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ABSTRACT 

Biochemical oxygen demand, combined w i t h  chemica l  oxygen 
demand r a t io s ,  p r o v i d e  a p r o f i  e t h a t  can b e  used i n  t h e  i n t e r -  
p r e t a t i o n  of an e f f l u e n t  water s y s t e m ' s  envi ronmenta l  h e a l t h .  
The b iochemica l  oxygen demand BOD) and t h e  chemica l  oxygen demand 
(COD) a r e  commonly used a s  p a r  meters f o r  de te rmining  t h e  degrada- 
t i o n  o f  o r g a n i c  compounds. 
measures o n l y  t h e  b i o d e g r a d a b l e  p a r t  o f  an  o r g a n i c  w a s t e  p rocess .  
BOD parameters  are an  i n d i c a t i o n  of t h e  a b i l i t y  f o r  s p e c i f i e d  m i -  
croorganisms to  o x i d i z e  a v a i l a b l e  o r g a n i c  matter. The chemical  
oxygen demand p r o v i d e s  a means of measurement of  t h e  environmental  
h e a l t h  of t h e  system i n  terms of  t h e  oxygen demand p l a c e d  upon or- 
g a n i c  matter needed f o r  d e g r a d a t i o n .  
have been i n v e s t i g a t e d  f o r  s t r a i g h t  o i l ,  water -so luble  c h l o r i n a t e d  
o i l ,  and water-based s y n t h e t i c  t y p e  metalworking l u b r i c a n t s  to  
de termine  t h e i r  degree  of  b i o d e g r a d a t i o n  w i t h i n  a waste system such 
a s  found i n  i n d u s t r i a l  e f f l u e n t s .  R e s u l t s  i n d i c a t e  t h a t  t h e  p e t r o -  
leum o i l - c o n t a i n i n g  systems e x h i b i t  a g e n e r a l l y  low i n i t i a l  BOD 
v a l u e ,  w h i l e  COD v a l u e s  are high.  S y n t h e t i c  compounds t e s t e d  
e x h i b i t  t h e  o p p o s i t e  p r o f i l e  - h i g h  BOD v a l u e s ,  l o w  COD v a l u e s  - 
i n d i c a t i n g  t h a t  s y n t h e t i c  systems are more e a s i l y  o x i d i z e d  and 
degraded i n  an aqueous m a t r i x  t h a n  c o n v e n t i o n a l  petroleum-base 
compounds. T h i s  t r e n d  i n d i c a t e s  a c t i v e  b a c t e r i a l  a c t i o n  t o  a c h i e v e  
d e g r a d a t i o n  of o r g a n i c s  w i t h o u t  p l a c i n g  a s t r o n g  chemical  demand 
on t h e  e f f l u e n t .  I t  h a s  t h e r e f o r e  been observed  t h a t  BOD/COD 
t e s t i n g  does e n a b l e  envi ronmenta l  moni tor ing  and a degree  of  bio-  
d e g r a d a b i l i t y  t o  b e  e s t a b l i s h e d  for  o r g a n i c  systems.  

1. INTRODUCTION 

The b i o l o g i c a l  oxygen demand t e s t i n g  

Both BOD and COD parameters  

I n d u s t r i a l  p o l l u t i o n  c o n t r o l  can b e n e f i t  from t h e  s t u d y  of 
oxygen c o n t e n t  and i t s  e f f e c t  on t h e  o x i d a t i o n  of o r g a n i c  matter. 
Such s t u d i e s  i n c o r p o r a t e  t h e  usage of  BOD and COD d a t a  t o  provide  
a p r o f i l e  t h a t  can b e  used i n  t h e  i n t e r p r e t a t i o n  of a water sys-  
t e m ' s  q u a l i t y .  

