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ABSTRACT 

A d d i t i o n  o f  phenol recovery  t o  t h e  wastewater t r ea tmen t  scheme i n  t he  
Base l i ne  Design f o r  t h e  S R C - I  Demonstrat ion P l a n t  was eva lua ted  as a  
major  pos t -Base l ine  e f f o r t .  Phenol recovery  a f f e c t s  many downstream 
processes, b u t  t h i s  s tudy was designed t o  assess p r i m a r i l y  i t s  e f f e c t s  
on b i o o x i d a t i o n  and subsequent t e r t i a r y  t rea tment .  Two p a r a l l e l  t r e a t -  
ment schemes were s e t  up, one t o  t r e a t  dephenolated wastewaters and t h e  
o t h e r  f o r  processed nondephenolated wastewaters,  a  s i m u l a t i o n  o f  t h e  
Base l ine  Design. The s tudy  focused on comparisons o f  f i v e  areas: 
e f f l u e n t  qua1 i t y ;  system s t a b i  1  i t y ;  t h e  need f o r  cont inuous,  high-dose 
powdered a c t i v a t e d  carbon (PAC) augmentat ion t o  t h e  b i o r e a c t o r ;  minimum 
b i o r e a c t o r  h y d r a u l i c  res idence t ime (HRT); and t e r t i a r y  t rea tment  
requi rements .  The r e s u l t s  show t h a t  phenol recovery  improves t h e  
q u a l i t y  o f  t he  b i o r e a c t o r  e f f l u e n t  i n  terms o f  r e s i d u a l  o rgan ics  and 
c o l o r .  Wi th  phenol recovery ,  PAC augmentat ion i s  n o t  r e q u i r e d ;  w i t h o u t  
phenol recovery ,  PAC i s  needed t o  produce , a  comparable e f f l u e n t .  
Depheno l i za t ion  a l s o  enhances t he  s t a b i l i t y  o f  b i o o x i d a t i o n ,  and reduces 
t h e  minimum HRT requ i r ed .  Wi th  t e r t i a r y  t rea tment ,  b o t h  schemes can 
meet t h e  e f f l u e n t  concen t ra t i ons  pub l i shed  i n  t h e  S R C - I  F i n a l  Env i -  
ronmental Impact Statement, as w e l l  as t h e  a n t i c i p a t e d  e f f l u e n t  l i m i t s .  
However, phenol recovery  does p r o v i d e  a  w ider  s a f e t y  marg in  and cou ld  
e l i m i n a t e  t h e  need f o r  some o f  t h e  t e r t i a r y  t rea tment -  steps. Based 
s o l e l y  on t h e  t e c h n i c a l  m e r i t s  observed i n  t h i s  s tudy ,  phenol recovery  
i s  recommended. The f i n a l  s e l e c t i o n  should,  however, a l s o  cons ider  
economic t r a d e o f f s  and r e s u l t s  o f  o t h e r  s t ud ies  such as t o x i c o l o g y  
t e s t i n g  o f  t h e  e f f l u e n t s .  



EXECUTIVE SUMMARY 

To reduce America' s  dependence on impor ted  pet ro leum, t h e  U. S. 

Department o f  Energy (DOE) con t rac ted  w i t h  I n t e r n a t i o n a l  Coal R e f i n i n g  

Company ( I C R C )  , a  p a r t n e r s h i p  betwen A i r  Products and Chemical s, I n c .  

and Wheel abra to r -F rye ,  I nc .  , t o  des ign a  Sol vent-Ref i ned Coal (SRC- I) 

Demonstrat ion P lan t .  The p l a n t ,  which i s  t o  be l o c a t e d  i n  Newman, 

Kentucky, would conve r t  6,000 tons  p e r  day ( t p d )  o f  h i g h - s u l f u r ,  h igh -  

ash b i tuminous coa l  (Ky #9) i n t o  a  wide range o f  c lean-burn ing  s o l i d  and 

1  i q u i d  f u e l s .  

I n  A p r i l  1982, I C R C  completed a  Base l ine  Design f o r  t h e  p l a n t ,  

which p rov i ded  a  comprehensive bas i c  des ign t h a t  cou ld  be r e f i n e d  i n  t he  

f u t u r e .  One o f  t h e  p o t e n t i a l  re f inements  eva lua ted  d u r i n g  t h e  p e r i o d  

f o l l o w i n g  submission o f  t he  Base l ine  t o  DOE was i n c l u s i o n .  o f  a  phenol 

recovery  process f o r  wastewater t rea tment .  

The SRC-I Demonstrat ion P l a n t  w i l l  produce more than 1,000 g a l l o n s  

per  minute (gpm) o f  wastewater f rom numerous sources, o f  which 440 gpm 

w i l l  come f rom sour-water streams laden w i t h  a  h i g h  concen t ra t i on  o f  

pheno l i cs .  These f o u r  streams w i l l  c o n t r i b u t e  t h e  m a j o r i t y  o f  t h e  

o rgan ic  l oad  t o  t h e  wastewater t rea tment  system, and t he  pheno l i c s  w i l l  

be t h e  major  o rgan ic  c o n s t i t u e n t s .  Hence, r ecove r i ng  t h e  phenol i c  

compounds w i l l  g r e a t l y  reduce t h e  o rgan ic  l o a d i n g  t o  t h e  wastewater 

t rea tment  system. 

Removing pheno l i c s .  f rom the  f o u r  sour-water streams w i l l  impact 

many downstream processes, i n c l u d i n g  ammonia-sul f ide s t r i p p i n g ,  numerous 

i n t e rmed ia te  p re t rea tment  s teps be fo re  b i o l o g i c a l  t rea tment ,  b i o l o g i c a l  

t rea tment  ( b i o o x i d a t i o n ) ,  and subsequent t e r t i a r y  t rea tment .  T e r t i a r y  

t rea tment  c o n s i s t s  o f  coagu la t ion ,  f i l t r a t i o n ,  carbon adso rp t i on ,  and 

ozonat ion.  Phenol recovery  cou ld  a f f e c t  ammonia-sul f ide s t r i p p i n g  by 

m in im i z i ng  emulsion, as w e l l  as v o l a t i l e  o rgan ics  ca r r yove r  i n  t h e  

s t r i p p e r  overhead t o  t he  Claus s u l f u r  recovery  u n i t .  Too much o rgan i c  

ca r r yove r  w i l l  f o u l  t h e  c a t a l y s t  i n  t h e  Claus u n i t  and contaminate t h e  

recovered elemental  s u l f u r ,  a  by-product ,  r ende r i ng  i t  unmarketable. 



Phenol recovery  was expected t o  min imize p re t r ea tmen t  requi rements  

b e f o r e  b i o o x i d a t i o n .  One p re t r ea tmen t  s t ep  i s  t a r  a c i d  removal. l a r  

a c i d  i s  a  te rm b e i n g  used f o r  a  complex m i x t u r e  o f  as y e t  u n i d e n t i f i e d  

o rgan i c  compounds t h a t  can be removed by  a c i d i f y i n g  t h e  wastewater. I f  

n o t  removed, t a r  ac i ds  w i l l  impede b i o o x i d a t i o n ,  b u t  t h e i r  removal 

r e q u i r e s  a  l a r g e  amount o f  ac i d ,  which i s  a  s i g n i f i c a n t  disadvantage. 

Phenol r ecove ry  w i l l  a f f e c t  b i o o x i d a t i o n  by  m i n i m i z i n g  t h e  need f o r  t a r  

a c i d  removal ,  r educ ing  and s t a b i l i z i n g  t h e  o rgan i c  l oad  t o  t h e  b i o -  

r e a c t o r s ,  and t h e r e f o r e  r e s u l t i n g  i n  a  b e t t e r  q u a l i t y  e f f l u e n t .  I n  

t u r n ,  a  b e t t e r  q u a l i t y  b i o r e a c t o r  e f f l u e n t  w i l l  reduce t h e  l o a d i n g  t o  

t e r t i a r y  t rea tment .  

Because o f  t h e  l a r g e  impact  o f  phenol recovery  on a w4de v a r i e t y  o f  

processes, t h e  e v a l u a t i o n  had t o  be d i v i d e d  i n t o  severa l  segments. The 

i n i t i a l  s o l v e n t  sc reen ing  f o r  phenol e x t r a c t i o n  was conducted by 

R. Luthy a t  Carnegie-Mel lon U n i v e r s i t y .  Lummus (a  d i v i s i o n  o f  Combus- 

t i o n  Eng ineer ing )  had access t o  p r o p r i e t a r y  da ta  f o r  severa l  commercial 

phenol recovery  processes, which they  screened. They recommended t he  

Chem-Pro process f o r  f u r t h e r  eva lua t i on .  Consequently, I C R C  subcon- 

t r a c t e d  wlL11 Cllerll-P1.u  fir^. a label-atory s tudy  t o  c o n f i r m  t h e  t e c h n i c a l  

f e a s i b i l i t y  o f  t h e i r  process. R. Luthy a l s o  expe r imen ta l l y  assessed t h e  

e f f e c t  o f  phenol  recovery  on o rgan i c  v o l a t i  1  i z a t i o n  d u r i n g  ammonia- 

s u l f i d e  s t r i p p i n g .  CdLa l y t i c ,  I nc .  eva lua ted  t h e  impact o f  phenol 

recovery  on b i o o x i d a t i o n  and t e r t i a r y  t rea tment .  F i n a l l y ,  I C R C  

i n t e g r a t e d  t he  r e s u l t s ,  and conducted t r a d e o f f  s t ud ies .  

'This r e p o r t  summarizes t h e  work performed by Ca ta l y t i c ' ,  I nc .  t o  

eva lua te  t h e  e f f e c t  o f  e x t r a c t i n g  phenols  f rom t h e  S R C - I  wastewater. 

Two t r ea tmen t  schemes were s e t  up--one f o r  t h e  dephenolated wastewater 

and one as a  c o n t r o l ,  r e p r e s e n t i n g  t h e  Base l i ne  Design. Process r e c y c l e  

wastewater from t h e  F t .  Lewis p i l o t  p l a n t  was p r e t r e a t e d  e i t h e r  by  (a) 

phenol e x t r a c t i o n ,  steam s t r i p p i n g  t o  remove ammonia and hydrogen 

s u l f i d e ,  and c o n c e n t r a t i o n  ad justment ,  t o  produce dephenolated (DP) 

feed, o r  (b )  by steam s t r i p p i n g ,  t a r  a c i d  p r e c i p i t a t i o n .  and concen- 

t r a t i o n  ad justment  t o  produce nondephenolated (NDP) feed ( t h e  c o n t r o l ) .  

The p r e t r e a t e d  feeds were then  f e d  t o  separate  cont inuous f l o w  b i o -  

r e a c t o r s  w i t h  i n t e r n a l  s ludge recyc l e - - t he  DP feed  was t r e a t e d  i n  t h r e e  



d i f f e r e n t  systems and t h e  NDP i n  two. The f i v e  systems d i f f e r e d  i n  

feeds as w e l l  as h y d r a u l i c  res idence  t ime  (HRT), t h e  number o f  b i o -  

r e a c t o r  stages, and t h e  presence o r  absence o f  powdered a c t i v a t e d  carbon 

(PAC) augmentat ion t o  t h e  b i o r e a c t o r s .  

The 9-month b i o o x i d a t i o n  s tudy  focused on f i v e  areas: b i o r e a c t o r  

e f f l u e n t  q u a l i t y ,  system s t a b i l i t y ,  t h e  need f o r  PAC a d d i t i o n ,  t h e  need 

f o r  t a r  a c i d  p r e c i p i t a t i o n ,  and t h e  minimum h y d r a u l i c  res idence  t ime  

needed f o r  each system. For  each t ype  o f  wastewater,  s e r i a l  two-stage 

ope ra t i on  was compared w i t h  s i ng l e - s tage  o p e r a t i o n  i n  which PAC was 

added (system 3  f o r  DP feed  and system 5 f o r  NDP feed).  The c o n t r o l  

system w i t h o u t  PAC (system 4) was s e t  a t  a  30-day s o l i d s  res idence  t ime  

and a  h y d r a u l i c  r e t e n t i o n  t ime  o f  3 days p e r  stage. A l l  o t h e r  systems 

were compared t o  t h i s  system. For  t h e  DP feed, two systems were r u n  

w i t h o u t  PAC--system 2 was e q u i v a l e n t  t o  t h e  c o n t r o l  system 4, b u t  

system I had a  longer  HRT i n  case t h e  h i ghe r  loaded system 2 r a n  i n t o  

ope ra t i ona l  problems. 

Dur ing  b i o o x i d a t i o n ,  se l ec ted  da ta  were o b t a i  ned d a i  l y  t o  mon i t o r  

ope ra t i ona l  parameters and a d j u s t  t h e  system. E f f l u e n t  COD was. analyzed 

on a  d a i l y  bas i s  and o t h e r  p o l l u t a n t  parameters were analyzed f rom 

composite samples. 

Fo l l ow ing  b i o o x i d a t i o n ,  t h e  dephenolated e f f l u e n t  f rom systems 1 

and 3  underwent t e r t i a r y  t rea tment .  The r e s u l t s  f o r  t he  dephenolated 

e f f  1  uents  were compared w i t h  r e s u l t s  f o r  t he  nondephenol a t e d  e f f l u e n t s  

t h a t  had been conducted p r e v i o u s l y  ( I C R C ,  1983a). Comparison i n c l u d e d  

t h e  a b i l i t y  o f  t h e  f u l l y  t r e a t e d  e f f l u e n t s  t o  meet t h e  p r o j e c t e d  

e f f  1  uen t  concen t ra t i ons  pub1 i shed i n  t h e  S R C - I  F i n a l  Environmental  

Impact Statement (DOE, 1981), and t h e  a n t i c i p a t e d  e f f l u e n t  l i m i t s  e s t i -  

mated from t h e  EPA e f f l u e n t  g u i d e l i n e s  f o r  i n d u s t r i e s  gene ra t i ng  waste- 

waters  s i m i l a r  t o  t h a t  o f  SRC-I. 

The r e s u l t s  o f  t h i s  s tudy l e d  t o  t h e  f o l l o w i n g  conc lus ions  and 

recommendations: 

O Phenol recovery  reduced t h e  o rgan i c  l o a d i n g  t o  t h e  b i o r e a c t o r s  

and r e s u l t e d  i n  good e f f l u e n t  q u a l i t y  w i t h o u t  PAC augmenta- 

t i o n .  Wi thou t  phenol recovery ,  PAC must be added t o  t h e  



b i o r e a c t o r  t o  a t t a i n  a b i o r e a c t o r  e f f l u e n t  o f  comparable 

qua1 i t y .  

O Phenol recovery  a l s o  removes c o l o r .  As a r e s u l t ,  t h e  

dephenolated b i o r e a c t o r  e f f l u e n t s  had much l e s s  c o l o r  than  t h e  

nondephenolated. 

O Withou t  PAC augmentation, a two-stage b i o r e a c t o r  c o n f i g u r a t i o n  

i s b e t t e r  than  s i  ng l  e-stage, assumi ng t h a t  b o t h  systems have 

an equal t o t a l  HRT. 

O Dephenol i z a t i o n  a1 so reduced t h e  minimum HRT requ i r ed .  Under 

s t eady -s ta te  c o n d i t i o n s ,  t h i s  l a b o r a t o r y - s c a l e  s tudy  shows 

that.  a combined HRT o f  2 days i s  adequate. For a two-stage 

c o n f i g u r a t i o n ,  t he  m i r 1 i i 1 1 ~ 1 1 1  HRT i n  each sLagc i s  1 day. 

Wi thou t  dephenol i z a t i o n ,  t h e  minimum HRT for. PAC dugmentat ion 

i s  3 days. 

O Al though no sys temat i c  s tudy  was conducted, t h e  s o l i d s  r e s i -  

dence t imes  (SRT) s e l e c t e d  from t h e  l i t e r a t u r e  f o r  t h i s  s tudy 

were adequate f o r  o rgan ic  removal. Wi th  depheno l i za t i on ,  t h e  

two-stage non-PAC systems had an SRT o f  30 days i n  each stage. 

W i t hou t  depheno l i za t i on ,  t h e  Singleastaye PAC system was 

opera ted  a t  40- t o  50-day SRTs. 

O Al though a h i n k i n e t i c  study was n o t  p a r t  o f  t h i s  program, t h e  

appareri t y i e l d  c o e f f i c i e n t  can be c a l  c u l  died f  tqam t h e  da ta  

generated. Apparent y i e l d  i s  t h e  r a t i o  o f  t h e  amount o f  

biomass wastage t o  t he  amount o f  chemical  oxygen demand ( C O D )  

remo\~ed. Th i s  s tudy  observed an apparent  y i e l d  r ang ing  f r o m  

0,10 t o  0.19, f o r  a l l  wastewaters.  

O N i t r i f i c a t i o n  was a t t a i n e d  f o r  t h e  dephenolated wastewaters,  

b u t  o n l y  a f t e r  a l ong  p e r l o d  o f  a c c l i m a t i o n .  N i t r i f i c a t i o n  

was n o t  r e l i a b l e ;  i t  was very  s e n s i t i v e  t u  feed  c o n d i t i o n  

changes. For  t h i s  reason, b i o l o g i c a l  n i t r i f i c a t i o n  w i  11 n o t  

p r o v i d e  r e l i a b l e  backup t o  s t eam-s t r i pp i ng  f o r  ammonia 

c o n t r o l .  E f f e c t i v e  s t eam-s t r i pp i ng  i s  c r u c i a l  f o  compl iance 

w i t h  e f f l u e n t  l i m i t s .  
O Coagu la t ion  o f  b i  o r e a c t o r  e f f  1 uents  f rom b o t h  dephenol a ted  and 

nondephenolated wastewaters w i t h  800 mg/L o f  FeC13-6H20, 



coupled w i t h  0.5 mg/L o f  Magni f l o c ,  835-A, e f f e c t i v e l y  removed 

more than  h a l f  o f  t h e  rema in ing  o rgan ics  i n  t h e  b i o r e a c t o r  

e f f l u e n t s .  

O Granular  a c t i v a t e d  carbon (GAC) f o l l o w i n g  coagu la t i on  f u r t h e r  

reduced TOC and c o l o r  i n  b o t h  nondephenolated and dephenolated 

wastewaters. The i so therm da ta  do n o t  show whether dephenol i -  

z a t i o n  a f f e c t e d  t h e  adso rp t i on  c a p a c i t y  o f  t h e  GAC. The 

e f f e c t  o f  phenol recovery  i s  p robab ly  more dependent on t he  

l oad ing  t o  t h e  GAC than  i t s  adso rp t i on  capac i t y .  

O I f  d i s i n f e c t i o ' n  were n o t  a  requi rement ,  phenol recovery  would 

e l i m i n a t e  t h e  need f o r  ozonat ion.  Ozonat ion i s  r e q u i r e d  f o r  

nondephenolated wastewater i n  o rde r  t o  c o n s i s t e n t l y  meet t h e  

a n t i c i p a t e d  COD l i m i t  o f  180 mg/L. 

O A l l  f u l l y  t r e a t e d  wastewaters,  bo th  w i t h  o r  w i t h o u t  phenol 

recovery ,  can meet t h e  FEIS ,va lues and t h e  a n t i c i p a t e d  

e f f l u e n t  l i m i t s ,  w i t h  some i n s i g n i f i c a n t  excep t ions .  However, 

phenol recovery  would p r o v i d e  a  w ider  s a f e t y  marg in  and c o u l d  

e l i m i n a t e  some t e r t i a r y  t rea tment  steps. 

O Based s o l e l y  on t e c h n i c a l  m e r i t s ,  phenol recovery  i s  recom- 

mended. However, t h e  f i n a l  s e l e c t i o n  should  a l s o  be based on 

economic t r a d e o f f s  and r e s u l t s  o f  o t h e r  s t u d i e s ,  such as 

t o x i c o l o g y  assays. 



INTRODUCTION 
.- - 

BACKGROUND 

To reduce Amer ica 's  dependence on impor ted petroleum, t h e  U. S. 

Department o f  Energy (DOE) i n i t i a t e d  t h e  s o l v e n t - r e f i n e d  coa l  ( S R C - I )  

p r o j e c t  t o  demonstrate the  t e c h n i c a l  and economic f e a s i b i l i t y  as w e l l  as 

t h e  env i ronmenta l  acceptabi  1  i ty  o f  d i r e c t  coa l  1  i q u e f a c t i o n .  I n  Ap r i  1  

1982, under i t s  p r ime c o n t r a c t  w i t h  DOE (No. DE-ACO5-78-ORO-3054), 

I n t e r n a t i o n a l  Coal R e f i n i n g  Company ( I C R C )  completed t h e  Base l ine  Design 

f o r  a  6,000-tpd S R C - I  Demonstrat ion P lan t .  

Since then,  DOE has decided t o  postpone c o n s t r u c t i o n  o f  t h e  demorl- 

s t r a t i o n  p l a n t  i n d e f i n i t e l y .  Because pressure t o  meet t h e  o r i g i n a l  

ambi t ious c o n s t r u c t i o n  schedule no l onge r  e x i s t s ,  major  e f f o r t  s i nce  t h e  

Base l i ne  has been d i r e c t e d  toward upgrading t h e  design. 

One a rea  t h a t  was i n v e s t i g a t e d  was phenol e x t r a c t i o n  o f  t he  p l a n t ' s  

wastewater, which was n o t  i nc l uded  i n  t he  Base l ine  Design. E x t r a c t i n g  

pheno l i c s  f rom about  400 gpm o f  heav i ' l y  'contaminated sour  waters would 

be a  major  des ign  change, and e v a l u a t i o n  o f  t he  f e a s i b i l i t y  o f  phenol 

e x t r a c t i o n  represented a  major  pos t -Base l ine  task.  F igure  1 shows the  

Base1 i ne Design and t he  a1 t e r n a t i  ve wastewateli t rea tment  suhelllt! 'Cl.ia~l; 

i nc ludes  phenol e x t r a c t i o n .  

Eva lua t i on  o f  phenol e x t r a c t i o n  e n t a i l s  t h e  f o l l o w i n g  tasks:  

1. Determin ing t he  f e a s i b i l i t y  o f  phenol e x t r a c t i o n  i t s e l f  

2. Assessing t h e  e f f e c t s  o f  phenol e x t r a c t i o n  on downstream 

wastewater t rea tment  processes, i nc l ud ing :  

a. Ammonia-sul f i d e  s t r i p p i n g  

b. Tar  a c i d  removal be fo re  b i o o x i d a t i o n  

c. B i o o x i d a t i o n  

d. TereL ict1.y Lr.eatment (coagu la t ion ,  f i  1  t r a t i o n ,  a c t i v a t e d  

carbon adsorp t ion ,  and ozonat ion)  f o l l o w i n g  b i o o x i d a t i o n  

Phenol e x t r a c t i o n ,  ammonia-sulf ide s t r i p p i n g ,  and t a r  a c i d  

removal a re  o f t e n  r e f e r r e d  t o  as "pret reatment"  f o r  b ioox ida-  

t i o n .  
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3 .  Cnndirct ing t r a d e - o f f s  between t h e  a l t e r n a t i v e  t rea tment  scheme 

and t h e  Base l i ne  Design. 

Because o f  t h e  l a r g e  impact o f  phenol e x t r a c t i o n  on wastewater 

t rea tment  and t h e  many u n i t  processes a f f e c t e d ,  t h e  exper imenta l  work 

had t o  be d i v i d e d  among two subcon t rac to rs .  Chem-Pro Corpora t ion  

( F a i r f i e l d ,  N. J.  ) performed Pa r t s  1 and 2a o f  t h e  e v a l u a t i o n ,  and 

C a t a l y t i c ,  I nc .  (Ph i l ade lph ia ,  Pa.) performed Pa r t s  2b. 2c. and 2d. 

I C R C  i n t e g r a t e d  exper imenta l  r e s u l t s ,  which i nc l uded  P a r t  3. 

Th is  r e p o r t  documents o n l y  t h e  work performed by C a t a l y t i c ,  i . e . ,  

P a r t s  2b ( t a r  a c i d  removal) ,  26 ( b i o o x i d a t i o n ) ,  and 2d ( t e r t i a r y  t r e a t -  

ment). For  t h e  remainder o f  t h e  work on phenol recovery  and eva lua t i on ,  

t h e  reader  i s  r e f e r r e d  t o  t h e  S R C - I  Environmental  R&D I n t e g r a t i o n  Report  

(Yen, 1984) and t h e  Phenol E x t r a c t i o n  and Ammonia-Sul f i d e  S t r i p p i n g  

Report  (Chem-Pro Corpora t ion ,  1983). 

OBJECTIVES OF WORK 

The p r ima ry  o b j e c t i v e  o f  t h i s  work was t o  produce i n f o r m i t i o n  t h a t  

c o u l d  f a c i l i t a t e  comparison o f  t h e  t w o . a l t e r n a t i v e  wastewater t rea tment  

schemes shown in F i g u r e  1.. The schenie i l - ~c l uded  i 1 . 1  t h e  Basel - i~ te  Des i y l l  

does no t  have phenol e x t r a c t i o n ;  t h e  o t h e r  does. Data were generated on 

t h e  e f f e c t s  o f  phenol e x t r a c t i o n  on t a r  a c i d  removal ,  b i o o x i d a t i o n ,  and 

t c r t i a r y  t r ea tmen t  and then  compared w i t h  da ta  f o r  t h e  Base l ine  Design. 

To f a c i l i t a t e  comparison o f  t h e  two t rea tment  schemes, b i o r e a c t o r s  

s i m u l a t i n g  t h e  Base l i ne  Design were r u n  as a  c o n t r o l .  

I n  a d d i t i o n  t o  i t s  p r ima ry  o b j e c t i v e ,  t h i s  work had two secondary 

o b j e c t i v e s .  F i r s t ,  s ince  p a r t s  o f  t h e  Base l i ne  Design were based on 

suppos i t i ons  and da ta  f rom t h e  l i t e r a t u r e  and had never been con f i rmed 

expe r imen ta l l y ,  t h e  c o n t r o l  b i o r e a c t o r s  were used t o  generate  in forma-  

t i o n  t o  b r i d g e  t h a t  da ta  gap. The i n f o r m a t i o n  was used f o r  t h e  pos t -  

Base l ine  t a s k  "Data Base Expansion," which i s  documented elsewhere (Yen, 

1984). 

- Secondly,. t h i s  work a l s o  generated t r e a t e d  wastewater samples t h a t  

were used f o r  t h e  pos t -Base l ine  Zero-Discharge Eva lua t i on ,  which de te r -  



mined i n  p a r t  t he  need f o r  ze.ro d ischarge.  T rea ted  wastewater samples 

were r e q u i r e d  t o  generate  t o x i c o l o g i c a l  da ta  t o  p r o v i d e  an i n d i c a t i o n  o f  

t h e  need f o r  zero d ischarge.  The t o x i c o l o g i c a l  t e s t s  i n c l u d e d  m i c r o b i a l  

mu tagen i c i t y  (Ames t e s t )  and a q u a t i c  e c o t o x i c i t y  t e s t s  (48-hr acu te  

t o x i c i t y  and 21-day rep roduc t i on  s tudy w i t h  Daphnia magna, 74-day a1 ga l  

growth i n h i b i t i o n ,  and 96-hr fa thead  minnow t o x i c i t y ) .  D e t a i l e d  r e s u l t s  

o f  t h e  Zero-Discharge Eva lua t i on  a re  r epo r t ed  elsewhere (Yen, 1984). 



111. ORIGIN AND PREPARkTION OF SAMPI FC 

ORIGIN 

The raw wastewater used f o r  t h i s  s tudy was ob ta ined  from t h e  DOE- 

owned, 50- tpd  coa l  l i q u e f a c t i o n  p i l o t  p l a n t  i n  F t .  Lewis,  Washington. 

F o r t y - f i v e  55-gal  drums o f  process r e c y c l e  wa te r  (PRW) were c o l l e c t e d  

from August 12 t o  14, 1980, when t h e  p l a n t  was runn ing  i n  t h e  SRC-I 

mode. 

The wastewater was t ho rough l y  c h a r a c t e r i z e d  i n  an earl  i e r '  s t.udy 

( I C R C ,  1983a). I n  t h a t  s tudy ,  t h e  wastewater was a l s o  compared w i t h  

samples ob ta i ned  f rom another  SRC-I p i l o t  p l a n t  i n  W i l s o n v i l l e ,  Alabama, 

whose des ign  more c l o s e l y  resembles t h e  S R C - I  Demonstrat ion P lan t .  The 

W i l s o n v i l l e  p l a n t  was t o o  smal l  t o  produce t h e  amount o f  wastewater 

needed f o r  t h i s  s tudy.  Comparison i n d i c a t e d  t h a t  t h e  two wastewaters 

were remarkably  s i m i l a r .  

When t h e  c h a r a c t e r i z a t i o n  s tudy was completed i n  J u l y  1982, a l l  

rema in ing  PKW was t r a n s f e r r e d  t o  C a t a l y t i c ,  I n c . ' s  Environmental  Systems 

Labora to ry  a t  Marcus Hook, Pennsy lvan ia ,  f o r  .use i n  t h i s  program and 

o the rs .  P r i o r  t o  i t s  h ~ i n g  moved, any PRW rema in ing  i n  y a l v d n ' i ~ e d  drums 

wds t r ansye r red  i n t o  s t a i n l e s s  s t e e l  drums t o  min imize p o t e n t i a l  co r -  

r o s  i on. 

S T u R ~ t i t  ANU HANDLING 

A l l  raw wastewater as w e l l  as samples produced f rom subsequent 

p rocess ing  were s t o r e d  i n  c l osed  s t a i n l e s s  s t e e l ,  g l ass ,  o r  po l ye thy l ene  

c o n t a i n e r s  a t  4 f Z 3 C .  Pressur i zed  gases were uscd t o  t r a n s f e r  l a r g e  

q u a n t i t i e s  o f  t h e  wastewater from t h e  55-gal drums, which a l lowed 

t r a n s f e r  t o  be per formed i n  a  c l osed  system. 

PRETREATMENT BEFORE OXIDATION 

Each o f  t h e  two t rea tment  schemes shown e a r l i e r  i n  F i gu re  1 can be 

conceptual  lyo d i v i d e d  i n t o  t h r e e  sec t i ons  w i t h  r espec t  t o  b i o o x i  da t i on :  
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(1) pre t rea tment  before b i o o x i d a t i o n ,  which i nc l udes  phenol e x t r a c t i o n  

( i f  used), ammonia-sul f ide s t r i p p i n g ,  and t a r  a c i d  removal; (2) b i o -  

o x i d a t i o n ;  and (3 )  t e r t i a r y  t rea tment  a f t e r  b i o o x i d a t i o n ,  which i nc l udes  

coagulat ion/sedimentat ion,  f i l t r a t i o n ,  carbon adso rp t i on ,  and ozonat ion.  

F i gu re  2 i 1 l u s t r a t e s  t h e  p re t r ea tmen t  s teps  taken  i n  t h e  l a b o r a t o r y  

be fo re  b i o o x i d a t i o n  f o r  bo th  schemes. 

To s imu la te  wastewater t rea tment  w i t h  phenol recovery  ( t h e  l e f t  

t r a i n  i n  F i gu re  2) ,  t h e  raw wastewater was f i r s t  e x t r a c t e d  t o  remove 

pheno l i cs  and then  s team-st r ipped t o  remove ammonia and hydrogen s u l -  

f i d e .  A lso,  d u r i n g  t he  i n i t i a l  p a r t  o f  t h e  s tudy,  t a r  ac ids  were 

p r e c i p i t a t e d  i n  t he  nex t  s tep ,  b u t  t h i s  was d i scon t i nued  when t h e  da ta  

showed i t was n o t  necessary f o l l o w i n g  dephenol i z a t i o n .  The f i n a l  s t ep  

o f  p re t rea tment  was concen t ra t i on  ad justment .  Th i s  s tep  d i l u t e s  t h e  PRW 

( t h e  most contaminated stream) t o  t h e  same degree as t h a t  designed f o r  

t h e  f u l l - s c a l e  S R C - I  Demonstrat ion P l a n t  and makes minor '  a1 t e r a t i o n s  t o  

t he  feed t o  t h e  b i o r e a c t o r s  so t h a t  i t s  c h a r a c t e r i s t i c s  a re  as c l ose  as 

p o s s i b l e  t o  those expected i n  t he  demonst ra t ion p l a n t ,  based on m a t e r i a l  

b a l  ances. 

The t r a i n  s i m u l a t i n g  t h e  Base l i ne  De.sign ( t h e  r i g h t  t r a i n  i n  

F i gu re  2) e n t a i l s  ammonia-sul f ide s t r i p p i n g ,  t a r  a c i d  p r e c i p i t a t i o n ,  and 

concen t ra t i on  adjustment.  The e a r l i e r  wastewater s tudy ( I C R C ,  1983a) 

i n d i c a t e d  a  need f o r  t a r  a c i d  p r e c i p i t a t i o n  o f  nondephenolated waste- 

wa te r ,  which was conf i rmed by t h i s  s tudy.  

The feed generated from t h e  t r a i n  w i t h  phenol e x t r a c t i o n  i s  o f t e n  

r e f e r r e d  t o  as dephenolated (DP) feed,  w h i l e  t h a t  produced from t h e  

o t h e r  t r a i n  i s  c a l  l e d  nondephenolated (NDP) feed. The 'NDP t r a i n  serves 

as t h e  c o n t r o l ,  and i s  a  s i m u l a t i o n  o f  t h e  Base l i ne  Design. , 

The exper imenta l  des ign f o r  each o f  t h e  p re t r ea tmen t  s teps a re  

d e t a i l e d  i n  t h e  f o l ' l ow ing  sec t ions .  

Phenol E x t r a c t i o n  . . 

Luthy (1982) eva lua ted  t he  f e a s i b i l i t y  o f  phenol e x t r a c t i o n  f o r  

S R C - I  wastewaters, i n c l u d i n g  F t .  Lewis PRW and W i l s o n v i l l ' e  process 

condensate from t h e  s o l v e n t  decanter  (V-105),. f o r  I C R C .  by us i ng  t h r e e  

commercial so lven ts .  A1 1  o f  t h e  so l ven t s  t e s t e d  ( n - b u t y l  ace ta te ,  

methyl  i s o b u t y l  ketone, and d i i s o p r o p y l  e t h e r )  e f f e c t i v e l y  e x t r a c t e d  

If 
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phenol ics from the  wastewaters, bu t  methyl i s o b u t y l  ketone (MIBK) was 

the  most e f f e c t i v e .  The d i s t r i b u t i o n  c o e f f i c i e n t ,  Kg, f o r  MIBK was 76. 

For t h a t  reason, MIBK was used i n  the  e a r l y  phase o f  C a t a l y t i c ' s  work. 

C a t a l y t i c  ex t rac ted  phenols from the  wastewater i n  batches, and the  

res idua l  phenol ic  concentrat ion a f t e r  e x t r a c t i o n  was ta rge ted a t  125 

mg/L maximum. The f o l l o w i n g  equat ion was used t o  est imate the  solvent-  

to-water r a t i o ,  and number o f  e x t r a c t i o n  steps needed: 

where: n = number o f  e x t r a c t i o n  steps w i t h  equal volume o f  so lvent  

KD 
= d i s t r i b u t i o n  c o e f f i c i e n t  (76 f o r  MIBK) 

Vs = volume o f  so lvent  i n  each e x t r a c t i o n  step 

V, = volume o f  water 

Cin = raw water phenol ics concent ra t ion  

Gout = desi red water phenol ics concent ra t ion  (100 mg/L) 

The e x t r a c t o r  was a 22-L round-bottomed pyrex g lass f l a s k ,  as shown 

i n  F igure 3. M ix ing  was accomplished by a v a r i a b l e  'speed, a i - r -d r iven 

mixer.  Two 1 - i n .  b a f f l e s ,  6 - in .  long, were i n s t a l l e d  i n  the  r e a c t i o n  

vessel t o  improve the  mixing. Raw Ft .  Lewis PRW was added t o  the  16-L 

l e v e l  o f  the  e x t r a c t i o n  vessel,  M I B K  was added, and the  mixer was tu rned 

on. The s o l u t i o n  was al lowed t o  mix f o r  15 min and then al lowed t o  

separate f o r  a t  l e a s t  1 hr .  A f t e r  separat ion,  the saturated MIBK was 

decanted and f resh  M I B K  was added. The s o l u t i o n  was again mixed f o r  

15 min and al lowed t o  separate f o r  1 hr.  The MIBK was again decanted 

and the wastewater he ld  f o r  s t r i p p i n g  o f  hydrogen s u l f i d e  and ammonia i n  

the  next  pret reatment  step. I n i t i a l l y ,  var ious amounts o f  MIBK were 

t r i e d ;  1.5 L was eventua l ly  se lected as the  opt imal amount. Target 

e f  f l uent phenol i c s  1 eve1 s o f  <I25 mg/i (by the 4-ami noant ipyrene 

a n a l y t i c a l  method) and res idua l  so lvent  l e v e l s  o f  (25 mg/L were e a s i l y  

met by e x t r a c t i n g  i n  two steps w i t h  1 .5  L o f  MIBK. 

A t  f i r s t ,  C a t a l y t i c  generated the  feed f o r  t he  b. ioreactors us ing  

i t s  batch e x t r a c t i o n  process. However, l a t e r  i n  the study, t he  feed f o r  

the  b io reac to rs  a t  C a t a l y t i c  was generated by Chem-Pro, us ing  continuous 
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f l ow  ex t rac tors .  Chem-Pro generated the  b io reac to r  feed i n  con junc t ion  

w i t h  i t s  l abo ra to ry  s tud ies  o f  phenol e x t r a c t i o n  and ammonia-sulfide 

s t r i p p i n g ;  d e t a i l e d  desc r ip t i ons  o f  t h e i r  apparatus and procedures are 

a v a i l a b l e  elsewhere (Chem-Pro Corporat ion, 1983). Chem-Pro used a  

p r o p r i e t a r y  so lvent  f o r  ex t rac t i on ,  which d i d  n o t  r e s u l t  i n  any s i g n i f -  

i c a n t  d i f f e rences  i n  the c h a r a c t e r i s t i c s  o f  ' t h e  feed t o  the  b io reac tors .  

However, Chem-Pro maximized phenol ex t rac t i on ,  whereas C a t a l y t i c  

operated i t s  e x t r a c t i o n  t o  minimize sol-vent consumption. Therefore, 

chemical oxygen demand (COD) and c o l o r  concent ra t ion  were 50% l e s s  i n  

the Chem-Pro-extracted wastewater. Also, Chem-Pro-processed wastewater 

contained much h igher  concentrat ions o f  sodium i o n  than C a t a l y t i c ' s ,  

because NaOH, r a t h e r  than Ca(OH)2, was used t o  f r e e  t h e  f i x e d  ammonia . 

f o r  s t r i p p i n g .  

Steam S t r i p p i n g  [Ammonia-Sulfide Water S t r i ppe r  (ASWS)] 

Ammonia and hydrogen s u l f i d e  were removed from both dephenolated 

and nondephenolated wastewater, i n i  t i a l  l y  by C a t a 1 y t . i ~  and 1  a t e r  by 

Chem-Pro. The s t r i p p i n g  by C a t a l y t i c  was accomplished i n  two passes, 

each pass through one o f  two cont inuously  opera t ing  packed columns. The 

f i r s t  pass, performed a t  t he  o r i g i n a l  raw wasteNater pH (usual l y  about 

9.5), was p r i m a r i l y  f o r  hydrogen s u l f i d e  removal; however, approximately 

90% o f  the  ammonia was a1 so removed. The second pass, a t  pH 11.5 w i t h  

the  a d d i t i o n  o f  1  ime, lowered the  ammonia l e v e l  o f  the  wastewater t o  

l ess  than 200 mg/L. 

The pyrex g lass column used f o r  the  f i r s t - p a s s  s t r i p p i n g  operat ion 

was. 3- in .  i n  diameter by 5 . 5 - f t  long. The packing was 1/2- in .  -diameter 

by 1/2- in . - long ceramic rasch ig  r i ngs .  A ceramic d i s t r i b u t i o n  p l a t e  was 

loca ted a t  the top  o f  the  packing. A 14-L s t a i n l e s s  s tee l  pressure 

vessel w i t h  a  ' n i t r ogen  gas d i f f u s i o n  system a t  the  bottom was used t o  

heat and moisten the  n i t rogen.  .- The heated n i t rogen  and steam were then 

used t o  heat t he  column. The. f l o w  o f  t h i s  h o t  vapor stream t o  the  

vessel was c o n t r o l l e d  by a  f lowmeter w i t h  a  c o n t r o l  va lve,  and the  f l ow  

o f  makeup water t o  the steam-generating vessel was c o n t r o l l e d  by a  

s i m i l a r  f lowmeter arrangement.. A schematic o f  C a t a l y t i c ' s  equipment 

arrangement i s  contained i n  F igure 4. 
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The g lass  column used f o r  t h e  second pass was 6 - in .  i n  d iameter  by 

3 - f t  long,  packed t o  a depth o f  2.5 f t  w i t h  ceramic r a s c h i g  r i n g s .  The 

steam and h e a t i n g  system f o r  t h i s  column was s i m i l a r  t o  t h a t  f o r  t h e  

f i r s t  column. A schematic o f  t h e  equipment arrangement i s  con ta ined  i n  

F igu re  5. 

I n  bo th  columns, t h e  wastewater was pumped t o  t h e  t op  o f  t h e  column 

a t  a cons tan t  r a t e ,  c o n t r o l l e d  by a f lowmeter /con t ro l  va lve  arrangement. 

P r i o r  t o  e n t e r i n g  t h e  column, t h e  wastewater was preheated by a c o i l -  

t ype  heat  exchanger. The of f -gases passed through a condenser and were 

c o l l e c t e d  i n  a 5-gal g lass  b o t t l e .  J u s t  p r i o r  t o  t h e  second pass, t h e  

wastewater pH was ad jus ted  t o  11.5 us ing  l i m e  [Ca(OH)2]: Both t he  

c o n t r o l  system wastewater and t h e  . pheno l -ex t rac ted  wastewater were 

s t r i p p e d  under t h e  same ope ra t i ng  parameters. The wastewaters were 

processed under t h e  f o l l o w i n g  ope ra t i ng  cond i t i ons :  

1 s t  Pass 

Temperature a t  bottom o f  column (OF) 

Temperature a t  t o p  o f  column (OF) 

Temperature o f  p reheate r  ba th  (OF) 

N i t r ogen  f l o w  r a t e  (L/min) 

Wastewater f l o w  r a t e  (L /h r )  

Wastewater d i l u t i o n  (bottoms) (%) 

Overhead condensate (%) 

Water makeup f o r  steam (mL/min) 

215 a t  1 p s i g  

195 a t  atm 

175 a t  atm 

2 a t  10 p s i g  

7 

10 

20-25 ( o f  throughput)  

5 0 

2nd Pass 

Temperature a t  bottom o f  column (OF) 220 a t  1 p s i g  

Temperature a t  t o p  ~f column (OF) 205 a t  atm 

Temperature o f  p reheate r  ba th  (OF) 180 a t  atm 

N i t r ogen  f l o w  r a t e  (L/min) 1 .0  a t  5 p s i g  

Wastewater f 1 ow r a t e  (L /hr )  11 

Wastewater d i l u t i o n  (bottoms) (%) 10 ( inc rease)  

Overhead condensate (%) 10 ( o f  throughput)  

Water makeup f o r  steam (mL/min) 27 
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Occas iona l l y ,  a  f i r s t  pass was done on t h e  6 - in .  column because t h e  

t ime  r e q u i r e d  t o  complete a  second pass was cons ide rab l y  l e s s  than  a  

f i r s t  pass. A lso,  o c c a s i o n a l l y  a  t h i r d  pass was r e q u i r e d  because t he  

wastewater d i d  n o t  meet s p e c i f i c a t i o n s .  Th i s  d i d  n o t  happen ve ry  o f t e n ,  

approx imate ly  3% o f  t h e  t ime. The t h i r d  pass was r u n  under t h e  same 

ope ra t i ng  c o n d i t i o n s  as t h e  second pass. 

C a t a l y t i c  s t r i p p e d  t he  dephenolated wastewater o n l y  d u r i n g  t h e  

i n i t i a l  s tage o f  work, as was t h e  case f o r  e x t r a c t i o n .  Dur ing  t h e  l a t e r  

stages o f  C a t a l y t i c ' s  s tudy,  Chem-Pro s t r i p p e d  t h e  DP wastewater, us i ng  

a cont inuous f l o w  system t h a t '  had a  h i ghe r  throughput  c a p a c i t y  than 

C a t a l y t i c ' s  system. The o n l y  s i g n i f i c a n t  d i f f e r e n c e  between t h e  

s t r i p p e d  waters  prepared by t h e  two o rgan i za t i ons  was t h e  amount of 

sodium i o n  i n  Chem-Pro's water .  Chem-Pro used NaOH i n  ammonia 

s t r i p p i n g ,  whereas C a t a l y t i c  employed l ime .  The s t r i p p i n g  apparatus a t  

Chem-Pro was n o t  equipped t o  handle l ime .  A l though l i m e  i s  t h e  chemical 

t o  be used a t  t h e  SRC-I Demonstrat ion P l a n t ,  c a u s t i c  was cons idered 

acceptab le  because i t  had been used i n  t h e  e a r l y  c h a r a c t e r i z a t i o n  s tudy 

( I C R C ,  1983a) w i t h o u t  caus ing any problems t o  t h e  b i o l o g i c a l '  degrada- 

t i o n .  More d e t a i l e d  d e s c r i p t i o n s  o f  t h e  Chem-Pro work a re  a v a i l a b l e  

elsewhere (Chem-Pro Corpora t ion ,  1983). 

Tar Ac id  Removal 

Ammonia-sulf ide s t r i p p i n g  was f o l l owed  by t a r  a c i d  p r e c i p i t a t i o n  

f o r  b o t h  dephenolated and nondephenolated wastewaters (see F igu re  2 ) .  

The p r e c i p i t a t i o n  s tep  was conducted i n  t he  5-gal  g l ass  c o l l e c t i o n  

b o t t l e  used i n  t h e  s t r i p p i n g  step. 

The s t r i p p e d  wastewater was t r e a t e d  w i t h  s u l f u r i c  a c i d  t o  pH 24.5, 

caus ing t a r  ac i ds  t o  p r e c i p i t a t e .  Th i s  pH was se lec ted  from p r i o r  

exper iment.at ion ( I C R C ,  1983a) t o  y i e l d  t h e  maximum. t a r  . a c i d  so l  i d s .  

Fo l l ow ing  a  s e t t l i n g  p e r i o d  o f  a t  l e a s t  severa l  hours,  t h e  l i q u i d  was 

separated from t h e  t a r  a c i d  s ludge l a y e r .  

