y have a t t e m p t e d t o q u a n t i f y the 
amount o f c h l o r i n e i n t r o d u c e d i n t o 
the atmosphere t h r o u g h the employ­
ment o f s o l i d r o c k e t and l i q u i d 
r o c k e t f u e l s . A v a r i e t y o f assump­
t i o n s and d i f f e r e n t models have been 
employed. Two m a j o r c o n c l u s i o n s c a n 
be drawn. The c h l o r i n e u s e d i n 
l a u n c h e s does pr o d u c e harms t o t h e 
ozone l a y e r . I t c o n t r i b u t e s t o 
o t h e r major a d v e r s e o z o n e - d e p l e t i n g 
a c t i v i t i e s . Second, e f f o r t s , s u c h 
as a n e x t g e n e r a t i o n l a u n c h e r , i d e n ­
t i f i e d as t h e N a t i o n a l Launch System 
(NLS), t o m i n i m i z e t h e a d v e r s e e f ­
f e c t s o f f u e l s r e l i a n t on c h l o r i n e , 
w o u l d p r o b a b l y employ a common l i q ­
u i d p r o p u l s i o n s y s t e m . 1 7 F u r t h e r , 
t h e r e a r e a v a r i e t y o f known p r o p e l ­
l a n t o p t i o n s w h i c h c o u l d r e d u c e the 
e x i s t i n g a d v e r s e e n v i r o n m e n t a l im­
p a c t o f l a r g e c h l o r i n e u s e s . These 
o p t i o n s , i f s u c c e s s f u l , w o u l d r e d u c e 
a c i d r a i n , ozone d e p l e t i o n , t o x i t y , 
and t h e p r o d u c t i o n o f aluminum 
p a r t i c u l a t e s and i c e . 1 8 

M a n i f e s t l y , t h e s u c c e s s o f 
space programs and a c t i v i t i e s de­
pends on the a v o i d a n c e o f u n a c c e p t ­
a b l e e n v i r o n m e n t a l h a z a r d s . T h i s 
means t h a t a l l m a n u f a c t u r e r s o f 
c h l o r i n e - b a s e d p r o d u c t s and t h e 
u s e r s o f s u c h m a t e r i a l s must cooper­
a t e i n t h e m i n i m i z a t i o n o f p r o s p e c ­
t i v e harms. R e p r e s e n t a t i v e o f s u c h 
c o n c e r n s i s the p o s i t i o n o f t h e Du 
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Pont C o r p o r a t i o n , a l o n g - t i m e and 
major p r o d u c e r o f CFC. I n 1991 the 
Company r e p o r t e d t h a t i n 1992 i t s 
CFC p r o d u c t i o n w o u l d be " l e s s t h a n 
h a l f t h e l e v e l p r o d u c e d i n 1986 and 
s u b s t a n t i a l l y b e l o w t h e l e v e l s per­
m i t t e d by the M o n t r e a l P r o t o c o l and 
the U.S. C l e a n A i r A c t . We would 
cease p r o d u c t i o n o f CFCs i m m e d i a t e l y 
i f s u b s t i t u t e p r o d u c t s and equipment 
were b r o a d l y a v a i l a b l e t o make i t 
p r a c t i c a l t o do s o . [ F u r t h e r , the 
Company s t a t e d t h a t i t was] commit­
t e d t o phase o u t CFC p r o d u c t i o n i n 
the U n i t e d S t a t e s and o t h e r d e v e l ­
oped c o u n t r i e s no l a t e r t h a n the end 
o f 1995. " 1 9 

I n t e r n a t i o n a l and N a t i o n a l L e g a l 
Responses 

The p r i n c i p a l i n t e r n a t i o n a l 
agreements d e a l i n g w i t h s u c h ozone 
d e p l e t i n g c h e m i c a l s as CFC, h a l o n s , 
c a r b o n t e t r a c h l o r i d e , and m e t h y l 
c h l o r o f o r m a r e t h e March 22, 1985 
V i e n n a C o n v e n t i o n f o r t h e P r o t e c t i o n 
o f t h e Ozone L a y e r , 2 0 t h e September 
16, 1987 M o n t r e a l P r o t o c o l on Sub­
s t a n c e s t h a t D e p l e t e t h e Ozone Lay­
e r , 2 1 t h e May 2, 1989 H e l s i n k i Dec­
l a r a t i o n on P r o t e c t i o n o f the Ozone 
L a y e r , 2 2 and t h e J u n e 29 1990 London 
A d j u s t m e n t s and Amendments t o the 
M o n t r e a l P r o t o c o l on S u b s t a n c e s t h a t 
D e p l e t e the Ozone L a y e r . 2 3 

