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A B S T R A C T

R a te s  o f  u l t i m a t e  b io d e g r a d a t i o n  o f  a s u r f a c e  a c t i v e  s u g a r  

d e r i v a t i v e ,  s u c r o s e  m o n o la u ra te ,  were s tu d ie d  u n d e r  v a r io u s  

c o n d i t i o n s  u s in g  pu re  and C ̂ - t a g g e d  compound. The r a t e s  were 

m easu red  in  te rm s  o f  CO^ p ro d u c t io n  u s in g  e th an o lam in e  as th e  COg 

a b s o r b e r .  The r e s u l t s  show t h a t  th e  s u g a r  e s t e r  i s  r e a d i l y  b io ­

d e g ra d a b le  in  s y n t h e t i c  m ed ia  w ith  r i v e r  b a c t e r i a ,  r i v e r  w a te r ,  

and in  s lu d g e  u n d e r  a e r o b ic  and a n a e ro b ic  c o n d i t i o n s .  In  s y n t h e t i c  

m ed ia  th e  b i o d e g r a d a b i l i t y  o f  th e  s u g a r  e s t e r  i s  a lm o s t com parab le  

to  t h a t  o f  g lu c o s e ,  s u c r o s e ,  and l a u r i c  a c id ,  and i s  s u p e r i o r  to  

th e  s u r f a c t a n t s  u sed  i n  d o m e s t ic  d e t e r g e n t s ,  C^LAS and t e r g i t o l

1 5 -S -9 .

I n  th e  a c t i v a t e d  s lu d g e ,  th e  r a t e  o f  COg p ro d u c t io n  from th e  

s u g a r  e s t e r  i s  a lm o s t as  f a s t  a s  th e  r a t e  o f  g lu c o se  and s u c r o s e ,  

e x c e p t  a t  th e  v e r y  e a r l y  p e r io d  o f  i n c u b a t i o n .

Complete u l t i m a t e  b io d e g r a d a t io n  o f  th e  s u g a r  e s t e r  i s  r e a d i l y  

a c h ie v e d  i n  r i v e r  w a te r  and in  s lu d g e  u nder  a e r o b ic  and a n a e r o b ic  

c o n d i t i o n s  a t  27°C.

S tu d i e s  on te m p e ra tu re  e f f e c t  u s in g  s y n t h e t i c  m edia  have shown 

t h a t  t e m p e r a tu r e s  w i th in  th e  ra n g e  o f  15° to  27°C have  l i t t l e  

e f f e c t  on r a t e .  At 5°C, th e  r a t e  d e c r e a s e s  s u b s t a n t i a l l y .  However,

i i i
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th e  r a t e  o f  th e  c o n v e r s io n  o f  th e  1-C on l a u r a t e  to  CC  ̂ i s  q u i t e  

r a p i d  though much s lo w e r  th a n  a t  15° and 27° C.

S tu d ie s  on v a r i o u s  k in d s  o f  s u c r o s e  e s t e r s  w ith  f a t t y  a c id s  

c h a in  l e n g t h  r a n g in g  from to Ĉ  show t h a t  th e  e s t e r  w ith  

f a t t y  a c id  ( s u c r o s e  m o n o la u ra te )  d i s p l a y s  th e  h i g h e s t  b io d e g ra ­

d a t i o n  r a t e .  The e s t e r  w ith  f a t t y  a c id ,  and th e  mixed e s t e r  

w i th  C.j£ and f a t t y  a c id s  show a  s l i g h t l y  s lo w e r  r a t e  th e n  

s u c r o s e  m o n o la u ra te .  A mixed e s t e r  o f  C^g, C£q» and f a t t y  

a c id s  shows a  v e r y  slow  r a t e  o f  b i o d e g r a d a t i o n .

S tu d i e s  on th e  mechanism o f  th e  d e g r a d a t io n  o f  s u c r o s e  mono­

f a t t y  a c id  e s t e r s  u s i n g  s u c r o s e  m o n o la u ra te  ( 1 - C ^  on l a u r a t e )  

have  shown t h a t  th e  d e g r a d a t io n  p ro c e ed s  e s s e n t i a l l y  v i a  h y d r o l y s i s  

o f  th e  e s t e r  l i n k a g e .
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I N T R O D U C T I O N

Most h o u seh o ld  and i n s t i t u t i o n a l  d e t e r g e n t  r e s i d u e s  f i n d  t h e i r  

way i n t o  w aste  t r e a tm e n t  p l a n t s  and u l t i m a t e l y  i n t o  n a t u r a l  w a te r .  

The h o u seh o ld  d e t e r g e n t s  a v a i l a b l e  co m m erc ia l ly  c o n ta in  an o r g a n ic  

s u r f a c t a n t ,  a  b u i l d e r ,  u s u a l l y  t r i p o ly p h o s p h a t e  compounds, a  f i l l e r ,  

and such  m is c e l la n e o u s  compounds as  o p t i c a l  b le a c h ,  perfum e, e t c .

I n  many sewage t r e a tm e n t  p l a n t s  s u r f a c t a n t s  and o t h e r  o r g a n ic  m ate­

r i a l s  a r e  d eg rad ed  by b a c t e r i a l  o x i d a t i o n ,  a f t e r  which th e  e f f l u e n t  

w a te r  i s  d i s c h a rg e d  i n t o  a  s t re a m  o r  r i v e r .  The b a c t e r i a l  o x i d a t i o n  

i s  a cco m p lish ed  by an a c t i v a t e d  s lu d g e  p r o c e s s .  The s lu d g e  i s  a  

b a c t e r i a l  f l o e  which d e v e lo p s  n a t u r a l l y  upon a e r a t i o n  o f  any concen­

t r a t e d  n u t r i e n t  s o l u t i o n  u n d e r  n o n s t e r i l e  c o n d i t i o n s .  The v ig o ro u s  

a e r a t i o n  i n  th e  a c t i v a t e d  s lu d g e  p ro c e s s  makes i t  a  good foam gene­

r a t o r  i f  s u r f a c t a n t  components a re  p r e s e n t .  E x c e s s iv e  foam m ight 

lo w e r  th e  p l a n t  t r e a tm e n t  e f f i c i e n c y .  T h e r e f o r e ,  s u r f a c t a n t s  t h a t  

a r e  r e s i s t a n t  to  b a c t e r i a l  o x i d a t i o n  o r  o x id iz e d  o n ly  a t  a s low  r a t e  

may cause  d i f f i c u l t i e s  to  sewage t r e a tm e n t  p l a n t s ,  and w i l l  a l s o  

c o n t r i b u t e  to  r i v e r  p o l l u t i o n .  Because th e  u se  o f  e a s i l y  b io d e g ra ­

d a b le  s u r f a c t a n t s  i n  d e t e r g e n t s  w i l l  l a r g e l y  e l i m i n a t e  t h i s  problem , 

a  s tu d y  o f  th e  b i o d e g r a d a b i l i t y  o f  s u r f a c t a n t s  i s  o f  i n t e r e s t  to  th e  

d e t e r g e n t  i n d u s t r y  as w e l l  as  to  o t h e r s  conce rned  w ith  w a s te -w a te r  

t r e a t m e n t  and w a te r  s u p p ly .

1
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The -s tu d y  o f  s u r f a c t a n t  b io d e g r a d a t i o n  h a s  assumed im p o r tan c e  

as  a  consequence  o f  th e  chem ica l r e v o l u t i o n  which o c c u r r e d  i n  th e  

d e t e r g e n t  i n d u s t r y  d u r in g  th e  1 9 5 0 's .  At t h a t  t im e  th e  re p la c e m e n t  

o f  soap  i n  c l e a n in g  and l a u n d r y  f o r m u la t io n s  by s y n t h e t i c  d e t e r g e n t s  

became t e c h n i c a l l y  and e c o n o m ic a l ly  f e a s i b l e  as  a  r e s u l t  o f  t h e  

com m ercial deve lopm ent o f  a l k y lb e n z e n e s u l f o n a te  (ABS), a  s u r f a c t a n t  

s u p e r i o r  to soap  in  h a rd  w a te r  and a lso  more e co n o m ica l .  In  a  v e ry  

few y e a r s  th e  chan g eo v er  was e s s e n t i a l l y  com ple te  i n  th e  U n ite d  

S t a t e s ,  ABS becoming th e  s u r f a c t a n t  i n  m a jo r  u s e .  B ut, u n f o r t u n a t e l y ,  

t h i s  s u r f a c t a n t  r e s i d u e  had caused  heavy  foam i n  sewage t r e a tm e n t  

p l a n t s  and a ls o  began to be n o t i c e a b l e  i n  w a s te w a te r ,  t r e a t e d  sewage, 

and r e c e i v i n g  w a te r s  b ecau se  o f  i t s  r e s i s t a n c e  to b i o d e g r a d a t i o n .

One s o l u t i o n  to  th e  problem  o f  foam ing was th e  developm ent o f  

more b io d e g r a d a b le  s u r f a c t a n t s ,  among which th e  a n io n ic  s u r f a c t a n t  

l i n e a r  a lk y lb e n z e n e s u l f o n a t e  (LAS) com prises  th e  b u lk  o f  th e  p r e s e n t  

day  m a r k e t .  N o n io n ic  s u r f a c t a n t s  which c o n ta in  e th y le n e  o x id e  p o ly ­

m ers a l s o  com prise  a  s i g n i f i c a n t  amount o f  th e  t o t a l  volume o f  s u r ­

f a c t a n t s  p ro d u c e d .  S in c e  th e  u se  o f  th e s e  two ty p e s  o f  s u r f a c t a n t  

( a n i o n i c s  and n o n io n ic s )  f a r  exceeded  t h a t  o f  a l l  o t h e r  s u r f a c t a n t s  

i n  h o u seh o ld  d e t e r g e n t  f o r m u la t io n s ,  b io d e g r a d a t io n  s t u d i e s  on th e s e  

a n i o n i c  and n o n io n ic  s u r f a c t a n t s  were r e q u i r e d .  A com prehensive  

d i s c u s s i o n  o f  b io d e g r a d a t i o n  s t u d i e s  and o f  t e s t  m ethods a v a i l a b l e  

can be found i n  S w i s h e r ' s  r e c e n t  book ( 1 ) .  Methods f o r  b io d e g ra d a ­

t i o n  s t u d i e s  o f  n o n io n ic  s u r f a c t a n t s  i s  a l s o  d e s c r ib e d  . in  The Soap 

and D e te r g e n t  A s s o c ia t io n  S c i e n t i f i c  and T e c h n ic a l  R ep o rt  ( 2 ) .  A r e ­

view o f  b io d e g r a d a t io n  s t u d i e s  on n o n io n ic s  can be found in  S ch ick

( 3 ) .
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T here  i s  no c o n c is e  d e f i n i t i o n  o f  b i o d e g r a d a t i o n .  In  th e  sim­

p l e s t  way b i o d e g r a d a t i o n  can be d e f in e d  as  th e  d e s t r u c t i o n  o f  chemi­

c a l  compounds by th e  b i o l o g i c a l  a c t i o n  o f  l i v i n g  o rg a n is m s .  In  th e  

b io d e g r a d a t i o n  o f  s u r f a c t a n t s ,  th e  l i v i n g  o rg an ism s  o f  i n t e r e s t  a re  

t h e  m ic ro o rg a n ism s  p r e s e n t  i n  th e  v a r io u s  en v iro n m en ts  r e c e i v i n g  o u r  

w a s te w a te r ,  among which b a c t e r i a  a r e  th e  most i m p o r t a n t .

The b e s t  g u i d e l i n e s  to  d a te  i n  th e  fo r m u la t io n  o f  d e f i n i t i o n s  

o f  b io d e g r a d a t i o n  sire th e  fo l l o w in g ,  as s e t  f o r t h  by a  s p e c i a l  commit­

t e e  on S ta n d a rd  M ethods o f  th e  W ater P o l l u t i o n  C o n tro l  F e d e r a t i o n ( 4 ) :

P r im a ry  S io d e g r a d a t i o n ; B io d e g ra d a t io n  to  th e  minimum e x t e n t  to  

change th e  i d e n t i t y  o f  th e  compound.

E n v iro n m en ta l  A c c e p ta b le  B io d e g r a d a t io n : B io d e g ra d a t io n  to  th e

minimum e x t e n t  n e c e s s a r y  to  remove such  u n d e s i r a b l e  p r o p e r t i e s  o f  th e  

compound as  fo a m in e ss  a n d /o r  t o x i c i t y .

U l t im a te  B io d e g r a d a t io n : B io d e g ra d a t io n  to i n o r g a n ic  end p ro ­

d u c t s  p o s s i b l y  s p e c i f i e d  n o n u n iq u e ly  by th e  r e a c t i o n  o f  th e  form:

S u b s t r a t e s  + 0^  + b a c t e r i a  — COg + I^O + n u t r i e n t s  + c e l l u l a r  mass

The r e a s o n  a c o n c is e  d e f i n i t i o n  on b io d e g r a d a t io n  i s  w a n t in g  i s  

t h a t  th e  p r o c e s s  i s  d ep en d en t  upon a  v e ry  complex s e t  o f  v a r i a b l e s ,  

a s  d e s c r ib e d  by Wayman in  h i s  r e c e n t  p ap e r  ( 5 ) ;  among them a re :

1 . C o n c e n t r a t io n  and chem ica l s t r u c t u r e  o f  th e  s u b s t r a t e ;

2 . Type o f  th e  b i o l o g i c a l  system  u n d e r  c o n s i d e r a t i o n  i n  te rm s  

o f  a e r o b ic  and a n a e ro b ic  o rg a n ism s ,  t h e i r  v i a b i l i t y ,  and 

a c c l im a t io n  c h a r a c t e r i s t i c s  o f  v i a b l e  s p e c i e s  to s u b s t r a t e s ;

3 .  C o n c e n t r a t io n  and c o m p o s i t io n  o f  th e  o rg a n ism s ;

4 . D i s p e r s io n  a n d /o r  c o a g u la t io n  a s p e c t s  o f  th e  system  u n d e r  

s tu d y ;
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5» O th e r  p h y s i c a l  and chem ica l f a c t o r s  such  a s  a g i t a t i o n  r a t e ,  

pH, te m p e r a tu r e ,  grow th  p ro m o ters  o r  i n h i b i t o r s ;  and 

6. A n a l y t i c a l  m ethod .

T h e r e f o r e ,  th e  s i g n i f i c a n c e  a t t a c h e d  to  th e  r e s u l t s  o b ta in e d  i n  s t u ­

d i e s  on b io d e g r a d a t io n  i s  dep en d en t  upon th e  in te n d e d  u s e .

Methods o f  a s s e s s i n g  b io d e g r a d a t io n  a re  a r b i t r a r y  a t  b e s t .

Among th e  ty p e s  o f  g e n e r a l i z e d  t e s t  employed to d a te  may be g e n e r a l l y  

c l a s s i f i e d  The R iv e r  Die-Away, T r i c k l i n g  F i l t e r ,  A c t iv a t e d  S lu d g e ,  

O xygen-U ptake, COg G e n e ra t io n ,  B a c t e r i a l  Growth, and F i e l d  T e s t  Re­

s u l t s .  Some o f  t h e s e  m ethods have l e g a l  s i g n i f i c a n c e  w h ile  o t h e r s  

a r e  a t  l e a s t  condoned by th e  goverm ent ( 6 ) .

The R iv e r  Die-Away Method : T h is  method h a s  been d i s c u s s e d  i n

many r e c e n t  p a p e r s  ( 7 * 8 ,9 ) •  The method in v o lv e s  th e  i n o c u l a t i o n  o f  

a  so u rc e  o f  c u l t u r e  i n  r i v e r  w a te r  w ith  added s u r f a c t a n t  w i th  su b se ­

q u e n t  m easurem ent o f  th e  decay  o f  th e  s u r f a c t a n t .  F o r  a n io n ic  s u r ­

f a c t a n t s ,  t h e  m easuram ent i s  done u s in g  th e  s t a n d a r d  m e th y len e  b lu e  

a c t i v e  s u b s ta n c e  (MBAS) m ethod . F o r  n o n io n ic  s u r f a c t a n t s  c o n ta i n in g  

p o ly o x y e th y le n e  p o ly m ers ,  c o b a l t  th io c y a n a te  i s  u s e d .  R iv e r  D ie -  

Away method h a s  been employed in  a e r o b ic  and a n a e ro b ic  s t u d i e s  ( 1 0 ) .

S ta n d a rd  Method in  th e  U n ite d  Kingdom s The B r i t i s h  S ta n d in g  

T e c h n ic a l  Committee (6) h a s  ado p ted  a s t a n d a r d  method s i m i l a r  to  th e  

R iv e r  Die-Away t e s t ,  b u t  w i th  some im provem ents . A s o l u t i o n  c o n ta in ­

in g  10 mg p e r  l i t e r  o f  s u r f a c t a n t  i s  added to  BOD d i l u t i o n  w a te r  

i n o c u l a t e d  w ith  30 mg o f  a i r - d r i e d  a c t i v a t e d  s lu d g e  p e r  l i t e r .  The 

s o l u t i o n  i s  s t i r r e d  g e n t l y  i n  th e  d a rk  a t  20°C f o r  t h r e e  w eeks. 

Sam ples a r e  removed d a i l y  and th e  s u r f a c t a n t  c o n c e n t r a t i o n  re m a in in g
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i s  d e te rm in e d  by th e  Longwell and M aniece m e thy lene  b lu e  method ( 1 1 ) .  

T h is  method h a s  a l s o  been a p p l i e d  to  n o n io n ic s  u s i n g  foam m easu re ­

ment and c h ro m a to g ra p h ic  t e c h n iq u e s  ( 1 2 ,1 3 ) .

S P A  P r o c e d u r e : The Soap and D e te r g e n t  A s s o c ia t io n  (SDA) h a s

p ro m u lg a te d  a  t e s t  p ro c e d u re  f o r  b o th  ABS and LAS(14) i n v o l v i n g .b o t h  

a  p re su m p t iv e  and c o n f i r m a to r y  t e s t .  I n  th e  p re su m p tiv e  t e s t  a  com­

p o u n d 's  b i o d e g r a d a b i l i t y  i s  t e s t e d  w i th  r e s p e c t  to a  90$ l i m i t a t i o n .  

M icro o rg an ism s  a re  i n o c u l a t e d  i n t o  a  Shake C u l tu re  F la s k  c o n t a i n i n g  

a  w e l l  d e f in e d  chem ica l grow th  medium o f  th e  f o l lo w in g  c o m p o s i t io n :  

3 .0  g NH^Cl; 1 .0  g  K2HP04 ; 0 .2 5  g  MgSO^. 7H20 ; 0 .2 5  g KC1; 0 .0 0 2  g 

FeSO^. 6H20 ;  and 0 .3 0  g y e a s t  e x t r a c t  i n  1 .0  l i t e r  o f  d i s t i l l e d  wa­

t e r .  The c o n c e n t r a t i o n  o f  th e  s u r f a c t a n t  i s  30 mg p e r  l i t e r .  The 

t e m p e r a tu r e  i s  25°C. Two 7 2 -h o u r  a d a p t iv e  t r a n s f e r s  a r e  made p r i o r  

to  th e  8 -d a y  t e s t .  One ml o f  th e  7 2 -h o u r  c u l t u r e  i s  t r a n s f e r e d  to  

100 ml o f  f r e s h  medium p lu s  s u r f a c t a n t .  The f l a s k s  a r e  s to p p e r e d  

w i th  c o t t o n  p lu g  and a e r a t e d  by a r e c i p r o c a t i n g  s h a k e r .  Samples a r e  

ta k e n  a t  ze ro  t im e  and on th e  7 ih  and 8 th  d a y s .  I f  t h e  b io d e g ra d a ­

t i o n  ex ceed s  90$,  a s  m easured  by th e  MBAS method, no f u r t h e r  t e s t i n g  

i s  w a r r a n t e d .  I f  i t  i s  l e s s  th a n  80$,  i t  i s  c o n s id e re d  n o t  to  be 

b io d e g r a d a b le .  I f  i t  f a l l s  w i th in  80 to  90$, i t s  b i o d e g r a d a b i l i t y  

m ust be c o n f i rm e d .  In  th e  c o n f i r m a t io n  t e s t  th e  s u r f a c t a n t  m ust be 

a t  l e a s t  90$ b io d e g ra d a b le  to  p a s s .  The t e s t  employs a  m o d i f i c a t i o n  

o f  t h e  S em i-C on tinuous  A c t iv a t e d  S ludge  T e s t .

The O f f i c i a l  German T e s t  Method (1 5 » 1 6 ) : T h is  p ro c e d u re  employs 

th e  c o n t in u o u s  A c t iv a t e d  S ludge  P ro ce d u re  and i s  an o f f i c i a l  and 

l e g a l  t e s t  method u n d e r  th e  German la w . The law  r e q u i r e s  t h a t  th e  

s u r f a c t a n t  t e s t e d  must meet a  s t a n d a r d  b i o d e g r a d a b i l i t y  o f  a t  l e a s t
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Q0$> • Sewage c o n t a i n i n g  20 mg p e r  l i t e r  o f  t e s t  s u r f a c t a n t  i s  fe d  

i n t o  a  3 - l i t e r  a e r a t i o n  chamber w i th  o v e r f lo w  i n t o  a  2 - l i t e r  s e d i ­

m e n ta t io n  cham ber. T hree  h o u rs  r e s i d e n c e  t im e  i s  a llo w ed  to  conform 

to  sewage p l a n t  p r a c t i c e .  S ludge i s  r e c i r c u l a t e d  from th e  s e t t l e r  

to  th e  a e r a t o r  by means o f  a i r l i f t .  The c l a r i f i e d  o v e r f lo w  from th e  

s e d im e n ta t io n  chamber, e s s e n t i a l l y  sewage e f f l u e n t ,  i s  com posited  

and a n a ly z e d  d a i l y  f o r  r e s i d u a l  s u r f a c t a n t  c o n te n t  by th e  s t a n d a r d i z e d  

m e th y len e  b lu e  a n a l y t i c a l  m ethod, and th e  p e r c e n t  r e d u c t i o n  o f  MBAS 

in p u t  i s  c a l c u l a t e d .  The d a i l y  d e t e r m in a t io n s  a r e  r e p e a t e d  o v e r  a  

t e s t  c y c le  o f  21 d a y s .

The Bunch-Chambers Method (1 7 ) :  T h is  method p e rm i t s  c o n t in u o u s

a c c l i m a t i z a t i o n  o f  th e  o rg an ism  to  th e  t e s t  s u b s t r a t e .  N in e ty  ml o f  

BOD d i l u t i o n  w a te r  c o n t a i n i n g  5»0 mg o f  y e a s t  e x t r a c t  and 2 .0  mg o r  

o t h e r  s u i t a b l e  amount o f  t e s t  compound i s  i n o c u l a t e d  w i th  10 ml o f  

s e t t l e d  sew age. F o r  each  t e s t  m a t e r i a l ,  t h r e e  o f  th e  above d e s c r ib e d  

sy s tem s  a re  p re p a re d  i n  t h r e e  s e p a r a t e  f l a s k s .  The f l a s k s  a re  s t o r e d  

l o o s e l y  capped o r  w i th  c o t to n  p lu g  f o r  7 d a y s .  Weekly t r a n s f e r s  o f  

10 ml a r e  made from each  f l a s k  to  a n o th e r  c o n t a i n i n g  90 ml o f  BOD 

d i l u t i o n  w a te r ,  y e a s t  e x t r a c t ,  and s u r f a c t a n t  f o r  3 w eeks. Each sub­

c u l t u r e  i s  a n a ly z e d  a t  th e  end o f  7 days f o r  th e  amount o f  t e s t  su b s ­

t r a t e  r e m a in in g .

W arburg Oxygen Uptake Method ( 1 8 ,1 9 ) :  T h is  method in v o lv e s  th e

i n o c u l a t i o n  o f  o rg a n ism s  and s u r f a c t a n t  i n to  a  system  o f  c o n s t a n t  

volume and in  th e  p re s e n c e  o f  an e x c e s s  o f  oxygen . One m easu res  th e  

amount o f  oxygen d e p l e t i o n  i n  a  c lo s e d  system  as  a  f u n c t i o n  o f  t im e .  

Any COg ev o lv ed  i n  th e  p ro c e s s  i s  ab so rb ed  i n  a  K0H w e l l .
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Carbon D io x id e  G e n e ra t io n  Method: I n  t h i s  method th e  b io d e g r a ­

d a b i l i t y  o f  a  compound i s  m easured  i n  te rm s  o f  th e  r a t e  o f  COg gene­

r a t i o n .  The t e s t  s u b s ta n c e  i s  in c u b a te d  in  BOD d i l u t i o n  w a te r  o r  

o t h e r  grow th m edia  p lu s  b a c t e r i a .  C O f r e e  a i r  i s  p a s se d  th ro u g h  

th e  sys tem  w ith  c o n s t a n t  f lo w  r a t e  to  remove any CO  ̂ t h a t  i s  gene­

r a t e d  i n  th e  s y s te m .  The CO  ̂ i s  t r a p p e d  i n  a  CO  ̂ a b s o r b e r ,  such  as  

Ba(0H)2 s o l u t i o n  ( 2 0 ,2 1 ,2 2 ) ;  NaOH s o l u t i o n  (2 0 ) ;  p h e n e th y la m in e (2 3 ) ;  

hyam ine. ( 24) ;  and e th a n o la m in e  ( 2 5 , 2 6 ) .  By s am p l in g  th e  gas  s t re am  

a s  a  f u n c t i o n  o f  t im e ,  th e  r a t e  o f  CO^ p r o d u c t io n  d u r in g  th e  b i o l o ­

g i c a l  o x i d a t i o n  can be d e te r m in e d .  Any o f  th e  CO  ̂ a b s o r b e r s  men-
14t i o n e d  above may be u sed  to  d e te rm in e  C 0g and COg, b u t  th e  o r g a n ic  

am ines d i s s o l v e d  i n  m e th an o l a r e  p r e f e r a b l e  when b o th  C ^O ^ and COg 

have  to  be d e te r m in e d .  In  t h i s  c ase  th e  a b s o r p t io n  can be acco m p lish ed  

i n  a  c o u n t in g  v i a l ,  and th e  r a d i o a c t i v i t y  can be d e te rm in e d  d i r e c t l y  

by a d d in g  a  s c i n t i l l a t i o n  s o l v e n t  to  th e  a b s o r p t io n  v i a l .  The t o t a l  

amount o f  CO  ̂ can be d e te rm in e d  by b o i l i n g  th e  amine c a rb o n a te  w ith  

HC1, th e  CC  ̂ l i b e r a t e d  b e in g  ad so rb ed  in  a  known amount o f  Ba(0H)2 

s o l u t i o n .  The e x c e s s  o f  Ba(0H)2 i s  th e n  back t i t r a t e d  w i th  s t a n d a r d  

HC1.