Throughout a l l  stages o f  t h i s  s tudy ,  t a r  ac i ds  were p r e c i p i t a t e d  

from t h e  NDP water ,  b u t  they  were o n l y  removed f rom the  DP wate r  d u r i n g  

t he  i n i t i a l  stage. P r e c i p i t a t i o n  was d e l e t e d  a f t e r  r e s u l t s  f rom t h e  

f i r s t  b i oox lda t i uc l  exper iments i n d i c a t e d  t h a t  it. was n o t  necessary f o r  

DP water ,  a t  l e a s t  i n  t he  l a b o r a t o r y .  
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Concen t ra t ion  Adjustments and F i n a l  Feed Composi t ion 

A f t e r  t a r  d c i d  precipitation, t h e  wastewater was d i l u t e d  and t h e  pH 

was a d j u s t e d  t o  about  7. Supplementary chemicals were added t o  ach ieve 

t h e  compos i t i on  shown i n  Tables 1 and 2, and t h e  pH was f ine - tuned .  

Bas is  f o r  Feed Composit ion. The PRW i s  t h e  s t r o n g e s t  major  SRC-I 

wastewater stream i n  terms o f  pheno l i c s ,  t o t a l  o rgan i c  carbon (TOC), and 

COD. I n  t h e  demons t ra t ion  p l a n t ,  t h e  stream i s  d i l u t e d  when i t  combines 

w i t h  severa l  streams hav ing  lower  concen t ra t i ons  o f  these contaminants,  

be fo re  i t  e n t e r s  t h e  b i o r e d ~ l o r s .  The d i  1 u t i o n  p rov i ded  by combining 

streams was compensated f o r  i n  these exper iments by d i l u t i n g  t h e  PRW t o  

meet a  g i ven  g l o b a l  parameter,  c a l c u l a t e d  from t h e  demonst ra t ion p l a n t  

m a t e r i a l  ba lance and i n d i v i d u a l  waste  stream analyses. TOC was t h e  

i n i t i a l  d i l u t i o n  c o n t r o l  parameter. COD was l a t e ) -  adopted. 

Dephenolated and c o n t r o l  feeds were n r i g i n a l l y  d i l u t e d  t o  dc l jus l  

t h e  TOC c o n c e n t r a t i o n  t o  700 and 2,500 mg/L, r e s p e c t i v e l y .  Wi th  t h e  use 

o f  a  C0D:TOC r a t i o  o f  3 : l  e s t a b l i s h e d  p r e v i o u s l y  ( I C R C ,  1983a), t h e  COD 

was expected t o  f a l l  w i t h i n  cor responding va lues.  However, a f t e r  

severa l  months i n t o  t h e  program, t h e  r a t i o  became h i g h l y  v a r i a b l e  and 

r e s u l t e d  i n  h i g h  COD va lues i n  qnme feed  batches. Thus, t h e  b a s i s  f o r  

d i l u t i o n  was changed t o  COD t a r g e t s  o f  2,000 and 6,000 mg/L f o r  dephen- 

o l a t e d  and c o n t r o l  feeds,  r e s p e c t i v e l y .  

A t t e r  d i  1  u t i o n ,  dephenol a t e d  and nandcphonol a t c d  PRWs were Lr-eated 

w i t h  s p e c i f i e d  chemicals t o  meet t h e  r e s p e c t i v e  b i o r e a c t o r  feed  cumposi- 

t i o n s  shown i n  Tables 1 and 2  f o r  nondephenolated and depheno la t -~ r l  

feeds,  r e s p e c t i v e l y .  

In add1 t i u r ~  t o  t h e  I UC/COb change, severa l  o t h e r  s p e c i f i c a t i o n s  

were r e v i s e d  f rom o r i g i n a l  1  i m i t s .  

Phosphorus. The i n i t i a l  P O ~ ~ - - P  s p e c i f i c a t i o , ~  u f  20 mg/L t o r  b o t h  ---- --"-- 
feeds was fnund t o  p r o v i d e  an inadequate n u t r l e r ~ t  l e v e l .  I n  a d d i t i o n  t o  

b e i n g  consumed d u r i n g  c e l l  growth and p roduc t i on ,  another  f r a c t i o n  o f  

phosphorus was p r e c i p i t a t e d .  

Cgldjgm. Withou t  c o n s i d e r i n g  t h e  s o l  ub i  1  i t y  1  i m i t a t i o n ,  t h e  

ca l c i um  c o n c e n t r a t i o n  o f  t h e  wastewater should  be about 1,350 mg/L. The 

a c t u a l  s o l u b l e  ca l c i um  c o n c e n t r a t i o n  i s  much l ess .  When ca lc ium (as 

l ime )  was used i n  t h e  ammonia-sul f ide s t r i p p i n g  o r  n e u t r a l i z a t i o n  s teps ,  



Table 1 

Nondephenolated (Basel ine) Feed Composition 

Component Concentrat ion (mg/L) 

COD 

Phenol i c s  

a 
Or to saturation if 1 . e ~ ~ .  



Table 2 

Dephenol a ted  Feed composi ti ona 

Component Concentration (mg/L) 

COD 

Phenol i c s  
-- - 

aOr t o  sa tura t ion ,  i f  less .  



no f u r t h e r  a d d i t i o n  was made. When l ime was no t  used e i t h e r  i n  s t r i p -  

p i n g  o r  n e u t r a l i z a t i o n ,  e.g., t a r  a c i d  study feed batches us ing  Chem-Pro 

water, a  t a r g e t  o f  600 mg/L calcium, added as l ime,  was employed. 

The ta rge ted ammonia concent ra t ion  f o r  both nondephenolated and 

dephenolated water was 200 f 20 mg/L (see Tables 1 and 2). Note t h a t  

the ammonia concent ra t ion  i n  the  S R C - I  Demonstration P lan t  should be 

considerably less ;  v i r t u a l l y  a l l  the  ammonia-bearing streams w i l l  be 

steam-stripped t o  50 mg/L o r  l ess  (see I C R C ,  1983b). O f  t h a t  amount, 

most, i f  n o t  a l l ,  w i l l  be used by the  microorganisms i n  the  b io reac to rs  

t o  support t h e i r  growth and reproduct ion. I C R C  se lected the  ZOO-mg/L 

concentrat ion f o r  these experiments p r i m a r i l y  t o  determine the  feas i -  

b i l i t y  o f  b i o l o g i c a l  ammonia removal. 

Neu t ra l i za t i on .  Fol lowing t a r  a c i d  p r e c i p i t a t i o n ,  the  i n d i v i d u a l l y  

t r e a t e d  batches were combined f o r  n e u t r a l i z a t i o n  t o  approximately pH 7. 

Normally, f i v e  batches were processed a t  one t ime, which upon d i l u t i o n  

would y i e l d  a  f i n a l  feed volume o f  about 55 ga l .  Beginning w i t h  

neut ra l  i z a t i o n ,  t he  remaining steps i n  feed preparat iono were conducted 

i n  a  55-gal s ta in less  s tee l  drum, f o r  convenience o f  handl ing and 

storage. 

The ac id - t rea ted  wastewater was f i r s t  d i l u t e d  w i t h  tap  water t o  

ad jus t  the  COD concentrat ion.  The pH was then ra i sed  to".about 7. Lime 

was o r i g i n a l l y  s p e c i f i e d  f o r  t h i s  step f o r  the  wastewater s t r i p p e d  by 

C a t a l y t i c ,  b u t  concern over add i t i ona l  format ion o f  i n s o l u b l e  calcium 

s a l t  l e d  t.o a  change t o  caus t ic .  A 50% sodium hydroxide s o l u t i o n  was 

used i n  batches prepared by C a t a l y t i c ,  which used 1  ime i n  the  ammonia 

s t r i p p i n g  step. Wastewater processed by Chem-Pro d i d '  no t  con ta in  

calcium ion ,  so l ime - was used t o  p rov ide  a  calcium concentrat ion more 

equ iva len t  t o  the  Cata ly t ic-processed ma te r ia l .  The pH o f  t he  f i n a l  

feed was f ine- tuned f o l  1  owing d i  1  u t i o n .  

Conce-ntration Adjustments. A f t e r  neu t ra l  i z a t i o n ,  f i n a l  concen- 

t r a t i o n  adjustments were needed t o  ensure t h a t  concentrat ions o f  Ltie 

cons t i t uen ts  were w i t h i n  the des i red  range. 

F ina l  pH Adjustment. Because chemical add i t i ons  were n o t  always i n  

the same r a t i o ,  the  r e s u l t i n g  pH was va r iab le  and r a r e l y  he ld  a t  the  

same value o f  the  i n i t i a l  adjustment. A f i n a l  adjustment was made us ing  



e i t h e r  50% c a u s t i c  s o l u t i o n  o r  98% s u l f u r i c  ac i d ,  as app rop r i a te  As 

n i t r i f i c a t  i u ~ i  i nc reased  d u r i n g  t h e  program, i n s u f f i c i e n t  a1 k a l  i n i t y  

caused r e a c t o r  pH l e v e l s  t o  drop, and feeds were ad jus ted  t o  h i ghe r  pH 

values t o  o f f s e t  t h e  n a t u r a l  drop. 



I V .  EXPERIMENTAL PROCEDURES FOR BIOOXIDATION AND TERTIARY TREATMENT 

T h i s  s e c t i o n  documents t h e  equipment and procedures t h a t  were used 

t o  complete t h a t  p o r t i o n  o f  t h e  s tudy  d e a l i n g  w i t h  b i o o x i d a t i o n  and 

t e r t i a r y  t rea tment ,  i n c l u d i n g  coagu la t i on ,  s o f t e n i n g ,  c l a r i f i c a t i o n ,  

f i l t r a t i o n ,  g ranu la r  a c t i v a t e d  carbon adso rp t i on ,  and ozona t ion  (see 

F igu re  6) .  The equipment and procedures f o r  p re t r ea tmen t  were descr ibed  

i n  Sec t i on  111. Tes t  procedures and ope ra t i ona l  parameters t h a t  were 

used t o  eva lua te  t h e  d i f f e r e n t  u n i t  processes f o r  b i o o x i d a t i o n  and 

t e r t i a r y  t rea tment  and t o  generate  wastewater f o r  t o x i c o l o g i c a l  s t ud ies  

a re  descr ibed  i n  t h i s  sec t i on .  A n a l y t i c a l  methods i n c l u d i n g  qua1 i t y  

c o n t r o l  procedures a re  i n  Appendix 1. The da ta  d e r i v e d  f rom t h i s  work 

a re  d iscussed under Resu l t s  and D iscuss ion  (Sec t i on  V ) .  

BIOOXIDATION 

The p r imary  goal  o f  t h e  b i o o x i d a t i o n  s tudy  was t o  generate  da ta  

e v a l u a t i n g  t h e  e f f e c t s  o f  phenol recovery  on b i o o x i d a t i o n .    he purpose 

was comparison w i t h  t h e  Base l ine  Design; f u l l - f l e d g e d  o p t i m i z a t i o n  was 

never in tended.  There fo re ,  t he  exper iments were designed acco rd i ng l y .  

As F i gu re  6 i 11 u s t r a t e s ,  f i v e  b i o l o g i c a l  ' t reatment  systems were 

eva luated.  Each cons i s t ed  o f  comp le te ly  mixed, con t i nuous - f l ow  b i o -  

reactor ( .s )  w i t h  i n t e r n a l  s ludge recyc l e .  

The f i r s t  t h r e e  systems used dephenolated (DP) wastewater as feed, 

and t h e  l a s t  two systems t r e a t e d  nondephenolated (NDP) wastewater.. Each 

o f  t h e  f i r s t  two DP systems c o n s i s t e d  o f  two b i o r e a c t o r s  i n  s e r i e s .  The 

two systems d i f f e r e d  i n  h y d r a u l i c  res idence  t imes (HRT) i n  o rde r  t o  

determine how HRT a f f e c t e d  b i o r e a c t o r  performance. The ' t h i r d  system 

t r e a t i n g  DP wastewater had o n l y  one stage, b u t  a  h i g h  dose o f  powderwl 

a c t i v a t e d  carbon (PAC) was con t i nuous l y  added t o  t h e  b i o r e a c t o r  t o  

eva lua te  t he  e f f e c t s  o f  PAC a d d i t i o n .  

The two systems t r e a t i n g  t h e  NDP wastewater a l s o  d i f f e r e d  i n  t h e  

number o f  stages they  conta ined.  System 4 cons i s t ed  o f  two stages i n  

s e r i e s ,  wIthou.1; cont inuous,  high-dose PAC a d d i t i o n ,  whereas System 5 had 



Figure 6 

fundamental Program Schematic 

BIOOXIDATION TERTIARY TREATMENT 

TODAY'S YESTERDAY'S 
EFF- 1 A EFF- 1 A 

FROM 18 
OR 28 

DEPHENOLATED FEED 

UNIT 4 A  
HRT: 3 0  

TODAY'S 

UNrT 48 

RT: 30 

YESTERDAY'S 
4 A  

HRT: HYDRAULIC RESIDENCE TIME 
SRT: SOLIDS RETENTION TIME 
PAC: POWDER ACTIVATED CARBON 
QAC: GRANULAR ACTIVATED CARBON 

NON-DEPHENOLATED (BASELINE) FEED 



on ly  one stage, b u t  w i t h  PAC. The two NDP systems were t o  serve as a  

c o n t r o l  f o r  comparison w i t h  the  DP systems. A d d i t i o n a l l y ,  they were 

intended t o  generate more in fo rmat ion  t h a t  cou ld  b r i dge  the  ..data gap 

r e l a t e d  t o  the  Basel ine Design, such as the  minimum HRT requirement f o r  

the b io reac to r .  The HRTs f o r  t he  NDP systems 4  and 5  were selected 

based on the r e s u l t s  of a  prev ious study ( I C R C ,  1983a). 

Because nondephenolated p re t rea ted  wastewater had no t  been pre- 

v i o u s l y  studied, opera t ing  cond i t ions  were tested.  System 2  was 

equ iva len t  t o  System 4. The dephenolated feed TOC/COD concentrat ion was 

about 1/3 t h a t  o f  the c o n t r o l  feed, so the  System 2  HRT was s e t  a t  1 day 

per  stage (compared t o  3  days f o r  System 4) and the  SRT was 30. 

System 1 was run.  a t  a  2-day HRT and a  30-day SRT, i n  case the  h igher  

loaded System 2 had unexpected opera t iona l  problems. 

Fol lowing i s  a  d e s c r i p t i o n  o f  the  phys ica l  systems and opera t ing  

cond i t ions  f o r  each o f  the  b i o l o g i c a l  systems. 

Equipment 

A1 1  equipment i n  contac t  w i t h  wastewater and t r e a t e d  e f f l u e n t  was 

glass, Type 316 s ta in less  s t e e l ,  o r  p l a s t i c  i n  order  t o  minimize 

adsorpt ion and leaching. Each b io reac to r  was an independent u n i t  con- 

s i s t i n g  o f  feed pumps, an a g i t a t o r ,  and feed /e f f l uen t  handl ing con- 

t a ine rs .  

Bioreactors.  Two s izes were used, p r i m a r i l y  t o  main ta in  the same 

hydrau l ic  load i n  h0t.h stages o f  the  two-stage systems. The f i r s t - s t a g e  

e f f l u e n t  was feed t o  the  second stage, a l though i t  was reduced i n  volume 

due t o  sample-taking, evaporat ion, e tc .  The l a r g e r  f i r s t - s t a g e  reac to r  

was constructed o f  s t a i n l e s s  s t e e l ;  i t s  t o t a l  capac i ty  was 12 L, and i t  

was approximately 127 mm wide, 254 mm long, and 405 mm h igh  (up t o  the  

o u t l e t  nozzle i n v e r t ) .  

The reac to r  was d i v ided  i n t o  two sect ions by a  removable b a f f l e :  a  

9.3-L ae ra t i on  zone and a  2.7-L c l a r i f i c a t i o n  zone. The b a f f l e  was 

ad jus tab le  f o r  clearance between i t  and the  sloped bottom i n  the 

c l a r i f i e r  sect ion. 

The smal ler  reac tor  was constructed o f  poly(methy1 methacry late) .  

I t s  t o t a l  volume was 8.6 L and i t  was approximately 114 mill wide, 240 mm 



l ong ,  and 340 mm h i g h  ( t o  t h e  ove r f l ow  nozz le ) .  The des ign  was t h e  same 

as t h e  l a r g e r  r e a c t o r ,  and i t  p rov i ded  a  7.0-L a e r a t i o n  zone and 1.6-L 

c l a r i f i c a t i o n  zone. 

Pumps. Feed was pumped f rom i n d i v i d u a l  g l ass  b o t t l e s  h o l d i n g  a  

24-hr supp ly  by  a  p e r i s t a l t i c  pump w i t h  va r iab le -speed  d r i v e .  S i l i c o n e  

t u b i n g  was used i n  t h e  pump head, and i t  was connected t o  t e f l o n  t u b i n g  

on t he  s u c t i o n  and d ischarge  ends. To ach ieve t h e  low f l o w  r a t e s  

necessary,  a l l  pumps were e l e c t r i c a l l y  c o n t r o l l e d  by a  t i m e r ,  which r a n  

20 sec i n  a 2-min cyc l e .  Each pump had a separate  speed c o n t r o l l e r  f o r  

i n d i v i d u a l  ad justment .  

A g i t a t o r s .  E l e c t r i c a l l y  d r i v e n  a q i t a t o r s  w i t h  two spccd range5 cc~ld 

i n d i v i d u a l  v a r i a b l e - s p c c d  c o n t r o l l e r s  were used. These were equipped 

w i t h  s tandard  th ree-b lade  s t a i n l e s s  s t e e l  p r o p e l l e r s .  

System Ope ra t i on  

A l l  systems were i n i t i a t e d  on November 18, 1982 ( r e fe rence  p o i n t  

day I), and t h e y  were operated con t i nuous l y ,  24 hr /day,  7 days/week. 

Mon i t o r i ng .  was per formed d u r i n g  one s h i f t ,  7  days/week. A1 1  systems 

were fed f rem J. csnta i i le r .  t i o l d i i i g  a  24-hr feed volume requi rement .  

Second-stage u n i t s  r ece i ved  e f f l u e n t  f rom t h e  f i r s t - s t a g e  u n i t  co l lec t .ed  

over  t h e  p rev l ous  24 h r .  Both u n i t s  i n  two-stage systems were operated 

a t  the qama SRT and IIRT. Mdjur  d i t f e \ - e i ' t ~ e s  between stages were i n  t h e  

food-to-mass (F/M) r a t i o  1 i m i t s ;  a l s o ,  a  smal l  dosage o f  PAC was used 

o n l y  i n  t h e  second-stage u n i t  as a  s e t t l i n g  a i d ,  Complete o p e r a t i u r ~ a l  

s p e c i f i c a t i o n s  a re  l i s t e d  below f o r  each system. 

System 1 c o n s i s t e d  o f  two stages, des ignated U n i t s  1 ~ '  and 1 0 ,  and 

operated under t h e  f o l l o w i n g  s p e c i f i c a t i o n s :  



u n i t  1 A  U n i t  1B 
( f i r s t  s tage)  (second s tage)  

Aerated volume (L) 9 .3  7 .0  

SRT (days) 30 3 0 

HRT (days) 2 2 

M i xed - l i quo r  PAC concn 0 
(mg/L) 

pH ( r e a c t o r )  6.75-8.0 

Temperature ( O C )  19-26 

Feed Dephenolated p re -  E f f l u e n t  f rom 
t r e a t e d  PRW U n i t  1 A  

Feed r a t e  (L/day) 4.65 3.50 

One a d d i t i o n a l  program was conducted on System 1. A feed  was 

prepared i n  which t h e  t a r  a c i d  removal s tep  had been de le ted .  Th i s  feed 

( c o n t a i n i n g  t a r  ac i ds )  was i n i t i a t e d  on day 189 o f  t h e  program. 

System 2 a l s o  cons i s t ed  o f  two stages, des ignated U n i t s  2A and 2B, 

and operated under t h e  f o l l o w i n g  s p e c i f i c a t i o n s ,  except  d u r i n g  one o f  

t h e  a d d i t i o n a 1 , s t u d i e s  i n  which t h e  HRT was var ied :  

Aerated volume (L)  

SRT (days) 

HRT (days) 

M i xed - l i quo r  PAC concn 
(mg/L) 

pH ( r e a c t o r )  

Temperature ( P C )  

D;O. (mg/L) 

Feed 

Feed r a t e  (L/day) 

U n i t  2A 
( f i r s t  s tage)  

9.3 

30 

Dephenolated p re -  
t r e a t e d  PRW 

9.30 

U n i t  20 
(second s tage)  

7 .0  

3 0 

1 

(0.2 

500 

E f f l u e n t  f rom 
U n i t  2A 

7.00 

'HLVSS, mixed - l i quo r  v o l a t i l e  suspended s o l i d s  ; D.  0 .  , d i s s o l v e d  oxygen 

29 



Note t h a t  t he  b io reac to rs  i n  System 2  have the  same volume as the cor-  

responding h io reac to rs  ill System 1. However, t he  HRTs i n  System 2  were 

h a l f  those o f  System 1. As a  r e s u l t ,  the  feed r a t e  t o  System 2  was 

tw ice  t h a t  t o  System 1. 

Two a d d i t i o n a l  programs were conducted on System 2 a f t e r  an 

extended steady-state run. Use o f  the  feed w i thou t  t a r  a c i d  p r e c i p i -  

t a t i o n  was i n i t i a t e d  on day 123 and cont inued f o r  the du ra t i on  o f  the 

program. On day 189, a  program t o  gradua l ly  increase the HRT from 1 t o  

2  days was begun. The o b j e c t i v e  a ~ l d  r e s u l t s  of these s tud ies  w i l l  be 

discussed l a t e r .  

System 3  cons is ted  o f  a  s ingle-stage reac to r  us ing PAC. An i n i t i a l  

dose o f  11,500 mg/L PAC was aelded at. s ta r t -up ,  and t l ~ e n  dai ly doses o f  

500 mg/L o f  feed volume were added. Fol lowing ar-e the complete operat- 

i n g  s p e c i f i c a t i o n s  f o r  the  steady-state per iod.  Parameters a f f e c t e d  

under two a d d i t i o n a l  programs are  marked w i t h  an as te r i sk .  The addi-  

t i o n a l  programs were conducted a f t e r  an extended steady-state run. A 

program t o  study t h e  e f f e c t s  o f  a  longer HRT ( f rom 2  t o  2.5 days) was 

begun on day 122, and on day 169, a  program t o  reduce the PAC dose by 3% 

a  day was i n s t i t u t e d .  Both programs werP i n  e f f c c t  throuyh t he  du ra t i on  

o f  operat ion,  which was terminated on day 216. 

Aerated volume (L)  

SRT (days) 

HRT (days) 

F/M ( y   COD/^ MLVSS) 

PAC dose (mg/L o f  feed) 

pH ( reac to r )  

Temperature ( O C )  

0.0. (mg/L) 

Feed r a t e  (L/day) 

Feed Dephennlated prc -  
t r e a t e d  PRW 

System 4 cons is ted  o f  two stages, designated as Un i t s  4A and 46,  

and operated under the  f o l l o w i n g  s p e c i f i c a t i o n s .  Parameters a f f e c t e d  

du r ing  a d d i t i o n a l  s tud ies  are  i n d i c a t e d  by an as te r i sk .  
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U n i t  4A 
( f i r s t  stage) 

Aerated volume (L) 9.3 

SRT (days) 3  0  

HRT (days) 3  * 
F/M (g  o f  COD/g o f  MLVSS) (0.5 

Mixed- l iquor  PAC concn 0 
(mg/L) 

pH ( reac to r )  6.75-8.0 

Feed r a t e  (L/day) 3 . 1  

Feed Pre t rea ted  PRW w/o 
dephenol izat ion 

U n i t  48 
(second stage) 

7.0 

3  0  

E f f l u e n t  from 
U n i t  4A 

The HRT was changed several t imes .du r ing  the  program t o  ga in  b e t t e r  

opera t iona l  c o n t r o l  o f  the  system. On day 121, t he  HRT was increased t o  

3.5 days. A f t e r  a  r e t u r n  t o  more s tab le  cond i t ions ,  a  planned program 

t o  s lowly  decrease the  HRT t o  about 2  days was s t a r t e d  on day 170. The 

program was modi f ied  on day 189 and opera t ions . te rminated on day 203. 

System 5  consis ted o f  a  s ingle-stage PAC reac to r .  An i n i t i a l  dose 

o f  13,700 mg o f  PAC/L was added a t  s t a r t - u p  and maintained by a  d a i l y  

dose o f  1,200 mg/L o f  feed volume. Fo l lowing are  the  complete opera t ing  

s p e c i f i c a t i o n s  f o r  the  steady-state per iod.  No a d d i t i o n a l  s tud ies  were 

planned o r  conducted i n  System 5. The opera t ion  was terminated on 

day i49 .  

Aerated volume (L) 

SRT (days) 

HRT (days) 

E/M (g o f  COD/g o f  MLVSS) 
;.  PAC dose (mg/L o f  feed) 

pH ( reac tor )  

Temperature ( O C )  

D.O. (mg/L) 

System 5  

7.0 

40 . 
3.5 

(0.5 

1,200 

6.75-8.5 

19-26 

>2.0 



Teed raate (L/day) 

Feed 

System 5 (Continued) 
/ .  - 

2.0 

P re t rea ted  PRW w/o 
depheno l i za t i on  

M o n i t o r i n g  

Se lec ted  da ta  were ob ta ined  d a i l y  t o  mon i t o r  ope ra t i ona l  parameters 

and a d j u s t  t h e  system. I n  a d d i t i o n  t o  pH, temperature,  and d i sso l ved  

oxygen (D. 0. ) s p e c i f i c a t i o n s  1  i s t e d  f o r  eaeh syslem, t o t a l  suspended 

s o l i d s  (TSS) i n  t h e  b a s i n  and e f f l u e n t  were measured i n  o rde r  t o  

c a l c u l a t e  d a i l y  s ludge was t ing  and, thus ,  t o  c o n t r o l  SRT. V o l a t i l e  

( b i o l o g i c a l )  suspended s o l i d s  (VSS)  were measur.ed t w i c e  a  week, and t h e  

d a i l y  va lue  r e q u i r e d  f o r  F/M c a l c u l a t i o n s  was produced by app l y i ng  t he  

r a t i o  (VSS/TSS) o f  t h e  p rev ious  da ta  se t .  A l l  s o l i d s  da ta  i nvo l ved  w i t h  

a  system c o n t a i n i n g  PAC were f u r t h e r  ad jus ted  t o  show concent ra t ions  

w i t h o u t  PAC. 

Feed throughput  and c o l l e c t e d  e f f l u e n t  volumes were accu ra te l y  

measured by t r a n s f e r r i n g  t h e  l i q u i d s  t o  c a l i b r a t e d  vo lume t r i c  glassware. 

Volume da ta  were r e q u i r e d  i n  SRT, HRT, F/M, and sl11dgr2 was t ing  ca lcu-  

l a t f o n s .  

Data were recorded i n  s ~ v e r a l  documents, e. y .  , t h e  o p e r a t o r ' s  1  og 

buuk, l a b o r a t o r y  natebuuks, and a n a l ~ s i s  r r p n r t  forms. Thebu wcrc 

camp-iled i n t o  summary sheets ,  forwarded t o  I C R C ,  and u l t i m a t e i y  s to red  

i n  a  computer. 

* l i n g  and Ana lys is  

Only e f f l u e n t  COD was analyzed on a  d a i l y  bas i s .  Other p o l l u t a n t  

parameters were analyzed from composite samples i n  accordance w i t h  Lwo 

d i f f e r e n t  schedules. 

Dur ing  normal ope ra t i ons ,  i n c l u d i n g  s t a r t - u p  and a l l  steady opera- 

t i o n ,  except  f o r  spec ia l  c h a r a c t e r i z a t i o n  pe r i ods ,  t h e  a n a l y t i c a l  

schedule shown i n  Table 3 was fo l lowed.  Feed and e f f l u e n t  were sampled 

d a i l y  and r e f r i g e r a t e d .  Composite samples were prepared by m ix i ng  equal 

p o r t i o n s  o f  d a i l y  samples from t h e  i n t e r v a l  needed. For example, once- 

a-week analyses were performed on a  sample c o n t a i n i n g  equal volumes o f  

d a i l y  samples c o l l e c t e d  d u r i n g  t h e  preceding 7 days. 



Table  3 

Number o f  Weekly Analyses Required 

dur ing  Normal Operations 

- - -- - 

F i r s t  stage Second stage 

Feed Bas i n E f f .  Basin E f f .  

Parameter 2a 5 5 3 3 

COD 2 0 7 0 7 

NO* 

NO; 

TSS 

VSS 

Temp. 

a  Number o f  sample p o i n t s .  
b ~ a m p l e  t o  b e  taken with the b a f f l e  p u l l e d .  
C Oxygen uptake r a t e .  



Special  c h a r a c t e r i z a t i o n  per iods were designated t o  ob ta in  a  more 

complete parameter p r o f i l e .  This  c a l l e d  f o r  a d d i t i o n a l  data a t  the  end 

o f  weeks 1, 2, and 5  o f  the  designated pe r iod  t o  f u r t h e r  charac ter ize  

system performance. Samples were taken and composited i n  the  same 

manner as du r ing  normal operat ion,  a l though a  l a r g e r  sample was requ i red  

f o r  the a d d i t i o n a l  analyses. The system character izat ' ion program i s  

shown i n  Table 4. 

Data Management 

Because of the voluminous data  generated by t h i s  study, a  com- 

pu te r i zed  data  management system was s e t  up. D a i l y  data were en t .~red,  

s t a t i s t i c a l  analyses were performed, and graphs were. r o u t i n e l y  p l o t t e d  

so t h a t  t h e  performance o f  each b i o r e a c t o r  cou ld  be monitored c l o s e l y  

and qu i ck l y .  

TERTIARY TREATMENT 

T e r t i a r y  t reatment  consis ted o f  the  f o l l o w i n g  u n i t  processes: (1) 

coagu la t ion  and c l a r i f i c a t i o n ,  (2) dual med i d  r i  1  t ra t16n,  (3) a c t i v a t e d  

carbon adsorpt ion,  and (4) ozonation. A pos t -b inox ida t ion  t a r  a c i d  

p r e c i p i t a t i o n  step was o r i g i n a l l y  inc luded upstream o f  cnagulat ion,  b u t  

i t  was l a t e r  dropped. 

The pr imary  purpose o f  the t e r t i a r y  treatment t e s t s  was t o  compare 

the  e f f e c t s  o f  these u n i t  processes on dephenolated and nondephenolated 

water. The nondephenolated water underwent t e r t i a r y  treat.mcnt under a 

separate program (Reverse Osmosis) and i s  repor ted separate ly  (Watt e t  

a l . ,  1984). Another reason f o r  t he  t e r t i a r y  t reatment  study was t o  

produce samples f o r  t ox i co logy  s tud ies  performed by others.  The 

e f f l u e n t  was c o l l e c t e d  a t  var ious stages o f  the  t e r t i a r y  t reatment  

t r a i n .  The tox i co logy  work i s  repor ted  separate ly  and no t  discussed i n  

t h i s  r e p o r t  (Ba i ley ,  1984; Drozdowicz and K e l l y ,  1983). 

Screening t e s t s  were run  nn some u n i t  processes t o  upL.imize them 

before  the  l a rge  batches o f  water were t r e a t e d  f o r  the  tox i co logy  

s tud ies .  A t o t a l  o f  14 d i f f e r e n t  samples i n  5-, l o - ,  and 15-gal 

a l i q u o t s  were generated and shipped t o  the  subcontractor.  Figures 7A 

and 78 show b lock  f low diagrams o f  the  t reatment  t r a i n  and the  sampling 

po in t s .  

34 



Table 4 

Number o f  Weekly Analyses Required 
du r ing  System Charac ter iza t ions  

F i r s t  stage Second stage 
Fegd Basin E f f .  ( Z O  Feed) Basin E f f .  

Parameter 2 5 5 3 3 

TOC 

BOD5 

COD 

NH3 

Phenol i c s  

TDS 

TSS 

VSS 

Temp 

Color. 

a  
Number o f  sample p o i n t s .  

h .  
Sample t o  be t a k e n  w i t h  t h e  b a f f l e  p u l l e d .  
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Toxicology Study Sampling Points f o r  

Aquatic Bioassay and, Mutagenicity Tests: Systems 1, 2 ,  and 3 
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Figure 78 

Toxicology Study Sampling Points for 

Aquatic Bioassay and Mutagenicity Tests: Systems 4 and 5 

(7487) 
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Note that. t . h ~  f i v e  systems havc bcen denoted as DP/NPAC, DP/PAC, 

NDP/NPAC, o r  NDP/PAC depending on whether a system was t r e a t i n g  

dephenolated (DP) o r  nondephenolated (NDP) wastewater and whether i t s  

b io reac to rs  were being augmented w i t h  continuous, h igh  dosages o f  

powdered a c t i v a t e d  carbon (PAC) o r  no t  (NPAC). 

Tar Acid Removal 

Dur ing the  i n i t i a l  stage o f  t h i s  work, C a t a l y t i c ,  Inc. observed t a r  

ac ids  p r e c i p i t a t i n g  i n  t he  b io reac to r  e f f l u e n t  a f t e r  a c i d i f i c a t i o n .  

Based on t h a t ,  a t a r  a c i d  p r e c i p i t a t i o n  step was thought t o  be necessary 

f o l l o w i n g  b ioox ida t io r l ,  However, when b i o l o g i c a l  e f f l u e n t s  from the 

system r e c e i v i n g  dephenolated feed were sampled and the  pH was lowered 

i n  increments t o  2.5, no t a r  a c i d  p r e c i p i t a t i o n  occurred i n  any o f  the  

samples a t  any o f  t he  pH values. Because o f  t h i s ,  the t a r  a c i d  u n i t  

process was e l im ina ted  from the  t e r t i a r y  t reatment  t r a i n  f o r  those 

systems r e c e i v i n g  dephenolated wastewater. 

Coagulat ion 

Coagulat ion was evaluated on the  th ree  dephenolated b io reac to r  

e f f l u e n t s  us ing  standard j a r  t e s t  p r n c ~ r i ~ ~ r r l s .  The c r i t e r i a  uscd t o  

eva l uate the  j a r  t e s t s  were supernatant c l a r i t y  , s e t t l  i ng character-  

i s t i c s ,  and TOC removal. The c r i t e r i a  were met by s e l e c t i n g  the  bes t  

combination o f  chemicals and dosages ( f e r r i c  c h l o r i d e  w i t h  l ime  and an 

an ian i c  polymer). A f t e r  op t im iza t i on  o f  t he  chemical add i t i on ,  l a rge  

batches o f  the  dephencsl * l e d  tr i o reac tor  e l f  1 uent were generated f o r  the  

tox i co logy  studies.  O n e - l i t e r  graduated c y l i n d e r  s e t t l i n g  t e s t s  were 

conducted on these batches, which. ranged i n  s i ze  from 65 t o  134 L. The 

water was t r e a t e d  i n  135-L polyethy lene tanks by adding chemicals and 

mix ing  well.. The f l o c  developed was al lowed t o  s e t t l e ,  and the  super- 

na tan t  was pumped o f f .  A t  t h i s  p o i n t ,  no samples were taken f o r  the  

tox i co logy  studies.  The r e s u l t i n g  sludge was saved and supernatant was 

used i n  t h e  next  u n i t  process. 

Ammonia Removal 

An a d d i t i o n a l  t reatment  step was added f o r  t he  tox i co logy  samples 

t o  ad jus t  the ammonia concentrat ion.  As discussed e a r l i e r ,  200 mg of 

38 



ammonia was added p e r  l i t e r  o f  feed  t o  t h e  b i o r e a c t o r s  t o  - t e s t  t h e  

p o s s i b i l i t y  o f  b i o l o g i c a l  n i t r i f i c a t i o n ,  ev.en though t h e  ammonia con- 

c e n t r a t i o n  a n t i c i p a t e d  i n  t h e  SRC-I Demonst ra t ion P l a n t  w i l l  be c l o s e  t o  

zero. However, i t  became e v i d e n t  l a t e r  t h a t  b i o l o g i c a l  n i t r i f i c a t i o n  

was n o t  complete, and ammonia c o n t r o l  must be dependent s o l e l y  on steam 

s t r i p p i n g .  There fo re ,  t o  lower  t h e  ammonia concen t ra t i ons  t o  t h e  range 

a n t i c i p a t e d  i n  t h e  demonst-rat ion p l a n t ,  t h e  t o x i c o l o g y  samples were 

processed w i t h  i o n  exchange. The medium used was a  n a t u r a l l y  o c c u r r i n g  

r e s i n  c a l l e d  c l  i n o p t i l o l  i t e ,  found i n  C a l i f o r n i a ,  and used i n  mun ic ipa l  

t rea tment  systems f o r  ammonia removal (M ind le r ,  1979). 

Isotherms were r u n  t o  es t imate  t h e  amount o f  c l i n o p t i l o l i t e  

r e q u i r e d  t o  remove t h e  ammonia t o  t h e  d e s i r e d  l e v e l .  Each o f  two 2 - i n . -  

d iameter  g l ass  columns was packed w i t h  r e s i n  t o  a  depth of 4  ft. The 

coagula ted e f f l u e n t  was pumped 'through t he  columns a t  a  cont inuous r a t e  

o f  125 mL/min. Be fo re  a l l  t h e  wastewater had been t r e a t e d ,  t h e  

c l i n o p t i l o l i t e  had t o  be regenerated by pumping a  10% s o l u t i o n  o f  sodium 

c h l o r i d e  a t  pH 12 th rough  t h e  column. The column was then  r i n s e d  w i t h  

de ion i zed  wate r ,  and t h e  remainder o f  t h e  wastewater was t r e a t e d .  

F i l t r a t i o n  
2 A dual media f i  1  t e r ,  r u n  a t  a  su r f ace  l o a d i n g  arate of 2 gpm/f t  , 

was used p r i o r  t o  t h e  carbon columns. The f i l t e r  c o n s i s t e d  o f  a  4 - i n . -  

d iameter  g l ass  column. From t o p  t o  bottom, t h e  f i l t e r  bed composi t ion 

was : 

E f f e c t i v e  
Media Depth s i z e  (mm) 

An th ra f  i 1  t 18 i n .  1.20-1.50 

F ine  sand 12 i n .  0.46-0.48 

Coarse sand 3 i n .  0.61-0.80 

Gravel  3 i n .  1 /4  i n .  x 1/8 i n .  

When t h e  l a r g e  batches o f  wastewater f o r  t o x i c o l o g y  t e s t i n g  were 

processed, no p ressure  drop was observed th rough  t h e  f i l t e r  because o f  

t h e  low l e v e l  o f  suspended s o l i d s  f o l l o w i n g  coagu la t ion .  S i x  g a l l o n s  o f  

wastewater f rom U n i t  1B were sampled--5 ga l  were sen t  t o  S R I  I n t e r n a -  



t i o n a l  f o r  mutagen ic i ty  t e s t s  and 1 gal  was submitted f o r  complete 

cha rac te r i za t i on .  

Ac t i va ted  Carbon 

A f t e r  coagu la t ion  and f i l t r a t i o n ,  carbon adsorp t ion  isotherms were 

run  according t o  ASTM Method D3860 (ASTM, 1974) on the  th ree  dephen- 

o l a t e d  systems t o  determine t h e i r  carbon requirements. The t e s t s  i n d i -  

cated t h a t  much l ess  carbon was needed t o  t r e a t  the  dephenolated water 

than the  c o n t r o l  water. A1 though a  1- in .  -carbon column breakthrough 

t e s t  was planned, so much TOC was removed du r ing  the  coagulat ion step 

t h a t  the  r e s u l t i n g  q u a n t i t y  o f  wastewater needed t o  achieve breakthrough 

exceeded t h a t  avaS 1 dbl  e. 

The th ree  dephenolated system e f f l uen ts  were processed through 

carbon columns f o r  the  tox i co logy  studies;  the r e s u l t i n g  TOC was below 

the  1  i m i t s  o f  de tec t i on  (1 ppm). f i i e  gal lons o f  t r e a t e d  e f f l u e n t  from 

U n i t s  2B and 3  were sent t o  S R I  I n t e r n a t i o n a l  f o r  aquat ic  e c o t o x i c i t y  

t e s t s ,  and one g a l l o n  o f  each was character ized.  

Ozanati on 

Equipment. The ozonation system used i n  the  product ion  runs f o r  

t he  mutagen ic i ty  and aquat ic  t o x i c i t y  samples i s  diagrammed i n  F igure 8. 

A Model LOA-1 Corona generator was used t o  produce ozone from oxygen. 

The generator i s  designed f o r  bench-scale operat ion a t  gas pressures 

from atmospheric t o  15 ps ig ,  gas f lows from 10 t.n 100 sc fh ,  and 

e l e c t r i c a l  power from 0  t o  200 W per  corona c e l l  ( t w o  c e l l s ) .  The 

oxygen used was e x t r a  d ry  grade (99.6% oxygen). A l l  components of the 

system were g lass,  t e f l o n ,  tygon, o r  s t a i n l e s s  s t e e l - - a l l  ma te r i a l s  

r e s i s t a n t  t o  ozone. The g lass r e a c t i o n  vessel had a  22-L volume, and 

mixing was prov ided by a  variable-speed mixer. The ozone/oxygen mix ture  

was in t roduced t o  the  system by a  coarse-grained a i r  d i f f u s e r  i n  the  

bottom o f  the vessel.  The o f f -gas  was passed through a  s o l u t i o n  o f  5% 

potassium iod ide  ( K I )  t o  reduce the  ozone cuncent ra t ion  before vent ing  

t o  a  hood. 

Procedure. A l l  wastewater was ozonated i n  batch volumes o f  16 t o  

19 L. The ozone dosage was regu la ted  by the i n l e t  f l ow  and pressure and 

the  wattage. I n  general,  a t  a  g iven wattage, low gas f l ow  produced a  

4 c 



F i g u r e  8 

Batch Ozonation System f o r  Product ion Runs 

"2" 

- 

oronator hood 

070 - . 

+ 
SS 

1 
tubing 

tYgon 
tubing 



h i g h  c o n c e n t r a t i o n  and low y i e l d ,  and h i g h  gas f l o w  produced a  low 

c o n c e n t r a t i o n  and h i g h  y i e l d .  The g l ass  r e a c t i o n  vesse l  had t h r e e  p o r t s  

t h a t  would  ven t  open i f  t h e  p ressure  b u i l t  up because o f  r e s i s t a n c e  i n  

t h e  s a f e t y  t r a p s  o r  h i g h  gas f l ow .  The genera to r  c o n t r o l  s e t t i n g s  

v a r i e d  p a r t l y  because o f  p ressure  f l u c t u a t i o n s  i n  t h e  r e a c t i o n  vesse l .  

The f l o w  r a t e s  were l e s s  than  10 sc fh ,  and wattages used were 150, 

200, and 250. Ozone concen t ra t i ons  were determined by pass ing  a  known 

f l o w  r a t e  o f  gas th rough  400 mL o f  2% K I  and by t i t r a t i n g  t h e  s o l u t i o n  

w i t h  0 . 1  N sodium t h i o s u l f a t e .  Ozone doses ranged f rom 30 t o  55 mg/L 

(2-4% by we igh t  i n  t h e  oxygen c a r r i e r  gas), and ozona t ion  t imes v a r i e d  

f rom 0.5 t o  3 .0  h r .  

A f t e r  t h e  r e a c t i o n  vessel  was f i l l e d  and cnnt.rnl  set.t.ing< fnr- g a ~  

f l ow were s e t ,  t h e  m i xe r  was s t a r t e d .  The speed was ad jus ted  t o  p rov i de  

optimum d i s p e r s i o n  of  t h e  bubbles.  The ven t  f o r  t h e  o f f - gas  was a l s o  a 

b a f f l e ,  which f u r t h e r  a i ded  d i spe rs i on .  The wattage was then s e t  and 

ozona t ion  began. M o n i t o r i n g  t h e  system cons i s t ed  o f  n o t i n g  c o l o r ,  pH, 

and temperature changes. Ozone o f f - gas  samples were c o l l e c t e d  

p e r i o d i c a l l y  and analyzed immediate ly  t o  p reven t  autodecomposi t ion e r r o r  

(a  ha1 f-1 i f e  o f  20-100 h r  a t  room temperature can be expected). Samples 

were c o l l e c t e d  f o r  each system a f t e r  t h e  ba t ch  volumes had been 

combined. One g a l l o n  of each e f f l u e n t  from systems l B ,  28, and 3  was 

e x t e n s i v e l y  analyzed. 



V. RESULTS AND DISCUSSION 

I n f o r m a t i o n  i s  presented i n  t h i s  s e c t i o n  i n  t h e  same sequence i n  

which t h e  u n i t  processes a re  arranged: p re t r ea tmen t  (see F igu re  2) 

f o l l owed  by b i o o x i d a t i o n  and t e r t i a r y  t rea tment  (see F igu re  6) .  How- 

ever ,  be fo re  t h e  u n i t  processes a re  discussed, c h a r a c t e r i s t i c s  o f  t h e  

raw wastewater a re  summarized. 

RAW WASTEWATER CHARACTERISTICS 

Du r i ng  t h i s  s tudy,  t h e  raw wastewater was n o t  e x t e n s i v e l y  char-  

a c t e r i z e d ,  because i t  had been done i n  o t h e r  s t u d i e s  ( I C R C ,  1983a; Luthy 

and Campbell, 1984). However, t h e  l i m i t e d  raw wastewater da ta  t h a t  were 

generated f rom t h i s  s tudy (see Table 5)  a re  i n  good agreement w i t h  t h e  

o t h e r  s t ud ies .  

I n  a d d i t i o n  t o  t h e  da ta  i n  Table  5, severa l  t o t a l  pheno l i c s  

analyses were made us i ng  t h e  4AAP procedure.  The average c o n c e n t r a t i o n  

was about 5,800 mg/L, which i s  lower  than  Chem-Pro's va l ue  o f  6,300 

mg/L, which was a l s o  measured by 4AAP. Both va lues were lower  than  t h e  

8,000 mg/L (4AAP) r epo r t ed  by Luthy and Campbell. The d i s p a r i t y  i n  

pheno l i c  concen t ra t ions  appears t o  be common f o r  raw wastewater,  and 

becomes l ess  s i g n i f i c a n t  a f t e r  phenol e x t r a c t i o n .  

PHENOL EXTRACTION AND AMMONIA-SULFIDE STRIPPING 

Reca l l  t h a t  i n  t h e  e a r l y  phase o f  t h i s  s tudy ,  C a t a l y t i c  e x t r a c t e d  

phenols and removed ammonia and hydrogen s u l f i d e  f rom t h e  wastewater.  

L a t e r ,  Chem-Pro t ook  over  these t asks  and s u p p l i e d  processed wastewater 

t o  C a t a l y t i c .  

