
BIODEGRADATION (ABS/LAS Shake Culture Test) 

TEST SUBSTANCE 

Identity: Perfluorooctanoic acid, ammonium salt; may also be referred to 
as PFOA ammonium salt, Ammonium perfluorooctanoate, PFO, 
FC-116, FC-126, FC-169, or FC-143. (Octanoic acid, 
pentadecafluoro-, ammonium salt, CAS # 3825-26-1 ) 

Remarks: The test substance is a white powder. The 3M production lot 
number was 83. The test sample is referred to by the testing 
laboratory as FC-143. The purity of the sample was not 
sufficiently characterized, although current information indicates 
it is a mixtureof 96.5 - 100% test substance and 0 - 3.5% C6, 
C7, and C9 pertluoro analogue compounds. 

METHOD 

Methods: Shake Culture study modeled after the Soap and Detergent 
Association's presumptive test for the determination of ABS/LAS 
biodegradability. 
Type: Aerobic 
GLP: No 
Year completed: 1978 
Contact time (units): 2.5 months 
Innoculum: Activated sludge collected at the 3M Chemolite Facility, 
Cottage Grove, MN, 3M Decatur Facility, Decatur AL, and Metro 
Wastewater Treatment Plant, St Paul, MN 

RESULTS 

No biodegradation was observed in the 2.5 month shake culture 
biodegradation study. 

DATA QUALITY 

Reliability: Klimisch ranking = 2. This study meets all criteria for quality 
testing, but the analytical methodology is questionable. The purity of the 
sample was not sufficiently characterized. 
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A b i o d e g r a d a t i o n  s t u d y  is described which a l lows  t h e  
e v a l u a t i o n  of t h e  s u s c e p t i b i l i t y  of FC-95 and FC-143 
t o  a e r o b i c  m i c r o b i a l  d e g r a d a t i o n .  The c u l t u r i n g  pro- 
cedures  used  in t h i s  s t u d y  are modeled a f t e r  t h e  Soap 
and Detergent  A s s o c i a t i o n ' s  presumpt ive  ( shake  c u l t u r e )  
test for  t h e  d e t e r m i n a t i o n  of ABS/LAS biodegradabi l i ty .  
Microbia l  inocula were o b t a i n e d  from a c t i v a t e d  s l u d g e  
c o l l e c t e d  a t  Chemol i te ,  Deca tur  and Metro waste 
t r ea tBn t  p l a n t s .  Ana ly t i ca l  p rocedures  i n c l u d e d  GLC, 
TLC, C - s c i n t i l l a t i o n  c o u n t i n g  and a n a l y s i s  for released 
f l u o r i d e .  Degrada t ion  of reference compounds demonst ra ted  
the s u i t a b i l i t y  of t h e  b i o d e g r a d a t i o n  test c o n d i t i o n s .  

GO3635 
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SUMMARY 

Fluorochemicals  FC-95 and FC-143 were shown t o  be comple te ly  
r e s i s t a n t  t o  biodegradation i n  a 2li-month shake c u l t u r e  b iodegrada-  
t i o n  s t u d y .  The mixed microbial test c u l t u r e s  used  i n  t h i s  s t u d y w e r e  
derived from a c t i v a t e d  s ludge  i n o c u l a  o b t a i n e d  from three waste t rea t -  
Hent  s y s t e m s  (Chernolite,  Deca tu r ,  & t h e  Twin C i t i e s  Metro p l a n t ) .  The 
c u l t u r e s  were maintained in d i l u t e  y e a s t  e x t r a c t - b a s a l  sa l ts  media 
supplemented wi th  the  hydrogen ana log  of t h e  r e s p e c t i v e  fluorochem- 
icals. T e s t  c u l t u r e s  also conta ined  FC-95 or FC-143. Phenol  and 
l-dodecene-derived l i n e a r  a l k y l  s u l f o n a t e  (LAS) were used  as  
r e f e r e n c e  compounds. T h e i r  degradation demonstrated t h a t  biode- 
g r a d a t i o n  cou ld  occur  under  t he  tes t  c o n d i t i o n s .  A l l  c u l t u r e s  were 
transferred 15 tbmes o v e r  t he  2+month period, and  t e m p e r a t u r e  w a s  
c o n t r o l l e d  a t  25 C.. d u r i n g  t h e  l a t t e r  ha l f  of t h e  exper iment .  

In t h e  f i n a l  growth p e r i o d ,  deg rada t ion  p r o d u c t s  of I4C-labeled 
f luorochemica ls  were assayed f o r  by t h i n - l a y e r  chromatography (TLC) 
and gas l i q u i d  chromatography (GLC). Chemicals s e p a r a t e d  by TLC 
were v i s u a l i z e d  b y  TLC-autoradiograph. Methylated and  nonmethyla ted  
c u l t u r e  e x t r a c t s  s e p a r a t e d  by GLC were detected by e l e c t r o n  capture. 
No degrada t ion  p r o d u c t s  were detected. S c i n t i l l a t i o n  c o u n t i n g  
showed t h a t  a l l  r a d i o a c t i v i t y  associated with t h e  labeled fluoro- 
chemicals remained in t he  c u l t u r e  medium. 

In a l l  b u t  t h e  f i n a l  growth p e r i o d ,  f l uo roca rbon  b i o d e g r a d a t i o n  was 
monitored s i m p l y  by measuring t h e  i n i t i a l  and f i n a l  f l u o r i d e  
c o n c e n t r a t i o n  i n  t h e  media. No i n c r e a s e  i n  f l u o r i d e  c o n c e n t r a t i o n  
w a s  observed  i n d i c a t i n g  that if b i o d e g r a d a t i o n  d id  occur, it d id  
n o t  r e s u l t  i n  t h e  release of f l u o r i d e .  C o n t r o l  c u l t u r e s  supplemented 
w i t h  f l u o r i d e  showed t h a t  f l u o r i d e  is n o t  l o s t  from the media under  
t h e  expe r imen ta l  c o n d i t i o n s  used. 

