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I N T R O D U C T I O N :  F i b e r s  h a v e  a l a r g e  s u r f a c e  a r e a  s o  many c e l l s  
can  b e  i m m o b i l i z e d .  S u l f u r  c a n  be  t a k e n  o u t  o f  c o a l ,  m e t a l s  
removed f rom w a s t e w a t e r ,  p u l p  m i l l  e f f l u e n t  d e c o l o r i z e d ,  a n d  
a n o n - c o r r o s i v e  r o a d  d e i c e r  made. 

A t  a r e c e n t  c o n f e r e n c e  i n  B o s t o n  ( 1 )  u s e s  a n d  methods  o f  making  
CMA ( c a l c i u m  magnesium a c e t a t e )  were d i s c u s s e d .  Beer  t o l d  how(2)  
c a l c i u m  a c e t a t e  c o u l d  be  s p r a y e d  i n t o  b u r n i n g  c o a l  t o  remove 
70% o f  t h e  s u l f u r  i n  t h e  s t a c k  g a s .  A c i d  r a i n  c a u s e s  much 
damage t o  t r e e s  a n d  l a k e s .  Yang ( 3 )  d e s c r i b e d  methods  o f  making 
CMA from l a c t o s e  ( c h e e s e  whey)  w i t h  o r g a n i s m s  on c o t t o n .  C h a p t e r  
16 o f  a new book ( 4 )  t e a c h e s  p r o d u c i n g  CMA f r o m  g l u c o s e  w i t h  
c e l l s  on r o t a t i n g  f i b e r s ,  c o v e r e d  i n  C l y d e ' s  p a t e n t  4 , 4 0 7 , 9 5 4 .  
CHk i s  a l s o  a non c o r r o s i v e  r o a d  d e i c e r .  S a l t  c a u s e s  m i l l i o n s  o f  
d o l l a r s  damage ' - to  b r i d g e s ,  c a r s  and p l a n t  l i f e .  U s i n g  woody b i o -  
mass o r  o l d  n e w s p a p e r s  a s  a raw m a t e r i a l  would r e d u c e  t h e  c o s t .  

P a t e n t  4 , 5 3 0 , 7 6 3  d e s c r i b e s  removing  u r a n i u m  a n d  o t h e r  m e t a l s  
f rom was e w a t e r .  R e c e n t l y  i t  h a s  b e e n  f o u n d  t h a t  when a s t r i p  
of T y v e d f i b e r  w i t h  Zymomonas m o b i l i s  on i t  was p u t  i n t o  l e a d  
and s i x  v a l e n t  chromium,  t h e  m e t a l s  g o t  n o t  o n l y  on  t h e  s e c t i o n  
immersed ,  b u t  c l i m b e d  r i g h t  up t h e  f i b e r  a n d  g o t  on t h e  f i n g e r s  
of  t h e  h o l d e r ,  a l l  i n  a c o u p l e  s e c o n d s .  The E P A  w i l l  soon l o w e r  
t h e  l i m i t s  on l e a d  i n  d r i n k i n g  w a t e r ,  a n d  Cr6 i s  a l s o  v e r y  t o x i c .  

Thousands  of  l a w s u i t s  h a v e  b e e n  f i l e 2  a g a i n s t  p a p e r  m i l l s  f o r  
p u t t i n g  d e a d l y  d i o x i n  i n t o  r i v e r s .  I t  a l s o  g e t s  in m i l k  c a r t o n s ,  
f i s h ,  t e a  b a g s ,  a n d  d i a p e r s .  The f u n g u s  Phaner*ocha ,e te  c h r y s o s -  
W m  grows on f i b e r s  a n d  h i g h  a r e a  C e l i t e  e n t r a p p e a  i n f i b e r s ,  
t o  d e c o l o r i z e  p u l p  m i l l  e f f l u e n t .  IJhen a n  RBC ( r o t a r y  b i o l o g i c a l  
c o n t a c t o r )  i s  r u n  h a l f  f u l l  and  a l i g h t  s h o n e  i n  t h e  t o p ,  t h e  
l i g h t  h i t s  a t h i n  moving f i l m .  UV l i g h t  d e s t r o y s  d i o x i n .  I n  
most p h o t o  r e a c t o r g , c o l o r e d  s o l u t i o n  b l o c k s  t h e  l i g h t .  

Methanol  c a n  be made from c o a l ( 5 )  and  d i s s o c i a t e d  t o  c l e a n  burn-  
i n g  CO and H2 w i t h  20% i n c r e a s e  i n  e n e r g y  ( b e c a u s e  waste h e a t  
f rom t h e  e x h a u s t  i s  u t i l i z e d )  a s  i n  p a t e n t  4 , 4 2 0 , 4 6 2 .  