Phenol E x t r a c t i o n  a t  C a t a l y t i c  

Before p rocess ing  l a r g e  q u a n t i t i e s  o f  wastewater,  C a t a l y t i c  

a t tempted t o  op t im i ze  ope ra t i ng  c o n d i t i o n s ,  w i t h  t h e  goal  o f  m i n i m i z i n g  



Table 5 

Raw Wastewater Characteristics 

~ - 

Sul f ide  
Sample no. (mg/L) NH3-N (rng/L) TOC (mg/L) 

1 45,000 19,200 10,000 

2 50,000 17,900 10,200 

3 60,000 18,450 10,400 

4 45,000 17,700 1.0, sno 
5 30,000 18,500 10,500 

Medlls 46,000 18,350 10,320 

S t d  dev 10,840 587 216 



. MIBK usage r a t h e r  than maximizing phenol removal. Batch ex t rac t i ons  

were performed i n  a  22-L round-bottomed pyrex f l a s k ,  as described i n  

Sect ion I V .  The f i r s t  e x t r a c t i o n  was performed by t r a n s f e r r i n g  16 L o f  

raw wastewater t o  the  ex t rac to r .  This  wastewater contained 6,000 mg/L 

phenol ics. A f t e r  the  t r a n s f e r ,  1.3 L  o f  MIBK was added, t he  e x t r a c t o r  

was mixed f o r  15 min, and the two phases were a1 lowed t o  separate f o r  

1 hr .  The spent so lvent  was drawn o f f  and 1.3 L  o f  f r esh  so lvent  was 

added. The e x t r a c t o r  was again mixed f o r  15 min and al lowed t o  .separate 

f o r  1 hr.  Because the  phenol concentrat ion i n  the  wastewater phase was 

an unacceptable 350 mg/L, a  t h i r d  pass was done us ing  1.0 L  o f  MIBK. 

The phenol concentrat ion o f  the  wastewater phase was again checked and 

found t o  be 100 mg/L, which met the  requ i red  s p e c i f i c a t i o n s .  

I n  the  second ex t rac t i on ,  the MIBK volume was increased t o  2.0 L  i n  

each o f  the two steps. The wastewater phase contained 30 mg/L phenol , 
which was w e l l  w i t h i n  the s p e c i f i c a t i o n  ( ~ 1 2 5  mg/L phenol ics) .  I n  the 

t h i r d  ex t rac t i on ,  the  M I B K  was reduced t o  1 .7  L  f o r  each o f  the  two 

steps. The wastewater phase o f  the  t h i r d  e x t r a c t i o n  conta ined 35 mg/L 

phenol. The f o u r t h  e x t r a c t i o n  attempted t o  f u r t h e r  minimize M I B K  usage, 

us ing  1.5 L  o f  MIBK f o r  each pass; the wastewater' e x t r a c t i o n  contained 

115 mg/L phenol, l ess  than the 125 mg/L spec i f i ed .  The r e s t  o f  the  

ex t rac t i ons  were done us ing  1.5 L  o f  MIBK per  step, f o r  a  t o t a l  o f  3  L  

o f  M I B K  f o r  each 16 L  o f  wastewater processed. 

Results a f t e r  e x t r a c t i o n ,  b u t  be fore  s t r i p p i n g ,  a re  shown i n  

Table 6. Results a f t e r  s t r i p p i n g  are a l so  summarized f o r  a  t o t a l  o f  56 

runs i n  Table 7. The mean phenol ic  concent ra t ion  a f t e r  e x t r a c t i o n  and 

s t r i p p i n g  was 43.2 mg/L w i t h  a  standard dev ia t i on  o f  16.6 mg/L, which i s  

c l e a r l y  much b e t t e r  than the  t a r g e t  value o f  125 mg/L. 

Ammonia-Sul f'idt! SLtbippillg a t  C a t a l y t i c  

S t r i p p i n g  was performed on two kinds o f  wastewaters: dephenol a ted  

and nondephenolated raw Ft .  Lewis PRW. The t a r g e t s  f o r  s t r i p p i n g  were 

10 and 300 mg/L f o r  H2S and NH3 ( t o t a l ) ,  r espec t i ve l y .  The H2S t a r g e t  

was met e a s i l y ;  the  t y p i c a l  H2S a f t e r  the  f i r s t  pass o f  s t r i p p i n g  was 

1 mg/L. However, t he  ammonia concentrat ion a f t e r  the  f i r s t  pass was 

usua l l y  above 1,000 mg/L, due p r i m a r i l y  t o  f i x a t i o n  by anions such as 



Table 6 

Catalytic-Prepared Extracted Wastewater 

(before Stripping) 

COD NH3-N Phenol TOC Sulfide 



Table 7 

Resu l t s  of C a t a l y t i c ' s  Analyses o f  Dephenolated, Degassed Wastewater 

Run NH3 Phenol ics  Run Phenol i c s  COD TO C NH3 
no. (mg/L) (mg/L) no. (mg/L) (mg/L) (mg/L) (mg/L) 



ch lor ide .  Freeing t h e  f i x e d  ammonia t y p i c a l l y  took 7 g  o f  Ca(OH)2 per  L  

o f  water processed. T l ~ e  l i ~ r ~ t !  was added before  the second pass o f  

s t r i p p i n g .  Wi th l ime,  t he  ammonia was reduced t o  228 f 99 mg/L f o r  

dephenolated wastewater (Table 7) and t o  108 f 64 mg/L f o r  the  nonde- 

phenolated wastewater (Table 8).  The d i f f e rences  i n  concentrat ions 

between t h e  s t r i p p e d  waters are i ns ign i  f i c a n t ,  because ammonia con- 

cen t ra t i ons  are  adjusted again before the water i s  f ed  t o  the  

b io reac tors .  The t a r g e t  concent ra t ion  i n  the  feeds was about 200 mg/L 

aft.er d i  1  u t i on .  

Phenol E x t r a c t i o n  and Ammonia-Sulfide S t r i p p i n g  a t  Chem-Pro 

Beta i  1  ed r e s u l t s  o f  Chem-Pro ' s t reatment ar8e ducu~nerl ted e l  sewhere 

(Chem-Pro Corporat ion,  1983), b u t  a  summary i s  presented i n  Table 9. 

Compared t o  the  Cata ly t ic-dephenolated wastewater, t he  Chem-Pro- 

processed wastewater had a  s u b s t a n t i a l l y  lower phenol ic  concentrat ion 

(<6 mg/L vs. 43.2 f 16.6 mg/L). COD, TOC, and c o l o r  were a l so  lower, 

p r i m a r i l y  because Chem-Pro opt imized removal, whereas C a t a l y t i c  

minimized so lvent  usage. However, t he  d i f f e r e n c e  was n o t  s i g n i f i c a n t  

f o r  t h i s  study, because the  organic concent ra t ion  (COD) was adjust.ed t.n 

feed s p e c i f i c a t i o n s  by d i l u t i o n .  

Chem-Pro's wastewater contained more ammonia than C a t a l y t i c ' s  (374 

k 1ZU vs. 228 2 99 mq/L, respec t i ve l y ) .  Again, t .hi< was not a problem 

because the  wastewater was d i l u t e d  and the  ammonia concentrat ion was 

read jus ted  before  b ioox ida t i on .  S i m i l a r l y ,  the  Chem-Pro water contained 

more Rydroqen su l  t i d e  than the Cat.afyt.ir water (9 .9  i 1.8 v c ,  1 mg/L), 

b u t  t h ~ s  d i f f e r e n c e  was a l so  i n s i g n i f i c a n t .  

Ove ra l l ,  Lhe d i f f e rences  between the  dephenolated wastewater pre- 

pared by C a t a l y t i c  and Chern-Pro were genera l l y  no t  s i g n i f i c a n t  i n  t h i s  

study. The on l y  except ions are the  lower c n l n r  concentrat ions and 

h igher  sodium i o n  concentrat ions i n  the  Chern-Pro feed, due t o  the  use o f  

caus t i c  r a t h e r  than l ime i n  the  steam s t r i p p i n g  operat ion.  



Table 8 

Results of Catalytic's Analyses o f  Degassed, Nondephenolated Wastewater 

. Run no. NH3-N (mg/L) COD (mg/L) TOC (mg/L) 



Table 9  

Characteristics of Chem-Pro-Processed Wastewater a,b 

Drum Phenol ics Resor- 
no. PH (4MP) Cresols cinrsl So: vent H2S COD TOC T D S  COD/TOC NH3 

1 . 9 . 1  (8 .6)  

2  - (9 .2 )  

3 9 . 1  (9 .1 )  

4 9.3  (9 .2 )  

5 9.2 (9 .1 )  

6 9 . 0  ( 8 . 9 )  

7 - (9 .3 )  

8 9 . 0  (9 .1 )  

9  8 .6  (9 .0)  

10 9 . 1  (9 .4)  

Means 8 . 6  ( 9 . 1 )  

Std dev 1 . 4  (0.22) 

a 
Values in parentheses are Catalytic's measurements, and the other tlun~ters are Chem-Pro's results (Chem-Pro Corporation, 
1983). 

b~oncentrations are in milligrams/llter and pH is in units. 



TAR A C I D  REMOVAL 

Fo l l ow ing  ammonia s t r i p p i n g ,  t h e  pH o f  t h e  wastewater was lowered 

t o  approx imate ly  4.5 t o  p r e c i p i t a t e  t a r  ac ids.  Concentrated s u l f u r i c  

a c i d  (98 w t  %) was used, a t  a  v a r i a b l e  dose depending on t h e  pH l e v e l  o f  

t h e  p reced ing  s tep.  

Both dephenolated and nondephenolated waters  were handled sim- 

i l a r l y .  Both produced t h e  same r e a c t i o n ,  cha rac te r i zed  by v a r y i n g  

degrees o f  c o l o r  l o s s  and by  f o rma t i on  o f  a  p r e c i p i t a t e .  D i f f e r e n c e s  

were noted i n  a c i d  dose and sludge p roduc t i on .  

A number o f  batches were processed f o r  spec ia l  s t u d i e s  i n  which t h e  

t a r  ac i ds  were l e f t  i n  t he  feed  t o  t h e  b i o r e a c t o r s .  

Dephenolated Wastewater 

Pret reatment  performed by C a t a l y t i c  produced a  s t r i p p e d  wastewater 

a t  about pH 11 and r e q u i r e d  2.2 mL o f  ac i d /L  o f  wastewater on t h e  

average t o  lower t h e  pH t o  about 4.5.  Chem-Pro-processed water  was 

rece i ved  a t  a  lower  pH, about 9 .0 ,  and r e q u i r e d  o n l y  1 . 2  mL o f  ac id /L  o f  

wastewater. Th i s  dose was used t o  lower  t h e  pH t o  around 4.0. Batches 

prepared from t h e  f i r s t  drum o f  Chem-Pro-processed wastewater d i d  n o t  

p r e c i p i t a t e  u n t i l  a  pH o f  2-3 was reached. 

F resh l y  p r e c i p i t a t e d  s o l i d s  f rom C a t a l y t i c  p re t rea tment  no rma l l y  

s e t t l e d  r a p i d l y  and c o n s t i t u t e d  5-10% by volume, b u t  compacted t o  much 

l ess  a f t e r  s e t t l i n g  ove rn i gh t .  Chem-Pro's m a t e r i a l  d i d  n o t  u s u a l l y  

produce t h e  same heavy f l o c  o r  volume, p robab ly  because cons ide rab l y  

l e s s  ca lc ium s u l f a t e  was p r e c i p i t a t e d .  Reca l l  t h a t  t h e  C a t a l y t i c  

ammonia s t r i p p i n g  process used l ime ,  whereas Chem-Pro used c a u s t i c .  The 

d i f f e rences  i n  t a r  a c i d  s ludge c h a r a c t e r i s t i c s  a re  shown by analyses o f  

bo th  types ( a l l  u n i t s  a re  i n  mg/l..): 



Suspended solids 

Vol ati 1 e suspended sol ids 

Total sol ids 

Total volatile solids 

Cal ci um total 

Calcium, soluble 

Sodi um, total 

Sodium, soluble 

Sul fate, total 

Sulfate, soluble 

Catalytic 

50,630 

5,940 

64,000 

6,000 

6,900 

2,200 

39 

15 

15,000 

1,000 

Chem-Pro 

2,740 

2,740 

9,000 

6,000 

59 

51 

650 
600 

1,700 

1,700 

Nondephenolated (Control) Wastewater 

The precipitation characteristics were similar to those of 

Catalytic's phenol-extracted wastewater. Generally, the lower end of 

the pH 4-5 range was needed and sludge production appeared to be 

greater. On the average, 3.2 mL of acid/L of wastewater was added, 

which lowered the pH to about 4.1. 

The quantity of acid required to induce tar acid precipitation 

appears to be significantly affected by dephenolization. The data 
tabulated below contrast the quantities of co~~cer .~ t r .a led  sulfur*.ic a c i d  

required to produce the indicated pH changes for Catalytic-prepared 

dephenolized and nondephenolized samples: 

Dcphenolated, Stripped Wastewater. 

Initial Final 
IJH pH 

Concn of acid requi red 
(mL o f  acld/L o f  wastewater) 

1.7 

2.0 

2.3 

2.6 -- 
Av 2.16, std dev 0.39 



Nondephenolated, S t r i pped  Wastewater 

I n i t i a l  
pH 

F i n a l  Concn o f  a c i d  r e q u i r e d  
pH (mL o f  ac id /L  o f  wastewater) 

3.9 

3 . 1  

2.7 

3.0 

3 . 1  

Av 3.16, s t d  dev 0.45 

A1 though t he  i n i t i a l  and f i n a l  pH values vary  somewhat i n  t h e  da ta  

se ts ,  they  seem c lose  enough f o r  compari son. ~ t a t i  s t i c a l  hypothes is  

t e s t s  show t h a t  a t  95% conf idence l e v e l s ,  t h e  d i f f e r e n c e  between t he  

a c i d  requirements f o r  nondephenolated and dephenolated waters i s  s i g n i f -  

i c a n t .  On average t h e  nondephenolated water  r e q u i r e d  about 50% more 

a c i d  than  t he  dephenolated water  t o  achieve a pH change from -11 t o  -4. 

NEUTRALIZATION 

Before t he  a d d i t i o n  o f  chemical supplements, t h e  pH was ad jus ted  t o  

n e u t r a l .  Ca ta ly t i c -p rocessed  wastewater, which con ta ined  ca lc ium i o n  

from s t r i p p i n g ,  was ad jus ted  w i t h  a  50 w t  % sodium hydrox ide s o l u t i o n .  

For  Cata ly t i c -depheno la ted  wastewater, an average o f  1 .5  mL o f  t he  

s o l u t i o n / L  o f  wastewater was r e q u i r e d  t o  r a i s e  t he  pH t o  7.2. I n  t he  

l a t t e r  stages . o f  t he  s tudy,  when n i t r i f i c a t i o n  increased,  h i ghe r  pH 

v a l  ues were requ i red ,  b u t  Chem-Pro-processed wastewater was be ing  used 

a t  t h a t  t ime. An average' c a u s t i c  dose o f  about 2.5 mL/L, o f  wastewater 

was needed t o  r a i s e  t h e  pH from 4.0 t o  8.5. 

Lime [Ca(OH)2] was used t o  n e u t r a l i z e  Chem-Pro-processed waste- 

water ,  p r o v i d i n g  approx imate ly  t h e  same ca lc ium l e v e l  as C a t a l y t i c  

water.  An average dose of 1.0 g  o f  Ca(OH)2/L o f  wastewater was r e q u i r e d  

t o  go from pH 3.5 t o  7.3. 



When the  t a r  a c i d  step was omi.Lted Tur. spec ia l  feeds, Chem-Pro 

water was n o t  neu t ra l i zed ,  s ince the pH was i n  t he  range f o r  chemical 

supplementation. Chemical supplementation changed the  pH o f  the  waste- 

water t o  va ry ing  degrees, depending on the  batch. General ly ,  a f i n a l  pH 

adjustment was requ i red  t o  reach the  t a r g e t  value requ i red  t o  main ta in  

the  biosystem's mixed- l iquor  pH. That t a r g e t  pH a lso  var ied ,  depending 

on biosystem performance. 

BIOLOGICAL SYSTEMS FEED PREPARATION 

F ina l  feed prepara t ion  requ i red  c a l c u l a t i o n  o f  a d i  1 u t i o n  fac to r ,  

chemical supplementation, and pH adjustment. The bas is  f o r  feed prepa- 

r a t i o n  was discussed i n  Sect ion 111. 

The volume o f  the  d i l u t e d  wastewater, o r  batch volume, was c a l -  

cu la ted  by the  f o l l o w i n g  equation: 

where V = volume o f  the  d i l u t e d  wastewater (L)  

v 
CI 

= v ~ l  ume o f  the pr~t-rested wastewater ( b )  

= COD concent ra t ion  of t he  p re t rea ted  wastewater (mg/I.) 

COD = t a r g e t  COD concentrat ion;  2,000 mg/L fo r  the DP waste- 

water,  and 6,000 mg/L f o r  NDP wastewater 

Targeted canc~entrat ions t h a t  were i n  excess o f  the s p e c i f i e d  con- 

c e n t r a t i o n  ( a f t e r  d i l u t i o n  f o r  COD adjustment) were accepted anyway, 

w i thou t  f u r t h e r  adjustment. Parameters w i t h  concentrat ions below spec- 

i f i c a t i o n  were added. From the  cons t i t uen ts  spec i f i ed ,  on ly  the f o l -  

low ing  had t o  be added; the  balance were present  i n  the  raw wastewater, 

amended by pret reatment :  



Cons t i t uen t  Added as 

Ammonia-N 

Phosphorus 

Cyani de 

Thiocyanate 

Cal c i  um 

I r o n  

Magnes i um 

Ammonium hydrox ide  

Phosphoric a c i d  

Sodium cyanide 

Sodium th i ocyana te  

Lime (ca lc ium hydrox ide)  

F e r r i c  c h l o r i d e  

Magnesium su l  f a t e  

Table 10 shows t h e  average feed  c h a r a c t e r i s t i c s  a f t e r  adjustment.  Batch 

numbers i n  t h e  t a b l e  r e f e r  t o  d i f f e r e n t  batches o f  d i l u t e d  wastewater. 

The d i l u t e d  dephenolated feed s o l u t i o n  f o r  Batches 1-12 was ob ta ined  

e x c l u s i v e l y  from Cata ly t i c -p rocessed  wastewater. S t a r t i n g  w i t h  

Batch 13, Chem-Pro-processed water  was phased i n  g radua l l y .  Chern-Pro 

and C a t a l y t i c  waters were blended i n  1:3 and 3 : l  volume r a t i o s  i n  

Batches 13 and 15, r e s p e c t i v e l y .  From Batch 16 on, a l l  s tock  waste- 

waters were processed by Chem-Pro. The t r a n s i t i o n  l a s t e d  about 3  weeks. 

A summary o f  analyses on a l l  feed batches, dephenolated and con- 

t r o l ,  i s  presented i n  Appendices 2 and 3. 

A f t e r  chemicals were added, t h e  pH was read jus ted  t o  s a t i s f y  t he  

t a r g e t  pHs i n  t h e  b i o r e a c t o r .  Systems t h a t  were n i t r i f y i n g  r e q u i r e d  a 

feed pH o f  up t o  2.5 u n i t s  h i ghe r  than  t he  normal s p e c i f i c a t i o n ,  i n  

o rde r  t o  n e u t r a l  i z e  t h e  a c i d  produced by n i t r i f i c a t i o n .  

Several unusual events occurred d u r i  ng feed p r e p a r a t i o n  t h a t  'I a t e r  

a f f e c t e d  t h e  experiment. These a re  h i g h l i g h t e d  below, and d iscussed 

l a t e r  i n  va r ious  p a r t s  o f  t h e  r e p o r t .  

S o l i d s  P r e c i p i t a t i o n  i n  t he  Feed 

P r e c i p i t a t i o n  was observed i n  every  feed ba tch ,  and was more pro-  

nounced a t  h i ghe r  pHs. S e t t l e d  s o l i d s  i n  a  f r e s h l y  prepared ba tch  

norma l l y  r an  about 5% by volume. Al though t h e  s o l i d s  were n o t  com- 

p l e t e l y  charac te r i zed ,  ca lc ium phosphate and ca lc ium s u l f a t e  were 

undoubtedly present .  One exper iment i n  which a feed sample was r a i s e d  



Table  1 0  

Average Feed C h a r a c t e r i s t i c s  

n ~ p h ~ n n l  at.ed feed 

Paramete r  15-24 Control  feed 

(mg/L) Batch no. ' s 1- loa  11- 1 4 ~  c d 1-6a 7- 2 

COD 

TOC 

Ammoni a-N 

Ni t r a t e - N  

Ni.tri te-N 

Cyan i de  

I h ~ o c y a n a t e  

Phenol i c s  

Cal c i  urn 

l r o n  

Magnes i urn 

Phosphorus 

Sodi urn 
TDS 

a  
tl TOC b a s i s  f o r  d i l u t i o n ;  Cata1yt i .c-processed w a t e r .  
COD b a s i s  f o r  d i l u t i o n ;  C a t a l y t i c - p r o c e s s e d  wate r  and beginn.ing of t r a n s i t i o n  t o  

C 
a  b l e n d  w i t h  Chem-Pro w a t e r .  
COD b a s i s  f o r  d i l u t i o n ;  Chem-Pro-processed w a t e r .  

d~~~ b a s i s  f a r  d i l u t i o n ;  Chern-Pro-processed w a t e r ;  no t a r  a c i d  removal s t e p .  
e  

Stopped u s i n g  calc ium c h l o r i d e  s a l t  f o r  ca lc ium supplement.  
f o e p h e n o l a t e d  feed b a t c h  10 ( h i g h  COD of 3 ,230 mg/L) . 
g ~ o n t r o l  f eed  b a t c h  6 ( h i g h  COD of 8 ,910 r,ng/L). 



t o  pH 11.2 showed t o t a l  phosphorus con ten t  t o  be 467 mg/L, b u t  t h e  

s o l u b l e  f r a c t i o n  con ta ined  o n l y  1 . 2  mg/L. Among t h e  4,500 mg/L o f  t o t a l  

suspended s o l i d s  measured, 1,200 mg/L was ca lc ium and 1,800 mg/L was 

s u l f a t e .  

I n  another  exper iment ,  a  feed  ba t ch  was observed c l o s e l y  d u r i n g  

makeup. The ba t ch  was a t  a  d iqu ted ,  n e u t r a l i z e d  s tage ready f o r  

chemical supplementat ion.  S t a r t i n g  a t  pH 7.4 ,  each chemical was added; 

no p r e c i p i t a t i o n  was observed. The f i n a l  a d d i t i o n  o f  phosphor ic  a c i d  

dropped t h e  pH t o  5.7. Caus t i c  was then  added i n  increments t o .  r a i s e  

t h e  pH f o r  t h e  f u l l - s c a l e  batch.  A t  pH 7.4 ,  a  s l i g h t  amount o f  f i n e  

p r e c i p i t a t e  was formed, and a t  pH 8: 0,  a  heavy f l o c  came o u t  o f  so lu-  

t i o n .  Caus t i c  was added u n t i l  t h e  pH reached 8.2.  P a r t  o f  ' t h i s  sample 

was then  a1 lowed t o  s e t t l e  o v e r n i g h t  i n  a  g l ass  c y l i n d e r ;  about 5% by 

volume was s o l i d s .  

O r i g i n a l l y ,  s o l i d s  were f e d  t o  t h e  r e a c t o r s ,  b u t  as h i ghe r  feed  pH 

va lues were r e q u i r e d  l a t e r  i n  t he  s tudy ,  t h e  l a r g e  q u a n t i t y  o f  s1.udge 

produced plugged t h e  feed l i n e s .  To avo id  t h i s ,  each ba t ch  was then  

mixed w e l l  and s e t t l e d  o v e r n i g h t  i n  t h e  drums. C lear  feed was p u t  i n  

i n d i v i d u a l  u n i t  feed  con ta i ne rs .  

A lso ,  as n i t r i f i c a t i o n  inc reased  i n  t h e  second-stage b i o r e a c t o r ,  

t h e  pH i n  t h a t  b i o r e a c t o r  began t o  drop. Thus, i t  became necessary t o  

r a i s e  t h e  f i r s t - s t a g e  e f f l u e n t  pH ( t h e  second-stage system feed)  i n  

o rde r  t o  ma in ta i n  optimum pH f o r  n i t r i f i c a t i o n .  When t h e  pH was r a i s e d  

on these second-stage feeds,  a d d i t i o n a l  s o l i d s  p r e c i p i t a t e d .  I n  o rde r  

t o  q u a n t i f y  t he  a d d i t i o n a l  s o l i d s  formed, an a1lquo.t  u f  t h e  e f f l u e n t  

from System l A ,  a t  pH 8.0 and an i n i t i a l  suspended s o l i d s  c o n c e n t r a t i o n  

o f  20 mg/L, was ad jus ted  t o  pH 11.0. Th i s  was t he  feed  pH r e q u i r e d  by 

U n i t  18 a t  t h a t  t ime.  TSS eoncen t ra t i on  a f t e r  ad justment  was 534 mg/L. 

The add i t ' i ona l  so l ' ids  formed were, t h e r e f o r e ,  more than  500 mg/L. I n  

o rde r  t o  p reven t  p l ugg ing  o f  t h e  feed  pumps, these p r e c i p i t a t e d  s o l i d s  

were n o t  f e d  t o  t h e  second-stage systems. Ins tead ,  they  were a l lowed t o  

s e t t l e  i n  t h e  feed  con ta i ne r  ( i . e . ,  t h e  s u c t i o n  l i n e  o f  t h e  pump was 

r a i s e d  o f f  t h e  bot tom o f  t h e  unag i t a ted  feed  con ta i ne r ) .  

Because o f  t h e  s o l i d  p r e c i p i t a t i o n  problem, d i f f e r e n t  pH c o n t r o l  

methods should  be cons idered f o r  f u l l - s c a l e  ope ra t i on .  For example, 



phosphoric a c i d  cou ld  be added d i r e c t l y  t o  the b io reac to r  when i t s  pH i s  

lower than t h a t  i r ~  the teed. Also, a  p o r t i o n  o f  1  ime needed t o  

neu t ra l  i z e  t h e  a c i d  produced from n i t r i f i c a t i o n  cou ld  be added d i r e c t l y  

t o  the b i o r e a c t o r  where the  pH i s  c lose t o  neu t ra l .  

Change i n  Sodium Concentrat ion i n  the  Feed 

Sodium s t rengths  i n  the C a t a l y t i c -  and Chem-Pro-processed dephen- 

o l a t e d  wastewaters d i f f e r e d .  The Chem-Pro water had a  much h igher  

sodium concent ra t ion  (1,200 t o  1,300 mg/L i n i t i a l l y ;  917 mg/L average) 

than C a t a l y t i c ' s  (350 mg/L average). Although the  t r a n s i t i o n  from 

C a t a l y t i c  t o  Chem-Pro feed was slow and gradual t o  avoid shock, the h igh  

sod ' i~~m content  apparent ly  dTFectecl n i t r i f i c a t i o n .  However, n i  t r i  f i c a -  

t i o n  d i d  even tua l l y  recover. 

COD Excursions 

Two batches o f  feed had abnormally h igh  COD contents: Batch 10, 

dephenolated water and Batch 6, nondephenolated water. Both excursions 

occurred about the  same t ime and adversely impacted e f f l u e n t  q u a l i t y .  

The .unplanned excursions prnv idod in fo rmat ion  UII tiuw the  b i  oreactors 

would respond under a  shock load, which i n  e f f e c t  e l im ina ted  the  need t o  

conduct planned excursions scheduled f o r  the  l a s t  stage o f  t h i s  study. 

Terminat ion o f  Tar Acid P r e c i p i t a t i o n  o f  Dephenolated Wastewater 

Because t a r  a c i d  p r e c i p i t a t i o n  requ i red  a  l a r g e  q u a n t i t y  o f  a c i d  

and increased the  d i s s n l v ~ c i  so l   id^ considerably,  there was i ncen t i ve  t.o 

e l  ~ I I I  inate it. Accordingly ,  s tud ies  w i t h  dephenolated feed w i thou t  t a r  

a c i d  p r e c i p i t a t i o n  were i n i t i a t e d  w i t h  Batch 17. Fo l lowing the  swi tch,  

the  measured parameters d i d  no t  d i f f e r  d i s c e r n i b l y .  

BIOOXIDATION 

The reader i s  r e f e r r e d  t o  F igure 6. which shows the  f i v e  b i o l o g i c a l  

t reatment systems studied.  The f i v e  systems are as fo l lows:  



Sys tem System 
no. Feed - - PAC - B i o r e a c t o r  ( t a r g e t  HRT) n o t a t i o n  

1 D P No 1 A  (2 days) 1B ( 2  days) DP/NPAC 

2 D P N o 2A (1 day) 2B (1 day) DP/NPAC 

3 D P Yes 3 (2  days) - DP/PAC 

4 NDP N o 4A (3 days) 48 (3  days) NDP/NPAC 

5 NDP Yes 5 ( 3 . 5 d a y s )  - NDP/PAC 

The most impo r tan t  c h a r a c t e r i s t i c s  d i s t i n g u i s h i n g  one system f rom 

another  are:  (1) feed  type--dephenolated (DP) vs. nondephenolated 

(NDP); (2) a d d i t i o n  o f  powdered a c t i v a t e d  carbon (PAC) t o  t h e  mixed 

l i q u o r  (no carbon a d d i t i o n  denoted as NPAC); (3) hydra 'u l i c  r e t e n t i o n  

t ime (HRT). 

Systems 1, 2, and 3 were dephenolated and Systems 4 and 5, which 

served as t h e  c o n t r o l s ,  were nondephenolated. Carbon was adde'd t o  

Systems 3 and 5 (PAC), b u t  n o t  t o  1, 2, and 4 (NPAC). The NPAC systems 

were two s tage,  w h i l e  t h e  PAC systems were s i n g l e  stage. 

Systems 1 and 2 were a lmost  i d e n t i c a l ,  except  f o r  t h e i r  HRTs. 

System 1 had a 2-day HRT i n  each o f  t h e  two stages and System 2 had an 

HRT o f  1 day i n  each stage. The HRTs t a b u l a t e d  above a re  f i n a l  t a r g e t  

va lues a f t e r  i n i t i a l  adjustments.  More d e t a i l s  about  HRT s e l e c t i o n  w i l l  

f o l  low. 

The most impo r tan t  o b j e c t i v e  o f  t h e  b i o o x i d a t i o n  s t u d i e s  was t o  

eva lua te  t h e  impacts o f  phenol e x t r a c t i o n  on b i o l o g i c a l  t rea tment .  The 

e v a l u a t i o n  focused on t h e  f o l l o w i n g  areas: 

O B i o r e a c t o r  e f f l u e n t  q u a l i t y ,  p r i m a r i l y  i n  terms o f  COD, BOD, 

TOC, c o l n r ,  pheno l i c s ,  ammonia, cyanides,  and t h i ocyana te  

O System s t a b i l i t y  ( r e s i s t a n c e  t o  shock l oad ings  and a b i l i t y  t o  

recover )  

O The need f o r  cont inuous,  high-dose PAC a d d i t i o n  t o  t h e  b i o -  

r e a c t o r s  

O The need f o r  pre-  and p o s t - b i o o x i d a t i o n  t a r  a c i d  p r e c i p i t a t i o n  

w i t h  phenol e x t r a c l i u n  

O The minimum h y d r a u l i c  res idence  t ime  needed f o r  each system 



The b i o o x i d a t i o n  s t u d i e s  l a s t e d  f o r  more than  7 mnnths, and cln 

enormous q u a n t i t y  o f  da ta  was generated. The da ta  a re  summarized i n  

subsequent t a b l e s .  

The f o l l o w i n g  sec t i ons  compare t h e  performances, o r  e f f i c i e n c i e s ,  

o f  t h e  va r i ous  systems. Emphasis i s  on t h e  e f f e c t s  o f  carbon a d d i t i o n ,  

two-stage t rea tment ,  and depheno la t ion  o f  t h e  feed. 

B i o r e a c t o r  Opera t ing  Parameters 

Table  11 summarizes t h e  key o p e r a t i n g  parameters f o r  a1 1  b i o -  

r e a c t o r s .  The key o p e r a t i n g  parameters a re  SRT ( s o l i d  res idence  t ime ) ,  

F ' M c ~  n 

( food- to-microorganism r a t i o  nn a COCl b a s i c ) ,  f r a c t i o n  o f  COD 

remaining, HRT ( t l y d r a u l ? ~  res idence  t ime ) ,  MLSS (m ixed - l i quo r  suspended 

s o l i d s ) ,  MLVSS (m ixed - l i quo r  v o l a t i l e  suspended s o l d i s ) ,  b a s i c  pH, OUR 

(oxygen uptake r a t e ) ,  and PAC i n v e n t o r y .  The MLVSS i nc l udes  PAC and 

MLVSS-PAC c o r r e c t e d  does no t .  

For t h e  dephenolated systems, t h e  da ta  a re  d i v i d e d  i n t o  severa l  

t i m e  pe r i ods  which a r e  c h a r a c t e r i z e d  by d i f f e r e n t  k inds  o f  feed. I n  t h e  

f i r s t  pe r i od ,  t h e  systems were f e d  w i t h  t h e  Ca ta l y t i c -p rocessed  feed. 

F o r  Syste1115 1 and 2 ,  t h e  teed  was g r a d u a l l y  swi tched t o  t h e  Chem-Pro 

f eed  i n  t h e  second pe r i od .  The Chem-Pro-prepared feed  was used 

e x c l u s i v e l y  i n  t h e  t h i r d  p e r i o d .  I n  t h e  f o u r t h  p e r i o d ,  S Y S ~ E I I I S  1 and 2 

t r c a t e d  t h e  feeds w i l t 1  p rebSo log ica l  t a r  a c i d  removal. 

Data f o r  System 4 a re  a l s o  d i v i d e d  i n t o  d i f f e r e n t  t ime  pe r i ods ,  b u t  

f o r  d i f f e r e n t  reasons. System 4A-, which was a  c o n t r o l ,  began t o  show a 

maraked decrease i n  removal e f  f i c i  ~ n c y  as t h e  i n f  1 u ~ n t  COD i ~~cr.eased.  

Th i s  inc rease  i n  t h e  feed  s t r e n g t h  was due t o  t h e  method o f  preparation, 

which was based on m a i n t a i n i n g  a  cons tan t  TOC. The COD/TOC r a t i o  was 

n o t  cons tan t ,  however, caus ing  t h e  COD c o n c e n t r a t i o n  t o  r i s e  f rom 6,000 

t o  a lmost  9,000 ~ny /L .  Th i s  problem was a l l e v i a t e d  by changing t h e  bas i s  

o f  feed d i l u t i o n  t o  t h e  COD parameter.  Th i s  d i d  n o t  r e s u l t  i n  a  co r -  

responding improvement i n  U n i t  4A, which con t i nued  t o  f a i l .  PAC was 

added, and, a f t e r  over  2 months, I h e  r e a c t o r  d i d  recover ,  a l though  

s teady s t a t e  was n o t  achieved. Note t h a t  t h e  second-stage (System 48) 

e f f l u e n t  COD remained r e l a t i v e l y  cons tan t  th roughou t  t h e  upset  and 

recovery  pe r i ods .  



Table 11 

System Operat ing Parameters 

PERIOD ESCRIPTIW S 1T 
ERN STD MU 
29.6 3.7 
30.0 (0. I 
39.0 0.1 
39.8 1.8 

FIR COD 
IIEW STD MV 
0.18 
0.19 
0.31 
8.28 

HRT IDRYSI 
MW( S1D DEV 
2.09 0.28 
2.02 0.27 
2.05 0.39 
2.03 0.28 

HSSICIL I  
WW STD DEV 
6533 1063 
5120 571 
3034 441 
2944 265 

LUSS-PRC CORP 
)cEW SID MV 
4254 374 
3732 327 
2317 289 
2653 269 

WSlN pHlunitsl 
LIW S10 DEV 
7.5 0.3 
6.9 8.2 
7.7 0.4 

'8.3 

PllC INV(IIGIL) 
WW SID DEV 

499 
580 
5BB 
588 

492 
489 
500 

7886 
7415 
562@ 

Fa 
184 

461 
588 
588 
588 

I0253 
9986 

MCl5-FEW WTKYllC FEED 
FEI7-WRI9 [ W E  TO CHWRO 
W 0 - R Y I 6  UBIBRO(W1 FEED 
WY24-JU25 I CP FEEDIYI TA ROI) 

DEC15-FEB26 CATKYIIC FEED 
FEP7-WRI9 ' N G E  TO CHMPRD 
IYIR2@-ll(lY I 6  WRROIWI FEED 
IYIY24-la25 3' FEEDINO TR RU) 

DEC15-FE826 CBTALYTIC FEED 
FEP7-WRI9 MANGE 10 CHERRO 
IIRR?8-MRY16 I CP FEEDINO 111 EMI 

OEC15-FEW UTIILVTIC FEED 
FEB27-MAR19 W E  TO CHMPRO 
RR20-MY16 I CP FEEDIM TR REMI 

OTC15-F€8?5 CAlKYTlC FEED 
FEB26-IYIVU * CIEWRO ICPI FEED 
lY05-JUNB CP FEEDdPM LW.1 

MlVl8-lIW17 
FEB18-)IAP4 SYSTEM FRILING 
dA25-WR15 PllC BDESYS RELXN. 
RPRl6-WIN SYS AEUMRED 



Tab le  11 a l s o  i n d i c a t e s  those t ime  pe r i ods  t h a t  a re  cons idered as  

s teady s t a t e  f o r  each system. Steady s t a t e  i s  d e f i n e d  as a  p e r i o d  o f  a t  

l e a s t  3 weeks i n  which t h e  f i r s t - s t a g e  COD removal approached a  con- 

s i s t e n t  percentage o f  t h e  COD app l i ed ;  t h a t  i s ,  t h e  pe rcen t  removal was 

n o t  a f f e c t e d  by changes i n  feed  c o n c e n t r a t i o n  (see F igures  9-13). An 

a d d i t i o n a l  requ i rement  was t h a t  t h e  SRT remain r e l a t i v e l y  cons tan t .  

A lso ,  f o r  systems i n  which n i t r i f i c a t i o n  produced a  c o n s i s t e n t  NH3-N 

removal e f f i c i e n c y ,  t h e  s t a b l e  COD and NH3-N removal pe r i ods  should  

co i nc i de .  I f  no such cons tan t  NH3-N removal occur red  i n  t h e  secund- 

s tage  r e a c t o r ,  then  steady s t a t e  was based s o l e l y  on COD. The p e r i o d  

d u r i n g  which PAC was added t o  System 4A i s  n o t  cons idered r ~ p r e s ~ n t a t i v c  

o f  steady s t a t e ,  because i t d i d  n o t  r e l y  s o l e l y  on b i o l o g i c a l  a c t i v i t y .  

Organic  Removal (COD, TOC, and BOD) 

Table  12 p resen ts  t h e  da ta  f o r  each r e a c t o r  i n  t h e  f i v e  b i o l o g i c a l  

t r ea tmen t  systems. Time s e r i e s  p l o t s  f o r  COD concen t ra t i on  da ta  a re  

p resen ted  i n  F i g u r e  14-18. These graphs i n d i c a t e  t h a t  a l l  systems can 

genera l  l y  remove a  s u b s t a n t i a l  q u a n t i t y  o f  COD d e s p i t e  f 1  u c t u a t i  ons i n  

feed s t . r~ r7g th .  Evcn so, a c l u s r  e x a m l n a t ~ o n  o f  t h e  COD da ta  r evea l s  

s i g n i f i c a n t  d i f f e r e n c e s  between systems. The f o l l o w i n g  d iscuss ions  

h igh1  i g h t  these d i f f e r e n c e s .  

D e p h ~ n n l a t e d  v6. Nondcphenaleted. The dephenolated systems pro-  

v i ded  more complete o rgan i c  removal than  t h e  nondephenolated. Th i s  i s  

e v i d e n t  f rom a  comparison o f  t h e  e f f l u e n t  concen t ra t i ons  o f  COD,  TOC, 

and BOD5 f rom t h e  l a s t - s t a g e  b i o r e a c t o r s  o f  a l l  f i v e  h i n l o g i c a l  systems. 

Du r i ng  s teady -s ta te  ope ra t i on ,  t h e  e f f l u e n t  COD f rom t h e  DP systems 

ranged f rom 170 t o  221 mg/L, vs. 262 and 648 mg/L f o r  t h e  NDP systems. 

Even w i t h  PAC t h e  NDP system c o u l d  n o t  match any o f  t h e  e f f l u e n t s  o f  t h e  

NPAC systems t r e a t i n g  a  dephenolated feed, on an average bas is .  The 

NDP/PAC system performance d i d  va r y  w i d e l y  (SD = 1 0 1  mg/L f o r  COD).  The 

DP systems were much more s t a b l e ,  and t h e  e f f l u e n t  COD da ta  showed 

s tandard  d e v i a t i o n s  o f  34 t o  63 mg/L. 

The l i m i t e d  BOD5 da ta  a l s o  i n d i c a t e d  t h a t  t h e  DP systems produced a  

b e t t e r  e f f l u e n t  than  t h e  NDP systems, a l t hough  t h e  d i f f e r e n c e s  a re  n o t  

as dramat ic  as those f o r  COD. F i  r s t - s t a g e  e f f l u e n t  BOD5 concen t ra t i ons  



Figure  9 

SRC-I Biotreatment  Data f o r  U n i t  1 A :  

F/M (COD) and COD Removal Rate vs. Time 

-F/M (COD) - - -COD.Removal Rate 



Figure  10 

SRC-I Biotreatment Data f o r  U n i t  2A: 

F/M (COD) and COD Removal Rate vs .  Time 

-F;M (COD) - - -COD Renodal Rate 



Figure  11 

SRC-I Biotreatment  Data  f o r  U n i t  3: 

F/M (COD) and COD Removal Rate v s .  Time 
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Figure  12 

SRC-I Biotreatment  Data  f o r  U n i t  4A: 

F/M (COD) and COD Removal Rate v s .  Time 
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Figure  13 

SRC-I Biotreatment  Data f o r  U n i t  5 :  

F/M (COD) and COD Removal Rate vs. Time 

-F/M (COD) - - -COD Removal Rate 



Table 12 

Organic Parameters 

F I I  
PERIOD DESCR IP110( :SRT UH) HB.1 K V S  FEED COD ER COD FEED TOC i l r f  lU: FEED BOD5 EFF BOD5 FEU PHWL EFf MWL 

PK rnn LR)I STD EV NIW SID OEV IUU( :ID DEV IWP STD E* )+RW STD EV  ERN sro DEV rn sro DEV m sro EV 
WIlIR MC15-FEW6 CllTlYYllC FEED 3 .6  B.18 2.43 4 2B37 345 259 7 643 130 Mi i l l 8  219.0 9.6 6.1 31.59 15.59 9.29 0.10 
U(I11A FEP7-IYIRI9 UYWtE TO WORO 3 .8  1.19 2 . e  3722 laaO I26 252 69.2 587 45 74 U173 92.9 8.3 3.9 6-60 1.5% @.I0 9.19 
WlTlR IR20-WVI6 CI(EI(PBO(CPI FEED 3 . 0  B.31 2 . 6  2377 1975 105 296 80.5 526 Y 71 3.33 40. 1 
W l l lR  IYIV24-JU25 6 CPFEEDOlalRERI S . 8  B.28 2.03 2653 l%l  56 319 49.1 523 74 62 9.59 8.30 (9.825 

UHlTlB DECIZ-FEb26 CRTlYYllC FEU 21.6 a.94 2 .2~  1921 2 ~ 3  69 IT) 4 88 22 5~ 9 6.0 6.3 2.4 0.40 0.38 @.I ' ( 0 . 1  
UNlllB FEW7-IWR19 C W  TO MRRO B.1 1.8) i'.B 18% 2i6 67 159 58.0 61 3 43 8 3.9 5.9 1.3 0.14 8 . 6  U.1 
LAllll8 MRR-WVI6 CHWI~UIDJFEED B.9 1.05 2.1? 2 2 k  252 79 210 3 . 7  73 23 53 (0.1 (8. I 
UNlll8 RV24-M25 r W FEEDtM Tll EM) 23.8 b.09 2 .a  1344 322 49 221 62.5 64 14 55 4. (25 (9. Ei 

La(lT2R DEC15-FEBZt UITlYYllC FEED 2b.8 0.30 1.W 4828 2038 346 279 84.3 643 138 €9 la 210.9 24.8 18.5 31.53 15.55 0.15 9.05 
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Figure 14 

SRC-I Biotreatment Data for System 1: 

COD vs. Time 

- - - 1A- FCOD 



Figure  15 

SRC-I Biotreatment  Data  f o r  System 2: 

COD v's. Time 



F i g u r e  16 

SRC-I B io t rea tment  Da ta  f o r  System 3: 

COD v s .  Time 



Figure 17 

SRC-1  Biotreatment  Data f o r  System 4:  

COD v s .  Time 



Figure  18 

SRC-I Biotreatment  Data  f o r  System 5 :  

COD v s .  Time 

-5-ECOD - - - 5- FCOD 



o f  1 ess than  10 mg/L were t y p i c a l  - f o r  t he  DP systems. I n  c o n t r a s t ,  t h e  

BOD5 t o r  t h e  NUP/NPAC system was 33 m g / ~ ,  and t h a t  f o r  t h e  NOP/PAC 

system was about  10 mg/L. 

The r e s i d u a l  TOC concen t ra t i ons  i n  t h e  e f f l u e n t s  of t h e  DP systems 

were d e f i n i t e l y  lower  than  those o f  t h e  NDP systems. E f f l u e n t  TOC 

concen t ra t i ons  o f  t h e  DP systems ranged f rom 42 t o  58 mg/L th roughou t  

a l l  pe r i ods  o f  ope ra t i on ,  whereas those f o r  t h e  nondephenolated NPAC and 

PAC u n i t s  were 230 and 103 mg/L, r e s p e c t i v e l y .  

S ing le-Stage vs. Two-Stage NPAC Systems. For  a dephenolated non- 

PAC (NDP/NPAC) system, a two-stage c o n f i g u r a t i o n  performed b e t t e r  t han  a 

s i n g l e - s t a g e  b i o r e a c t o r  w i t h  t he  same HRT. Th i s  can .be seen by com- 

p a r i n g  t h e  e f f l u e n t s  f rom U n i t s  1 A  and 20. U n i t  1 A  has a 2-day HRT, as 

does t h e  combina t ion  o f  U n i t s  2A and 2B. The e f f l u e n t  COD f o r  U n i t  1 A  

was 319 2 40 mg/L (mean 2 1 std .  dev . ) ,  and t h a t  f o r  Unit.  28 was 170 k 

34 mg/L. 

The need f o r  a second-stage b i o r e a c t o r  i n  a non-PAC system i s  a l s o  

evidenced by comparing t h e  e f f l u e n t  COD f o r  t h a t  b i o r e a c t o r  and f o r  t h e  

f i r s t  s tage  w i t h i n  t h e  same system. For  System 1, t h e  e f f l u e n t  COD 

c o n c e n t r a t i o n  f rom t h e  f i r s t  s tage was 319 2 40 mg/L, w h i l e  t h e  second- 

s tage  e f f l u e n t  was 221  + 63 mg/L. The r e d u c t i o n  o f  t h e  mean COD concen- 

t r a t i o n  i n  t h e  second-stage b i o r e a c t o r  was 98 mg/L, o r  about 31%. 

S i m i l a r l y ,  f n r  S y q t - ~ m  2 t h e  e f f l u e n t  COD vs l ucs  wcrc 244 * 42 and 170 1 

34 mg/L f o r  U n i t s  2A and 28, r e s p e c t i v e l y .  Th i s  i s  a r e d u c t i o n  o f  

74 mg/L, o r  30%. 