While t h i s  s t u d y  cannot  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  c o n d i t i o n s  
could  be found t h a t  would a l low the  b i o d e g r a d a t i o n  of these compounds, 
t h e  r e s u l t s  of t h i s  s tudy  s u g g e s t  t h a t  these chemicals are l i k e l y  t o  
persist in t h e  environment for ex tended  periods unaltered b y  
m i c r o b i a l  ca tabol i sm.  
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INTRODUCTION 

The f l u o r o c h e m i c a l s  selected f o r  t h i s  s t u d y ,  FC-143 and FC-95, 
have p e r f l u o r i n a t e d  carbon c h a i n s  and are c h e m i c a l l y  s tab le .  
The perf l u o r i n a t e d  port  i o n  of f l u o r o c a r b o n s  have n o t  been found 
t o  be s u s c e p t i b l e  t o  b io logica l  d e g r a d a t i o n  (1). Therefore, 
b i o d e g r a d a t i o n  s t u d i e s  w e r e  conducted on these compounds p r i m a r i l y  
for t h e  sake of comple teness .  Without such  t e s t i n g ,  i t  c o u l d  n o t  
be s a i d  w i t h  c e r t a i n t y  t h a t  t h e s e  compounds would resist microbial 
modification . 
S i n c e  b i o d e g r a d a t i o n  was u n l i k e l y ,  t h e  best feasible test condi -  
t i o n s  fo r  biodegradation were selected. I n o c u l a  were o b t a i n e d  
from areas c o n s i d e r e d  l i k e l y  to c o n t a i n  acclimated microorganisms.  
Long a c c l i m a t i o n  periodswere used i n  an attempt to select and 
deve lop  p o p u l a t i o n s  of microbes capable of d e g r a d i n g  these compounds, 
and hydrogen a n a l o g s  of t h e  f l u o r o c a r b o n s  were added to try t o  
select organisms t h a t  might g r a t u i t o u s l y  “cometabolize” t h e  
f l u o r o c a r b o n s .  
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W I " l D S  AND MATERIALS 

C h e m i c a l s  

FC-95, FC-143, t h e  hydrogen analog of FC-95, ammonium o c t a n o a t e  
( t h e  hydrogen ana log  of FC-143), carbon-14 labeled FC-143, a n d  
carbon-14 l a b e l e d  FC-95 were o b t a i n e d '  from Commercial Chemica ls  
D iv i s ion .  These chemicals were used  as r e c e i v e d  unless d e s i g n a t e d  , 

otherwise (Ar thu r  Mendel-Report i n  P r o g r e s s ) .  

S t anda rd  l inear  a l k y l a t e  s u l f o n a t e  prepared for use as a r e f e r e n c e  
compound for  b i o d e g r a d a t i o n  s t u d i e s  w a s  o b t a i n e d  from t h e  US/EPA 
Labora tory  i n  C i n c i n n a t i ,  Ohio. Except where noted, a l l  other 
compounds were r e a g e n t  grade. 

C u l t u r e  Media 

The c o n t r o l  medium used  i n  t h e s e  s t u d i e s  had the compos i t ion  shown 
in TABLE 1. 

TABLE 1 

CONTROL ldEDIUM COLBOSITION 

1) Basal sal ts  solutions: 

1.0 g / l  - NH4C1 
2.0 g / l  - K2EfP04 
0.25 g / l  - MgSO4*7H20 
0.002 g / 1  - FeS04*7H20 
Well water - 25 m l / l  
Yeast extract  - 0.3 g / l  

or  FC-143 - 20 mg/l 

2) 
3) 
4) Hydrogen a n a l o g s  of ei ther  FC-95 

Media were p repa red  from s t o c k  s o l u t i o n s  which were combined and 
brough t  t o  volume j u s t  p r i o r  t o  each c u l t u r e  t r a n s f e r .  A f r e s h  
s o l u t i o n  of FeSO -7H20 was prepared and d r y  y e a s t  extract w a s  u s e d  
i n  media p r e p a r a t i o n  a t  each t r a n s f e r ,  The pH of all media was 
a d j u s t e d  to  7.5 w i t h  1.0 N HC1 and if o v e r s h o t  adjusted back w i t h  
1.0 N NaOH. The w e l l  water was added t o  i n s u r e  an a d e q u a t e  s u p p l y  of 
trace e lements .  Analyses  of the w e l l  water made d u r i n g  t h e  12-month 
p e r i o d  p r i o r  to t h e  i n i t i a t i o n  of t h i s  s t u d y  showed its calcium 
h a r d n e s s  t o  range  from 92 t o  144 m g / l  e x p r e s s e d  CaCO . Any precip- 
i t a t e  r e s u l t i n g  from t h e  a d d i t i o n  of w e l l  water w a s  hmoved by 
f i l t r a t i o n  through a #54 Whatman f i l t e r .  
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The p u r i f i e d  hydrogen analogs of FC-95 and FC-143 were used in 
b i o d e g r a d a t i o n  test  media and  c o n t r o l s .  These compounds were 
i n c l u d e d  i n  an attempt t o  select a microbial p o p u l a t i o n  l i k e l y  t o  
degrade  t h e  f l u o r o c a r b o n s .  Enzymes c a p a b l e  of c a t a l y z i n g  d e f l u o r -  
i n a t i o n  r e a c t i o n s  are f r e q u e n t l y  i d e n t i c a l  to enzymes i n v o l v e d  i n  
carbon-hydrogen bond c l e a v a g e  (1). A d d i t i o n a l  components of o t h e r  
s p e c i f i c  media are l i s t e d  i n  TABLE 2 .  

