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3EPORT ABSTRACT (200-250 words) This abstract information is distributed by the Technical Communications Center 
ilert 3M'err to Company RLD. It is  Company confidontial material. 

The chemical oxygen demand (COD) of CS-2151 w a s  determined 
i n  accordance w i t h  t h e  Standard Methods r e f l u x  method and 
according t o  t h e  Standard Ampule COD Method of Oceanography 
I n t e r n a t i o n a l .  The r e f l u x  pro tocol  gave a COD of 66,000 
mg/kg. The ample method gave a COD of 81,000 mg/kg. 
Experience w i t h  a wide va:riety of pe r f luo r ina t ed  o r g a n i c s '  
has  shown t h a t  t h e  perf luorinated port ions  a r e n o t  ox id ized  
under t h e  cond i t ions  of the COD test. The potassium s a l t  
of t h e  p e r f l u o r i n a t e d  po r t ion  of t h e  sub jec t  material w a s  
p rev ious ly  t e s t e d  and showed no clhemical oxygen demand. 
Thus t h e  observed COD appears t o  lbe due t o  t h e  d i e thano l  
amine p o r t i o n  of t h e  chem.lca1. Tlhe t h e o r e t i c a l  oxygen demar 
of CS-2151, assuming comp'lete ox ida t ion  of o n l y  t h e  
diethanolamine po r t ion  is 77,000 mg/kg. 



COD OF CS-2151 

I n  t r o d  u c t  i o n  $"  L I  

The chemica l  oxygen demand (COD) t e s t  measures t h e  oxygen 
e q u i v a l e n t  of a c h e m i c a l  under  s t r o n g  o x i d i z i n g  c o n d i t i o n s .  When 
compared to  theoretical  oxygen demand, COD can g i v e  a n  i n d i c a t i o n  
of t h e  s t a b i l i t y  of t h e  component t o  chemical o x i d a t i o n .  S i n c e  
most o r g a n i c  compounds are comple t e ly  degraded  i n  t h e  COD tes t ,  
t h i s  t e s t  is f r e q u e n t l y  used  f o r  comparison w i t h  t h e  b iochemica l  
oxygen demand (BOD) tes t .  F o r  t h o s e  materials degraded by t h e  
COD t es t ,  t h e  BOD/COD r a t i o  g i v e s  a n  i n d i c a t i o n  of t h e  
comple t eness  of b i o d e g r a d a t i o n .  

T h i s  r e p o r t  describes t h e  t es t  performed on CS-2151 to e v a l u a t e  
i t s  COD. I t  p r o v i d e s  t h e  d a t a  g e n e r a t e d  i n  t h i s  s t u d y  and 
compares t h e  chemical oxygen demand t o  t h e  t h e o r e t i c a l  oxygen 
demand. 

Methods and Materials 

The 3 M ,  Environmental  Lab- r e c e i v e d  t h e  liest s u b s t a n c e  o n  11/4/80. 
The sample was a l i g h t ,  ye l low l i q u i d .  I t  was r e p o r t e d  t o  
c o n t a i n  25% s o l i d s  i n  water. S o l i d  p o r t i o n  of t h i s  p r o d u c t  is 
d e s i g n a t e d  CS-2070. 

Wade S c h i e l  performed t h e  chemica l  oxygen demand tes t  i n  
accordance  wi th  t h e  s t a n d a r d  Environmental  L a b o r a t o r y  P r o t o c o l  
( a t t a c h e d )  t h i s  protocol is based on t h e  S tanda rd  Methods 
chemical oxygen demand p rocedure .  The COD was a lso measured 
a c c o r d i n g  t o  t h e  Oceanography I n t e r n a t i . o n a 1  S tanda rd  Ampule COD 
Method (copy a t t a c h e d ) .  For  bo th  p r o c e d u r e s ,  COD'S were also r u n  
i n  p a r a l l e l  o n  p o t a s s i u m  hydrogen p h t h a - l a t e  (KHP) r e f e r e n c e  
samples .  

R e s u l t s  and Di scuss ion  

D u p l i c a t e  d e t e r m i n a t i o n s  by t h e  r e f l u x  method gave COD fo r  
CS-2151 of 67,000 mg/kg and 66,000 mg/kg. A patassium hydrogen 
p t h a l a t e  s t a n d a r d  run  i n  p a r a l l e l  w i t h  a t h e o r e t i c a l  COD of 4 0 5  
m g / l  w a s  determined to have a COD of 3 9 2  m g / l .  Duplicate COD 
measurements on CS-2151 by t h e  ampule  p r o t o c o l  were bo th  81,000 
mg/kg. The p a r a l l e l  s t a n d a r d  wi th  a t h e o r e t i c a l  COD o f  176 mg/l 
was de termined  to  have a COD of 170 m g / l .  