B a c t e r i a l  Growth M ethod: In  t h i s  method th e  b i o d e g r a d a b i l i t y

o f  th e  t e s t  compound i s  d e te rm in e d  by m e asu r in g  th e  r a t e  o f  b a c t e r i a l  

g row th  and s u b s t r a t e  d i s a p p e a r a n c e .  N um erica l v a lu e s  a re  a s s ig n e d  

u s i n g  a  m a th e m a t ic a l  model which r e l a t e s  th e  r a t e  o f  b a c t e r i a l  grow th 

to  th e  s u b s t r a t e  consum ption  ( 27)*

The a n a l y t i c a l  m ethods m o s t ly  u sed  to  fo l lo w  th e  c o u rse  o f  th e  

d e g r a d a t io n  o f  a n io n ic  and n o n io n ic  s u r f a c t a n t s  have c e r t a i n  s h o r t -
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coming : The m easurem ent o f  foam ing  p r o p e r t i e s  (2 ,1 2 ,1 3 * 2 8 ,2 9 )  and

s u r f a c e  t e n s i o n  (3 0 ,3 1 )  r e v e a l  o n ly  a  change i n  s u r f a c e  a c t i v i t y ,  

which i s  n o t  n e c e s s a r i l y  c o r r e l a t e d  w ith  th e  e x t e n t  o f  b io d e g r a d a t i o n  

p r o c e s s .  The c o b a l t  t h io c y a n a t e  c o l o r i m e t r i c  method (2 ,3 2 ,3 3 * 3 4 )  f o r  

s u r f a c t a n t s  c o n t a i n i n g  e th y le n e  o x id e  p o lym ers , p r o v id e s  a t  b e s t  o n ly  

i n f o r m a t io n  on th e  d e g r a d a t io n  o f  t h e  e th y le n e  o x id e  c h a in .  The MBAS 

method f o r  a n io n ic  s u r f a c t a n t s  (35*36 ,37 )  m easures  any m a t e r i a l s  con­

t a i n i n g  a  s i n g l e  s t r o n g  a n io n i c  c e n t e r  s t r o n g  enough to  form a  s t a b l e  

s a l t  w i th  th e  m e th y len e  b lu e  c a t i o n ,  and a t  th e  same tim e  c o n ta i n in g  

a  h y d ro p h o b ic  g roup  s u f f i c i e n t l y  l i p o p h i l i c  to  e n a b le  th e  s a l t  to  be 

e x t r a c t e d  to  an o r g a n ic  l a y e r ,  from th e  aqueous p h a s e .  Hot s p e c i f i c ,  

and s u b j e c t e d  to  many i n t e r f e r e n c e s ,  i t  i s  n o t  q u i t e  s u i t a b l e  f o r  

sewage a n a l y s i s .  Many m ethods, such  a s  IR (2 ,3 8 )  and TLC ( 2 ,1 2 ,1 3 )  

r e q u i r e  an i s o l a t i o n  p ro c e d u re  p r i o r  to  a c t u a l  m easurem ent, which 

i n t r o d u c e s  some u n c e r t a i n t y  as  to  th e  co m p le ten ess  o f  th e  e x t r a c t i o n  

o f  i n t e r m e d i a t e s .  The o x y g e n -u p ta k e  methods ( l * p . 1 4 0 ;  18 ,19*39) have 

some u n c e r t a i n t y  caused  by endogenous r e s p i r a t i o n :  I n  th e  ab sen ce  o f

added fo o d ,  endogenous r e s p i r a t i o n  o f  l i v i n g  b a c t e r i a  i s  c o n t i n u a l l y  

t a k i n g  p l a c e ,  r e s u l t i n g  from t h e i r  c o n t in u in g  o x i d a t i o n  o f  th o s e  

n e ig h b o r in g  c e l l s  t h a t  have  d i e d .  Thus, th e  0^ ta k e n  up by th e  system  

i n c l u d e s  n o t  o n ly  t h a t  f o r  th e  o x i d a t i o n  o f  th e  t e s t  compound b u t  a lso  

w h a te v e r  i s  u t i l i z e d  i n  th e  endogenous r e s p i r a t i o n  as  w e l l .  Custom­

a r i l y ,  a  b la n k  i s  ru n  i n  c o n ju n c t io n  w ith  th e  t e s t  sam ple , th e  con­

su m ption  b e in g  s u b t r a c t e d .  B ut, as  th e  b la n k  and fe d  sam ples  c o n s t i ­

t u t e  d i f f e r e n t  en v iro n m en ts  f o r  b a c t e r i a ,  th e  endogenous p r o c e s s  may 

n o t  be p a r a l l e l  from th e  one to  t h e  o t h e r ,  and th e  n e t  r e s u l t s  m igh t ‘ 

t h e r e f o r e  be i n  e r r o r .  T h is  u n c e r t a i n t y  m ight r e a c h  up to  as  h ig h  as



T 1430 9

20$, d e p en d in g  on th e  c o n d i t i o n s  o f  th e  t e s t .  The 02~up take  method 

can n o t  he a p p l i e d  as  such  to  m ix tu r e s  o f  t e s t  compounds w i th  o r d i n a ­

r y  f o o d s ,  such  as  o c c u r  i n  sewage, where th e  oxygen consum ption  f o r  

th e  food  would mask t h a t  f o r  th e  t e s t  compound. The COg g e n e r a t i o n  

method i s  a l s o  u n c e r t a i n  due to  endogenous r e s p i r a t i o n  as  d e s c r ib e d  

i n  th e  O ^-u p tak e  m ethod; b u t ,  t h i s  u n c e r t a i n t y  can be overcome e a s i l y  

by  em ploy ing  C ̂ - s u b s t r a t e . However, t h e r e  a r e  o t h e r  d i s a d v a n ta g e s  

o f  th e  method t h a t  have  to  be c o n s id e re d :  In  th e  CO  ̂ g e n e r a t i o n  me­

th o d  th e  r a t e  o f  C0^ p roduced  from th e  aqueous b i o l o g i c a l  sy s tem  i s  

m easured  i n  te rm s  o f  th e  CO  ̂ t r a p p e d  from th e  gas  s t r e a m .  B ut, i n  

any aqueous s o l u t i o n  c o n t a i n i n g  C O r e a c t i o n s  o f  th e  m o le c u la r  COg 

w i th  w a te r  and h y d ro x id e  io n  w i l l  o c c u r

(1)  C02 + H20   H- HgCO j

fo l lo w e d  by f a s t  i n t e r c o n v e r s i o n s  among th e  c a r b o n a te  

s y s te m , HgCO^, HC0^“ , and C0^= .

(2) C0o + 0H“  HCO “2   0

Because  th e  s o l u t i o n  i s  in  c o n ta c t  w i th  th e  g aseo u s  p h a se ,  an­

o t h e r  r e a c t i o n ,  th e  t r a n s f e r  o f  m o le c u la r  CQ^ betw een p h a se s ,  a l s o  

o c c u r s

(3) C00 ( s o l u t i o n , l i q u i d  phase ) ----------------- C0o (g a s  phase)<L ——---  c.

The r e l a t i v e  s i g n i f i c a n c e  o f  th e  above r e a c t i o n s  w i l l  depend on 

pH a s  w e l l  a s  o t h e r  f a c t o r s .  R e a c t io n  (2) becomes s i g n i f i c a n t  o n ly  

a t  a h i g h e r  pH. M i l l e r  and o t h e r s  (40) have s t u d i e d  th e  r a t e  o f  th e  

above r e a c t i o n s  i n  s e a  w a te r .  By u s in g  th e  r a t e  c o n s t a n t s  th e y
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o b t a i n e d ,  t h e y  have shown t h a t ,  a t  pH 8 .2 ,  th e  h y d r o x id e - io n  r e a c t i o n  

c a r r i e s  ab o u t  48$ o f  th e  CO^ t r a n s f e r r e d ,  compared to  52$  f o r  h y d ra -  

t i o n - d e h y d r a t i o n .

Prom th e  above d e s c r i p t i o n  i t  i s  o b v io u s  t h a t ,  when CC  ̂ i s  purged  

from  an aqueous b i o l o g i c a l  sy s tem , th e  r a t e  o f  th e  COg rem oval from 

t h e  sys tem  depends upon th e  v a r i a b l e s :  pH, t e m p e r a tu r e ,  f lo w  r a t e  o f  

th e  a i r  s t re a m  p a s s i n g  th ro u g h  th e  system , e t c . ,  a s  w e l l  as  th e  r a t e  

o f  CO2 p ro d u c t io n  i t s e l f .  Under i d e n t i c a l  c o n d i t i o n s  th e  amount o f  

CC>2 b e in g  purged  w i l l  be p r o p o r t i o n a l  to  th e  r a t e  o f  COg p r o d u c t io n .  

The CO  ̂ g e n e r a t io n  method i s  t h e r e f o r e  u s e f u l  f o r  com paring  th e  r a t e s  

o f  b io d e g r a d a t i o n  o f  d i f f e r e n t  s u b s t r a t e s  a t  th e  same c o n d i t i o n s .  

However, a t  pH g r e a t e r  th a n  7 such  as  i n  r i v e r  w a te r  (pH a b o u t  8) 

a  c o n s id e r a b l e  amount o f  CO  ̂ w i l l  be r e t a i n e d  in  s o l u t i o n  a s  HCO^” ; 

h e n c e ,  th e  r a t e  and th e  e x t e n t  o f  b io d e g r a d a t io n  m easured a s  COg 

t r a p p e d  from th e  gas  s t re a m  w i l l  d i f f e r  s i g n i f i c a n t l y  from th e  a c t u a l  

v a l u e s .  In  such  c a s e s ,  th e  s o l u t i o n  sh o u ld  be sam pled i n  c o n ju n c t io n  

w i th  th e  sam p l in g  o f  th e  gas  s t re a m , and th e  amount o f  C0o and HCOt” 

i n  s o l u t i o n  d e te r m in e d .

The CO2 g e n e r a t i o n  method h a s  many a d v an ta g e s  o v e r  o t h e r s :  I t

can p ro v id e  in f o r m a t io n  on w h e th er  o r  n o t  th e  s u b s t r a t e  i s  c o m p le te ly  

b io d e g r a d a b le  to  CO 2 and HgO, w h ile  o t h e r  methods m e re ly  m easure  th e  

d i s a p p e a r a n c e  o f  th e  o r i g i n a l  compound. T h is  method i s  a l s o  more 

a c c u r a t e  and s e n s i t i v e ,  when C ̂ - s u b s t r a t e  i s  u s e d .  F or d e t e r ­

m in a t io n ,  u se  o f  o r g a n ic  amine i n  m ethanol would make i t  an e x tre m e ly  

q u ic k  and e a s y  m ethod . The CO2 g e n e r a t io n  method m igh t a l s o  p ro v id e  

i n f o r m a t io n  on mechanism when s u b s t r a t e  w i th  c h a r a c t e r i s t i c  t a g g in g  

i s  u s e d .  T h is  method can be u sed  to  s tu d y  C ^-com pound  i n  a  b a tc h
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s lu d g e  sys tem  w i th o u t  any s i g n i f i c a n t  i n t e r f e r e n c e .

Though th e  g e n e r a t i o n  method i s  p ro b a b ly  th e  most r e l i a b l e ,

i t  h a s  n o t  been u sed  in  th e  b io  d e g r a d a t io n  s t u d i e s  o f  LAS. Most o f  

th e  a n a l y t i c a l  s t u d i e s  o f  b i o d e g r a d a b i l i t y  o f  LAS u sed  th e  MBAS and 

( ^ - u p t a k e  method ( l , p . 3 4 0 ) .  T h e r e f o r e ,  though th e  b i o d e g r a d a b i l i t i e s  

o f  v a r i o u s  k in d s  o f  LAS have been i n t e n s i v e l y  s t u d i e d ,  th e  e x t e n t  o f  

LAS u n d e rg o in g  u l t i m a t e  b i o d e g r a d a t i o n  i s  n o t  v e r y  w e l l  known. 

Ryckm an's (41) s tu d y  o f  2 - s u l f o p h e n y lo c ta n e  ( - d e c a n e ,  and -d o d e c an e )  

u s i n g  W arburg r e s p i r o m e t e r ,  MBAS, IR , and th e  fo r m a t io n  o f  i n o r g a n ic  

s u l f a t e ,  showed t h a t  com ple te  d e g r a d a t io n  o f  th e  LAS was a c h ie v e d .

On th e  o t h e r  h and , B o r s t l a p s  (42) i n  s tu d y in g  th e  i n t e r m e d i a t e s  ob­

t a i n e d  from b io d e g r a d a t i o n  o f  LAS-BOBS C300 and LAS-DOBS JN, found 

a c o n s i d e r a b le  amount o f  i n t e r m e d i a t e s  which showed no s i g n i f i c a n t  

change a f t e r  th e  f i r s t  few weeks up to  18 w eeks.

A lthough  th e  com ple te  o x i d a t i o n  o f  LAS to  COg and E^O i s  s t i l l  

i n  q u e s t i o n ,  LAS co m p rises  th e  b u lk  o f  th e  p r e s e n t  day  m a rk e t .  T h is  

i s  m a in ly  due to  i t s  e x c e l l e n t  d e te r g e n c y ,  low p r i c e ,  and more r e a ­

d i l y  b io d e g r a d a b le  as  compared to  ABS. Though LAS i s  s a i d  to  be 

b io d e g r a d a b le ,  th e  r a t e  o f  d e g r a d a t io n  i s  r a t h e r  s lo w . T h e r e f o r e ,  th e  

deve lopm en t o f  more r e a d i l y  b io d e g ra d a b le  d e t e r g e n t s  w i th  c o m p e te t iv e  

p r i c e  and d e te r g e n c y  i s  d e s i r a b l e .

R e c e n t ly ,  a t t e n t i o n  was drawn to  a  s u r f a c e  a c t i v e  s u g a r  d e r i v a ­

t i v e :  th e  s u c r o s e  f a t t y  a c id  e s t e r s ,  w ith  f a t t y  a c id s  r a n g in g  from

C.J2 to  ^ 2 0 ’ ^  k as  ^ een d e m o n s t ra te d  t h a t  th e  s u c r o s e  e s t e r  s e r i e s

p e rfo rm ed  a t  l e a s t  as w e l l  and i n  some i n s t a n c e s  b e t t e r  in  d e te r g e n c y  

th a n  th e  s t a n d a r d  a n io n ic  s u r f a c t a n t s ;  th e  s a t u r a t e d  e s t e r s  gave 

g e n e r a l l y  b e t t e r  p e rfo rm an ce  th a n  th e  u n s a t u r a t e d  e s t e r s ( 4 3 ) • These
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s u g a r  e s t e r s  m igh t be e x p ec te d  to  undergo  u l t i m a t e  b io d e g r a d a t i o n  

v e r y  r e a d i l y ,  b ecau se  b o th  o f  th e  e s t e r s ’ com ponents, s u c r o s e  and 

f a t t y  a c i d s ,  a r e  known to  be r e a d i l y  d eg rad ed  to  GÔ  EgO.

The p r e f e r r e d  s t r u c t u r a l  fo rm u la  o f  th e  m o n o -e s te r  i s s

H C-0-C-(CHo) CH

HOCH
OH HC

HO

OH OH

S u c ro se  e s t e r s  d i f f e r  i n  many r e s p e c t s  from most s u r f a c t a n t s .  

They a r e  n e u t r a l  and n o n - i r r i t a t i n g  even to  mucous t i s s u e s ,  and 

p roved  to  be non t o x i c  and d i g e s t i b l e  ( 44 ) •  I s a a c  and J e n k in s  (45) 

have  shown t h a t  s u c r o s e  e s t e r s  a re  fe rm e n te d  r a p i d l y .  K ulovana  

and F i t t e r  ( 4 6 ) have s t u d i e d  th e  b io d e g r a d a t i o n  o f  v a r io u s  k in d s  o f  

s u c r o s e  e s t e r s  i n  an a c t i v a t e d  s lu d g e  sy s te m . The b i o d e g r a d a b i l i t y  

was d e te rm in e d  by m e a su r in g  th e  b i o l o g i c a l  oxygen demand u s i n g  a  

r e s p i r o m e t e r .  They r e p o r t e d  t h a t  s u c r o s e  e s t e r s  a re  d eg rad ed  a t  a  

f a s t e r  r a t e  th a n  LAS. Wayman and R o b er tso n  (10) i n d i c a t e d  t h a t  

s u c r o s e  e s t e r s  p o s s e s s  most d e s i r a b l e  p r o p e r t i e s  i n  a e r o b ic  and anae­

r o b i c  e n v iro n m e n ts ,  c la im in g  t h a t  u n d e r  a e r o b ic  c o n d i t i o n s  th e  s u g a r  

e s t e r s  seem to  o f f e r  th e  most p ro m is in g  r e s u l t s  among th e  v a r io u s  

c l a s s e s  o f  s u r f a c t a n t s  i n  th e  c u r t a i lm e n t  o f  w a te r  p o l l u t i o n  from 

d e t e r g e n t  r e s i d u e s  i n  b o th  s u r f a c e  and ground w a te r .

B ecause th e  d i s c h a r g e  o f  c rude  o r  p a r t i a l l y  t r e a t e d  sewage i n t o  

a r i v e r  c o n s t i t u t e s  by f a r  th e  commonest form o f  r i v e r  p o l l u t i o n , t h e  

s tu d y  o f  b io d e g r a d a t i o n  o f  s u r f a c t a n t s  by r i v e r  b a c t e r i a  i s  as  im por­

t a n t  a s  th e  s tu d y  o f  b i o d e g r a d a t i o n  in  a n . a c t i v a t e d  s lu d g e  s y s te m .  

V ery  l i t t l e  work h a s  been done c o n c e rn in g  b io d e g r a d a t i o n  o f  s u c r o s e
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e s t e r s  by r i v e r  b a c t e r i a .  W eil and S t i r t o n ( 4 7 )  had s t u d i e d  th e  b io ­

d e g r a d a t io n  o f  s u c r o s e  m o n o p a lm ita te  i n  r i v e r  w a te r .  The b iodegradar- 

b i l i t y  v/as d e te rm in e d  by m e a su r in g  th e  change in  s u r f a c e  t e n t i o n  o f  

th e  s o l u t i o n .  T h is  method was n o t  v e r y  r e l i a b l e  b ecau se  th e  o r g a n ic  

s u b s ta n c e s  p r e s e n t  in  th e  r i v e r  w a te r  and th e  b io d e g r a d a t io n  i n t e r ­

m e d ia te s  m igh t i n t e r f e r e ;  q u i t e  f r e q u e n t l y ,  b a c t e r i a  cou ld  p roduce

s u r f a c e  a c t i v e  compounds. A s tu d y  o f  b io d e g r a d a t i o n  u s in g  th e  COg

14g e n e r a t i o n  m ethod, e s p e c i a l l y  u s i n g  C - s u b s t r a t e ,  would p ro v id e

more r e l i a b l e  i n f o r m a t io n .

I t  was th e  p u rp o se  o f  t h i s  work to  s tu d y  th e  b io d e g r a d a t i o n  o f

s u c r o s e  e s t e r s  by r i v e r  b a c t e r i a  i n  s y n t h e t i c  m ed ia  and r i v e r  w a te r ,

u s i n g  th e  CC  ̂ g e n e r a t i o n  m ethod . K thanolam ine  i n  m ethano l was u sed

1Aas t h e  COg a b s o r b e r .  S u c ro se  m o n o lau ra te (C  UL s u c r o s e ) d i l u t e d  w ith  

c h r o m a to g r a p h ic - p u r i f i e d  s u c r o s e  m o n o la u ra te  was u sed  in  most o f  th e  

b io  d e g r a d a t io n  s t u d i e s .  S u c ro se  m o n o la u ra te  ( 1 - C ^ o n  l a u r a t e )  was 

u sed  i n  s tu d y in g  th e  m echanism . The r a t e s  o f  and t o t a l  COg

p r o d u c t io n  were d e te r m in e d .  Among th e  v a r i a b l e s  s t u d i e d  were th e  

e f f e c t  o f  t e m p e r a tu r e ,  f low  r a t e  o f  th e  a i r  s t r e a m ,  e s t e r  c o n c e n t r a ­

t i o n ,  and k in d s  o f  e s t e r s .  In  a d d i t i o n ,  th e  b io d e g r a d a t i o n  o f  s u c r o s e  

m o n o la u ra te  i n  a c t i v a t e d  s lu d g e  and a n a e ro b ic  s lu d g e  was a l s o  s t u d i e d .

F o r  co m p ariso n , e x p e r im e n ts  were perfo rm ed  w ith  th e  f o l lo w in g  b io d e -
14 1Ag r a d a b le  compounds: s u c r o s e  (C UL), g lu c o s e  (C UL), l a u r i c  a c id ,

LAS and t e r g i t o l  1 5 -S -9 t

* T e r g i t o l  15 -S -9  i s  a  p o ly o x y e th y le n e  a lc o h o l  s u r f a c t a n t  which i s  a 
m a jo r  i n g r e d i e n t  i n  some o f  th e  p r e s e n t - d a y  l i q u i d  d ish w a sh in g  
d e t e r g e n t s .  The b i o d e g r a d a b i l i t y  o f  a s i m i l a r  compound po lyoxy­
e th y le n e  s t e a r y l  a lc o h o l  had been s t u d ie d  v e ry  r e c e n t l y  by Nooi and 
o t h e r s  ( 48) u s in g  a  s i m i l a r  C0? g e n e r a t i o n  method; th e  b io d e g ra d a ­
b i l i t y  was found to  be com parable  to  s l i g h t l y  b ran ch ed  a lk y lb e n z e n e -  
s u l f o n a t e •
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M A T E R I A L S  A N D  M E T H O D S

The m a t e r i a l s ,  e x p e r im e n ta l  equ ipm ent,  th e  p ro c e d u re  f o r  b io d e ­

g r a d a t i o n  s t u d i e s ,  and th e  a n a l y s i s  o f  carbon  d io x id e  a r e  d e s c r ib e d  

i n  th e  f o l l o w i n g  s e c t i o n .

M a t e r i a l s

R e a g e n ts

A l l  m a t e r i a l s  n o t  s p e c i f i c a l l y  d i s c u s s e d  below were " a n a l y t i c a l  

g ra d e "  m a t e r i a l s .

S u c ro se  M o n o la u ra te : FG, SEL-1, FG sam ple # 8264, C o lo n ia l

S uga r  Company (C. S . C. ) ;  COD = 1 . 7 3  g /g  *

S u c ro se  M o n o m y ris ta te : P u r i f i e d  g ra d e ,  SEM-1, P-1 sam ple #8266,

C. S .  C .;  COD = 1.80 g / g  *

S u c ro se  M o n o -S te a ra te ,  A r a c h id a te ,  B e h e n a te : R e f in e d ,  SESAB-1,

R-1 sam ple # 8574, C. S . C .j  COD = 2 .0 5  g / g  *

N i t t o  E s t e r ; C on ta in ed  70$ s u c r o s e  p a l m i t a t e ,  50$ s u c r o s e  

s t e a r a t e ;  70$ m o n o e s te r  and 50$ d i e s t e r .  P - 1 570, D ai-N ippon Sugar 

MFG Co LTD; COD = 1 .87  g /g  *

P u re  S u c ro se  M o n o lau ra te  and S u c ro se  M o n o m y ris ta te ; These p u re  

e s t e r s  were o b ta in e d  by p u r i f y i n g  th e  above s u c r o s e  m o n o la u ra te  and

* COD = Chemical, oxygen demand d e te rm in e d  a c c o rd in g  to  th e  method 
d e s c r i b e d  in  th e  S ta n d a rd  Methods f o r  E x am ina tion  o f  W ater and 
W as tew a te r  (55»P«495)»

14
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s u c r o s e  m o n o m y r is ta te  u s i n g  a b s o r p t io n  ch ro m a to g rap h ic  method d e s ­

c r ib e d  by H iro y u k i  Mima (49) • S ix t y  to  200 mesh ch ro m a to g ra p h ic  

g ra d e  s i l i c a  g e l  was u sed  as  th e  a b s o r b e n t ;  25$  a b s o lu t e  pu re  e t h y l  

a l c o h o l  i n  s p e c t r a  AR benzene was used  as th e  e l u e n t .  The s i z e  o f  

th e  column: 1 x 26 i n .

S u c ro se  M o n o lau ra te  ( C ^  UL s u c r o s e ) : S p e c i f i c  a c t i v i t y  = 8 .0 9
£

x 10 dpm/mg; r a d io  p u r i t y  = 99$; I n t e r n a t i o n a l  Chemical & N u c le a r  

C o rp o ra t io n  ( I .  C. N. C . ) .

14 6S u c ro se  M o n o lau ra te  (1-C on l a u r a t e ) : Sp a c t i v i t y  = 3«98 x 10

dpm/mg; r a d io  p u r i t y  = 99$; I* C. N. C.

S u c ro se  ( C ^  UL): Sp a c t i v i t y  = 6 .2  x 10^ dpm/mg; r a d io  p u r i t y

= 99$; I .  C. N. C.

G lucose  ( C ^  UL): Sp a c t i v i t y  = 4»8 x 10^ dpm/mg; New E ngland

N u c le a r .

T e r g i t o l  1 5 -S -9 : m ol.w t = 625> COD = 2 .1 0  g /g * ;  Union C arb id e  

C o r p o r a t io n .

LAS: Lot No 1 -1 ; l i n e a r  a l k y l a t e  s u l f o n a t e ,  c o n ta in e d  6 0 .8 $  LAS; 

3 6 .1 $  Sodium s u l f a t e ;  0 .4 $  f r e e  o i l ;  2 .7 $  w a te r ;  Eq wt = 348; Soap 

and D e te r g e n t  A s s o c i a t i o n .

L a u r ie  A c id : "Eastman g r a d e , "  Eastman O rg an ic  C h em ica ls .  

E th an o lam in e  i n  M e th an o l: T h is  was p re p a re d  by d i s s o l v i n g  e t h a -  

no lam in e  (OR, M a l l in c k r o d t )  i n  a b s o lu t e  m ethano l i n  th e  volume r a t i o  

o f  20 to  80 , in  a  C O f r e e  g lo v e  b a g .  T h is  s o l u t i o n  was s t o r e d  i n  a  

25-ml b u r e t t e  a s s e m b ly -a u to m a t ic ,  w ith  2-1 b o t t l e  r e s e r v o i r ,  and p ro ­

t e c t e d  from th e  a tm o s p h e r ic  CO2 by CaClg tu b e s  f i l l e d  w i th  a s c a r i t e .

* s e e  page 14
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Ba(OH)2 0 . 025  N; T h is  s o l u t i o n  was p re p a re d  by d i s s o l v i n g  7 8 

Ba(OH) 2 i n  1800 ml o f  d i s t i l l e d  w a te r  ( p r e v i o u s l y  b o i l e d  to re d u c e  

t h e  amount o f  d i s s o lv e d  CO^)• I t  was s t o r e d  i n  th e  same way as th e  

e th a n o la m in e  in  m e th a n o l .

S c i n t i l l a t i o n  S o lv e n t : Four g PPO and 100 mg P0P0P in  1 l i t e r

to lu e n e  ( S c i n t i l l  AR, M a l l i n c k r o d t ) . For r a d i o a c t i v i t y  d e t e r m in a t io n ,  

10 ml o f  t h i s  s o l u t i o n  was added to  0 .5  ml sam ple p lu s  10 ml m e th a n o l .

S y n th e t i c  M edia : S to ck  s o l u t i o n  o f  s y n t h e t i c  m edia  was p re p a re d  

by  d i s s o l v i n g  5*75 8  Na^HPO^; 5*0 g KH^PO^j 0 .5  8 NH^Clj 2 .0  ml o f  

2 2 .5  g /1  MgSO^. 7H20; 2 .0  ml o f  0 . 2 5  g / l  F eC l^ . 6H20 ; 0 .5  ml o f  27 . 5  

g / l  CaCl2 in  4 l i t e r s  o f  d i s t i l l e d  w a te r .  pH =* 7*0 + 0 .1  . A f t e r  

b e in g  s t e r i l i z e d  a t  250°F f o r  15 min, t h i s  s o l u t i o n  was s t o r e d .  F o r  

b io d e g r a d a t i o n  s t u d i e s ,  250 ml o f  t h i s  s o l u t i o n  was used  f o r  each  

1250 ml c u l t u r e .