TABLE 2 

GROWTH WDIA FORMULATIONS 

Media - Components 

FC-95 FC-95 C o n t r o l  Medium + 50 mg/l FC-95 
FC-143 T e s t  
Pheno l  Cont ro ls  FC-95 or FC-143 Con t ro l  Medium + 

LAS C o n t r o l s  FC-95 or FC-143 C o n t r o l  Medium + 

FC-143 Con t ro l  Medium + 50 mg/l FC-143 

30 mg/l Phenol  

30 m g / l  S t a n d a r d  L i n e a r  Alkyl- 
benzenesu l fona te  (US) 

33.2 mg/l NaF (15.0 mg/l F-) 
F l u o r i d e  C o n t r o l s  FC-95 or FC-143 C o n t r o l  Medium + 

14C-FC-95 T e s t  FC-95 C o n t r o l  Medium + 50 m g / l  
14C-FC-95 

I4C-FC-143 T e s t  . FC-143 C o n t r o l  Medium + 50 mg/l 
''C-FC- 14 3 

FC-95 + LAS 

FC-143 + LAS 

C u l t u r i n g  Procedures 

FC-95 C o n t r o l  Medium + 30 mg/l LAS 

FC-143 C o n t r o l  Medium + 30 mg/l LAS 
+ 50 mg/l FC-143 

+ 50 mg/l FC-95 

The i n i t i a l  growth p e r i o d  w a s  started by i n o c u l a t i n g  49  ml of each  
medium w i t h  1 m l  of a c t i v a t e d  s l u d g e  s u p e r n a t a n t .  The a c t i v a t e d  
s l u d g e  used w a s  a m i x t u r e  o f  t w o  s l u d g e s  collected on t h e  day of 
i n o c u l a t i o n .  The s l u d g e  w a s  o b t a i n e d  from t h e  M e t r o p o l i t a n  Waste 
C o n t r o l  Commiss ion ' s  Metro p l a n t  i n  S a i n t  P a u l ,  Minnesota ,  and t h e  
C h e m o l i t e  Waste Treatment  P l a n t  i n  Co t t age  Grove , Minnesota .  
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Fol lowing  i n o c u l a t i o n ,  t h e  c u l t u r e s  i n  po lypropylene  Er lenmeyer  
f l a s k s  were shaken a t  200 rpm on r o t a r y  shakers a t  room t e m p e r a t u r e  ( 4 ) .  

A t  t h e  e n d  of each growth p e r i o d ,  each c u l t u r e  w a s  t r a n s f e r r e d  t o  
iden t i ca l  f r e s h  media u s i n g  a 1% inoculum from t h e  p r e c e d i n g  c u l t u r e  
( i . e . ,  0 .5  m l  of e x i s t i n g  c u l t u r e  t o  49.5 m l  of i d e n t i c a l  new medium). 

The growth p e r i o d  between transfers v a r i e d  as is n o t e d  i n  TABLE 3. 
A 10 m l  sample w a s  t a k e n  from each c u l t u r e  at  10 minu tes  a f te r  
i n o c u l a t i o n  or  c u l t u r e  transfer and a t  t h e  end  of each growth p e r i o d .  
Samples were c e n t r i f u g e d  for 10 min. a t  17,000 x g p r i o r  t o  a n a l y s i s  
of t h e  c e n t r i f u g a t e .  D e v i a t i o n s  from t h i s  c u l t u r i n g  p r o c e d u r e  are 
noted i n  TABLE 3. 

The f i n a l  growth per- iod d i f f e r e d  from p r e c e d i n g  p e r i o d s .  Media were 
p r e p a r e d  w i t h  C a r b o n - l k l a b e l e d  FC-95 and FC-143. One hundred  m l  
c u l t u r e s  were grgwn I n  f l a s k s  on a r o t a r y  shaker i n  a growth chamber 
c o n t r o l l e d  a t  25 C. - + 1. ltventy ml samples  were t a k e n  at 10 min. ,  
2 days and a t  7 days .  

Chemical Ana lys i s  

F l u o r i d e  i o n  c o n c e n t r a t i o n s  were measured u s i n g  a f l u o r i d e  ion 
electrode (Orion i o n  a n a l y z e r  f l u o r i d e  e l e c t r o d e  model 96-09), 
and a s t a n d a r d  c u r v e  drawn from t h e  r e s u l t s  of measurements of 
a c c u r a t e l y  prepared f l u o r i d e  s t a n d a r d s .  The c o n c e n t r a t i o n s  of 
t h e s e  f l u o r i d e  s t a n d a r d s  bracketed t h e  c o n c e n t r a t i o n s  p r e s e n t  In 
t h e  e x p e r i m e n t a l  samples. F l u o r i d e  cu rves  were set up a t  each 
sampl ing  p e r i o d ,  e x c e p t  f o r  t r a n s f e r  1. For t h e  a n a l y s e s  f o l l o w i n g  
t h i s  t r a n s f e r ,  a 1.0 ppm f l u o r i d e  s t a n d a r d  was used  t o  ca l ibra te  
t h e  i n s t rumen t  w i t h  t h e  assumption t h a t  t h e  s l o p e  o f  t h e  p r e v i o u s  
f l u o r i d e  cu rve  remained c o n s t a n t .  