I n  t h i s  i n v e s t i g a t i o n ,  t h e  envi ronmenta l  r a m i f i c a t i o n s  of  t h e  
usage of metalworking l u b r i c a n t s  a r e  cons idered  by r e g a r d i n g  t h e  
compiled BOD/COD d a t a  f o r  s t r a i g h t  o i l  base ,  water -so luble  o i l  
base ,  and non-petroleum water-based s y n t h e t i c  l u b r i c a n t  systems. 
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The metalworking compounds c u r r e n t l y  i n  u s e  by t h e  m a j o r i t y  
o f  manufac tu re r s  c o n s i s t  l a r g e l y  o f  f a t t y  a d d i t i v e s  f o r  l u b r i c i t y ,  
s u l f u r  and c h l o r i n e  a d d i t i v e s  f o r  extreme p r e s s u r e  performance 
a b i l i t y ,  and a m i n e r a l  o i l  base .  By add ing  a s p e c i a l i z e d  emulsi-  
f i e r  package, such  systems n o t  o n l y  become more w a t e r  s o l u b l e ,  b u t  
i n c r e a s e d  c h l o r i n e  c o n t e n t  i s  p o s s i b l e ,  t h e r e b y  i n c r e a s i n g  t h e  
p r o c e s s i n g  c a p a b i l i t i e s  of  such  s o l u b l e  o i l  systems.  

The p r e s e n t  s y n t h e t i c  t echno logy  c o n s i s t s  l a r g e l y  o f  t h e  amine- 
soap  polymer b a s e  t y p e  of compounds. Such s y n t h e t i c s  are b e i n g  
developed w i t h  t h e  pu rpose  of  a c h i e v i n g  a comple t e ly  b i o d e g r a d a b l e  
p r o d u c t  which can  b e  s a f e l y  used w i t h o u t  t h e  d i s p o s a l  probiems en- 
coun te red  by t h e i r  petroleum-based c o u n t e r p a r t s .  

2 .  OBJECTIVE O F  RESEARCH 

Disso lved  oxygen is  t h e  key e l emen t  i n  t h e  l i f e  c y c l e  o f  any 
body o f  wa te r .  I t  i s  t h e  demand on such  oxygen t h a t  i s  used  as 
a measure of  de t e rmin ing  t h e  e f f i c i e n c y  of  a wastewater t r e a t m e n t  
p r o c e s s .  I n  t h i s  s t u d y ,  t h e  b iochemica l  oxygen demand (BOD) and 
t h e  chemica l  oxygen demand (COD) v a l u e s  are used as t h e  measuring 
d e v i c e  t o  de te rmine  t h e  q u a l i t y  o f  a g i v e n  p o l l u t a n t - c o n t a i n i n g  
s y s  t e m .  

I f  t h e  assumption i s  made t h a t  t h e  BOD t e s t i n g  p r o c e d u r e s  meas- 
u r e  o n l y  t h e  b i o d e g r a d a b l e  p a r t  o f  t h e  o r g a n i c  w a s t e  sampling,  t hen  
by t a k i n g  such  measurements o v e r  v a r y i n g  t i m e  s p a n s ,  a r ea l i s t i c  
p i c t u r e  o f  d e g r a d a t i o n  w i t h i n  a w a s t e  t r e a t m e n t  sys t em can  b e  ob- 
s e r v e d .  T h i s  d a t a ,  coup led  w i t h  t h e  chemica l  oxygen demand v a l u e s ,  
o f f e r s  a p r o f i l e  n o t  o n l y  o f  w a t e r  q u a l i t y ,  b u t  a lso o f  t h e  e x t e n t  
of  t h e  b i o d e g r a d a t i o n  o f  t h e  c o n t a i n e d  p o l l u t a n t s .  

Within t h e  body o f  t h i s  p a p e r ,  t h e  a u t h o r  h a s  a t t e m p t e d  t o  show 
t h e  d e g r a d a t i o n  p r o f i l e  based  on BOD as w e l l  as  COD pa rame te r  d a t a .  