I n the U n i t e d S t a t e s b o t h be­
f o r e and f o l l o w i n g t h e s e agreements, 
l e g i s l a t i o n was a d o p t e d s e e k i n g t o 
improve the human e n v i r o n m e n t . Most 
r e c e n t l y i t has b e e n d i r e c t e d spe­
c i f i c a l l y a t t h e f o r e g o i n g ozone 
d e p l e t i n g c h e m i c a l s . The U.S. C l e a n 
A i r A c t , o r i g i n a l l y a d o p t e d i n 1955, 
was c o m p l e t e l y r e v i s e d i n 1977. 2* 
S i n c e t h e n i t has b e e n amended many 
t i m e s . The s t a t u t e r e q u i r i n g p ro­
t e c t i o n o f s t r a t o s p h e r i c ozone was 
a d o p t e d on November 15, 19 90 . 2 5 I t 
d e s i g n a t e d , by y e a r , t h e s u b s t a n c e s 

w h i c h must be p h a sed o u t p u r s u a n t t o 
t h e M o n t r e a l p r o t o c o l . 2 6 I n t h e 
U n i t e d S t a t e s t h e r e has b e e n i n ­
v o l v e m e n t on t h e p a r t o f t h e E n v i ­
r o n m e n t a l P r o t e c t i o n Agency, t h e 
Departments o f S t a t e , Defense and 
T r a n s p o r t a t i o n , t h e White House 
C o u n c i l on E n v i r o n m e n t a l Q u a l i t y , 
NASA, and the C o n g r e s s i o n a l O f f i c e 
o f T e c h n o l o g y Assessment. The gov­
ernments o f many o f the s t a t e s have 
a l s o a d o p t e d e n v i r o n m e n t a l l y o r i e n t ­
ed l e g i s l a t i o n . 

Non-governmental b o d i e s have 
i s s u e d v i g o r o u s demands t h a t sub­
s t a n t i a l e f f o r t s be made t o m i n i m i z e 
e n v i r o n m e n t a l h a z a r d s . I n t h e i r 
c o n c e r n f o r t h e c h l o r i n e d e p l e t i n g 
i m p a c t on the ozone l a y e r t h e y have 
n o t o v e r l o o k e d t h e r e s p e c t i v e r o l e s 
o f s o l i d and l i q u i d r o c k e t f u e l s . 
Among t h o s e a c t i v e l y engaged i n t h e 
f i n d i n g o f f a c t s and i n t h e e s t a b ­
l i s h m e n t o f p o l i c i e s have b e e n t h e 
E n v i r o n m e n t a l Defense Fund, t h e 
N a t i o n a l T o x i c s Campaign Fund, s c i ­
e n t i f i c groups s u c h as t h e F e d e r a ­
t i o n o f A m e r i c a n S c i e n t i s t s , as w e l l 
as b u s i n e s s e n t i t i e s and t e c h n i c a l 
a d v i s e r s . 2 7 