S to c k  S o lu t io n  o f  S u b s t r a t e : A c c u r a te ly  weighed t e s t  s u b s t r a t e

was d i s s o l v e d  in  d i s t i l l e d  w a te r  and d i l u t e d  to th e  mark i n  a  500-ml 

v o lu m e t r i c  f l a s k .  T h is  s o l u t i o n  was s t e r i l i z e d  by f i l t e r i n g  i t  

th ro u g h  a  0.15-y^ m i l l i p o r e  f i l t e r  u n d e r  s l i g h t l y  re d u ced  p r e s s u r e .

I t  v/as th e n  s t o r e d  in  a w e l l  s to p p e r e d  s t e r i l e  E r len m ey er  f l a s k .  For 

b i o d e g r a d a t i o n  s t u d i e s  i n  r i v e r  w a te r  and a c t i v a t e d  s lu d g e ,  1200 ppm 

o f  s to c k  s o l u t i o n s  were p re p a re d ;  25 ml o f  th e  s o l u t i o n  (m easured  by 

a  v o lu m e t r i c  p i p e t )  was u sed  to  make 1500 ml o f  20 ppm s o l u t i o n .  

S o lu t io n s ,  o f  s u c r o s e  e s t e r s  were a lw ays f r e s h l y  p re p a re d  to av o id  

h y d r o l y s i s .  S o lu t io n s  o f  N i t t o  e s t e r  and s u c r o s e  m o n o - s te a r a te ,  a r a -  

c h i d a t e ,  b e h e n a te  were p r e v io u s ly  h e a te d  below 70° C f o r  abou t 45 min 

to  b r i n g  them in to  s o l u t i o n  b e fo re  f i l t r a t i o n .
A A !

The C - t a g g e d  s u c r o s e  e s t e r s  were d i l u t e d  40 to  100 t im e s  by
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th e  c h ro m a to g ra p h ic  p u r i f i e d  s u c r o s e  m o n o la u ra te .  The s u c r o s e  (C^UL) 

■was d i l u t e d  abou t 300 t im e s  by GW p u re  s u g a r .  The g lu c o se  (C^U L)w as 

d i l u t e d  abou t 100 t im es  by r e a g e n t  g rad e  g lu c o s e .

Seeds

: I s o l a t e d  from C le a r  C reek , c lo s e  to  I l l i n o i s  S t .  i n  Golden, 

C o lo ra d o .  I t  was grown in  Bacto B^ n u t r i e n t  b r o th  and th e n  s t o r e d  i n  

n u t r i e n t  a g a r  in  th e  r e f r i g e r a t o r .

S.J2 ! I s o l a t e d  from Sou th  P l a t t e  R iv e r ,  u n d e r  46 th  Ave. V ia d u c t  

i n  D enver, C o lo ra d o .  I t  was grown and s t o r e d  in  th e  same way a s  S^.

Sq s I s o l a t e d  from th e  a c t i v a t e d  s lu d g e  o f  th e  sewage t r e a tm e n t  

p l a n t  o f  Coors Adolph Co i n  Golden, C o lo rad o . Ten ml o f  th e  s lu d g e  

was added to  90 ml s y n t h e t i c  m ed ia  c o n ta i n in g  abou t 20 ppm o f  th e  

t e s t  s u b s t r a t e .  The c u l t u r e  was grown a t  room t e m p e r a tu r e .  Weekly 

t r a n s f e r s  o f  abou t 5 ml were made from th e  c u l t u r e  to  a n o th e r  f l a s k  

c o n t a i n i n g  95 ml o f  s y n t h e t i c  m edia  and 20 ppm o f  t e s t  s u b s t r a t e .

F o r  b io d e g r a d a t i o n  s t u d i e s  a t  lo w e r  te m p e r a tu r e ,  th e  c u l t u r e s  were 

grown a t  th e  d e s i r e d  te m p e ra tu re  f o r  abou t one week p r i o r  to  th e  b io ­

d e g r a d a t io n  s t u d i e s .  F o r  t e r g i t o l  and LAS th e  c u l t u r e s  were a e r a t e d  

c o n t in u o u s ly .  W ith s u c r o s e  e s t e r  grow th  was so e a s y  t h a t  a e r a t i o n  was 

n o t  n e c e s s a r y .

and S .^  were a c c l i m a t i z e d  to  th e  t e s t  s u b s t r a t e  i n  th e  same 

way as  S^ , u n l e s s  o th e r w is e  s t a t e d .  At th e  f i r s t  i n o c u l a t i o n  o f  th e  

s e e d s  from th e  a g a r  s l a n t ,  '1 mg o f  y e a s t  e x t r a c t  was added to  100 ml 

o f  th e  c u l t u r e .  Two to  3 d a y -o ld  b a c t e r i a  were u sed  to  i n o c u l a t e  th e  

s o l u t i o n  u sed  i n  th e  b i o d e g r a d a t i o n  s t u d i e s .
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R iv e r  W ate r ,  A c tiv a ted .  S lu d g e , and A naerob ic  S ludge

R iv e r  W a te r ; The w a te r  from C le a r  Creek and South  P l a t t e  R iv e r  

were ta k e n  from th e  same p la c e s  as d e s c r ib e d  in  S^and S ^ .  The w a te r  

wan f r e s h l y  sam pled . A f t e r  th e  suspended  m a t e r i a l s  had been  a l lo w ed  

to  s e t t l e  f o r  ab o u t  2 h o u r s ,  t h e  d e c a n te d  w a te r  was f i l t e r e d  th ro u g h  

g l a s s  w oo l.  C o ^ - f r e e  a i r  was bubb led  th ro u g h  i t  f o r  ab o u t 2 h o u rs  

to  p u rg e  most o f  th e  CC^ from s o l u t i o n .  The pH o f  th e  w a te r  b e f o r e  

and a f t e r  th e  CO^ was pu rged  was 7»9 and 8 .4  r e s p e c t i v e l y .  One th o u ­

sand  f o u r  h undred  and s e v e n ty  f i v e  ml o f  th e  r i v e r  w a te r  was u sed  f o r  

each  s tu d y .

A c t iv a t e d  S ludge  and A n aero b ic  S lu d g e r The a c t i v a t e d  s lu d g e  was 

t a k e n  from th e  a c t i v a t e d  s lu d g e  o f  C oors ' sewage t r e a tm e n t  p l a n t ,  and 

th e  a n a e r o b ic  s lu d g e  from th e  a n a e r o b ic  d i g e s t e r .  In  o r d e r  to  s im u la te  

sewage t r e a t m e n t  c o n d i t i o n s ,  th e  s lu d g e s  were u sed  im m e d ia te ly  a f t e r  

t h e y  we r e  t a k e n ,  w i th o u t  any f i l t r a t i o n  o r  d e c a n t a t i o n .  The s lu d g e s  

were shook v ig o r o u s l y  b e f o r e  p o u r in g  i n to  each in c u b a t io n  f l a s k .  The 

amount o f  a c t i v a t e d  s lu d g e  and a n a e ro b ic  s lu d g e  u sed  f o r  each  in c u b a ­

t i o n  f l a s k  was 875 nil and 150 ml r e s p e c t i v e l y .

A p p a r a t u s  a n d  P r o  c e d u r e  

The a p p a r a tu s  and p ro c e d u re  f o r  b io d e g r a d a t i o n  s t u d i e s ,  which 

c o n s i s t e d  o f  a e r o b ic  and a n a e r o b ic  s t u d i e s ,  and th e  a p p a r a tu s  and 

p ro c e d u re  f o r  a n a l y s i s  o f  carbon  d io x id e  a r e  d e s c r i b e d .

A. A e ro b ic  B io d e g ra d a t io n  S tu d i e s

I n c u b a t io n  A p p a ra tu s : The i n c u b a t io n  u n i t ,  c o n s i s t i n g  o f  incubar*

t i o n  f l a s k ,  c o n d en se r ,  and a b s o r p t io n  v e s s e l  i s  i l l u s t r a t e d  i n  F ig u r e  

1 a . A 2-1 w ide-m outh E r len m ey er  f l a s k  was used  as  th e  in c u b a t io n



T 1450 19

f lo w  m e te r

Soda l im e

i c e  c o o led  w a te rc o t to n  p lu g

v a lv e  f o r  flow  r a t e  c o n t r o l
a i

i c e  co o led  w a te r

c o n s ta n t
t e m p e ra tu re
b a th

m a g n e t ic
s t i r r e r

F ig u r e  1 a .  I n c u b a t io n  a p p a r a tu s  f o r  a e r o b ic  s t u d i e s .
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f l a s k  (A ) .  An 8- in .G rah a m  c o i l e d  r e f l u x  condenser(B ) c o o led  by i c e  

w a te r  was u sed  as  a  c o o l e r .  A l i q u i d  s c i n t i l l a t i o n  c o u n t in g  v i a l  was 

u sed  a s  t h e  a b s o r p t io n  v e s s e l ( C ) .  The in c u b a t io n  f l a s k  was co v ered  

by a #  13 r u b b e r  s t o p p e r  eq u ipped  w i th  th e  Graham c o n d en se r ,  a  4 0 - to  

6O-7U f r i t t e d  g l a s s  t u b in g  c o n n ec ted  to  COg-free a i r * ,  and a  t h i c k -  

w a l l  2.5-mm ID g l a s s  t u b i n g .  The u p p e r  end o f  th e  tu b e  i s  co v ered  

by a  r u b b e r  l i d ( D ) . A 2 . 5 - i n .  t e f l o n - c o a t e d  m a g n e t ic  s t i r  b a r  was 

u sed  f o r  a g i t a t i o n .  The in c u b a t io n  f l a s k  was immersed i n  a  1 8 - i n .  

p l a s t i c  c o n s t a n t  t e m p e ra tu re  b a t h .  A m ag n e t ic  s t i r r e r  was s e t  u n d e r  

th e  b a t h .  The a b s o r p t io n  v e s s e l  was covered  by a  #  1 ru b b e r  s t o p p e r  

e q u ip p ed  w i th  a  0 .3 -nm  ID t h i c k - w a l l  c a p i l l a r y  tu b e  and a  5 - i n .  r e ­

f l u x  c o n d e n s e r ( E ) . The c a p i l l a r y  tu b e  was co n n ec ted  to  th e  Graham 

c o n d e n se r  by a  t e f l o n  and g l a s s  t u b i n g .  The condenser^E ) was con­

n e c te d  to  a  f lo w  m e te r  which was co n n ec ted  to  a  C a C ^ - tu b e  c o n ta i n in g  

so d a  l im e .

The c o n s t a n t  te m p e r a tu r e  b a th  cou ld  h o ld  4 i n c u b a t io n  f l a s k s ;  2 

b a th s  were p re p a re d  f o r  th e se  s t u d i e s  so t h a t  8 e x p e r im e n ts  co u ld  be 

ru n  a t  th e  same t im e .

P r o c e d u r e : The co n d en se r  and th e  i n c u b a t io n  f l a s k  and i t s  con­

t e n t s  were s t e r i l i z e d  a t  250°F f o r  15 m in. ( e x c e p t  f o r  th e  a c t i v a t e d  

s lu d g e  e x p e r i m e n t s ) . Then 1250 ml o f  n u t r i e n t  s o l u t i o n  c o n t a i n i n g  10 

to  40 ppm o f  th e  t e s t  s u b s t r a t e  was in t r o d u c e d  i n to  th e  i n c u b a t i o n  

f l a s k .  A b la n k  w i th o u t  any t e s t  s u b s t r a t e  was a lw ays ru n  in  c o n ju n c ­

t i o n  w i th  th e  t e s t  s a m p le s .  In  th e  case  o f  s y n t h e t i c  m ed ia  where th e  

u n ta g g ed  CO  ̂ had to  be d e te rm in e d ,  COg-free a i r  w i th  a  f low  r a t e  o f  

ab o u t 20 ml p e r  min was p a sse d  th ro u g h  th e  system  f o r  ab o u t 15 h o u rs  

to  p u rg e  th e  CO  ̂ from th e  sy s te m . A f t e r  th e  t e m p e ra tu re  o f  th e  s o l u -

* n and 0 2 gas  in  th e  r a t i o  o f  4 to 1 , f i l t e r e d  by a  1x 20- i n .  so d a  

l im e  tu b e .
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t i o n  was a t t a i n e d ,  th e  f low  r a t e  o f  th e  a i r  s t re a m  was a d j u s t e d  to

a b o u t  8 to  10 ml p e r  min ( u n l e s s  o th e r w is e  s t a t e d ) . Then 2 .5  ml o f
n

a c c l i m a t i z e d  b a c t e r i a  s u s p e n s io n  ( c o n ta in e d  ab o u t 10 b a c t e r i a  p e r  

ml as d e te rm in e d  by th e  pour p l a t e  method) was i n j e c t e d  to th e  in c u ­

b a t i o n  f l a s k  th ro u g h  th e  r u b b e r  l i d  D. The empty a b s o r p t io n  v e s s e l  

was r e p l a c e d  by an a b s o r p t io n  v e s s e l  c o n ta i n in g  11 ml o f  e t h a n o l -  

amine i n  m e th a n o l .  I n  th e  case  o f  a c t i v a t e d  s lu d g e  and r i v e r  w a te r ,  

t h e  t e m p e ra tu re  o f  th e  system  was a d ju s t e d  b e fo re  th e  s u b s t r a t e  was 

added; th e  a i r  s t re a m  was t r a p p e d  im m e d ia te ly  a f t e r  th e  s u b s t r a t e  

was i n t r o d u c e d .

The a i r  s t re a m  was sam pled as  a  f u n c t io n  o f  t im e .  Sam pling  

was p e rfo rm ed  as fo l lo w s :

The a b s o r p t io n  v e s s e l  was p u l l e d  down from i t s  s to p p e r  so t h a t  

t h e  c a p i l l a r y  tu b e  was j u s t  above th e  a b s o r b in g  s o l u t i o n .  The c a p i l ­

l a r y  tu b e  was r i n s e d  w i th  enough m ethano l to  b r i n g  th e  a b s o r b in g  

s o l u t i o n  back  to  th e  o r i g i n a l  vo lum e. The a b s o r p t io n  v e s s e l  was 

th e n  removed and t i g h t l y  c lo s e d ,  b e in g  r e p la c e d  im m e d ia te ly  by a  new 

v i a l  c o n t a i n i n g  a b s o r b in g  s o l u t i o n .  T h is  o p e r a t i o n  was perfo rm ed  in  

ab o u t 10 seco n d s  to  av o id  as  much c o n ta m in a t io n  as  p o s s i b l e  from 

a tm o s p h e r ic  C O T h e  amount o f  CO  ̂ from th e  i n c u b a t io n  system  which 

was c a r r i e d  by th e  gas  s t re am  d u r in g  th e  re p la c e m e n t  o f  th e  a b so rp ­

t i o n  v i a l  cou ld  be n e g l e c t e d .
A A .

F or th e  d e t e r m in a t io n  o f  C 0^ in  th e  a b s o r p t io n  v i a l ,  10 ml o f  

s c i n t i l l a t i o n  s o l v e n t  was added to th e  a b s o r p t io n  v i a l  u n d e r  a  s t re am  

o f  C O ^-free  a i r .  The c o u n t in g  e f f i c i e n c y  f o r  C14 in  t h i s  s o l u t i o n  

was ab o u t 60$. The c o u n t in g  was done u s in g  a Beckman LS-133 l i q u i d -  

s c i n t i l l a t i o n  c o u n te r .  I t  was fo l lo w e d  by su b se q u e n t  d e t e r m in a t io n
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o f  t o t a l  COg whenever n e c e s s a r y .

I n  some o f  th e  e x p e r im e n ts ,  i n  c o n ju n c t io n  w i th  th e  sa m p l in g  o f  

t h e  a i r  s t r e a m , th e  s o l u t i o n  was a l s o  sam pled to  d e te rm in e  th e  amount 

o f  th e  CO2 and HC0^~ r e m a in in g  in  th e  s o l u t i o n .  T h e .s a m p l in g  and 

d e t e r m in a t io n  o f  CO  ̂ and HCO^” ( a p p l i e d  o n ly  to  ca rb o n -1 4 )  was p e r ­

form ed as  f o l lo w s :

Twenty f i v e  ml o f  th e  s o l u t i o n  were sam pled from th e  in c u b a t io n  

f l a s k  th ro u g h  th e  ru b b e r  l i d  D by means o f  a  hypoderm ic  s y r i n g e .  The 

s o l u t i o n  was in t r o d u c e d  i n t o  a  d ry  25-ml v o lu m e t r i c  f l a s k .  A f te r  th e  

f l a s k  was f i l l e d  to  th e  mark, 1 d ro p  o f  s a t u r a t e d  HgClg s o l u t i o n  was 

im m e d ia te ly  added to  i n h i b i t  m e ta b o l ism . The s o l u t i o n  was th e n  i n t r o ­

duced  i n t o  a  125-ml E r len m ey e r  f l a s k .  The v o lu m e t r i c  f l a s k  was r i n s e d  

3 t im e s  w i th  10 ml d i s t i l l e d  w a te r .  The E r lenm eyer  f l a s k  was p ro v id e d  

w i th  a  r u b b e r  s t o p p e r  eq u ip p ed  w i th  an i n l e t  and an o u t l e t  g l a s s  

t u b i n g .  The i n l e t  tu b e  was c o n n ec ted  to an a i r  s o u rc e  and th e  o u t l e t  

tu b e  to  a  C O ^absorbing  s y s te m . Two ml o f  3 N HC1 was i n j e c t e d  th ro u g h  

th e  r u b b e r  s t o p p e r ,  and th e  CO  ̂ p u rg e d .  The r a d i o a c t i v i t y  found i n  

th e  a b s o r b in g  s o l u t i o n  was r e l a t e d  to  th e  amount o f  and HC^O^

i n  s o l u t i o n .

At th e  end o f  th e  b i o d e g r a d a t i o n  e x p e r im e n ts  HC1 was i n j e c t e d  

i n t o  th e  i n c u b a t io n  f l a s k  to  a c i d i f y  th e  s o l u t i o n  to  pH 1; th e  COg 

was th e n  purged  and d e te r m in e d .

To o b t a i n  r a d i o - a c t i v e  m a t e r i a l  b a la n c e ,  th e  r a d i o a c t i v i t y  r e ­

m a in in g  i n  th e  s o l u t i o n  a t  th e  end o f  th e  e x p e r im e n ts  was d e te r m in e d .  

The s lu d g e  was hom ogenized by an u l t r a s o n i c  d e v ic e  b e fo re  s am p l in g .
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B. A n ae ro b ic  B io d e g ra d a t io n  S tu d ie s

I n c u b a t io n  A p p a ra tu s : The a p p a r a tu s  used  f o r  a n a e ro b ic  s t u d i e s  

was s i m i l a r  to  t h a t  o f  th e  a e r o b ic  s t u d i e s ,  e x c e p t  t h a t  a  250-ml 

E r len m ey e r  f l a s k  was u sed  f o r  th e  in c u b a t io n  f l a s k ,  and i t  was p ro ­

v id e d  w i th  an e l e c t r o d e  to  m easure  th e  E.M .F. o f  th e  s o l u t i o n  ( s e e  

F ig u r e  1 b ) . As th e  p u rg in g  g a s ,  o x y g e n - f r e e  N2 gas*  was u s e d .

F r o c e d u r e ; The p ro c e d u re  was s i m i l a r  to  t h a t  o f  th e  a c t i v a t e d  

s lu d g e  d e s c r ib e d  in  th e  a e r o b ic  s t u d i e s ,  e x c e p t  f o r  a  few c a s e s  men­

t i o n e d  be low . B efo re  th e  t e s t  s u b s t r a t e  was added to  th e  s lu d g e ,  

o x y g e n - f r e e  gas  was p a sse d  th ro u g h  th e  s y s te m . I f  th e  E.M .F. o f  th e  

s lu d g e  i n d i c a t e d  a v a lu e  below -200  mv, 5 nil o f  1200 ppm o f  th e  t e s t  

s u r f a c t a n t  s o l u t i o n  (m easured  by a  v o lu m e t r ic  p i p e t )  was ad d ed . The 

gas  s t r e a m  was im m e d ia te ly  t r a p p e d .

C. D e te r m in a t io n  o f  T o ta l  Carbon D iox ide

A p p a ra tu s : The a p p a r a tu s  u sed  i n  th e  d e t e r m in a t io n  o f  t o t a l  COg

was s i m i l a r  to  t h a t  o f  th e  i n c u b a t i o n  a p p a r a t u s .  I t  c o n s i s t e d  o f  

r e a c t i o n  f l a s k ,  c o o le r ,  and a b s o r p t io n  v e s s e l  as  i l l u s t r a t e d  i n  F i ­

g u re  1 c . A 500-ml f l a t - b o t t o m  b o t t l e  was u sed  as  th e  r e a c t i o n  f l a s k

(A ).  A 12 -in .G raham  c o i l e d  r e f l u x  co n d en se r  was u sed  as  th e  c o o le r

(B) . A 2J x 150-mm t e s t  tu b e  was u sed  as  th e  a b s o r p t io n  v e s s e l  ( C ) •

* The gas  was p a ssed  th ro u g h  a  s e r i e s  o f  t h r e e  500-ml gas  w ash ing  
b o t t l e s  w ith  f r i t t e d  g l a s s  tu b in g ,  each  b o t t l e  c o n t a i n i n g  g r a n u l a r  
Zn m e ta l  and chromous a c id  p re p a re d  as fo l lo w s :  75 g o f  20-mesh 
m e t a l i c  Zn t r e a t e d  w ith  50 ml o f  3 N HC1 and s t i r r e d  v i g o r o u s l y  f o r  
30 s e c .  Then 2 .5  ml o f  s a t u r a t e d  IlgClg s o l u t i o n  d i l u t e d  to  50 ml 
v/as added , and th e  m ix tu r e  s t i r r e d  f o r  3 min; th e  Zn was washed by 
d e c a n t a t i o n  and p la c e d  in  th e  w ash ing  b o t t l e .  F i f t y  g o f  C rK (S 0 .)2 
1211^0 d i s s o l v e d  i n  250 ml o f  w a te r  was added to  th e  w ash ing  b o t t l e  
t o g e t h e r  w ith  10 ml o f  5 IT H2S0, . The 0 2 in  th e  s o l u t i o n  was p u rged , 
and th e  s o l u t i o n  was l e f t  to  s t i n d  o v e r  n i g h t .



flo
w

 
m

et
er

T 1430 24

Q)

W Ou•H
Ut4J

"H

O rH
C M-l•H I

I \

•H

CM

CM

H  -P

0 *H 
g N O
P *3 
A  C

k\\

CNJ
£

lb
. 

In
cu

ba
ti

on
 

ap
pa

ra
tu

s 
fo

r 
an

ae
ro

bi
c 

st
u

d
ie

s.



T 1430 25

The r e a c t i o n  f l a s k  was p ro v id e d  w i th  a  # 10 ru b b e r  s to p p e r  equ ipped  

w i th  th e  Graham co n d en se r  and a  5—nun ID g l a s s  t u b i n g  which was con­

n e c t e d  to  a  so u rc e  o f  C O f r e e  a i r * .  A 5 / 4 - i n .  t e f l o n - c o a t e d  magne­

t i c  s t i r  b a r  was u sed  f o r  a g i t a t i n g  th e  r e a c t i o n  m ix tu r e .  The 

r e a c t i o n  f l a s k  was p u t  on a  m a g n e t ic  s t i r r e r  h o t  p l a t e .  The a b so rp ­

t i o n  v e s s e l  was p ro v id e d  w ith  a  3 -h o le  #  4 r u b b e r  s t o p p e r  equ ipped  

w i th  a  4 0 - to  60- ^  f r i t t e d  g l a s s  tu b in g  co n n ec ted  to  a  3-way s to p c o c k  

which was c o n n ec ted  to  th e  to p  o f  th e  Graham c o n d en se r ;  a  10-ml bu­

r e t t e ;  and a g l a s s  and ty g o n  t u b in g  co n n ec ted  to  a  tu b e  c o n ta i n in g  

so d a  l i m e .  The a b s o r p t io n  v e s s e l  was p ro v id e d  w i th  a  1/ 2 - i n . t e f l o n -  

c o a te d  m a g n e t ic  s t i r  b a r .

P r o c e d u r e : The r e a c t i o n  f l a s k  was f i l l e d  w i th  15 ml o f  3 N HC1

and 60 ml o f  d i s t i l l e d  w a te r .  The f l a s k  was s to p p e r e d  and a  s t re am  

o f  C O g - f r e e  a i r  w i th  a  f lo w  r a t e  o f  about 200 ml p e r  min was p a sse d  

th ro u g h  th e  sy s tem  to  p u rge  any CO  ̂ p r e s e n t  i n  th e  sy s te m . Then th e  

v i a l  c o n t a i n i n g  CO  ̂ and e th a n o la m in e  v/as in t r o d u c e d  i n t o  th e  r e a c t i o n  

f l a s k  im m e d ia te ly  a f t e r  th e  l i d  was open ed . The f lo w  r a t e  o f  th e  a i r  

s t r e a m  was re d u c ed  to  ab o u t 30 ml p e r  m in . The f r i t t e d  g l a s s  tu b in g  

was th e n  d ip p e d  i n t o  th e  a b s o r p t io n  v e s s e l  c o n t a i n i n g  20 ml o f  0 .0 2 5  

N Ba(0H)^ s o l u t i o n  and 3 d ro p s  o f  0 .1 $  p h e n o l p h t a l e i n .  The r e a c t i o n  

m ix tu r e  was b o i l e d  g e n t l y  f o r  15 m in . ( A f t e r  th e  m ix tu re  was b o i l i n g ,  

th e  f low  r a t e  o f  th e  a i r  s t re a m  was in c r e a s e d  to  50 to  70 ml p e r  m in .)  

Then th e  e x c e s s  o f  Ba(0H)2 was back  t i t r a t e d  s lo w ly  w i th  0 .0 5  N HC1. 

A f t e r  th e  end p o i n t  7/as n e a r l y  re a c h e d ,  th e  f low  r a t e  o f  th e  a i r  

s t re a m  was re d u c ed  to  ab o u t 20 ml p e r  min, and th e  Ba(0H) ^  ad so rb ed  

on th e  f r i t t e d  g l a s s  t u b in g  was washed o u t '  as fo l lo w s :  The s to p c o c k (p )

* Compressed a i r  p a s se d  th ro u g h  so d a  l im e  and Ba(0H)2 s o l u t i o n .
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b u r e t t e

w a te r

3-way s to p c o c ka i r

m a g n e t ic  
s t i r r e r  
h o t  p l a t e

m ag n e t ic
s t i r r e r

s a t u r a t e d  
Ba(0H)o s o ln t r a p

so d a
lim e

F ig u r e  1 c .  A p p a ra tu s  f o r  th e  d e t e r m in a t io n  o f  COg.
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was tu r n e d  to  p o s i t i o n  2 .  About 2 ml o f  th e  s o l u t i o n  from th e  ab­

s o r p t i o n  v e s s e l  was drawn i n to  th e  f r i t t e d  g l a s s  t u b in g  th ro u g h  g . 