3. EXPERIMENTAL METHOD 

BOD and COD v a l u e s  w e r e  o b t a i n e d  f o r  d i l u t e d  samples  o f  p e t r o -  
leum based  s t r a i g h t  o i l  l u b r i c a n t s ,  c h l o r i n a t e d  s o l u b l e  o i l  l u b r i -  
c a n t s ,  and water-based s y n t h e t i c  metalworking l u b r i c a n t s .  Samples 
w e r e  t e s t e d  a t  500:l and 1 O O O : l  a i l u t i o n s  ( w a t e r : p r o d u c t ) .  Stand- 
a r d  BOD a n a l y s e s ,  i n c o r p o r a t i n g  t h e  Winkler  t i t r a t i o n  method for  
oxygen c o n t e n t  d e t e r m i n a t i o n ,  w e r e  performed f o r  d i l u t e d  samples  
and s p e c i f i e d  s t a n d a r d s .  The BOD w a s  de t e rmined  by add ing  a micro- 
b i a l  s e e d  t o  t h e  d i l u t e d  samples ,  s a t u r a t i n g  them w i t h  a i r ,  incuba-  
t i n g  f o r  5-,7-, 20-,30-,45-,50- and 60-day i n t e r v a l s ,  and t h e n  
d e t e r m i n i n g  t h e  d i s s o l v e d  oxygen c o n t e n t  remaining.  Samples were 
i n c u b a t e d  i n  s t a n d a r d  BOD b o t t l e s  i n  a c o n s t a n t  water b a t h  set  a t  
37OC l0C.  A w a t e r  seal  w a s  used t o  p r e v e n t  a i r  from e n t e r i n g  
b o t t l e s  and c o n t a m i n a t i n g  samples .  The BOD v a l u e s  of t h e  samples  
w e r e  de t e rmined  by measurinq t h e  d i s s o l v e d  oxygen c o n t e n t  before 
and a f t e r  t h e  i n c i b a t i o n  pe;iods. 
a s  f o l l o w s :  

BOD, mg/l 

where D 1  is  t h e  i n i t i a l  d i s s o l v e d  

The BOD v a l u e s  were c a l c u l a t e d  

D 1  - D2 - - 
P 

oxygen v a l u e ,  
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D2 is  t h e  d k s s o l v e d  oxygen v a l u e  a f te r  i n c u b a t i o n ,  and 
P i s  t h e  f r a c t i o n  o f  sample used. 

T h i s  method f o r  d e t e r m i n i n g  t h e  obse rved  BOD v a l u e  o f  samples  
measures t h e  oxygen demand produced by carbonaceous and n i t r o g e n o u s  
compounds, and t h e i r  immediate o x i d a t i o n .  

The chemica l  oxygen demand (COD) t e s t i n g  w a s  used t o  p rov ide  a 
r a p i d  measure o f  o r g a n i c  w a s t e  c o n c e n t r a t i o n .  The COD u s e  w a s  de- 
f i n e d  as  a measure o f  oxygen e q u i v a l e n t  to  t h a t  p o r t i o n  of  o r g a n i c  
matter i n  a sample t h a t  i s  s u s c e p t i b l e  t o  o x i d a t i o n  by a s t r o n g  
chemical  o x i d a n t  (po ta s s ium dichromate/50% s u l f u r i c  acid s o l u t i o n s  
as o x i d a n t s ) .  Such oxygen e q u i v a l e n t s  w e r e  s t u d i e d  by r e f l u x i n g  
d i l u t e d  samples  w i t h  t h e  po ta s s ium d i c h r o m a t e - s u l f u r i c  a c i d  so lu -  
t i o n .  Upon comple t ion  o f  t h e  o x i d a t i o n  p r o c e s s e s ,  t h e  samples  were 
t i t r a t e d  f o r  chromate c o n t e n t  u s i n g  s t a n d a r d  f e r r o u s  ammonium s u l -  
f a t e  r e a g e n t  as d e s c r i b e d  by t h e  s t a n d a r d  EPA a n a l y s i s  method [l] 
f o r  COD t e s t i n g .  

Because o f  t h e  l a r g e  amount o f  w a t e r  p r e s e n t  i n  t h e  samples ,  it 
w a s  i m p o s s i b l e  t o  measure an i n c r e a s e  i n  any of  t h e  r e a c t i o n  pa ra -  
meters, and t h e r e f o r e  became n e c e s s a r y  t o  measure t h e  change oc- 
c u r r i n g  i n  t h e  d i ch romate  ( t h e  i n c r e a s e  i n  Cr3+) t o  de te rmine  t h e  
oxygen demand. T i t r a t i n g  t h e  amount o f  C r 6 +  t h a t  remained a f t e r  
t h e  r e a c t i o n  was complete  e n a b l e d  oxygen l e v e l s  t o  b e . c a l c u l a t e d .  
The COD v a l u e s  were de te rmined  by a s i m p l e  ma themat i ca l  r e l a t i o n -  
s h i p  : 

where COD i s  t h e  chemica l  oxygen demand, 
a i s  t h e  m l s  o f  f e r r o u s  ammonium s u l f a t e  used f o r  b l ank  
b i s  t h e  m l s  of  f e r r o u s  ammonium s u l f a t e  used f o r  sample,  and 
N i s  t h e  n o r m a l i t y  o f  t h e  f e r r o u s  ammonium s u l f a t e .  