The Need f o r C o n t i n u i n g R e s e a r c h 

L e a d i n g e x p e r t s c o n c l u d e d i n 
1991 t h a t t h e r e was no p r e s e n t n e e d 
t o use new r o c k e t f u e l s i n o r d e r t o 
s a f e g u a r d t h e e n v i r o n m e n t . They 
s t a t e d : "Based on c a r e f u l e v a l u a ­
t i o n o f s c i e n t i f i c s t u d i e s p e r f o r m e d 
i n t h e U n i t e d S t a t e s , Europe, and 
t h e S o v i e t U n i o n , t h e workshop con­
c l u d e d t h a t t h e e f f e c t s o f r o c k e t 
p r o p u l s i o n on s t r a t o s p h e r i c ozone 
d e p l e t i o n , a c i d r a i n , t o x i c i t y , a i r 
q u a l i t y , and g l o b a l warming were 
e x t r e m e l y s m a l l compared t o o t h e r 
a n t h r o p o g e n i c i m p a c t s , and t h e r e f o r e 
t h a t t h e r e i s no p r e s s i n g n e e d t o 
change the p r o p e l l a n t s o f c u r r e n t 
l a u n c h s y s t e m s . n 2 8 
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W i t h o u t e n d e a v o r i n g t o a s s e s s 
t h e c o m p a r a t i v e c o n t r i b u t i o n s o f 
r o c k e t l a u n c h e s ( u s i n g b o t h s o l i d 
and l i q u i d f u e l s ) and o t h e r s o u r c e s 
o f ozone d e p l e t i n g c h e m i c a l s , i t i s 
e v i d e n t t h a t a l l produce and dissem­
i n a t e c h l o r i n e r e s i d u e s i n t h e 
s t r a t o s p h e r e and beyond. T h i s sug­
g e s t s t h e need f o r a l l c o n c e r n e d t o 
t a k e a l l a p p r o p r i a t e s t e p s , b a s e d on 
immediate s e l f - i n t e r e s t and t h e 
l a r g e r i n t e r e s t o f t h e e n t i r e commu­
n i t y , t o m i t i g a t e and, o v e r t i m e , t o 
e l i m i n a t e b a s i c t h r e a t s t o t h e 
h e a l t h o f the ozone l a y e r and t o the 
p l a n t and a n i m a l l i f e w h i c h r e q u i r e 
t h e p r o t e c t i v e i n f l u e n c e s o f the 
ozone l a y e r . 

A l t e r n a t i v e s 

The p r e s e n t i n t e r n a t i o n a l l e g a l 
r e g i m e , g o i n g back t o t h e 1985 V i e n ­
na C o n v e n t i o n , mandates t h a t S t a t e s 
engage i n r e s e a r c h and make s c i e n ­
t i f i c a ssessments r e l a t i n g t o ozone 
d e p l e t i o n . 2 9 Among t h e s u b j e c t s t o 
be c o n s i d e r e d a r e a l t e r n a t i v e sub­
s t a n c e s and t e c h n o l o g i e s . The s y s ­
t e m a t i c r e s e a r c h and o b s e r v a t i o n s 
a p p l y p a r t i c u l a r l y t o c a r b o n sub­
s t a n c e s , n i t r o g e n , c h l o r i n e , b r o ­
mine, and h y d r o g e n . 3 0 The a c q u i r e d 
d a t a i s t o be s h a r e d . 

On t h e b a s i s o f t h e s e o b l i g a ­
t i o n s S t a t e s , p r i v a t e e n t i t i e s , 
i n c l u d i n g p roponents o f environmen­
t a l s e c u r i t y , have engaged i n i n v e s ­
t i g a t i o n s and have d i s s e m i n a t e d 
t h e i r f i n d i n g s . A t t e n t i o n has been 
g i v e n t o c h e m i c a l s , i n c l u d i n g CFCs, 
h a l o n s , c a r b o n t e t r o c h l o r i d e , and 
m e t h y l c h l o r o f o r m . A t t e n t i o n has 
a l s o b e e n g i v e n t o l a u n c h i n g method­
o l o g i e s , t h e s i z e o f r o c k e t s , and 
new r o c k e t f u e l s . 

I n t h e U n i t e d S t a t e s s t e p s have 
been t a k e n t o d e v e l o p e an Advanced 
Launch System u t i l i z i n g new t e c h n o l ­

o g i e s . I n an a n a l y s i s o f t h e U.S. 
Space E x p l o r a t i o n I n i t i a t i v e a t t e n ­
t i o n was g i v e n t o s u p p o r t i n g t e c h ­
n o l o g i e s . Development was s u g g e s t e d 
r e s p e c t i n g n u c l e a r t h e r m a l p r o p u l ­
s i o n , l i g h t w e i g h t s t r u c t u r a l m a t e r i ­
a l s , and n u c l e a r e l e c t r i c p r o p u l a -
t i o n f o r f o l l o w - o n c a r g o m i s s i o n s . 3 2 

W i t h the w i n d i n g down o f t h e 
C o l d War the U.S. government i s 
c o n v e r t i n g T i t a n I I r o c k e t s t o space 
l a u n c h p u r p o s e s . I n the p r o c e s s t h e 
r o c k e t s ' l i q u i d e n g i n e s a r e b e i n g 
r e f u r b i s h e d and o f f - t h e - s h e l f s o l i d 
f u e l r o c k e t b o o s t e r s w i l l be em­
p l o y e d . 3 3 T h i s comports w i t h t h e 
p r o p o s i t i o n t h a t h y b r i d f u e l s c a n be 
more f r i e n d l y t o t h e atmosphere. 
T i t a n l i s a r e s m a l l e r t h a n t h e Shut­
t l e and T i t a n - 4 s and t h e amount o f 
e f f l u e n t w i l l be l e s s . 