Then th e  s to p c o c k  was tu r n e d  back to  th e  o r i g i n a l  p o s i t i o n .  The 

s o l u t i o n  in  th e  f r i t t e d  g l a s s  tu b in g  blew back  to  th e  a b s o r p t io n  

v e s s e l  and th e  c o lo r  o f  th e  i n d i c a t o r  tu rn e d  to  d a rk  p in k  a g a in ;  

one o r  2 d ro p s  o f  HC1 was needed  to  b r i n g  th e  c o lo r  back to  l i g h t

p in k .  The w ash ing  o f  th e  f r i t t e d  g l a s s  tu b in g  was r e p e a t e d  5 t im e s .

Then th e  HC1 was added d ro p  by d ro p  u n t i l  th e  c o lo r  o f  th e  i n d i c a t o r  

j u s t  d i s a p p e a r e d . The w ash ing  and th e  t i t r a t i o n  n e a r  th e  end p o in t  

s h o u ld  be done q u i c k ly ,  b e cau se  th e  p in k  c o lo r  w i l l  soon r e a p p e a r ,  

and th e  r e s u l t s  w i l l  th u s  be too low . With enough p r a c t i c e  t h i s  

method d id  n o t  p roduce  an e r r o r  i n  e x c e s s  o f  5$ a s  lo n g  as th e  amount

o f  CO  ̂ d id  n o t  go below 2 mg. F o r  COg o f  ab o u t  1 mg, th e  e r r o r  may

a t t a i n  a  v a lu e  o f  10$ o r  h i g h e r .  F o r  CO  ̂ o f  abou t 5 mg o r  more th e

e r r o r  was ab o u t 2$ o r  l e s s .  Known amount o f  NaoC0-. was used  a s  th e2 2
CO  ̂ s o u rc e  i n  t e s t i n g  th e  a c c u ra c y  o f  t h i s  m ethod .

The method u sed  in  t h e s e  s t u d i e s  was checked a g a i n s t  g lu c o se  

( C ^  UL) d i l u t e d  w i th  r e a g e n t  g rad e  g lu c o s e ;  th e  t o t a l  COg and C^Og 

g e n e r a te d  were d e te rm in e d  as  a  f u n c t io n  o f  tim e  ( s e e  Appendix I ) .

B io d e g r a d a t io n  S tu d i e s  Perfo rm ed

A. P r e l i m i n a r y  e x a m in a t io n  o f  th e  b i o d e g r a d a b i l i t y  o f  s u c r o s e  mono- 

l a u r a t e .

A -1 . P u re  s u c r o s e  m o n o la u ra te  i n  s y n t h e t i c  m edia  w i th  d i f f e r e n t  

s e e d s ,  S^, S ^ ,  and .

A -2 . P ure  s u c r o s e  m o n o la u ra te  in  s y n t h e t i c  m edia  compared to  

g lu c o s e  •
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14A— 3• S u c ro se  m o n o la u ra te  (C UL s u c ro se )  in  s y n t h e t i c  m edia
compared to  s u c r o s e  (C14 UL) .

A -4 • Pure  s u c r o s e  m o n o la u ra te  in  s y n t h e t i c  m edia  compared to

1 a u r i c  a c i d .

B. The e f f e c t  o f  f low  r a t e  o f  th e  a i r  s t re a m  on r a t e  o f  COg p ro ­

d u c t i o n .

C. The e f f e c t  o f  e s t e r  c o n c e n t r a t i o n  on r a t e  o f  CO  ̂ p r o d u c t io n .

D. The e f f e c t  o f  te m p e r a tu r e  on r a t e  o f  CO  ̂ p r o d u c t io n .

E . S u c ro se  e s t e r s  w ith  f a t t y  a c id s  o f  d i f f e r e n t  c h a in  l e n g t h

E - 1 . Pure  s u c r o s e  m o n o la u ra te  and s u c r o s e  m o n o m y r is ta te .

E -2 .  Commercial s u c r o s e  m o n o la u ra te ;  s u c r o s e  m o n o m y r is ta te ;

s u c r o s e  m o n o - s t e a r a t e ,  a r a c h i d a t e ,  b e h e n a te ;  and N i t t o  e s t e r .

F .  S u c ro se  m o n o la u ra te  (C14UL s u c ro se )  i n  r i v e r  w a te r  from C le a r
/ 14 \C reek; s u c r o s e  m o n o la u ra te  (C UL s u c ro s e )  and s u c r o s e  m onolau-

/ 14 \r a t e  (1-C on l a u r a t e )  i n  South  P l a t t e  H iv e r  w a te r .

G. S u c ro se  m o n o la u ra te  i n  a c t i v a t e d  s lu d g e .

/ 14 \G -1• S u c ro se  m o n o la u ra te  (C UL s u c ro se )  and s u c r o s e  m o n o la u ra te  

(1 -C 14 on l a u r a t e ) .

14G-2. S u c ro se  m o n o la u ra te  (C UL s u c ro se )  compared to  g lu c o se  

(C14 UL) and s u c r o s e  (C14 UL).

H. S u c ro se  m o n o la u ra te  (C14UL s u c ro se )  and s u c r o s e  m o n o la u r a te ( l - C 14 
on l a u r a t e )  in  a n a e r o b ic  s lu d g e .

I .  S u c ro se  m o n o la u ra te  i n  s y n t h e t i c  m edia  compared to C^LAS and 

t e r g i t o l  15 -S -9 -
*1 A

J .  S tudy  on th e  mechanism u s i n g  su c ro se  m o n o la u ra te  (1-C on l a u r a t e )  

i n  s y n t h e t i c  m ed ia .
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R E S U  L T S  A N D  D I S C U S S I O N

R e s u l t s  o f  B io d e g ra d a t io n  S tu d i e s  i n  Terms o f  CO  ̂ G e n e ra t io n

A. p r e l i m i n a r y  E x am in a tio n  o f  t h e  B i o d e g r a d a b i l i t y  o f  S u c ro s e  

M o n o lau ra te

A-1 . P u re  S u c ro se  M o n o lau ra te  i n  S y n t h e t i c  M edia w i th  

D i f f e r e n t  S e e d s .

The r e s u l t s  a r e  shown i n  F ig u r e  2a  and Appendix I I ,  t a b l e  2 a .
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F ig u r e  2 a .  R a te  o f  CO  ̂ p r o d u c t io n  from th e  d e g r a d a t io n  
o f  s u c r o s e  m o n o la u ra te  i n  s y n t h e t i c  m edia  
w i th  S^, S ^ ,  and S^; a t  20 ppm, 27°C,pH 7»1

29
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A-2• P ure  S u c ro se  M o n o lau ra te  and Glucose i n  S y n t h e t i c  M ed ia .

The r e s u l t s  a re  shown in  F ig u r e  2b and Appendix I I ,  t a b l e  2b.
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F ig u r e  2 b . R a te  o f  CO  ̂ p r o d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  
m o n o la u ra te  and g lu c o se  i n  s y n t h e t i c  m edia  w i th  S^, a t  

20 and 23 ppm r e s p e c t i v e l y ;  27°C, pH 7«1

A -5 . S u c ro se  M o n o lau ra te  ( C ^  UL s u c ro se )  and S u c ro se  ( C ^  UL) i n  

S y n t h e t i c  M ed ia .

The r e s u l t s  a r e  shown i n  F ig u r e  2c and Appendix I I ,  t a b l e  2 c .
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1. s u c r o s e  m o n o la u ra te  (C UL s u c r o s e )

2 .  s u c r o s e  ( C ^  UL)

20
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150 200 250 30050 100
t im e  (h o u rs )

.14,F ig u r e  2 c .  R a te  o f  C 0 p r o d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e
m o n o la u ra te  ^UL s u c r o s e ;  and s u c r o s e  UL) in  s y n t h e t i c  

m edia  w i th  Sg, a t  20 ppm, 27 C, pH 7*0
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/ 14 NA -4 • S ucrose  M o n o lau ra te  (C UL s u c r o s e ;  and L a u r ie  Acid i n  

S y n t h e t i c  M ed ia .

I n  t h i s  ex p e r im en t th e  r a t e  o f  b io d e g r a d a t io n  o f  th e  l a u r a t e

p o r t i o n  o f  th e  s u c r o s e  e s t e r  was compared to  l a u r i c  a c i d .  Because

s u c r o s e  m o n o la u ra te  ( C ^  UL l a u r a t e )  was n o t  a v a i l a b l e  f o r  t h i s

/ 14 swork, s u c r o s e  m o n o la u ra te  (C UL s u c ro se )  was u s e d .  The amount 

"14o f  C Og and t o t a l  CO  ̂ ( ta g g e d  and un tagged ) was d e te r m in e d .  The 

amount o f  COp produced  from th e  l a u r a t e  p o r t i o n  was o b ta in e d  by 

d i f f e r e n c e  ( t o t a l  CO2 -  0 ^ 0 ^ ;  s ee  t a b l e  2d i n  Appendix I I ) . The 

r e s u l t s  a r e  shown in  F ig u r e  2d .
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40

20 1. l a u r i c  a c id

2 . th e  l a u r a t e  p o r t i o n  o f  
s u c r o s e  m o n o la u ra te10

100 150 200

t im e  (h o u rs )

F ig u r e  2d . R ate  o f  C0p p r o d u c t io n  from th e  d e g r a d a t io n  o f  
l a u r i c  a c i a  and th e  l a u r a t e  p o r t i o n  o f  s u c r o s e  
m o n o la u ra te  i n  s y n t h e t i c  m edia  w i th  S^, a t  20 
ppm, 27°C, pH 7 .0
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F ig u r e s  2a -  d show th e  b i o d e g r a d a b i l i t y  o f  s u c r o s e  m o n o la u ra te .  

F ig u r e  2a  shows th e  r e s u l t s  o f  b io d e g r a d a t i o n  o f  p u r i f i e d  s u c r o s e  

m o n o la u ra te  by seed  i s o l a t e d  from d i f f e r e n t  n a t u r a l  m ed ia .  The r e ­

s u l t s  have  shown t h a t  (from  C le a r  Creek) p roduces  b e h a v io r  s i m i l a r

to  SQ (from  a c t i v a t e d  s l u d g e ) . Hence, r i v e r  w a te r  b a c t e r i a  can e a s i l y  

b io d e g ra d e  s u c r o s e  m o n o la u ra te .  However, c e r t a i n  ty p e s  o f  r i v e r  bac­

t e r i a  ( S .^  South  P l a t t e  R iv e r )  a p p a r e n t l y  r e q u i r e  d i f f e r e n t

a d a p t io n  p e r io d s  when c u l t u r e d  i n  s y n t h e t i c  m edia  c o n ta i n in g  s u c r o s e  

e s t e r ,  even though  th e  b a c t e r i a  were grown in  th e  same m ed ia  c o n ta i n ­

in g  th e  e s t e r  p r i o r  to  e x p e r im e n t .  T h is  i n d i c a t e s  t h a t  b io d e g r a d a t io n  

s t u d i e s  em ploying  s e e d s  i s o l a t e d  from d i f f e r e n t  r i v e r  w a te r  a r e  d i f f i ­

c u l t  to  compare from s tu d y  to  s tu d y .

The r e s u l t s  shown i n  F ig u re  2b i n d i c a t e  t h a t  th e  two t e s t  o f  

s u c r o s e  m o n o la u ra te  run  u n d e r  c o n d i t i o n s  s i m i l a r  to  t h a t  o f  g lu c o se  

e x h i b i t  s i m i l a r  b e h a v io r .  I t  i s  o f  i n t e r e s t  to  n o te  t h a t  th e  b a c t e r i a  

were r e a d i l y  a c c l im a t i z e d  and grown on th e  s u r f a c t a n t .  T h is  b e h a v io r  

i s  a l s o  shown i n  F ig u r e  2c , where th e  r a t e  o f  d e g r a d a t io n  o f  th e  e s t e r  

was compared to  s u c r o s e .  In  50 h o u rs  abou t 30fo o f  th e  s u c r o s e  p o r t i o n  

o f  th e  e s t e r  was c o n v e r te d  to  CC^, w h ile  th e  p ro d u c t io n  o f  COg from 

th e  f r e e  s u c r o s e  j u s t  s t a r t e d .  The f a s t e r  d e g r a d a t io n  o f  th e  e s t e r  

was p ro b a b ly  due to th e  a b i l i t y  o f  th e  b a c t e r i a  to s o rb  th e  s u c r o s e  

e s t e r  much b e t t e r  th a n  g lu c o se  o r  s u c r o s e .  Wayman and B urt  (27) i n  

s t u d i e s  on s o r p t i o n  o f  v a r io u s  k in d s  o f  s u r f a c t a n t  on to  b a c t e r i a l  

s u r f a c e  have  found a l a r g e  amount o f  s u c r o s e  m o n o la u ra te  was so rb e d  

by b a c t e r i a  ( i n  th e  o r d e r  o f  mg p e r  g b a c t e r i a )  .
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In  F ig u r e  2d th e  cu rve  showing th e  r a t e  o f  d e g r a d a t io n  o f  th e  

l a u r a t e  p o r t i o n  o f  th e  e s t e r  e x h i b i t s  s i m i l a r  b e h a v io r  w ith  t h a t  

o f  l a u r i c  a c id ,  though th e  d e g r a d a t io n  o f  th e  l a u r a t e  i s  somewhat 

s lo w e r  th a n  t h a t  o f  th e  f r e e  l a u r i c  a c i d .

In  a l l  o f  th e  e x p e r im e n ts  t h e  r a t e s  o f  th e  d e g r a d a t io n  re a c h e d  

a p l a t e a u  a t  abou t 40$ to  50$ o f  th e  t h e o r e t i c a l  amount o f  CO  ̂ p ro ­

d u c t io n ;  t h i s  does n o t  mean t h a t  th e  b io d e g r a d a t io n  was in c o m p le te .  

Bunch (50) h a s  p o in te d  o u t  t h a t  i n  th e  b io d e g r a d a t io n  o f  g lu c o se  a  

p l a t e a u  i s  re a c h e d  when abou t 40$  o f  th e  t h e o r e t i c a l  Og h a s  been  

a b s o r b e d .  At t h i s  s t a g e  a l l  o f  th e  g lu c o se  h a s  d i s a p p e a r e d ,  p a r t  

o f  i t  h a v in g  been o x id i z e d  to  CQ  ̂ and H^O, and th e  r e s t  c o n v e r te d  

to  new c e l l s  o r  p ro to p la s m .  Under th e  c o n d i t io n  o f  th e  s t a n d a r d  

BOD t e s t  t h i s  s t a g e  i s  r e a c h e d  in  about 56 h o u r s .  Upon f u r t h e r  

a g in g ,  w i th  no f u r t h e r  a d d i t i o n  o f  s u b s t r a t e ,  th e  system  w i l l  resume 

oxygen u p ta k e  to ab o u t 70$ o f  th e  t h e o r e t i c a l  amount in  5 days  i n  

t h e  c ase  o f  g lu c o s e .  T h is  r e s u l t s  from th e  f u r t h e r  o x i d a t i o n  o f  

p r o to p l a s m ic  com ponents . On th e  b a s i s  o f  t h e s e  o b s e r v a t i o n s  i t  h a s  

been p ro p o sed  t h a t  any p ro d u c t  showing oxygen u p ta k e  o v e r  40$ to  45$ 

o f  th e  t h e o r e t i c a l  amount sh o u ld  be c o n s id e re d  e s s e n t i a l y  d eg rad ed  

(51)*  Thus s u c r o s e  m o n o la u ra te ,  which b io d e g r a d a t io n  r a t e  r e a c h e d  

a  p l a t e a u  a t  C0^ p r o d u c t io n  o f  abou t 40$ to 50$  o f  th e  t h e o r e t i c a l  

( s i m i l a r  to  t h a t  o f  g lu c o se  and s u c r o s e ) ,  cou ld  be c o n s id e re d  as  

b e in g  c o m p le te ly  b io d e g r a d a b le .  The S ^ -cu rv e  in  F ig u r e  2a does  n o t  

r e a c h  a p l a t e a u  a t  abou t 50$ o f  th e  t h e o r e t i c a l  amount o f  CÔ  p ro ­

d u c t io n ;  t h i s  m igh t be due to r a p i d  endogenous r e s p i r a t i o n .
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B. The E f f e c t  o f  Flow R ate  o f  th e  A ir  S tream  on R ate  o f  CCU 

F ro d u c t io n

As p r e v i o u s l y  i n d i c a t e d ,  th e  r a t e  o f  CO  ̂ purged from a s o l u t i o n  

o f  a b i o l o g i c a l  system  w i l l  depend upon th e  r a t e  o f  m e ta b o l ic  p ro ­

d u c t io n  and i t s  su b se q u e n t  rem oval as r e l a t e d  to  f low  r a t e .  In  o r d e r  

to  s e e  th e  e f f e c t  o f  f low  r a t e ,  e x p e r im en ts  were ru n  w ith  th e  same 

in c u b a t i o n  system  b u t  w i th  d i f f e r e n t  flow  r a t e s .  The CO  ̂ was purged  

and t r a p p e d ,  and th e  s o l u t i o n  was an a ly zed  f o r  CO2 and HCO^-  a s  a  

f u n c t i o n  o f  t im e .  To o b t a i n  h ig h  a c c u ra c y ,  compound was u sed  as

s u b s t r a t e .  The r e s u l t s  a r e  shown i n  F ig u re  $a-d  and Appendix I I ,  

t a b l e  3-

CN

rH
as"H
-p•H
C5•H

flow  r a t e :  3 2 + 3  m l/m inCO
O

10u

80 100 120 140 160 180 200 22040 6020

t im e  (h o u rs )

1 A
F ig u r e  3a . R a te  o f  C 0^  p r o d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  

m o n o la u ra te  UL s u c ro s e )  in  s y n t h e t i c  m edia  w ith  S^,
a t  20 ppm, 27 C, pH 7»0; volume o f  th e  in c u b a t io n  f l a s f i : 2 1 ;  
volume o f  th e  s o l u t i o n :  1250 m l.

In  f i g u r e  3a and 3b cu rve  A r e p r e s e n t s  th e  C ^O g produced  from 

s o l u t i o n  and so rb ed  in  e th a n o la m in e ;  cu rve  B shows th e  amount o f
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CM
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t im e  (h o u rs )

F ig u r e  3b. R a te  o f  C ^O ^ p jfpduc tion  from th e  d e g r a d a t io n  o f  s u c r o s e  
m o n o la u ra te  (,C HUL s u c r o s e j  i n  s y n t h e t i c  m ed ia  w i th  S , ,  

a t  20 ppm, 27 C, pH 7 .0

C ^O g and HC^O^” in  s o l u t i o n  as  a  f u n c t io n  o f  t im e ;  cu rve  C i s  th e  

sum o f  A and B. The d a t a  i n d i c a t e  t h a t  s i g n i f i c a n t  e r r o r s  r e s u l t

c o n v e r te d  to  HC0^~. The f i g u r e s  

have  shown t h a t  when th e  r a t e  o f  00^ p r o d u c t io n  r e a c h e d  th e  maximum, 

t h e  a i r  s t r e a m  was u n a b le  to  remove im m e d ia te ly  a l l  o f  th e  COg b e in g  

p ro d u c e d .  As a r e s u l t ,  CO  ̂ was b u i l t  up in  th e  s o l u t i o n .  The appa­

r e n t  r a t e  ( t h e  r a t e  m easured  in  te rm s  o f  00^ t r a p p e d  i n  e th an o lam in e )  

was t h e r e f o r e  lo w e r  th a n  th e  a c t u a l  r a t e .  As tim e  p a sse d  th e  r a t e  o f  

CO2 p r o d u c t io n  d e c r e a s e d ,  and th e  00^ which h a s  been b u i l t  up in  th e  

s o l u t i o n  was s lo w ly  rem oved. At t h i s  tim e th e  a p p a re n t  r a t e  became 

g r e a t e r  th a n  the a c t u a l  r a t e  (The d e v i a t i o n  o f  th e  a p p a r e n t  r a t e  from 

th e  a c t u a l  r a t e  i s  shown by c u rv e s  A and C ) . When th e  r a t e  o f  COg 

p r o d u c t io n  re a c h e d  a p l a t e a u ,  t h e r e  was p r a c t i c a l l y  no COg re m a in in g  

i n  s o l u t i o n ;  a t  t h i s  t im e th e  a p p a re n t  r a t e  was ab o u t eq u a l  to  th e  

a c t u a l  r a t e .

from i g n o r i n g  th e  CO and th e  CO
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F o r  a  g iv e n  r a t e  o f  00 ̂  p ro d u c t io n  th e  l i f e  tim e o f  C0^ i n  s o lu ­

t i o n  w i l l  d e te rm in e  th e  s lo p e  o f  th e  a p p a re n t  r a t e ,  and th e  l i f e  t im e  

o f  CO  ̂ i n  s o l u t i o n  w i l l  depend upon th e  flow  r a t e  o f  th e  a i r  s t r e a m .  

However, though th e  f low  r a t e  h a s  an e f f e c t  on th e  l i f e  tim e  o f  COgin 

s o l u t i o n ,  i t  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  betw een r a t e  o f  9 t o 32 ml 

p e r  min, as  shown i n  F ig u r e  5 c -d .
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(c)
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1 . f lov r r a t e  = 9 m l/m in

2 .  f low  r a t e  = 52 ml/mii
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F ig u re  5
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(d)
c - d .  R a te  o f  C '**02 p r o d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  mono- 

l a u r a t e ( C  ^UL s u c r o s e )  i n  s y n t h e t i c  m edia , a t  2rJJ Ci pH 7*0 
5 c .  a c t u a l  r a t e ;  5d. a p p a r e n t  r a t e .

,14,
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The u se  o f  a  v e ry  h ig h  f lo w  r a t e  o r  a  sm a l l  i n c u b a t i o n  f l a s k  

m ig h t  m in im ize  th e  d e v i a t i o n  o f  th e  a p p a re n t  r a t e  from th e  a c t u a l  

r a t e .  However, t h e r e  a re  c e r t a i n  d is a d v a n ta g e s  to  be c o n s id e re d :  . 

The foam ing  problem  m igh t be s e r i o u s  and th e  a b s o r p t io n  o f  COgmight 

n o t  be q u a n t i t a t i v e  a t  a  v e ry  h ig h  f low  r a t e ;  and th e  u se  o f  a  

s m a l l  i n c u b a t i o n  f l a n k  m igh t im p a i r  th e  a c c u ra c y  o f  th e  d e t e r m in a t io n  

o f  th e  u n ta g g ed  COg.

C o n seq u e n t ly ,  a  f lo w  r a t e  o f  about 9 nil p e r  min was u t i l i z e d  

f o r  th e  b io d e g r a d a t i o n  s t u d i e s .  I n  s t u d i e s  a t  pH 7> th e  m easurem ent 

o f  th e  a p p a r e n t  r a t e  seemed a d e q u a te .  I n  f a c t ,  f o r  m ost o f  o u r  p u r ­

p o se s  o n ly  in f o r m a t io n  r e g a r d i n g  r e l a t i v e  r a t e s  was n e e d e d .  However, 

a t  h i g h e r  pH v a lu e s  ( a b o u t  pH 8) b o th  th e  a i r  s t r e a m  and th e  s o l u t i o n  

s h o u ld  be sam pled .

C. E f f e c t  o f  S u r f a c t a n t  C o n c e n t r a t io n  on R a te  o f  COg P r o d u c t io n

"14u s i n g  S u c ro se  M o n o lau ra te  (C UL s u c r o s e )

I t  i s  w e l l  known t h a t  th e  r a t e  o f  b io d e g r a d a t i o n  depends on 

s u b s t r a t e  c o n c e n t r a t i o n .  Two d i f f e r e n t  t e s t s  were ru n  on s u c r o s e  

m o n o la u ra te  (C ^U L s u c r o s e )  . The r a t e  o f  c"^0g p r o d u c t io n  and t o t a l  

CO2 p r o d u c t io n  a re  shown i n  F ig u r e  4 a -d  and Appendix I I ,  t a b l e  4*

I n  b o th  i n s t a n c e s  th e  r a t e  o f  C^Og and t o t a l  COg p ro d u c t io n  

i n c r e a s e d  w i th  an i n c r e a s e  i n  c o n c e n t r a t i o n  from 10 to  42 ppm.

Though th e  s tu d y  was made em ploying  s y n t h e t i c  m edia , s i m i l a r  

r e s u l t s  would be p r e d i c t a b l e  f o r  r i v e r  w a te r  and a c t i v a t e d  s lu d g e  

t e s t s  •



cu
m

. 
C

O
2 

pr
od

uc
ti

on
 

cu
m

. 
CC

>2 
p

ro
d

u
ct

io
n

 
(m

g)
 

(m
g)

T 1430 38

run I
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(c )  (d)

F ig u r e  4 a - d .  R a te  o f  CO  ̂ p ro d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  
m o n o la u ra te  (C UL s u c r o s e )  a t  v a r io u s  c o n c e n t r a t i o n ,  

i n  s y n t h e t i c  m edia  w i th  S^, a t  27°C, pH 7 »0
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D • E f f e c t  o f  T em p era tu re  on R ate  o f  CQ̂  P r o d u c t io n

In  g e n e r a l ,  b i o d e g r a d a t i o n  s t u d i e s  on s u r f a c t a n t s  a re  pe rfo rm ed  

a t  20° to  30°C. T h is  i s  n o t  a d eq u a te  f o r  b io d e g r a d a t i o n  s t u d i e s  i n  

n a t u r a l  w a te r  where th e  t e m p e ra tu re  v a r i e s  a c c o rd in g  to  th e  s e a s o n .  

S u r f a c t a n t s  which a re  r e a d i l y  d eg rad ed  a t  25° C m igh t n o t  be d eg rad ed  

a t  low  te m p e r a tu r e ;  f o r  exam ple, a t  27° and 15°C» a b o u t  27$  and 12$. 

o f  th e  carbon  o f  t e r g i t o l  15 -S -9  was c o n v e r te d  to  C0^ i n  15 d ay s ;  a t  

5°C, ab o u t  1$ o f  th e  t h e o r e t i c a l  amount wan p roduced  in  22 days ( 5 2 ) .  

T em p era tu re  m igh t g r e a t l y  a f f e c t  th e  r a t e  as  w e l l  an th e  e x t e n t  o f  

b io d e g r a d a t i o n  •

In  o r d e r  to  d e te rm in e  th e  te m p e ra tu re  e f f e c t  on b i o d e g r a d a t i o n  

o f  s u c r o s e  e s t e r s ,  d u p l i c a t e  t e s t s  were ru n  on p u re  s u c r o s e  monolau­

r a t e  i n  s y n t h e t i c  m edia  i n  th e  te m p e ra tu re  ra n g e  o f  5° to  27°C. The 

r e s u l t s  a r e  shown i n  F ig u r e  5a and Appendix I I ,  t a b l e  5 a .
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F ig u r e  5 a .  R a te  o f  CO2 p r o d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  
m o n o la u ra te  a t  v a r i o u s  t e m p e ra tu re  i n  s y n t h e t i c  m edia  

w i th  S^, a t  20 ppm, pH 7»1
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The r a t e  shows l i t t l e  d i f f e r e n c e  in  th e  te m p e ra tu re  ra n g e  o f  15° 

to  2 7 °C. However, a t  5°C t h e r e  i s  a  v e ry  s i g n i f i c a n t  d i f f e r e n c e  i n  

th e  r a t e s .  T h is  i s  most l i k e l y  th e  r e s u l t  o f  poor grow th  and low en­

z y m a t ic  a c t i v i t y  a t  t>°C. Though th e  d e g r a d a t io n  o f  s u c r o s e  m o n o la u ra te  

a t  5°C i s  r e l a t i v e l y  s low , i t  i s  much h ig h e r  th a n  t e r g i t o l  15 -S -9  a t  

th e  same t e m p e r a t u r e .