The same p a t t e r n  ho lds  f o r  NDP System 4. The e f f l u e n t  f rom U n i t  4A 

con ta ined  1,339 + 351  mg/L o f  COD, which was lowered t o  648 + 163 mg/L 

i n  U n i t  48. Thus, t h e  second-stage b i o r e a c t o r  n o t  o n l y  reduced t h e  mean 

COD by  6 9 1  mg/L (52%), b u t  a l s o  more than  ha lved  t h e  s tandard d e v i a t i o n .  

'These r e s u l t s  demonstrate t h e  b e n e f i t  o f  t h e  second-stage b i o r e a c t o r . ~  

f o r  t h e  NPAC systems, b o t h  w i t h  o r  w i t h o u t  dephenolat ion.  

The BOD5 r e d u c t i o n s  i n  t h e  second s tage were n o t  as obvious. For  

example, Systems 1B and 28 each lowered t h e  ROD5 by n n l y  3 mg/L. 

System 48 was somewhat more e f f e c t i v e ,  reduc ing  t h e  c o n c e n t r a t i o n  f rom 

197 t o  33 mg/L. I n  a l l  t h r e e  o f  these systems, a lmost  a l l  o f  t h e  appar- 

e n t  BOD5 r e d u c t i o n  t ook  p l a c e  i n  t h e  f i r s t - s t a g e  r e a c t o r s .  Apparent 

BOD5 removal i n  t he  second stages i s  so low s imp ly  because t h e  BOD i s  
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removed as i t  i s  produced. That  i s ,  b i o l o g i c a l  a c t i v i t y  breaks down 

o rgan ics  t h a t  a re  n o t  measured i n  t h e  BOD t e s t .  I n  t h i s  way, o rgan ics  

(COD) a re  reduced, even though BOD5 concen t ra t i ons  do n o t  appear t o  

change. 

PAC vs. NPAC Systems. Comparing t h e  DP systems shows t h a t  t h e  

s i ng le - s tage  PAC system produced an e f f l u e n t  o f  comparable q u a l i t y  t o  

t h a t  o f  t h e  two-stage NPAC systems. The mean e f f l u e n t  COD concent ra-  

t i o n s  f o r  NPAC Systems 1 and 2  were 221 + 63 and 170 + 34 mg/L, respec- 

t i v e l y .  The e f f l u e n t  f rom System 3  (PAC)  con ta ined  204 + 52 mg/L. A l l  

t h r e e  e f f l u e n t s  a re ,  t h e r e f o r e ,  i n  t h e  same genera l  range. Th i s  i s  a l s o  

t r u e  f o r  TOC and BOD5 l e v e l s .  Most o f  t h e  o rgan i c  removal i n  Systems 1 

and 2  occur red  i n  t h e  f i r s t  stages, which lowered t h e  COD concen t ra t i ons  

t o  319 + 40 and 244 + 42 mg/L, r e s p e c t i v e l y .  A l though t h e  a d d i t i o n a l  

removals i n  t h e  second-stage r e a c t o r s  were n o t  d ramat i c ,  they  were 

necessary t o  produce e f f l u e n t s  comparable t o  t h e  PAC system. 

For t h e  NDP systems, t h e  d i f f e r e n c e  between PAC (System 5) and NPAC 

(System 4) was more pronounced. The mean e f f l u e n t  COD f rom t h e  second- 

s tage r e a c t o r  i n  System 4  was 648 + 163 mg/L, w h i l e  t h e  System 5  

e f f l u e n t  was o n l y  262 + 101  mg/L. Th i s  i s  a  cons ide rab le  d i f f e r e n c e ,  

and c l e a r l y  i n d i c a t e s  PAC t o  be a  s u p e r i o r  t r ea tmen t  method f o r  NDP 

sys tems . 

Ammonia Removal and N i t r i f i c a t i o n  

Ammonia removal and n i t r i f i c a t i o n  f o r  t h e  DP systems were slow t o  

occur and d i f f i c u l t  t o  ma in ta in .  S teady-s ta te  c o n d i t i o n s  were estab-  

l i s h e d  f o r  bo th  o f  t h e  two-stage systems, b u t  n o t  u n t i l  l a t e  i n  t h e  

s tudy.  The s i ng le - s tage  PAC t rea tment  (System 3) never ach ieved con- 

s i s t e n t  n i t r i f i c a t i o n .  For  t h e  NDP systems, t h e  r eve rse  was t r u e .  Phe 

two-stage b i o l o g i c a l  system d i d  n o t  ach ieve s teady -s ta te  n i t r i f i c a t i o n ,  

w h i l e  t h e  PAC system d id .  System 5  was, i n  f a c t ,  t h e  o n l y  system t h a t  

can be termed a  successfu l  ope ra t i on .  

Except f o r  System 5, t h e  e f f l u e n t  ammonia concen t ra t i ons  f l u c t u a t e d  

w i d e l y  (and unacceptably)  d u r i n g  non-s teady-s ta te  c o n d i t i o n s .  Low 

l e v e l s  ( 5  t o  10 mg/L) were ach ieved f o r  Systems 1 and 2  when s t a b l e  

ope ra t i on  cou ld  be mainta ined.  However, even d u r i n g  these pe r i ods  t h e  

concen t ra t i on  would i n t e r m i t t e n t l y  r i s e  t o  over  25 mg/L. O v e r a l l  , t h e  
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da ta  i n d i c a t e  t h a t  b i  01 og i  c a l  ammonia removal and n i t r i f i c a t i o n  a re  n o t  

dcpsndable pj-o iebbes  l o  ach ieve t h e  F i n a l  t nv i r onmen ta l  Impact Statement 

goal  o f  20 mg/L f o r  NH3-N (DOE, 1981). Consequent ly,  s t eam-s t r i pp i ng  

shou ld  c o n t i n u e  t o  be t h e  method o f  cho ice  f o r  ammonia c o n t r o l .  Con- 

s i s t e n t  o p e r a t i o n  o f  t h e  s t r i p p i n g  process should  be recognized as a  

c r i t i c a l  f a c t o r ;  b i o l o g i c a l  systems a r e  n o t  adequate back-ups. 

Table  13 summarizes t h e  r e s u l t s  f o r  ammonia removal and n i t r i f i -  

c a t i o n  f o r  each system. The da ta  a re  grouped accord ing  t o  t ime  pe r i ods  

co r respond ing  t o  d i f f e r e n t  feed  o r  opervdting c o n d i t i o n s ,  and a l s o  show 

t h e  performance o f  i n d i v i d u a l  r eac to r s .  S teady-s ta te  pe r i ods  a r e  noted. 

I n f l u e n t  and e f f l u e n t  ammonia concen t ra t i ons  f o r  each system are  

p l o t t e d  vs.  t i m e  in '  F igures  19-23 d ~ ~ d  Figures 24-78 show the  r e l a t i o n  

between ammonia appl  i e d  and removed. As t h e  f i g u r e s  show, t h e  ammonia 

feed concen t ra t i ons  f l u c t u a t e d  s i g n i f i c a n t l y .  Th i s  occur red  even t h n ~ ~ ~ h  

an exac t  amount was added d u r i n g  feed p r e p a r a t i o n  a im ing  a t  t h e  t a r g e t  

c o n c e n t r a t i o n  o f  200 mg/L. Analyses o f  f r e s h l y  prepared batches show 

ranges o f  123 t o  221 mg/L f o r  OP feeds, and 147 t o  215 mg/L f o r  NDP 

feeds. These concen t ra t i ons  v a r i e d  f u r t h e r  be fo re  and d u r i n g  a c t u a l  use 

o f  t h e  feeds, c o v e r i n g  a  2-10-day p e r i o d .  H o w ~ v ~ r ,  t h e  magnitudc o f  

these v a r i a t i o n s  i s  n o t  t h a t  c r i t i c a l  because 200 mg/L does n o t  repre -  

sen t  a des ign  c o n d i t i o n .  

I n  a d d i t i o n  t o  ammonia l eve l s ,  T a h l ~  1 3  l i s t s  n i t r i t c  and n i t \ - n t e  

concen t ra t i ons ,  which a re  i n d i c a t o r s  o f  t h e  occurrence o f  n i t r i f i c a t . i o n ,  

s i nce  they  a re  end p roduc ts  o f  t h e  process. T h e i r  presence can be 

I-educed by Subsequent d e n i t r i f i c a t i o n ,  b u t  t h i s  r e q u i r e s  anox ic  cond i -  

t i o n s ,  which shou ld  n o t  occur  i n  t h e  ae rob i c  b i o r e a c t o r s .  O v e r a l l  

n i t r o g e n  balances f o r  t h e  i n d i v i d u a l  r e a c t o r s  were good, and qave no 

i n d i c a t i o n  o f  den i  t r i f i c a t i o n .  

Some e r r a t i c  ammonia removal perfnrmance can be p a r t i a l l y  exp la i ned  

by t h e  d i f f i c u l t y  i n  m a i n t a i n i n g  optimum pH c o n d i t i o n s  f o r  n i  t r i f i c a -  

t i o n .  The a l k a l i n i t y  was n o t  s u f f i c i e n t  t o  b u f f e r  hydrogen i o n  produced 

i n  t h e  r e a c t i o n ,  and t h e  pH o c c a s i o n a l l y  dropped t o  l ess  than  7 The 

l a b o r a t o r y  apparatus d i d  n o t  p e r m i t  cont inuous o n - l i n e  pH c o n t r o l ,  which 

would be a  recommendation f o r  p l a n t  design. 

The second-stage b i o r e a c t o r  o f  System 1 appeared t o  be under loaded 

a t  t imes.  U n i t  1 A  was o p e r a t i n g  w e l l ,  most o f  t he  ammonia (and COD)  was 
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Table 13 

Inorganic Ni t rogen  Parameters 

FIR 
SRI COD HRI PERIOD DESCRIPTION KVSS-PAC CORR FEED NH3 

MEAN SID DEV 
177 11.6 
158 26.0 
6 3  15.8 
188 6.2 

EFF Nt!3 
MUW STD MV 

la8.0 53.5 
50.0 37.3 

IM.0 75.3 
24.8 11.6 

FEED N02 
WYI STD MV 

EFF NW 
UERH S1D L V  
53.4 47. I 
53.8 33.6 
36.6 51.3 

114.5 25.1 

FEU) NO3 
HEW S1D EV 

EFF N03 
MRll STD DEV 
5 8.0 
71.6 38.6 
16.1 20.Q 
6 6 7  34.8 

CllIRLYllC FEED 
CHME TO CHERRO 
CntlRDlCPl FEED 
W FEEDOM 18 MI 

ClIlUVllC FEED 
W E  TO MWRD 
MWROIWI FEED 
CP FLEO(M TR RU) 

DEC IS-FEb.3 
FEB27-WR19 
MR2O-WYI6 

CRILVTIC FEED 
UIRnGE 10 Clfl9RO 
CP FEEDIM TTP MI 

UlTRLYTlC FEED 
CIYIUJRO ICP) FEED 
CP FEEDlW REWCT 

SYSTEM FAILING 
PAC ROD-SYS RECOV. 
SVS R E m f  E D  



Figure  19 

S R C - I  B iat reatment  Data fo r  System 1: 

Ammonia v s .  Time 



Figure 20 

SRC-I Biotreatment Data for System 2: 

Ammonia vs. Time 

OATL 
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Figure 2 1  

S R C - I  Biotreatment Dcta f o r  System 3: 

.Ammonia vs.. Tine 



Figure  22 

S R C - I  B iotreatment  Data  f o r  System 4: 

Ammonia vs. Time 



Figure 23 

S R C - I  Biotreatment Data f o r  System 5: 

Ammonia vs .  Time 
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Figure  24 

SRC-I Biotreatment  Data f o r  U n i t  18: 

F/M (NH3) and Ammonia Removal Rate vs. Time 

-F/M (NH3) - - -NH3 Removal Rate 



Figure 25 

S R C - I  ,Biotreatment Data for  U n i t  28: 

F/.M ( I N H ~ )  and Ammonia Removal Rate v s .  Time 

OATL 
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Figure  26 

SRC-I Biotreatment  !Data f o r  U n i t  3: 

F/M (NH3) and Ammonia Removal Rate v s .  Time 

---NH3 Removal Rate 



Figure 27 

SRC-I Biotreatment Data for Unit 48: 

F/M (14Hj) and Ammonia Removal Rate vs. Time 

---NH!? Removal Rate - 



Figure 28 

SRC-I Biotreatment Data for Unit 5: 

F/M (NH3) and Ammonia Removal Rate v s .  Time 

PCITL 

-F/M (NH3) ---NH3 Removal Rate 



removed i n  t h e  f i r s t  stage, and t h e  oxygen uptake r a t e s  i n  U n i t  1B 

dropped below 10 mg/L p e r  h r .  The m i c r o b i a l  p o p u l a t i o n  i n  U n i t  1B a t  

these  t imes  would be a lmost  comp le te ly  I n  t h e  endogenous mode and have 

ve ry  few v i a b l e  n i t r i f i e r s .  A t  t h i s  t ime ,  Chem-Pro feed  was i n t r oduced ,  

which appa ren t l y  i n h i b i t e d  t h e  n i t r i f i c a t i o n  i n  U n i t  l A ,  and U n i t  18 d i d  

n o t  have s u f f i c i e n t  n i t r i f i e r s  t o  respond t o  t h e  change. By c o n t r a s t ,  

i n  System 2 t h e  f i r s t - s t a g e  e f f l u e n t  ammonia l e v e l  was g r e a t e r  than  

50 mg/L, and t h e  oxygen uptake r a t e s  i n  t h e  second s tage were averag ing  

25-30 mg/L p e r  h r .  The system was a c t i v e l y  n i t r i f y i n g  and recovered 

q u i c k l y  f r o m  t h e  feed cl.~angs, even though ammonia removal waq i n i t i a l l y  

a f f e c t e d .  

System Compar~sons. WlthouL L l ~ e  d d d i t i a n  o f  powdcrcd a c t i v a t a d  

carbon, t h e  DP systems (No . ' s  1 and 2) were b o t h  s u p e r i o r  t o  t h e  NOP 

system (No. 4) i n  terms o f  n i t r i f i c a t i o n .  A1 though n i t r i f i c a t i o n  proved 

d i f f i c u l t  t o  e s t a b l  i s h ,  t h e  DP system a t t a i n e d  c o n s i s t e n t  removal toward 

t h e  end o f  t h e  s tudy.  In  c o n t r a s t ,  t h e  NDP/NPAC system (No. 4) never 

ach ieved s teady n i t r i f i c a t i o n .  

Adding carbon t o  t h e  b i o r e a c t o r s  d i d  n o t  inc rease  ammonia removal 

f o r  t h e  BP systems. I n  t a c t ,  UP S y s t e l ~ ~  3 (PAC)  cou ld  n o t  bc b rough t  t o  

s teady s t a t e .  The reve rse  was t r u e  f o r  t h e  NDP systems; System 5 (NDP/ 

PAC) perfnrmed t h e  b e s t  o f  a l l  systems t es ted .  Th i s  improvement I n  

per.formance i s  i n  good agreement w i  L l i  ~ I I  eai - l icr  study (ICRC, 1983a).  

The reason f o r  t h e  inc reased  e f f i c i e n c y  i s  n o t  c e r t a i n ,  b u t  t h e  h i g h  PAC 

c n n c e n t r a t i o n  (about  10,000 mg/L) p robab ly  p l ayed  a  r o l e .  

.Da ta  f o r  t h e  two-stage b i o r e a c t o r s  (5ysLe111s 1, 2, and 4) show t h a t  

t h e  second-stage r e a c t o r s  improved ammonia removal s u b s t a n t i a l l y .  I n  

System 1, t h e  mean ammonia e f f l u e n t  c o n c e n t r a t i o n  was 24 mg/L f rom 

U n i t  l A ,  and o n l y  6 mg/L f rom U n i t  10. Th i s  represen ts  a 75% r e d u c t i o n  

th rough  t h e  second-stage . r e a c t o r .  Systerr~ 2 e x h i b i t e d  a s lm i  l a r  pa.l.Ler'n 

(175 mg/L reduced t o  28 mg/L, o r  an 83% e f f i c i e n c y ) .  Even System 4 

showed a de f  i n i t e  r e d u c t i o n ,  a1 though removal was n o t  cons i  s t e n t .  

As r ioted p r e v i o u s l y ,  b i o l o g i c a l  treatment. cannot be expected t o  

p rov i de  adequate (20 mg/L) e f f l u e n t  ammonia concen t ra t i ons  w i t h o u t  p r i o r  

t r ea tmen t  by s team-s t r ipp ing .  The b i o l o g i c a l  systems d i d ,  however, 

c l e a r l y  demonstrate t h a t  ammonia removal w i l l  occur  i n  t h e  second stage. 



Therefore,  two-stage systems a r e  e s s e n t i a l  t o  ach ieve t h e  lowes t  

e f f l u e n t  concen t ra t ions .  

Co lo r  Removal 

Both t h e  S R C - I  wastewater and F t .  Lewis PRW have h i g h  c o l o r  i n t e n -  

s i t i e s .  Typ i ca l  c o l o r  va lues f o r  t h e  DP feeds ( a f t e r  p re t r ea tmen t  and 

d i l u t i o n )  were i n  t h e  range o f  7,200 + 3,500 APHA u n i t s  f o r  t h e  C a t a l y t i c -  

prepared feeds, and 1,200 + 120 f o r  t h e  Chem-Pro-prepared feeds. The 

NPD feeds averaged 6,000 APHA u n i t s .  

Table 14 summarizes t h e  c o l o r  da ta  f o r  a l l  t r ea tmen t  systems, as 

w e l l  as i n d i v i d u a l  b i o r e a c t o r s .  The d iscuss ions  below compare t h e  

e f f e c t i v e n e s s  o f  t h e  va r i ous  systems. Note t h a t  c o l o r  da ta  were l i m i t e d  

and h i g h l y  v a r i a b l e ,  and were i n f l u e n c e d  by changes i n  pH. 

Dephenolated vs. Nondephenol ated. The DP systems (No. ' s  1 and 2) 

w i t h o u t  PAC y i e l d e d  an average r e s i d u a l  c o l o r  c o n c e n t r a t i o n  o f  about 

1,600 and 900 u n i t s  f o r  C a t a l y t i c -  and Chem-Pro-pretreated wastewater,  

r e s p e c t i v e l y .  w i t h o u t .  PAC, t h e  NDP system (No. 4) d i d  n o t  app rec i ab l y  

reduce c o l o r .  Even w i t h  PAC, t h e  NDP system (No. 5 )  r e s i d u a l  c o l o r  was 

i n  t h e  range o f  2,000 t o  3,000 u n i t s .  C l e a r l y ,  t h e  DP systems were 

s u p e r i o r  t o  t h e  NDP systems. 

PAC vs. Non-PAC. Wi th  PAC, t h e  DP system (No. 3) on Chem-Pro feed 

produced an e f f l u e n t  w i t h  r e s i d u a l  c o l o r  o f  about  400 u n i t s ,  about h a l f  

t h a t  o f  t h e  DP/NPAC systems (No. ' s  1 and 2)'. Th i s  same r a t i o  i s  noted 

f o r  t he  darker  C a t a l y t i c  feed. Comparison o f  t h e  NDP systems shows 

t h a t ,  aga in ,  t he  system i s  s u p e r i o r  t o  t h e  non-PAC system (No. 5 vs. 

No. 4). The r e s i d u a l  c o l o r  f o r  t h e  PAC system was 2,000-3,000 u n i t s ,  

much lower  than  t h e  5,000 u n i t s  f o r  t h e  non-PAC system. 

The f a c t  t h a t  t h e  DP/PAC system (No. 3) produced an e f f l u e n t  w i t h  

lower  c o l o r  than  t h e  DP/NPAC systems (No . ' s  1 and 2) does n o t  

n e c e s s a r i l y  j u s t i f y  t h e  use o f  PAC. The r e s i d u a l  c o l o r  i n  a  b i o r e a c t o r  

e f f  1  uent  can be removed by g r a n u l a r  ' a c t i v a t e d  carbon (GAC) adso rp t i on  

downstream. 

S i n g l e  Stage vs. Two Stage. The e f f l u e n t s  f rom t h e  f i r s t -  and 

second-stage b i o r e a c t o r s '  d i f f e r e d  ve ry  l i t t e  i n  c o l o r . '  pH adjustments  

p robab ly  a f f e c t e d  apparent c o l o r  more than  t h e  number o f  s tages.  



Table 14 

Miscellaneous Parameters 

FIR 
SRI MD HRI PERIOD 

DEC15-FEE6 
FEW?-MR19 
IIIIRCO-MY16 
WY24-JUM @ 

MCI5-FEW6 
fEE7-MAR19 
IIIIRa-RV16 
W24-JU.25 

OEsEaIprlcu 

CATALYTIC FEED 
W W E  10 MMP~ 
CIYIOROIWI FEED 
w fEEO(Na I I  ma 

CATlUVllC FEED 
WW;E TO UUPm 
CHEWRDICP) FEED 
CP FEEDlHO TB E 4 l  

FEED C&OR 
)rW( ST0 OCV 
7288 
1175 121 
lW 

3146 I299 
lW 
4 224 
591 219 

EFF WOP 
m STI YV 
3468 918 
lW 
687 228 
589 221 

1425 518 
lee8 
8 310 
4 L14 

EFF TDS 
)(EM ST0 OCC 
4599 19 
3429 
3740 

EFF SS 
)(Wc STD OEV 

I65 297 
148 14 
73 42 
78 67 

WlTEll MC15-FEW C A l l U V l  l C  FEED 28.8 6.30 1.88 4P8 
MI1211 fE827-WR19 WYW;E TO WPR3 30.1 0.25 1.86 W 9  
WIIEA ( I R ~ - W V I ~  r CP FEEDIM IR REIO 39.8 0.25 1.6 5185 

UNIT28 DECI5-fEBZ6 CATIYVIIC FEED 27.1 8.09 1.95 2316 
UNIIZb FEW?-WRI9 CWE 10 CHIQR7 25.9 8 . 6  1.W 2978 
WIT2b #U120-RYl6 * CP FLEDIN0 1A RE41 3 9  0.99 1.02 2077 

WIT3 MC15-fEP5 CATRLVllC FEED 39.8 8 .4  2.81 5687 
a UN113 FEb26-RVO4 @ CHEWRO (CP) FEED 39.8' 6.27 2.29 2413 
O W113 MY05-JMO CP FEED(&W REMI)  39.2 0.25 2.53 2283 

WIT4R WI8-JRN17 r 31.5 8.37 3.87 3315 
WII4R FEb18-WR24 SYST8ER FAILING 25.9 0.54 3.28 2~ 
m l r r f i  M R ~ ~ - W R I ~  w BDD-svs REW. Y.B 0.48 3.6 2451 
UNLI4A WRIb-)(RY06 SVS REMVERED 39. I 6.43 3.88 232@ 

UNIT4B NOV18-JM17 4 

UNI 14B FEBI8-MR24 
UNIT48 llRA25-WR15 
UNlI4B RPRI6-WVI 



Residual  Pheno l i c  Concen t ra t ion  

Phenol ics  a re  contaminants o f  concern because t he  ambient concen- 

t r a t i  ons i n  t h e  Green R i v e r  sometimes v i  01 a t e  wa te r  qua1 i ty  standards.  

The b i o r e a c t o r s  removed t h e  pheno l i c s  t o  a  low l e v e l .  Table  15 shows 

t h e  average da ta  f o r  t he  e n t i r e  s tudy  pe r i od .  (Table  12 a l s o  p resen ted  

these data,  b u t  by i n d i v i d u a l  t ime  p e r i o d . )  Most o f  t h e  p h e n o l i c  

analyses c a r r i e d  o u t  i n  t h i s  s tudy were f o r  t h e  DP systems. There fo re ,  

da ta  ob ta ined  from a  p rev ious  s tudy o f  NDP systems a re  a l s o  l i s t e d  i n  

Table 15 f o r  comparison. 

The da ta  i n d i c a t e  t h a t  b i o l o g i c a l  t r ea tmen t  systems r e c e i v i n g  

dephenolated wastewater produced e f f l u e n t  ( f rom t h e  l a s t - s t a g e  b i o -  

r e a c t o r )  pheno l i c  concen t ra t i ons  o f  l e s s  than  100 pg/L, over  a l l  t ime  

per iods .  For  s teady-s ta te  c o n d i t i o n s ,  pheno l i c s  were reduced t o  l e s s  

than 25 yg/L (see Table  12).  There was 1  i t t l e  d i f f e r e n c e  between t he  

PAC and NPAC systems. The NDP systems a l s o  remove pheno l i c s  e f f e c -  

t i v e l y .  As w i l l  be d iscussed i n  t h e  T e r t i a r y  Treatment Sec t ion ,  t h e  low 

r e s i d u a l  pheno l i c s  w i l l  be reduced even f u r t h e r  by g r a n u l a r  a c t i v a t e d  

carbon. 

CN/SCN 

Because t h e  F t .  Lewis PRW had s i g n i f i c a n t l y  lower  CN and SCN con- 

c e n t r a t i o n s  than t h e  c o n s e r v a t i v e l y  t a r g e t e d  va lues f o r  t h e  feed t o  t h e  

b i o l o g i c a l  systems i n  t h i s  s tudy (10 and 200 mg/L, r e s p e c t i v e l y ) ,  t he  

feeds were sp iked  w i t h  NaCN and NaSCN. Chemical analyses showed t h a t  

t h e  SCN concen t ra t i ons  were g e n e r a l l y  on t a r g e t  a f t e r  s p i k i n g ,  b u t  t h e  

CN concen t ra t ions  were no t ,  even when two o r  t h r e e  t imes  t h e  c a l c u l a t e d  

concen t ra t ions  were added. Typ i ca l  concen t ra t i ons  o f  CN observed i n  t h e  

feeds were l e s s  than  3 mg/L f o r  t h e  DP systems and f l u c t u a t e d  between 

0.6 and 12.2 mg/L f o r  t h e  NDP systems. I t  has been hypothes ized t h a t  CN 

reac ted  w i t h  components i n  t h e :  feed o r  t h a t  i t  was conver ted  t o  o t h e r  

species.  

Table 16 p resen ts  t h e  CN and SCN data.  Based on t h e  da ta ,  no 

d i s c e r n i b l e  d i f f e r e n c e s  e x i s t e d  between t h e  i n f l u e n t  and e f f l u e n t  CN 

concen t ra t i ons ,  and thus  no d e f i n i t i v e  conc lus ions  can be drawn. How- 

ever ,  measurable e f f l u e n t  CN- concen t ra t i ons  were g e n e r a l l y  l e s s  than  

2  mg/L f o r  a l l  systems. 



Tab le  15 

Res idua l  P h e n o l i c  C o n c e n t r a t i o n s  ( A l l  P e r i o d s )  

S  RT HRT Feed p h e n o l i c s  E f f  1  u e n t  
Systems ( b i o r e a c t o r s )  (days) (days) (mg/ L p h e n o l i c s  (pg/L) 

T h i s  s t u d y  

UP/NPAC 

(1B 

DP/NPAC ( i A )  

(28)  

DP/'PAC (3 )  

NDP/NPAC (4A) 

(48) 

NDP/PAC (5) 

P r e v i o u s  s tudya 

NDP/NPAC ( 1 s t  s tage  j 

(2i1d s tage)  

a ICRC (1983a). 



Table 16 

Organic N i t r ogen  Parameters 

FIR 
PERIOD OESCRIPTIO( SRT CilD HRT HLVSS-PRC CORR FEED OR6-N CFf OR6-N FEED CN EFF CW FEED SU1 EFF SCN 

REON STD MV llWJ ST0 DEV I(EIW SID DEW MM SID E V  llEM SID DEV #RN SlD DEW 
W l l l l  DECI5-FEU6 CRTRLYTIC FEED 29.6 0.18 2.09 4 3 4  88.7 9.9 15.9 4.5 1.05 2.01 1.34 244 31 4. I 1.4 
WlTlA FE027-MR19 CHlYiGETDCHE8J4IO 34.0 0.19 2 . P  3732 107.2 26.4 69.7 1 .  2.71 1.94 1 . n  0.67 19% 8 317 1.2 
U~IIIR KQR~B-MVI~ MMRO(CPI FEED 38.0 0.31 2.85 2377 1 . 7  2.19 a.n o . o  193 l o  2 . 0  47.1 
W l l l A  MVZ4-JUL25 * CP FEEDINO 1A IWI 0 0.28 2.03 2653 15.9 5.3 0.33 0.16 2.24 0.48 176 3 5.7 8.9 

UNlllB DECIS-FEU6 CRlklVllC FEED 29.6 0.04 2.28 1921 4 .  2.3 16.5 2.7 1.29 0.89 1.16 0.40 4 1 2.1 1.0 
W I I I b  FW7-RRR19 CW6E I 0  M W R O  38.1 0.84 2.33 18% 70.8 1.6 42.7 27.8 1.72 0.68 1.M 0.45 4 I 2.1 0.2 

, W l l l b  IIRR24-)(RVl6 MWRO(CPlFELD 30.0 0.05 2.12 2276 0 . 1  0.55 1.01 0.34 31 47 3.1 0.8 
U t l l l b  NllV24-JU25 * CP FEED(ffl 1A IWI 29.8 0.09 2.M 1348 16.2 5.2 8.4 2.8 2.21 0.49 1.75 0.45 6 1 4.2 0.9 

UNIT2A DtCI5-FEW6 CRIfUVIIC FEED 28.8 0 . U  1 . 1  4828 80.7 9.9 10.5 8.4 2.26 3.81 1.13 288 29 4.2 2.3 
UNII2il FEbE7-WR19 UlAIlGE 10 CHERRO 3u). I 0.25 1.86 5469 107.2 26.4 16.9 4.8 2.71 9 1.46 0.56 190 8 3.8 1.4 
UNII2A )(RR28-)(RV16 * CP FEEDIN0 1A REMI 38.0 0.25 1.86 5705 59.7 5.3 10.3 8.57 1.27 1.12 0.49 197 9 5.5 1.8 

MI 128 MC15-FEW6 U I M Y l l C  FEED 27.1 6.09 1.85 2316 18.0 10.5 9 7.5 1.13 1.18 1.85 0.43 4 4 2.4 8.7 
UNllif i  FEtr?7-MR19 CW6E TO CIIEWRO 25.9 0.06 1 . 1  2978 13.0 11.0 27.3 1.40 0.58 8.76 8.42 4 1 2.2 0.2 
UN1120 RAR24-I(RVI6 * CP FEEDINCI Ill RUI  30.1 0.89 1.92 2077 10.3 I I 1.13 0.49 1.83 0.41 6 2 4.6 1.2 

.UNITI OECIS-fEB?5 CAIRLVIIC FEED 39.8 0 .  2.64 5607 00.7 9.9 18.7 0 4  I .  1 1 6  1.30 216 29 1.8 0.9 
~ 1 1 3  FEBZb-Rv04 r CHERROICPIFEED 39.8 0.27 2.29 2443 107.2 26.4 44.6 30.5 2.42 2 3 1  0.68 0.40 191 10 2.2 0.5 
UN113 dV05-JWZQ CP FEEOIW AEMET) 39.2 8.25 2 . S  2283 0.52 0.26 1.16 0.57 I81 4 2.9 0.4 

UNIT4A NOWIB-JRH17 * 31.5 0.37 3.87 3315 
UNl Ill FEU18-WR24 SVSlER FAILIN6 25.9 4 . Y  3.28 2684 
UNIT4A MR25-MI5  PRCADD-SYSRECOV. 30.8 0.48 3.26 2457 
UNII+A WRI6-MY86 SVS RECDVLRED 30. I 0.43 3.M 2 2 0  



I n  c o n t r a s t ,  SCN concen t ra t i ons  were s i g n i f i c a n t l y  reduced. The 

average SCN c o n c e n t r a t i o n  i n  t h e  feeds t o  t h e  DP systems was about 

190 mg/L, w h i l e  t h e  t y p i c a l  concen t ra t i on  i n  t h e  e f f l u e n t s  was below 

5 mg/L. For  t h e  NDP systems, t h e  e f f l u e n t  SCN concen t ra t i ons  were 

s l i g h t l y  h i ghe r  t han  those f o r  t h e  DP systems b u t  s t i l l  t y p i c a l l y  below 

10 mg/L. There fo re ,  t h e  DP systems were s l i g h t l y  more e f f e c t i v e  than  

t h e  NDP systems, b u t  t h e  d i f f e r e n c e s  were n o t  s i g n i f i c a n t .  Among t h e  DP 

systems, PAC a d d i t i o n  d i d  n o t  a f f e c t  SCN removal app rec i ab l y ,  b u t  o f  t he  

two NDP systems (No . ' s  4 and 5) ,  t h a t  w i t h  PAC seemed t o  improve SCN 

removal s l i g h t l y .  

Need f o r  P r e b i o l o g i c a l  Tar Ac id  P r e c i p i t a t i o n  

As d iscussed  e a r l i e r ,  t a r  a c i d  p r e c i p i t a t i o n  was cons idered a  

necess i t y  i n  a  t r ea tmen t  scheme w i t h o u t  phenol e x t r a c t i o n  ( I C R C ,  1983a). 

However, t a r  a c i d  p r e c i p i t a t i o n  consumes a  l a r g e  q u a n t i t y  o f  ac i ds  and 

bases, c rea tes  a d d i t i o n a l  s ludges, and adds a  l a r g e  amount o f  d i s s o l v e d  

s o l i d s  t o  t h e  wastewater. There fo re ,  t h e r e  was an i n c e n t i v e  t o  

e l i m i n a t e  t h i s  process,  and t h e  need t o  r e t a i n  i t  was i n v e s t i g a t e d .  

I t  had been a n t i c i p a t e d  t h a t  phenol e x t r a c t i o n  m igh t  e l i m i n a t e  the 

need f o r  t a r  a c i d  p r e c i p i t a t i o n .  To t e s t  t h i s  assumption, t h e  t a r  a c i d  

p r e c i p i t a t i o n  s t e p  was e l i m i n a t e d  f rom t h e  p re t r ea tmen t  sequence i n  t h e  

l a t e r  s taaes  n f  t h i s  study. Only  t h c  tido DP,'NPAC syste~us wt?tqe 

evaluated,  s i nce  these were o f  pr ime concern a t  t h i s  p o i n t  i n  t he  s tudy.  

Table  17 compares t h e  removal o f  COO, c o l o r ,  and SCN be fo re  and a f t e r  

t h e  e l i m i n a t i o n  o f  t a r  a c i d  removal. 

Comparison o f  t h e  COD concen t ra t i ons  i n  t h e  e f f l u e n t s  o f  t h e  

second-stage b i o r e a c t o r s  w i t h  and w i t h o u t  t a r  a c i d  p r e c i p i t a t i o n  

suggests t h a t  t h e r e  were s l i g h t  d i f f e r e n c e s .  For  U n i t  10, t h e  CODs w i t h  

and w i t h o u t  t a r  a c i d  p r e c i p i t a t i o n  were 210 + 5 1  and 221 4 62 mg/L, 

r e s p e c t i v e l y .  L i kew ise ,  U n i t  20 had a  COD o f  132 + 29 mg/L w i t h  t a r  

a c i d  p r e c i p i t a t i o n ,  and 170 + 34 mg/C w i t h o u t  it. Thus, t h e  CODs i n  t h e  

e f f l u e n t s  f rom b o t h  systems were lower  w i t h  t a r  a r i d  p r e c i p i t a t i o n  than  

w i t h o u t  it. The d i f f e r e n c e  i n  c o l o r  removal i s  n o t  ev i den t .  For  

U n i t  10, t h e  c o l o r  was lower  w i t h  t a r  a c i d  p r e c i p i t a t i o n ,  b u t  t h e  

converse i s  t r u e  f o r  U n i t  2B. The d i f f e r e n c e ,  i f  any, was p robab ly  



Table  17 

Comparison o f  Perforlnance o f  B ioox ida t ion  w i t h  

and wi thout  Tar Acid P r e c i p i t a t i o n  

Tar  a c i d  pre- E f f l u e n t  E f f l u e n t  c o l o r  E f f l u e n t  

System/bioreactor Per iod c i p i  t a t i o n  COD .(mg/L) (APHA u n i t s )  SCN (mg/L) 

Yes 

No 

Yes 

No 

Yes 

N 0 

Yes 

N 0 



obscured by t h e  t y p i c a l  l a r g e  s c a t t e r  o f  c o l o r  measurements. . The d i  f -  

ference i n  SLN removal appears t o  be c l e a r e r .  Again, comparing t h e  SCN 

concen t ra t i ons  i n  t h e  second-stage e f f l u e n t ,  w i t h  and w i t h o u t  t a r  a c i d  

p r e c i p i t a t i o n ,  shows t h a t  t h e  SCN concen t ra t i ons  were s l i g h t l y  lower  

w i t h  t a r  a c i d  p r e c i p i t a t i o n .  

The s l i g h t  d i f f e r e n c e s  i n  COD and SCN a re  p robab l y  n o t  s i g n i f i c a n t .  

The p o s t - b i o l o g i c a l  t e r t i a r y  t rea tment  processes downstream p rov i de  

a d d i t i o n a l  removal .  Th i s  w i l l  be e v i d e n t  by examining t h e  f u l l y  t r e a t e d  

wastewater composi t ion.  As w i l l  be d iscussed l a t e r ,  t h e  t u  l l y  t r e a t e d  

wastewater can meet a l l  t a r g e t e d  e f f l u e n t  l i m i t s .  For  t h i s  reason, 

p r e b i o l o g i c a l  t a r  a c i d  p r e c i p i t a t i o n  does n o t  appear t o  be necessary 

based on the 1abur.dlur.y results  obt,aqrieii i n  t .his  study. However, 

because " t a r  ac i ds "  a r e  n o t  w e l l  understood, more research  i n  areas such 

as o r i g i n  and i d e n t i  f i c a t i o n  o f  t h e  major c o n s t i t u e n t s  i s  recommended. 

Opera t iona l  S tab i  1  i ty  

Du r i ng  o p e r a t i o n  o f  t h e  b i o r e a c t o r s ,  t h e r e  were severa l  changes i n  

t h e  feed compos i t i ons ,  some by  des ign  and some unplanned. The most 

s i g n i f i c a n t  changes were a COn e x c ~ ~ r q i n n  ?nd a sw i t ch  f rom C a t a l y t i c =  

p r e t r e a t e d  t o  Chem-Pro feed, which had a  much h i ghe r  sodium con ten t .  

These changes t r i g g e r e d  responses i n  t h e  b i o r e a c t n r s  and p rov i ded  

i n s i g h t  i n t o  t h e i r  s t a b i l i t y  and r e s i l i ~ n c ~ .  

COD Excurs ion.  The COD excu rs i on  i n  t h e  feeds t o  t h e  DP systems 

occur red  on 1 ~ e b r u a r ~  and l a s t e d  f o r  about a  week. Be fo re  t he  

excurs ion ,  t h e  t y p i c a l  feed COD was about 1,800 t o  2,000 my/L, and t h e  

shock l o a d  inc reased  t h e  c o n c e n t r a t i o n  t o  about 2,900 mg/L. 

l a b l e  1 8 '  shows t h e  weekly average COD concen t ra t i ons  f rom a week 

be fo re  t h e  excu rs i on  t o  9 week,s a f t e r .  Week 0 denotes t h e  wcck when t h e  

excu rs i on  took  p lace ,  week. -1 represen ts  1 weck b c f o r e ,  week .+l rep re -  

sen ts  1 week a f t e r ,  and so on. 

System 1 (DP/NPAC), c o n s i s t i n g  of two b i o r e a c t o r s  i n  s e r i e s ,  each 

hav ing  an HRT o f  2  days, d i d  n o t  show any adverse e f f e c t s  whatsoever.  

I n  f a c t ,  t h e  COD concen t ra t i ons  i n  t h e  e f f l u e n t  f rom t h e  f i r s t - s t a g e  



Table 1 8  

Response t o  COD/Sodium Excurs ions (DP Systems) 

- - - - -- - 

System 1 Systeni 2 System 3 

Feed 1A 1 B 2A 2 B 3 

HRT (days) 2 2 1 1 3.5 

Weekly av COD (mg/L) 

Week -1 ( 2 / ~ ) ~  2,074 t 470 305 t 25 280 +' 7 360 t 68 149 t 2 1  218 t 36 

Week 0 (2/91b 2,863 t 45 293 t 13 280 t 14 422 t 78 304 t 5 1  272 t 45 

Week + 1  (2/16) 1,854 t 231 262 t 34 204 + 27 309 2 82 241 t 65 324 t 93 

Week +2 (2 /23) .  1,922 t 89 200 t 46 178 t 26 224 t 32. 159 f 2 1  371 t 173 

Week +3 (3/21C 1,840 t 90 209 f 32 125 t 34 212 + 22 125 t 27 337 t 65 

Week +4 (3/9) 1,814 t 80 200 f 36 1 4 1  t 47 220 f 38 135 t 34 243 2 26 

Week +5 (3/16) 2,029 t 70 271 f 67 154 + 52 231 f 43 1 2 1  t 22 223 t 23 

Week +6 (3/23) 1,886 + $6 326 t 29 285 3 1  214 t 53 183 t 38 272 f 22 

Week +7 (3/30) 2,083 + 69 398 t 34 274 t 22 218 2 15 177 t 20 215 t 1 8  

Week +8 (4/6) 2,073 + 128 318 k 79 230 f 16 223 t 11 156 t 16 163 t 25 

Week +9 (4/13) 1,962 + 49 231 f 15 208 + 2 1  232 t 12 162 t 15 149 t 22 

a 
Date o f  week ending (1983). 

b~~~ excurs ion .  
C Began gradual change t o  high sodiur~l feed on 27 February 1983 (completed 17 March 1983). 



b i o r e a c t o r  s t e a d i l y  decreased over  t h e  p e r i o d  f rom a week be fo re  t o  a  

week a f t e r  t h e  shock. lhey then  s t a b i l i z e d  a t  about  200-210 mg/L d u r i n g  

weeks 3 and 4 (weekly average). The COD f rom t h e  second-stage b i o -  

r e a c t o r  decreased f o r  t h r e e  consecu t i ve  weeks a f t e r  t h e  excurs ion.  

System 2 was s i m i l a r  t o  System 1 except  f o r  a  1-day HRT i n  each 

s tage.  The f i r s t - s t a g e  b i o r e a c t o r  e x h i b i t e d  an i n i t i a l  drop i n  pe r -  

formance i n  week 0, b u t  s t a b i l i z e d  r a t h e r  q u i c k l y .  I n  t h e  week 

p reced ing  t h e  shock l oad ing ,  t h e  e f f l u e n t  COD f rom t h e  f i r s t - s t a g e  

r e a c t o r  averaged 360 mg/L. I n  week 0,  i t  inc reased  t o  422 mg/L, i t  

dropped t o  309 mg/L i n  week +1, and then  f i n a l l y  tapered  t o  t h e  low 

200-mg/L range t h e r e a f t e r .  The second-stage b i o r e a c t o r  e x h i b i t e d  a  

s i m i l a r  response. The b i o r e a c t o r  recovered f u l l y  w i t h i n  2 weeks a f t e r  

t h e  excurs ion .  

System 3 was operated w i t h  a  h i g h  i n v e n t o r y  o f  PAC and an HRT o f  

3 .5  days. N e i t h e r  t h e  PAC nor  t h e  l onge r  HRT o f  System 3 p rov i ded  a 

b e t t e r  b u f f e r  t o  upse t  than  System 1 o r  2. I n  f a c t ,  i t s  performance was 

a f f e c t e d  t o  a  g r e a t e r  degree. The e f f l u e n t  COD i n  week 0 inc reased  24% 

over  week -1, and went up f u r t h e r  i n  t h e  n e x t  2 weeks. Only i n  week +4 

d i d  t he  c o n c e n t r a t i o n  r e t u r n  t o  approx imate ly  t h e  p re -excurs ion  l e v e l .  

I n  summary, none o f  t h e  t h r e e  DP systems were d r a s t i c a l l y  a f f e c t e d  

by t h e  COD excurs ion .  System 1 e x h i b i t e d  no l o s s  o f  e f f i c i e n c y .  

System 2 appa ren t l y  was a f f e c t e d  s l i g h t l y ,  b u t  recovered  q u i c k l y .  

System 3 was a l s o  a f f e c t e d  and recovered i n  4 weeks. The reasons f o r  

t hese  d i f f e r i n g  responses a r e  n o t  c l e a r .  The l onge r  HRT i n  System 1 d i d  

p r o v i d e  a lower  F/M than  System 2 (0.23 vs. 0.59).  However*, System 3, 

w i t h  an even l owe r  F/M (0 .18) ,  was t h e  most a f f e c t e d .  The inc rease  i n  

COD d u r i n g  t h e  s t a b i l i z i n g  p e r i o d  should  n o t  a f f e c t  t h e  f i n a l  p l a n t  

e f f l u e n t  q u a l i t y  s i g n i f i c a n t l y ,  because t h e  t e r t i a r y  t rea tment  p rov i ded  

downstream o f  t h e  b i o r e a c t o r s  would dampen t h e  increase.  

A lso no te  t h a t  t h e  COD excu rs i on  f o r  t h e  DP systems a f f e c t e d  n i t r i -  

f i c a t i o n  and ammonia removal. F i gu res  19 and 20 showed t h a t  t h e  

excu rs i on  on February  3  was accompanied by a temporary inc rease  i n  

e f f l u e n t  ammonia c o n c e n t r a t i o n  f o r  Systems 1 and 2. The recovery  t r e n d  

was s i m i l a r  t o  t h a t  f o r  COD. I n  System 3 (DP/PAC), however, ammonia 

removal recovery  was n o t  as r a p i d  and d i d  n o t  improve t o  former  l e v e l s .  



The nondephenolated systems (No. 's 4  and 5) were s u b j e c t  t o  a  COD 

surge o f  l onge r  du ra t i on .  The p a t t e r n  i s  shown i n  F igures  17 and 18, 

t h e  t ime -se r i es  p l o t s  o f  COD. Be fo re  February 9, t h e  feed  COD concen- 

t r a t i o n  t o  each system i n i t i a l l y  f l u c t u a t e d  because o f  v a r i a t i o n s  i n  t h e  

TOC/COD r a t i o .  (The feed  was o r i g i n a l l y  made up us i ng  TOC as t h e  t a r g e t  

concen t ra t ion .  ) Du r i ng  t h i s  t ime ,  t h e  e f f  1  uen t  COD c o n c e n t r a t i o n  f rom 

each system seemed t o  be r e l a t i v e l y  s t a b l e ,  a l though  System 4  does show 

a  s l i g h t ,  gradual  r i s e .  

Fo l l ow ing  t h e  excurs ion ,  b o t h  system e f f l u e n t s  decreased s l i g h t l y ,  

b u t ,  aga in ,  were ve ry  s t ab le .  The most notewor thy aspect  o f  t h e i r  

performance was t h e  dampening e f f e c t  p rov i ded  by U n i t  48. U n i t  4A, 

f o l l o w i n g  t h e  excurs ion,  began t o  per fo rm ve ry  p o o r l y ,  a t  one p o i n t  

p r o v i d i n g  v i r t u a l l y  no removal. Du r i ng  t h i s  t ime,  U n i t  48 ach ieved 

e f f l u e n t  concen t ra t i ons  t h a t  were a c t u a l l y  lower  than be fo re  t h e  

excurs ion  (when U n i t  4A was o p e r a t i n g  w e l l ) .  