Moreover, i t may be p o s s i b l e t o 
s u b s t i t u t e g e l p r o p e l l a n t s f o r ex­
i s t i n g s o l i d and l i q u i d p r o p e l l a n t s . 
S c i e n t i f i c s u p p o r t f o r t h i s p r o p e l -
l a n t i s b a s e d on t h e c o n c l u s i o n t h a t 
"the combined s a f e t y , h a n d l i n g , 
s t o r a g e , and e n v i r o n m e n t a l c h a r a c ­
t e r i s t i c s o f g e l l e d p r o p e l l a n t s a r e 
b e t t e r t h a n e i t h e r l i q u i d s o r s o l ­
i d s . 1 , 3 4 G e l p r o p e l l a n t s a r e cheaper 
and s a f e r t h a n b o t h s o l i d and l i q u i d 
p r o p e l l a n t s . 

The c a s e f o r s a f e t y has c a l l e d 
a t t e n t i o n t o h y b r i d f u e l s . Thus, 
" [ t o ] o p e r a t e l i q u i d r o c k e t s s a f e l y , 
p a r t i c u l a r c a r e must be t a k e n t o 
keep s e p a r a t e t h e two l i q u i d s , u su­
a l l y c r y o g e n i c oxygen and h y d r o g e n , 
t h a t c o u l d e x p l o d e i f m i x e d i n a d v e r ­
t e n t l y . H y b r i d s have o n l y t h e e a s i ­
e r o f t h e two, l i q u i d oxygen, t o 
c o n t a i n , and i n any c a s e , w i t h o u t 
h ydrogen p r e s e n t , l e a k s a r e l e s s 
dangerous and l e s s l i k e l y t o 
o c c u r . " 3 5 H y b r i d s a r e a l s o c o n s i d ­
e r e d t o be more r e l i a b l e t h a n s o l i d 
p r o p e l l a n t s . 3 6 There i s i n c r e a s i n g 
s u p p o r t f o r t h e use o f h y b r i d and 
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l i q u i d f u e l s . 3 7 

I n t h e U n i t e d S t a t e s the Na­
t i o n a l Launch System program i s 
e x p e r i m e n t i n g w i t h c l e a n e r and more 
e n v i r o n m e n t a l l y c o m p a t i b l e s o l i d 
r o c k e t p r o p e l l a n t s f o r f u t u r e space 
l a u n c h e s . R e s e a r c h i s b e i n g con­
d u c t e d r e s p e c t i n g c h l o r i n e - f r e e 
h y d r o x y l ammonium-nitrate composi­
t i o n s , s o d i u m - n i t r a t e scavenged 
f o r m u l a t i o n s , and o t h e r s i n w h i c h 
magnesium i s s u b s t i t u t e d f o r a l u m i ­
num f u e l . 3 8 

Aluminum as a S o l i d R o c k e t F u e l 
Source 

Aluminum i s u s e d as f u e l i n 
v i r t u a l l y a l l s o l i d r o c k e t p r o p e l ­
l a n t s . B o t h w i t h and w i t h o u t a f t e r ­
b u r n i n g a major e x h a u s t p r o d u c t i s 
aluminum o x i d e ( A l 2 0 3 ) . 3 9 T h i s ex­
h a u s t "has t h e p o t e n t i a l t o p e r t u r b 
s t r a t o s p h e r i c c h e m i s t r y . " * 0 

The a l u m i n a p a r t i c l e s form a 
r a d i i g r e a t e r t h a n 1 m i c r o n and a r e 
p e r c e i v e d as a v e r y f i n e powder 
h a r d l y v i s i b l e t o t h e naked eye.* 1 

The s t r a t o s p h e r i c abundance o f l a r g ­
e r a l u m i n a p a r t i c l e s "appears t o be 
i n c r e a s i n g and has b e e n a t t r i b u t e d 
t o s o l i d r o c k e t m o t o r s as w e l l as 
space d e b r i s . " * 2 

F o l l o w i n g t h e b u r n i n g o f s o l i d 
f u e l s t h e aluminum e f f l u e n t s a r e 
found^above 12 km. There has been 
an a p p a r e n t t e n f o l d i n c r e a s e from 
1976 t o 1986.* 3 