I n  a d d i t i o n  to  th e  above e x p e r im e n ts  th e  e f f e c t  o f  t e m p e ra tu re  

on th e  s u c r o s e  and l a u r a t e  p o r t i o n  was s t u d i e d  em ploying  s u c r o s e  mono­

l a u r a t e  (C ^U L s u c r o s e )  and s u c r o s e  m o n o lau ra te  ( 1 - C ^ o n  l a u r a t e ) .

The r e s u l t s  a r e  shown in  F ig u r e  5b and 5c, and i n  Appendix I I ,  t a b l e  

5 b .
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.14,F ig u r e  5 b . R a te  o f  C „;0o p r o d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  mono-
sy n th e  
pH 7.1

-  ”1^ 2 ~ ~~ ~ ~ ~ _ ~ 
l a u r a t e ( C  UL s u c r o s e )  i n  s y n t h e t i c  m edia  w ith  S^, a t  20 ppm,
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F ig u r e  5c» H ate o f  C'^Gg p ro d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  
m o n o la u ra te  (1-C on l a u r a t e )  i n  s y n t h e t i c  m edia  w i th  

S^, a t  20 ppm, pH 7

The e f f e c t  o f  t e m p e ra tu re  i s  r a t h e r  p ronounced  f o r  th e  s u c r o s e  

p o r t i o n  o f  th e  e s t e r .  The e x c e l l e n t  p r e c i s i o n  o f  t h e  r e s u l t s  i s  

i n d i c a t e d  f o r  th e  f o u r  t e s t s  ru n  a t  15°C. At 27°C s u c r o s e  i s  v e ry  

r a p i d l y  m e ta b o l iz e d  by th e  b a c t e r i a .  At 5°C th e  r a t e  d e c r e a s e s  sub­

s t a n t i a l l y .  The l a g  p hase  i s  lo n g e r  as  t h e  t e m p e ra tu re  d e c r e a s e s  

even  f o r  p r e a c c l i m a t i z e d  b a c t e r i a .

The t e m p e ra tu re  e f f e c t  on th e  l a u r a t e  p o r t i o n  i s  n o t  'a s  p ro ­

nounced  as  o b se rv e d  f o r  th e  s u c r o s e .  The r a t e s  i n  th e  ra n g e  o f  15° 

to  27°C a r e  n e a r l y  th e  sam e. At 5°C th e  r a t e  o f  c o n v e r s io n  o f  th e  

1 - C ^  to  i s  q u i t e  r a p i d ,  though  much s lo w e r  th a n  a t  15° and

27°C. I n  c o n t r a s t  to  th e  s u c r o s e  p o r t i o n ,  t h e  r a t e s  o f  COg p roduc­

t i o n  from 1 - C ^  a t  5° to  27°C r e a c h  p l a t e a u s  a t  a lm o s t  th e  same 

l e v e l .  A p p a re n t ly  t h e  enzymes which a re  r e s p o n s i b l e  f o r  u l t i m a t e  

d e g r a d a t io n  o f  t h e  f a t t y  a c id  a r e  l i t t l e  a f f e c t e d  by t e m p e r a t u r e .
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F ig u r e  5 d - f .  H ate  o f  Pro d u c 't i o n  from th e  d e g r a d a t io n  o f  s u c r o s e  mono-
l a u r a t e ( C  UL s u c r o s e ;  i i j i , s y n th e t i c  m edia , p H '7*0, a t  2 7 °and 15°C. 
Curve A r e p r e s e n t s  th e  C ^0^ produced  from s o l y t i o n  and so rb e d  
i n  e th a n o la m in e ;  cu rve  B shows th e  amount o f  C 40 2 and HC 0* i n  
s o l u t i o n  as  a  f u n c t i o n  o f  t im e ;  cu rve  C i s  th e  sum o f  A and B.
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F ig u r e  5 d - f  (and t a b l e  5c i n  Appendix I I )  i n d i c a t e  th e  r e s u l t s

14o f  th e  b io d e g r a d a t i o n  s tu d y  on s u c r o s e  m o n o la u ra te  (C UL s u c r o s e )  

a t  27° and 15°C, where r e m a in in g  in  s o l u t i o n  was c o n s id e r e d .

Though t h e r e  i s  a  d i f f e r e n c e  betw een th e  a p p a re n t  and th e  a c t u a l  

r a t e s ,  th e  v a r i a t i o n  i s  n o t  marked ( s e e  F ig u r e  5g and 5&) •
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F ig u r e  5g* A pparen t r a t e  o f  O^Og p ro d u c t io n  from th e  d e g r a d a t io n  o f
s u c r o s e  m o n o la u ra te  fc  ‘UL s u c ro s e )  in  s y n t h e t i c  m edia ,pH  7*0
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F ig u r e  5h . A c tu a l  r a t e  o f  C'^O^ p r o d u c t io n  from th e  d e g r a d a t io n  o f  su ­
c ro s e  m o n o la u ra te  fc  UL s u c ro s e )  in  s y n t h e t i c  m edia,pH  7»0

.14,
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E . S u c ro se  E s t e r s  w i th  F a t t y  A cids  o f  D i f f e r e n t  Chain Length  ( C ^ - C ^ )  • 

E-1 . P u re  S u c ro se  M o n o lau ra te  and S u c ro se  I.!onom yristate  in  S y n t h e t i c  

M ed ia*

F ig u r e  6 (and  t a b l e  6 i n  Appendix I I )  shov/ th e  r a t e  o f  CC2 p roduc­

t i o n  from  d e g r a d a t io n  o f  p u r i f i e d  s u c r o s e  m o n o la u ra te  and m o n o m y r is ta te . 

A p p ro x im a te ly  54$ o f  t h e  t h e o r e t i c a l  amount o f  COg was p roduced  from 

s u c r o s e  m o n o la u ra te  i n  15 d a y s ,  and abou t 43$  from s u c r o s e  monomyris­

t a t e  o v e r  th e  same p e r io d  o f  t im e .  I n  o r d e r  to  d e te rm in e  th e  r a t e  a t  

w hich b a c t e r i a  a c c l i m a t i z e d  to  th e  two s u b s t r a t e s ,  th e  seed  was n o t  p r e ­

a c c l i m a t i z e d  as  i n d i c a t e d  f o r  th e  o t h e r  e x p e r im e n t s .  Though th e  ex ten d e d  

amount o f  tim e (compare w i th  p r e v io u s  s tu d y  o f  s u c r o s e  m o n o la u r a t e ) in d i ­

c a t e s  th e  im p o r ta n c e  o f  th e  a c c l i m a t i z a t i o n  o f  th e  see d  to  th e  s u b s t r a t e  

p r i o r  to  t e s t i n g ,  th e  s h o r t  l a g  phase  shown i n  F ig u r e  6 i n d i c a t e s  t h a t  

th e  s ee d  was e a s i l y  a c c l i m a t i z e d  to  b o th  s u b s t r a t e s .  With r e s p e c t  to  

th e  d i f f e r e n c e  i n  c h a in  l e n g t h ,  th e  e s t e r  w i th  f a t t y  a c id  d i s p l a y e d  

a  s l i g h t l y  h i g h e r  r a t e  o f  b io  d e g r a d a t io n  th a n  th e  e s t e r  w i th  f a t t y  

a c i d .

G
O

•H
+j rH
0 nj
3 0
'O *H
0 -p
u (D
O t u

0
CM 0)

0 r:
u

• <#>
£ ■—
3
O

50

40

1. s u c r o s e  m o n o la u ra te

2 . s u c r o s e  m o n o m y ris ta te
20

10

5 10 15 20 25 30
tim e  (d ay s)

F ig u r e  6 . R a te  o f  CO .  p r o d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  mono­
l a u r a t e  ana s u c r o s e  m o n o m y ris ta te  i n  s y n t h e t i c  m edia  w i th  Sr,

a t  20 ppm, 2 ' f c ,  pH 6 .9
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E - 2 . Commercial S u c ro se  M o n o lau ra te ;  S uc rose  M on o m y ris ta te ;  Su­

c ro s e  Ilono- S t e a r a t e ,  A r a c h id a te ,  B eh en a te ;  and N i t t o  E s t e r  

i n  S y n t h e t i c  M ed ia .
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F ig u r e  7« R ate  o f  COg p r o d u c t io n  from th e  d e g r a d a t io n  o f  com m ercial 
s u c r o s e  m o n o la u ra te ;  s u c r o s e  m o n o m y ris ta te ;  s u c r o s e  mono­
s t e a r a t e ,  a r a c h i d a t e ,  b e h e n a te ;  and N i t t o  e s t e r  i n  s y n t h e t i c  

m edia  w i th  S^, a t  12 ppm, 27°C, pH 7J

F ig u r e  7 (and t a b l e  7 i n  Appendix I I )  show th e  r e s u l t s  from two 

r u n s  on a  number o f  co m m e rc ia l ly  a v a i l a b l e  ty p e s  o f  s u c r o s e  e s t e r s .

N i t t o  e s t e r  i s  a  co m m e rc ia l ly  a v a i l a b l e  J a p a n e se  f o r m u la t io n  com prised  

o f  a  m ix tu re  o f  70$  s u c r o s e  p a l m i t a t e  and 50$  s u c r o s e  s t e a r a t e  c o n s i s ­

t i n g  o f  70$ m o n o e s te r  and 50$ d i e s t e r .  The was p r e a c c l i m a t i z e d  to  

each  s u b s t r a t e  p r i o r  to  th e  t e s t .  The r e s u l t s  i n d i c a t e  t h a t  s u c r o s e  

m o n o la u ra te ,  m o n o m y r is ta te ,  and N i t t o  e s t e r  were d eg ra d ed  a t  s i m i l a r  

r a t e s ,  though  th e  r a t e  o f  s u c r o s e  m o n o la u ra te  seems to  be s l i g h t l y  

f a s t e r .  As th e  c h a in  l e n g t h  o f  th e  f a t t y  a c id s  i n c r e a s e d . f u r t h e r ,  th e  

r a t e  o f  CO  ̂ p ro d u c t io n  d ro p p e d .  The r a t e  o f  s u c r o s e  mono- s t e a r a t e ,  

a r a c h i d a t e ,  b e h e n a te  was o n ly  ab o u t  1 /3  o f  t h a t  o f  s u c r o s e  m o n o m y r is ta te .
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The r e s u l t s  from th e  above e x p e r im en ts  u t i l i z i n g  p u re  s u c r o s e  

m o n o la u ra te  and s u c r o s e  m o n o m y r is ta te ,  com m ercial s u c r o s e  monolau­

r a t e ,  s u c r o s e  m o n o m y r is ta te ,  and s u c r o s e  mono- s t e a r a t e ,  a r a c h i d a t e ,  

b e h e n a te ,  have  shown t h a t  th e  l o n g e r  th e  c h a in  l e n g t h  o f  th e  f a t t y  

a c i d s ,  th e  s lo w e r  th e  b i o d e g r a d a t i o n .  T h is  i s  i n  agreem ent w i th  th e  

r e s u l t s  o b t a in e d  by L oer and Roth (53) who found t h a t  th e  r a t e  o f  

a e r o b i c  b i o d e g r a d a t i o n  o f  f a t t y  a c id s  d e c re a se d  as  th e  c h a in  l e n g t h  

i n c r e a s e d .

T here  a r e  some s o u r c e s  o f  e r r o r  which w i l l  be d i s c u s s e d  w i th  

r e s p e c t  to  e x p e r im en t  E -2 .

1 • The mono’e s t e r s  u sed  were n o t  p u re ;  th e y  c o n ta in e d  s m a l l  a -  

m ounts  o f  f r e e  s u c r o s e  and f a t t y  a c id  as w e l l  as  d i e s t e r  and p o ly e s ­

t e r .  However, f o r  o u r  p r a c t i c a l  p u rp o se s  th e  r e s u l t s  o b ta in e d  above 

may be c o n s id e re d  a d e q u a te ,  s i n c e  we a re  d e a l i n g  w i th  b i o d e g r a d a t i o n  

s t u d i e s  o f  s u c r o s e  e s t e r s  r e g a r d i n g  t h e i r  u s e s  i n  d e t e r g e n t  f o r m u la t i o n .

2 .  The s u c r o s e  m o n o la u ra te  and s u c ro se  m o n o m y ris ta te  a r e  gummy, 

t h e y  may n o t  be w h o lly  homogeneous; random sam p lin g  m igh t p roduce  

e r r o r .  T h is  m igh t be th e  r e a s o n  f o r  th e  r e l a t i v e l y  low  r e p r o d u c i b i ­

l i t y  o f  th e  s u c r o s e  m o n o la u ra te  and s u c r o s e  m o n o m y ris ta te  t e s t s  com­

p a re d  to  th o s e  o f  s u c r o s e  mono- s t e a r a t e ,  a r a c h i d a t e ,  b e h e n a te ,  and 

N i t t o  e s t e r ,  which a r e  f i n e  powder.

5 . B ecause o f  th e  low s o l u b i l i t y  o f  s u c r o s e  m o n o m y r is ta te ,  su ­

c r o s e  mono- s t e a r a t e ,  a r a c h i d a t e ,  b e h e n a te ,  and N i t t o  e s t e r ,  v e r y  low 

e s t e r s  c o n c e n t r a t i o n  was u sed  (12 ppm). As a  r e s u l t ,  th e  e x p e r im en t  

co u ld  n o t  be c o n s id e re d  a c c u r a t e .  However, th e  much s lo w e r  b io d e g r a ­

d a t i o n  r a t e  o f  s u c r o s e  mono- s t e a r a t e ,  a r a c h i d a t e ,  b e h e n a te  compared 

to  th e  lo w e r  e s t e r s  was q u i t e  o b v io u s .
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P • S u c ro se  M o n o lau ra te  i n  R iv e r  W ater from C le a r  Creek and South  

P l a t t e  R iv e r

I n  s tu d y in g  th e  b io  d e g r a d a t io n  o f  s u c r o s e  e s t e r s  i n  r i v e r  o r  

sewage w a te r  where o t h e r  o r g a n ic  s u b s t r a t e s  a re  p r e s e n t ,  u se  o f  

s u c r o s e  e s t e r s  i s  r e q u i r e d .  Because s u c r o s e  e s t e r  ( C ^  UL) was n o t  

a v a i l a b l e ,  s u c r o s e  m o n o la u ra te  (C^U L s u c r o s e )  o r  s u c r o s e  m onolau-
A A

r a t e  (1-C on l a u r a t e )  was u s e d .  F ig u re  8 a - c  (and t a b l e  8 a i n  Appen­

d ix  I I )  show th e  r a t e  o f  p ro d u c t io n  from d e g r a d a t io n  o f  s u c r o s e

m o n o la u ra te  (C ^U L s u c r o s e )  i n  r i v e r  w a te r  from C le a r  C reek , t a k i n g  

i n t o  a co u n t th e  amount o f  and HC^O^”  i n  s o l u t i o n .  Curve A

r e p r e s e n t s  th e  C ^O ^ p roduced  and purged  from th e  s o l u t i o n  and so rb e d

14 14i n  e th a n o la m in e . Curve B shows th e  amount o f  C 0« and HC 0 -T  i n
£ 5

s o l u t i o n  as  a  f u n c t i o n  o f  t im e .  Curve C i s  th e  sum o f  cu rve  A and B. 

About 40$ o f  th e  t h e o r e t i c a l  amount o f  was g e n e r a te d  i n  7 days

a t  2 7 °C; and abou t th e  same amount was p roduced  i n  14 days  a t  15°C. 

The r a t e  d e c r e a s e d  a f t e r  abou t 35 to  40$ o f  th e  t h e o r e t i c a l  amount o f  

C ^O ^ was g e n e r a t e d ,  b u t  i t  d id  n o t  re a c h  a  p l a t e a u ,  as  found i n  th e  

s y n t h e t i c  m ed ia .  In  r i v e r  w a te r  th e  e x t e n t  o f  s u c r o s e  m o n o la u ra te  to  

undergo  u l t i m a t e  b io d e g r a d a t i o n  seems to  be h i g h e r  th a n  i n  s y n t h e t i c  

m e d ia .
14In  South  P l a t t e  w a te r  b o th  s u c r o s e  m o n o la u ra te  (C UL s u c r o s e )  

and ( 1 - C ^ o n  l a u r a t e )  were s t u d i e d .  The amount o f  C ^C ^  and HC^O^” 

in  s o l u t i o n  was n o t  d e te rm in e d ;  h e n ce ,  th e  a c t u a l  r a t e  o f  p ro ­

d u c t io n  was n o t  known. However, th e  r i v e r  w a te r  was a c i d i f i e d  a t  th e  

end o f  th e  t e s t ,  and th e  C ^O g l i b e r a t e d  was t r a p p e d  and d e te r m in e d .  

By com paring  th e  a p p a r e n t  r a t e  o f  p ro d u c t io n  i n  South  P l a t t e

w a te r  shown i n  F ig u r e  8d and t a b l e  8b in  Appendix I I ,  w i th  t h a t  o f
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F ig u r e  8 a - b .  R ate  o f  C 0 2 p ro d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  
m o n o la u ra te  (C ^UL s u c r o s e j  in  r i v e r  w a te r  from C le a r  

C reek , a t  12 ppm, 27°C, pH 8 .4  -  8 .3
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F ig u r e  8d .  A pparen t r a t e  o f  C140p p ro d u c t io n  from th e  d e g r a d a t io n  o f  
s u c r o s e  m o n o la u ra te  (1-C on l a u r a t e )  and s u c r o s e  m onolau­
r a t e  (C UL s u c r o s e )  i n  r i v e r  w a te r  from South  P l a t t e  R iv e r  

a t  20 ppm, 2 7 °and 15°C, pH 8 .4  -  8 .3
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C le a r  C reek , i t  can be seen  t h a t  th e  a c t u a l  r a t e  o f  p ro d u c t io n

i n  Sou th  P l a t t e  w a te r  was much h i g h e r .  By th e  end o f  20 days in c u b a ­

t i o n  a t  27°C i n  South  P l a t t e  w a te r ,  a  t o t a l  amount o f  about 92$ o f

14t h e o r e t i c a l  amount o f  C was produced  from s u c r o s e  m o n o la u ra te
A

(C UL s u c r o s e )  a f t e r  a c i d i f i c a t i o n  o f  th e  r i v e r  w a te r  ( s e e  Appendix 

I I ,  t a b l e  8 b ) ;  w h i le  i n  C le a r  C reek w a te r ,  o n ly  abou t 60$ was p roduced  

i n  th e  same p e r io d  o f  t im e  ( o b ta in e d  by e x t r a p o l a t i o n  o f  c u rv e s  C i n  

F ig u r e  8 a  and 8 b ) . The u l t i m a t e  b io d e g r a d a t io n  seems to  be h i g h l y  

d e p en d e n t  upon th e  b u lk  c o m p o s i t io n  o f  th e  r i v e r  v /a te r .  C le a r  Creek 

was sam pled u p - s t r e a m  from th e  Coors sewage e f f l u e n t  and South  P l a t t e  

was sam pled dow n-s tream  from th e  sewage p l a n t  e f f l u e n t .  IT CAN BE 

CONCLUDED THAT BIODEGRADATION STUDIES EMPLOYING DIFFERENT BULK COMPO­

SITION OF RIVER WATER RESULTS IN DIFFERENT RATES OF BIODEGRADATION.

G. S u c ro se  M o n o lau ra te  i n  A c t iv a t e d  S ludge  from Coors T rea tm e n t  

P l a n t

G-1 . S u c ro se  M o n o lau ra te  (C^U L s u c r o s e )  and S u c ro se  M o n o lau ra te  

(1—C ^  on l a u r a t e ) .

F ig u r e  9a (and  t a b l e  9a  i n  Appendix I I )  show th e  r a t e  o f  C^O g 

p r o d u c t io n  from s u c r o s e  m o n o la u ra te  ( C ^  UL s u c r o s e )  i n  a c t i v a t e d  

s l u d g e .  About 41$ to  46$  o f  th e  s u c r o s e  p o r t i o n  o f  th e  e s t e r  (w i th  

i n i t i a l  c o n c e n t r a t i o n  o f  1 0 .5  and 40 ppm) was o x id i z e d  to  COg i n  30 

h o u r s  a t  2 7 °C. F ig u r e  9*> (and t a b l e  9a i n  Appendix I I ) show th e  

r a t e  o f  C^ 0 2  p r o d u c t io n  from s u c r o s e  m o n o la u ra te  ( 1- C ^ .  on l a u r a t e )  

i n  a c t i v a t e d  s lu d g e .  About 44$ o f  th e  1-C o f  th e  l a u r a t e  was o x id i z e d  

to  CO  ̂ i n  50 h o u rs  a t  27°C.
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F ig u r e  9 ^ - ^ .  R ate  o f  C 02 p ro d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  

m o n o la u ra te  i n  a c t i v a t e d  s lu d g e ,  pH 7*0 -  7»2 
9 a .  s u c r o s e  m o n o la u ra te  (G UL s u c ro se )
9 b . s u c r o s e  m o n o la u ra te  (1-C on l a u r a t e )
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The above r e s u l t s  i n d i c a t e  t h a t  b o th  o f  th e  e s t e r ' s  com ponents, 

s u c r o s e  and l a u r a t e ?  were r a p i d l y  o x id iz e d  to  CO  ̂ i n  th e  b a tc h  s lu d g e  

sy s tem  a t  27°C. However, a t  15°C, th e  r a t e  was much s lo w e r ;  t h i s  i s  

i n c o n s i s t e n t  w i th  th e  r e s u l t s  o b ta in e d  from th e  s tu d y  o f  t e m p e r a tu r e  

e f f e c t  i n  s y n t h e t i c  m edia , which show t h a t  te m p e ra tu re  r a n g in g  from 

15° to  2 7 °C had l i t t l e  e f f e c t  on r a t e .  The much s lo w e r  r a t e  i n  th e  

s lu d g e  a t  15°C compared to  27°C m ig h t be due to  s e v e r a l  f a c to r s ,a m o n g  

w hich  a re s

1 . The s lu d g e  which was o r i g i n a l l y  a t  ab o u t  2 0 °C was n o t  p r e a c ­

c l i m a t i z e d  to  15°C p r i o r  to  th e  t e s t .

2 .  The r a t e  o f  b io d e g r a d a t i o n  o f  a  g iv e n  s u b s t r a t e  i s  d e p en d e n t  

upon th e  amount o f  v i a b l e  c e l l s  as  w e l l  as upon o t h e r  f a c t o r s .  I n

th e  t e s t  em ploy ing  s y n t h e t i c  m edia  c e l l  grow th i s  governed  by th e

amount o f  added s u b s t r a t e  ( s u c r o s e  m o n o la u ra te )  and th e  amount o f  nu­

t r i e n t ;  i n  s lu d g e ,  grow th i s  governed  by o t h e r  s u b s t r a t e s  w hich a r e  

p r e s e n t  i n  much h i g h e r  c o n c e n t r a t i o n .  I t  i s  v e r y  l i k e l y  t h a t  i n  th e  

s lu d g e  t h e r e  a r e  ample o r g a n ic  s u b s t r a t e s  which a re  r e a d i l y  u t i l i z e d  

by b a c t e r i a  a t  20°C, b u t  n o t  e a s i l y  u t i l i z e d  a t  15°C. As a  r e s u l t ,  

when th e  s lu d g e  i s  b ro u g h t  from 20°C to  15°C, th e  s t e a d y  s t a t e  which 

i s  a l r e a d y  a c h ie v e d  a t  20°C i s  d i s t u r b e d ,  r e s u l t i n g  i n  a d e c r e a s e  o f  

g ro w th .  C o n se q u e n t ly ,  th e  r a t e  o f  b io d e g r a d a t io n  o f  a l l  s u b s t r a t e s  

d e c r e a s e s  c o n s i d e r a b l y .

At 2 7 °C, ab o u t 88$  o f  th e  s u c r o s e  p o r t i o n  and 79$ o f  th e  1-C o f  

th e  l a u r a t e  was o x id i z e d  to  CO  ̂ i n  11 d a y s .  These r e s u l t s  a g a in  i n ­

d i c a t e  t h a t  com ple te  u l t i m a t e  b io d e g r a d a t i o n  o f  s u c r o s e  m o n o la u ra te  

co u ld  be e a s i l y  a c h ie v e d .

* Though th e  d a t a  i n d i c a t e  1-C on l a u r a t e ,  th e  e a se  o f  th e  d e g r a d a t io n  
o f  th e  r e s t  o f  th e  carbon  atoms o f  th e  f a t t y  a c id  can be p r e d i c t e d  
( s e e  /3 - o x i d a t i o n  mechanism o f  f a t t y  a c id s  on page 68) •
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G-2• S u c ro se  M o n o lau ra te  (C^4 UL s u c ro s e )  compared to  g lu c o se  

(C14 UL) and S u c ro se  (C^4 UL) .

Because mono-and d i s a c c h a r i d e s  a re  known to  be e x c e l l e n t  carbon

s o u r c e s  f o r  sewage b a c t e r i a ,  g lu c o se  and s u c r o s e  were s t u d i e d  i n
, 14 x

c o n t r a s t  to  s u c r o s e  m o n o la u ra te  (C UL s u c r o s e )  w i th  r e s p e c t  to  

t h e i r  g e n e r a t i o n  r a t e s  i n  a c t i v a t e d  s lu d g e*  The r e s u l t s  o f

th e  t e s t  a r e  shown i n  F ig u r e  9c and Appendix I I ,  t a b l e  9b*
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,14,F ig u r e  9 c .  R ate  o f  C'^Op p ro d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e
m o n o la u ra te  (C14tjl  s u c r o s e ) ,  g lu c o se  (C14UL), and s u c r o s e  
(C14UL) i n  a c t i v a t e d  s lu d g e ,  a t  40 ppm, 27°C, pH 7 »0 -  7*2
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F ig u r e  9c i n d i c a t e s  t h a t  a t  t h e  e a r l y  p e r io d  o f  in c o b a t  io n  th e  

r a t e  o f  p r o d u c t io n  from s u c r o s e  m o n o lau ra te  was s lo w e r  th a n  t h a t

o f  g lu c o s e  and su c ro se *  A f t e r  a b o u t  10 h o u rs  t h e  d e g r a d a t io n  p ro ceed ed
. 14

a t  a lm o s t  th e  same r a t e .  About 50$ o f  th e  t h e o r e t i c a l  amount o f  C 0g

was p roduced  by th e  t h r e e  s u b s t r a t e s  w i th in  45 h o u r s .  These  r e s u l t s  

l e a d  to  th e  c o n c lu s io n  t h a t  when s u c r o s e  m o n o la u ra te  i s  c o n t i n u a l l y  

f e d  and t r e a t e d  i n  a  sewage t r e a tm e n t  p l a n t ,  t h e  s u c r o s e  m o n o la u ra te  

w i l l  be removed and c o n v e r te d  to  CO  ̂ and H^O a t  ab o u t th e  same r a t e  as  

s u c r o s e  and g lu c o s e .

A c co rd in g  to  S w ish e r  (54) an a c t i v a t e d  s lu d g e  sy s tem  w ith  a  con­

t i n u o u s  o p e r a t i o n  o f  3 to  6 h o u rs  r e t e n t i o n  tim e may be e q u a l  o r  

s u p e r i o r  to  a  24- h o u r  se m ic o n t in u o u s  o p e r a t i o n ,  i n  b i o d e g r a d a t i o n .  