4 .  RESULTS 

Chemical t r e n d s  i n  BOD and COD v a l u e s  have been e a s i l y  i d e n t i -  
f i e d  f o r  t h e  t e n  p r o d u c t s  s t u d i e d  h e r e  ( T a b l e  1; F i g u r e s ) .  The 
s t r a i g h t  o i l - b a s e d  metalworking l u b r i c a n t s  ( F i g s .  1 - 3 )  , c o n s i s t i n g  
o f  c h l o r i n e  and s u l f u r  d e r i v a t i v e s ,  f a t  a d d i t i v e s ,  and phospha te s  
w i t h  a s t r a i g h t  m i n e r a l  o i l  b a s e ,  a r e  e a s i l y  d i s t i n g u i s h a b l e  from 
t h e  e m u l s i f i e r - c o n t a i n i n g  w a t e r - s o l u b l e  o i l  systems ( F i g s .  4 -  6 )  by 
t h e i r  i n i t i a l  5-day BOD r e a d i n g s .  With t h e  c o n v e n t i o n a l  o i l - b a s e d  
compounds, t h e  i n i t i a l  BOD v a l u e s  are g e n e r a l l y  lower and t h e  COD 
v a l u e s  s u b s t a n t i a l l y  h i g h e r .  But when t h e s e  v a l u e s  are t a k e n  a t  
t h e  3 0 -  60 day i n c u b a t i o n  p e r i o d ,  it becomes a p p a r e n t  t h a t  BOD 
v a l u e s  i n c r e a s e  s lowly  t o  a maximum and t h e n  d i m i n i s h  t o  a minimal 
p l a t e a u .  

With t h e  a d d i t i o n  of  a n  e m u l s i f i c a t i o n  system to  t h e  s t r a i g h t  
o i l  l u b r i c a n t ,  t h e i n i t i a l  5-day BOD r e a d i n g s  show a s l i g h t  i n c r e a s e ,  
s een  i n  t h e  p l o t s  f o r  p r o d u c t s  D ,  E and F ( F i g s .  4 - 6). The 30- and 60- 
day v a l u e s  were s u b s t a n t i a l l y  lower t h a n  t h o s e  o b t a i n e d  f o r  t h e  
non- so lub le  o i l  samples  ( p r o d u c t s  A ,  B and C;  F i g s .  1 - 3 ) .  
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TABLE 1. TESTING SAMPLE KEY AND CHEMICAL OXYGEN DEMAND VALUES 

Key P roduc t  
Chemical Oxygen Demand 

(COD) Values  
500 : 1 1000 : 1 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 

S t r a i g h t  O i l  
S t r a i g h t  O i l  
S l i g h t l y  S o l u b l e  S t r a i g h t  O i l  
C h l o r i n a t e d  Water-Soluble O i l  
C h l o r i n a t e d  Water-Soluble  O i l  
C h l o r i n a t e d  Water-Soluble O i l  
Water-Based S y n t h e t i c  
Water-Based S y n t h e t i c  
Water-Based S y n t h e t i c  
Non-Chlorinated,  Naphthenic- 

Based O i l  

3250 mg/l 
3922 mg/l 
3500 m g / l  
2731 mg/l 
1926 mg/l 
2519 mg/l 

976 mg/l 
1011 mg/l 
1262 m g / l  

2300 mg/l 

1317 m g / l  
2122 mg/l 
1875 mg/l 
979 mg/l 

1011 mg/l 
1392 mg/l 

525 mg/l 
742 mg/l 
681 mg/l 

1506 mg/l 

SAMPLE A 

=; 900 t 
\ I 

5 15 25 35 45 55 
I n c u b a t i o n  T i m e  (days )  

F ig .  1. BOD P r o f i l e s ,  S t r a i g h t  Oils, Sample A. 
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F i g .  3. BOD P r o f i l e s ,  S o l u b l e  O i l s ,  Sample  C. 
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v 

m - 5000 ,. 
.-I 
\ 

m 

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  
5 15 25 35 45 55 65 75 

Fig.  4. BOD P r o f i l e s ,  S o l u b l e  O i l s ,  Sample D. 