Regardless o f  whether t h e  decreased e f f i c i e n c y  o f  U n i t  4A was due 

t o  t h e  l o a d i n g  excurs ion  o r  t o  some o t h e r  cause, t h e  da ta  c e r t a i n l y  

i l l u s t r a t e  t h e  advantage o f  a  two-stage system. The second s tage p ro -  

v i ded  b o t h  p o l  i s h i  ng (normal l y )  and sus ta ined  e f f  1  uen t  qua1 i ty  ( d u r i n g  

t h e  excurs ion,  o r  upset  c o n d i t i o n ) .  A f u r t h e r  example o f  t h e  e f f e c t i v e -  

ness o f  two-stage t rea tment  i s  e v i d e n t  f rom a  comparison o f  DP Systems 1 

and 2. The HRT f o r  U n i t  1 A  equals t h e  sum o f  U n i t s  2A and 2B. However, 

t h e  e f f l u e n t  f rom System 2  was c o n s i s t e n t l y  s u p e r i o r  t o  t h a t  o f  U n i t  1 A  

(except  f o r  week 0, when t h e  two e f f l u e n t s  were about equal ) .  

Response t o  High Sodium Concent ra t ion.  When t h e  DP system feeds 

were changed from C a t a l y t i c - p r e t r e a t e d  t o  Chem-Pro-processed waste- 

waters ,  t h e  concen t ra t i on  o f  sodium i n  t h e  feeds t o  t h e  b i o r e a c t o r s  

inc reased  f rom 230 t o  1,300 mg/L. 

Table  18 shows t h a t ,  s t a r t i n g  f rom week +3, t h e  feeds t o  t h e  DP 

systems were g r a d u a l l y  swi tched t o  t h e  Chem-Pro feed, and t h e  s w i t c h  was 

completed i n  week +6. I n  week +3, t h e  feed  was a  m i x t u r e  o f  3  p a r t s  o f  

C a t a l y t i c  wastewater and 1 p a r t  Chem-Pro wastewater (i . e. , 3: 1). I n  

week +4, t h e  r a t i o  was 2:2,  i n  week +5, 1 :3 ,  and i n  week +6, 100% 

Chem-Pro. 



The e f f l u e n t  CODs showed 1  i t t l e  change du r i ng  the  t r a n s i t i o n a l  

p e r i o d  ( f rom week +3 through +5), b u t  d i d  show a  more p e r c e p t i b l e  

increase i n  week +6, when the  feed batch was prepared from 100% Chem- 

Pro-processed wastewater, which had a  Na concent ra t ion  o f  1,300 mg/L. 

Fo r tuna te l y ,  t h e  r e s u l t i n g  COD excursions subsided q u i c k l y ,  w i t h i n  2  t o  

3 weeks. Ana lys is  o f  t h e  e f f l u e n t  from System 1 (i e . ,  from Bio- 

reac to r  18) showed t h a t  the  COD was i n  t he  125-150-mg/L range 

immediately be fore  and du r i ng  the  t r a n s i t i o n ,  and increased t o  285 mg/L 

i l l  week +6. It re tu rned  t o  t he  low 200-mg/L l e v e l  i n  week +9. 

System 2 was even l ess  a f fec ted .  E f f l u e n t  COD from B io reac to r  28 

was about 130 mg/L du r i ng  the  t r a n s i t i o n ,  and increased t o  o n l y  183 mg/L 

i n  week +6. The concentration deertastd t o  alruuL 160 ~uy/L I n  weeks +8 

and 9. System 3  was v i r t u a l  l y  unaf fec ted  by the  change i n  sodium con- 

cen t ra t i on .  

The change i n  sodium concent ra t ion  had a  much more dramatic impact 

on ammonia removal and n i t r i f i c a t i o n .  Figures 19-21, the  t ime-ser ies  

p l o t s  o f  ammonia f o r  the  DP systems, show t h a t  System 1 (B ioreac tor  10) 

produced e f f l u e n t s  having r e l a t i v e l y  low ammonia concentrat ions du r i ng  

the  t r a n s i t i o n  (between February 27 and March 17). However, t he  ammonia 

concent ra t ions  increased d r a s t i c a l l y  on and a f t e r  March 17, when the  

feed became 100% Chem-Pro. A s i m i l a r  p a t t e r n  e x i s t e d  f o r  System 2. b u t  

the  increase was n o t  nea r l y  as d r a s t i c .  System 3  (DP/PAC) e f f l u e n t  

ammonia concent ra t ions  s tead i  l y  increased f 01 1  owi ng a  COD excurs ion 

around February 9  and cont inued t o  increase a f t e r  the  h igher  sodium 

concentrat ions appeared i n  the feed. The data again demonstrate the 

s e n s i t i v i t y  o f  ammonia removal and n i t r i f i c a t i o n  t o  t h e  feed cond i t ions .  

Hydrau l i c  Residence Time Study 

l lydraul  i c  1 . e ~  idcnce t imes (I.IRTs j requi red Fur t he  b io reac to rs  w i  l l 

a f f e c t  system economics. One o b j e c t i v e  o f  t h i s  study was t o  evaluate 

var ious h y d r a u l i c  r e t e n t i o n  t imes w i t h  d i f f e r e n t  feeds and opera t ing  

cond i t i ons .  

Dephenolated Systems. For DP/NPAC systems, t he  l abo ra to ry  data 

i n d i c a t e  t h a t  1-day HRTs are adequate f o r  the  f i r s t -  and second-stage 

b io reac to rs .  The COD and NH3 concentrat ions i n  t he  e f f l u e n t s  from 



System 1, which had 2-day HRTs i n  each s tage,  and System 2, which had 

1-day HRTs i n  each stage, were compared s t a t i s t i c a l l y  t o  determine 

whether t h e  two r e a c t o r  systems performed d i f f e r e n t l y .  

Based ori t h e  mean d i f f e r e n c e  o f  p a i r e d  observa t ions ,  t h e  average 

d i f f e r e n c e  i n  CODs f o r  bo th  r e a c t o r  systems was n o t  s t a t i s t i c a l l y  's ig-  

n i f i c a n t .  However, a t  t h e  5% l e v e l  o f  s i g n i f i c a n c e ,  System 2 removes 

more ammonia than  System 1. 

The feed t o  b o t h  systems was t h e  same each day, b u t  t h e  d a i l y  feed  

COD and NH3 l e v e l s  v a r i e d  cons iderab ly .  For  t h i s  reason, t h e  s t a t i s t i c  

used t o  compare performance was t h e  average d a i l y  d i f f e r e n c e  i n  e f f l u e n t  

concen t ra t i on ,  r a t h e r  than  t h e  d i f f e r e n c e  between t h e  d a i l y  averages. 

Th i s  approach was taken i n  o rde r  t o  t ake  i n t o  account some o f  t h e  

e f f l u e n t  v a r i a t i o n  due t o  t h e  t ime -va ry i ng  concen t ra t i on  o f  t h e  feed. 

Ammgnja. The s t a t i s t i c s  f o r  t h e  d i f f e r e n c e s  i n  t he  d a i l y  e f f l u e n t  

ammonia concen t ra t i on  f o r  Systems 1 and 2  a re  as f o l l o w s :  

Average ammonia l e v e l  U n i t  1B e f f l u e n t :  52.0 mg/L 

Average ammonia l e v e l  U n i t  28 e f f l u e n t :  43.2 mg/L 

Average o f  d a i l y  d i f f e r e n c e s :  8.78 mg/L 

Standard d e v i a t i o n  o f  d i f f e r e n c e s :  63.6 mg/L 

Standard e r r o r  o f  t h e  mean: 4 . 1 1  mg/L 

A t  t he  95% conf idence l e v e l ,  where t h e r e  i s  no d i f f e r e n c e  between 

t h e  systems ( i  e. , t h e  average d i f f e r e n c e  i s  equal t o  ze ro ) ,  t he  

acceptance range o f  t h e  mean d i f f e r e n c e  i n  ammonia l e v e l s  i s  28.06 mg/L. 

Since t h e  computed mean d i f f e r e n c e  l i e s  o u t s i d e  t h i s  r eg ion ,  t he  average 

ammonia i n  System 1 e f f l u e n t  i s  concluded t o  be s i g n i f i c a n t l y  d i f f e r e n t  

(and h i ghe r )  than  t h a t  i n  System 2  e f f l u e n t .  

COD. COD s t a t i s t i c s  a re  as f o l l o w s :  

Average COD l e v e l  U n i t  1B e f f l u e n t :  200 mg/L 

Average COD l e v e l  U n i t  2B e f f l u e n t :  193 mg/L 

Average o f  d a i l y  d i f f e r e n c e s :  7.88 mg/L 

Standard d e v i a t i o n  o f  d i f f e r e n c e s :  103 mg/L 

Standard e r r o r  o f  t he  mean: 6 . 6  mg/L 



I n  t h i s  case, a t  the  95% conf idence l e v e l ,  the  mean would have t o  

l i e  i n  t he  range o f  -12.9 t o  12.9 mg/L t o  conclude t h a t  t he re  i s  no 

d i f ference i n  t he  COD l e v e l s  i n  t he  reac to r  e f f l u e n t s .  Since the  mean 

i s  on l y  7.9 mg/L, t he re  i s  no d i f f e r e n c e  i n  the  COD concentrat ions a t  

t he  95% conf idence 1 eve1 . 
O f  concern i n  t he  use o f  the d i f f e rences  i n  d a i l y  values i s  which 

p a i r s  t o  s e l e c t  t o  use i n  forming the  d i f fe rences.  Because the  reac to r  

dynamics d i f f e r ,  simultaneous - changes i n  feeds may no t  be f u l l y  

r e f l e c t e d  i n  t h e  e f f l u e n t s  a t  the  same time. 

The poss ib le  e f f e c t s  o f  d i f f e r e n t  reac to r  dynamics on the  mean 

d i f f e r e n c e  and standard e r r o r  o f  the  mean ca l cu la ted  f o r  COOS were 
. -. 

examined b r i e f l y .  I  he equat ions and c a l c u l a t i o n s  are inc luded i n  

Appendix 4. 

As the  c a l c u l a t i o n s  show, a t y p i c a l  change i n  COD i n f l u e n t  from 

2,000 t o  1,500 mg/L f o r  System 1 requ i res  about 3 days t o  be f u l  l y  

r e f l e c t e d  i n  t h e  e f f l u e n t .  To examine the  e f f e c t  o f  t ime s h i f t i n g  on 

the  mean d i f f e r e n c e  and standard e r r o r  o f  the  mean, d i f f e r e n c e  p a i r s  

were formed a t  from -3 t o  +3 days w i t h  reference t o  System 1. The mean 

d i f f s ronces  gcncratcd ranged between 5.9 I 9.7 mg/L, wR1ie the  

standard e r r o r s  were i n  the  range o f  6.3 t o  7.2 mg/L. Thus, the  con- 

c l u s i o n  remains t h a t  COD performance o f  the  two reac tors  does no t  d i f f e r  

~ i g n i f i c a n t l y .  

Nondephenolated Systems. Without PAC, the  two b io reac tors  operat- 

i n g  on nondephenolated water were i n f e r i o r  t o  the  dephenolated systems 

even a t  an HRT o f  3.5 days each. Wi th PAC, the  minimum HRT o f  3.5 days 

was adequate, and on l y  one stage was requi red.  

To determine the  minimum HRT requ i red  f a r  the  NDP/NPAC system, the  

HRTs f o r  both stages o f  System 4 were gradua l ly  decreased ( s t a r t i n g  i n  

May 1983), w h i l e  the  s o l i d  residence t ime o f  30 days was maintained. 

Results a re  d isp layed i n  Table 19. 

Although the  data i n d i c a t e  t h a t  e f f l u e n t  COD i n  the  two-stage 

system was s tab le ,  t he  f i r s t  stage d i d  n o t  respond w a l l  t o  addi t i o n n l  

loading. Also, p rev ious l y  t he  u n i t  was not  able t o  main ta in  h igh  mixed- 

l i q u o r  l e v e l s  (6,000-8,000 mg/L MLSS). So l ids  s e t t l e a b i l i t y  d e t e r i -  

orated,  r e s u l t i n g  i n  washout. Fur ther  losses were caused by excessive 

foaming a t  the h igher  organic loadings. 
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Table  19 

System 4 Performance--HRT Reduction Study 

HRT (days) F/W (COD) MLSS (mg/L) E f f  COD (mg/L) E f f  NH, (mg/L) 
rl 

Day 4A 4 B 4A 4 B 4A 4 B 4A 4 B 4 A  4 8 

a 
Day Z was 7 flay 1983, 24 h r  into t h e  s t u d y .  

b ~ t o p p e d  r e d u c i n g  HRT. 



There fo re ,  a l t hough  a  2-day HRT i s  appa ren t l y  f e a s i b l e  f o r  each 

s tage  o f  t h e  NDP/NPAC system, i t  i s  n o t  recommended. I t  i s  d e f i n i t e l y  

n o t  f e a s i b l e  f o r  n i t r i f i c a t i o n .  

PAC Dose Study 

High doses o f  PAC were added t o  t h e  DP/PAC and NDP/PAC systems (3 

and 5, r e s p e c t i v e l y ) .  The program was in tended  t o  eva lua te  whether a  

s i ng l e - s tage  PAC-augmented system c o u l d  produce an e f f l u e n t  e q u i v a l e n t  

t o  a  two-stage system w i t h o u t  PAC. Prev ious d iscuss ions  c l e a r l y  showed 

t h a t  PAC system e f f l u e n t s  were e q u i v a l e n t  t o ,  and i n  some cases s u p e r i o r  

t o ,  non-PAC two-s tage systems f o r  some parameters. A n t i c i p a t e d  opera- 

c lona l  p rub les~s  d ~ i d  ~ ~ 5 1 5  d b ~ o c i d t e d  w i t h  hand1 ing t h e  h i g h  concent ra-  

t i o n s  o f  mixed l i q u o r  and l a r g e  q u a n t i t i e s  o f  carbon and sludge i n  a  

f u l l - s i z e  p i a n t  made t he  o p t i o n  l ess  d e s i r a b l e ,  and a s tudy t o  eva lua te  

reduced PAC c o n c e n t r a t i o n  was conducted. 

Dur ing  t h e  b a s i c  program, PAC was added on t h e  bas i s  o f  wastewater 

feed  volume a f t e r  an i n i t i a l  h i g h  dose. The PAC i n v e n t o r i e s  ranged 

between 6,500 and 8,000 mg/L and 8,000 and 11,000 mg/L f o r  Systems 3  and 

5 ,  respectively. The PAC dose s ludy  wds debiyned to decrease t h c  d a i l y  

dose by 3% o f  t h e  p r i o r  d a y ' s  dose, f o r  40 days. 

System 3 was chosen f o r  t h e  s tudy  because by then  i t  was nhvin115 

char J. BP sys ler l~  s l ~ u u l d  be ~.eioi l i~i\ei idcd f a r  t h e  p l a n t  dcs ign .  Ovcr t he  

40 days, t h e  dose was reduced f rom 500 t o  150 mg/L o f  feed t o  t h e  b i o -  

r e a c t o r  and t h e  PAC i n v e n t o r y  dropped from 7,020 t o  4,840 mg/L i n  t he  

b i o r e a c t o r .  Data f o r  t h i s  p e r i o d  were shown i n  Tables 11 thr.ough 1G 

(pe r iod :  May 5  t o  June 20). The r e d u c t i o n  o f  PAC dose was stopped on 

June 12, and t h e  PAC dose h e l d  cons tan t  f o r  an a d d i t i o n a l  week u n t i l  t h e  

s tudy  was term111 i ndted. 

E f f l u e n t  COD during t h e  s tudy was 199 f 4 1  my/L, compared t o  204 r 
52 mg/L i n  t h e  p r i o r  pe r i od ,  a l s o  us i ng  Chem-Pro feed. E f f l u e n t  COD was 

a t  i t s  b e s t ,  about  150 mg/L, toward t h e  end o f  t h e  s tudy  when t-he PAC 

i n v e n t o r y  was lowes t .  S i m i l a r l y ,  TOC i n  t h e  e f f l u ~ n t  averaged 42 mg/L 

compared t o  43 mg/L i n  t h e  p r i o r  pe r i od .  BOD was n o t  measured d u r i n g  

t h e  study. 



Pheno l i cs ,  cyanide,  and t h i ocyana te  i n  t h e  e f f l u e n t  a1 so showed 

e s s e n t i a l l y  no change between t h e  two per iods .  Co lo r  rose  about 20%, 

from 347 + 311 t o  421  + 182 APHA u n i t s  d u r i n g  t h e  study. 

E f f l u e n t  ammonia appeared t o  be lower  d u r i n g  t h e  s tudy,  49 + 29 vs. 

119 2 48 mg/L, b u t  i n  f a c t  rose  from a  low o f  7  mg/L i n  t h e  m idd le  o f  

t h e  p e r i o d  t o  a  h i g h  o f  94 mg/L a t  t h e  end. 

There was l i t t l e  change i n  performance down t o  a  dosage o f  about 

250 mg/L, a t  which t ime  t h e  bas in  i n v e n t o r y  was 5,800-6,000 mg/L. 

F u r t h e r  r e d u c t i o n  o f  t he  PAC dose appeared t-o a f f e c t  ammonia removal ,  

and a  g radua l  i nc rease  i n  e f f l u e n t  ammonia was measured th rough  t h e  end 

o f  t he  study. 

Based on t h e  b r i e f  PAC dose s tudy,  i t  would appear t h a t  t h e  PAC 

dose f o r  System 3  c o u l d  be reduced t o  about  250 mg/L o f  feed  w i t h o u t  an 

adverse e f f e c t  on COD, TOC, ammonia, pheno l i c s ,  cyanide,  and t h i ocyana te  

removal. 

B i o k i n e t i c s  

Develop ing b i o k i n e t i c  c o e f f i c i e n t s  was n o t  an ob jec t i ve ,  o f  t h i s  

study. However, s e m i q u a n t i t a t i v e  es t imates  o f  t h e  c o e f f i c i e n t s  us i ng  

t h e  da ta  generated from t h i s  s tudy and t h e  p rev i ous  s tudy ( I C R C ,  1983a) 

a re  poss ib l e .  

Apparent Y i e l d  C o e f f i c i e n t s .  The apparent  y i e l d  (YCO,,) i s  d e f i n e d  

as grams o f  biomass wasted pe r  gram o f  COD removed from a  b i o l o g i c a l  

system. The es t imates  a re  as f o l l o w s :  

ncoo/nt avss/nt 
System no. and n o t a t i o n  (g/day 1 ( g / d a ~  1 Y~~~ - 
1. DP/NPAC 7.84 1.46 0.186 

2. DP/NPAC 15.9  2.89 0,182 

3. DP/PAC 7.16 0.74 0.103 

4. . NDP/NPAC 13 .1  2.26 0.173 

5. NDP/PAC 13.8 1.99 0.144 

The term ACOD/At represen ts  t h e  COD removed pe r  day by each system, 

and AVSS/At i s  t h e  s l l ldge waste pe r  day. The s ludye wastage a l s o  

i nc l udes  non-COD-removi ng biomass such as n i t r i f y i n g  b a c t e r i a ,  b u t  t h a t  

i s  n e g l i g i b l y  sma l l .  As t h e  t a b l e  above shows, t.he apparent  y i e l d  



c o e f f i c i e n t s  f o r  COD a r e  g e n e r a l l y  c o n s i s t e n t  f o r  t h e  f i v e  systems, even 

though t h e  feeds were d i f f e r e n t .  

Ammonia Removal. Ammonia removal can be descr ibed  as a  f i r s t - o r d e r  

r e a c t i o n  (Adams and Ecken fe lder ,  1977): 

where C = e f f l u e n t  c o n c e n t r a t i o n  o f  ammonia (mg/L) 

Co = i n f l u e n t  concen t ra t i on  o f  ammonia (mg/L) 

kN = r a t e  cons tan t  o f  ammonia removal (L/mg-day) 

X = MLVSS (mg/L) 

8 = h y d r . a u l i c r e s i d e n c e t i m e  (days) 

The da ta  f o r  t h e  s t eady -s ta te  p e r i o d  f o r  U n i t s  18 and 2B were 

chosen f o r  t h e  a n a l y s i s .  The c a l c u l a t e d  va lues f o r  kN were 5.3 x 10 - 4  

and 8 .7  x  L/mg-day f o r  U n i t s  18 and ZB, r e s p e c t i v e l y .  These va lues 

a re  c l ose  t o  t h e  va lues  rang ing  f rom 3.9 x  10 '~ t o  5.0  x L/rng-day 

repo r t ed  i n  t h e  l i t e r a t u r e  (Adams and Ecken fe lder ,  1977). Ammonia 

removals, expressed as t h e  r a t i o  C/Co, a re  shown i n  Table  20. 

Oxygen U t i l i z a t i o n .  Oxygen u t i l i z a t i o n  was c o r r e l a t e d  w i t h  COD 

removal r a t e s  i n  U n i t s  1 A  and 2A accord ing  t o  t h e  f o l l o w i n g  express ion:  

RJVSS = a '  (COD removal r a t e )  + b '  

where Rr = oxygen u t i l i z a t i o n  p e r  day, a '  = f r a c t i o n  of COD used f o r  

o x i d a L i u r ~ ,  d ~ r d  b' = f r a c t i o n  o f  MLVSS o x i d i z e d  (COD b a s i s ) .  Wh~n t .h~!  

s teady -s ta te  da ta  f o r  U n i t s  1A and 2A a r e  used, a '  = 0.917 mg o f  02/mg 

o f  COD removed and b ' =  0.017 mg o f  02/mg o f  VSS p e r  day. These va lues 

a re  comparable t o  co r respond ing  va lues o f  0.77 and 0.01, r e s p e c t i v e l y ,  

as r e p o r t e d  by Luthy e t  a l .  (1983), 

Biomass Separa t ion  

Batch s e t t l i n g  t e s t s  were r u n  on m i x e d - l i q ~ l o r  samples I'r.uri~ a l l  f i v e  

b i o r e a c t o r  u n i t s .  These t e s t s  were conducted th roughou t  t h e  course o f  

t h e  s tudy ,  and t h e  average r e s u l t s  a re  shown i n  Table  21. The MLSS 

va lues  a r e  t h e  measured concen t ra t i ons  f o r  t h e  t e s t  samples. They 

d i f f e r  s l i g h t l y  f rom the  s teady -s ta te  concen t ra t i ons ,  b u t  a r e  i n  t h e  

10 6 



T a b l e  20 

Arnmoni a Removal 

FIM 
S RT COD HRT PER I OD DESCRIPTION MLVSS-PAC CORR CICo LN CICo 

UNITlR 
UNITIR 
UNITIA 
UNITIR 

UNfTln 
UNIT10 
UNIT10 
UNITID 

UNIT2O 
UNIT2R 
UN I T2fl 

UNIT20 
UNIT2D 
UNIT2D 

UNIT3 
UN IT3 
UNIT3 

CRTRLYTIC FEED 
CHRNGE TO CHEMPRO 
CHEMPRO (CP) FEED 
CP FEEDtNU IR REMI 

CllTRLYTIC FEED 
CHFINGE TO C H W R O  
CHENPRO (CPI FEEO 
CP FEED(N0 TR REN) 

CRTRLYTIC FEED 
CWNGE TO CHEMPRO 
.W FEEDLNO TR REH) 

CAT RLYTIC FEED 
CHRNGE TO CHENPRO 
CP FEED(NO TR RMJ 

cOratw1c FEED 
CHERRO (CP) FEEO 
W FEED(PRC REWCT 

31.5 8.37 3.87 
SYSTEN FOILING 25.9 0.50 3.28 
P E  RDD-SYS RECOV. 30. O 0.48 3.26 
8YS RECOVERED 30.1 0 s  43 3.80 

NOV10-JIW17 t 

FEB 18-NOR24 
CVIR~SdPRlS 
RPR 16-MRY06 

UNITS 
UNIT5 



same general  range. The HRT and SRT va lues represen t  s teady-s ta te  

c o n d i t i o n s .  The s o l i d s  f l u x  r a t e s  a r e  based on t h e  under f low concen- 

t r a t i o n s  shown (2% f o r  NPAC; 3% f o r  PAC). The numbers shown i n  Table 2 1  

a r e  d i r e c t  measurements w i t h o u t  scale-up f a c t o r s ,  which should be 

i nc l uded  t o  d e r i v e  t h e  des ign bas is .  

S e t t l i n g  da ta  were d i f f i c u l t  t o  generate f o r  U n i t s  1B and 2B. As 

no ted  p r e v i o u s l y ,  t h e r e  was l i m i t e d  m i c r o b i a l  growth i n  t he  second-stage 

b i o r e a c t o r s  and, because o f  t h i s ,  f l o c c u l e n t  s e t t l  i n g  d i d  n o t  occur.  

That  i s ,  a  d i s t i n c t  wa te r /so l  i d s  i n t e r f a c e  d i d  n o t  appear near t h e  t o p  

o f  the graduated c y l  irider., drsd y radua l ' l y  descend. Rather,  a bottom 

i n t e r f a c e .  due mos t l y  t o  t h e  powdered carbon added t o  t he  second-stage 

reac to r s ,  deve loped a  lmost -iti i i i ieuiately. Zone se,Lt l  Illy v e l u ~  i L i e s  (ZSV) 

and s o l i d s  l o a d i n g  r a t e s  ( f l u x )  c o u l d  n o t  be e s t a b l i s h e d  f o r  U n i t  28 

d u r i n g  s teady -s ta te  c o n d i t i o n s ,  and the  values shown f o r  U n i t  1B are, 

based on a  s i n g l e  t e s t .  However, d u r i n g  non-steady-s tate pe r i ods ,  i t  

was p o s s i b l e  t o  c a l c u l a t e  s e t t l i n g  da ta  f o r  U n i t  28, which a r e  shown i n  

Table 21. F l o c c u l e n t  s e t t l i n g  d i d  n o t  occur d u r i n g  these s e t t l i n g  t e s t s  

because t h e  mixed l i q u o r  s o l i d s  were much h ighe r  than  d u r i n g  t h e  steady- 

s t a t e  p e r i o d  (4,YJO vs. 2 , / 5 2  mg/Lj. 

The da ta  show t h a t  t h e  s o l i d s  l o a d i n q  r a t e  i s  h i ghe r  f o r  U n i t  2A 

t.han l A ,  desp i t e  a s u b s t a n t i a l l y  lower  i n i t i a l  s e t t l i n g  r a t e .  Th is  i s  

due t o  t h e  much h ighe r  CaliiioSt t h r e e  t imes)  so l  Id cu r t c rn t r - a t i u r~  u.T tilt! 

mixed l i q u o r .  The h i g h  MLSS l e v e l s  i n  U n i t  2A may be mis lead ing .  Whi le  

t h e  t o t a l  MLSS was 9,176 mg/L, t h e  v o l a t i l e  s o l i d s  concen t ra t i on  was 

n n l y  5,705 mg/L, or 62% o f  t h e  t o t a l .  By c o n t r a s t ,  U n i t  1 A  had t o t a l  

and v o l a t i l e  suspended s o l  i d s  l e v e l s  o f  2,944 and 2,653 mg/L, respec- 

t i v e l y  ( v o l a t i l e  f r a c t i o n  90%). Th i s  r a t i o  o f  v o l a t i l e s  between 

U n i t s  1 A  and 2A i s  expected. U n i t  1 A  had abuut I.lal f as rriarly v o l a t i  l e s ,  

b u t  t w i c e  t he  h y d r a u l i c  r e t e n t i o n  t ime (SRTs were equa l ) .  However, t h e  

l a r g e  p o r t i o n  o f  n o n v o l a t i l e  s o l i d s  i n  U n i t  2A was unexpected, and i s  

n o t  complete ly  understood. I t  i s  apparen t l y  due t o  t he  p r e c i p i t a t i o n  o f  

i no rgan i c  s o l i d s ,  which may have been caused by a  h i ghe r  pH i n  System 1 

than  2  (8.3 vs. 7 .6) .  Whatever t h e  cause, these h ighe r  s o l i d s  caused a  

lower  ZSV i n  1A than  2A. When t h e  MLSS i n  U n i t  2A dropped t o  t h e  7,000 



Table 21 

Resu l ts  from Batch S e t t l i n g  Tests 

B i  o- HRT SRT MLSS Z S V ~  ~ n d e k f  1  ow S O R ~  F l  ux 

system' r e a c t o r  (days) (days) (mg/L) ( f t / m i n )  (% s o l  i d s )  ( g ~ d / f t ~ )  (1  b / f t2 -day)  

a 
Zone settling velocities. 

b~urface overflow rates. 



range, t h e  ZSV increased.  I n  ac tua l  p l a n t  ope ra t i on ,  i t  i s  p o s s i b l e  

t h a t  pH ad justments  c o u l d  reduce t h e  s i z e  o f  t h e  n o n v o l a t i l e  f r a c t i o n .  

System 4 (NDP/NPAC) r e a c t o r s  e x h i b i t e d  h i ghe r  average l o a d i n g  r a t e s  

t han  Systems 1 and 2. I t s  m i xed - l i quo r  concen t ra t i ons  (5,500 mg/L i n  

4A; 4,000 mg/L i n  48) were h i ghe r  than  U n i t  1A b u t  lower  than  2A. The 

i n i t i a l  s e t t l i n g  v e l o c i t i e s  i n  b o t h  o f  t h e  System 4 r e a c t o r s  were com- 

pa rab le  t o  those o f  U n i t  2A, and about t h r e e  t imes  h i ghe r  than  2A. The 

su r f ace  o v e r f l o w  r a t e s  f o r  U n i t s  4A and 4B were b o t h  about 50% h ighe r  

t han  U n i t  1 A .  

The PAC systems, because o f  ex t reme ly  h i g h  m ixed - l i quo r  concent ra-  

t i o n s ,  produced t h e  h i g h e s t  so l  i d s  l o a d i n g  r a t e s .  System 3, a t  a lmost  

12,000 mg/L, s ' t - i l l  s e t t l e d  ve ry  q u i c k l y ,  r e s u l t i n g  i n  a s o l i d s  load ing  

o f  211 1b/ f t2-day.  System 5, a t  over  17,000 mg/L, e x h i b i t e d  h indered  
2 s e t t l i n g ,  and t h e  s o l i d s  l o a d i n g  r a t e  was o n l y  134 I b / f t  -day. The 

su r f ace  o v e r f l o w  r a t e  o f  System 3 was a l s o  t he  h i g h e s t  o f  a1 1 systems. 

T h i s  d i d  n o t  h o l d  f o r  System 5, however, where t he  h indered  s e t t l i n g  

dropped t h e  su r f ace  ove r f l ow  r a t e  (SOR)  down t o  t h e  l e v e l  o f  U n i t  1A.  

O ther  Ope ra t i ng  Problems Observed 

Foaming. Depheno l i za t ion  reduced foaming. A "normal" amount o f  

b a s i n  foaming produced by a e r a t i o n  was observed i n  UP systems, and no 

c o n t r o l  measures were necessary. I n  NDP systems, however, s i g n i f i c a n t l y  

g r e a t e r  foam . l eve l s  were a lmost  always p resen t  and, f o r  severa l  extended 

t ime  pe r i ods ,  foaming presented se r i ous  ope ra t i ona l  d i f f i c u l t i e s .  

PAC p a r t i  a1 l y  a1 1 e v i  a t e d  foaming problems f o r  the nondephenol a ted  

systems. The NDP/PAC system ( U n i t  5) was l e s s  a problem than  t h e  NDP/ 

NPAC system ( U n i t  4 ) ,  and was s a t i s f a c t o r i l y  c o n t r o l l e d  by p e r i o d i c a l l y  

a p p l y i n g  an an t i f oam spray.  However, an t i foam was l e s s  e f f e c t i v e  i n  

System 4, p a r t i c u l a r l y  t h e  f i r s t - s t a g e  u n i t ,  and a p p l i c a t i o n s  p rov i ded  

o n l y  temporary c o n t r o l .  A more e f f e c t i v e  s o l u t i o n  was found t o  be 

decreas ing  t h e  a i r  r a t e  th rough  t h e  d i f f u s e r s ,  w h i l e  m a i n t a i n i n g  a D.O.  

l e v e l  o f  a t  l e a s t  2 mg/L. 



Reasons f o r  i n o r d i n a t e  foaming i n  t h e  NDP systems were never de te r -  

mined. There i s  no c o r r e l a t i o n  between any measured parameter and t h e  

sporad ic  occurrence o f  severe foaming. Because foaming was absent i n  

t h e  DP systems, t h e  o n l y  exp lana t i on  i s  t h e  i n t e r m i t t e n t  i n t r o d u c t i o n  o f  

some c o n s t i t u e n t  i n  NDP feeds t h a t  i s  removed by phenol e x t r a c t i o n  i n  

t h e  DP feeds. 

S o l i d s  P r e c i p i t a t i o n  vs. pH. Be fo re  good n i t r i f i c a t i o n  r a t e s  were 

e s t a b l i s h e d  i n  t he  b i o r e a c t o r s ,  feed  batches were prepared t o  a pH o f  

about 8. Th i s  was adequate t o  ma in ta i n  t h e  pH o f  t h e  b i o r e a c t o r  w i t - h i n  

t h e  s p e c i f i e d  range o f  7 t o  8. As t h e  s tudy progressed, n i t r i f i c a t i o n  

began t o  occur e x t e n s i v e l y  i n  t h e  b i o r e a c t o r s .  N i t r i f i c a t i o n  generates 

a c i d  which removes a1 k a l  i n i  t y .  Th i s  decrease i n  a1 k a l  i n i  t y  caused t h e  

pH o f  t h e  b i o r e a c t o r s  t o  drop. Because a l l  r e a c t o r s  were t h e  complete- 

mix  t ype ,  such a problem cou ld  be countered s imp ly  by r a i s i n g  t h e  pH of 

t h e  feed. These pH adjustnlents were o r i g i n a l  ly r e q u i r e d  f o r  t h e  feeds 

t o  t h e  second-stage systems (where n i t r i f i c a t i o n  began), b u t  n i  tr i  f i e r s  

were 1 a t e r  developed i n  t h e  f i r s t - s t a g e  u n i t s .  Eventual  l y  , t h e  e n t i  r e  

feed  ba t ch  r e q u i r e d  ad justment  t o  a h i ghe r  pH, and i n d i v i d u a l  ad justment  

o f  second-stage feeds was s t i l l  necessary. 

Several  exper iments conducted d u r i n g  ba tch  p r e p a r a t i o n  showed 

s l i g h t  p r e c i p i t a t i o n  a t  about pH 7.4,  and l a r g e r  q u a n t i t i e s  (5%, by 

volume) a t  pH 8.0.  These s o l i d s  were determined t o  c o n s i s t  l a r g e l y  of 

s u l f a t e ,  phosphate, and ca lc ium spec ies.  Another exper iment r a i s e d  a 

f i r s t - s t a g e  e f f l u e n t  f rom pH 8 .0  t o  11.0,  which was r e q u i r e d  f o r  second- 

stage feed a t  t h a t  t ime.  The TSS rose  f rom 20 t o  over  530 mg/L. 

These observa t ions  a re  i n d i c a t i v e  o f  p o t e n t i a l  problems i n  an 

o p e r a t i n g  p l a n t .  System des ign  should  p reven t  s o l i d s  p r e c i p i t a t i o n  i n  

t h e  equal i z a t i o n  tank.  

N i t r i f i c a t i o n  vs .  pH. Concurrent w i t h  a d i scuss ion  o f  t h e  e f f ec t s  

o f  h i g h  pH on a system a re  t h e  e f f e c t s  o f  low pH on n i t r i f i c a t i o n .  

Publ ished i n f o r m a t i o n  g e n e r a l l y  i n d i c a t e s  t h a t  n i t r i f y i n g  b a c t e r i a  

r e q u i r e  a h i ghe r  pH environment than  c a r b o n - u t i l i z i n g  b a c t e r i a .  M e t c a l f  

& Eddy, I n c .  (1979) s t a t e s  t h a t  maximum n i t r i f i c a t i o n  r a t e s  occur  

between about pH 7 .2  and 9.0. 



Dur i ng  t h e  program, minor  pH excurs ions  below 7.0 f o r  even 1 day 

were a lmost  always accompanied by a  smal l  r i s e  i n  e t t l u e n t  ammonia. Tlie 

d i f f i c u l t y  i n  c o n t r o l l i n g  pH i n  t h e  exper imenta l  systems has been 

d iscussed and i s  r e i t e r a t e d  i n  t h i s  s e c t i o n  t o  emphasize t h e  importance 

o f  good c o n t r o l  f o r  ammonia removal th rough  n i t r i f i c a t i o n .  

E f f l u e n t  Sol i d s .  The e f f l u e n t  so l  i d s  l e v e l s  f rom t h e  b i o r e a c t o r s  

v a r i e d  s i g n i f i c a n t l y  between t h e  systems. For  t h e  dephenol a ted  feeds, 

t h e  average e f f l u e n t  suspended s o l i d s  d u r i n g  s teady-s ta te  c o n d i t i o n s  was 

93 mg/L f o r  t h e  NPHC b i o r e a c t o r s ,  and 151  IIIY/L f o r  t h e  PAC system. Thc 

NDP feed systems exh ib i ted .  much h i ghe r  e f f l u e n t  s o l i d s ,  averag ing  551 

and 1,067 mg/L f o r  NPAC and PAC, r e s p e c t i v e l y .  Th i s  l a s t  f i g u r e  i s  

extremely h igh ,  b u t  i t  should  be rememher~d that .  I.he 111ixed l i e u o r  f o r  

System 5  (NDP/PAC) exceeded 18,000 mg/L. The NDP-NPAC average o f  551 

mg/L i s  i n d i c a t i v e  o f  t h e  c o n t i n u a l  upset  c o n d i t i o n s  f o r  t h a t  system. 

Laboratory  bench-scale b i o r e a c t o r s  a re  used t o  model t h e  b i o l o g i c a l  

t rea tment  process,  n o t  t o  e s t a b l  i s h  des ign c r i t e r i a  t o r  c  l a r i  f i e r s .  For  

t h e  l a b  u n i t s  used i n  t h i s  s tudy ,  t h e  s o - c a l l e d  " c l a r i f i e r s "  were s imp ly  

b a f f l e d  s e c t i o n s  i n  t h e  a e r a t i o n  vesse ls .  Th i s  c o n f i g u r a t i o n  i s  

designed t o  r e t a i n  most o f  a u n i t ' s  biomass, b u t  not. t o  i n d i c a t e  des ign 

s o l i d s  l e v e l s .  Never the less,  t h e  s o l i d s  va lues were somewhat h i ghe r  

t han  expected. As a f~ r r t .he r  check, the data were compared t o  t h e  

suspended s o l i d s  c o n c e n t r a t i o n  i n  t h e  supernatant  f rom 1-L  ba tch  se t -  

t l i n g  t e s t s .  Such t e s t s  do n o t  n e c e s s a r i l y  p r e d i c t  t he  e f f l u e n t  s o l i d s  

t h a t  w i l l  be ob ta i ned  under f i e l d  c o n d i t i o n s .  However, they  a re  r u n  

under qu iescen t  c o n d i t i o n s ,  e l i m i n a t i n g  p o s s i b l e  i n t e r f e r e n c e  caused by 

a g i t a t i o n  i n  t h e  bench-scale b i o r e a c t o r s .  The supernatants  e x h i b i t e d  

s o l  i d s  l e v e l s  i n  r a t h e r  good agreement w i t h  t h e  d a i l y  e f f l u e n t  values. 

The DP feeds a v c r ~ g c d  153 mg/L f o r  NPAC system.;, and 141 mg/L f o r  t h e  

PAC system. For  NDP feeds,  the values wer'la 477 and 577 mg/I f n r  NPAC 

and PAC, r e s p e c t i v e l y .  

These da ta  i n d i c a t e  t h a t  e f f l u e n t  suspended s o l i d s  l e v e l s  over  

100 mg/L wnulrl be l i k e l y  t o  occur,  and c o u l d  be cons ide rab l y  h i ghe r  

under upse t  c o n d i t i o n s .  As was d iscussed i n  Sec t i on  I11 o f  t h i s  r e p o r t ,  

s o l i d s  p r e c i p i t a t e d  due t o  pH ad justments  t o  t h e  feed. T h i s  p r e c i p i t a t e  

c o u l d  have c o n t r i b u t e d  t o  t h e  h i g h  e f f l u e n t  s o l i d s .  It i s  a l s o  note-  

wor thy t h a t  a l l  two-stage systems were operated w i t h  a  PAC i n v e n t o r y  of 
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500 mg/L i n  t h e  second-stage mixed 1  i quo r .  The s t a t e d  purpose o f  t h i s  

carbon a d d i t i o n  was t o  a i d  i n  s o l i d s  s e t t l i n g .  However, when t h e  

e f f l u e n t  s o l i d s  f o r  f i r s t -  and second-stage u n i t s  a re  compared, t h e  

va lues a re  r ough l y  comparable. Whi le  t h i s  does n o t  mean t h e  carbon was 

i n e f f e c t i v e ,  i t s  va lue  i s  n o t  c o n c l u s i v e l y  demonstrated by  t h e  r e s u l t s .  

Des i red  e f f l u e n t  s o l i d s  l e v e l s  need t o  be eva lua ted  i n  terms o f  

downstream t e r t i a r y  t rea tment  processes. I n  t h i s  case, t h e  b i o r e a c t o r  

e f f l u e n t  i s  t r e a t e d  by coagu la t i on  and another  c l a r i f i c a t i o n  s t ep ,  

thereby removing most s o l i d s  escaping t h e  secondary system. The impact 

on t h i s  t e r t i a r y  coagulation/clarification process would be minimal f o r  

t h e  s o l i d s  q u a n t i t i e s  noted above f o r  a l l  t h r e e  DP systems. For  t h e  NDP 

feeds, such s o l i d s  would s t i l l  be removed. However, because o f  t h e  

l a r g e r  q u a n t i t y  o f  s ludge, t h e  s i z e  o f  t h e  under f low pumps would have t o  

be g rea te r .  

Comparison w i t h  Other  S tud ies  

I n  t h i s  sec t i on ,  r e s u l t s  f rom t h e  b i o o x i d a t i o n  s tudy a re  compared 

w i t h  r e s u l t s  f rom i n v e s t i g a t i o n s  o f  t rea tment  o f  wastes produced by 

o t h e r  coa l  1  i q u e f a c t i o n  processes ,' coa l  g a s i f i c a t i o n ,  and coa l  cok ing.  

The p r i n c i p a l  o b j e c t i v e  o f  t h i s  comparison i s  t o  d e t e c t  any common 

p a t t e r n s  shared by t h e  coa l -convers ion  wastewater t rea tment  systems. 

Two recen t  s t ud ies ,  which i n v e s t i g a t e d  ac t i va ted -s l udge  and/or 

powdered-activated-carbon/activated-sludge (PACT) t rea tment  o f  coa l  

l i q u e f a c t i o n  wastewaters,  p rov i de  an e s p e c i a l l y  r e l e v a n t  da ta  base f o r  

comparison w i t h  r e s u l t s  o f  t h e  c u r r e n t  study. Exxon Research and Engi-  

nee r i ng  Company eva lua ted  a  zero-d ischarge t rea tment  scheme f o r  waste- 

waters  produced by t h e  Exxon Donor So lven t  (EDS) coa l  l i ' q e u f a c t i o n  

process (Rober tacc io  and Kaczmarek, 1983)-, w h i l e  Zimpro, I nc .  per formed 

s tud ies  w i t h  H-coal p i l o t  p l a n t  water  t o  eva lua te  wastewater t r e a t a b i l -  

i t y  and t o  assess e f f e c t s  o f  process impacts on wastewater t rea tment  

systel t~ performance (Berndt  e t  a l .  , 1982). Resu l t s  o f  these two s t u d i e s  

a re  compared below. Th i s  i s  f o l l o w e d  by d i scuss ion  o f  o t h e r  i n v e s t i g a -  

t i o n s  on t rea tment  o f  coa l  convers ion and coa l  cok i ng  wastewaters.  

Treatment o f  EDS Wastewater. The wastewater t rea tment  scheme 

proposed f o r  t h e  EDS coa l  l i q u e f a c t i o n  process i n c l u d e d  two-stage sour  



water  s t r i p p i n g ,  s o l v e n t  e x t r a c t i o n ,  and b i o l o g i c a l  t rea tment .  Because 

b i o l o g i c a l  l y  t r e a t e d  wastewater was t o  be used as makeup t o  a coo l  ir iy 

tower ,  a d d i t i o n a l  t r ea tmen t  was i n c l u d e d  f o r  t h i s  purpose: f i I t r a t i o n ,  

g r a n u l a r  a c t i v a t e d  carbon (GAC) adso rp t i on ,  and weak a c i d  c a t i o n  

exchange. The o b j e c t i v e  o f  Exxon's t r e a t a b i l i t y  s tudy  was t o  v e r i f y  t h e  

proposed wastewater t r ea tmen t  scheme, and t o  compare t h e  e f f e c t i v e n e s s  

o f  PACT w i t h  t h e  sequen t i a l  s teps  o f  b i o l o g i c a l  t r ea tmen t  and GAC 

adso rp t i on .  

S t r i p p i n g  and s o l v e n t  e x t r a c t i o n  reduced TOC by approx imate ly  85%, 

t o  approx imate ly  400 mg/L. Most o f  t h e  o rgan i c  m a t e r i a l  rema in ing  a f t e r  

s t r i p p i n g  and e x t r a c t i n g  was b e l i e v e d  t o  c o n s i s t  o f  o rgan i c  ac ids .  

S team-s t r ipp ing  reduced ammonia t o  an average l e v e l  o f  about  2  mg/L. 

The b i o r e a c t o r s  were operated w i t h  a  h y d r a u l i c  res idence  t ime  o f  1 day 

and a  s ludge age o f  20 days. The PACT b . io reac to r  ma in ta ined  8,000 mg/L 

o f  PAC i n  t h e  mixed l i q u o r  (400 mg/L o f  feed).  

Convent iona l  ac t i va ted -s l udge  b i o l o g i c a l  t r ea tmen t  removed 75% o f  

t h e  400-mg/L TOC and approx imate ly  96% o f  t h e  .500-mg/L BOD t h a t  was 

p resen t  i n  t h e  wastewater a f t e r  p re t rea tment .  The PACT process reduced 

organic m a t e r l a l  ever1 u r l i .  aver  30% r e d u c t i o n  o f  TOC t.n 37 mg/L, 

and more than  98% r e d u c t i o n  o f  BOD t o  8  mg/L. The PACT process a l s o  

c o n t r o l  led foaming, a s s i s t e d  s e t t  l i ng, and a ided  cu lu r -  removal. The 

s tudy  Concluded L I I ~ L  t he  PACT process removed apprn ' r imat .~ ly  t w i c e  as 

much TOC as p r e d i c t e d  by a  powderbed carbon adso rp t i on  isotherm,  due t o  

b i odeg rada t i on  o t  adsorbed m a t e r i a l .  