P rev ious  s t u d i e s  o n  FC-98, which is t h e  same f l u o r o c h e m i c a l  
e x c e p t  t h a t  p o t a s s i u m  replaces t h e  d i e thano lamine ,  showed t h a t  
FC-98 had no  chemical  oxygen demand. The re fo re ,  it appears t h a t  
t h e  chemical oxygen demand of CS-2151 i s  due o n l y  to  o x i d a t i o n  of  
t h e  d i e t h a n o l a m i n e  p o r t i o n  of t h e  molecule. The t h e o r e t i c a l  COD 
of t h e  CS-2151 s o l i d s  (CS-2070), assuming i t s  f l u o r o c h e m i c a l  
p o r t i o n  and NH3 are n o t  o x i d i z e d ,  is 307,000 mg/kg. Thus, t h e  
t h e o r e t i c a l  COD of CS-2151, which is a 25% aqueous s o l u t i o n  is 
77,000 mg/kg. 

C o n c l u s i o n  

The measured COD v a l u e s  are consis tent  w i t h  t h e  h y p o t h e s i s  t h a t  
o n l y  t h e  d i e thano lamine  p o r t i o n  of t h e  molecule is degraded  i n  
t h e  COD test .  
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A 20-day b iochemica l  oxygen demand (BOD ) test  u s i n g  
c o n c e n t r a t i o n s  of CS-2151 r a n g i n g  from 88 t o  540 m g / l  
gave  a BOD f o r  CS-2151 of 69 ,400  mg/kg ( 2 7 8 , 0 0 0  mg/kg 
f o r  CS-20787. Oxygen demand is presumed t o  be d u e  t o  t h e  
d i e t h a n o l a m i n e  p o r t i o n  of t h e  molecule since a p r e v i o u s l y  
conducted  BOD test on t h e  sodium sal t  of  t h e  f luo rochemica l  
portion of CS%151 showed no oxygen uptake. The BOD was 
e q u i v a l e n t  t o  90% of  t h e  theoretical oxygen demand f@ t h e  
d i e t h a n o l a m i n e  p o r t i o n  of  t h e  molecule assuming its 
comple te  conversion t o  COZi  H 2 0 ,  and NH . The p o s s i b i l i t y  
of p a r t i a l  d e g r a d a t i o n  of t h e  f l u o r o c h e h c a l  p o r t  i o n  of  
CS-2151 canno t  be e l i m i n a t e d  by t h i s  t e s t i n g  . However, 
e x p e r i e n c e  w i t h  a wide v a r i e t y  of similar compound 
i n d i c a t e s  t h a t  t h e  p e r f l u o r i n a t e d  p o r t i o n  of t h i s  mo lecu le  
w i l l  n o t  b iodegrade .  
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BIOCHEMICAL OXYGEN DEMAND OF CS-2151 

In  t r o d  u c t  i o n  

The  o b j e c t i v e  of t h i s  s t u d y  w a s  t o  ob ta in  a n  i n d i c a t i o n  of t h e  
b i o d e g r a d a b i l i t y  of CS-2151, which is t h e  d i e thano lamine  s a l t  o f  
p e r f  luoro e t h y l c y c l o h e x a n e  s u l f o n i c  a c i d  . Its in t ended  u s e  is as 
a s u r f a c t a n t  fo r  m i s t  s u p p r e s s i o n  i n  a n o d i z i n g ,  e lec t ropla t ing ,  
and e t c h i n g  b a t h s .  As a r e s u l t  of t h e s e  u s e s ,  it w i l l  be dragged 
o u t  w i th  par t s  and w i l l  e n t e r  t h e  envi ronment  w i t h  t h e  water used 
t o  r i n s e  t h e s e  parts. When used i n  s t r o n g - a c i d ,  e t c h i n g  sys tems,  
t h e  e thano lamine  p o r t i o n  of t h e  molecule would l i k e l y  be 
p a r t i a l l y  or c o m p l e t e l y  o x i d i z e d  prior to  its e n t r y  i n t o  t h e  
envi ronment .  

Methods and Materials 

The Environmental  L a b o r a t o r y  r e c e i v e d  t h e  test sample on 11/4/80. 
The sample was a l i g h t ,  y e l l o w  l i q u i d .  I t  was r e p o r t e d  t o  
c o n t a i n  25% s o l i d s  i n  water. W. A. S o h i e l  and M. Rober t s  
performed t h e  5 ,  10 ,  and  20-day b iochemica l  oxygen tests 
a c c o r d i n g  t o  t h e  a t t a c h e d  s t a n d a r d  Environmental  Labora tory  
p r o t o c o l .  I n  t h i s  t e s t i n g ,  f o u r  concentrat ions were used r a n g i n g  
from 68 t o  540 m g  of CS-2151 per l i t e r  of BOD d i l u t i o n  water. 
T h e r e  w a s  l i t t l e  oxygen d e p l e t i o n  d u r i n g  t h e  frirst f i v e  days ,  b u t  
a t  1 0  and  20 d a y s  o n l y  t h e  BOD bot t le  c o n t a i n i n g  68 mg/l of 
CS-2151 c o n t a i n e d  g r e a t e r  t h a n  0.5 mg/’ l  of oxygen r e s i d u a l .  The 
oxygen d e p l e t i o n  due t o  t h e  samples is; shown i n  Table  1 below: 

Tab le  1 - Oxygen d e p l e t i o n  due t o  CS-2,151 (io€!., oxygen d e p l e t i o n  
i n  sample bottle c o r r e c t e d  for oxygen d e p l e t i o n  due t o  seed  and 
water) . 