I n c u b a t i o n  Time ( d a y s )  

5 15 25 35 45 55 65 75 
I n c u b a t i o n  T i m e  ( d a y s )  

F ig .  5. BOD P r o f i l e s ,  S o l u b l e  C h l o r i n a t e d  O i l s ,  Sample E. 
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Fig. 6. BOD Profiles, Soluble Chlorinated Oils, Sample F 

4 . 1  BOD Values 

From the plots of incubation time versus BOD value for 
petroleum-based samples (Figs. 1 and 21, it is obvious that the 
addition of emulsifier systems (consisting of straight- and 
branched-chain amines with polyethoxylated nonionic surfactants) 
to the straight-oil type lubricant systems decreases the incuba- 
tion time necessary to reach the maximum BOD level for the tested 
samples (Figs. 4 and 5 ) .  

For the highly chlorinated, water-soluble oil systems tested 
(Samples D - F), the high initial BOD values obkained indicate that 
such samples are readily oxidized- more so than observed for the 
straight, nonsoluble oil systems. From the data obtained for pro- 
ducts D and E (Figs. 4 and 5 1 ,  the amine/sulfonate/nonionic surfac- 
tant emulsifier system these products contain to increase water 
solubility tends to exhibit a lower dissolved oxygen content, as 
the oxygen necessary for biodegradation must be taken from the 
environment. 

Product F (Figure 6 )  exhibited a different type of BOD profile 
which is easily correlated with its composition. Product F incor- 
porates a highly sophisticated emulsion and inhibitor system into a 
basic chlorine/sulfur-containing petroleum oil. The two distinct 
maximums observed in the plots of incubation time versus BOD value 
can be attributed to the ratios of the base components of the system. 
For each of the major contributing organic components within the 
product, there is a separate and distinct oxidation point which 
exists without interference from the petroleum base component. 

The non-petroleum, water-based synthetic lubricant systems 
(Products G, H and I; Figs. 7 - 9) all exhibit similar BOD profiles: 
high initial BOD levels-quickly tapering off to an absolute minimum. 
In all of these synthetic systems, maximum BOD values were observed 
at the 5-7 day incubation period. 
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Fig. 8. BOD Profiles, Synthetics, Sample H. 
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- 5 0 0 0  
4 . .  
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l2 - 4000 
ffl 
al 2 3000  

9 
g 2000 
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1000 

SAMPLE I 
r 

1000/1 

5 1 5  25  35 45 5 5  65  75 
I n c u b a t i o n  T i m e  ( d a y s )  

F i g .  9 .  BOD P r o f i l e s ,  S y n t h e t i c s ,  Sample I 

5 0 0 0  

$ 3000 

2 2000  
a 
0 
m 

1000 

SAMPLE J t 

5 15  25  35 45 5 5  6 5  75 
I n c u b a t i o n  T i m e  (days )  

F ig .  1 0 .  BOD P r o f i l e ,  S t r a i g h t  Base O i l  (Naphthenic) ,  
Sam2le J. 
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V a r i a t i o n s  among t h e  t h r e e  s y n t h e t i c  l u b r i c a n t  samples can be 
a t t r i b u t e d  t o  t h e  unique chemis t ry  encountered  for  each product .  
Product  G (F ig .  7 )  w a s  a s y n t h e t i c  soap  c o n t a i n i n g  polymers and 
p o l y c y c l i c  r u s t - i n h i b i t o r  a d d i t i v e s .  Product  H (F ig .  8 )  w a s  a l s o  an 
amine-soap b a s e  system, b u t  w i t h  a s l i g h t l y  d i f f e r e n t  a d d i t i v e  base.  
The observed BOD l e v e l s  f o r  p r o d u c t  H reached  t h e i r  maximum a t  t h e  
7-day i n c u b a t i o n  p e r i o d .  BOD l e v e l s  f o r  p r o d u c t  H were a lso s l i g h t -  
l y  lower t h a n  f o r  p r o d u c t  G ,  i n d i c a t i n g  a p o s s i b l e  d e c r e a s e  i n  
o x i d a t i o n  p o t e n t i a l .  Sample I BOD l e v e l s  (F ig .  9 )  w e r e  m o s t  s i m i l a r  
to  t h e  p r o f i l e  o b t a i n e d  f o r  Product  H.  Samples H and I are chemical- 
l y  s i m i l a r  and v a r y  o n l y  s l i g h t l y  i n  t h e i r  defoaming c a p a b i l i t y .  