The Exxon s tudy  was s i m i l a r  i n  severa l  respec ts  t o  t h e  c u r r e n t  

i n v e s t i g a t i o n  w i t h  SRC condensate water .  However, no te  t h a t  t l i e  EDS 

wastewater con ta i ns  r e s i d u a l  o rgan i c  ac i ds  t h a t  a re  n o t  a n t i c i p a t e d  i n  

t h e  SRC- I wastewater.  

. I h e  Exxon was.tewaterb. con ta ined  approx imate ly  one-ha l f  t h e  ROD and 

t w o - t h i r d s  t h e  COD o r  TOC o f . t h e  e x t r a c t e d  and s t r i p p e d  S R C - I  b i o r e a c t o r  

i n f l u e n t .  Never the less ,  t h e  e f f l u e n t  BOD and TOC f o r  s i m i l a r  b i o -  

r e a c t o r s  were comparable f o r  t h e  two s tud ies .  Th i s  i s  e v i d e n t  by com- 

p a r i n g  t h e  e f f l u e n t  BOD and TOC from t h e  EDS b i o l o g i c a l  t rea tment  system 

w i t h  t h a t  o f  b i o r e a c t o r  U n i t  2A; b o t h  had 1 -h r  HRTs. U n i t  2A gave an 

e f f l u e n t  Bob5 o f  20 mg/L, which i s  comparable t o  a  va lue o f  24 mg/L f o r  



EDS wastewater.  U n i t  2A a l s o  removed approx imate ly  85% o f  i n f l u e n t  TOC, 

which i s  t h e  same as w i t h  t h e  EDS wastewater. 

There i s  i n s u f f i c i e n t  i n f o r m a t i o n  f rom which t o  compare n i t r i f i c a -  

t i o n  e f f i c i e n c i e s  between t rea tment  o f  EDS and SRC-I was.tewaters, s i nce  

t h e  EDS wate r  con ta ined  ve ry  low l e v e l s  o f  ammonia (-2 mg/L) and t h i o -  

cyanate (15 mg/L), whereas t h e  concen t ra t i ons  s e l e c t e d  f o r  t h i s  S R C - I  

s tudy were bo th  200 mg/L. The reason f o r  s e l e c t i n g  a  h i ghe r  concentra- 

t i o n  f o r  t h e  l a b o r a t o r y  s t u d i e s  than  t h a t  expected i n  t h e  f u l l - s c a l e  

demonst ra t ion p l a n t  was t o  t e s t  t h e  c a p a b i l i t y  o f  t h e  b i o l o g i c a l  

t rea tment  systems t o  remove these contaminants.  

The o b j e c t i v e s  o f  t h e  PACT study w i t h  e x t r a c t e d - s t r i p p e d  S R C - I  

'condensate were t o  assess s i ng le - s tage  o rgan ic  removal as w e l l  as n i t r i -  

f i c a t i o n ,  whereas t h e  p r i n c i p a l  o b j e c t i v e  o f  t he  EDS study was t o  

eva lua te  removal o f  o rgan ic  contaminants w i t h  s i ng l e - s tage  PACT on l y .  

Hence, t h e  Exxon s tudy  employed s h o r t e r  h y d r a u l i c  res idence t imes i n  t h e  

s i ng le - s tage  PACT process compared t o  System 3  i n  t h i s  s tudy.  Nonethe- 

l ess ,  as shown below, severa l  comparisons can be made rega rd i ng  t r e a t -  

ment o f  EDS and S R C - I  c o a l - l i q u e f a c t i o n  process waters.  

The apparent l o a d i n g  o f  o rgan ic  carbon f o r  t rea tment  o f  wastewater 

by t h e  PACT process may be d e f i n e d  as t h e  d i f f e r e n c e  between PACT and 

conven t iona l  a c t i v a t e d  sludge e f f l u e n t  TOC d i v i d e d  by t h e  carbon dose. 

Apparent l oad ing  f o r  t rea tment  o f  EDS wastewater was 180 mg/L o f  TOC pe r  

g  o f  carbon; a  comparable va lue  f o r  t rea tment  o f  S R C - I  wastewater was 

66 mg/L o f  TOC pe r  g  o f  carbon, based on t h e  d i f f e r e n c e  i n  e f f l u e n t  TOC 

f o r  b i o r e a c t o r  2A and b i o r e a c t o r  3, w i t h  a  nominal PAC dose o f  500 mg/L 

o f  feed  f o r  b i o r e a c t o r  3. Th i s  apparent  l o a d i n g  i s  lower  than  t h a t  

ob ta ined  i n  t h e  EDS study,  suggest ing t h a t  t h e  PAC dose c o u l d  have been 

lower  i n  b i o r e a c t o r  3 i n  o rde r  t o  ach ieve a  h i ghe r  u t i l i z a t i o n  o f  

powdered carbon. Th i s  has been con f i rmed by t h e  PAC-dose s tudy d i s -  

cussed e a r l i e r .  However, as d iscussed below w i t h  r e fe rence  t o  t h e  

H-coal s tudy ,  a  lower  PAC dose may adverse ly  impact s i ng l e - s tage  n i t r i -  

f i c a t i o n  e f f i c i e n c y .  

As w i l l  be d iscussed i n  a  subsequent s e c t i o n ,  t e r t i a r y  t rea tment  

s t ud ies  w i t h  S R C - I  wastewater showed t h a t  e f f l u e n t s  f rom b i o r e a c t o r s  l B ,  

ZB, o r  3 ,  which a re  then  processed by coagu la t i on ,  f i l t r a t i o n ,  and PAC,  



r e s u l t  i n  no d e t e c t a b l e  va lue  o f  TOC ( < 1  mg/L). Th i s  i s  d i f f e r e n t  f rom 

r e s u l t s  w i t h  EDS, which showed a r e s i d u a l  TOC of 24 mg/L a f t e r  GAC and 

weak a c i d  c a t i o n  exchange. 

A conc lus ion  f rom the  EDS s tudy was t h a t  e i t h e r  use o f  PACT o r  a  

combinat ion o f  PACT and GAC a re  t h e  b e s t  ways t o  employ a c t i v a t e d  carbon 

i n  t r e a t i n g  EDS wastewater. Th is  s tudy has shown t h a t ,  w i t h  dephenol i -  

z a t i o n ,  PAC d i d  n o t  s i g n i f i c a n t l y  improve o rgan i c  removal over  a  two- 

s tage non-PAC system. 

Treatment o f  H-Coal Water. Berndt  e t  a1. (1982) s t u d i e d  t he  t r e a t -  

ment o f  process wastewater from t h e  H-coal l i q u e f a c t i o n  p i l o t  p l a n t .  

The purpose o f  t h e  s tudy was t o  eva lua te  PACT t rea tment  o f  s t r i pped -  

e x t r a c t e d  wastewater, w i t h  p r e t r e a t e d  feed t o  t h e  b i o l o g i c a l  t rea tment  

system hav ing  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  TOC, 520 mg/L; COD', 1,780 

mg/L; NH3-N, / I 5 0  mg/L; and BOD, 700 mg/L. These concent ra t ions  a re  

s i m i l a r  t b  those f o r  the  b i o l o g i c a l  r eac to r s  r e c e i v i n g  dephenolated- 

s t r i p p e d  wastewater i n  t h i s  study. 

The H-coal t r e a t a b i l i t y  s tudy eva lua ted  s i n g l e -  and two-stage PACT 

t reatment .  No s t u d i e s  were performed t o  eva lua te  b i ' o l og i ca l  t rea tment  

w i t h o u t  PAC. Opera t ing  c o n d i t i o n s  f o r  t h e  PACT r e a c t o r s  w i t h  H-coal 

wa te r  are summari zed be1 ow: 

Two sGage 
S i n g l e  s tage 1 s t  stage 2nd stage 

HRT ( h r )  25 9 2 2 

SRT (dt~ys) 25 S 2 4 

M ixed- l iquor  v o l a t i l e  16.7 8.2 15 .1  
L ~ ~ - ~ U I I  (y/L) 

M i x e d ~ l i q u o r  biomass 5.2 4.4 1 .2  
(g/L) 

N o n v o l a t i l e m i x e d - l i q u o r  4 .5  1.9 3.7 
s o l  i d s  (g/L) 

These da ta  show t h a t  i n  comparison w i t h  t h e  SRC wastewater t r e a t -  

ment i n v e s t i g a t i o n ,  t h e  H-coal s tudy employed wastewater t rea tment  under 



c o n d i t i o n s  o f  s h o r t e r  h y d r a u l i c  residenc.e t ime  w i t h .  s i g n i f i c a n t l y  

inc reased  concen t ra t i ons  o f  PAC. 

Treatment o f  H-coal wastewater removed BOD t o  l e s s  than  7  mg/L; 

n i t r i f i c a t i o n  was e s s e n t i a l l y  complete f o r  e i t h e r  s i n g l e -  o r  two-stage 

t rea tment .  The r e s u l t s  a l s o  showed t h a t  a  r e s i d u a l  COD o f  186 mg/L and 

TOC o f  43 mg/L remained a f t e r  t rea tment .  These e f f l u e n t  va lues o f  TOC, 

BOD, and COD are  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  f rom those ob ta ined  d u r i n g  

s teady-s ta te  t rea tment  o f  SRC-I wastewater.  

The r e s u l t s  o f  t h e  H-coal s tudy show t h a t  by o p e r a t i n g  a t  h i g h  PAC 

doses, low e f f l u e n t  l e v e l s  o f  ammonia may be achieved. Hence, an 

impo r tan t  conc lus i on  rega rd i ng  comparison between t rea tment  o f  S R C - I  and 

H-coal waters  i s  t h a t ,  i f  n i t r i f i c a t i o n  i s  a  t rea tment  goa l ,  t h e  PAC 

dose may be a  v a r i a b l e  o f f e r i n g  f l e x i b i l i t y  i n  wastewater t r ea tmen t  

process des ign.  T radeo f fs  can be made between HRT and PAC dose t o  

ach ieve va r i ous  l e v e l s  o f  n i t r i f i c a t i o n  e f f i c i e n c y .  C u r r e n t l y ,  t h e r e  i s  

i n s u f f i c i e n t  da ta  from which t o  d e f i n e  an exp l  i c i t  f u n c t i o n a l  r e l a t i o n -  

s h i p  between HRT, PAC dose, and n i t r i f i c a t i o n  e f f i c i e n c y .  However, t h e  

f o l l o w i n g  p r e l i m i n a r y  a n a l y s i s  suggests an approach f o r  assessment o f  a  

r e l a t i o n s h i p  between these parameters,  which can p r o v i d e  a  bas i s  f o r  

des ign  o f  f u t u r e  exper iments and i n t e r p r e t a t i o n  o f  exper imenta l  data.  

The r a t e  o f  n i t r i f i c a t i o n  i n  t h e  second-stage b i o r e a c t o r  can be 

expressed as C/Co = exp[-kNXB]. A p p l i c a t i o n  o f  t h i s  equa t ion  t o  t he  

H-coal r e s u l t s  shows t h a t  excep t i ona l  l y  h i g h  n i t r i f i c a t i o n  r a t e s  occur  

due t o  t h e  h i g h  l e v e l  o f  PAC i n  t h e  b i o r e a c t o r .  By comparison, i n  t he  

S R C - I  s tudy ,  t h e  second-stage b i o r e a c t o r  2B, w i t h  a  h y d r a u l i c  res idence  

t ime  o f  1 day and a  biomass c o n c e n t r a t i o n  o f  2,077 mg/L, ach ieved a  kN 

of  about 0.0009 L/mg-day. Th i s  r a t e  was approx imate ly  o n e - f i f t h  o f  t h a t  

ob ta i ned  w i t h  t h e  H-coal water ,  a t  a  s i m i l a r  HRT and a  biomass concen- 

t r a t i o n  o f  1,200 mg/L. 

However, t h e  d i f f e r e n c e s  i n  t h e  r a t e s  o f  n i t r i f i c a t i o n  t end  t o  

d isappear  i f  t o t a l  m i xed - l i quo r  v o l a t i l e  suspended s o l i d s ,  i . e . ,  

v o l a t i l e  carbon p l u s  biomass, a re  used i n  c a l c u l a t i n g  t h e  es t imated  r a t e  

c o e f f i c i e n t .  For t h e  H-coal s tudy ,  second-stage v o l a t i l e  carbon and 

biomass t o t a l  16,300 mg/L, r e s u l t i n g  i n  a  r a t e  c o e f f i c i e n t  o f  0.0003 

L/mg-day. Th i s  r a t e  i s  s i m i l a r  t o  LhaL observed < n  t he  SHC-'I study f o r  

b i o r e a c t o r s  1B (0.0004 L/mg-day) and 28 (0.0007 L/mg-day), us i ng  t h e  
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same b a s i s  o f  computat ion,  w i t h  MLVSS equa l i ng  t h e  sum o f  biomass p l u s  

powdered carbon concen t ra t i on .  

Th i s  comparison o f  n i t r i f i c a t i o n  r a t e  e f f i c i e n c y  shows somewhat 

s u r p r i s i n g l y  t h a t  t h e  r a t e s  o f  n i t r i f i c a t i o n  f o r  t h e  two s t u d i e s  a re  

more s i m i l a r  i f  t h e  r a t e  i s  expressed i n  terms o f  t o t a l  v o l a t i l e  s o l i d s  

i n  t h e  second-stage r e a c t o r .  O f  course, s i nce  t h i s  r e s u l t  may be 

f o r t u i t o u s ,  we suggest t h a t  f u t u r e  s t u d i e s  be performed t o  v a l i d a t e  t h i s  

observa t ion .  A d d i t i o n a l  s tudy  i s warranted because i t suggests an 

e s p e c i a l l y  conven ien t  method f o r  eng inee r i ng  a n a l y s i s  and des ign  o f  

second-stage PACT n i t r i f i c a t i o n  systems. 

The H-coal s t u d i e s  a l s o  eva lua ted  t h e  e f f e c t  o f  f a i l u r e  o f  t h e  

ammonia s t r i p p e r  and solvent ex t r ' ac t i on  process on performance o f  the 

PACT process. Bernd t  e t  a l .  showed t h a t  a sho r t - t e rm  ( i . e . ,  severa l  

days) decrease i n  PACT performance r e s u l t e d  f rom upset  o f  t h e  p r e t r e a t -  

ment u n i t s ,  b u t  no long- term o o e r a t i n g  problems were encountered. Both 

bench-scale and p i l o t - p l a n t  t e s t i n g  showed t h a t ,  o v e r a l l ,  t h e  two-s tage 

PACT process demonstrated good, c o n s i s t e n t  performance f o r  removal o f  

o rgan ics  and ammonia. I f  c o n s i s t e n t  b i o l o g i c a l  n i t r i f i c a t i o n  o f  a h i g h  

c o n c c n t r ~ t i o n  o f  ammon i~  i s  a t r c a t m c n t  goa l ,  a ~ W Q - s t a g o  PACT systom i s  

a ve r y  v i a b l e  a l t e r n a t i v e .  

Other  Coal L i q u e f a c t i o n  Wastewater Stud ies.  Reap e t  a l .  (1978) and 

Drummond e t  a l .  (1981) bo th  r e p o r t c d  r e s u l t s  o f  s i ng l e - s tage  a c t i v a t e d -  

s ludge t r ea tmen t  o f  coa l  l i q u e f a c t i o n  process wastewater.  P re t rea tment  

i n c l u d e d  s t r i p p i n g  f o r  removal o f  a c i d  gases and ammonia, f o l l o w e d  by 

d i l u t i o n  w i t h  t a p  wate r  t o  approx imate ly  20% s t r eng th .  N e i t h e r  s tudy 

employed s o l v e n t  e x t r a c t i o n  t o  reduce phenol and o t h e r  o rgan ic  con- 

s t i t u e n t s .  

Reap e t  a l .  (1978) s t u d i e d  H-coal water  w i t h  t h e  f o l l o w i n g  i n f l u e n t  

c h a r a c t e r i s t i c s :  COD, 3,070 t o  4,180 mg/L; BOD, 1,890 t o  2,600 mg/L; 

and NH3-N, 68 t o  140 mg/L. Food-to-microorganism (F/M) r a t i o s ,  on a BOD 

b a s i s ,  were i n  t h e  range 0.06 t o  0.22 day-', and e f f l u e n t  c h a r a c t e r i s -  

t i c s  were: COD, 310 t o  380 mg/L; BOD, 24 t o  36 mq/L; and NH3-N, 40 t o  

140 mg/L. I n  t h e  c u r r e n t  i n v e s t i g a t i o n  w i t h  S R C - I  wa te r ,  b i o r e a c t o r s  1 A  

and 2A were opera ted  a t  F/M r a t i o s  o f  0.22 and 0.16 day-'. Under 

s t eady -s ta te  c o n d i t i o n s ,  these b i o r e a c t o r s  were a b l e  t o  ach ieve lower  

e f f l u e n t  BOD and ammonia va lues than  reporteed by Reap e t  a l .  
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Drummond e t  a l .  (1981) conducted t e s t s  on F t .  Lewis SRC-I waste- 

wa te r  t h a t  had been processed f o r  t a r  a c i d  removal and d i l u t e d  t o  10-35% 

s t r eng th .  Nominal wastewater c h a r a c t e r i s t i c s  f o r  20% str .ength i n f  1  uent  

were 1,400 mg/L TOC and 4,500 mg/L COD. When t h i s  water  was t r e a t e d  a t  

an SRT o f  22 days and an HRT o f  3.7 days, t h e  e f f l u e n t  c h a r a c t e r i s t i c s  

were: BOD, 5  mg/L; TOC, 90 mg/L; and COD, 250 mg/L. 

The s tud ies  o f  Reap e t  a l .  (1978) and Drummond e t  a l .  (1981) show 

t h a t  coa l  1  i q u e f a c t i o n  wa te r  can be t r e a t e d  s u c c e s s f u l l y ,  w i t h o u t  pre-  

t rea tment  by  s o l v e n t  e x t r a c t i o n ,  i f  s u f f i c i e n t l y  d i l u t e d  and i f  b i o -  

l o g i c a l  r e a c t o r  i nf ' l  uent  c h a r a c t e r i s t i c s  a r e  h e l d  constant. .  N e i t h e r  

s tudy repo r t ed  r e s u l t s  on n i t r i f i c a t i o n .  The e f f l u e n t  c h a r a c t e r i s t i c s  

r epo r t ed  by Drummond e t  a l .  a re  s i m i l a r  t o ' t h o s e  ob ta i ned  i n  t h i s  s tudy  

w i t h  t rea tment  o f  s o l v e n t - e x t r a c t e d  wastewater a t  h y d r a u l i c  r e t e n t i o n  

t imes o f  1 o r  2 days. Drummond e t  a l .  concluded t h a t  i n  o r d e r  t o  

ach ieve s t a b l e  b i o l o g i c a l  t rea tment ,  e i t h e r  d i l u t i o n  o r  p re t r ea tmen t  t o  

remove most o f  t h e  o rgan i c  contaminants would be requ i r ed .  They a l s o  

concluded t h a t  about 12-13% wastewater TOC and COD i s  n o t  b iodegradable  

i n  ac t i va ted -s l udge  t rea tment .  Both o f  these conc lus ions  a re  g e n e r a l l y  

c o n s i s t e n t  w i t h  r e s u l t s  o f  t h e  c u r r e n t  i n v e s t i g a t i o n .  

Treatment o f  Coal G a s i f i c a t i o n  and Coal Coking Wastewaters. Luthy 

e t  a l .  (1983) eva lua ted  b i o l o g i c a l  t rea tment  o f  s o l v e n t - e x t r a c t e d  

ammonia-str ipped coa l  g a s i f i c a t i o n  wastewater.  The s tudy compared con- 

ven t i ona l  a c t i v a t e d  sludge and PACT. Raw wastewater,  a f t e r  s o l v e n t  

e x t r a c t i o n  and ammonia s t r i p p i n g ,  w i t h o u t  d i l u t i o n ,  had 1,380 mg/L TOC 

and 2,300 mg/L COD. These va lues a re  approx imate ly  o n e - t h i r d  t o  one- 

h a l f  those observed i n  t h e  c u r r e n t  s tudy  w i t h  S R C - I  wa te r ,  p robab l y  

because t h e  o rgan ic  con ten t  o f  t h e  coa l  g a s i f i c a t i o n  wastewater c o n s i s t s  

o f  a  l a r g e r  f r a c t i o n  o f  pheno l i c  m a t e r i a l .  The i n f l u e n t  t o  t h e  b i o -  

r e a c t o r s  employed by Luthy e t  a l .  (1983) was n o t  d i l u t e d ;  consequent ly ,  

t h e  i n f l u e n t  TOC was approx imate ly  t w i c e  as g r e a t  and t h e  i n f l u e n t  COD 

approx imate ly  one and one-ha l f  t imes as g r e a t  as t h a t  employed i n  t h e  

c u r r e n t  s tudy.  

Luthy e t  a l .  (1983) operated t h e  b i o r e a c t o r s  under extended aera- 

t i o n  c o n d i t i o n s ,  w t i h  SRT va lues o f  20 and 30 days and corresponding low 

BOD and COD removal r a t e s .  The b i o r e a c t o r  operated a t  (F/M)COD = 0 .15  



day-', w h i l e  t h e  PACT system operated a t  (F/M)COD 
- 1 = 0.23 day , 

expressed i n  terms o f  biomass c o r r e c t e d  f o r  t h e  presence o f  PAC. The 

COD 

and 

0.27 

l oad ings  f o r  b i o r e a c t o r s  1 A  and 2A i n  t h e  c u r r e n t  s tudy  were 0.28 

0.25 day-', r e s p e c t i v e l y ,  w h i l e  b i o r e a c t o r  3  operated a t  (F/M)COD = 

day-', expressed i n  terms o f  biomass c o r r e c t e d  f o r  t h e  presence of  

PAC. Thus, i n  comparison w i t h  Luthy e t  a l . ,  t he  c u r r e n t  s tudy employed 

a  somewhat h i g h e r  load ing .  

A l though t h e r e  a r e  some d i f f e r e n c e s  between feed composi t ion and 

l o a d i n g  t o  t h e  b i o r e a c t o r s ,  t h e  r e s u l t s  o f  Luthy e t  a l .  a re  comparable 

t o  those o f  t h e  p resen t  s tudy .  Both i n v e s t i g a t i o n s  found t h a t  e i t h e r  

non-PAC a c t i v a t e d  s ludge o r  PACT c o u l d  s u c c e s s f u l l y  remove o rgan ic  

contaminants and produce an e f f l u e n t  w i t h  low BOP. Doth s t u d i e s  a l s o  

showed t h a t  i t  was p o s s i b l e  t o  ach ieve n i t r i f i c a t i o n ,  w i t h  an e f f l u e n t  

ammonia b e i n g  i n  t h e  range o f  20 mg/L. (However, t h e  c u r r e n t  s tudy 

found t h a t  n i t r i f i c a t i o n  was s e n s i t i v e  t o  env i ronmenta l  changes.) Luthy 

e t  a l .  showed t h a t  PACT t rea tment  would produce a  c o l o r l e s s  e f f l u e n t ,  i n  

c o n t r a s t  t o  t h e  performance o f  b i o r e a c t o r  3A i n  t h e  S R C - I  s tudy,  which 

gave an e f f l u e n t  c o l o r  i n  t h e  range o f  1,000 APHA u n i t s .  However, b o t h  

s t u d i e s  showed t h a t  t r ea tmen t  o f  b i o r e a c t o r  e f f l u e n t  by  GAC removed 

c o l o r  e s s e n t i a l l y  comp le te ly .  A lso,  t h e  S R C - I  wastewater s tudy showed 

t h a t  GAC t r ea tmen t  o f  b i o r e a c t o r  e f f l u e n t  c o u l d  remove TOC t o  d e t e c t i o n  

l i m i t s ,  w h i l e  Luthy e t  a l .  showed t h a t  a  r e s i d u a l  o f  appr.uxilnate1.y 

100 mg/L TOC was n o t  r e a d i l y  adsorbable on a c t i v a t e d  carbon. 

I n  summary, t h e r e  i s  g e n e r a l l y  good agreement between t h e  s tudy o f  

b i o l o g i c a l  t r ea tmen t  o f  e x t r a c t e d  and s t r i p p e d  coa l  g a s i f i c a t i o n  waste- 

wa te r  and t h i s  s tudy  w i t h  e x t r a c t e d  and s t r i p p e d  coa l  l i q u e f a c t i o n  

wa te r .  Bo th  i n v e s t i g a t i o n s  show t h a t  s o l v e n t  e x t r a c t i o n  o f f e r s  va r i ous  

advantages. 

Annt.hcr st.udy by 1 ut.hy (1 981) summari 7ed r c s u l  t,s o f  va r i ous  

i n v e s t i g a t i o n s  o f  b i o l o g i c a l  t r ea tmen t  o f  coa l  g a s i f i c a t i o n  wastewaters 

t h a t  have n o t  been p r e t r e a t e d  by s o l v e n t  e x t r a c t i o n  t o  reduce o rgan ics .  

These s t u d i e s  served as background f o r  t h e  i n v e s t i g a t i o n  w i t h  SRC-I 

process wastewater.  The s t u d i e s  by Reap e t  a1 . (1978) and Drummond e t  

a l .  (1981) d iscussed p r e v i o u s l y  i n d i c a t e d  t h a t  h i gh -s t r eng th  wastewater 

r e q u i r e d  d i l u t i o n  p r i o r  t o  t rea tment  and t h a t  b i o l o g i c a l  o x i d a t i o n  

r e s u l t e d  i n  r e l a t i v e l y  low m i c r o b i a l  y i e l d s .  Th i s  was b e l i e v e d  t o  be a  

120 



r e s u l t  o f  i n h i b i t o r y  c o n s t i t u e n t s  i n  t h e  wastewater,  perhaps those 

formed as a  r e s u l t  o f  b i o l o g i c a l  t rea tment .  It was concluded from 

rev iew o f  these i n v e s t i g a t i o n s  w i t h  nondephenolated coa l  g a s i f i c a t i o n  

wastewaters t h a t  under s u i t a b l e  c o n d i t i o n s  b i o l o g i c a l  t r ea tmen t  

adequate ly  removes BOD, COD, pheno l t cs ,  ammonia-nitrogen, and cyanogen- 

n i t r ogen .  

Var ious s t u d i e s  on a c t i v a t e d  sludge t rea tment  o f  coke p l a n t  waste- 

waters have been repor ted .  Barker  e t  a l .  (1973) eva lua ted  b i o l o g i c a l  

removal o f  carbonaceous and n i t rogenous  compounds i n  a  th ree-s tage  

process. It was found t h a t  s u b s t a n t i a l  n i t r i f i c a t i o n  was d i f f i c u l t  t o  

ach ieve;  p a r t  o f  t h e  problem was a t t r i b u t e d  t o  f l u c t u a t i n g  i n f l u e n t  

composi t ion and equipment ma1 f unc t i ons .  Adams (1975') per formed s t u d i e s  

w i t h  an evapo ra t i ve  condensate c o n t a i n i n g  phenol and ammonia, b u t  l i t t l e  

o t h e r  contaminat ion.  S ing le -s tage  n i t r i f i c a t i o n  was f e a s i b l e  i f  

(F/M)COD was approx imate ly  0.2 day-' o r  l e s s .  

Luthy and Jones (1980) r epo r t ed  r e s u l t s  o f  t rea tment  o f  coke p l a n t  

wastewater by a c t i v a t e d  sludge a t  d i f f e r e n t  va lues o f  HRT and SRT. The 

da ta  showed a  y i e l d  c o e f f i c i e n t  o f  Y = 0.13 (COD b a s i s ) ,  which was i n  

t h e  range o f  0.10 t o  0.29 r e p o r t e d  f o r  t rea tment  o f  nondephenolated 

g a s i f i c a t i o n  wastewater (Luthy,  1981). For  b o t h  depheno'lated and nonde- 

phenola ted SRC-I wastewaters, t h e  apparent y i e l d  c o e f f i c i e n t  observed by 

t h i s  s tudy  was between 0.10 and 0.19.  The coke p l a n t  s tudy showed t h a t  

n i t r i f i c a t i o n  e f f i c i e n c y  inc reased  t o  85% 'as (F/M)COD decreased from 

0.75 t o  0.16 day-'. A f i r s t - o r d e r  n i t r i f i c a t i o n  r a t e  c o e f f i c i e n t  was 

es t imated  t o  be approx imate ly  ' 0.0001 L/mg pe r  day. Th is  n i t r i f i c a t i o n  

r a t e  c o e f f i c i e n t  i s  lower  than  t h a t  observed i n  second-stage n i  tr i  fi- 

c a t i o n  b i o r e a c t o r s ,  because much o f  t h e  MLVSS i n  a  s i ng l e - s tage  system 

c o n s i s t s  o f  n o n n i t r i f y i n g  microorganisms. Nonetheless,  t h i s  va lue  i s  i n  

t h e  range o f  0.00003-0.0004 L/mg pe r  day which i s  c a l c u l a t e d  f o r  f i r s t -  

stage b io r 'eac to rs  1 A  and 2A w i t h  SRC-I wastewater.  The bas i s  o f  com- 

p a r i s o n  f o r  these systems i nc l udes  i n f l u e n t  SCN-N as we1 1  as NH3-N, 

s ince  b i o l o g i c a l  degrada t ion  o f  SCN- re1  eases NH 3 '  
Bhattachsyya and Midd le ton  (1981) performed t e s t s .  t o  eva lua te  

s i ng le - s tage  n i t r i f i c a t i o n  o f  coke p l a n t  wastewater a t  ve ry  l o n g  SRTs 

(1UU-200 days). A s l u g  dose o f  1,500 mg/L PAC was added t o  t he  mixed 



l i q u o r  i n  o r d e r  t o  p r o v i d e  good s e t t l i n g  c h a r a c t e r i s t i c s  t h a t  were 

needed t o  m a i n t a i n  e x c e p t i o n a l l y  h i g h  va lues o f  SRT. They ach ieved 

e s s e n t i a l l y  complete n i t r i f i c a t i o n  w i t h  PAC-corrected l oad ings  o f  
- 1 

(F/M)COD = 135 day-' and ( F / M ) N H 3 - ~ ,  SCN-N = 0.015 day . An observed 

y i e l d  c o e f f i c i e n t  (COD bas i s )  was 0 .4  and decay c o e f f i c i e n t  was 0.80 
- 1 day . The c u r r e n t  s tudy w i t h  S R C - I  wastewater showed t h a t  some n i t r i -  

f i c a t i o n  occu r red  i n  t h e  f i r s t  stage; however, ve r y  low l e v e l s  o f  

e f f l u e n t  ammonia were n o t  ob ta i ned  by t he  s i ng le - s tage  c o n f i g u r a t i o n .  

T h i s  i s  due t o  t h e  h i ghe r  COD l o a d i n g  (0.29 and 0.26 day-' f o r  b i o -  

r e a c t o r s  1 A  and 2 A ,  r e s p e c t i v e l y )  and h i ghe r  NH3-N, SCN-N l o a d l n g  (0.048 

day-' f o r  b o t h  r e a c t o r s  1 A  and 2A) f o r  t h e  SRC-I s tudy  compared t o  t h e  

s tudy  o f  Bhat tachsyya and Midd le ton .  

Adams and ~ c k e n f e l d e r  (1977) r e p o r t  second-stage n i t r i f i c a t i o n  r a t e  

cons tan ts  f o r  p u l p  and paper wastewater (0.0005 L/mg pe r  day),  r e f i n e r y  

wastewater (0.00043 L/mg pe r  day), and pheno l i c  waste (0.0009 L/mg per  

day). These va lues a re  s i m i l a r  t o  va lues o f  0.0005 and 0.0009 observed 

f o r  b i o r e a c t o r s  1B and 28, r e s p e c t i v e l y ,  where t h e  c a l c u l a t i o n  d i d  n o t  

i n c l u d e  t h e  m ixed - l i quo r  PAC concen t ra t i on  o f  500 mg/L. 

Ganczarazyk ' 9  conducted s tud ies  t o  eva lua te  securid-st;age 

n i  tri f i c a t i  on o f  coke p l a n t  wastewater.  Labora to ry  and p i  1  o t  p l a n t  

s t ud ies  showed t h a t  good ammonia removals c o u l d  be achieved w i t h  

(F/MjNH3-N - < 0.02 mg o f  NH3-Nimg o f  MLSS perB clay dr~d 1o1,1g SRT values. 

Comparison w i t h  r e s u l t s  o f  two-stage t rea tment  o f  dephenolated SRC-I 

wa te r  con f i rms  t h i s  obse rva t i on  t o  a  c e r t a i n  e x t e n t .  B i o r e a c t o r  1B 

produced an e f f l u e n t  ammonia c o n c e n t r a t i o n  o f  6 mg/L a t  one (F/M)NH3,N - - 

0.0009 mg o f  NHj-N/mg o f  MLVSS p e r  day. L ikew ise ,  when b i o r e a c t o r  2B 

was operated a t  a  2-day HRT, e f f l u e n t  was 6 mg/L a t  an (F/M)NH3-N - - 

0.014 mg o f  NH3-N/mg o f  MLVSS pe r  day. However, when b i o r e a c t o r  28 was 

operated a t  a  l - d a y  HKr, e f f l u e n t  ammonia was 29 mg/L a t  an (F/M)NH3-N -- - 

0.08 rng o f  NH3-N/mg o f  MLVSS p e r  day. A l though t h e  da ta  a re  l i m i t e d ,  

t h e r e  i s  i n d i c a t i o n  t h a t  second-stage n i t r i f i c a t i o n  o f  dephenolated 

S R C - I  wa te r  w i l l  produce low e f f l u e n t  ammonia a t  l oad ings  l e s s  than  

approx imate ly  0.02 day-' (PAC-corrected MLSS b a s i s )  o r  approx imate ly  

0.015 day-' (PAC-corrected MLVSS bas i s ) .  I f  n i t r i f i c a t i o n  i s  a  t r e a t -  



ment goa l ,  c o n s i s t e n t  performance r e q u i r e s  t h a t  i n f l u e n t  t o  t h e  b i o -  

r eac to r s .  be. steady. As d iscussed p r e v i o u s l y ,  PAC a d d i t i o n  i s  one 

technique which may be invoked t o  h e l p  manage t h e  problem o f  f l u c t u a t i n g  

feed c h a r a c t e r i s t i c s  adverse ly  impac t ing  n i t r i f i c a t i o n  performance. 

TERTIARY TREATMENT 

T e r t i a r y  t rea tment  c o n s i s t e d  o f  f o u r  u n i t  processes: (1) coagul a- 

t i o n  and c l a r i f i c a t i o n ,  i n c l u d i n g  pos t -b ioox ida t . ion  t a r  a c i d  removal ;  

(2)  dual media f i l t r a t i o n ;  (3)  a c t i v a t e d  carbon adso rp t i on ;  and (4) 

ozonat ion.  Pos t -b i oox ida t i on  t a r  a c i d  removal was eva lua ted  b r i e f l y  t o  

see i f  t h e  need ex i s t ed .  The t e r t i a r y  t r ea tmen t  exper iment focused 

ma in ly  on dephenolated wastewaters,  because t h e  t e r t i a r y  t rea tment  f o r  

nondephenolated wastewaters had been s t u d i e d  p r e v i o u s l y  ( I C R C ,  1983a; 

Watt  e t  a l . ,  1984). Wherever app rop r i a t e ,  r e s u l t s  f rom o the r  s t u d i e s  

f o r  t h e  nondephenolated wastewater a re  re fe renced  and compared w i t h  t h e  

r e s u l t s  o f  t h i s  study. 

Tar Ac id  Removal 

J a r  t e s t s  were performed on t h e  e f f l u e n t  f rom U n i t  1 B  (DP/NPAC 

system) t o  determine i f  t a r  a c i d  removal by a c i d i f i c a t i o n  w i t h  s u l f u r i c  

a c i d  was a p p l i c a b l e  f o r  t h e  dephenolated systems. The f o l l o w i n g  r e s u l t s  

were obta ined:  

Supernatant  
TSS (mg/L) TOC (mg/L) 

7 .9  (as i s )  250 53 

5 .8  260 5  5  

4.5 249 4  6 

3.8 241 5 2 

3 . 1  251 53 

2.5 248 4  7 

The da ta  show t h a t  suspended s o l i d s ,  which a re  t he  i n d i c a t o r  nf t a r  a c i d  

p r e c i p i t a t e s ,  d i d  n o t  inc rease  . s i g n i f i c a n t l y ,  no r  d i d  TOC reduc t i on .  



The e f f l u e n t s  f rom b i o r e a c t o r s  28 and 3 were a l s o  checked by f i l t e r i n g  

them t o  remove v i s i b l e  susperided s o l  ids,  d ~ ~ d  the17 l owe r i ng  t he  pH t o  

2.5; no v i s i b l e  p r e c i p i t a t e  formed. Thus, t a r  a c i d  p r e c i p i t a t i o n  was 

e l i m i n a t e d  as a  u n i t  process. 

The f a c t  t h a t  depheno l i za t i on  o f  t h e  feed t o  t h e  b i o r e a c t o r s  

e l i m i n a t e d  t he  need f o r  p o s t - b i o o x i d a t i o n  t a r  a c i d  p r e c i p i t a t i o n  i s  

s i g n i f i c a n t .  Wi thou t  depheno l i za t ion ,  t a r  a c i d  removal would be 

r e q u i r e d  b o t h  be fo re  and a f t e r  b i o o x i d a t i o n .  The da ta  f o r  t he  non- 

dephenolated wastewater. ub ta ined  from the  o t h e r  s tudy (Wat.t. e t  a l . ,  

1984) a re  re fe renced  here f o r  comparison: 

C l e a r l y ,  a c i d i f i c a t i o n  n o t  o n l y  p r e c i p i t a t e d  more " t a r  ac ids , "  b u t  

i t a l s o  removed about h a l f  of  t he  TOC i n  t h e  b i o r e a c t o r  e f f l u e n t .  

Coagu la t ion  -- 

Ja r  t e s t s  were a l s o  performed t o  measure cuayu la t ion ,  Chemicals 

were se lec ted  based on t e s t  work t h a t  had beeri performed on nonde- 

phenolated b i o r e a c t o r  e f f l u e n t  ( I C R C ,  1983a). F e r r i c  c h l o r i d e ,  f e r r i c  

su l t a t e ,  a1 um, arid 1  in10 were cva l  tr,lt.cd. " A b b r a v i a t ~ d "  < i  1  t dens i ty  

index  ( S D I )  t e s t s  were performed t o  eva lua te  t he  supernatant  c l a r i t y  and 

t h e  s u i t a b i l i t y  f o r  feed ing  t o  reverse  osmosis when t he  p l a n t  e f f l u e n t  

i s  t o  h e  recyc led .  These "m in i "  t e s t s  cons i s ted  o f  pass ing  25 mL of 

supernatant  th rough  a  0.45-mm f i l t e r  under 28 i n .  o f  vacuum, and t i m i n g  

t h e  r a t e  a t  which t h e  water  passed through. Fas te r  r a t e s  i n d i c a t e d  t h a t  

fewer c o l l o i d a l  m a t e r i a l s  were present .  O f  va r ious  polymers t h a t  were 



eva lua ted ,  o n l y  Magn i f loc  835-A s i g n i f i c a n t l y  improved t h e  f l o c  s i z e  and 

s e t t l e a b i l i t y  r a t e .  Th i s  polymer was used f o r  t h e  SO1 t e s t  a t  a  r a t e  o f  

0.5 mg/L i n  a l l  cases. 

Resu l t s  o f  t h e  coagu la t i on  t e s t s  f o r  t h e  nondephenolated b i o r e a c t o r  

e f f l u e n t  a re  as f o l l o w s :  

Chemical s  Dosage (mg/L) F i l t r a t i o n  t ime  (sec)  

A12(S04)3.18H20 

(a1 urn) 

Both dephenolated e f f l u e n t s  were a l s o  t e s t e d ;  no s i g n i f i c a n t  d i f -  

ferences i n  coagu la t i on  were observed. Based on t h e  t e s t i n g ,  f e r r i c  

c h l o r i d e  (FeC13.6H20) a t  a  dosage o f  800 mg p e r  L o f  e f f l u e n t  was found 

t o  be e f f e c t i v e  f n r  bo th  dcphenolatecl and nondephenolated wastewaters 

(Watt  e t  a l .  , 1984). F e r r i c  c h l o r i d e  was s e l e c t e d  r a t h e r  than  f e r r i c  

s u l f a t e  because l a r g e  q u a n t i t i e s  o f  s u l f a t e  were a l r eady  p resen t  i n  t h e  

wastewater,  which cou ld  i n t e r a c t  w i t h  ca lc ium,  which was a l s o  abundant, 

t o  form sca le .  

A l l  t he  l a r g e  batches o f  dephenolated wate r  f o r  t h e  t o x i c o l o g y  

t e s t s  were t r e a t e d  w i t h  800 mg o f  a  10% FeC13-GH20 s o l u t i o n  pe r  l i t e r  o f  

wastewater and then  n e u t r a l i z e d  w i t h  10% Ca(OH)2 s o l u t i o n s .  A lso  added 

was 0.5 mg o f  Magn i f loc  835-A pe r  l i t e r .  The s o l i d s  formed were a l lowed 

t o  s e t t l e  under qu iescen t  c o n d i t i o n s ,  and t h e  superna tan t  was decanted. 

The f o l l o w i n g  b i o r e a c t o r  e f f l u e n t  batches were coagula ted t o  

generate  t h e  t o x i c o l o g y  samples: 



System no. & d e s c r i p t i o n  B i o r e a c t o r  Volume t r e a t e d  (L, 

1: DP/NPAC 16 03.5 

2: DP/NPAC 28 134 

2: DP/NPAC 2 B 7.6 

3: DP/PAC 3  65 

3: DP/PAC 3  103 

An 83.5-L ba t ch  o f  b i o r e a c t o r  1B e f f l u e n t  (DP/NPAC) was processed f o r  

t h e  t o x i c o l o g y  s tudy;  670 mL o f  10% FeC13.6H20 was added. A d d i t i o n  o f  

f e r r i c  c h l o r i d e  lowered t h e  pH f rom 6.9 t o  3.3. The pH was then  r a i s e d  

t o  7 .2  w i t h  210 mL o f  10% Ca(OH)2; 42 mL o f  a  0 . X  s o l u t i o n  o f  Magn i f l oc  

835-A was a l s o  added. The s ludge was a l lowed t o  s e t t l e ,  and t h e  super- 

n a t a n t  was pumped o f f .  A 5-gal  sample o f  t h e  superna tan t  was sent  t o  

t h e  subcon t rac to r  f o r  mu tagen i c i t y  t e s t s ,  and a  1 -ga l  sample was sub- 

m i t t e d  f o r  analyses (see summary i n  Table  24).  The rema in ing  super- 

' n a t a n t  was h e l d  f o r  f u t h e r  process ing.  

A second l a r g e  ba t ch  (134 L) o f  b i o r e a c t o r  e f f l u e n t  was processed 

f rom U n i t  28 (DP/NPAC). A 1,075-mL dose of 10% FeC13.6H20 was added t o  

t h e  baLc l~ ,  which lowcrcd  tBhc pH f rom 7 1 tan 3.0, The pH was then  r a i s e d  

t o  6.9 w i t h  400 mL o f  10% Ca(OH)2. Magn i f l oc  835-A was added a t  0.5 

mq/L t o  a i d  f l o c c u l a t i o n .  The s ludge was a l lowed t o  s e t t l e ,  and 

r e s u l  Led i1.1 a g ludgc v o l ~ r m ~  o f  5 1 c n n t a i n i n g  12,800 mg/L 155 and 5,310 

mg/L VSS. The TOC was reduced from 52 t o  35 mg/L d u r i n g  t h e  coagu la t i on  

s tep.  No o t h e r  samples were taken and t h e  remainder o f  t h e  supernatant  

was he ld  f o r  f u r t h e r  process ing.  

A sma l l ,  7.6-L ba t ch  f rom U n i t  28 was a l s o  coagula ted.  The I n i  L id1 

pH was 7.1. A f t e r  60.6 mL o f  10% FeC13*6H20 was added, t h e  pH dropped 

t o  2.7. The pH was then  r a i s e d  t o  7 . 1  w i t h  10% Ca(OH)2. F i gu re  29 

graphs Ltle amount o f  added l i m e  r e q u i r ~ d  i n  t he  c o a g u l a t i o n  s tep .  A 1-L  

s e t t l i n g  t e s t  was conducted on t h i s  ba t ch  coagu la t i on ;  s e t t l i n g  was very  

r a p i d  and t h e  supernatant  suspended s o l i d s  a n a l y s i s  was o n l y  4 mg/L. 

F i g u r e  30 i l l u s t r a t e s  t h e  s e t t l i n g  cu rve  f o r  t h i s  batch.  

Two l a r g e  batches of  System 3  (DP/PAC) b i o r e a c t o r  e f f l u e n t  were 

coagulated. The f i r s t  was a  65-L ba tch ,  t o  which 520 mL o f  10% 

FeCl3-6H20 was added, l owe r i ng  t h e  pH from 7 .2  t o  3.7.  Then 150 mL o f  



Figure 29 

Lime Required for Coagulation 
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Figure 30 

Settling Curve for Unit 28 Coagulation 

TIME, MINUTES 

Initial Solids Conc.:276 mg/ 1 

Supernatant Solids: 4 m g / l  



Figure 3 1  

Lime Required f o r  Coagulation 

(System 3 B i o e f f l u e n t )  
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Figure 32 

Settling Curve for System 3 Coagulation 

10 20 30 40 

TIME, MINUTES 



10% Ca(OH)2 was added, r a i s i n g  t h e  pH t o  6.5. The same polymer,  

Magn i f loc  835-A, was added t o  t h e  wastewater a t  0.5 mg/L. The suspended 

s o l i d s  were a l lowed t o  f l o c c u l a t e  and s e t t l e .  The r e s u l t i n g  s ludge 

volume was 2.2  L  c o n t a i n i n g  14,220 mg/L TSS and 5,430 VSS. The TOC was 

reduced from 6 1  mg/L i n  t h e  b i o l o g i c a l  e f f l u e n t  t o  26 mg/L i n  t h e  coagu- 

1  a t i o n  supernatant .  

The second ba tch  (103 L) was t r e a t e d  w i t h  825 mL o f  10% FeCl3-6H20, 

which lowered t h e  pH from 7.2 t o  3.4. Then, 222 mL o f  10% Ca(OH)* and 

0.5 mg/L o f  835-A polymer were added. The curve  shown i n  F i g u r e  31  

i n d i c a t e s  t h e  amount o f  l ime  r e q u i r e d  , i n  t h e  coagu la t i on  s tep.  A 1-L 

s e t t l i n g  t e s t  on t h i s  ba tch  coagu la t i on  revea led  t h a t  t h e  s e t t l i n g  r a t e  

was ve ry  r a p i d  and t h e  supernatant  suspended s o l i d s  a n a l y s i s  was o n l y  

5  mg/L (see F igu re  32). No samples were taken  a t  t h i s  p o i n t  and bo th  

batches were h e l d  f o r  f u r t h e r  p rocess ing .  