Phenol  a n a l y s i s  w a s  done according t o  S t a n d a r d  Methods fo r  t h e  
Examinat ion of Water and Wastewater,  1 4 t h  E d i t i o n ,  1975. Linear 
a l k y l b e n z e n e s u l f o n a t e  (LAS) was analyzed for  by t h e  me thy lene  b l u e ,  
chloroform e x t r a c t i o n  method d e s c r i b e d  i n  t h e  14 th  e d i t i o n  of 
S t a n d a r d  Methods (3), except i n  t r a n s f e r s  8-14, LAS w a s  a n a l y z e d  
by a m o d i f i c a t i o n  of t h i s  method. I n  this modi f i ed  method, t h e  
samples  w a s  d i l u t e d  t o  100 m l  i n  a s e p a r a t o r y  funnel. Also added 
t o  t h e  s e p a r a t o r y  f u n n e l  were 25 m l  of  S t anda rd  Methods me thy lene  
b l u e  s o l u t i o n  and 100 ml of chloroform. T h i s  m i x t u r e  w a s  shaken  
for 30 seconds ,  a l lowed t o  s e t t l e ,  s w i r l e d ,  and t h e  chloroform 
drawn o f f  th rough glass wool i n t o  a 2 . 5  c m  d i a m e t e r ,  spec 20 c u r v e t t e .  
P e r c e n t  t r a n s m i t t a n c e  was read a t  652 nm and compared t o  a s t a n d a r d  
cu rve  p r e p a r e d  w i t h  s u r f a c t a n t  samples of known c o n c e n t r a t i o n  
t r e a t e d  i n  t h e  same manner. 
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TABLE 3 

SUMMARY OF CULTURING PROCEDURES USED 
IN THE SHAKE FLASK BIODEGRADATION STUDY OF 

FC-95 AND FC-143 

C u l t u r e  G r o w t h  
T r a n s f e r  # P e r i o d  (days) Notes 

0 

1 

3 Used a c t i v a t e d  s l u d g e  i n o c u l u n ' f r o m  
Metro and Chemoli te .  

- 2 4 -  

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
13 
14 
- 
15 

FC-143-hydrogen a n a l o g  added t o  143 
cultures and c o n t r o l s .  

3 A t  t h e  t i m e  of c u l t u r e  t r a n s f e r ,  
1 m l  of Decatur  s l u d g e  s u p e r n a t a n t  
added t o  c u l t u r e s .  

3 LAS r e p l a c e d  phenol  as a r e f e r e n c e  
compound. LAS media was i n o c u l a t e d  
w i t h  a mix tu re  of c o n t r o l  c u l t u r e  
and Chemolite and Decatur sludge 
s u p e r n a t a n t .  

3 

3 

6 

3 

The use  of f l u o r i d e  c o n t r o l  was 
d i s c o n t i n u e d .  

Shaker was i n a d v e r t e n t l y  t u r n e d  off, 
p o s s i b l y  for 5 days ,  d u r i n g  t h i s  
growth period. 

3 ml of Metro s l u d g e  s u p e r n a t a n t  
was added t o  a l l  c u l t u r e s .  

In  t h i s  and subsequent growth periods, 
c u l t u r e s  w e r e  grown i n  a r e c i p r o c a t i n g  
sbaker-wateg b a t h  at 100 s t r o k e s  p e r  
min. and 25 C. 

6 

6 

8 

+6 ( 2 )  
7 

78 d a y s  -- Total  E n r i c h m e n t  Period 
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Carbon 14 Counting Techniques 

S c i n t i l l a t i o n  c o u n t i n g  w a s  pe rmed on 1 m l  samples  of c u l t u r e  
c e n t r i f u g a t e  added t o  Aquasolf", and  coun ted  with an  i n t e r n a l  
s t a n d a r d  quench c o r r e c t i o n .  The r ad ioac$&vi ty  of the2S samples  
was compared t o  known weight  samples of C-FC-95 or  C-FC-143 
added d i r e c t l y  t o  Aquasol. 

S o l i d  samples were collected d i r e c t l y  oqto mi l l ipore  HA 0.45  pm 
f i l t e rs  composed o f  c e l l u l o s e  acetate and c e l l u l o s e  n i t r a t e .  The 
f i l t e rs  were then  washed w i t h  d e i o n i z  water and p l a c e d  i n t o  p a p e r  
combustion con 
chem's Packard QR' combustion equipment.  The CO r e s u l t i n g  from 
combustion w a s  t r a p p e d  i n  a s c i n t i l l a t i o n  f l u i d  c g n t a i n i n g  an 
o r g a n i c  amine and countad in Agrichem's Packard  s c i n t i l l a t i o n  
coun te r .  Samples were recoun ted  w i t h  an i n t e r n a l  s t a n d a r d  for  
quench correction. 

w e t  w i t h  Combustaid tfh , andlgombusted i n  Agri- 

Thin-Layer Chromatography (TLC) 

Thin- layer  chrofgtography was14erformed t o  detect radioactive 
metabolites of C-FC-95 and C-FC-143. Ten ml cul ture  samples 
were collected and imned ia t e ly  f rozen .  
f r o z e n  for about  f. month. 
a f t e r  thawing with 10 ml of e t h y l  acetate. 
c e n t r i f u g e d  a t  17,000 x g t o  e n s u r e  t h e  s e p a r a t i o n  of t h e  e t h y l  
acetate, water, and sol ids  phases ,  The water phase  a n d  por t ions  
of t h e  e t h y l  acetate phase  were e v a p o r a t e d  to  d r y n e s s  under  N . 
The d r i e d  samples were resuspended i n  a 9:l hexane :e thy l  ethe3 
mixture .  (Some samples which e v a p o r a t e d  t o  d r y n e s s  i n  a i r  before 
s p o t t i n g  were resuspended i n  methanol.  ) The resuspended  samples  
were s p o t t e d  on E. Merck s i l i c a  gel  GF . Small  s p o t s  of solids 
r e s i d u e  were also a p p l i e d  d i r ec t ly  tol@8se p l a t e s .  1411 samples  
were r e f e r e n c e d  a g a i n s t  a mix tu re  of C-FC-143 and C-FC-95. 
The p l a t e s  were developed w i t h  10% e t h a n o l  in ethyl acetate and  
v i s u a l i z e d  by exposing Kodak no-screen x-ray f i l m  on the p l a t e s  
f o r  one week. 