Oxygen D e p l e t i o n  Due to Sam l e ( m  /1) - CS-2151 
Conc . ( m g / l )  !2L2 Day2 9- 

68 

140 

270 

540 

0.06 4.17 4.69 

>7,65 e. - 0.16 

0.20 >7.65 -. - 
0.31 >7.6 -. - 
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When t h e r e  is less t h a n  2 mg/l oxygen d e p l e t i o n ,  t h e  
Envi ronmenta l  Labora to ry  Protocol ca l l s  for  r e p o r t i n g  BOD as  less 
t h a n  t h e  BOD v a l u e  which would have been c a l c u l a t e d  i f  t h e  
h i g h e s t  t e s t  material c o n c e n t r a t i o n  had shown a n  oxygen deple t ion  
of 2 mg/l. The 5-day BOD was t h u s  r e p o r t e d  t o  be less t h a n  3,700 
mg/kg. The BOD a t  5 and 10 days  w a s  calculated based on t h e  
oxygen d e p l e t i o n  of  t h e  6 8  mg/l c u l t u r e  i n  accordance  w i t h  t h e  
a t t a c h e d  protocol. The reported BOD v a l u e s  are, t h e r e f o r e :  

BOD5 - (3,700 mg/kg 

BOD10 - 62,000 mg/kg 

BOD20 - 69,000 mg/kg 

BOD tests have also been-done  on t h e  pcltassium salt of  p e r f l u o r o  
e t h y l c y c l o h e x a n e  s u l f o n i c  acid.  The 20-day BO11 was found t o  be 
less t h a n  3,800 mg/l. These r e s u l t s  i n d i c a t e  t h a t  under  t h e s e  
c o n d i t i o n s  t h a t  t h e  p e r f  l u o r i n a t e d  port i o n  of t:he molecule is 
u n l i k e l y  to degrade. Assuming no n i t r i f i c a t i o n  and no 
b i o d e g r a d a t i o n  of p e r f l u o r i n a t e d  portion of t h e  molecule ,  t h e  
t h e o r e t i c a l  b iochemica l  oxygen demand would be 77,000 mg/kg (307 
mg/kg for t h e  100% so l id s  material). The obse rved  BOD v a l u e  was, 
t h u s ,  90% of t h e  theoretical  assuming t h a t  o n l y  t h e  
d i e t h a n o l a m i n e  w a s  biodegraded. S i n c e  BOD v a l u e s  r a r e l y  r e a c h  
t h e o r e t i c a l  oxygen demand, these results i n d i c a t e  e s s e n t i a l l y  
complete d e g r a d a t i o n  of t h e  d i e t h a n o l a m i n e  p o r t i o n  of t h e  
molecule . 
D i s c u s s  i o n  

The resu l t s  of t h i s  t e s t i n g  when e v a l u a t e d  i n  c o n j u n c t i o n  w i t h  
BOD r e s u l t s  on t h e  po ta s s ium s a l t  of t h e  f l u o r o e h e m i c a l  p o r t i o n  
of t h i s  m o l e c u l e  i n d i c a t e  t h a t  the fluorochemical portion of the 
molecule  would n o t  b iodegrade  under  t h e  t es t  co lndi t ions ,  wh i l e  
t h e  d i e t h a n o l a m i n e  p o r t i o n  would be comple t e ly  degraded.  The 
20-day b iochemica l  oxygen demand tes t  (BODZO)  is a tes t  for  r e a d y  
b i o d e g r a d a b i l i t y .  T h i s  t es t  a l o n e  c a n n o t  exc lude  t h e  p o s s i b i l i t y  
t h a t  t h e  f l u o r o c h e m i c a l  p o r t i o n  of t h e  molecule  may biodegrade  
a f t e r  l o n g e r  p e r i o d s  of a c c l i m a t i o n  or under  more favorable 
c o n d i t i o n s .  Such d e g r a d a t i o n  is, however,  ve ry  u n l i k e l y .  
L i t e r a t u r e  s t u d i e s  conducted on  a n  ongoing basis f o r  s e v e r a l  
y e a r s  have n o t  uncovered a r t i c l e s  t h a t  describe t h e  
b i o d e g r a d a t i o n  of a c o m p l e t e l y  p e r f l u o r i n a t e d  o r g a n i c  material. 
The 3M Environmental  Laboratory h a s  a l s o  n o t  s e e n  t h e  
biodegradation of  any 3M p e r f l u o r i n a t e d  o r g a n i c  materials. 
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Conc. - Concentration of sample (ml/l or mgn) in BOD bottler. 

Sample Size = ml or g of sample or diluted sample added to BOD I3ottle. 
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Not.: 1. Conc. = Concentration of sample ( d d k ~ r @ n  BOD bottles. 

2. Sample Size = ml or g of sample or diluted sample added to BOID Bottle. 
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