The p a r t i c i p a n t s a t the June, 
1991 AIAA Workshop e s t i m a t e d on the 
b a s i s o f one l a u n c h o f an A t l a s I I 
AS S h u t t l e , D e l t a I I , and T i t a n - 4 
t h a t t h e U n i t e d S t a t e s w o u l d produce 
404 t o n s o f aluminum e x h a u s t p r o d ­
u c t , Europe ( A r i a n e 5) 132.1 t o n s , 
and J a p a n 61.9 t o n s . * * I f i t were 
t o be assumed t h a t t h e U n i t e d S t a t e s 

w o u l d l a u n c h 36 s p a c e o b j e c t s annu­
a l l y u n t i l 2000, t h a t the Europeans 
w o u l d l a u n c h 5 a n n u a l l y , and t h e 
J a p anese a t o t a l o f two a n n u a l l y , 
t h i s w o u l d produce 6,931 t o n s o f 
aluminum e f f l u e n t s . * 5 

The c o n c e n t r a t i o n o f aluminum 
o x i d e v a r i e s a c c o r d i n g t o a l t i t u d e . 
I n a d e t a i l e d s t u d y o f the e x h a u s t 
p r o d u c t s from t h e space s h u t t l e b y 
a t m o s p h e r i c l a y e r ( k i l o g r a m s p e r 
l a u n c h ) , i t has b e e n r e p o r t e d t h a t 
a t 0 t o 500 metres t h e r e were 39,284 
k i l l o g r a m s o f aluminum o x i d e ; a t 0.5 
t o 13 km ( t r o p o s p h e r e ) , 26,385 k g ; 
a t 13 t o 50 km ( s t r a t o s p h e r e ) , 
110,304 k g . ; and n o t h i n g a t h i g h e r 
a l t i t u d e s . The amount o f aluminum 
o x i d e e f f l u e n t was somewhat g r e a t e r 
t h a n t h e amount o f h y d r o g e n c h l o ­
r i d e , l e s s t h a n c h l o r i n e and n i t r i c 
o x i d e , b u t g r e a t e r t h a n w a t e r and 
c a r b o n d i o x i d e . * 6 U n l i k e h y d r o g e n 
c h l o r i d e w i t h i t s h a r m f u l e f f e c t on 
the ozone l a y e r , aluminum o x i d e c a n 
be c o n v e r t e d i n t o aluminum c h l o r i d e , 
w h i c h as a t o x i c i r r i t a n t , c a n a f ­
f e c t t h e mucous membranes. Aluminum 
o x i d e , on t h e o t h e r hand, "can s e r v e 
as a n u c l e a t i o n s i t e f o r t h e conden­
s a t i o n o f h y d r o c h l o r i c a c i d , i n ­
c r e a s i n g a c i d i t y a t ground l e v e l . " * 7 

The i m p a c t o f aluminum e f f l u e n t s on 
e n v i r o n m e n t a l s e c u r i t y i s u n d e r g o i n g 
s c i e n t i f i c s t u d y t h r o u g h l a b o r a t o r y 
models. 

W h i l e a t p r e s e n t "not much i s 
known about t h e p o s s i b l e e f f e c t s o f 
t h e s e p a r t i c u l a r e x h a u s t p a r t i c u ­
l a t e s on h e t e r o g e n e o u s ozone chemis­
t r y , " * 8 i t has been s u g g e s t e d t h a t 
" p a r t i c u l a t e s r e l e a s e d by t h e r o c k ­
e t s t h e m s e l v e s may c h e m i c a l l y r e a c t 
w i t h ozone . . . ."*9 However, i t 
has a l s o been p o i n t e d out t h a t hy­
d r o g e n c h l o r i d e g a s , w i t h i t s harm­
f u l e f f e c t s on t h e ozone l a y e r , c a n 
be removed as a t h r e a t by r e p l a c i n g 
h y d r o g e n c h l o r i d e w i t h aluminum and 
ammonium n i t r a t e f u e l . 5 0 T h i s new 
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f u e l c o m b i n a t i o n w o u l d produce a l u ­
minum o x i d e p a r t i c u l a t e e m i s s i o n s . 
I t has been s u g g e s t e d t h a t b e f o r e 
moving i n t h i s d i r e c t i o n i t w i l l be 
n e c e s s a r y t o c o n s i d e r "the impact on 
ozone d e p l e t i n g h e t e r o g e n o u s r e a c ­
t i o n s as w e l l as t r o p o s p h e r i c and 
boundary l a y e r e f f e c t s . " 5 1 One can 
be e n c o u r a g e d by t h e f a c t t h a t s e r i ­
ous s t u d i e s a r e b e i n g made t o c l a r i ­
f y what t h e a d v e r s e e n v i r o n m e n t a l 
i m p a c t , i f any, may be on an en­
h a n c e d use o f a l u m i n i u m as a s o u r c e 
o f r o c k e t f u e l s . 