T h e r e f o r e ,  a  b io d e g r a d a t i o n  s tu d y  showing 50$ d e g r a d a t io n  w i th in  45 

h o u rs  i n  a  b a tc h  Die-Away m ethod, i n  an e f f i c i e n t  c o n t in u o u s  sewage 

t r e a t m e n t  p l a n t ,  may be e x p e c te d  to  t a k e  p la c e  i n  l e s s  th a n  6 h o u r s ,  

w hich i s  a  norm al r e t e n t i o n  t im e  f o r  a  sewage t r e a tm e n t  p l a n t .

"1 A
H. S u c ro se  M on o lau ra te  ( C UL s u c r o s e )  and S u c ro se  M o n o lau ra te  

( 1 - C ^  on l a u r a t e )  i n  A n a e ro b ic  S lu d g e .

B io d e g ra d a t io n  i s  much s lo w e r  u n d e r  a n a e r o b ic  c o n d i t i o n s  th a n  

when t h e r e  i s  an abundance o f  a i r ;  t h e  r e a c t i o n s  a r e  th e rm o d y n a m ic a l ly  

l e s s  f a v o re d  and th e  p r o c e s s e s  a r e  l e s s  e f f i c i e n t .  N e v e r t h e l e s s ,  two 

im p o r ta n t  a r e a s  o f  sewage t r e a tm e n t  in v o lv e  a n a e r o b ic  sy s te m s :  s e p t i c  

ta n k s  and a n a e r o b ic  d i g e s t e r s ;  s tu d y  o f  s u r f a c t a n t  b e h a v io r  u n d e r  

r e l a t e d  c o n d i t i o n s  i s  l i k e w i s e  im p o r t a n t .

I n  t h i s  e x p e r im en t th e  b i o d e g r a d a b i l i t y  o f  s u c r o s e  m o n o la u ra te  

u n d e r  a n a e r o b ic  c o n d i t i o n s  was s t u d i e d  u s in g  a n a e r o b ic  s lu d g e  ta k e n
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from Coors 'a n a e r o b ic  d i g e s t e r  f s i m i l a r  to  work done by M an g a n e l l i  (55) 

i n  s t u d y in g  th e  p e r s i s t e n c e  and e f f e c t  o f  an a l k y l a r y l  s u l f o n a t e  i n  

s lu d g e  d i g e s t i o n ] . The r e s u l t s  a r e  shown in  F ig u r e  10 and Appendix I I ,  

t a b l e  1 0 .
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.14,,F ig u r e  10 . R a te  o f  C’ Ĉ' p ro d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  
m o n o la u ra te  (C UL s u c r o s e )  and s u c r o s e  m o n o la u ra te  
(1-C on l a u r a t e )  i n  a n a e ro b ic  s lu d g e ,  a t  40 ppm, pH 8 .

In  a n a e r o b ic  d i g e s t i o n  m ethane and carbon  d io x id e  a r e  th e  norm al 

m e ta b o l i c  end p r o d u c ts  ( l , p . 1 8 8 ) .  Methane f e r m e n ta t io n  o f 'o n e  mole o f  

h ex o se  w i l l  p roduce  3 m oles COg and 3 moles CH  ̂ ( s e e  page 6 7 ) .  Thus, 

i f  a  u n i f o r m ly  l a b l e d  h ex o se  u n d e rg o es  com ple te  methane f e r m e n ta t i o n ,

50$  o f  i t s  o r i g i n a l  a c t i v i t y  w i l l  be found as  C ^O ^f and 50$  a s  C ^ H ^ .  

I n  th e  r e s u l t s  o f  a n a e r o b ic  s tu d y  o f  s u c r o s e  m o n o la u ra te (C ^ U L  s u c r o s e )  

shown i n  F ig u r e  10, a b o u t 29$ o f  th e  o r i g i n a l  a c t i v i t y  was r e c o v e re d  

as C ^C g  i n  7 days a t  27°C. T h is  r e s u l t  i n d i c a t e d  t h a t  abou t 58$ o f  

th e  t h e o r e t i c a l  amount o f  C^Og was g e n e r a t e d .  At 15°C abou t 14$ o f
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14th e  o r i g i n a l  a c t i v i t y  v^as r e c o v e re d  as  C i n  th e  same p e r io d ,
. 14

w hich means t h a t  abou t 28Jo o f  th e  t h e o r e t i c a l  amount o f  C Og was

p ro d u c e d •

In  m ethane f e r m e n ta t i o n  o f  f a t t y  a c i d s ,  odd numbered carbon  

atoms o f  f a t t y  a c id  w i l l  be c o n v e r te d  to CC^, w h ile  th e  even numbered 

ca rb o n  atoms w i l l  be c o n v e r te d  to  CE^ ( 56) •  T h e r e f o r e ,  from m ethane
1 A

f e r m e n ta t i o n  o f  s u c r o s e  m o n o la u ra te  (1-C on l a u r a t e ) ,  one m igh t e x -
, 14

p e c t  100/S o f  th e  o r i g i n a l  a c t i v i t y  to  be re c o v e re d  a s  C Og* F ig u r e

10 shows t h a t  abou t 44$  o f  th e  i n i t i a l  a c t i v i t y  o f  s u c r o s e  monolau­

r a t e  ( 1 - C ^  on l a u r a t e )  was r e c o v e re d  as i n  7 days a t  27°C.

The r e s u l t s  o f  t h i s  e x p e r im en t  have shown t h a t  u n d e r  a n a e ro b ic  

c o n d i t i o n s  s u c r o s e  m o n o la u ra te  i s  r e a d i l y  b io d e g r a d a b le .  In  f a c t ,  

t h e  a c t u a l  r a t e  o f  b io d e g r a d a t i o n  was even h i g h e r  th a n  t h a t  shown i n  

F ig u r e  10; because  th e  pH o f  th e  s lu d g e  was ab o u t 8 - 8 . 5 , a  c o n s i ­

d e r a b l e  amount o f  COg rem a in ed  in  s o l u t i o n .  A f t e r  a c i d i f i c a t i o n  o f  

th e  s lu d g e  a t  th e  end o f  th e  t e s t  (165 h o u r s ) ,  an a d d i t i o n a l  19$  o f
*i A

t h e  i n i t i a l  a c t i v i t y  ( s e e  t a b l e  10) wan r e c o v e re d  as C 0^ from th e
-J J Q

t e s t  o f  s u c r o s e  m o n o la u ra te  (C UL s u c r o s e )  a t  27 C; 1 6 .1 $  from
"14 os u c r o s e  m o n o la u ra te  (C UL s u c r o s e )  a t  15 C; and 2 2 .7 $  from s u c r o s e

m o n o la u ra te  ( 1 - C ^ o n  l a u r a t e )  a t  27°C. Thus, from s u c r o s e  m o n o la u ra te

(C ^U L s u c r o s e )  a t  27°C, 47*9$ o f  th e  i n i t i a l  a c t i v i t y  was r e c o v e re d
*1 A 1 A

as  C 0g , which means 95*8$ o f  th e  t h e o r e t i c a l  amount o f  C 0^ was 

g e n e r a t e d .  From s u c r o s e  m o n o la u ra te  (C^UL s u c r o s e )  a t  15°C, 3 0 .0 ^  

o f  th e  i n i t i a l  a c t i v i t y  was r e c o v e re d  as  ( 60 . 0$  o f  th e  th e o r e ­

t i c a l  am oun t) .  From s u c r o s e  m o n o la u ra te  ( 1—C14 on l a u r a t e )  a t  27°C, 

6 6 .6 $  was r e c o v e re d  as C ^O g ( 6 6 .6 $  t h e o r e t i c a l  am oun t) .
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I . S u c ro se  M o n o lau ra te  i n  S y n t h e t i c  Media i n  C o n t r a s t  to  ^LAS and 

T e r g i t o l  1 5 -S -9

The p re v io u s  r e s u l t s  have i n d i c a t e d  t h a t  s u c r o s e  m o n o la u ra te  i s  

r e a d i l y  b io d e g r a d a b le  i n  s y n t h e t i c  m edia , n a t u r a l  w a te r ,  and i n  s lu d g e  

u n d e r  a e r o b ic  and a n a e r o b ic  c o n d i t i o n s  a t  27°C. In  t h i s  e x p e r im en t 

th e  b i o d e g r a d a b i l i t y  o f  s u c r o s e  m o n o la u ra te  was compared to  t h a t  o f  

d o m e s t ic  LAS (w i th  a v e rag e  a l k y l  c h a in  o f  C ^ )  t e r g i t o l  15-S-9» 

which i s  a  m a jo r  i n g r e d i e n t  i n  some o f  th e  p r e s e n t - d a y  l i q u i d  d i s h ­

w ash in g  d e t e r g e n t s .  F ig u r e  11 and Appendix I I ,  t a b l e  11, show th e  

r e s u l t s  o f  t h i s  s t u d y .

Go■H -—-
4-> «H
o (d 
2 O T3 -H 
O -P U 0 
^  U O(N 0
O .G O -P

s u c r o s e  m o n o la u ra te

LAS

t e r g i t o l  1 5 -S -9

20

50 100 150 200 250 300 350
tim e  (h o u rs )

F ig u r e  11 . R a te  o f  CO  ̂ p ro d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  
m o n o la u ra te ,  LAS and t e r g i t o l  1 5 -3 -9  in  s y n t h e t i c  m edia  

w i th  Sq , a t  20 ppm, 27°C, pH 7 »0
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The r a t e  o f  CO  ̂ p ro d u c t io n  from d e g r a d a t io n  o f  s u c r o s e  mono­

l a u r a t e  was s u p e r i o r  to  e i t h e r  t h a t  o f  LAS and t e r g i t o l  1 5 -S -9 .  

A p p r o x i m a t e l y  5 0 ^  o f  th e  s u c r o s e  m o n o la u ra te  was o x id iz e d  to  CÔ  i n - 

93 h o u rs  (a b o u t  4 d a y s ) ,  w hereas  o n ly  23$ and 7$ o f  LAS and t e r g i t o l  

15 -S -9 ,  r e s p e c t i v e l y  were o x id iz e d  to  COg in  th e  same tim e  p e r i o d .  

These r e s u l t s  i n d i c a t e  t h a t  s u c r o s e  m o n o lau ra te  p o s s e s s e s  s u p e r i o r  

b i o d e g r a d a t i o n  q u a l i t i e s  to  d o m e s t ic  LAS and t e r g i t o l  15-S-9*
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J . S tu d y  bn th e  Mechanism o f  B io d e g ra d a t io n  o f  S u c ro se  E s t e r  u s in g  

Su c r o se  M on o lau ra te  ( 1 - C p o n  l a u r a t e )

Though s u c r o s e  e s t e r s  a r e  known to  be b io d e g r a d a b le ,  th e  mecha>- 

n ism  th ro u g h  which d e g r a d a t io n  t a k e s  p la c e  i n  m ic ro o rg an ism s  h a s  n o t  

been  th o r o u g h ly  s t u d i e d .  In  a n im a ls  and humans, s u c r o s e  e s t e r s  a re  

h y d ro ly z e d  to  f a t t y  a c id s  and s u c r o s e  (5 7 ) •  I t  i s  r e a s o n a b le  to  be­

l i e v e  t h a t  i n  m ic ro o rg a n ism s ,  th e  d e g r a d a t io n  m igh t t a k e  p la c e  i n  th e  

same f a s h i o n .  K ulovana and P i t t e r s  (46) from t h e i r  s tu d y  on b io d e ­

g r a d a t i o n  o f  s u c r o s e  e s t e r s  i n  a c t i v a t e d  s lu d g e  i n d i c a t e d  (w i th o u t  

d i r e c t  p ro o f )  t h a t  s u c r o s e  e s t e r s  were h y d ro ly z e d  to  f a t t y  a c id s  and 

s u c r o s e ,  fo l lo w e d  by su b se q u e n t  d e g r a d a t io n  o f  th e  s u c r o s e  and f a t t y  

a c id  s e p a r a t e l y .  The p u rp o se  o f  t h i s  p a r t  o f  th e  e x p e r im e n ta l  work 

was to  s tu d y  th e  mechanism o f  th e  d e g r a d a t io n  o f  s u c r o s e  e s t e r s  

em p lo y in g  r i v e r  b a c t e r i a .

Based on th e  g e n e ra l ly -k n o w n  m e ta b o l ic  pathw ays o f  s u c r o s e ,  g lu ­

c o s e ,  s t r a i g h t - c h a i n  f a t t y  a c id s  and l i n e a r  a lk y l  c h a in ,  a  s i m i l a r  

mechanism f o r  th e  b re a k  down o f  s u c r o s e  e s t e r s  seems to  be r e a s o n a b le .  

Two p o s s i b l e  mechanisms were c o n s id e re d :

(1) The break-dow n o f  s u c r o s e  e s t e r s  i s  v i a  h y d r o l y s i s  o f  th e  

e s t e r  l i n k a g e  fo rm in g  f a t t y  a c id s  and s u c r o s e ,  fo l lo w e d  by d e g r a d a t io n  

o f  th e  f a t t y  a c id s  and s u c r o s e  i n d i v i d u a l l y .

(2 )  The break-dow n b e g in s  w i th  u) - o x i d a t i o n  from th e  end o f  th e  

a l k y l  c h a in  o f  th e  f a t t y  a c id ,  w i th o u t  h y d r o ly s in g  th e  e s t e r  l i n k a g e .
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H 2C - C - t £ ( C H 2 ) n - C H 3

H HO'CHyOv H
o n  H / |  | \H  Hot

HO Sj-----^ L aJ \|—
>H OH H

( 1),
ny&Tol y s i s

s u c r o s e  + CH,-(CH0) -C 00H2 d n

g lu c o se  C Og + COg + HgO

f r u c t o s e  CH2-(CH0) o--C00H2 d n—d

f i - c *

2 C02 + H20 +

CH*-(CH0) ,-COOH 3 2 'n - 4

I% -CX

and so on

12 CO,

12 H20

oj - o x i d a t i o n

h 9c - o - c - ( c h 9) -co o hh 9c - o - c - ( c h 9) - coce

o r
+ f r u c t o s eoh

HOHO
©H

2C0o + Ho0 +2C0 « + Ho0 +

0*MIC

„

U J ' f j y U ,

- i t

and so on

HrtC-C-C-(CHp) ,-COOH

OH

and so on

The f i r s t  r e a c t i o n  seems to  be more l i k e l y ,  becau se  th e  enzyme 

e s t e r a s e  i s  r e a d i l y  p roduced  by many m ic ro o rg a n is m s .

To s tu d y  th e s e  two p o s s i b l e  m echanism s, b i o d e g r a d a t i o n  o f  s u c r o s e

/ 14 \m o n o la u ra te  (1-C on l a u r a t e )  was s t u d i e d  in  s y n t h e t i c  m ed ia .  The

amount o f  C ^ 0 2 and t o t a l  C0 2 ( ta g g e d  and u n tag g ed )  v/as d e te rm in e d  as

a f u n c t i o n  o f  t im e .  I f  th e  d e g r a d a t io n  t a k e s  p la c e  v i a  h y d r o l y s i s  o f

th e  e s t e r  l i n k a g e ,  and th e  f a t t y  a c id  i s  d eg rad ed  a c c o r d in g  to  th e

g e n e r a l l y  known / s - o x i d a t i o n  mechanism ( s e e  p . 68) ,  th e n  one m igh t
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e x p e c t  a  h ig h  r a t e  o f  C^O g p ro d u c t io n  a t  th e  e a r l y  p e r io d  o f  in c u -  

14b a t i o n .  T h is  C 0^ g e n e r a t i o n  w i l l  th e n  s low  down w h ile  th e  u n tagged  

COg p ro d u c t io n  i n c r e a s e s .  I f  th e  d e g r a d a t io n  t a k e s  p la c e  a c c o rd in g  

to  th e  second  p o s s i b i l i t y  d e s c r ib e d  above, th e n  th e  u n tag g ed  COg w i l l  

be g e n e r a te d  f i r s t .

The r e s u l t s  o f  t h i s  s tu d y  a re  shown i n  F ig u r e  12a-d  and Appendix 

I I ,  t a b l e  12.

•H
J rH 
J f03 o
3 -H 
D -P 
 ̂ <U 

X U O
<N (D
> m
; -p

t o t a l  CO

20

20 40 60 80 100 120 140 160 180 200 220 240 260

tim e (h o u rs )

F ig u r e  12a . R a te  o f  CO  ̂ p r o d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  
m o n o la u ra te  ( 1 - C 1 4 on l a u r a t e )  i n  s y n t h e t i c  m edia  w i th  

S ^ ,  a t  20 ppm, 27° C, pH 7*1
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t o t a l  CO

10

60 140 160 1802 0 . 40 80 100 120

tim e  (h o u rs )  

(b)

40
t o t a l  CO

30

20

10

40 60 80 140100 12020
t im e  (h o u r s )

( 0)

F ig u r e  1 2 b -c .  R ate  o f  CC^ p r o d u c t io n  o f  th e  d e g r a d a t io n  o f  s u c r o s e  
m o n o la u ra te  (1-C on l a u r a t e )  i n  s y n t h e t i c  m edia  

w i th  S^-, a t  20 ppm, pH
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co
•H  s. 
4-J rH
o <d 
3 o T3 -H 
O -M 
M Q) 
Q4 HO

cm cu

• df>

O

tim e  (h o u rs )

F ig u r e  12d. R ate  o f  C02 p r o d u c t io n  from th e  d e g r a d a t io n  o f  s u c r o s e  
m o n o la u ra te  (1-C on l a u r a t e )  i n  s y n t h e t i c  m edia  w i th  

S^, a t  20 ppm, pH 7»1

14In  F ig u r e  12a th ro u g h  12d C 0^ was g e n e r a te d  soon a f t e r ,  th e  

s o l u t i o n  was i n o c u l a t e d .  The r a t e  su d d e n ly  i n c r e a s e d ,  and th e n  l e v e l e d

o f f  w h i le  th e  r a t e  o f  th e  t o t a l  C02 p ro d u c t io n  g r a d u a l l y  i n c r e a s e d .  

With t h i s  b e h a v io r  was more r e a d i l y  i n d i c a t e d  a t  lo w er  t e m p e r a t u r e .  

From th e  above r e s u l t s  i t  can be conc luded  t h a t  th e  d e g r a d a t io n

o f  s u c r o s e  e s t e r s  t a k e s  p la c e  e s s e n t i a l l y  v i a  h y d r o l y s i s  o f  th e  e s t e r

l i n k a g e .  These o b s e r v a t i o n s  th e n  s u g g e s t  t h a t  th e  h y d r o l y s i s  o f  th e

e s t e r  l i n k a g e  i s  th e  f i r s t  s t e p  o f  th e  d e g r a d a t io n  p r o c e s s .  I t  seems

q u i t e  r e a s o n a b le  to  i n f e r  t h a t  th e  p r o d u c ts  o f  h y d r o l y s i s ,  s u c r o s e

and f a t t y  a c id ,  w i l l  be d eg rad ed  a c c o rd in g  to  th e  g e n e r a l  m e ta b o l ic

pa thw ays which have  been  d e s c r ib e d  e lse w h e re  (su ch  as i n  58*59>60) .

A b r i e f  summary o f  th e  d e g r a d a t io n  pa thw ays, g a th e r e d  from th e  above

r e f e r e n c e s ,  i s  shown i n  F ig u r e  1 2 e -h .

F ig u r e  12e shows th e  pathw ay o f  s u c r o s e  to  p y ru v ic  a c i d .  S u c ro se

i s  h y d ro ly z e d  to  f r u c t o s e  and g lu c o s e .  The f r u c t o s e  i s  th e n  o x id iz e d

40

30

t o t a l  CO
20

10

150 200 250 500 350 400100
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to  p y ru v ic  a c id  v i a  f r u c t o s e - 1 - p h o s p h a t e .  T here  a r e  t h r e e  d i f f e r e n t  

pa thw ays f o r  th e  o x i d a t i o n  o f  g lu c o s e :

( 1) F a n to se  p h o sp h a te  pathway

(2) Embden-Meyerhof g l y c o l y t i c  pathway

(3) E n tn e r -D o n d o ro f f  pathw ay

About 70 to  o f  g lu c o s e  i s  o x id iz e d  a c c o rd in g  to  th e  Embden- 

M eyerhof pa thw ay . Up to  th e  s t e p  o f  p y ru v a te  t h i s  pathw ay can ope­

r a t e  u n d e r  a n a e ro b ic  as  w e l l  as  a e r o b ic  c o n d i t i o n s .

T h is  s t e p  i s  fo l lo w e d  by o x i d a t i o n  o f  th e  p y ru v ic  a c id  to  C02 

and H20 as  shown i n  F igure . 1 2 f .  No o x y g e n . i s  t a k e n  up i n  t h i s  

o x i d a t i o n ;  i n s t e a d ,  w a te r  i s  added and d e h y d ro g en a ted  s e v e r a l  t im e s .  

The hyd rogen  i s  p ic k e d  up by th e  a p p r o p r i a t e  coenzymes and b ro u g h t  

to  th e  r e a c t i o n  w ith  oxygen i n  th e  r e s p i r a t o r y  c h a in .

A com ple te  o x i d a t i o n  o f  1 mole g lu c o se  v i a  th e  Embden-Meyerhof 

pa thw ay  and t r i c a r b o x y l i c  a c id  c y c le  i n  c o n ju n c t io n  w i th  r e s p i r a t o r y  

c h a in  w i l l  p roduce  6 m oles o f  GO2 6 m oles o f  HgO:

0
C6H12°6 + °2---------------^  2 CH3 - 8 -COOH + 2 H20

0
2 CH^-C-COOH + 5 0 2  6 C02  + 4 HgO

Under a n a e ro b ic  c o n d i t i o n s  t h e  m e ta b o l ic  end p ro d u c ts  o f  b io d e ­

g r a d a t i o n  a re  n o rm a l ly  C02 and CH  ̂ ( 1 , p . 1 8 8 ;56) .  Maximum f r e e  

en e rg y  i s  r e l e a s e d  when th e  f i n a l  end p ro d u c ts  a re  C02 and CH^. A 

scheme o f  th e  c o n v e r s io n  o f  g lu c o se  to  C0 2 and CH  ̂ summarized from 

(5 8 ,5 9 )  i s shown in  F ig u r e  12g.
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SUCROSE MONOLAURATE

H,0
t--------

SUCROSE

**

f r u c t o s e
I^AtP

'  i
HpC-O—P

*9=0
HO-C-H

H -9-OH
H-9-0H
h 2c~oh

f r u c t o s e - 1 - P  

/  \
H? g -o -p  

^C-0 
H C-OH

H -9^0 
H-C-OH 
H C-OH

g l y c o l y s i s  -

d ih y d ro x y -  g l y c e r a l d  
a c e to n e -P

* pNADH*- H*
coo"

H-9-0H 
H2C-0H

g l y c e r a t e
I^ATT 
SAD?
900"  

H -g -c -p  
^  H2 C-0H

2-p h o sp h o -  
g l y c e r a t e

COOH
S -c- p  —
CH2

p h o sp h o en o l-  
p y ru v ic  a c id

COOH
9=0
CH,

. A O T

A T T

g lu c o se
,A T T
►4 c?

g l u c o s e - 6-P
I £

f r u c t o s e - 6-P
j^ATT

H 9 -0 -P
9=0

H0-9-H
H -9-OH
H-C-OH
h 2 c -o -p

f r u c t o s e - 1 , 6- d i - P  

/  \
H-9=0 
H -9- 0H " 
H C-O-P

H 9-0 -P  
9-0 

H C-OH

6-p h o sp h o -  
g lu c o n ic  a c id  

J-H,0
90 OH
9=0
9H

H-C-OH
H-C-OH
h 2c-o*p

2- k e t o - 3- d e o x y - 6-  
pho s pho g lu c o n i  c 

a c id
3-p h o sp h o -  d ih y d ro x y  
g l y c e r a l d  a c e to n e -P

T
NAt>
flA U H »

900-P
H -9- 0H
H2 C-0-P

1 , 3-d ip h o s p h o -  
g l y c e r i c  a c id

U A P  P  
P*ATT
900H 

H-9-0H

-MtO

PYRUVIC ACID

h 2c -o -p
3- pho s pho -  
g l y c e r i c  a c id

I
90 OH 

L— H -9-O-P 
h 2c-o h
2-p h o sp h o -  
g l y c e r i c  a c id

H -9 -O
H-C-OH
h 2c-o~p

3-p h o sp h o -
g ly c e r a ld * * *

QOOH
9=0
CH,J

PYRUVIC ACID

LAURIC ACID

g l u c o s e - 6-P
L- mao r*
N - H A to PM ♦ H*

COOH 
H -9-OH 

HO-C-H 
H -9-OH 
H -9-OH
h 2 c -o -p

6- pho s pho -  
g lu c o n ic  a c id

I , H A D ? *

l -̂ nA OTH «• H*
COOH 

H -9-OH
9=0

H -9-OH
H-C-OH
h 2 c - o - p

6- p h o s p h o - 3- k e t o -  
g lu c o n ic  a c idI

C0rt

H? 9-0H 
9=0 * 

H-9-0H 
H-C-OH
h 26- o - p

r i b u l o s e - 5 - P

F ig u r e  12e . C onvers ion  o f  s u c ro s e  to  p y ru v ic  a c i d .

* P e n to se  p h o sp h a te  do n o t  accu m u la te  to  any e x t e n t .  They r e a c t  w i th  one an­
o t h e r ,  th ro u g h  a c o m p l ic a te d  mechanism and a re  c o n v e r te d  back  to hexose  (5 9 ) •

** P = ^ P 0 5
*** a id  = a ld eh y d e
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C H ^-C -C O O H

P y ru v ic  a c id

C H j-C-SCoA

A ce ty l  CoA

C-) O O C

r .)  I
c o o  ■ ' c o o

O x a lc a c e ta te
COO CO O

Mai a t e
Co$T}coJ~* Coo(~*

NAD+ NADH + H C i t r a t e

c o o

Fum arate FAD .H

u c — cn a
' C-) •

COO C o o HS-CoA NADH

NADH

NAD 
HS-CoA

H H 
HoC— c —

CO&~* coo~ *  C o o w

i s o c i t r a t e

S u c c in a te

o^c-sc,A coo 
Succ iny l-C oA d,- K e t o g l u t a r a t e

F ig u r e  1 2 f .  O x id a t io n  o f  p y ru v ic  a c id  v i a  th e  t r i c a r b o x y l i c
a c id  c y c le  ( 39) •.
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G lucose

0
2 CHx-fi-C00H  

p y ru v ic  a c id

I
OH

_ 2 C oHc0H 2CH,-C-C00H 2CH-.C00H
3 H 32 5 

+

2C0,

r-2CH,C00H 
3

+

CH

+

CO

2CH

+

2C0,

l a c t i c  a c id

H2°

CH-,C00H
3

+

1/ 2CH4

+

1/2C0o

CH,C00H
3

h2o

+
C0«

CH,
+

CO,

2HC00H

2 CO

2CHi
+

2 CO,

-CH,CHo C00H 3 2
p r o p io n i c  a c id  

+

2 /3  CHzCHoCHo C00H— , 3 2 2 1
b u t i r i c  a c id

4 /3  CH^COOH

+

2 /5  CO,

4/5CH^

+
4/3CO,

4/5CH^
+

4/3CO,

g luco  s e - 6- pho s p h a te

6-  pho s pho g l  u  co n i  c 
a c id

COOH 
C=0 

H-C-H 
H-C-OH 
H-C-OH
h 2 c-o~p

6-p h o s p h o -2-  
k e to g lu c o n ic  

a c id

COOH
i - o
CHZ3

p y ru v ic  a c id

H-C=0
H-C-OH
h 26- o - p  ~

3-phospho-
g l y c e r a l d

CO,

Hp9- 0H
HO-C-H

H -6-0H
H - 9 -OH
h 2 c- o- p

HpC-OH
^ ch 3

H-C=0 
H-(J-0H 
H,

■C-OH
,C-0~]

♦
. COOH 
H-C-OH

6h z3
l a c t i c

a c id

CH^COOH

CO.