These samples were stored 
The samples were extracted immediately 

The samples were t h e n  

TLC w a s  r e p e a t e d  on t h e  remaining p o r t i o n  of t h e  S o l v e n t  samples .  
The s o l v e n t  was a l lowed t o  e v a p o r a t e  to  d r y n e s s  i n  a i r ,  and  t h e  
r e s i d u e  resuspended i n  methanol.  These p l a t e s  w e r e  s p o t t e d  more 
h e a v i l y ,  developed as b e f o r e ,  and v i s u a l i z e d  w i t h  x-ray f i l m  f o r  
2 weeks. 
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Gas-Liquid Chromatography (GLC) - 

E t h y l  acetate e x t r a c t s  were prepared as described i n  t h e  t h i n -  
layer  chromfaography methpgs. 
d i s s o l v i n g  C-FC-95 and C-FC-143 i n  e t h y l  acetate. P o r t i o n s  of 
t h e  e t h y l  acetate extract  samples and the  e t h y l  acetate c o n t r o l  
s o l u t i o s w e r e  a lso methylated.  A l i q u o t s  of t h e  methylated and 
nonmethy la t ed  e t h y l  acetate e x t r a c t s  and  c o n t r o l s  were i n j e c t e d  
o n t o  the 5713 B e w l e t t  Packard gas chromatograph w i t h  e l e c t r o n  
c a p t u r e  detector. Methyla ted  samples were i n j e c t e d  w i t h i n  3 hrs .  
of  their  me thy la t ion .  The chromatographic  column w a s  12 f t .  x 
1/8" O.D. s ta inless  s-el packed w i t h  20% DC 200 (12,500 CS) on 
10% Bentone 34 and '&Os 80/90 mesh Anakrom P.A. 
t empera tu re  was 250 C . ,  and t h e  detector t e m p e r a t u r e  300 g. The 
column temperahure was grogranrmed t o  hold for  4 min.  a t  g5 C . ,  
t o  rise to  180 C. a t  8 C. per min., and t o  hold a t  180 C .  The 
flow rate was adjusted t o  35 ml/min. of Argon/methane,95/5. 

C o n t r o l  s o l u t i o n s  were made by 

The i n j e c h i o n  p o r t  

Methyla t ions  were performed by adding  a 20 ~1 a l i q u o t  of a 1 pg/rnl 
C FlgCOOH s o l u t i o n ,  as a r e f e r e n c e  compound t o  each saxiule. 
Dfaaomethane was then added u n t i l  a y e l l o w  color p e r s i s t e d .  
samples w e r e  t h e n  loosely capped, s w i r l e d  and allowed t o  s t a n d  f o r  
15 minutes .  Ni t rogen  was blown o v e r  the  samples  u n t i l  t h e  y e l l o w  
c o l o r  disappeared, and t h e  sample w a s  r e t u r n e d  t o  its o r i g i n a l  
volume w i t h  e t h y l  a c e t a t e .  

The 

RESULTS AND DISCUSSION 

F l u o r i d e  Release , 

I n  a l l  b u t  t h e  f i n a l  growth period, d e g r a d a t i o n  of FC-95 and 
FC-143 was monitored only by a n a l y s i s  of fluoride c o n c e n t r a t i o n  
a t  t h e  beginning  a n d  end  of each c u l t u r e  p e r i o d .  I t  w a s  assumed 
t h a t  i f  t h e  f luo rochemica l  p o r t i o n s  oJ these molecules were 
degraded, f l u o r i d e  ion  would accumulate  i n  t h e  media. To e n s u r e  
t h a t  f l u o r i d e  was n o t  l o s t  from t h e  c u l t u r e  by a b s o r p t i o n ,  precip- 
i t a t i o n  or v o l a t i l i z a t i o n ,  c o n t r o l  c u l t u r e s  were grown w i t h  15 mg/l 
of f l u o r i d e .  T h i s  f l u o r i d e  c o n c e n t r a t i o n  is  approximately what 
would r e s u l t  i f  FC-95 or FC-143 underwent d e g r a d a t i o n  w i t h  50 
p e r c e n t  f l u o r i d e  release. The r e s u l t s  of t h e  f l u o r i d e  a n a l y s e s  
conducted on d i f f e r e n t  d a y s  showed c o n s i d e r a b l e  v a r i a t i o n .  T h i s  
was due to t h e  v a r i a b l e  and very s l u g g i s h  r e sponse  of t h e  f l u o r i d e  
electrode. TABLE 4a shows t h e  r e s u l t s  o b t a i n e d  a t  each t ransfer  
TABLE 4b shows t h e  r e s u l t s  o b t a i n e d  when t h e  same samples, which' 
had been stored i n  po lye thy lene  c o n t a i n e r s ,  were ana lyzed  together 
a f te r  t h e  t e r m i n a t i o n  of t h e  exper iment .  Despite t h e  v a r i a b i l i t y  
due t o  t h e  ana ly t i ca l  t echn ique ,  t h e  r e s u l t s  i n d i c a t e  t h a t  f l u o r i d e ,  
i f  released t o  t h e  media through b i o d e g r a d a t i o n ,  would n o t  be lo s t  
from t h e  media. 

The results of t h e  f l u o r i d e  a n a l y s i s  on  f luo roca rbon-con ta in ing  
c u l t u r e s  and cont ro ls  are shown i n  TABU 5. The r e s u l t s  show t h a t  
n o  biodegradation w i t h  f l u o r i d e  release occur red .  