Coagulat ion i s  known- t o  remove o rgan ic  compounds. Samples taken  

f o r  t o x i c 0 1  ogy were analyzed f o r  chemi.ca1 c o n s t i t u e n t s .  The f o l l o w i n g  

t a b l e  shows r e p r e s e n t a t i v e  removals o f  key parameters by coagu la t i on :  

NDP/PAC DP/NPAC 

B i o e f f  A f t e r  coag. B i o e f f  A f t e r  coag. 

COO (mg/L) 810 385 398 14  5  

TOC (mg/L) 210 3  4  8  0  10 

BOD (mg/L) 2  4  2  17 4  

TSS (mg/L) 300 10 18 4 

T u r b i d i t y  (NTU) 120 8 . 8  100 2 .9  

Pheno l i c  (mg/L) 0.026 0.013 0.025 0.004 

Co lo r  (APHA) 3,000 750 1,000 400 

Ammonia Removal f o r  Tox ico logy  Samples .- - 

Because b i o l o g i c a l  ammonia removal and n i t r i f i c a t i o n  were n o t  

c o n s i s t e n t ,  and t h e  expected ammonia concen t ra t i ons  i n  t h e  demonst ra t ion 

p l a n t  e f f l u e n t  w i l l  be much lower ,  s t eam-s t r i pp i ng  should  be e f f e c t i v e  

f o r  ammonia c o n t r o l .  To remove a r t i f a c t s ,  t h e  r e s i d u a l  ammonia i n  t he  

b i o r e a c t o r  e f f l u e n t s  was t r e a t e d  w i t h  c l i n o p t o l i t e .  



F i  1 t r a t i  on 

A l l  t h ree  coagulated wastewaters were then passed through a 4- in . -  
2 diameter sand f i l t e r  a t  a sur face load ing  r a t e  o f  2 gpm/ft . During 

processing o f  t h e  wastewaters, no pressure drop was observed through the 

f i l t e r  because o f  t he  low suspended s o l i d s  l e v e l  a f t e r  coagulat ion.  S ix  

ga l lons  o f  wastewater were sampled from b i o r e a c t o r  1B: 5 ga l lons  were 

used f o r  mutagen ic i ty  t e s t s  and 1 g a l l o n  was submitted f o r  analyses. No 

o the r  samples were c o l l e c t e d  a t  t h i s  p o i n t  from e i t h e r  System 2B o r  3. 

Granular Ac t i va ted  Carbon Adsorpt ion 

Carbon isotherms, based on removal o f  TOC and c o l o r ,  were generated 

f o r  the  e f f ' i uen ts  o f  f l v e  biological systems. Ihe carbon isotherms t o r  

t h e  two nondephenolated systems were a c t u a l l y  generated from another 

study (Watt e t  a l . ,  1984), which evaluated pret reatment  o f  the feed t o  a 

reverse osmosis u n i t .  The r e s u l t s  from t h a t  study are a lso  repor ted 

here t o  f a c i l i t a t e  comparison between dephenolated and nondephenolated 

wastewaters. The r e s u l t s  a re  l i s t e d  i n  Table 22. 

Carbon Adsorpt ion Models. Two models were used t o  evaluate the  

data (Metcal f & Eddy, Inc .  , 1979): 

Freundl i ch :  X/M = kc l / n  

where X/M = u n i t s  o f  contaminant adsorbed/weight o f  carbon a t  equi-  

1  i b r i  um 

C = concent ra t ion  o f  the  contaminant i n  e q u i l i b r i u m  w i t h  

carbon 

d, b ,  k, - enper. i l l le l~Ldl~y d~Ler.lll irled curlstdrlLs 
and t i  

With the  Langmuir model, C/(X/M) i s  p l o t t e d  vs. C ;  w i t h  the  

Freundl ich,  X/M i s  p l o t t e d  vs. C. F reund l ich  isotherms are  more 

genera l l y  used than Langmuir, espec ia l l y  f o r  wastewater treatment.  The 

Langmuir method, which i s  o l d e r ,  i s  more appropr ia te  f o r  pure substrates 



Tab le  22 

Carbon Isotherm Da ta  f o r  TOC and Color  

System no. 1 2 3 4 5 

Carbon dose TOC Co lor  TOC Co lor  TOC Co lor  TOC Co lor  TOC Co lor  

(mg/ L  (my/L) ( u n i t s )  (mg/L) ( u n i t s )  (mg/L) ( u n i t s )  (mg/L) ( u n i t s )  (mg/L) ( u n i t s )  

B lank 

5 0  

a 
After  Watt et a l . ,  1984. 



and very  low contaminant  concen t ra t ions .  L i nea r  r eg ress i on  a n a l y s i s  was 

per formed on a l l  iso therms.  

The r e g r e s s i o n  c o e f f i c i e n t s  f o r  t h e  Langmuir model a re  a lmost  a l l  

h i g h e r  t h a n  those  f o r  t h e  F reund l i ch .  The reason f o r  t h i s  i s  unce r t a i n .  

The r e l a t i v e l y  low contaminant l e v e l s  i n  t h e  e f f l u e n t s  may have r e s u l t e d  

i n  monolayer adso rp t i on ,  which i s  a key assumption o f  t h e  Langmuir 

model. A lso  no te  t h a t  t h e  r eg ress i on  c o e f f i c i e n t s  a re  based on a l i n e a r  

i n t e r p r e t a t i o n  o f  t h e  data,  which i s  n o t  n e c e s s a r i l y  t h e  cu rve  o f  b e s t  

f i t .  Langmuir iso therms a r e  i n c l u d e d  (see F igures  33-37). 

Isotherms a re  p r i m a r i l y  used t o  compare d i f f e r e n t  carbons (which 

was n o t  p a r t  o f  t h i s  s tudy) ,  t o  determine t h e  l owes t  ach ievab le  con- 

taminan t  l e v e l s ,  and t o  measure t h e  maximum t h e o r e t i c a l  carbon load ing .  

As shown on t h e  i so therms,  and a l s o  i n  Table  22, ve r y  low l e v e l s  were 

ach ieved f o r  b o t h  TOC and c o l o r  f o r  a l l  f i v e  systems. The nonde- 

phenola ted e f f l u e n t s  had h i g h e r  contaminant l e v e l s  t o  beg in  w i t h ,  and, 

a t  e q u i v a l e n t  carbon dosages, ma in ta ined  these h i ghe r  concen t ra t i ons  i n  

comparison t o  t h e  dephenolated systems. 

The maximum t h e o r e t i c a l  TOC adso rp t i on  c a p a c i t i e s ,  based on bo th  

F r e u n d l i c h  and Langmuir iso therms,  a re  as f o l l o w s :  

X/M a t  i n t l u e n t  l e v e l  

I n f  1 u c n t  TOC (mg o f  TOG adsor-bcd,/g o f  carbon) 

Wastewater (mq/L) F reund l i ch  Langmui r 



F igu re  33 

Langmui r I so therms- -Co lor  and TOC 

(DP/NPAC Coagu la t ion  E f f l u e n t ,  U n i t  1B) 

!ANC:MUIR ISOTHERM-COLOR 



F i g u r e  34 

Langmuir Iso therms- -Co lor  and TOC 

(DP/NPAC Coagu la t ion  E f f l u e n t ,  U n i t  28) 



F igu re  35 

Langmuir Iso therms- -Co lor  and TOC 

(DP/PAC Coagu la t ion  E f f l u e n t ,  U n i t  3 )  



F igu re  36 

Langmui r Isother-ms--Col o r  and TOC 

(NDP/NPAC c o a g u l a t i o n  E f f  1  uent )  

L41\1(3 \AUIR ISOTHERt\/l -TOC 
FJ OR/Fl P.AC CObG EFF 



F igu re  37 

Langmuir Iso therms- -Co lor  and TOC 

(NDP/PAC Coagu la t ion  E f f l u e n t )  

L-~~..IG ~~.!11.,11 R ISOTHERI\:!) -COLOR 
PIOP/PAC COAG EFF 

LAbJG MCJIR ISOTHERM -TOC 
PJDF/FAC DJ.&G EFF 



Corresponding maximum c o l o r  adso rp t i on  c a p a c i t i e s  are:  

X/M a t  i n f  1  uen t  1  eve1 

I n f  1  uen t  c o l o r  (APHA u n i t s  adsorbed/g o f  carbon) 

Wastewater (APHA u n i t s )  F r e u n d l i c h  Langmu i r 

As t h e  d a t a  show, t h e  maximum adso rp t i on  c a p a c i t i e s  a re  ve r y  

s i m i l a r  f o r  b o t h  models. Because t h e  reg ress i on  c o e f f i c i e n t s  f o r  t he  

Langmuir model were somewhat h igher ,  t h e  Langmuir c a p a c i t i e s  a re  

r e fe renced  i n  t h e  f o l l o w i n g  d iscuss ion .  Note,  however, t h a t  t h e  d iscus-  

s i o n  i s  v a l i d  f o r  e i t h e r  s e t  o f  iso therms.  

The maximum TOC c a p a c i t i e s ,  as shown by  t h e  Langmuir iso therms,  a re  

h i g h e r  f o r  t h e  non-PAC systcms than  those f o r  t h e  PAC. T h i s  i s  true f a r  

b o t h  t h e  dephenolated and nondephe~o la ted  feeds. 

Th is  suggests t h a t  t h e  r e s i d u a l  TOC i n  t h e  e f f l u e n t  f rom t h e  PAC 

b i o r e a c t o r s  comprised l e s s  adsorbable  o rgan i c  spec ies than  t h a t  f rom t h e  

non-PAC r e a c t o r s .  One exp lana t i on  f o r  t h i s  i s  t h a t  t h e  r e a d i l y  ad'sorb- 

a b l e  o rgan ics  had been p r e f e r e n t i a l l y  adsorbed by  t h e  PAC. Gene ra l l y ,  

t h e  h i ghe r  mo lecu la r  we igh t  compounds a re  1iior.e e a s i l y  adsorbed by 

carbon, b u t  a re  more d i f f i c u l t  t o  remove by b i o l o g i c a l  o x i d a t i o n .  I t  i s  

hypothes ized t h a t  System 1, w i t h  a  2-day d e t e n t i o n  t ime  pe r  r e a c t o r  

(double  t h a t  o f  System 2) ,  was a b l e  t o  p r o v i d e  p a r t i a l  o x i d a t i o n  o f  t h e  

h i g h e r  we igh t  compounds. Th i s  m igh t  have produced an e f f l u e n t  l e s s  

amenable t o  carbon t rea tment ,  r e s u l t i n g  i n  t h e  lower  adso rp t i on  

capac i t y .  

The da ta  f o r  t h e  c o l o r  isotherms a re  somewhat arnhigl~olls. They 

f o l l o w  a  p a t t e r n  s i m i l a r  t o  t h e  TOC isotherms f o r  t h e  nondephenolated 

feeds (2,067 vs. 1,084 APHA u n i t s / g  o f .  carbon f o r  non-PAC vs. PAC). 

However, t h e  c a p a c i t y  f o r  System 1 was h i ghe r ,  n o t  l ower ,  than  t h a t  f o r  



System 2. A lso,  f o r  t he  dephenolated feeds, t h e  c a p a c i t y  o f  t h e  PAC 

e f f l u e n t  was h i ghe r  than t h a t  f o r  b o t h  non-PAC e f f l u e n t s .  The reason 

f o r  these r e l a t i o n s h i p s  i s  n o t  known. However, as Table  2 1  shows, low 

l e v e l s  o f  TOC and c o l o r  co i nc i de .  Th i s  suggests t h a t  TOC be used as t h e  

b a s i s  o f  des ign,  and c o l o r  removal w i l l  a l s o  be achieved. 

Comparisons o f  X/M va lues f o r  t h e  dephenolated and nondephenolated 

wastewaters d i d  n o t  revea l  any p a t t e r n  sugges t ing  t h a t  t h e  two types o f  

wastewater a re  d i f f e r e n t .  The e f f e c t  o f  depheno l i za t i on  on g r a n u l a r  

a c t i v a t e d  carbon adso rp t i on  appears t o  be g r e a t e r  f o r  r e s i d u a l  TOC i n  

t h e  i n f l u e n t ,  o r  l o a d i n g  t o  t h e  carbon columns, r a t h e r  than  t h e  adsorp- 

t i o n  c a p a c i t y  i t s e l  f .  

As d iscussed i n  Watt e t  a l .  (1984), carbon breakthrough t e s t s  were 

conducted on a nondephenolated PAC e f f l u e n t .  (The q u a n t i t y  o f  dephe- 

no1 a ted  e f f l u e n t  was i n s u f f i c i e n t  t o  ach ieve breakthrough.  ) The 

isotherms i n d i c a t e  t h a t  t h e  carbon l oad ing  f o r  t h e  des ign  (DP/NPAC) 

system can be approximated'  f rom t h e  breakthrough run.  D,uri ng t h a t  t e s t ,  

t h e  i n f l u e n t  TOC was 44 mg/L. I f  t h i s  same c o n c e n t r a t i o n  i s  used i n  t h e  

i so therm equat ions t o  c a l c u l a t e  X/M, t h e  r e s u l t s  a re  80 and 66 mg o f  TOC 

adsorbed/g o f  carbon f o r  t h e  DP/NPAC and NDP/PAC systems, r e s p e c t i v e l y .  

These c a p a c i t i e s  a re  r e l a t i v e l y  c l ose ,  and show t h a t  con t inuous  c o l  umn 

t e s t i n g  can be a p p l i e d  t o  t h e  des ign  c o n d i t i o n .  

Ozonat i  on 

I n  a d d i t i o n  t o  d i s i n f e c t i o n ,  t h e  o r i g i n a l  goal  o f  ozona t ion  was t o  

remove r e s i d u a l  contaminants such as COD, TOC, pheno l i c s ,  c o l o r ,  and 

cyanides. Because b i o o x i d a t i o n ,  coagu la t i on ,  and a c t i v a t e d  carbon 

adso rp t i on  were ve ry  e f f e c t i v e  i n  removing most o f  t h e  contaminants,  t he  

feed t o  ozona t ion  (i. e. , t h e  carbon a d s o r p t i o n  e f f l u e n t )  con ta ined  

nonde tec tab le  amounts o f  most o f  t h e  contaminants.  The o n l y  contaminant  

app rec i ab l y  a f f e c t e d  by  ozona t ion  was COD. 

Screening t e s t s  t o  determine ozone dosage and c o n t a c t  t imes  were 

f i r s t  performed on NDP/PAC samples t h a t  had undergone t e r t i a r y  t rea tment  

th rough  carbon adsorp t ion .  As ment ioned above, p o l l u t a n t  concen t ra t i ons  

a t  t h i s  p o i n t  were ve ry  1  ow, o f t e n  nondetectab l  e. There fo re ,  e f f l  uen t  

from coagu la t i on ,  which had n o t  y e t  been carbon- t rea ted ,  was p r i n c i p a l l y  

used i n  sc reen ing  work. The c h a r a c t e r i s t i c s  o f  t h i s  sample, i n  terms of 
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t h e  p o l l u t a n t s  o f  i n t e r e s t  i n  ozona t ion ,  were: 38 mg/L TOC, 245 mg/L 

COD, and 700 APllA c o l o r  uir i  t s .  

The f i r s t  s e r i e s  o f  sc reen ing  runs  o.n e f f l u e n t  f rom coagu la t i on  was 

made a t  a  c o n s t a n t  ozone c o n c e n t r a t i o n  i n  t h e  feed  gas (2.01-2.47% O3 i n  

02),  w i t h  t h r e e  d i f f e r e n t  gas- f low ra tes - -0 .5 ,  0.79, and 1.07 L/min, pe r  

l i t e r  o f  ozona t i on  r e a c t o r .  The r e a c t i o n  was mon i to red  f o r  about 40 

min. 

Co lo r  removal was complete. under a l l  c o n d i t i o n s ,  b u t  s h o r t e r  con- 

t a c t  t imes were r e q u i r e d  a t  h i ghe r  gas f lows .  COD a l s o  was removed a t  

f a s t e r  r a t e s  w i t h  h i g h e r  gas f l ows ,  b u t  l e v e l e d  o f f  a t  about 40% 

removal. The r e l a t i o n s h i p  o f  f l o w  r a t e  t o  TOC. removal was n o t  as con- 

c l u s i v e .  TOC was reduced by  about 60%. 

A second s e r i e s  o f  t e s t s  was conducted w i t h  d i f f e r e n t  ozone concen- 

t r a t i o n s  (1.64 and 4.19% 03) a t  a  'constant  f l o w  r a t e  o f  about 0.8 L/ 

min-L. T h i s  r a t e  had demonstrated good removal e f f i c i e n c y  i n  t h e  f i r s t  

s e t  o f  r uns .  Co lo r  was comp le te l y ' r emoved  i n  a l l  runs i n  l e s s  than  

10 min,  and COD was reduced by about 40% a t  a l l  concen t ra t i ons .  

However, TOC removal was n o t  as c o n s i s t e n t  as i n  t h e  f i r s t  s e t  o f  runs ;  

removal was poor  a t  t h e ' l o w  ozone concen t ra t i ons .  

A d e t a i l e d  d e s c r i p t i o n  o f  t h e  sc reen ing  runs,  ozong mass balances , 
and u t i l i z a t i o n  i s  found i n  t.he r e p o r t  on t h e  ~ e v e r s e  Osmosis Feed 

Pre t rea tment  and F l a t  C e l l  Tes t  (Watt  e t  al: ,  19841, 
' 

Based on t h e  sc reen ing  and development work, an ozone dosage o f  

about  280 mg/min was a p p l i e d  t o  e f f l u e n t s  f o r  t o x i c o l o g y  samples. These 

samples were ozonated i n  s i t u  ( i n .  55-ga'l drums) f o r  4 h r .  P o l l u t a n t .  

concen t ra t i ons  i n  t h e  i n f l u e n t  t o  ozona t jon  ( e f f l u e n t  f rom a c t i v a t e d  

carbon adso rp t i on )  were g e n e r a l l y  below d e t e c t a b l e  l i m i t s .  COD . i n f l u e . n t '  

was a t  h i g h e r  c o n c e n t r a t i  ons , and ozona t i  on d i  d  a  measurabl e 

r educ t i on .  Table 23 shows t h e  r e s u l t s  o f . o z o n a t i o n ,  

Ozonat ion.  was e f f e c t i v e  f o r  COD r e d u c t i b n  and t h e  r e d u c t i o n  was 

more s i g n i f i c a n t  f o r  nondephenolated wastewater than  dephenolated 

wastewater,  which had a  low COD c o n c e n t r a t i o n  t o .  begi'n w i t h  b e f o r e  

ozonat ion.  The degree o f  s i g n i f i c a n c e  depends on t h e  e f f l u e n t  .l i m i  t s  

f o r  COD. The a n t i c i p a t e d  average COD e f f l u e n t  1 . im i t  f o r  S R C - I  waste- 



Table  23 

Resu l t s  o f  Ozonat ion 

(mg/L Unless S t a t e d  Otherwise)  

DP/NPAC DP/PAC NDPINPAC~ 
. . N'DPIPAC~ 

Treatment B A B A B A B A 

Sample no.' (7500) (7501) (7503) (7504) (7494) (9319) (7490) (7491) 
i 

COD 7 4 46 . ,115 4 7 424 114 . 274 143 

TO c N D ~  .. ND ND ND ND 12 ND ND 

C o l o r  (APHA u n i t s )  ND 10 ND 'ND N D ND 25 ' . ND 

Cyanide N D N D ND N D N D ND . ND ' ND 

Th i  ocyanate N D N D ND . . ND N D. - 0 .3  ND 

N i t r i t e  1 4  ND. 82 ND 0.59 - 0.43 0.33 

N i t r a t e  1 2 1  7 2 28' 8 1 1 0 1  12 3 67 54 

Pheno l i cs  (pg/L) 7 5 10 13 '  .ND ND 4 - 
Sul f i de (pg/L) 10 4 .  6 ND ' ND. ' - 6 4 

a  
From Watt e t  a l .  (1984) .  

b~~ = nonde. tec table .  
C 

See F i g u r e s  7 A  and 7 B ' f o r  t h e  sampl ing p o i n t s :  
d ~ ,  b e f o r e  o r o n a t i o n ;  A ,  a f t e r  ozonat icr i .  ' 



wate r  based on t h e  Development Document (EPA, 1979) f o r  Petroleum 

R e f i n i n g  P o i n t  Source Catcgory  E f f  1  u c n t  L i m i t a t i o n s  (FR. 47(201), 

October  18, 1982) i s  180 mg/L. I f  t h e  same 1  i m i t  were t o  app.ly t o  t h e  

SRC-I Demonst ra t ion P lan t ,  ozona t ion  would be r e q u i r e d  f0.r nondephen- 

01 a t e d  wastewater.  

COMPREHENSIVE EFFLUENT QUALITY ANALYSES 

Comprehensive chemical  a n a l y s ~ s  w p r p  r n n r l ~ r r t . ~ r i  nn t h e  f i n a l  

e f f l u e n t  (i. e. , ozonated e f f l u e n t )  and on e f f l u e n t s  taken  f rom i n t e r -  

mediate  t r ea tmen t  s teps from each o f  t h e  f i v e  t r ea tmen t  systems. 

F i gu res  7A and 7R i d ~ n t . i f y  a11 t.hese sampl ing p o i n t s .  The analyses 

i nc l uded  n o t  o n l y  g l o b a l  parameters,  such as COD and TOC, b u t  a l s o  t r a c e  

i n o r g a n i c  and o rgan i c  spec ies,  i n c l u d i n g  EPA p r i o r i t y  p o l  l u t a n t s .  

Tables 24 and 25 p resen t  t h e  r e s u l t s  f o r  dephenolated and nondephen- 

o l a t e d  systems, r e s p e c t i v e l y .  

I n  a d d i t i o n ,  t h e  r e s u l t s  o f  gas chromatographic/mass spec t roscop ic  

a n a l y s i s  f o r  o rgan i c  p r i o r i t y  p o l l u t a n t s  a re  p resen ted  sepa ra te l y  i n  

Appendix 5. 

The f u l l y  t r e a t e d  e f f l u e n t s  ( i n c l u d i n g  t e r t i a r y  t rea tment )  produced 

f rom t h e  f i v e  t r ea tmen t  systems were compared w i t h  t h e  es t imated  con- 

taminan t  concen t ra t i ons  pub l i shed  i n  t h e  FEIS (DOE, 1981) and t h e  

a n t i c i p a t e d  e f f l u e n t  l i m i t s  based on proposed o r  f i n a l  EPA r e g u l a t i o n s  

f o r  o t h e r  i n d u s t r i e s  p roduc ing  wastewaters s i m i l a r  t o  S R C - I .  The 

r e s u l t s  a re  l i s t e d  i n  Table  26. 

Table 26 shows t h a t  a l l  P S v e  f u l l y  t r e a t e d  e t t l u e n t s  can meet t h e  

a n t i c i p a t e d  e f f l u e n t  1  i m i  t s ,  except  f o r  ammonia and a rsen ic .  However, 

w i t h  s t eam-s t r i pp i ng  as designed, t h e  ammonia c o n c e n t r a t i o n  should  be 

reduced t o  50 mg/L, which meets t h e  ammonia l i m i t .  The a r s e n i c  l i m i t  

was met excep t  f o r  one sample (No. 7504) f rom t h e  DP/PAC system. Th i s  

m igh t  have been a contaminated sample because samples .upstream i n  t h e  

same system had concen t ra t i ons  below t h e  l i m i t .  

I n  a d d i t i o n  t o  t h e  above excep t ions ,  t h e r e  a re  severa l  b o r d e r l i n e  

cases, a l l  i n v o l v i n g  nondephenolated (NDP) systems. The FEIS va lue  f o r  

bar ium i s  1 mg/L. The observed concen t ra t i ons  i n  t h e  f i n a l  e f f l u e n t  o f  

t h e  NDP/NPAC and NDP/PAC systems were 0.8 and 0.7  mg/L, r e s p e c t i v e l y .  

144 



Table 24 

Analytical Results for Dephenolated (DP) Wastewaters 

7+35 7.136. 7437  7436 74'33 75k'Ia 7 5 8  1 33&3 75d2  7533  7534  3 3 2  1 
NF'FIC I b NF'l>C I b NPhC 1 b NPclC db NPI~C Lib NPI~C LEI NPf4C 2E) DP/F'FIC DP/PRC DP/PCIC DP/PRC 

ASWS EFF b 1 0  EFF CCiFIG EFF OZONE 6 1 0  EFF CQRBON OZONE OZONE LilO El-F CFIRbON OZONE OZONE 
FIl k-pH4.3GCaC03 376B 6 7  4 8 125  8 7 131  143  384  186  1 7 3  
EOD5 I~IQ/ 1 IS:@ 17  4 ND(1) 4 6  ND(1)  ND(E) 3 5  I ND(E) 
COD 1,1g/1 2 8 8 8  3 3 8  1 4 5  6 1  2 3 3  7 4  4 6  22 2 8 2  115  4 7  .== L J 

'IOCIBI~/I  . " ' 6 9 8  8 8  1 8  ND(1) 5 2  ND(1) ND(1) ND(1) 6 1  ND(1)  ND(1)  ND(1)  
T IC  181q/l 178  6 8  1 5  . 1 3  3 8  1 3  I E 9 3  2 7  2 2  
TUS t11!1/ 1 6 9 8 8  4338  5 4 6 8  5 2 6 8  4 7 4 d  4978  4978  27816 4738  4658  4728  2 4 5 8  
TSS s i g / l  14  1 8  4 1 2 145 1 8  E 2 a  2 2 8  8 2 14 
PH 12.3 ' 6 .3  7 .2  8 .3  7 .1  8 . 2  7.6 7.7 8.2 7 .6  
C.:~nduct i v i  t y  IJIII~.T.S . 14708 EC d d 6 d  7438  7178  6 3 4 8  7338  7298  6 7 1 7  6 7 5 9  
c i . 1 ~ 1 '  Pt -Co unrts 4@@8 181BrZ1 ' 4 d 8  1 8 15816 ND(5) 1 8 .  N D ~  1888 NDt5 )  NDt5 )  ND(5)  
T ~ ~ t ' b i d i  ty -NTU 23 l a d .  2.9 ..85 4 5 . 2 5  1.7 . 8 5  . 2 5  . 7 5  
C n l o l - i d e  1~1g/1 51218 2 9 a  6 9 8  6 6 8  3 6 8  6516 5 8 8  318  388  6 1 5  6 5 0  3 2 8  
C y a r ~ i d c  rtlg/ 1 . a4 1 . 143  . 134  ND(.884) .688  ND ( . 88S) ND ( - 8 8 4  ND ( . 884  8 - 9 5 7  ND(.884) NDC.884) ND(.8@4) 
Th ic -cyana te  r i g / 1  31.8  1. 8 - 6  NDt.2) 2.8 NDI .2)  NDt.2) .ND(.E) 2 NDt.2) ND(.2) ND(.Z) 
F l~ r .u r - i de  thg/ l  l .z2 . 5 6  . - 8 1  - 3 3  .41  . 4 1  . 3 7  .37  . 4 3  . 3 5  

. FII~II~I.:.~, i a-N elg / l 9% 2 1 2 1 LJ NDI.3) ND(.3) ND(1) 5 2  NDt.3) ND(.3) ND(1)  .- &- 

01.ganic-N e lg / l  . 6 4 1 8 1 2 3 3 2 ND(1)  2 1  NDt.3) NDt.3) ND(1)  
N l t t ' i t e - N  w g / l  . 6  4.25 5 0 . 3  19.8 1 5  14  NDI.25) 183  81.7 ND(.25) 
N i t # - a t e - N  w g / l  3 . 3  86.3 64 .5  118  135 I 2 1  71.3 61). 6 3 6  28. 3 88. 5 48.3 
~ ~ l ~ u n ~ ~ l i c s w g / l  5 7 . 8 2 5  .@a4 - 8 8 7  . 8 3 5  . 8 8 7  . 8 3 2  .O1 - 9 1 3  NDt.825) .@a5 ND(. 9 2 5 )  

? S u l f i d e  taig/1 - 2 2  ND( .@@l)  . a 8 8  -985 ND(.881) . 8 1  . 884  - 2 5  . a 8 6  ND(. 8 8 1 )  
1-Phasphat ebP u g /  1 - 6 3  8.7 . . 8 4  - 1  4.3 - 8 8  . a 9 5  18.6 - 8 9  - 8 9  
S i  1 i c a  II IQ/~ , 173 8. S 5.3 6 . 6  28.3 6 . 6  7.5 3 .4  21.4 9. 2 8.5 3.8 
S u l f a t e  ISIQ/I 1688 2 1 3 8  ~ 1 8 8  1988  1888  2 8 8 8  I IW eaaa 1888  1 8 8 3  I ada 
C) l unvi nutti a ~ g /  l 3. 31  1. 6 - 1 s  . 2 8  1.22 . I 7  .17  NDt.4) E. 8 1  .I NDt.89) ND(.4) 
C a l c i u ~ t i  111q/1 IS. 2 3 6 2  3 7 5  3 3 5  3 7 5  1 7 8  178  55 5 6 2  2 8 8  2 7 3  144 
I a-c-n r ~ g  / 1 1.64 1.74 . 1 NDt.84) ' . 94  ND(.84) NDf.84) NDt.85) 1 - 3 6  NDt .84)  NDc.84) . 8 8  
M a ~ r ~ e s i  ur61 181y /I IS. 4 12. 8 I S  16. 3 14. 1 16. 6 19.8 3 14.2 17.6 18.6 8 
marnyanese 111g/ 1 - 8 7 4  - 8 1 4  . 2 4 5  . 189  .0@8 - 2 0 2  . 1 9  . 1 3  . 8 2  . 139  - 1 1 4  .I 
ilrat I rrorey slg / 1 NDt .2)  NDf.2) NDt .2)  .ND(.2) ND(.Z) NDt.2) ND(.2) ND(. 2 )  ND(. 2 )  ND(. 2 )  
Qr-seroic tog/ 1 1.4 ND(.0 IS)  ND(. @IS) .ND(. 8 1 5 )  ND(. 8 1 5 )  ND(. 815)  ND(.815) . 8 6  - 8 9  . 3 5  
E ~ I -  I uta 10i!1/ 1 ND(.!?) ND(.S) NDt .5)  NDt .5)  NDt .5)  NDI.5) NDf .5)  ND(. 5 )  ND(. 5 )  ND(. 5 )  
Eel-y 1 1 i 1.1111 tlig / 1 ND(.@B3) ND(.883) ND(.8@3) NDt .883)  ND(.803) ND(.8@3) ND(.883) ND(.883) ND(.883) NDt.883) 
8;-1-.>n ' I,IQ/ 1 3 7  . = - 

J i 5 6  4 6 5 6  44  5 3  5 4  7 8  JE 4 5  6 8  5 

Cadl811ur01 r t iy / l  N D ( . d l )  ND(.81) NDf .81)  ND(.81) NDt.81) NDt.81) ND(.81) NDt.81) ND(.@I)  ND(.81) 
Ch ~'otn i ut,i tdg / l . a 7 8  ND(.@3) .ND( .a3 )  ND(.83) kD( .83 )  ND(.83) ND(.@3) ND(. 8 3 )  ND(. @3) ND(. a 3 )  
Cc~ppet- I ~ Q  / 1 . 8 6  . 8 8  . 8 3  . a3 .@7 NDt .82)  . @2 . a 7  ND(.@E) NDt .82)  
Lead tnig/ 1 H O ( .  11)  ND(. 11) ND(. 11)  ND(. 11)  ND(. 11) NU(. 11)  ND(. 11)  NDt .11)  N D ( . l l )  N D ( . I l )  
Pli21-CUI-y 181g/l .043€ .@@d€ .@dl .d886ND(.d1684)ND(.cd@lb,')ND1.88@E) ND(. @8@4)ND(. 8@82)ND(. @@@2) 
N i c k e l  ISILJ/~ ND( .@i )  NDt .06)  ND( .a6 )  ND(.a€) NDt .86)  ND( .@t )  ND(.a6) ND(.@6) ND(.86) NDt.86) 
TI1 a 1 1 i I.IIBI tnig / 1 r4D(.a8) ND(.dB) ND( .d8 )  ND(.O8) ND(.@S) ND(.d8) NDt .88)  ND(.88) ND(.BB) lQD(.88) 
Se 1 er, i ~II~I 1'19 /: 1 ' . a  . 1 N D  NL,(.@Z) . @a5 NU(. 8 1 5 )  NU(. (2125) ND(. d 4 )  ND(. aZ6)  ND(. BEG) 
S I l vet. I,IQ/ 1 NDl .@86)  ND(.@a€) ND(.@86) ND(.8@6) ND(.8@6) ND(.8@6) lqD(.8@6) . 8 2 2  .81  4 . a 1 4  
Si.cJ i ur#i t,iq/ 1 l 8aO 7213 3616 3Yl8 8 1 8  9.3 3 6 8  7 3 8  7 7 8  73@ 
T l t  e n i ~ ~ t ~ ~  III~/ 1 ND(.3)  NDt .3)  NDt .3)  NDt .3)  ND(.3) NDt.3) NDC.3) ND(.3) ND(.3) NDt .3)  
Varendio.~rs ~ , i g / I  r4D(. 15)  ND(. 15)  ND(. 15 )  ND(. 15) NU(. 15)  NU(. 15 )  ND(. 15) ND(. 15) ND(; 15)  ND(. 15 )  
Z ~ n c  r, lg/l .538 . l a 1  . 8 1 2  . a 1  . a 6 6  - 6 1  .d l  . 8 7  . 8 1  . a 1  



Tab le  25 

A r a l y t i c a l  Resu1;s f o r  Nondephenolated (NDP) Wastewaters 

-487 7 4 b U  7483  7438  7431 7432  3310  7433  7494 3 2  13 
NDF'/F'I.IC NDF'/F'FIC NDPi F'FIC NDP/F'aC NDF'/PFIC NDPf F'RC NDF'/NF'RC NDP/NPFIC NDF'/NFsFIC 

FISWS EFF h 1 0  EFF CORG EFF CRRhGN OZONE OZClNE OZONE El10 EFF CnRbON OZONE 
c - FI 1 k-pti4. 3GCaC03 €848  a38  2 4 7  285  2 6 8  173 183 122  