Sample J is  a s t r a i g h t  naphthenic  o i l  and e x h i b i t s  v e r y  pre-  
d i c t a b l e  BOD v a l u e s  (F ig .  1 0 ) .  I t  e x h i b i t s  a much h i g h e r  i n i t i a l  
BOD r e a d i n g  t h a n  do t h e  c h l o r i n a t e d  o i l  systems ( F i g s .  4 - 6 )  s i n c e  
it c o n t a i n s  n e i t h e r  c h l o r i n e  o r  s u l f u r  a d d i t i o n s ,  nor  any spe- 
c i f i c  e m u l s i f i c a t i o n  systems.  

4 . 2  COD Values.  

S i n c e  COD i s  a measure of  t h e  o x i d i z a b l e  o r g a n i c  c o n t e n t  of  
a sample,  t h e  r e s u l t s  of t h e  COD tests o b t a i n e d  (Table 1) are con- 
s i d e r e d  t o  b e  a measure of t h e  g r o s s  o r g a n i c  p o l l u t i o n  c o n t e n t  of 
a w a s t e w a t e r  sample [ 2 ] .  A l l  o r g a n i c  components should  b e  o x i d i z e d  
t o  carbon d i o x i d e  and w a t e r ,  w i t h  n i t r o g e n  from amines and amino 
compounds conver ted  t o  t h e  ammonium i o n  and n o t  o x i d i z e d ,  and re- 
s u l t i n g  COD v a l u e s  t h a t  a r e  ex t remely  l o w  (Samples F and G ,  F i g s .  
6 and 7 ) .  

Both s t r a i g h t  o i l - b a s e d  and c h l o r i n a t e d ,  w a t e r - s o l u b l e  o i l -  
based l u b r i c a n t s  p r e s e n t e d  expec ted  COD p r o f i l e s :  h igh  COD va lues .  
I n  comparison, lower COD v a l u e s  w e r e  observed f o r  t h o s e  samples 
c o n t a i n i n g  s y n t h e t i c  c h e m i s t r i e s .  The h i g h  COD l e v e l s  o b t a i n e d  
f o r  t h e  pe t ro leum-conta in ing  p r o d u c t s  a t t e s t  t o  t h e  d e g r a d a t i v e  
d i f f i c u l t i e s  encountered  i n  b a c t e r i a l  as w e l l  as chemical  o x i d a t i o n  
p r o c e s s e s  f o r  pe t ro leum o i l s .  The i n c r e a s i n g l y  lower COD v a l u e s  
observed f o r  t h e  s y n t h e t i c s  t e s t e d  i n d i c a t e d  an  i n c r e a s e d  degree  
of  b i o d e g r a d a b i l i t y  f o r  t h e  o r g a n i c  c o n t e n t ,  inasmuch as a l o w  COD 
v a l u e  i n d i c a t e s  t h a t  o n l y  a s m a l l  amount of o r g a n i c  matter is  pre-  
s e n t  a f t e r  t h e  o x i d a t i v e  p r o c e s s e s  have occurred .  

4 . 3  Summary 

C l e a r l y ,  t h e  r e s u l t s  i n d i c a t e  p r e d i c t a b l e  t r e n d s  f o r  BOD and 
COD d a t a  as  o b t a i n e d  f o r  t h e  o i l - b a s e d  and s y n t h e t i c - b a s e d  l u b r i -  
c a n t  systems t e s t e d  and compared. 