GO3643 
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TABLE 4a 

INITIAL AND FINAL FLUORIDE CONCENTRATION 
(rng/l) OF FLUORIDE SUPPLEMENTED CONTROLS 
MEASURED BY SPECIFIC ION ELECTRODE AT 

TIME OF TRANSFER 
FC-95 FC-143 

F luor ide  Control  F l u o r i d e  Contro l  
Trans fer  # I n i t i a l  I n i t i a l  F i n a  1 F i n a l  - - 

23 20 21 
23 22 21 20 
20 22 18 21 

0 21 
1 
2 
3 26 - 17.5 25 16.5 
4 16.5 19.2 16 17.3 

- 

TABLE 4b 

INITIAL AWD FINAL FLUORIDE CONCENTRATION 
(mg/l) OF FLUORIDE SUPPLEMENTED CONTROLS 

MBASURED BY SPECIFIC ION ELECTRODE 
MEASURED C0UECTIvE;LY AT END OF STUDY 

3c-95 
F l u o r i d e  Control 

Transfer # I n i t i a l  F i n a l  

FC-143 
F l u o r i d e  Control 
I n i t i a l  F i n a l  

1614 16.2 15.7 17 .0  
15.6 16.2 15.7 15.0 
15.6 16.2 1 4 . 5  16.4 
16.2 16.2 16.4 15.6 
15.6 15.7 15.7 17.0 
19.3 17.0 15.0 16.4 

0 
1 
2 
3 
4 
5 



Transfer # 

0 

1 

2 

3 ( 5 )  

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
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TABLE 5 

INITIAL AND FINAL FLUORIDE CONCENTRATION 

CULTURES AND OF NONSUPPLEMENTED 95 AND 
143 CONTROL CULTURES 

(%/1) OF FC-143 AND FC-95-CONTAINING 

FC-95 T e s t  
I n i t .  

0.46 

0.50 

0.42 

1.75 

0.73 

0.72 

0.73 

0.14 

0.90 

0.84 

0.72 

0.81 

0.74 

0.73 

0.81 

- Final 
0.51 

0.46- 

0.66 

1.6 

0.71 

0.78 

0.8 

0.17 

0.84 

0.73 

0.81 

0.80 

0.73 

0.84 

0.78 

111_ 

95 Control 
I n i t .  Final  

0.31 0.33 

0.36 0.36 

0.34 0.56 

1.75 1.5 

0.68 0.60 

0.61 0.68 

0.63 0.70 

-- 

so.1 (0.1 

0.66 0.66 

0.72 0.60 

0.60 0.68 

0.69 0.62 

0.66 0.62 

0.64 0.66 

0.66 0.64 

FC-143 T e s t  
-- Init. Final 

(0.1 <Oil 

<0.1 (0.1 

c o . 1  .<0.1 

.83 1 

40.1 q0.1 

<0.1 so.1 
so.1 <0.1 

(0.1 (0.1 

40.1 xo.1 

c o . 1  xo.1 

(0.1 <0.1 

< O . l  KO.1 

(0.1 qo.1 
40.1 q.1 

w.1 qo.1 

143 C o n t r o l  
I n i t .  Fina l  

C O . 1  c0.1 

C O . 1  co .1  

c o . 1  c o . 1  

.81 1 

K O . 1  c o . 1  

<o. 1 0.56 

<0.1 co.1 

<0.1 co.1 

C O . 1  co.1 

co.1 <0.1 

S O . 1  <0.1 

<0.1 co.1  

<0.1 co.1 

w.1 s o . l  

w.1 <0.1 



- 12- 

Reference  Compounds 

Reference  compounds were used t o  demonst ra te  t h a t  t h e  b i o d e g r a d a t i o n  
test c o n d i t i o n s  used were s u i t a b l e  to  degrade compounds known to  be 
somewhat r e s i s t a n t  t o  degrada t ion .  

In  t h e  f irst  f o u r  growth p e r i o d s ,  30 m g / l  phenol w a s  added t o  t w o  
c u l t u r e s  which were i d e n t i c a l  t o  t h e  tes t  c u l t u r e s ,  except t h a t  
t hey  lacked f luo roca rbons .  A n a l y t i c a l  problems p r e v e n t e d  the 
measurement of phenol c o n c e n t r a t i o n  d u r i n g  t h e  first three growth 
periods. I n  t h e  f o u r t h  g r o w t h  p e r i o d ,  phenol was found t o  degrade 
t o  less t h a n  1.3 mg/l ,  t h e  l i m i t  of s e n s i t i v i t y  of t h e  method as 
appl ied ,  T h i s  demonst ra ted  t h a t  t he  test c o n d i t i o n s  were s u i t a b l e  
for  t h e  b i o d e g r a d a t i o n  of phenol .  

In t h e  f i f t h  through f inal  growth p e r i o d s ,  r e f e r e n c e  l i n e a r  a l k y l  
s u l f o n a t e  (US) was used as t h e  r e f e r e n c e  compound. This compound 
is a s t a n d a r d  r e f e r e n c e  material used i n  t h e  Soap and  D e t e r g e n t  
A s s o c i a t i o n ' s  biodegradation test  method for  a n i o n i c  s u r f a c t a n t s ( 6 ) .  
T h i s  material is c o n s i d e r e d  t o  be r e l a t i v e l y  e a s i l y  degraded. I n  
t h e  Soap and  De te rgen t  A s s o c i a t i o n ' s  shake  f l a sk  b i o d e g r a d a t i o n  
test, t h e  results are cons ide red  i n v a l i d  i f  t h e  removal of l-dodecene- 
d e r i v e d  LAS is n o t  nearly complete. 