+

CH

F ig u r e  12g. Summary o f  th e  f e r m e n ta t i o n  o f  g lu c o se  to C02 and CH^.

A com ple te  methane f e r m e n ta t io n  o f  one mole o f  g lu c o se  w i l l  p roduce 

3 m oles o f  C0 2 and 3 m oles o f  CH^.

C6 H12 °6 3 co2 + 3 ch4
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The b re a k  down o f  f a t t y  a c id s  in  m ic ro o rg an ism s  g e n e r a l l y  fo l lo w s  

th e  /3- o x i d a t i o n  mechanism ( 58»59) .  The f a t t y  a c id  i s  c o n v e r te d  to  i t s  

coenzyme A d e r i v a t i v e  (an  e n e rg y  r i c h  t h i o e s t e r )  and th e n  o x id i z e d  i n  

a  s e r i e s  o f  s t a g e s  as  shown in  F ig u r e  12h.

FAD

SCoA FADH

H,C-C-SCoA SCoA

+ HS-CoA

SCoASCoA

NADH + H NAD

F ig u r e  12h. / 3 - o x i d a t i o n  o f  f a t t y  a c id s  (59) •

Two carbon  atoms a re  s p l i t  o f f  a t  a t im e  i n  th e  form o f  a ce ty l-C o A . 

Under a e r o b ic  c o n d i t i o n s  th e  ace ty l-C o A  th en  e n t e r s  th e  t r i c a r b o x y l i c  

a c id  c y c le  i n  which i t  i s  o x id iz e d  to  COg* The H (bound to  th e  coenzyme) 

w i l l  r e a c t  w ith  th e  0 ^ i n  th e  r e s p i r a t o r y  c h a in .  In  an a n a e ro b ic  sys tem  

th e  o x i d a t i o n  o f  f a t t y  a c id s  a ls o  p ro c e ed s  a c c o rd in g  to  th e  ^ - o x i d a t i o n  

mechanism ( 56) ;  th e  l i b e r a t e d  a c e t a t e  i s  o x id iz e d  to CO2 and CK  ̂ by me­

th a n e  b a c t e r i a .  The H a c c e p to r  i n  t h i s  case  m ight be a  carbon  compound 

such  as  CCg (8H + CO  ̂ — ** CH  ̂ + 2H2O ), o r  a s u l f u r  compound such  as i n o r ­

g a n ic  s u l f a t e  (w hich would be red u ced  to ^ S )  . S in c e  o u r  a n a e r o b ic  s t u ­

dy  employed a n a e ro b ic  s lu d g e ,  th e  p re se n c e  o f  a  H a c c e p to r  and th e  m ethane 

b a c t e r i a  seems p l a u s i b l e .
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C O N C L U S I O N

The T e s t  M ethod: The CO  ̂ g e n e r a t io n  method used  i n  th e  above

b i o d e g r a d a t i o n  e x p e r im e n ts  shows a  r e a s o n a b ly  good r e p r o d u c i b i l i t y ,  

p a r t i c u l a r l y  o f  th e  maximum b io d e g r a d a t i o n  r a t e s .  The l a g  phase  

and th e  d ie -a w a y  c u rv e s ,  som etim es show v a r i a t i o n s ;  t h i s  i s  so even 

w i th  th e  t e s t s  em ploy ing  C ̂ - s u c r o s e  e s t e r ,  which h a s  a  sm all  a n a ly ­

t i c a l  e r r o r  and no u n c e r t a i n t y  due to  endogenous r e s p i r a t i o n  ( s e e  

F ig u r e s  2b, p . 30; 5 a -b ,  p . 39-40 ; 5g -h , p . 43 ) »  T h is  m igh t be due to  

some u n c o n t r o l l e d  v a r i a b l e s  t h a t  a f f e c t  th e  v i a b i l i t y  o f  th e  b a c t e r i a .

The S u c ro se  E s t e r s : S tu d i e s  on r a t e s  o f  u l t i m a t e  b io d e g r a d a t i o n

o f  p u re  s u c r o s e  m o n o la u ra te ,  s u c r o s e  m o n o la u ra te  (C^U L s u c r o s e ) ,  and 

s u c r o s e  m o n o la u ra te  ( 1- C ^ o n  l a u r a t e )  have shown t h a t  th e  s u g a r  e s t e r  

i s  r e a d i l y  b io d e g r a d a b le  i n  s y n t h e t i c  m edia  w i th  r i v e r  b a c t e r i a ,  

r i v e r  w a te r ,  and i n  s lu d g e  u n d e r  a e r o b ic  and a n a e r o b ic  c o n d i t i o n s .  

S t u d i e s  i n  s y n t h e t i c  m edia  have shown t h a t  th e  b i o d e g r a d a b i l i t y  o f  

th e  s u g a r  e s t e r  i s  a lm o s t  com parab le  to  t h a t  o f  g lu c o s e ,  s u c r o s e ,a n d  

1 a u r i c  a c id ,  and i s  s u p e r i o r  to t h a t  o f  th e  s u r f a c t a n t s  u sed  i n  do­

m e s t i c  d e t e r g e n t ,  C^LAS t e r g i t o l  15-S-9«

The a e r o b ic  b a tc h  s lu d g e  d ie -a w a y  t e s t  shows t h a t  th e  r a t e  o f

p r o d u c t io n  from s u c r o s e  m o n o la u ra te  i s  s lo w e r  th a n  t h a t  o f  g lu ­

cose  and s u c r o s e  o n ly  a t  th e  v e ry  e a r l y  p e r io d  o f  in c u b a t io n ;  th e n

69
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t h e  u l t i m a t e  d e g r a d a t io n  p ro c e e d s  a s  f a s t  as  g lu c o se  and s u c r o s e .  

T h e r e f o r e ,  i n  a  sewage t r e a tm e n t  p l a n t ,  i f  s u c r o s e  m o n o la u ra te  i s  

f e d  c o n t i n u a l l y  to  th e  sy s te m , t h e  e s t e r  would he removed and con­

v e r t e d  to  COg and H^O i n  ab o u t t h e  same r a t e  as g lu c o se  and s u c r o s e .

Complete u l t i m a t e  b io d e g r a d a t i o n  o f  th e  e s t e r  i s  r e a d i l y  

a c h ie v e d  i n  r i v e r  w a te r  and i n  s lu d g e  u n d e r  a e r o b ic  and a n a e r o b ic  

c o n d i t i o n s  a t  27° C.

S tu d i e s  o f  th e  te m p e r a tu r e  e f f e c t  u s i n g  s y n t h e t i c  m edia  have 

shown t h a t  w i th in  t h e  r a n g e  o f  15° to  27°C, t e m p e ra tu re  h a s  l i t t l e  

e f f e c t  on r a t e .  At 5°C, t h e  r a t e  d e c r e a s e s  s u b s t a n t i a l l y .  However, 

a t  t h a t  t e m p e ra tu re  t h e  r a t e  o f  c o n v e r s io n  o f  1-C on l a u r a t e  to  COg 

i s  s t i l l  q u i t e  r a p i d ,  though  much s lo w er  th a n  a t  15° and 27° C.

T h is  i n d i c a t e s  t h a t  i f  t h e  s u g a r  e s t e r  i s  p r e s e n t  i n  n a t u r a l  w a te r ,  

d e g r a d a t io n  w i l l  o c c u r  even  i n  w i n t e r .

S t u d i e s  on v a r io u s  k in d s  o f  s u c r o s e  e s t e r s  w i th  f a t t y  a c id  

c h a in  l e n g t h  r a n g in g  from to  show t h a t  th e  e s t e r  w i th  

f a t t y  a c id  ( s u c r o s e  m o n o la u ra te )  d i s p l a y s  th e  h i g h e s t  b i o d e g r a d a t i o n  

r a t e #  The e s t e r  w i th  f a t t y  a c id  ( s u c r o s e  m o n o m y ris ta te )  shows 

a  s l i g h t l y  s lo w e r  r a t e .  A mixed e s t e r  w i th  and C^g f a t t y  a c id s  

( N i t t o  e s t e r )  shows a  r a t e  o f  ab o u t th e  same as  th e  f a t t y  a c id  

e s t e r .  A mixed e s t e r  o f  C^g,  C2Q, and 0 ^  f a t t y  a c id s  ( s u c r o s e  mono­

s t e a r a t e ,  a r a c h i d a t e ,  b e h e n a te )  shows a  v e r y  s low  r a t e  o f  b io d e g r a ­

d a t i o n .  S u c ro se  m o n o la u ra te  would be th e  b e s t  d e t e r g e n t  among i t s  

h i g h e r  s e r i e s  i n  th e  c u r t a i l m e n t  o f  w a te r  p o l l u t i o n  caused  by d e t e r g e n t  

r e s i d u e s .

B io d e g r a d a t io n  o f  s u c r o s e  e s t e r s  p ro c e ed s  e s s e n t i a l l y  v i a  h y d ro ­

l y s i s  o f  th e  e s t e r  l i n k a g e .  T h is  b e h a v io r  o f f e r s  a  g r e a t  advantage*
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A f t e r  h y d r o l y s i s  t a k e s  p l a c e ,  th e  p ro d u c ts  v a i l  be s u c r o s e  and f a t t y  

a c i d ,  two n a t u r a l  p r o d u c ts  whose u l t i m a t e  b i o d e g r a d a b i l i t i e s  u n d e r  

a e r o b i c  and a n a e r o b ic  c o n d i t i o n s  a r e  w e l l  known.

The a b i l i t y  o f  s u c r o s e  m o n o e s te rs  to  undergo  d e g r a d a t io n  u n d e r  

a n a e r o b ic  c o n d i t i o n  ( a s  shown by s u c r o s e  m o n o la u ra te )  i n d i c a t e s  t h a t  

t h e s e  s u r f a c t a n t s  would be d e g ra d ed  even i n  s e p t i c  t a n k s ,  c e s s p o o l s ,  

and i n  u n d e rg ro u n d  w a te r ,  where s u f f i c i e n t  oxygen i s  n o t  a v a i l a b l e *  

Under th o s e  c o n d i t i o n s  LAS a re  n o t  r e a d i l y  d e g ra d e d .

The r e s u l t s  o f  t h e s e  s t u d i e s  l e a d  to  t h e  c o n c lu s io n  t h a t  i f  

s u c r o s e  m o n o - f a t t y  a c id  e s t e r s  (w i th  f a t t y  a c id s  n o t  h i g h e r  th a n  C^g) 

a r e  u sed  i n s t e a d  o f  LAS i n  d e t e r g e n t  f o r m u la t i o n s ,  any w a te r  p o l l u ­

t i o n  p rob lem  due to  d e t e r g e n t  r e s i d u e s  m igh t be l a r g e l y  s o lv e d  even 

i n  a r e a s  where sewage t r e a tm e n t  i s  n o n - e x i s t e n t  o r  in a d e q u a te *
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T ab le  1 . o f  C0? p r o d u c t i o n  from th e  d e g r a d a t i o n  o f  g lu c o s e
(C UL) i n  s y n t h e t i c  m ed ia  w i th  S^, a t  23 ppm, 27°C, 
i n i t i a l  pH 7*0, f i n a l  pH 6 .9

Time b l a n k /  1 4  g lu c o s e  ( C UL)

( h o u r s )

1 4

mg C 0 2 mg C 0 2  

0 . 0 6

,  **i  c o 2 mg CO 2  
- b l a n k

i  c o 2  •
- b l a n k

i  c14o

2 4 . 5 0 . 1 0 * 0 . 1 3 0.31 0 . 0 3 0 . 0 7 0 . 1 7

3 7 . 5 ; 0 . 3 5 0 . 4 6 1.09 0 . 1 1 0 . 2 6 1 . 1 1

4 6 0 . 5 2 7.61 1 8 . 0 7 . 0 9 1 6 . 7 16.0

5 2 0 . 6 6 * 1 4 . 7 3 4 . 7 1 4 . 0 3 3 . 1 31 . 9

61 0 . 7 1 1 8 . 7 4 4 . 4 1 8 . 0 4 2 . 6 4 1 . 5

7 4 . 5 0 . 7 8 2 0 . 8 4 9 . 3 2 0 . 0 4 7 . 3 47 . 0

1 1 5 0 . 7 8 * 2 2 . 1 5 2 . 2 2 1 . 3 5 0 . 4 4 9 . 8

a c t i v i t y  rem a ined  i n  s o l u t i o n  

( io i n i t i a l )

* * * *

a c t i v i t y  r e c o v e r e d

4 2 .3

92.15

* These  v a l u e s  were d e t e r m in e d  e x p e r i m e n t a l l y ,  w h i le  t h e  o t h e r s  
were t a k e n  from g raph  o f  cum. mg C02 produced i n  b la n k  vs  t i m e .

** Cum. CO2 p r o d u c t i o n  (fo t h e o r e t i c a l )  w i th o u t  s u b s t r a c t i n g  th e  
amount o f  C02 produced  by b l a n k .

*** C ou n t in g  e r r o r  = + 0 . 2  to  0 . 3

**** The b a c t e r i a  were n o t  removed from th e  s o l u t i o n .
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O <3 
3 O T3 *H 
O -U»Wi 0)c- oCHft)o  xU 4-t

£ ^
3u
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1: t o t a l  COp w i t h o u t
s u b t r a c t i n g  t h e  b l a n k .

2: t o t a l  C0« -  b la n k
20

10

4 0  6020 80 100 120 140

t im e  (ho u r s )

F i g u r e  13.  Hate  o f  C0p p r o d u c t i o n  from th e  d e g r a d a t i o n  o f  
g l u c o s e  (C • UL) d i l u t e d  w i th  r e a g e n t  g rade  
g l u c o s e  i n  s y n t h e t i c  media  w i th  S^, a t  23 ppm, 

27°C, pH 7 .0

F i g u r e  13 shows t h e  r a t e  o f  c u m u la t iv e  COp p r o d u c t i o n  i n  #  t h e o ­

r e t i c a l  c a l c u l a t e d  from t h e  e q u a t i o n :

C6H12°6 + 6 0 ; —r 6  C 0g +  6 HgO ( 1 )

Thus,  f o r  com ple te  o x i d a t i o n ,  23 ppm g lu c o s e  ( 2 8 . 9  mg i n  1250 ml s o l u ­

t i o n )  w i l l  p roduce :

2 8 .9  mg
------------  x 6 x 4 4 .0  g /mole  = 4 2 .4  mg C0p
180 g /mole

i n  whoch 180 g/mole  = mole wt o f  g lu c o s e  
44*0 g /mole  = mole wt o f  C0o

Curve 1 , r a t e  o f  t o t a l  COp p r o d u c t i o n  i n  which endogenous r e s p i r a t i o n  

was n e g l e c t e d :

cum. COp p r o d u c t i o n  cum. mg C0? p r o d u c t i o n  i n  t ime  t
( #  t h e o r e t i c  a l )  =     x 100#

a t  t im e  t  4 2 .4  mg
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F o r  example:

cum. CO _ pro d u c t  io n  14*7
( $  t h e o r e t i c a l )  =   x 100$ ( s e e  t a b l e  1)

i n  t im e  = 52 h r s  4 2 ,4  nig

= 34.79&

Curve 2 , t h e  amount o f  C02 produced  was s u b t r a c t e d  by t h e  C02 p ro ­

duced i n  t h e  b la n k  a t  t h e  c o r r e s p o n d i n g  t ime:

, cum.mg C00pro d u ced N / cum.mg C00pro d u ced xcum.CO0p r o d u c t i o n  ( . & , . 2 ^  . ) -  (, v. i 2* . .  . )/ ^/ ,, 2 , . v i n  t ime  t  '  vb.y b la n k  m  time t '( fo t h e o r e t i c a l )  =  d----------------------------- x 100$
i n  t im e  "t 4 2 .4  nig

F o r  example:

cum. CO p pro d u c t  io n  14 .7  nig -  0 . 6 6  mg
($  t h e o r e t i c a l )  * =   ------------------------- x 100$ ( s e e  t a b l e  1)

i n  t im e  = 52 h r s  4 2 .4  mg

= 33 .1$

Curve 3. r a t e  o f  0 ^ 0 ^  p r o d u c t i o n :  A cco rd ing  to e q u a t i o n  ( 1 ) ,  a l l  o f

t h e  carbon  from g lu c o s e  cou ld  be c o n v e r t e d  to  C02 * T h e r e f o r e ,  i f  t h e

14o x i d a t i o n  i s  com ple te ,  a l l  o f  th e  C in  g l u c o s e  would be c o n v e r t e d
A A A A

t o  C O^,. and a l l  o f  t h e  C a c t i v i t y  i n  g lu c o s e  would be found as 

C140 2 . Hence,  c u m u la t iv e  p r o d u c t i o n  (Jo t h e o r e t i c a l )  cou ld  be

c a l c u l a t e d  from t h e  c u m u la t iv e  a c t i v i t y  found i n  t h e  CO^ a b s o r b e r  

d i v i d e d  by th e  i n i t i a l  a c t i v i t y  o f  t h e  s u b s t r a t e .

b ecau se  t h e  g l u c o s e  was u n i f o r m l y  l a b e l e d ,  t h e r e f o r e ,  t h e o r e t i c a l l y ,  

t h e  curve  r e p r e s e n t i n g  t h e  r a t e  o f  t o t a l  CO  ̂ p r o d u c t i o n  sho u ld  c o i n c i d e

w i t h  t h a t  o f  C ^ O ^ .  The C^40 2 curve  might  be e x p e c t e d  to be s l i g h t l y

14 12lo w e r ,  becau se  C h a s  a  h i g h e r  mass th a n  C ; hence  th e  r e a c t i o n  r a t e

m ig h t  be s l i g h t l y  s l o w e r .  Curve 2 , i n  which t h e  C02 produced was sub­

t r a c t e d  by t h e  C02 p roduced  by b la n k  a t  t h e  c o r r e s p o n d i n g  t im e ,  shows 

good agreement  w i th  t h e  p r e d i c t i o n .
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On th e  b a s i s  o f  t h i s  r e s u l t  a  b la n k  was a lways  ru n  i n  con junc ­

t i o n  w i th  th e  t e s t  sam ples ,  and th e  CO  ̂ p r o d u c t i o n  was s u b t r a c t e d .  

Endogenous  r e s p i r a t i o n  was assumed to  be th e  same i n  f e d  samples  

and i n  t h e  b l a n k ,  though i t  was n o t  n e c e s s a r i l y  t r u e  f o r  d i f f e r e n t  

t y p e s  o f  s u b s t r a t e ,  s e e d ,  and c o n d i t i o n s .  However, f o r  most o f  t h e  

e x p e r im e n t s  o n l y  i n f o r m a t i o n  r e g a r d i n g  r e l a t i v e  r a t e s  were r e q u i r e d ;  

t h u s ,  u n c e r t a i n t y  due to endogenous r e s p i r a t i o n  m igh t  compensate  to 

some e x t e n t  from one ex p e r im en t  to  a n o t h e r .

I n  a t t e m p t i n g  to c a l c u l a t e  t h e  r a d i o a c t i v e  m a t e r i a l  b a l a n c e ,

$  a c t i v i t y  found as + $  a c t i v i t y  i n  th e  c u l t u r e  a t  t h e  end o f

t h e  t e s t ,  which i n  t h i s  e x p e r im e n t  = 49*8$ + 4 2 . 3 $  ( s e e  t a b l e  1 ) ,  

i n d i c a t e d  t h a t  9 2 .1 $  o f  t h e  i n i t i a l  a c t i v i t y  was r e c o v e r e d .  F a i l u r e  

to  a c h i e v e  100$ r e c o v e r y  may be due to  a d s o r p t i o n  o f  th e  r a d i o a c t i v e  

i n t e r m e d i a t e s  on to  t h e  w a l l  o f  t h e  i n c u b a t i o n  f l a s k  and i t s  c o n t e n t ,  

p a r t i c u l a r l y  on t h e  f r i t t e d  g l a s s  t u b i n g ,  which h a s  a v e r y  l a r g e  

s u r f a c e  a r e a .
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T a b le  2 a . R a te  o f  
s u c r o s e  
and SQ,

CO2 p r o d u c t i o n  
m o n o la u ra te  i n  
a t  20 ppm, 27°<

from th e  
s y n t h e t i c

3, pH 7.1  •

d e g r a d a t i o n  o f  
m edia  w i th  S^, *

- 7 . 0  6 15

S6 S13 S0

t im e
( h o u r s ) 1° co2

t im e
( h o u r s ) 1° co2

t im e
( h o u r s ) 1° co2

10 0 .97 36 — 12 0 .2 5
48 18.7 106 0 . 9 6 17 1 .82

72 29 .8 128 1.54 25 10 .4

96 37.2 134 5 .96 36 17.2

120 46.1 161 8 .6 6 61 31.8

144 4 8 .6 177 16.0 87 4 4 .2

184 18.2 113 51.7
204 27 .2 161 58.5
228 38.5 216 62.4

252 4 2 .9 316 66.8

Note : $C02 = c u m u la t iv e  COp p r o d u c t i o n  ($  t h e o r e t i c a l )  which was
d e te r m in e d  as  d e s c r i b e d  i n  Appendix I .  The e q u a t i o n  f o r  
comple te  o x i d a t i o n  i s

C24 H44 ° 1 2 + 29 ° 2  -------------- 24 C02 + 22 H2°

T h e o r e t i c a l l y ,  20 ppm o f  s u c r o s e  m o n o la u ra te  ( 2 5 .0  mg p e r  1250 ml 
s o l u t i o n )  would produce

x 24 x 44*0 g/mole  = 50 .4  nig C0o 
524 g /m ole  d
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T a b le  2b .  R a te  o f  CO  ̂ p r o d u c t i o n  from t h e  d e g r a d a t i o n  o f  s u c r o s e  
m o n o la u r a t e  and g l u c o s e  i n  s y n t h e t i c  media  w i th  S^, a t  
20 ppm and 23 ppm r e s p e c t i v e l y ,  27 C, pH 7*1

s u c r o s e  m o n o la u ra te  g lu c o s e

I I I I I I I I I
t im e

’h o u r s ) £  CO 2 1o co2 t im e
(ho u r s ) 1° C02 t ime

(hours i) fo C02
t im e

(h o u r s ) /» co;

10 0 .9 7 — 2 4 .5 0 .0 7 24 0 .41 12 —

48 18.7 12.1 37.5 0 . 2 6 35 2 .50 25 10 .2

72 29 .8 22 .8 . 46 1 6 .7 48 31.7 30 20.1

96 37 .2 31.1 52 33.1 52 36 .2 35 2 9 .2

120 46.1 38 .5 61 4 2 . 6 58 4 1 .2 42 36 .9

144 4 8 . 6 4 0 .6 7 4 .5 4 7 .3 70 4 6 .0 62 4 2 .6

168 4 4 .5 115 50 .4 96 4 9 .4 160 4 7 .8

145 5 1 .6
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T a b le  2 c .  Rate  o f  C140 
s u ^ o s e  mono

? p r o d u c t i o n  from t h e  d e g r a d a t i o n  o f  
I a u r a t e  (C UL s u c r o se )  and s u c r o s e  

( C ,tf UL) i n  s y n t h e t i c  media  v.ri t h  S^, a t  20 ppm, 
27°C, pH 7 .0  -  6 .9

s u c r o s e  m o n o la u r a t e ( C ^ U L  s u c r o s e ) s u c r o s e ( c 1 4  U L )

t ime
(h o u r s ) 1o c 14o 2 time

(h o u r s ) 1o C1402

1 3 0 . 1 8 2 4 0 . 1 0

2 0 . 5 1 . 7 8 4 8 0 . 5 6

2 6 5 . 7 3 5 8 3.00

3 3  • 1 3 . 3 7 0 2 1 . 0

3 8 1 8 . 8 78 3 0 . 2

4 5 2 5 . 4 8 3 3 4 . 5

5 1 2 9 . 9 9 6 3 8 . 5

7 6 3 7 . 5 1 2 1 4 1 . 7

9 9 4 0 . 6 1 4 7 4 3 . 4

1 4 7 4 4 . 6 1 9 8 4 5 . 1

2 2 3 4 9 . 1 2 6 7 4 6 . 6

C140 2 o b t a i n e d  a f t e r  
a c i d i f y i n g  t h e  s o l n .  
a t  t h e  end o f  t h e  t e s t  

(°/<j t h e o r e t i c a l )

0 . 2 2

a c t i v i t y  rem ained  
i n  s o l u t i o n  ( $  i n i t i a l ) 3 8 . 9 4 5 . 6

a c t i v i t y  r e c o v e r e d 8 8 .2  io 9 2 . 2 $



T 1430 81

T ab le  2d. Rate  o f  CÔ  p ro d u c tio n  from the d e g ra d a t io n  o f  su c ro se
m onolaura te  (C UL su cro se )  and l a u r i c  ac id  in  s y n th e t i c
media w ith  S^. a t  20 ppm, 27°C, pH 7*0 -  6. 9

s u c r o s e  m o n o la u ra te  (C^4 UL s u c r o se ) l a u r i c a c i d

t ime
( h o u r s ) 1° t o t a l  C02 f  C1402 io C02 ( I a u r a t e ) t im e

( h o u r s ) i  co2

10 — — — 17 0 .7 9
48 12.1 10.0 14.2 30 7.50

72 22.8 22.5 23.1 48 25 .9
96 31.1 52 . 6 2 9 . 6 65 3 3 .6

120 38.5 4 2 .4 34.6 80 37.1

144 4 0 .6 45 .8 35.4 100 39.3
168 43 .2 4 7 .4 38.9

w eigh t  o f  t o t a l  C0? ( t a g g e d  and un tagged )
io t o t a l  C02 = ------------------------------------------   :------

t h e o r e t i c a l  amount o f  COp o b t a i n e d  from com ple te  o x i d a t i o n  
o f  s u c r o s e  m o n o la u ra te  a c c o r d i n g  to  t h e  e q u a t i o n :

C24H44°12 + 29 °2     24 C02 + 22 H2°

<& C140 = amount o f  C 40g
2  ̂ j

t h e o r e t i c a l  amount o f  C Op o b t a i n e d  from com ple te  
o x i d a t i o n  o f  t h e  s u c r o s e  p o r t i o n  o f  t h e  e s t e r :

C12H22°11 + 12 ° 2   "  12 C* ° 2  + 11 H2°
*1 A

a c t i v i t y  r e c o v e r e d  as  C Og 

i n i t i a l  a c t i v i t y  o f  t h e  e s t e r

w e igh t  o f  C0oo r i g i n a t e d  from th e  I a u r a t e  p o r t i o n  o f  t h e  e s t e r  
$C02 ( I a u r a t e )  = --------------------- !S  -.... ■— — ---------------------------------------------------------------- _

t h e o r e t i c a l  amount o f  COp o b t a i n e d  from comple te  o x i d a t i o n  o f  
t h e  I a u r a t e  p o r t i o n  o f  th e  e s t e r :

C11H23COOH + 17 °2   ~  12 002 + 12 H2°

^C02 ( l a u r a t e ) =  2 x <f> t o t a l  C02 -  $  C140 2
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14Tab le  3* Rate  o f  C 0^ pjpgduct ion from t h e  d e g r a d a t i o n  o f  s u c r o s e  
m o n o la u ra te  (C ^UL s u c r o s e )  i n  s y n t h e t i c  m edia  w i th  S^, 
a t  20 ppm, 27 C, pH 7*0, u s i n g  d i f f e r e n t  f low  r a t e  o f  
a i r  s t r e a m .

f lo w  r a t e : 32 + 3 ml/min 9 + 1 ml/min

t im e
(h o u r s ) A B C A B C

13 0 .1 4 0 .2 5 0 .3 9 0 .1 8

2 0 .5 0 .3 1 0 .3 3 0 .6 4 1.78 0 .7 7 2 .55

26 ! 0 .7 8 1 .25 2 .0 3 5-73 7 .4 0 13.1

33 4 . 0 6 5.11 9 .17 13 .3 9 .65 2 3 .0

38 9 .4 5 6.51 16.0 18 .8 9 .28 28.1

45 17.0 7 .4 0 24 .4 2 5 .4

51 2 3 .7 29-9 5-38 35 .3

55 4 .1 3

60 29 .7

76 34.1 1.40 35 .5 37 .5 1 .93 3 9 .4

99 4 0 .2 4 0 . 6

147 4 4 .8 4 4 . 6

223 48 .1 0 . 1 6 4 8 .3 49.1 0 .2 2 4 9 .3

a c t i v i t y  rem a ined  
(jo i n i t i a l )

i n  s o l u t i o n 42.1 3 8 .9

a c t i v i t y  r e c o v e r e d 9 0 .4  ̂ 8 8 .2  £

A = io a c t i v i t y  found as  C^Op t r a p p e d  i n  e t h a n o l a m i n e .
~ *1 4 1 AB = io a c t i v i t y  found as  C 0 o and HC 0 T~ i n  s o l u t i o n .