C o n c l u s i o n 

The h e a l t h o f o u r s h a r e d b i o ­
s p h e r e w i l l depend on a c c e p t i n g 
b a s i c f a c t s and t a k i n g a p p r o p r i a t e 
a c t i o n . The U n i t e d N a t i o n s was 
c o r r e c t i n i t s 1989 assessment when 
i t r e f e r r e d t o t h e " c o n t i n u i n g d e t e ­
r i o r a t i o n o f t h e s t a t e o f the e n v i ­
ronment and t h e s e r i o u s d e g r a d a t i o n 
o f t h e g l o b a l l i f e - s u p p o r t systems, 
as w e l l as . . . t r e n d s t h a t , i f 
a l l o w e d t o c o n t i n u e c o u l d d i s r u p t 
t h e g l o b a l e c o l o g i c a l b a l a n c e , j e o p ­
a r d i z e t h e l i f e - s u s t a i n i n g q u a l i t i e s 
o f t h e E a r t h and l e a d t o an e c o l o g i ­
c a l c a t a s t r o p h e . " 5 2 

I t i s e v i d e n t t h a t c h l o r i n e and 
q u i t e p o s s i b l y aluminum-based f u e l s 
have a h a r m f u l e f f e c t (as do o t h e r 
c h l o r i n e - b a s e d compounds u s e d f o r 
o t h e r p u r p o s e s ) i n t h e E a r t h ' s ozone 
l a y e r . S i n c e t h e p r o b l e m i s , by i t s 
v e r y n a t u r e , m u l t i d i m e n s i o n a l and 
g l o b a l , c o r r e c t i v e a c t i o n w i l l de­
pend on m u l t i n a t i o n a l and m u l t i -
d i s c i p l i n a r y r e s p o n s e s . 

The e f f o r t s t o s e c u r e p r o p e l -
l a n t s o f an e n v i r o n m e n t a l l y n e u t r a l 
n a t u r e a r e w i d e - r a n g i n g . P r i v a t e 
f i r m s a r e t a k i n g many i n i t i a t i v e s . 

N a t i o n a l governments and i n t e r n a ­
t i o n a l i n t e r g o v e r n m e n t a l , as w e l l as 
p r i v a t e i n t e r n a t i o n a l groups o f 

s c i e n t i s t s , have embarked on r e ­
s e a r c h a c t i v i t i e s . A t t e n t i o n i s 
a l s o b e i n g g i v e n t o i m p r o v i n g t h e 
c h a r a c t e r i s t i c s o f r o c k e t m o t o r s , as 
i n t h e case o f t h e U.S. A i r F o r c e ' s 
S o l i d Rocket Motor Upgrade and t h e 
new A r i a n e 5 s o l i d r o c k e t b o o s t e r . 
A t t h e i n t e r n a t i o n a l i n s t i t u t i o n a l 
l e v e l l e a d e r s h i p i s b e i n g e x e r c i s e d 
a t t h e U n i t e d N a t i o n s , a t t h e UN 
Development Program, a t t h e W o r l d 
M e t e r o l o g i c a l O r g a n i z a t i o n , and a t 
t h e Committee on Space R e s e a r c h . 
The I n t e r n a t i o n a l A s t r o n a u t i c a l 
F e d e r a t i o n i s a l s o g i v i n g w i d e - r a n g ­
i n g a t t e n t i o n t o t h e s i t u a t i o n . 5 3 

Means e x i s t t o r e d u c e t h e 
amount o f c h l o r i n e employed i n t h e 
l a u n c h a s p e c t s o f o u t e r s p a c e a c t i v ­
i t i e s as w e l l as i n E a r t h - b a s e d 
a c t i v i t i e s . The a n t i p o l l u t i o n a l and 
p o s i t i v e i n t e r e s t i n p r o t e c t i n g t h e 
E a r t h ' s ozone l a y e r c a n be m a n i f e s t ­
ed i n numerous ways. 