The data showing t h e  extent of d e g r a d a t i o n  of LAS i n  s u r f a c t a n t  
supplemented c o n t r o l s  are d e p i c t e d  i n  TABLE 6 .  The data showing 
t h e  e q u i v a l e n t  amount of methylene b l u e  a c t i v e  s u b s t a n c e s  i n  t h e  
c o n t r o l s  n o t  supplemented w i t h  LAS are depicted i n  TABLE 7 .  L i t t l e  
LAS d e g r a d a t i o n  occur red  d u r i n g  t h e  first f e w  a d a p t i v e  t r a n s f e r s .  
Three t r a n s f e r s  were r e q u i r e d  before t h e  majority of t h e  LAS began 
t o  degrade i n  t h e  s u r f a c t a n t  supplemented c o n t r o l  fo r  FC-95. Five  
t r a n s f e r s  were r e q u i r e d  for  LAS d e g r a d a t i o n  i n  t h e  143 c o n t r o l .  
Therefore, i t  appeared t h a t  organisms capable of d e g r a d i n g  l-dodecene- 
d e r i v e d  LAS were n o t  i n i t i a l l y  p resent  i n  s u f f i c i e n t  numbers f o r  
LAS degradation. The tes t  c o n d i t i o n  allowed f o r  en r i chmen t  of 
these organisms,  b u t  enr ichment  o c c u r r e d  at a slower rate t h a n  had 
been a n t i c i p a t e d .  Consequently, changes were made i n  t h e  p r o c e d u r e  
t o  increase t h e  rate and l ike l ihood of a c c l i m a t i n g  o rgan i sms  capable 
of degrad ing  t h e  f luo rochemica l s .  Growth periods were e x t e n d e d  from 
3 too4-6 dazs, and t empera tu re  w a s  raised fromoroom temperature 
( ~ 2 0  to  22 C) t o  a c o n s t a n t  t empera tu re  of 25 C. R e s u l t s  of LAS 
d e g r a d a t i o n  i n  t h e  f i n a l  growth per iod are shown i n  TABLE 8 .  

I n  t h e  growth periods fo l lowing  transfers 11 and 12, an e x p e r i m e n t  
w a s  done t o  determine i f  50 mg/l of FC-95 or FC-143 i n h i b i t e d  
t h e  d e g r a d a t i o n  of  U S .  These r e s u l t s  are shown i n  TABLE 9. FC-95 
appears t o  have a n  i n h i b i t i n g  effect on t h e  microbial d e g r a d a t i o n  
of LAS. However, its presence  was n o t  completely i n h i b i t o r y .  
Comparison w i t h  TABLES 8 and 6 shows t h a t  t h e  p r e s e n c e  of 50 mg/l 
of FC-95 i n h i b i t e d  LAS degrada t ion  b y  18% and 23% d u r i n g  these t w o  
test  periods. On t h e  other  hand,  w i t h i n  t h e  l i m i t s  of t h e  p r e c i s i o n  
of our method, FC-143 d id  not appear t o  have a s i g n i f i c a n t  effect 
on LAS degrada t ion .  
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In t h e  f i n a l  growth period, 50 m g / l  of carbon 14-labeled FC-95 
and FC-143 were used  as test  s u b s t r a t e s  i n  place of the  n o n l a b e l e d  
f luorochern ica ls .  B o t h  FC-95 and FC-143 c u l t u r e s  were prepared in 
t r i p l i c a t e .  The c o n c e n t r a t i o n s  of t h e  r a d i o a c t i v e  f l u o r o c a r b o n s  
p r e s e n t  in t h e  aqueous phase as de te rmined  by s c i n t i l l a t i o n  c o u n t i n g  
are shown i n  TABLE 10. The i n i t i a l  FC-95 c o n c e n t r a t i o n  is much 
lower t h a n  expec ted .  This low v a l u e  could have r e a u l t e d  from a 
s y s t e m a t i c  error i n  t h e  c o l l e c t i o n  of t h e  i n i t i a l  FC-95 samples. 
I t  is also p o s s i b l e  t h a t  FC-95 had not  comple t e ly  d i s s o l v e d  i n  the 
c u l t u r e s  when t h e  first sample was t a k e n ,  but t h i s  seems u n l i k e l y ,  
s i n c e  t h e  i n i t i a l  v a l u e s  for FC-95 c o n c e n t r a t i o n  from a l l  3 parallel 
c u l t u r e s  were almost i d e n t i c a l  (30 .3 ,  29,8 and 30.4 m g / 1 ) .  Never- 
theless, t h e  remain ing  data show t h a t  t h e  r ad ioac t iv i ty  associated 
w i t h  FC-95 and FC-143 remained i n  s o l u t i o n  d u r i n g  t h e  e n t i r e  
7-day d e g r a d a t i o n  t e s t se r iod .  
showed some binding of r a d i o a c t i v e  material, but  t h e  v a s t  m a j o r i t y  
remained i n  t h e  l i q u i d  phase. 

Aaalysh'  of the biological solids 

TABLE 6 

CQNCHiTRATION OF LAS ( m g / l )  I N  SUPPLEMENTED 
CONTROLS AND 96 LAS REUOVED 

T r a n s f e r  # 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

I n i t .  

31.5 

28.3 

29.8 

25 .0  

31.2 

33.0 

32.7 

31.0 

31 .3  

31.7 

31.3 

- F i n a l  

26.8 

27 .5  

25 .5  

12.0 

- 

3.75 

3.17 

2 .33  

2 . 0  

2.33 

2.5 

3.0 

95 - S u r f a c t a n t  C o n t r o l  143 - S u r f a c t a n t  C o n t r o l  
U S  LAS 

96 Removal( 7 )  I n i t .  - 
18.4 35.5 

0.1 32.8 

15.5 27.0 

91.1 25.0 

89.8 37.0 

95.1 38.9 

95.9 42.7 

95.0 39 

96.5 41.3 

93.5 41 .3  

92.8 40.3 

F i n a l  

29.5 

25.8 

24.0 

30.6 

35.8 

13.7 

12 .8  

13.7 

19 .7  

18.0 

13.7 

- % Removal 

19.4 

21.2 

7.0 

-2.0 

ll* 1 

94.6 

89.7 

93.8 

77.9 

88 .3  

90.7 
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TAi3LE 7 

CONCENTRATION OF METHYLENE BLUE ACTIVE SUBSTANCE 
(mg/l) I N  NONSUPPLEbfENTED CONTROLS 

Transfer # 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

95 - Control 
I n i t .  