C = A + B

F o r  t h e  e x p e r im en t  w i th  th e  f low r a t e  o f  32 ml p e r  min,  an a d d i t i o n a l  
a b s o r p t i o n  v i a l  was s e t  i n  s e r i e s .  The a c t i v i t y  found i n  t h e  second 
v i a l  d i d  n o t  exceed  0 . 3 ^  o f  t h e  f i r s t  v i a l .
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T a b le  4 . R a te  o f  CÔ  p r o d u c t i o n  from th e  d e g r a d a t i o n  o f  s u c r o s e  mono­
l a u r a t e  (C UL s u c r o s e )  i n  s y n t h e t i c  media  v. i th  S ^ , a t  27 C, 
pH 7*0, w i th  d i f f e r e n t  e s t e r  c o n c e n t r a t i o n .

Run I

10.0 ppm 20.0 i ppm 4 1 .5 PPm b la n k

t ime
(h o u r s )

t o t a l  COg 

(mg)

c 14o 2

(mg)

t o t a l  CO 

(mg)

c 14o 2 2
(mg)

t o t a l  C0 2 
(mg)

c 14o 2

(mg)

co2

(mg)

10 0 .5 3 — 0 .4 4 — 1 .12 —

48 9 .24 2 .72 8 .8 8 2 .52 17 .5 5 .24 2 . 8 J

56 22.1 7 .5 5

72 11.8 4 .1 8 14.7 5 .6 6 28.1 10 .2

96 13 .5 5 .07 20 .5 8.21 37 .9 15.1 5 .0 6

120 1 4 .6 5.71 2 5 .2 10.7 4 5 .9 19.8

144 15.0 5 .97 26 .7 11 .6 51.1 22.8 6.25

Run I I

10 .0 PPm 20.0 PPm 41 .8 ppm bl  ank

t im e
(h o u r s )

t o t a l  COg 

(mg)

CU 0 2

(mg)

t o t a l  CO 

(mg)

C140 2 2
(mg)

t o t a l  C02 

(mg)

C1402
(mg)

co2
(mg)

2 0 .5 O.96 --- 1 .0 — 1.25 --- 0 .7 4

36 .5 4 . 4 6 0 . 7 9 7 .9 7 3.07 12.4 3.73

48 6.01 1 .45 1 0 .6 4 • 66 20 .8 7 .07 2 .65

60 7 .7 8 2 .22 14 .2 6.70 26.1 9.70

72 9.21 2.91 16 .9 8 .3 6 31 .3 1 2 .6

96 12.0 3 .94 1 9 .9 10.1 4 0 .4 16 .3 5.91

120 13 .5 4 .5 0 11.1 43 .0 18.7 6.45
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T ab le 5 a .  R a te  o f  CO 
I a u r a t e  i n

2 p r o d u c t i o n  from th e  d e g r a d a t i o n  o f  
s y n t h e t i c  media  w i th  S^, a t  20 ppm,

s u c r o s e  
pH 7.1  -

mono-
7 .0

27° C + 1°C 15°'C t  1° C 5°C + 1° C

I I I I I I I I I

t im e
( h o u r s ) °/oCC2 t ime

(h o u r s ) $ c o 2 tim e
(ho u r s ) ^ c o 2 $C02 ( £ £ . )  * C°2 $ c o 2

17 1 .0 9 20 .5 2 .38 17 0 .6 5 0 .9 2 97 1 .29 1.24

24 2 .3 4 28 5.38 39 .5 2 .48 3.73 108 1.59

30 9 .2 5 36 .5 14 .2 49 5.20 9.10 120 2 .10 2 .6 9

39 .5 2 2 .6 48 2 2 . 6 65 14.8 20 .5 144 3.31 4 .5 5

49 2 9 .2 60 27 .8 77 21.1 26 .8 170 7 .1 0 8 .2 0

65 33.1 96 32 .4 89 27.1 192 10 .5 12 .3

89 34 .7 120 34 .9 113 29 .3 34 .4 216 

264 

312

14 .3

20 .0

2 3 .2

16 .8

23.1
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A i
T ab le  5b.  Rate  o f  C.^Op p r o d u c t i o n  from th e  d e g r a d a t i o n  o f  s u c r o s e  mono- 

l a u r a t e ( C  UL s u c r o s e )  and s u c r o s e  m o n o la u ra te (1 -C  on I a u r a t e )  
i n  s y n t h e t i c  media  w i th  S,;, a t  20 ppm, pH 7.1 -  7 .0 ;  a t  27 C,
15°C, and 5°C.

- 14 \ s u c r o s e  m o n o la u ra te  ( C UL s u c r o se )

2 7 ° C + 1°C 15°C + 1°C 5°G + 1°C

I  I I I  I I  I I I  IV I

tim e
( h r ) ?°c14o2 t im e

(k r ) ^ c u o 2 time
( h r )

I 
CM

 
I 

O
 

1 
-M’

1 
T“

1 
O

 
1 1

^C140 2 time
(h r )

CM
OO t ime

( h r ; ^C140 2 t im e
( h r ) 0 0

17 13 0 .1 8 47 --- — 39. 5 O.29 29 0 . 1 3 120 0 .5 5

24 0 .4 7 20. 5 1 .78 58 1 .02 1 .18 49 1 .48 44 0.41 144 1 .45

30 5.28 26 5 .73 72 6.31 7 .3 2 65 8 .9 0 53 1 .33 170 4 .8 5

39. 5 24 .7 33 13 .3 82 13.1 13 .3 77 15.1 60 3 .29 192 8 .61

49 34 .5 38 18.8 94 17 .6 17 .5 89 19 .3 70 6.18 216 12 .5

65 4 1 .0 45 15.4 106 19.7 20 .0 113 25.1 83 12.7 264 18.7

89 4 4 .7 51 2 9 .9 99 21 .0 312 21 .8

76 37 .5 131 30.0 408 2 3 .6

99 4 0 . 6 156 33 .4 504 24 .4

147 4 4 . 6 223 36.8

223 48.1

s u c r o s e  m o n o la u r a t e (  1-Cp4on I a u r a t e )

27°C

00+l
1

15°C + 1°C 5°C + 1°C

t im e
( h r ) #C1402 t im e

( h r ) /*c14o2 time
(h r ) 0 0

2 0 .5 9 .70 17 7 .4 5 97 16.7
28 16 .7 39 .5 2 5 .6 108 21 .8
36 .5 25 .8 49 2 9 .6 120 2 6 .5
48 32.7 65 34.3 144 32 .3
60 38 .5 77 36.4 170 35.0
96 4 2 . 6 113 39.4 192 36 .5

120 4 5 .9 216 3 7 .6

264 38.8

312 39.4
408 4 0 .5
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T able  5c. Rate o f  O^Op p ro d u c t io n  from the  d e g ra d a t io n  o f  su c ro se  mono-
la u r a te (C  UL s u c r o s e ) ' in  s y n th e t i c  media w ith  S^, a t  20 ppm,
pH 7 .0 ,  27° and 15°C. 6

27° C + 1° C 15°C 1  1° c

t im e
(h o u r s ) A B C A B C A B C

2 0 .5 1.78 0 .7 7 2 .5 5
26 5 .7 3 7 .40 13.1
29 0 .1 3 0 .11

33 13 .3 9 .65 23 .0

38 18.8 9.28 28.1

44 0.41 0 .5 7 0 .9 8 0.91 2 .02 2 .9 3
45 25.1 •

51 2 9 .9 5.38 35 .3

53 1 .33 2.38 3.71 2 .8 6 4 . 3 6 7 .2 2
60 3 .29 4 .0 2 7.31 5.08 4 .9 9 10.1
70 6.18 5 .83 12.0 8 .6 7 5 .8 6 14 .5
76 37 .5 1 .93 39.4

83 12 .7 5.21 17 .9 14.8 5 .8 6 20 .7
99 4 0 . 6 21 .0 4 .7 7 25.8 22 .2 4 .9 5 27 .2

131 30 .0 2 .10 32.1 31 .6 2 .5 9 34 .2

147 4 4 . 6

156 33 .4 35 .3
223 49.1 0 .2 2 4 9 .3 36 .8 0 .3 8 37 .2 39 .2 0 .6 3 39.8

a c t i v i t y  remained  
so I n .  {c/o i n i t i a l )

i n
38 .9 50.7 4 9 .5

a c t i v i t y  r e c o v e r e d 8 8 . 2 ^ 8 7 . 9 $ 8 9 . #

A = io a c t i v i t y  found as  t r a p p e d  i n  e t h a n o l a r a i n e .

B a io a c t i v i t y  found as  and H C ^ O ,"  i n  s o l u t i o n .2 5
C = A + B
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T a b le  6.  R a te  o f  CC>2 p r o d u c t i o n  from t h e  d e g r a d a t i o n  o f  pure  
s u c r o s e  m o n o la u ra te  and s u c r o s e  m onom yr is ta te  i n  
s y n t h e t i c  m edia  w i th  S^,  a t  20 ppm, 27 C, pH 6 .9

*  co2

s u c r o s e  m o n o la u ra te  s u c r o s e  m onom yr is ta te

0 . 5 0 .2 4

2 »5 ; 4 .6 0 4 .4 8

3 .5 8 .01 8 .4 5

4 . 5 14 .4 10.52

5 .5 22 .8 1 7 .6

6 .5 27 .8 25 .0

7 . 5 34 .7 27 .4

10 .5 4 4 . 6

11 .5 35 .3

13 .5 51 .4

14 .5 4 1 .5

15 .2 54 .4

17 .5 4 7 .0

2 1 .5 53 .4

Note :  The seed  u sed  i n  t h i s  e x p e r im en t  was n o t  p r e v i o u s l y  a c c l i ­
m a t i z e d .  I t  was t a k en  from a g a r  s l a n t  and suspended  i n  
s a l i n e  v /a te r .

t im e
(days)
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T ab le  7* R a te  o f  CÔ  p r o d u c t i o n  from t h e  d e g r a d a t i o n  o f  s u c r o s e  mono­
l a u r a t e ;  s u c r o s e  m o n o m y r i s t a t e ;  s u c r o s e  mono - s t e a r a t e ,  a r a -  
c h i d a t e ,  b e h e n a te :  and ITitto  e s t e r  i n  s y n t h e t i c  m ed ia  w i th  
S^,  a t  12 ppm, 27 C, pH 7*1

t im e
( h o u r s )

I a u r a t e

CO *

s t e a r a t e  
m y r i s t a t e  a r a c h i d a t e  

b e h e n a te
IT i t to  e s t e r

6 .8 0 .5 3 0 .51 0 . 3 3

21 3 .55 6.08 1.92 2 .6 6

36 .5 15.0 15.8 3.58 1 0 .9
Run I

49-5 20 .0 20.1 4 • 61 15 .7

65 22.7- 2 5 .4 6 .55 18.7

91 24 .5 27 .0 7-43 22 .0

121 27.1 51 .0 8 .5 0 25 .0

162 9 .07

210 10 .2

12 0 . 9 3 0.51 0 .4 7 0 . 5 6

24 5.51 4 .6 7 1 .73 3.07

36 16.0 11 .9 3 .5 6 1 0 .6

Run I I 48 2 5 .2 15 .5 4 .4 2 15 .4

60 30 .4 17-9 5 .09 18 .5

77 33 .4 2 0 .2 5-70 2 0 .4

146 4 0 .7 2 7 .6 8 .3 8 2 6 .2

* 100$ CO  ̂ i s  b a se d  on t h e  amount o f  00^ o b t a i n e d  from t h e  d i c h ro m a te  
ox i d-at;i-on (50)*
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T ab le  8 a .  Rate o f  C^Op p ro d u c t io n  from th e  d e g ra d a t io n  o f  su c ro se  mono­
l a u r a t e  (C UL su cro se )  i n  r i v e r  w ate r  from C lea r  Creek, a t  12
ppm, 27 and 15°C, pH 8 . 4  -  8 .3

27° C + 1° c 15°C + 1°C

t im e
h o u r s ) A B C A B C A B C

38 0 . 5 3 4 .6 3 5 .1 6 0 .4 3 5.30 5 .73 0 .1 0 2 .14 2 .2 4

8.5 3 .30 14.0 17 .3 2 .7 6 12 .3 15.1

142 9 .2 2 30.1 39 .3 7 .5 6 2 4 .6 32 .2 3.35 13.1 16 .5

179 13 .5 28 .0 4 1 .5 11.8 27 .3 39.1

229 1 8 .9 27 .4 4 6 .3 16.8 27.1 4 3 .9 6.58 22 .3 28 .9

285 2 4 .3 26.1 50 .4 2 2 .3 2 9 .9 52.2 9 .68 26.1 35.8

333 2 7 .8 25 .8 2 9 .9 55 .7 12.0 26 .7 38.7

381 30 .7 2 7 .3 58 .0 28 .9 2 8 .6 57 .5 14 .2 28 .3 4 2 .5

a c t i v i t y  rem a ined  i n  
s o l n .  (#  i n i t i a l ) 30 .8 2 9 .7 4 4 .5

a c t i v i t y  r e c o v e r e d 8 8 . 8# 8 7 . 2# 8 7 . 0#

A = #  a c t i v i t y  found as  C^Op t r a p p e d  i n  e t h a n o l a m i n e .
14 14B » #  a c t i v i t y  found as  C 0^ and HC 0 ^ ” s o l u t i o n .  

C = A + B
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.14,T a b le  8 b .  A pparen t  r a t e  o f  C CU y y o d u c t io n  from th e  d e g r a d a t i o n  o f
s u c r o s e  m o n o la u ra te  f c  4UL s u c r o s e )  and s u c r o s e  m o n o la u ra te  
(1-C on I a u r a t e )  i n  r i v e r  w a te r  from South  P l a t t e  R i v e r ,  
a t  20 ppm, pH 8 . 4  -  8 . 3

#  c14° .t im e  __________________________'______ 2________________
14(h o u r s )  s u c r o s e  m o n o la u ra te  s u c r o s e  m o n o la u ra te (1 -C  on I a u r a t e )

(C 4UL s u c r o s e )  27°C 27°C 15°C

2 1 .5 5 .8 6 0 . 9 5
23 4 .5 3
31 8 .6 7

32 .5 7 .2 0

45 11 .5
4 6 .5 9 .7 6 4 .6 0
68 14.8 7 .2 5
69 .5 13 .3
93 17.5 9 .3 5
9 4 .5 16.1

116 20 .8 10 .9
118 18 .9
164 25 .3 13 .3
166 24 .7
213 2 8 .6 15 .4
215 28 .8

285 32 .3 17.7
287 33.1
381 35.2 21 .0
383 36.8

473 37 .3 23 .2

475 3 9 .5
1 *C ^0^ o b t a i n e d  a f t e r  

a c i d i f y i n g  th e  r i v e r  53 .4  
w a t e r  a t  t h e  end o f  
t h e  t e s t  ( c/o  t h e o r e t i c a l )

4 9 .0 3 5 .9

t o t a l  C ^ O p p r o d u c t i o n  
(°/v t h e o r e t i c a l ) 9 2 .9 8 6 .3 59.1
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4 y|

Table  9a . Rate o f  0.j,0p p ro d u c t io n  from the  d e g ra d a t io n  o f  ^ucrose  mono-
l a u r a te (C  4UL su cro se )  and sucrose  m onolaura te (  1-C on l a u r a t e )
i n  a c t i v a t e d  s lu d g e ,  pH 7*0 -  7*2

$> c 14o 2
s u c r o s e  m o n o la u ra t e  s u c r o s e  m o n o la u ra te  .

t im e  ______________ (C UL s u c r o s e )  _______________(1-C on l a u r a t e )

( h o u r s )  10 .5  ppm 40 ppm 40 ppm

2 7 ° C 27° G 15° c 27°  c 1 5 ° C
I I I

2 . 5 1 . 5 0 0 . 6 5 7 . 4 8 3 . 9 6
3 . 5  2 . 7 1 . 8
9 1 5 . 6 1 2 . 5

1 1 11.4 4 . 9 0 2 3 . 8 1 2 . 5
1 2  2 1 . 4 1 8 . 0

1 7 . 2 2 . 1 8 . 3 3 3 2 . 5 17 . 6
1 8  51.8 2 6 . 4
2 1  3 7 . 6 3 1 . 4
2 4  4 2 . 1 3 7 . 0 3 4 . 6 12.1 4 0 . 2 2 1 . 3
2 8  4 5 . 8 4 2 . 5
3 5 . 5 4 3 . 3 16 .6 47 .0 2 5 . 3
3 8  4 9 . 9 4 5 . 2
4 8  5 3 . 4 4 9 . 6

4 9 5 2 . 4 20.1 50.8 2 8 . 7
61 5 7 . 2 22.1 5 3 . 2 3 0 . 0
7 4  62 .6 5 3 . 5
8 5 6 2 . 5 2 5 . 3 5 6 . 1 3 1 . 5

1 1 6  7 0 . 0 6 0 . 1
1 3 4 7 0 . 1 3 1 . 2 61 .6 3 3 - 6

2 0 7 7 8 . 8 4 1 . 3 6 7 . 1 3 6 . 3
2 6 3 8 4 . 6 4 8 . 9 7 5 . 6 3 8 . 1

C Op o b t a i n e d  a f t e r  
a c i d i f y i n g  t h e  s lu d g e  
a t  t im e  = 263 h o u r s  

(c/o t h e o r e t i c a l )
2 . 9 9 7 . 9 8 3 . 0 6 3 . 0 2

t o t a l  C Op p r o d u c t i o n  
{$> t h e o r e t i c a l ) 8 7 . 6 5 6 . 9 7 8 . 7 4 1 . 1

a c t i v i t y  rem a in ed  :in so I n . 1 5 . 9 3 4 . 2 14.0 4 6 . 5

a c t i v i t y  r e c o v e r e d 1 0 3 . 5 7 6 91.176 9 2 . 7 7 6 8 7 . 6$
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Table 9b. Rate o f  p ro d u c t io n  from the  ̂ d eg rad a tio n  o f  su c ro se  raono-
la u r a te ( C  UL s u c ro s e ) ,  g lucose(C  UL), and sucrose(C  UL) in
a c t i v a t e d  s lu d g e ,  pH 7*0 -  7*2

t im e   *  g14°2 ____________________________

( h o u r s )  s u c r ^ e ^ n o l a u r a t e  g l u 0 0 3 e ( c 14DL) s u o r o s e ( c 14UL)

2 .5  1 .50  8 .1 5  4 .6 8

6 .5  2 2 .5  17 .2
11 11 .4  31 .2  27 .0
17 22.1

21 4 2 .3  39 .3
24 3 4 .6

33 5 0 .6  4 8 .2

3 5 .3  4 3 .3
4 5 . 5  55.1 5 3 .6

49 52 .4
61 57 .2

7 3 .5  60 .2
80 62 .9

85 62 .5
134 70.1
176 7 8 .2  7 5 .2

207 78 .8

263 8 4 . 6

C 0^ o b t a i n e d  a f t e r  
a c i d i f y i n g  t h e  s lu d g e  a t  
t h e  end o f  t h e  t e s t  

{f/o t h e o r e t i  c a l )
2 .9 9  4 .6 0  5-10

"l 4t o t a l  C 40 p r o d u c t i o n
t h e o r e t i c a l )  8 7 ’ 6 82>8 8 0 *3

a c t i v i t y  rem a ined  i n  th e  1(- Q 1A x
s l u d g e  {fo i n i t i a l )  '*

a c t i v i t y  r e c o v e r e d  1 0 3 .5 $  97*1 98.1
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A A
T able  10. Apparent r a t e ^ o f  C 0^ p ro d u c tio n  from the  d e g ra d a t io n ^ o f  sucrose

m onolaurate(C  UL su c ro se )  and sucrose  m onolaura te(1-C  on l a u r a te )
in  an aero b ic  s lu d g e ,  a t  40 ppm, pH about 8 .

t ime
(h o u r s )

10

22

37

61

85

133

165

s u c r o s e  m o n o la u ra t e  
(C UL s u c r o s e )

s u c r o s e  m o n o la u ra te  
(1-C on l a u r a t e )

27°  c 15°C 2 7 ° c

^ a c t i v i t y  
r e c o v e r e d  
as  C140 2

4.02

9 .35

1 4 . 1

1 8 . 5

2 1 . 8

2 6 . 4

2 8 . 9

c 140,
1o '

,14,^ a c t i v i t y  C'^Og ^ a c t i v i t y  r e c o v e r e d  
r e c o v e r e d  #  as C Op o r

2 C 0^ ^ t h e o r e t i c a l
yo r e c o v e r

t h e o r e t i c a l  as C C« t h e o r e t i c a l

C 40p o b t a i n e d  
a f t e r  a c i d i f y i n g  
t h e  s l u d g e  a t  
t h e  end o f  t h e  
t e s t

t o t a l  C140 2 
p r o d u c t i o n

1 9 . 0

8 . 0 4

1 8 . 7  

2 8 . 2  

3 7 . 0  

4 3 . 6

52.8  

5 7 . 8

58.0

9 5 . 8

1.68 

3.37 

5 . 1 5  

7 . 1 2  

9.02  

12 . 1  

13 .9

16.1

3 .36

6.74

1 0 . 5

1 4 . 2  

1 8 . 0

24.2  

27.8

52.2

60.0

2

7 . 8 0

17.0

2 5 .9  

50.8

3 5 . 2

41.2

4 3 .9

2 2 . 7

66.6
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T a b le  11.  R a te  o f  C0p p r o d u c t i o n  from th e  d e g r a d a t i o n  o f  s u c r o s e  mono­
l a u r a t e ,  LAS, and t e r g i t o l  15-S-9  i n s y n t h e t i c  media  w i th  
SQ, a t  20 ppm, 27°C, pH 7 .0

t im e
(h o u r s )

s u c r o s e
m o n o la u ra t e

2  C02

L A S

°/° c o 2
t im e  ^ 

^hours )

t e r g i t o l

?iC02 t h o ' s j 1 ?«>co2

I I I
1 2 0 . 2 0 . 2 0 .1 24 --- 17 .5 —

17 2.41 48 0 . 2 9 68 3 .94
25 1 1 . 1 72 3.58 91 6.85
36 18.8 5 .6 5 4 .7 2 96 5.31 112 10.2

52 9 .7 6 9 .52 120 9.47 136 13 .6
61 34 .3 1 2 .6 12 .4 144 14.4 184 21 .4

7 5 .5 17 .2 18 .0 168 18.2 237 26 .0

87 4 6 .7 192 19 .9
96 2 1 .6 2 3 .4 288 28 .7

113 54.1 360 32.1
121 25 .7 2 7 .9
161 60 .9 29 .5 32 .3
216 64 .9 36 .0 38.2
316 66.8 4 4 .3 4 4 .3

C02 o b t a i n e d  a f t e r  
a c i d i f y i n g  t h e  s o I n .  
a t  t h e  end o f  th e  1 .9  
t e s t  (°Jo t h e o r e t i c a l )

1 .7 1 .4 0 .5 4 0 .7 7

t o t a l  CO p r o d u c t i o n  
(fo t h e o r e t i c a l )  68.7 4 6 .O 4 5 .7 32 .6 26 .8

T h e o r e t i c a l  amount o f  C0? o f  LAS and t e r g i t o l  were c a l c u l a t e d  from th e  
f o l l o w i n g  com ple te  o x i d a t i o n  e q u a t i o n :

C18H29S 03Na + 2 5 , 5  ° 2  

C12 LAS

—  18 C02 + NaHS04 + 14 HgO

C33H68°10 + ^  °2 ^  C02 + 34 H20
t e r g i t o l  15-S-9
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T a b le  12.  R a t e . g f  CO^ p r o d u c t i o n  from th e  d e g r a d a t i o n  o f  s u c r o s e  m o n o la u ra te  
(1 -C on l a u r a t e )  i n  s y n t h e t i c  media  w i th  S / ,  S . , ,  a t  20 ppm, 
pH 7.1  -  7 .0  ?

S 6 St3

27° c 1 5 ° C

1 
VJ

1
1 

o 
1 

o 2 7 °  C

t im e
( h r ) $ c 14o 2 ^ c o 2 t im e

( h r ) ^C140 2 c/o002 t ime
(h r ) ^ c 14o 2 ^ C02

t ime
( h r ) $ c 14o ;2 $C02

2 0 .5 9*70 2 .38 17 7 .4 5 0 .9 2 97 1 6 .7 1 .24 36 1.55 0 .4 2

28 16 .7 5 .38 39-5 2 5 .6 3 .73 108 21.8 1 .69 60 2 .42 0 . 9 6

36 .5 25 .8 14.2 49 2 9 .6 9 .10 120 26 .5 2 .6 9 106 3.70 1.54

48 32 .7 2 2 .6 65 34 .3 2 0 .5 144 32 .3 4 .5 5 128 5.94 2 .58

60 38 .5 27 .8 77 3 6 .4 26 .8 170 35.0 8 .2 0 140 10.8 5 .9 6

96 4 2 . 6 32.4 113 39 .4 34 .4 192 36 .5 12 .3 154 27 .8 8 . 6 6

120 4 5 .9 34-9 216 3 7 .6 16.8 1 61 34 .3 16.0

264 38.8 23.1 177 42.1 18 .2

312 39 .4 184 44 .0 2 7 .2

408 4 0 .5 204 47.1 38 .5

228 4 8 .9 4 2 .9

252 50.5
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