5 .  DISCUSSION 

A l t h o u g h b o t h B O D a n d C O D t e s t i n g a r e w i d e l y u s e d a s  a r a t i o n a l e f o r  
t h e  i n t e r p r e t a t i o n  of  c o n d i t i o n s  i n  v a r i o u s  waste sys tems,  b o t h  
methods have ex t remely  l o w  s e n s i t i v i t i e s .  Because of  t h e i r  h i g h .  
degree  of manipula t ion  as w e l l  as t h e i r  e x t e n s i v e  a n a l y s i s  prepara-  
t i o n ,  BOD and COD t e s t i n g  have become ext remely  s e n s i t i v e  t o  minor 
d i s c r e p a n c i e s  i n  t h e i r  t echniques .  The q u a l i t y  of t h e  d i l u t i o n  
water, t h e  e f f e c t i v e n e s s  o f  any s e e d  components used,  and t h e  tech-  
n ique  of  t h e  a n a l y s t  are a l l  parameters  t h a t  must be c o n s t a n t l y  
monitored. Many o t h e r  f a c t o r s  a lso a f f e c t  BOD and COD t e s t i n g .  
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Toxic s u b s t a n c e s  i n  t h e  sample i n h i b i t  o r  may even p r e v e n t  b a c t e r i a l  
growth, and t h e r e f o r e  t h e  o x i d a t i o n  o< t h e  o r g a n i c  matter i n  t h e  
system. T h i s  w i l l  c a u s e  a r e s u l t a n t  d e c r e a s e  i n  t h e  a c t u a l  BOD 
v a l u e  o b t a i n e d  and p o s s i b l y  an  i n c r e a s e  i n  t h e  COD va lue .  The t i m e  
factor involved  i n  t h e  incubat ' ion of  BOD samples t e n d s  t o  vary  BOD 
v a l u q s  i f  n o t  p r o p e r l y  c o n t r o l l e d .  Bacteria grow somewhat s lowly ,  
so t h a t  it may t a k e  c o n s i d e r a b l y  l o n g e r  t h a n  a 5-day i n t e r v a l  for 
complet ion o f  t h e  b i o l o g i c a l  o x i d a t i o n .  
can a lso g r e a t l y  a l t e r  a c t u a l  r e s u l t s .  I n  performing BOD t e s t i n g ,  
i n t e r f e r e n c e  from o t h e r  o r g a n i c  materials, which may produce t h e  
same o x i d a t i o n  r e a c t i o n  as t h e  Winkler t i t r a t i o n ,  y i e l d  h igh  v a l u e s  
r e s u l t i n g  from what is  i n t e r p r e t e d  as p o s i t i v e  i n t e r f e r e n c e s .  On 
t h e  o t h e r  hand, r e d u c i n g  a g e n t s  c o u l d  p o s s i b l y  produce t h e  o p p o s i t e  
e f f e c t ,  r e s u l t i n g  i n  lower-than-expected BOD v a l u e s  [ 2 ] .  

s t a n c e s  do n o t  i n t e r f e r e  w i t h  COD t e s t i n g .  However, h igh  l e v e l s  
of c h l o r i n e  w i l l  d r a s t i c a l l y  reduce  t h e  accuracy  of t h e  method. 
To overcome such  i n t e r f e r e n c e s  encountered  i n  c h l o r i n a t e d  o i l s ,  an 
a d d i t i o n  of m e r c u r i c  s u l f a t e  w a s  i n t r o d u c e d  to  t h e  samples t e s t e d  
DI.  

D e s p i t e  t h e  obvious  i n a c c u r a c i e s  of BOD and COD t e s t i n g ,  they  
remain t h e  widely a c c e p t e d  method of de te rmining  p o l l u t i o n  c r i t e r i a  
of w a t e r  systems.  Systems c o n t a i n i n g  o r g a n i c  matter e x h i b i t i n g  
l a r g e  BOD v a l u e s  w i l l  b e  o x i d i z e d  by t h e  n a t u r a l  b a c t e r i a  p r e s e n t .  
The b a c t e r i a l  o x i d a t i o n  p r o c e s s e s  w i l l  consume oxygen from t h e  
wastewater f a s t e r  than  i t  i s  a b l e  t o  d i s s o l v e  oxygen back i n t o  t h e  
system f r o m  t h e  a i r .  This  c o n d i t i o n  r e s u l t s  i n  extreme l o s s  of 
oxygen w i t h i n  t h e  water system, c r e a t i n g  a l i f e - t h r e a t e n i n g  e n v i r -  
onment for t h e  oxygen-requir ing organisms.  I t  i s  f o r  t h i s  reason  
t h a t  a w a s t e  t r e a t m e n t  p l a n t  removes as much as p o s s i b l e  of t h e  
BOD l o a d  p a s s i n g  through it. 