1.0 

1.15 

0.50 

5.2s 

3.0 

5.75 

4.17 

4.33 

3.0 

3.67 

3.67 

- Final 

1.9 

- 

.38 

.75 

10.2 

0.88 

1.83 

1.17 

0.67 

1.33 

0.67 

1.0 

TABLE 8 

143 - Control 
I n i t .  

4.5 

4.5 

7.1 

5.0 

9.0 

10.9 

12.3 

11.5 

12.3 

11.3 

14.5 

- F i n a l  

4.5 

3.5 

5.50 

10.2 

10.9 

12.2 

9.67 

12.0 

13.3 

14.5 

11.3 

CONCENTRATION OF MBAS (mg/l)  I N  SURFACTANT 
SUPPLEMENTED AND NONSUPPLEMENTED CONTROLS 

DURING FINAL GROWTH PERIOD 

FC-95 Cont rols FC-143 Controls 
#I. LAS #2 U S  Non- #1 LAS #2 LAS Non- - - _ _  - 

Time Suppl. SUPPIA SUPPl. SUPPl. suppl. suppl. - 
I n i t i a l  28.7 29.3 1.0 34.0 36.7 6.5 
Day 2 13.0 26.0 1.0 8.0 22.3 5.3 

6.3 6.3 4.0 Day 7 1 .67  2.0 . 7  

z u s  96.5 95.4 - 91.6 92.3 - 
Removal (7 )  
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TABLE 9 

EFFECT OF FC-95 AND FC-143 ON T U  
BIODEGRADATION OF LAS ANALYZED 

FOR AS W A S  

FC-95 + LAS Culture FC-143 + LAS Culture 
% LAS Rb LA$ 

Transfer # Init. Final Removal( 8) Init. Final Removal(8) 
-_I_ 

11 58.0 34.7 73.6 53.7 27.3 97.8 

12 64.3 4&3 78.9 53.7 34.0 71.4 

TABLE 10 

COIICENTRATION OF 14C-FC-95 OR 14C-FC-143 IN 
THE CENTRIFUGATE OF "F,ST CULTURE DURING 

THE FINAL GROXTH PERIOD 

14C-FC-95 Cultures 14C-FC-143 Cultures 
Standard Standard 

Concentration Deviation Concentration Deviation 

Init. 30.1 mg/l 0 . 3  mg/l 46.2 mg/l 0.9 mg/l 
0 . 3  
0 . 4  

Day 2 52.8 0.5 48.0 
Day 7 53.5 3.1 49.7 
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Thin- layer  chromatography d i d  not r e v e a l  t h e  p r e s e n c e  of radio- 
a c t i v e  metabolic p roduc t s  of either FC-143 or FC-95. Likewise ,  
gas l i q u i d  Chromatography of t h e  same c u l t u r e  e x t r a c t s ,  both 
before and after methy la t ion ,  showed no  p r o d u c t s  t h a t  w e r e  n o t  
i n i t i a l l y  p r e s e n t  or no t  a lso p r e s e n t  i n  c o n t r o l s .  From t h e  
combinat ion of these r e s u l t s ,  i t  can be concluded t h a t  n o  bio- 
deg rada t ion  of these f luo rochemica l s  o c c u r r e d .  
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( 7 )  P e r c e n t  LAS removal w a s  calculated as: 
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%I Removal - x 100 
MBASSI - MBASCI 

Where : 

MBASSI - The i n i t i a l  methylene b l u e  a c t i v e  s u b s t a n c e s  (MBAS) 
c o n c e n t r a t i o n  of t h e  s u r f a c t a n t  supplemented  c u l t u r e .  

MBASCI = The i n i t i a l  MBAS c o n c e n t r a t i o n  of the nonsupplemented 
c o n t r o l  (TABLE 7 ) .  

MBASSF = The f i n a l  MBAS c o n c e n t r a t i o n  of t h e  s u r f a c t a n t  
supplemented c u l t u r e .  

MBASCI = The f i n a l  MBAS c o n c e n t r a t i o n  of t h e  nonsupplemented 
c o n t r o l  (TABLE 7 ) .  

I' 

C.83650 



- 17- 

( 7 )  The percent LAS Removal was c a l c u l a t e d  as: 

Where : 

= The i n i t i a l  m e t h y l e n e  b l u e  a c t i v e  s u b s t a n c e s  CMBAS) 
c o n c e n t r a t i o n  of t h e  c u l t u r e  supplemented by both 
U S  surfactant and either FC-95 or FC-143. 

-ASSTI 

MBASCI = The i n i t i a l  hBAS c o n c e n t r a t i o n  of the nonsup- 
p l emen ta l  control (TABLE 7 ) .  - 

= The final B A S  c o n c e n t r a t i o n  of c u l t u r e s  
supplemented w i t h  s u r f a c t a n t  and f l u o r o c a r b o n .  mBsSTF 

MBASCF = The f i n a l  MBAS c o n c e n t r a t i o n  of t h e  nonsupplementa l  

MBASgI = The i n i t i a l  MBAS c o n c e n t r a t i o n  of t h e  s u r f a c t a n t  

I t  w a s  aasumed that'MBAS c o n c e n t r a t i o n  due t o  FC-95 or 
FC-143 was not reduced by t h e  b iodegrada t ion  or other loss 
of these compounds. 

c o n t r o l  (TABLE 7 ) .  

supplemental c u l t u r e  (TABLE 6 ) .  

w 
EAR/ ceo 