R e q u i r i n g s t u d y a r e s u c h sub­
j e c t s as the c h e m i c a l r e a c t i o n s 
between r o c k e t f u e l s ( s o l i d and 
l i q u i d ) and the ozone l a y e r , p r o s ­
p e c t s f o r g e l f u e l s , q u a l i t a t i v e 
improvements i n r o c k e t s and l a u n c h ­
i n g systems, r e l a t i o n s h i p between 
c i v i l and m i l i t a r y r o c k e t r e q u i r e ­
ments , h a b i t s r e s p e c t i n g c o n s u m p t i o n 
o f e n v i r o n m e n t a l l y d e l e t e r i o u s p r o d ­
u c t s i n b o t h the advanced and d e v e l ­
o p i n g c o u n t r i e s , impediments t o 
economic development, and p o p u l a t i o n 
growth. New, a l t e r n a t i v e , and imag­
i n a t i v e approaches must be b r o u g h t 
t o t h e s e and o t h e r r e l e v a n t p r o b ­
lems . O n ly an i n t e g r a t e d a p p r o a c h 
w i l l have any chance o f s u c c e s s . 

The enforcement a c t i v i t i e s o f 
S t a t e s i n c a r r y i n g o u t t h e 1992 R i o 
P r i n c i p l e s w i l l be d e c i s i v e i n f u ­
t u r e s u c c e s s e s o f o u t e r s p a c e a c t i v ­
i t i e s . R i s k i s e n t a i l e d i n e ven t h e 
most c a r e f u l l y p l a n n e d a p p r o a c h . 
Whatever the r i s k s t h e y must be 
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s h a r e d by b o t h t h e advanced and t h e 
d e v e l o p i n g n a t i o n s . Any implemented 
p o l i c y must be r e v i e w e d c o n s t a n t l y 
so t h a t i t c a n be t e r m i n a t e d i n t h e 
e v e n t t h a t , on a c o s t - b e n e f i t as­
sessment, t h e r e a r e i n d i c a t i o n s t h a t 
p u r s u i n g the p o l i c y w i l l r e s u l t i n 
g r e a t e r d e t r i m e n t t h a n advantage. 
F o r m a l u n d e r s t a n d i n g s s h o u l d e x i s t 
as t o how and when an a c t i v e p o l i c y 
o r program i s t o be t e r m i n a t e d . 

To t h i s end t h e r e must be a 
f i r m p o l i t i c a l commitment w i t h a l l 
o f t h e accommodations e n t a i l e d i n 
such an approach. P r a g m a t i c s t e p s , 
c o n s i s t e n l y s u p p o r t e d , w h i c h may be 
s l o w e r t h a n g r a n d b u t s p e c u l a t i v e 
a p p r o a c h e s , w i l l have a chance t o 
su c c e e d . D i l i g e n t and o b j e c t i v e 
t e s t i n g and m o d e l i n g w i l l be neces­
s i t a t e d . The g o a l s h o u l d be c o n s i s ­
t e n t w i t h t h e p r i v a t e l y p r o m u l g a t e d 
1989 V a l d e z P r i n c i p l e s . 5 4 

Space a c t i v i t y i s o f v i t a l 
i m p o r t a n c e t o t h e w e l l - b e i n g o f 
humans and t h e en v i r o n m e n t o f the 
u n i v e r s e . As we s t a t e d some y e a r s 
ago: " I t w o u l d be somewhat i r o n i c 
i f t h e Space S h u t t l e and o t h e r space 
o b j e c t s , w h i c h have t h e c a p a c i t y t o 
s e r v e as a means t o a s s i s t i n the 
g a t h e r i n g o f d a t a r e l a t i n g t o the 
c o n d i t i o n o f t h e atmosphere, were t o 
c o n s t i t u t e a s o u r c e o f e n v i r o n m e n t a l 
d e t e r i o r a t i o n . " 5 5 S u p p o r t s h o u l d be 
g i v e n t o a l l who a r e s e e k i n g t o 
a v o i d s u c h a c o n d i t i o n and who see 
the v a l u e o f man's p r e s e n c e and 
i n f l u e n c e i n space. 
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(1991). I t i s e v i d e n t t h a t " i n 
the f u t u r e n a t i o n a l and i n t e r ­
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i n f l u e n c e d e c i s i o n s on t h e use 
and c h o i c e o f c h e m i c a l r o c k e t 
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