I n t e r f e r i n g  s u b s t a n c e s  

It  is  i m p o r t a n t  t o  n o t e  t h a t ,  u n l i k e  BOD t e s t i n g ,  t o x i c  sub- 

I n  rev iewing  t h e  r e s u l t s  o b t a i n e d  f o r  i n d u s t r i a l  l u b r i c a n t s  
t e s t e d  i n  t h i s  s t u d y ,  it becomes obvious  t h a t  a t  t h e  5-day incu-  
b a t i o n  s t a g e ,  it i s  t h e  s y n t h e t i c  compounds t h a t  u s e  much more 
oxygen i n  t h e  p r o c e s s  o f  d e g r a d a t i o n .  But by s t u d y i n g  t h e  extended 
i n c u b a t i o n  e f f e c t  o f  t i m e  on t h e  s t a b i l i t y  of such  l u b r i c a n t s ,  it 
becomes a p p a r e n t  t h a t  petroleum-base l u b r i c a n t s  do n o t  begin  t h e i r  
o x i d a t i o n  d e g r a d a t i o n  u n t i l  a much l a t e r  t i m e  i n t e r v a l  a f t e r  t h e  
i n i t i a l  i n o c u l a t i o n  i n t o  a system. 

Observing t h e  BOD and COD parameter  d a t a  from t h i s  s t u d y ,  one 
would e x p e c t  t h e  s y n t h e t i c  t y p e  of  l u b r i c a n t  system t o  p l a c e  a much 
h i g h e r  oxygen demand on any water system it encounters .  The slowly- 
degrading  pe t ro leum o i l s  do n o t  e x h i b i t  t h e  same oxygen p r o f i l e s  
and can be c h a r a c t e r i z e d ,  as can  a l l  t h e  samples  t e s t e d ,  from 
t h e  t i m e / B O D  p l o t s  o b t a i n e d .  

6 .  CONCLUSIONS 

The c o n c l u s i o n s  of  t h i s  s t u d y  are a s  f o l l o w s :  

1. As s e e n  from t h e  d a t a  of BOD v e r s u s  i n c u b a t i o n  t i m e ,  e f -  
f l u e n t  systems t h a t  e x h i b i t  i n i t i a l l y  h i g h  BOD v a l u e s  w i t h  rela- 
t i v e l y ' l o w  COD v a l u e s  can  b e  c h a r a c t e r i z e d  as b e i n g  i n  a s t a t e  of 
i n c r e a s e d  d e g r a d a t i o n ,  i n  which t h e  system h a s  n e a r l y  d e p l e t e d  i t s  
o r g a n i c  c o n t e n t  o r  i s  i n  t h e  p r o c e s s  of  doing so. 
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2.  The opposite trend is foreseen for the conventional oil- 
based compounds tested. Initially low BOD levels coupled with 
extremely high COD levels indicate that the product effluent con- 
tains an increased-amount of organic components which can be 
readily oxidized by chemicalmethods, but cannot be degraded by 
bacteria-induced oxidation (as observed in activated sludge pro- 
cessing). 

3. Petroleum-containing lubricants would require a much 
longer degradation period to reduce oxygen-demanding components 
than have been observed for the water-based synthetic samples 
tested. This trend remains clearly a function of time and 
chemistry. 

obtained indicate a predictable pattern of biodegradation for waste- 
containing effluents. It is the synthetic compound that offers 
the best ability for control, since there total degradation ap- 
pears to occur more rapidly than the petroleum-based systems. It 
is the contention of this study that high BOD levels can be toler- 
ated if encountered early enough in the effluent treatment cycle, 
to be controlledby conventional methods. 

5. Metalworking lubricants are varied in character, as are 
their environmental effects. By categorizing the oxygen depletion 
brought about by lubricant-containing industrial waste (since it 
is not always possible to determine the exact chemical breakdown 
of waste-contributing effluents, the initial BOD/COD values become 
more important criteria with which to evaluate water quality. 

4. The overall view of the environmental studies and results 

If all the above points are taken into consideration, a feasi- 
ble characterization plot of organic effluent waste will have been 
established and can aid environmentalists in further defining the 
biodegradation within a system. 
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