Wayman ( 4 )  c o n f i r m s  t h a t  s u g a r .  c a n  be  f e r m e n t e d  t o  a l c o h o l  f o r  
g a s o h o l  i n  1 5  m i n u t e s .  D a l e  ( 7 )  r e p o r t s  t h a t  when y e a s t  i s  i m -  
m o b i l i z e d  o n  f i b e r ,  h i g h  r a t e s  o f  mass  t r a n s f e r  a r e  a c h i e v a b l e  
even  a t  low a g i t a t o r  s p e e d s .  
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Oid c a r s  a n d  t r u c k s  t h a t  u s e  l e a d e d  g a s o l i n e  p u t  t h e  l e a d  i n t o  
a i r  and  r a i n  washes  i t  i n t o  d r i n k i n g  w a t e r  s u p p l i e s .  I f  g a s o h o l  
were u s e d  t h i s  would n o t  be a p r o b l e m .  S u g a r  c a n  be c o n v e r t e d  
t o  a l c o h o l  a s  f o l l o w s :  

', 
< 

A few s p o o n s  o f  C e l i t D ( f r o m  M a n v i l l e  Company, Denver ,  CO) a r e  
s l u r r i e d  i n  w a t e r  a n d  p o u r e d  i n t o  a f e r m e n t e r  w i t h  r o t a t i n g  
f i b e r s  (Reemay 2033 f rom Reemay Co. Old H i c k o r y ,  T e n n . )  o f  
p o l y e s t e r .  The u n i t  i s  s t e r i l i z e d  and  Zymomonas m o b i l i s  (NRRL 
14023,  US D e p a r t m e n t  o f  A g r i c u l t u r e ,  P e o r i a ,  11,) i s  a d d e d .  I t  
t a k e s  a b o u t  30 h o u r s  f o r  t h e  c e l l s  t o  grow and  a t t a c h  t o  t h e  
f i b e r s ,  and  t h e n  t h e  f e r m e n t e r  i s  f l u s h e d  w i t h  f o u r  times i t s  
volume o f  n u t r i e n t  w h i c h  i s  1 0 %  g l u c o s e ,  1 O g / l  y e a s t  e x t r a c t  
( f rom D i f c o )  a n d  1 g / l  o f  t h r e e  s a l t s  (NH4)2S04 &?SO4, and  
KH PO i s  uSed i n s t e a d  of 
KH2P04' A f t e r  f l u s h i n g ,  a l i q u o t e s  a r e  t a k $ n  and i n  1 0  m i n u t e s  
4 % 2 e t k a n o l  i s  measured  by HPLC. T h i s  i s  a n  80X y i e l d ,  s i n c e  
one mol o f  g l u c o s e  i s  f e r m e n t e d  t o  two o f  e t h a n o l  and  two o f  CO 
and t h e  m o l e c u l a r  w e i g h t s . o f . t h e s e  
s o  t h e  t h e o r e t i c a l  y i e l d  i s  5 1  g / l .  The u n i t  c a n  t h e n  b e  r u n  f o r  
s e v e r a l  weeks w i t h  r e s i d e n c e  t i m e s  o f  10 m i n u t e s .  Some a l c o h o l  
can  be s t r i p p e d  o f f  a n d  s u g a r  r e c y c l e d .  I f  96X y i e l d  i s  d e s i r e d ,  
i t  can  be  r u n  w i t h  a 1 5  m i n u t e  r e s i d e n c e  t i m e  a s  Wayman d i d .  
We b e l i e v e  t h a t  t h i s  r e a c t o r  d e s i g n  i s  s o  e f f i c i e n t  b e c a u s e  
n u t r i e n t s  h a v e  i n t i m a t e  c o n t a c t  w i t h  c e l l r . ,  and  t h e  same t h i n g  
s h o u l d  a p  ly t o  o t h e r  a p p l i c a t i o n s .  Membranes a r e  e x p e n s i v e  
but  T y v e & f i b e r  f rom DuPont i s  n o t  ( o n l y  7 5 c / s q . y d )  d i t  h a s  
s m a l l  p o r e s  a n d  many f i b e r s  s o  we p l a n  on u s i n g  T y v e g i n  p l a c e  
of Reemay. Zymomonas on  Tyvek i s  shown i n  F i g .  1 .  

I f  t h e  pH i s  l o w e r  t h a n  6 ,  K Z H P O  

a r e  a b o u t  t h e  same ( 4 6  a n d  8 4 )  
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