BOD5 slq/ 1 '3680 2 4  c ND(1)  ND(1)  1 1  5 4 . 
COD tng/ 1 16675  8 i 8 .  3 8 5  274  143 31  4 RE, 1683 424  : 14 
TUC 1,1q/l . 93rby1 2 1 ,j, 34  N D ( ~ )  ND(I) 18  3 408 ND( 1 )  I e 
T I C  18iq/.l . 3@8 148 5 8  5 3  ' 4 6  3 7  2 8  3 
T I E  roig/l 14538 11838 11838 18488 . 18518 18338  121238 18868 10158 3 4 1 8  
T~~ r r g / l  . ' . 12' 388  1 6 6 8 1 6  28  428  16  18  
PH :.E. 3 ' 7.3 7 .8  7.7 7 .8  6 .7  6 . 5  8.0 
C o n d u c t i v i t y  urnhos . 15788 , .I44168 14788 144.88 14488 14788  146@8 13988  
C o l ~ r .  Pt-CG u n i t s  . 2@888 3888  7 5 8  . 2 5  ND(5 )  NU(5 )  M 4 5 )  7888  ND(5 )  ND.5) 
T u r b i d i t y - N T U  4.2  1 8  ' 8 . 8  3.6 . 4 5  . € 2  138  1.8 
~~~~~~ide n i q l l  544: 2 3 8 8  2 4 1 8  ,3588 24741 2525 2588  2 2 4 8  2 4 0 8  2 5 8 8  
C y a n i d e  r ~ i g / l  - ND(.8042) NDt .884)  ND:.884)ND(.8863)ND(.807Z) NDE.884) ND(.a84) - 2 4 3  ND(.884)  ND(.804)  
T h i a c y a n a t e  r t ig/ l  97 2 .3  1.5 . 3  ND(.2) N D l . 2 )  12.5  NDt .2)  
F 1 our- i d e  nig / 1 . . 3 6  1.1 ; 8 6  . 8 1  . e l  . 3 1  - 5 3 5  . 3 2  . 7 4  . :I3 
Rr~imon i a-N mg / 1 172 4 4 .  4 2 NDl .3)  M 4 1 )  38 2 7  2 5  
Or-garl ic-N raig/ 1 3 6  3 6  15 '3 1 0  s 4 3 9 - 
~ i t r - i  t e - N  e iq / l  ND(.25) 1.1 . 4 3  - 4 3  . 3 3  NDt .25)  ND(. 2 5 )  . 5 3  
N i t t - a t e - N  m g i l  3 .31 6 7 . 3  . 77.6  6 7. 54.4  45. 1 T4.3 131 181 : 2 3  
P h e n o l i c s  141gfl . ;I65 ' . 8 2 6  - 8 1 3  . 8 8 4  . 8 € 3  ND(. 8 8 1 )  . 831  . 8 3 3  . @ d l  ND(.BE5) 
S l . t l f i d e . a i g / l  ( T o t a l  hlD(.U81) ND(.081)  ND:.881) .0@6 .@a4 ND(.8@1) ND(.8@1) ND(.881)  
T-Pl~ospha t ebP r0ig/ 1 1. 3 15.8 . I 3  - 2 1  . I 6  . I 2  . a 8  13. 1 . 8 4  - 8 3  
S i  1 i c a  tog/ 1 2 8 5  483  ' 1 2  18.3 8 .7  17 23. 1 3 4  17  22 .5  
S u l f a t e  r t ig/ l  86 3588  3588  3488  3488 33BF 3688  3588 3588  3 5 8 8  
R l  umi nut~r aig/ 1 3. 18  2 - 3 6  . 3  . 16  - 2 4  ND(.@3) NDt .4)  1. 4 1  . 13  ND(.4) 
Calcicrrn 11ig/1 5 3 . 2  8 3 3  €84 € 5 6  6Z7 533  5 4 3  754 c.z J J ~  5 4 4  
I r'->n n ~ g /  1 , . '2.66 1.2Z - 3 4  - 7 2  . 18  -35 ND(.BS) . 3 3  . 8 5  NDt .05)  
May n e s  i l.1101 reiq / 1 1 .74 ' 12.6  13. 3 14 14. 4 14.4 14 12.1 14.8 13  
Mangar~ese  ~ i g /  1 ND (. 1386) . 8 5 7  . 8 6 €  .233 . I 8 1  . 1b38 ND(.@E) . d l ?  . 2 2 4  . 1215 
Rrtt i r~ ior ly  mq/ 1 ND4.2) ND(.E) NDt.2) NDt .2 )  ND(.2)  ND( .2 )  , NDC.2) ND(.2)  
FIr-sen i c rtig/ 1 . 8 3  .I . A&= . 84  . a 7  NDt .015)  ND(. 8 1 5 )  ND(. 8 1 5 )  - .- 
bar-iurn m ~ / 1  N1)l. 5 )  1.5 tJD(.5) N D ( i 5 )  ' - 7  -15 . 6 - 8  
b e v y 1  1 ~ u m  rag/ 1 - 8 0 5  ND(.8@3) tJD:.883) ND(.@83) ND(.883) N D ( . B ~ ~ )  ND(.883)  ND( .883)  
Ecot-on aiq/ 1 127 . 7 6  6 3  6 7 6 5 3 1 188 8 4 62 
C a d r ~ ~ i u m  cog/ 1 ND(.B l )  NDt .81)  . l a 2  ' ,..a34 . . 8 3  . I 1 6  ND(.81)  . 8 1  
Chr'arri o.1111 rfly / 1 . 8 6  . 8 3  NB( .83)  NU( i iE3)-  NIJ(.83) ND(.83)  NU(.83)  ND(.03) 
Cc.pper tng/ 1 . 8€  . 8 6  ' - 8 6  - 8 4  '. .84 . 8 6  . 8 5  . 8 4  
Lead rsg / l  N D ( , l l )  NO(. 11 )  .ND( .  11 )  ND(. 11)  ND(. 11 )  ND(. 11 )  ND(. 11)  ND(. 11 )  
Mer-cur-y rtig/ 1 ND(. 8 0 8 2 )  -88164ND (. 8882)  , . 8 8  18ND ( . 8882)  - 8 8 8 4  . 8 8 6 8  . 8 8 8 5  
N i c k e l  a g / l  NLJ(,86) ND(. 8 6 )  NBt .86)  ND(.86)  .ND(.@&) ND(.86) NDt .66)  NDt .86)  
Tha 1 1 i um r,ig/ 1 ND(.BB) ND(. 168) ND(.88) ND(.88) ND(.BB) ND(.@8) NDt .88 )  ND(.88) 
5e 1 e r ~  i urn m(l/  1 - 8  ND(.815)  HD . 8 1 5 )  ND(.@l'S) NDt .83)  NDC.815) . 3  ND(.815) 
S i  l v e r *  rag/ 1 - 8 1 8  - 8 7 3  . a 4 4  . 8 5 5  . 844  . U39 . a 5 8  . 8 3 3  
5,:d i urn 111q.i 1 2 7 4 8  2 2 4 8  2 8 8 8  P888 1388 13812 13@8 1788  
T1tania.1101 e ~ g / l  NDn.3) ND(.3)  n D ( . 3 )  NDC.3) ND(.3)  NDC.3). ND(. 3 )  ND(.3)  
'Jar#& 1 I.~I ~ s g /  1 ND(..lY) ND(. 15, ND(. 15)  NU(. 15)  ND(. 15)  ND(. 15 )  NO(. 15)  ND(. 15 )  
Z i'nc rag/ 1 - 4 8 6  . 3 3 4  . 3 4 3  . a 8 3  . a 5 3  .3€9 1.563 N D ( . B l )  



Table 26 

PRRRNETER 

Rl k-pH4.3FCaCO3 
BOD5 mgll 
COD mgll --. 
1ur. mgll 
TIC mgll 
TDS mgll 
TSS mgll 
pH 
Conductivity umhos 
Color Pt-Co units 
Turbidity-NTU 
Chloride mgll 
Cyanide mgll 
Thiocyanate mgll 
Flouride my11 
Rmnonia-N 111411 
OrganirN mgll 
Nitrite-N mgll 
Nitrate-N mgll 
Phenolics mgll 
Sulfide mgll (Total 
T-Phos~hate@P ngll 
Silica mgll 
Sulfate mgll 
Rluminum mgll 
Calcium mgll 
Iron mgll 
Magnesium mgll 
Manganese mqll 
Rntimony mgll 
Rrsenic mgll 
Barium mgll 
Beryllium mgll 
Boron mqI1 
Cadmium mgll 
Chromium agll 
Cooper mgll 
Lead my11 
Mercury aigll 
Nickel mgll 
Thallium mgll 
Selenium my11 
Silver mg/l 
Sodiurn mgll 
Titanium mgll 
Vanadium mgll 
Zinc mgll 

Comparison o f  Fully Treated Wastewaters w i t h  E f f l u e n t  L i m i t a t i o n s  

MERSURED CONCENTRRTION EFFLUENT LIMITATIONS 

DPINPRC DPINPRC DPlPflC NDPINPRC NDPIPRC FEIS Petroleum Iron and 
7498 7501 7504 7491 9319 Ref ir:ir,i Steel 



Another case p e r t a i n s  t o  COD i n  t h e  NDP/PAC e f f l u e n t .  The observed COD 

was 143 mg/L, which i s  c l ose  t o  t h e  F E I S  va lue  o f  150 mg/L. However, 

ano ther  sample (no. 98318) showed COD o f  o n l y  86 mg/L. The d i f f e r e n c e  

may be due t o  d i f f e r e n t  degrees o f  ozonat ion.  Th i s  d iscrepancy shows 

t h e  importance o f  ozona t ion  when t h e  wastewater i s  n o t  t r e a t e d  w i t h  

phenol  recovery .  

For o rgan i c  p r i o r i t y  p o l l u t a n t s ,  t h e r e  a re  no e f f l u e n t  1  i m i  t s .  

However, t h i s  i s  n o t  s i g n i f i c a n t  f o r  t h e  t r e a t e d  SRC-I wastewater.  A l l  

o f  t h e  p r i o r i t y  o rgan i c  contaminants i n  t . h ~  treated wastewaters ( a f t e r  

biological o x i d a t i o n )  were below t h e  d e t e c t i o n  l i m i t s  except  f o r  

methylene c h l o r i d e s ,  ch lo ro fo rm,  d i - n - b u t y l  p h t h a l a t e ,  b i s ( 2 - e t h y l h e x y l )  

p h t h a l a t e ,  and t o 1  uene. T ~ P  h ighest  methylene c h l o r i d e  measured was 

about  16 pg/L. The source o f  t h e  methylene c h l o r i d e  i s  l i k e l y  t h e  t a p  

wate r  used t o  d i l u t e  t h e  feeds f o r  t h e  b i o r e a c t o r s .  The methylene 

c h l o r i d e  measured i n  t h e  t a p  wate r  was 13 vg/L. L i kew ise ,  t h e  source o f  

t h e  ch lo ro fo rm  was p robab l y  t h e  t a p  wate r ,  which had a  concen t ra t i on  o f  

6 1  pg/L. The h i g h e s t  concen t ra t i on  o f  ch l o ro fo rm  measured i n  t h e  

t r e a t e d  wastewater was 11 pg/L. Ph tha la tes  a re  p l a s t i c i z e r s  which a re  

u b i q u i t o u s  i n  t h e  l a b o r a t o r y  environment (EPA, 1982). Trace amounts o f  

t h e  p h t h a l a t e s  c o u l d  leach  o u t  f rom p l a s t i c  con ta i ne rs ,  t ub i ng ,  va l ves ,  

and t h e  1  i ke,  con tamina t ing  t.he samples.  Toluene was de tec ted  i n  o n l y  

one sd111p1e. Sample 7503 (dephenolated wastewaters a f t e r  g r a n u l a r  

a c t i v a t e d  carbon adso rp t i on )  had a  c o n c e n t r a t i o n  o f  0.12 pg/L. However, 

n e i t h e r  t h e  sample upstream (No. 7502) nor  t h e  sample downstream (No. 

7504) showed any to luene .  A lso ,  i ~ o  o t h e r  samples i n  o t h e r  t r ea tmen t  

t r a i n s  con ta i ned  measurable to luene .  There fo re ,  the t o l uene  was 

p robab l y  due t o  con tamina t ion  o f  t h e  sample o r  an a r t i f a c t .  



V I .  CONCLUSIONS 

The r e s u l t s  o f  t h i s  b i o o x i d a t i o n  s tudy l e a d  t o  t h e  f o l l o w i n g  con- 

c l us i ons :  

1. Dephenol i z a t i o n  r e s u l t e d  i n  a  b i o r e a c t o r  e f f  1  uen t  w i t h  much 

lower  o rgan ics  concen t ra t ions .  Typ i ca l  COD concen t ra t i ons  i n  

t h e  b i o r e a c t o r  e f f l u e n t s  o f  t h e  DP systems were 150 t o  250 

mg/L. For  t he  NDP systems, t h e  concen t ra t i on  was above 550 

mg/L w i t h o u t  PAC. For an NDP system t o  produce an e f f l u e n t  

comparable t o  t h e  DP systems, a  l onge r  HRT and PAC a d d i t i o n  

were requ i r ed .  Wi th  PAC, a  COD o f  260 mg/L was a t t a i n a b l e .  

E f f l u e n t  TOC and BOD5 p a t t e r n s  were s i m i l a r  t o  those o f  COD. 

2. Wi th  dephenol i z a t i o n ,  cont inuous,  high-dose PAC a d d i t i o n  t o  a  

s i ny l e - s tage  system w i t h  an HRT o f  2  days d i d  n o t  p r o v i d e  

b e t t e r  COD removal than  a  non-PAC, two-stage system w i t h  an 

equal combined HRT. Mean s teady -s ta te  e f f l u e n t  concen t ra t i ons  

f o r  non-PAC (NPAC) and PAC systems were 170-221 and 204 mg/L, 

r e s p e c t i v e l y .  

3. The two-stage b i o r e a c t o r s  i n  s e r i e s  demonstrated advantages 

over  a  s i  ng l  e-stage b i o r e a c t o r .  The second. s tage removed 

a d d i t i o n a l  contaminants and p rov i ded  ope ra t i ona l  s t a b i l i t y .  

The second-stage b i o r e a c t o r s  i n  t he  dephenolated, NPAC systems 

removed an a d d i t i o n a l  75-100 mg/L o f  COD, o r  about 30% o f  t h e  

COD i n  t h e  e f f l u e n t s  o f  t h e  f i r s t - s t a g e  b i o r e a c t o r s .  

4. S tab le  n i t r i f i c a t i o n  f o r  t h e  DP systems r e q u i r e d  a  l ong  a c c l i -  

mat ion  pe r i od .  Changes i n  t h e  feed c h a r a c t e r i s t i c s ,  i . e . ,  COD 

and sodium con ten ts ,  a f f e c t e d  ammonia removal performance more 

than  any o t h e r  parameter. The b e s t  performance d u r i n g  s teady 

s t a t e  was achieved by .  t h e  two-stage system (HRT = 1 day pe r  

s tage,  SRT = 30 days), when e f f l u e n t  ammonia averaged 5.5 

mg/L. The s i ng le - s tage  DP/PAC system d i d  n o t  o b t a i n  b e t t e r  

n i t r i f i c a t i o n  even w i t h  a  longer  SRT (40 days) and HRT (3.5 

days).  The bes t  i t  cou ld  a t t a i n  was about 50 mq/L. 



5. The NDP/PAC system was most s t a b l e  w i t h  r ega rd  t o  n i t r i f i c a -  

t i o n .  It reached steady s t a t e  r a p i d l y ,  and t h e  t . yp i ra1  

e f f l u e n t  c o n c e n t r a t i o n  was 6.5 mg/L. 

6. The h i g h  s e n s i t i v i t y  o f  n i t r i f i c a t i o n  t o  feed  c o n d i t i o n s  

i n d i c a t e s  t h a t  b i o l o g i c a l  t r ea tmen t  i s  n o t  t h e  most r e l i a b l e  

method f o r  removing ammonia. S team-s t r ipp ing  i s  a more 

p o s i t i v e  and sure way o f  c o n t r o l l i n g  ammonia. 

7. I n  terms o f  c o l o r  removal ,  t h e  DP systems a re  b e t t e r  than  NDP 

systems. The DP/NPAC systems reduced c o l o r  t o  a  range o f  

900-1,000 APHA u n i t s ,  Adding PAC t o .  t h e  DP system reduced 

c o l o r  even more, t o  about 400 u n i t s .  I n  c o n t r a s t ,  t h e  NDP 

systems reduced t h e  c o l o r  t o  o n l y  2,000 t o  3,000 u n i t s ,  ever1 

w i t h  PAC. 

8. Res idual  p h e n o l i c  concen t ra t i ons  i n  a l l  b u t  t h e  NDP/NPAC 

system were g e n e r a l l y  below 10U pg/L. Du r i ng  s teady s t a t e ,  

e f f  1  uen t  concen t ra t i ons  o f  1  ess than  25 pg/L were achieved. 

The NDP/PAC system approached t h e  performance o f  dephenolated 

systems, d e s p i t e  t h e  f a c t  t h a t  pheno l i c  feed  concen t ra t i ons  

were ove r  1,000 mg/L, compared' t o  dephenol a ted  feed  concent ra-  

t i o n s  o f  about 10 mg/L. 

9. The r e s u l t s  o f  CN removal a re  n o t  conc lus i ve ,  p r i m a r i l y  

because o f  a n a l y t i c a l  problems. The recovery  o f  CN was poor;. 

S p i k i n g  t h e  b i o r e a c t o r  feeds f o r  t h e  dephenolated systems w i t h  

NaCN f a i l e d  t o  inc rease  t h e  cyanide (as measured) t o  t h e  

d e s i r e d  c o n c e n t r a t i o n  o f  10 mg/L. The average measured con- 

c e n t r a t i o n s  were t y p i c a l l y  l c s s  t han  3 mg/L. The exac t  cause 

o f  t h i s  d i s p a r i t y  i s  unknown. 

10. Th iocyanates were e f f e c t i v e l y  removed b i o l o g i c a l l y  by a l l  

systems, a l though  DP systems performed s l i g h t l y  b e t t e r  than  

NDP systems. PAC d i d  n o t  a f f e c t  SCN removal s i g n i f i c a n t l y .  

The average feed  SCN c o n c e n t r a t i o n  f o r  t h e  DP systems was 

195 mg/L, and t h e  r e s i d u a l  concen t ra t i ons  i n  t h e  e f f l u e n t s  

were c o n s i s t e n t l y  below 5 mg/L. 'Ihe feed  c o n c e n t r a t i o n  t o  t h e  

NDP systems was t h e  same (193 mg/L), b u t  t h e  e f f l u e n t  concen- 

t r a t i o n s  norma l l y  ranged between 5 and 10 mg/L. 



11. Phenol e x t r a c t i o n  o f  t h e  feed  t o  t h e  b i o r e a c t o r  seemed t o  have 

e l i m i n a t e d  t he  need t o  remove " t a r  ac i ds , "  which would have 

r e q u i r e d  a l a r g e  q u a n t i t y  o f  s u l f u r i c  a c i d  and l i m e  ( o r  

c a u s t i c ) ,  and would have added a  s i g n i f i c a n t  amount o f  d i s -  

'golved s o l i d s  t o  t h e  wastewater.  There were no s i g n i f i c a n t  

d i f f e r e n c e s  i n  o rgan ic  removal ,  n i t r i f i c a t i o n ,  c o l o r  removal, 

o r  SCN o x i d a t i o n  between t he  t ime  pe r i ods  when t a r  a c i d  was 

and was n o t  removed. 

12. Phenol e x t r a c t i o n  improved o p e r a t i o n a l  s t a b i l i t y  o f  t h e  b i o -  

r e a c t o r s .  The DP systems were l e s s  s e n s i t i v e  t o  o rgan i c  shock 

load ings ,  and recovered more r a p i d l y  f rom shock loads than t h e  

NDP systems. 

13. There was 1  i t t l e  s i g n i f i c a n t  d i f f e r e n c e  i n  e f f l u e n t  qua1 i t y  

between t h e  two-stage dephenolated systems operated a t  1- and 

2-day HRTs (each s tage) .  The system w i t h  1-day HRTs performed 

s l i g h t l y  b e t t e r  than  t h e  system w i t h  2-day HRTs i n  terms o f  

COD and c o l o r  removal. 

14. Wi th  PAC,  t h e  DP system ( w i t h  an HRT o f  2 days) produced an 

e f f l u e n t  s i m i l a r  t o  t h e  NPAC/DP systems. Co lo r  was b e t t e r ,  

b u t  ammonia removal was n o t  as good. Other  parameters were 

equ i va l en t .  The bas i s  f o r  s e l e c t i o n  o f  e i t h e r  system w i l l  be 

ma in l y  economic. 

15.  S o l i d  res idence t ime  (SRT) and food- to-microorganism (F/M) 

r a t i o s  employed f o r  t h i s  s tudy were predetermined based on 

pub1 i shed values. No sys temat i c  s tudy was in tended.  The 

va lues se lec ted  from t h e  l i t e r a t u r e  were adequate. Wi th  

depheno l i za t i on ,  b o t h  two-stage NPAC systems had 30 days i n  

each stage. Steady-s ta te  F/Ms (COD)  were 0.25 and 0.28 day-' 

i n  t h e  f i r s t  s tage a ~ i d  0.09 i n  t h e  second s tage o f  each 

system. The s i ng le - s tage  PAC system was operated a t  40-days 

SRT and t h e  F/M was between 0.14 and 0.27 daym1. Wi thou t  

depheno l i za t i on ,  t h e  s i ng le - s tage  PAC system r a n  s u c c e s s f u l l y  

a t  an SRT o f  40-45 days, and an F/M o f  0.16 t o  0.28 day-'. 

16. The PAC dose and i n v e n t o r y  i n  t h e  s i ng le - s tage  dephenolated 

system were adequate t o  produce an e f f l u e n t  comparable t o  t h e  



two-s tage s.ystems. The dose was 500 mg/L o f  feed, and 

r e s u l t e d  i n  a  b a s i n  i n v e n t o r y  r ang ing  between 6,500 and 8,000 

mg/L. The PAC r e d u c t i o n  s tudy  showed' t h a t  one-ha l f  t h i s  dose, 

o r  about  250 mg/L o f  feed, m igh t  be adequate, b u t  a  long- te rm 

r u n  was n o t  made a t  a  f i x e d  reduced va lue.  The NDP/PAC system 

per formed w e l l  (a l though  i t  cou ld  n o t  match t h e  DP systems) a t  

a  dose o f  1,200 mg/L o f  feed and i n v e n t o r y  i n  t h e  b i o r e a c t o r  

r ang ing  f rom 8,000 t o  11,000 mg/L, compared t o  t h e  two-stage 

NPAC (NDP) system. However, i t  d i d  n o t  approach t h e  per-  

formance o f  t h e  DP system. The e f f ec t i veness  o f  add ing a  

smal l  PAC dose t o  t h e  second-stage b i o r e a c t o r s  as a  s e t t l i n g  

a i d  i s  i n c o n c l u s i v e .  

17. Apparent y i e l d  c o e f f i c i e n t s ,  r a t i o s  o f  b<omass wasldye t o  COD 

removed, were c a l c u l a t e d  f o r  a l l  systems. The va lues o f  

apparent  y i e l d  c o e f f i c i e n t s  f e l l  between 0.103 and 0.186, 

which a re  comparable t o  t h e  y i e l d  c o e f f i c i e n t s  r e p o r t e d  f o r  

coa l - cbk i  ng wastes (0.13) and nondephenol a t e d  g a s i f i c a t i o n  

wastes ( 0 . 1  t o  0.29). 

18. Ammonia removal can be expressed as a f i r s t - o r d e r  r e a c t i o n :  

C / C o  - c - k ~ X B ,  The kN1 s f f o r  t h i s  s tudy ,  us i ng  s teady -s ta te  

da ta ,  ranged f rom 5 . 1  r l f 4  t u  8.7 x  10.''~ L/mg-day , which a re  

comparable t o  t h e  1 i t e v a t u r e  va'lues. The H-coal and cno l  

l i q u e f a c t i o n  process s t u d i e s  r e p o r t e d  3 x l o q 4  L/mg-day. 

Lu thy  and Jones (1980) observed 1 x L/mg-day f o r  coa l -  

cok i ng  wastes. For o t h e r  wastes, i n c l u d i n g  p u l p  and paper and 

pe t ro leum r e f i n i n g  wastes, Adams and Ecken fe lder  (1977) i n d i -  

ca ted  t h e  range was between 3.9 x  10'~ and 5.0 x  L/mg- 

day. 

19. Bas in  foaming was n o t  s i g n i f i c a n t  i n  DP systems, b u t  caused 

severe o p e r a t i o n a l  and performance ( e f f l u e n t  s o l i d s )  problems 

i n  NDP systems. Use o f  an t i f oam i n  c o n j u n c t i o n  w i t h  min imiza-  

t i o n  o f  a e r a t i o n  p rov i ded  l i m i t e d  c o n t r o l .  

20. The mixed l i q u o r  f rom System 3  (DP/PAC) e x h i b i t a d  t h e  most 

r a p i d  s e t t l i n g  c h a r a c t e r i s t i c s ,  f rom t h e  s tandpo in t  of bo th  

s o l i d s  l o a d i n g  and su r f ace  o v e r f l o w  r a t e  ( S O R ) .  A 3% sludge 
2  c o u l d  be produced a t  a  f l u x  r a t e  o f  211  1  b / f t  -day. S e t t l i n g  
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was h indered  i n  System 5, which had a  m i  xed- 1  i quor concent ra-  

t i o n  exceeding 17,000 mg/L, r e s u l t i n g  i n  a  f l u x  o f  134 I b /  
2  2  f t  -day and an SOR o f  901  g p d / f t  . System 1A had a  lower  f l u x  

25 vs. 49) b u t  a  h i ghe r  SOR (948 vs. 609) than  System 2A. 

Reactors 4A and 48, which had mixed l i q u o r s  about 50% h ighe r  

than  1 A  and lB, showed h i ghe r  f l u x  and o v e r f l o w  r a t e s  than  

System 1. 

21. Th i s  s tudy has a l s o  demonstrated t h a t  phenol recovery  

e l i m i n a t e s  t h e  need f o r  p o s t - b i o o x i d a t i o n  tar -  a c i d  removal. 

22. Coagula t ion w i t h  FeClf6H20 a t  a  dosage o f  800 mg/L was e f f e c -  

t i v e  i n  removing c o l l o i d a l  m a t e r i a l s  and suspended s o l i d s  f rom 

bo th  t h e  dephenolated and nondephenolated b i o r e a c t o r  e f f l u e n t s  

and reduced TOC and COD s i g n i f i c a n t l y .  Magn i f loc  835-A (an 

an ion i c  polymer) a t  a  dosage o f  0 .5  mg/L a i ded  i n  coagu la t i on .  

23. Granular  a c t i v a t e d  carbon f o l l o w i n g  coagu la t i on  can remove TOC 

down t o  d e t e c t i o n  l i m i t s  f o r  b o t h  DP and NDP wastewaters.  

However, t h e  i so therm da ta  cannot determine i f  depheno l i za t i on  

w i l l  a f f e c t  t h e  adso rp t i on  c a p a c i t y  o f  t h e  carbon. The e f f e c t  

o f  depheno l i za t i on  appears t o  be a  r e d u c t i o n  i n  t h e  o rgan i c  

(TOC) l o a d i n g  t o  t h e  carbon column r a t h e r  than  a  change i n  

adso rp t i on  capac i t y .  

24. Aside from d i s i n f e c t i o n ,  t h e  s i g n i f i c a n c e  o f  ozona t ion  i s  COD 

r e d u c t i o n  f o r  t he  nondephenolated wastewater.  Wi thou t  ozona- 

t i o n ,  t h e  r e s i d u a l  COD concen t ra t i ons  i n  t h e  carbon column 

e f f l u e n t s ,  de r i ved  from t h e  nondephenolated systems (PAC o r  

NPAC), were h i ghe r  than o r  c l o s e  t o  t h e  a n t i c i p a t e d  e f f l u e n t  

l i m i t  o f  180 mg/L. 

25. Comprehensive analyses showed t h a t  t h e  f u l  l y  t r e a t e d  

e f f l u e n t s ,  bo th  dephenola.ted and nondephenolated, can meet t h e  

e f f l u e n t  l i m i t s  s t a t e d  i n  t h e  FEIS and those  es t ima ted  f rom 

EPA e f f l u e n t  g u i d e l i n e s  and standards f o r  i n d u s t r i e s  p roduc ing  

wastewaters s i m i l a r  t o  t h a t  o f  S R C - I ,  p rov i ded  t h a t  ammonia 

s t r i p p i n g  and ozona t ion  a re  as e f f e c t i v e  as designed. 

However, depheno l i za t i on  does p r o v i d e  a  w ider  s a f e t y  margin.  

26. A l l  o rgan ic  p r i o r i t y  p o l l u t a n t s  o r i g i n a l l y  p resen t  i n  t h e  raw 

S R C - I  wastewater were removed below d e t e c t i o n  l i m i t s .  
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V I I .  RECOMMENDATIONS 

Based on t h e  da ta  generated f rom t h i s  s tudy ,  as w e l l  as p r e v i o u s l y  

( I C R C ,  1983a), t h e  f o l l o w i n g  recommendations a re  i n  o rder :  

1. Phenol recovery  be fo re  b i o o x i d a t i o n  s i g n i f i c a n t l y  reduces 

r e s i d u a l  o rgan ics  and c o l o r  i n  t h e  b i o r e a c t o r  e f f l u e n t .  Based 

on this p a r t i c u l a r  t e c h n i c a l  advantage, phenol recovery  i s  

recommended. 

2. The r e s u l t s  o f  t h i s  l a b o r a t o r y - s c a l e  s tudy  i n d i c a t e  t h a t  

phenol r ecove ry  m igh t  e l i m i n a t e  t h e  need f o r  t a r  a c i d  removal 

b e f o r e  b i o o x i d a t i o n .  However, t h e r e  a re  s t i l l  many unanswered 

ques t ions .  Therefore,  e l i m i n a t i o n  o f  t h e  t a r  a c i d  removal 

s t ep  i s  recommended, b u t  t h i s  should  be cons idered p r e l i m -  

i n a r y ,  pending f u r t h e r  research.  

3. For  a g i v e n  h y d r a u l i c  res idence t ime  (HRT), a  two-stage con- 

f i g u r a t i o n  i s  b e t t e r  t han  a  s i n g l e  s tage f o r  COD removal. 

Th i s  s tudy  shows t h a t  two' b i o r e a c t o r s  i n  s e r i e s ,  w i t h  1-day 

HRT each, performed b e t t e r  than  a  s i n g l e  b i o r e a c t o r  w i t h  a  

2aday IIRT. The second b i o r e a c t o r  i s  e f f e c t i v e  hnt.h a s  a 

p o l i s h i n g  u n i t  and i n  dampening upsets i n  t h e  f i r s t  stage. 

Therefore,  t h e  two-stage c o n f i g u r a t i o n  i s  recommended. 

4. Wi th  depheno l i za t i on ,  a  s i ng l e - s tage  PAC system cou ld  remove 

as many o rgan ics  as a two-stage NPAC system, The f i n a l  

s e l e c t i o n  shou ld  t ake  i n t o  account economic t r a d e o f f s  and t h e  

r e s u l t s  o f  o t h e r  s t u d i e s ,  such as t e r t i a r y  t r ea tmen t  ( i nc l uded  

i n  t h i s  r e p o r t )  and t o x i c o l o g y  t e s t s .  

5. W i t h  depheno l i za t i on ,  t h e  minimum HRT f o r  t h e  two-stage NPAC 

system t e s t e d  was 1 day i n  each stage and i t  p rov i ded  s a t i s -  

f a c t o r y  performance. Th i s  i s  based on t h e  r e s u l t  o f  t h e  

l abo ra to r y - sca le ,  s t eady -s ta te  study. Tu ex l r - apo la te  t h e  

s teady -s ta te  r e s u l t s  f rom t h e  l a b o r a t o r y  t o  a f u l l - s c a l e  

system i n  t h e  f i e l d ,  s a f e t y  margins should  be p rov ided .  



6. Wi thou t  dephenol i z a t i o n ,  t h e  two-stage NPAC system w i t h  a  

combined HRT o f  6 days cou ld  n o t  p r o v i d e  a  comparable e f f l u e n t  

t o  any systems t r e a t i n g  dephenol ized wastewater.  Therefore,  

i t  i s  n o t  recommended. 

7. I n  c o n t r a s t ,  w i t h  PAC,  t h e  s i ng le - s tage  b i o r e a c t o r  system 

t r e a t i n g  nondephenolated wastewater produced b i o r e a c t o r  

e f f l u e n t  q u a l i t y  c l o s e  (a l though  i n f e r i o r )  t o  t h a t  o f  t h e  

dephenolated systems. Because t e r t i a r y  t rea tment  can p o l i s h  

t h e  b i o r e a c t o r  e f f l u e n t ,  t h e  nondephenolated NPAC system 

cannot be e n t i r e l y  r e j e c t e d  based on'ly on t h e  r e s u l t s  o f  t h e  

b i o o x i d a t i o n  s t ud ies .  Economic t r a d e o f f s  and r e s u l  t s  o f  

a d d i t i o n a l  s t u d i e s ,  i n c l u d i n g  t e r t i a r y  t r ea tmen t  and aqua t i c  

e c o t o x i c i t y  assays, should  a l s o  be considered. See t h e  I n t e -  

g r a t i o n  Report  (Yen, 1984) f o r  more d e t a i l s .  

8. B i o l o g i c a l  ammonia removal /n i  t r i f i c a t i o n  was p o s s i b l e ,  b u t  i t  

was very  s e n s i t i v e  t o  changes i n  feed  c h a r a c t e r i s t i c s .  I t  i s  

n o t  recommended as a  backup f o r  s team-s t r ipp ing .  Steam s t r i p -  

p i n g  should  be t h e  p r ima ry  method f o r  ammonia removal. 

9. I f  phenol recovery  i s  employed, p o s t - b i o o x i d a t i o n  t a r  a c i d  

removal can be e l im ina ted .  

10. P rov i s i ons  should  be made t o  coagu la te  t h e  b i o r e a c t o r  

e f f l u e n t s  w i t h  f e r r i c  s a l t s .  Coagu la t ion  i s  recommended f o r  

bo th  t r ea tmen t  schemes, w i t h  o r  w i t h o u t  phenol recovery .  

11. Granular  a c t i v a t e d  carbon adso rp t i on  can remove TOC down t o  

d e t e c t i o n  l i m i t s ;  t h e r e f o r e ,  i t  should  be cons idered as a  

p o l  i s h i  ng process. 

12. I n  o rde r  t o  meet e f f l u e n t  COD l i m i t s ,  which a re  a n t i c i p a t e d  t o  

be very  low, ozona t ion  f o l l o w i n g  carbon adso rp t i on  would be 

requ i  red 1 n a system t r e a t i  ng nondephenol a t e d  wastewater.  
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Appendix 1 

A n a l y t i c a l  Methods 

QUALITY CONTROL PROCEDURES 

The r o u t i n e  qua1 i t y  c o n t r o l  procedures descr ibed  i n  Qua1 i t y  

Assurance Program f o r  Environmental  Systems D i v i s i o n  Labora to ry  F a c i l -  

i t y ,  C a t a l y t i c ,  I nc .  , were s t r i c t l y  fo l l owed.  To c o n t r o l  "accuracy" o f  

analyses, t h a t  program r e q u i r e s  sp ike  recovery  de te rm ina t i on  on d i s -  

t i l l e d  water  and samples. For d i s t i l l e d  water  s p i k i n g ,  t h e  f o l l o w i n g  

equa t ion  i s  used t o  c a l c u l a t e  t h e  recovery :  

where P i s  pe rcen t  recovery  o f  a  standard,  C i s  t h e  measured concent ra-  

t i o n ,  and T  i s  t h e  t r u e  concen t ra t i on .  For  each ana l ys i s , -  P must fa31 

w i t h i n  t h e  p r e s c r i b e d  range f o r  t h a t  ana l ys i s .  

For  sample s p i k i n g ,  t h e  pe rcen t  recovery  P  i s :  

P = 100(dC/spike added) (2 

where dC i s  t h e  d i f f e r e n c e  between t he  concen t ra t i ons  measured f o r  t h e  

sp iked  and unspiked samples. Spike added i s  t h e  concen t ra t i on  inc rease  

o f  t h e  a n a l y t e  i f  t h e  recovery  were 100%. Again, P must f a l l  w i t h i n  t h e  

accep tab le  range f o r  a  g i ven  ana ly te .  

The q u a l i t y  assurance program a l s o  c o n t r o l l e d  " p r e c i s i o n "  o f  t h e  

analyses. P r e c i s i o n  was c o n t r o l  l e d  by a n a l y s j s  o f  r ep  l i c a t e  p a i r s ;  t he  

d i f f e r e n c e  between t h e  two analyses was compared t o  s p resc r i bed  

standard.  Th i s  i s  expressed mathemat ica l l y  as: 

where A and €3 a re  observed concen t ra t i ons  o f  t h e  r e p l i c a t e  analyses, and 

R i s  t h e  abso lu te  va lue  o f  t he  d i f f e r e n c e .  R must f a l l  w i t h i n  t he  
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acceptable range for each analytical procedure and is concentration 

dependent. 

A frequency of 10% of sample load was used for analyzing sample 

spikes or water spikes. Also, 10% of the sample load was used for 

replicate sample analysis. Where replicates were run, the average value 

was reported. 

Figure A-1 shows the reporting form for quality control data col- 

1 ected under this program. In addition to spi ked-sample, disti 1 1  ed- 

water spike, and replicate sample data., the analyst was required to 

report the standard curve. In this way, the analyst could tell i f Llle 

standard curve had changed. By comparing spike and replication data to 

tables of initial QC data prepared for the method, the analyst could 

detect out-of-control situations. 

Gas chromatography/mass spectrometry (GC/MS) analyses of SRC waste-  

waters were performed by Mead CompuChem, Research Triangle Park, North 

Carolina, or Radiation Management Corporation, Phoenixville, 

Pennsylvania. These laboratories used the following methods to analyze 

the wastewaters: Purgeable Halocarbons, Method 624 (EPA, 1982), and 

Base/Neutral and Acid Compounds, Method 625 ( E P A ,  1982). 

These analyses are designed to detect, identify, and quantitate EPA 

organic priority pollutants. Other compounds present in the wastewater 

are not reported by these methods. 

Quality control measures included with these GC/MS methods included 

daily calibration of the GC/MS with d e c a f l u o r o t r i p h e n y l p h o s p h i n e  (DFTPP) 

nr paraf 1 uorobromobenzene ( PFtJtJ), depending upon whether base/~.~euLr.dl s/  

acids or volatiles are being run, respectively. In addition, method 

water blanks were run to ensure that the system was interference-free. 

Where possible, internal standards were used to calibrate the method. 

Otherwise, ca l i bration curves were prepared using the externtl standard 

method. 

Those quality control procedures that are specific to the ana- 

lytical method are presented with the following method descriptions. 



Figure  A - 1  

Laboratory Analysis Quality Control Data 

Test tor. - Mathod: Date Completed: 

bbomtory ~ o o .  kulyzed: Total No. of Samples: 

Type Container: Prsservrtive: - 

Standard Clrne: - 

Lab. Notebook No. 

Stock Solution Ref. No. 

Analyst 

Reviewer 

ACCURACY CHECK (Standrrdal: 

hl 

% 
F 
I? 
U) 

PRECISION CHECK (Dupllote Sung&): 

F 
S 
U) 



BORON 

Boron was measured i n  un f  i 1 t e r e d  samples by Method 404P. (Curcumi n 

Method) o f  Standard Methods (1981). The sample was a c i d i f i e d  and 

evaporated i n  t h e  presence o f  curcumin. A f t e r  d i s s o l u t i o n  o f  t he  

co lo red  res idue  i n  95% ethanol and d i l u t i o n  t o  25 mL, boron was measured 

us ing  a spectrophotometer. A c e l l  l eng th  o f  1 cm on the  Bausch and Lomb 

Spectronic  710 prov ided a 1 i m i t  o f  de tec t i on  o f  0.02 mg/L f o r  boron. 

qua l i t y  con t ro  l procedures cons is ted  o f  measuring sp7 ked samples and 

rep1 i c a t e  samples. 

TOTAL CYANIDE/CYANIDES AMENABLE TO CHLORINATION 

Tota l  cyanide was s t r i p p e d  from the  samples by d i s t i l l a t i o n  and 

d i g e s t i o n  accord ing t o  EPA Method 335.2 (1979b). The d i s t i l l a t e s  were 

t r e a t e d  w i t h  approximately 0.2 g o f  cadmium carbonate t o  prec. ip i  t a t e  

s u l f i d e ,  accord ing t o  t he  procedure proposed by Barton e t  a l .  (1978), t o  

remove i n te r fe rences  from th iocyanate breakdown du r i ng  d i s t i l l a t i o n .  

The cyanide trapped i n  the  d i s t i l l a t c ~  wa5 mcasurcd by the 

p y r i d i n e / b a r b i t u r i c  a c i d  method (EPA Method 335.2), w i t h  e i t h e r  a 1- o r  

5-cm c e l l  on a Spectronic  /IU spectrophotometer. For a 500-mL sample 

d i s t i l l e d  f o r  t o t a l  cyanidc, l i m i t c  o f  de tec t i on  o f  0.02 and 0.004 mg/L 

were est imated f o r  t h e  1- and 5-cm c e l l s ,  r espec t i ve l y .  

Cyanide present  i n  e i t h e r  an uncompl exed o r  read i  l y  d i  ssoci  a ted,  

complexed f o r m  was determined by Method 412F o f  Standard Methods (1981), 

"Cyanides Amenable t o  C h l o r i n a t i o n  a f t e r  D i s t i l l a t i o n . "  Fo l low ing  

c h l o r i n a t i o n  t o  decompose those cyanides amenable t o  c h l o r i n a t i o n ,  t he  

remaining cyanide was d i s t i l l e d  f o r  ana lys is  by the  same method 

descr ibed f o r  t o t a l  cyanide. 

Q u a l i t y  c o n t r o l  procedures inc luded ana lyz ing  spiked d i s t i l l e d  

water so lu t i ons  t o  c'heck recovery o f  cyanide i n  the  d i s t i l  l a t i o d d i g e s -  

t. inn st.ep, ana lyz ing  spiked samples, and ana lyz ing  i n  r e p l i c a t e .  

Several o f  t he  sample types showed low recover ies  o f  sodium cyanide 

spikes, due t o  reac t ions  o f  t he  cyanide w i t h  sample components. The 

na ture  o f  these reac t i ons  was no t  inves t iga ted .  Both d i s t i l l e d  water 



and sample sp ikes  were t a b u l a t e d  t o  i n d i c a t e  t h e  method 's  performance. 

Rep l i ca te  analyses were recorded on p r e c i s i o n  c o n t r o l  t a b l e s .  

A f t e r  p r e l i m i n a r y  d i g e s t i o n  of u n f i l t e r e d  samples, c h l o r i d e  was 

determined by t h e  method o f  Luthy (1978), us i ng  Method 408C (poten- 

t i o m e t r i c  method) o f  Standard Methods (1981). T i t r a t i o n  w i t h  s i l v e r  

n i t r a t e  was performed us i ng  an Or i on  Model 94-16 s i l v e r  i o n / s u l f i d e  i o n  

a c t i v i t y  e l e c t r o d e  and Or i on  Model 90-02-00 re fe rence  e l e c t r o d e  t o  

i n d i c a t e  t h e  end p o i n t .  By us i ng  a  p o t e n t i o m e t r i c  end-po in t  d e t e c t i o n  

system, sample c o l o r  d i d  n o t  i n t e r f e r e  w i t h  t h e  t i t r a t i o n s .  I n t e r -  

ferences f rom organ ic  compounds, cyanide, s u l f i d e ,  su l  f i  t e ,  and f e r r i c  

i r o n  were removed i n  t h e  d i g e s t i o n  p re t rea tment .  The es t imated  l i m i t  o f  

d e t e c t i o n  o f  t h i s  method was 0.25 mg/L f o r  100 mL o f  d i ges ted  sample. 

Q u a l i t y  c o n t r o l  measures i nc l uded  sample s p i k i n g  p r i o r  t o  d i g e s t i o n  

and r e p l i c a t e  sample analyses. The s i l v e r  n i t r a t e  t i t r a n t  was res tan-  

dard ized  as needed w i t h  s tandard s.odium c h l o r i d e  s o l u t i o n .  

THIOCYANATE 

Thiocyanate (SCN-) was determined w i t h  a  c o l o r  b l  ank/standard 

a d d i t i o n s  procedure t o  c o r r e c t  f o r  sample c o l o r  and response v a r i a t i o n s  

due t o  sample type.  The samples were d i l u t e d  i n t o  f o u r  50-mL vo lume t r i c  

f l a s k s  (minimum d i l u t i o n  40/50 mL), and then  a c i d i f i e d  t o  pH 5-7 w i t h  

1 + 1 HN03. To one o f  t h e  f o u r  vo l ume t r i c  f l a s k s  i n  each s e t  was added 

5 mL o f  2.5% (v /v )  n i t r i c  a c i d  on l y ,  t o  a c t  as a  c o l o r  b l ank ,  w h i l e  t h e  

o t h e r  f l a s k s  were t r e a t e d  w i t h  5  mL o f  c o l o r  reagent  c o n t a i n i n g  i r o n  and 

n i t r i c  ac i d ,  as s p e c i f i e d  . i n  Standard Methods (1981), Method 412-K. One 

o f  t h e  f l a s k s  i n  each s e t  was sp iked  w i t h  2  mg/L and another  w i t h  4  mq/L 

o f  t h i ocyana te  f rom a  100-my/L s tandard s o l u t i o n .  The c o n c e n t r a t i o n  o f  

t h i ocyana te  i n  t h e  unspi  ked sample was found by t h e  method o f  s tandard 

a d d i t i o n s ,  us i ng  readings made on a  Spec t ron ic  710 spectrophotometer 

(1-cm c e l l  ) , a f t e r  s u b t r a c t i  ng t h e  c o l o r  b l  ank absorbance read i  ng from 

t h a t  o f . e a c h  o f  t h e  o the r  sample d i l u t i o n s  i n  each se t .  



With a sample d i l u t i o n  o f  40/50 mL and a 1-cm spectrophotometer 

c e l l ,  t he  d e t e c t i o n  1 i m i  t o f  t h e  method was es t imated  t o  be 0.25 mg/L. 

Q u a l i t y  c o n t r o l  s teps i nc l uded  t i t r a t i o n  o f  t h e  s tandard s tock  

t h i ocyana te  s o l  u t i o n  by t he  Vol hard methods, us i ng  a s i  l v e r / s u l  f i d e  

(Or ion  Model 94-16) e l e c t r o d e  t o  i n d i c a t e  t he  end p o i n t ,  as descr ibed  by 

Burroughs and A t t i a  (1968). To 75 rnL o f  water  was added 10 mL o f  0.0142 

N AgN03, f o l l o w e d  by 10 mL o f  20% (w/v) Fe(N03)3.9H20 s o l u t i o n  and 5 mL 

o f  1 + 1 HN03 ( b o i l e d  t o  remove NO2). The s o l u t i o n  was then t i t r a t e d  

w i t h  the  t h i ocyana te  s o l u t i o n  t o  t h e  e l ec t rode  i n f l e c t i o n  end p o i n t .  

The s tock  t h i ocyana te  s o l u t i o n  used t o  make s tandard a d d i t i o n  sp ikes  was 

checked d a i l y  by deve lop ing  a s tandard curve i n  d i s t i l l e d  water  w i t h  t h e  

re fe renced  method (Standard Methods, 1981), and by check ing t he  response 

o f  t h e  spect rophotometer  (absorbance/concentration r a t i o ) .  Rep l i ca te  

analyses c a r r i e d  th rough the  e n t i  r e  s tandard a d d i t i o n  method were per-  

formed and recorded on p r e c i s i o n  c o n t r o l  t ab les .  

AMMONIA 

Ammon i amN analyses were pe~.fur.~iiecl ur~  urlr i 1 le t -ed sd11iple5 us i r ~ y  EPA 

Method 350.2 (1979). Th i s  method employed d i s t i l  l a t i o n  and ti t r i m e t r i c  

a n a l y s i s  o f  t h e  ammonia t rapped i n  b o r i c  ac i d ,  us i ng  0.02 N s u l f u r i c  

ac id .  Wfth a 400-mL sample taken f o r  d i s t i l l a t i o n ,  t h e  es t imated  l i m i t  

o f  d e t e c t i o n  was 1 mg/L. 

Any v o l  a t i  l e  ami nes present '  i n t e r f e r e d  w i t h  t h e  method, by t i  t r a t -  

i n g  as ammonia i n  t h e  b o r i c  a c i d  c o l l e c t i o n  medium. Such i n t e r f e r e n c e s  

cou ld  no t  be e l im ina ted .  

Qua1 i t y  c o n t r o l  measures i nc l uded  ana lyz ing  d i  s t i  11 ed water  and 

sample sp ikes  and an accuracy check standard. Rep l i ca te  analyses were 

a l s o  run  t o  check the  method's p r e c i s i o n .  The s u l f u r i c  a c i d  used f o r  

t i t r a t i o n  was s tandard ized,  v i a  s tandard NaOH s o l u t i o n ,  w i t h  a  potassium 

a c i d  ph tha l  a t e  a c i d i m e t r i c  standa'rd. 

TOTAL KJELDAHL NITROGEN (TKN) 

TKN was analyzed on u n f i l t e r e d  samples us ing  EPA Method 351.3 

(1979). As i n  t h e  ammonia a n a l y s i s ,  t he  b o r i c  a c i d  s o l u t i o n s  of d i s -  
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t i l l e d  ammonia were t i t r a t e d  w i t h  0.02 N s u l f u r i c  acid.. The es t imated  

1 i m i t  o f  d e t e c t i o n  f o r  t h i s  method w i t h  a 500-mL sample was 1 mg/L. 

Qua1 i t y  c o n t r o l  measures i n c l u d e d  a n a l y s i s  o f  an ammonium ch lo r ' i de  

accuracy check s tandard and r e p l i c a t e  sample analyses. The same stan- 

da rd i zed  s u l f u r i c  a c i d  ( v i a  potass ium a c i d  p h t h a l a t e )  was used f o r  b o t h  

TKN and ammonia-N analyses. 

CHEMICAL OXYGEN DEMAND (COD) 

COD was determined on u n f i l t e r e d  samples by EPA Method 410.4 

(1979), u s i n g  sealed-ampule d i g e s t i o n  i n  an oven w i t h  subsequent c o l o r i -  

m e t r i c  a n a l y s i s  on a Spec t ron ic  710 spectrophotometer.  One-ha l f  o f  a l l  

t h e  volumes i n  EPA Method 410.4 were used w i t h  t h i s  ampule method. 

I n t e r f e r e n c e s  i n  t h i s  procedure,  due ma in l y  t o  c h l o r i d e s  , were 

overcome by sample d i l u t i o n  and by t h e  complexat ion o f  c h l o r i d e  by 

mercury i o n  p resen t  i n  t h e  c a t a l y s t  s o l u t i o n .  

The lower  l i m i t  o f  d e t e c t i o n  f o r  t h i s  method was approx imate ly  9 

mg/L. 

Q u a l i t y  c o n t r o l  measurements were made on accuracy check s tandards 

and sample sp ikes,  as w e l l  as on r e p l i c a t e  samples. Standards were 

prepared w i t h  potassium a c i d  p h t h a l a t e .  

NITRATE-NITROGEN 

N i t r a t e - N  was determined on f i l t e r e d  samples, u s i n g  t h e  cadmium 

r e d u c t i o n  method, EPA Method 353.3 (1979), t o  determine ( n i t r a t e  + 

n i  t r i  te)-N. N i  t r a t e - N  was then  c a l c u l a t e d  by s u b t r a c t i n g  t h e  n i  tr i  te-N 

concen t ra t i on .  

Because o f  low recovery  i n  t h e  eadmiurrl rwduc t fon  s tep ,  a minimum 

d i l u t i o n  o f  2 mL/100 mL o f  wa te r  f o l l o w e d  by 10 mL/25 mL o f  wa te r  and 

then  d i l u t i o n  o f  t h i s  ' 25  mL o f  s o l u t i o n  t o  100 mL w i t h  ammonium c h l o r i d e  

b u f f e r  was requ i r ed .  The n i t r a t e  p l u s  n i t r i t e  c o l o r  f o l l o w i n g  cadmium 

r e d u c t i o n  was read on a Spec t ron ic  710 spect rophotometer  w i t h  a 1-cm 

c e l l .  

W i t h  a sample d i l u t i o n  o f  2 mL/100 mL and then  10 mL/25 mL, t h e  

lower  l i m i t  o f  d e t e c t i o n  f o r  t h e  method was 1.25 mg/L. 
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Q u a l i t y  c o n t r o l  a n a l y s i s  i nc l uded  de te rm ina t i on  o f  t h e  cadmium 

column e f f i c i e n c y  be fo re  each use, and a n a l y s i s  o f  accuracy check stan- 

dards o r  sp iked  samples, as w e l l  as r e p l i c a t e  analyses. 

NITRITE-NITROGEN 

N i t r i t e - N  was determined on f i l t e r e d  samples, a l s o  w i t h  EPA Method 

353.3 (1979). Poor recover ies  were found unless t h e  samples were 

d i l u t e d  p r i o r  t o  ana l ys i s .  The samples were f i r s t  d i l u t e d  1 mL/25 mL 

w i t h  wate r ,  and then  d i l u t e d  aga in  by 25/100 w i t h  ammonium c h l o r i d e  

b u f f e r  b e f o r e  c o l o r i m e t r i c  a n a l y s i s  on a  Spec t ron ic  710 spectrophoto- 

meter w i t h  a I-CM c e l l .  1nLer.l'er'ences due t o  c o l o r c d  o rgan i c  ma t te r  

were avoided o r  reduced by d i l u t i o n  o r  by runn ing  c o l o r  b lanks  made up 

w i t h  c o l o r  reagent  t h a t  d i d  n o t  c o n t a i n  N - l - ( l - naph thy l  Ie thy lened iami  ne 

reagent.  

Wi th  a  1/25 d i l u t i o n  and the  method as p r a c t i c e d ,  a  lower  l i m i t  of 

d e t e c t i o n  o f  0.25 mg/L was est imated.  

Q u a l i t y  c o n t r o l  f o r  t h i s  method cons i s ted  o f  f r equen t  s tandard iza-  

t i o n  o f  t he  s tock  n i t r i t e  so l l j t l o t l  w i t h  standdr.i l ized (vs .  p r imary  

s tandard grade sodium oxa la te )  potassium permanganate. Sample sp ikes 

and sample r ~ p l f c a t e s  were a l s o  run. 

FLUORIDE 

F11.1oride was determined i n  u n f i l t e r e d  samples a f t e r  Be1 l o c k  d i s t i  l- 

l a t i o n ,  u s i n g  an Or i on  Model 94-09 f l u o r i d e  e l e c t r o d e  and an Or i on  Model 

90-02-00 doubls  j u n c t i o n  re fe rence  e lec t rode .  The d i g e s t i o n  procedure 

i s  descr ibed  i n  EPA Method 340.2. I n  a d d i t i o n ,  t h e  SPADNS c o l o r i m e t r i c  

procedure, €PA Method 340.1, was used w i t h  some uf t h e  samples. Thc 

d i s t i l  l a t i o n  was expected t o  remove i n t e r f e r e n c e s  from t h e  ana l ys i s  f o r  

f l u o r i d e ,  p a r t i c u l a r l y  i n t e r f e r e n c e  due t o  p o s s i b l e  f l  uoroborate (BF4) 

i o n  i n  the samples. Recovery from a  dephenolated feed sample was found 

t o  be loo%,  even though t he  boron i n  such samples was known t o  be 

approx imate ly  100 mg/L. 



The approximate lower  l i m i t  o f  d e t e c t i o n  f o r  t h e  e l e c t r o d e  measure- 

ment a f t e r  d i s t i l l a t i o n  o f  a  300-mL sample, w i t h  a  f i n a l  volume o f  

300 mL, was 0 . 1  mg/L. For  t h e  SPAONS method, t h e  lower  l i m i t  o f  detec-  

t i o n  was a l s o  0 . 1  mg/L. 

Q u a l i t y  c o n t r o l  checks i n c l u d e d  analyses o f  accuracy check 

standards,  sp iked  samples, r e p l i c a t e  samples, and d i s t i l l e d  f l u o r i d e  

standards made up i n  d i s t i l l e d  water .  D i s t i l l e d  b lanks  were a l s o  r un  

w i t h  each s e t  o f  samples. 

ALKALINITY (TOTAL) 

A1 k a l  i n i t y  was determined by  t i t r a t i o n  t o  pH 4.5 w i t h  a pH meter 

and e l ec t r ode ,  as descr ibed  i n  EPA Method 310.1. I f  necessary, a  cu rve  

was p l o t t e d  f rom i n te rmed ia te  p o i n t s  between t he  i n i t i a l  pH and pH 4.5.  

Q u a l i t y  c o n t r o l  measures f o r  t h i s  parameter i nc l uded  f r equen t  

s t a n d a r d i z a t i o n  o f  t h e  e l ec t r ode .  The s tandard s u l f u r i c  a c i d  t i t r a n t  

sodium hydrox ide (standard, ized vs. potass ium a c i d  p h t h a l a t e  s o l u t i o n )  

was used t o  t i t r a t e  t h e  s u l f u r i c  a c i d  t i t r a n t  t o  pH 7.0. The l i m i t  o f  

d e t e c t i o n  f o r  t h i s  t i t r a t i o n  was about 10 mg/L as CaC03. 

TOTAL ORGANIC CARBON (TOC) 

TOC was determined on u n f i l t e r e d  samples a f t e r  t r ea tmen t  w i t h  

concen t ra ted  h y d r o c h l o r i c  a c i d ,  t o  remove i n o r g a n i c  carbon d u r i n g  

a n a l y s i s  on a  Dohrman DC-50 TOC Analyzer.  I n t e r f e r e n c e s  were due t o  

s u l f a t e ,  which g r a d u a l l y  lowered t h e  convers ion  e f f i c i e n c y  o f  t h e  

rhodium c a t a l y s t  i n  t h e  r e d u c t i o n  zone o f  t h e  furnace tube,  where carbon 

d i o x i d e  was reduced t o  methane f o r  d e t e c t i o n .  Th i s  i n t e r f e r e n c e  was 

accounted f o r  by f r e q u e n t l y  r e c a l i b r a t i n g  t h e  ins t rument  w i t h  potass ium 

a c i d  p h t h a l a t e  standards.  A lso,  samples were d i l u t e d  whenever p o s s i b l e  

t o  reduce t h e  s u l f a t e  burden on t h e  ins t rument .  The rhodium c a t a l y s t  

was p e r i o d i c a l l y  regenerated by heat  t rea tment  o r  by s t r i p p i n g  w i t h  

s t r o n g  h y d r o c h l o r i c  ac id .  

A lower  l i m i t  .of d e t e c t i o n  f o r  t h e  30-mL sample i n j e c t i o n  used was 

es t imated  a t  4 mg/L. 



Q u a l i t y  c o n t r o l  measurements inc luded r e i n j e c t i o n  o f  potassium a c i d  

ph tha la te  standards t o  v a l i d a t e  o r  r e c a l i b r a t e  the  inst rument  response, 

and ana lys i s  o f  an independently prepared accuracy check standard (made 

w i t h  potassium a c i d  phthalate) .  Rep l ica te  i n j e c t i o n s  were a l so  made t o  

check method p rec i s ion .  

TOTAL INORGANIC CARBON/BICARBONATE ALKALINITY 

Tota l  inorgan ic  carbon (TIC) was found by f i r s t  determining TOC on 

an u n a c i d i f i e d  sample, and then determin ing t o t a l  carbon (TC) on the  

same sample. The d i f f e rence ,  TC - TOC = T I C ,  was then ca lcu la ted .  Both 

analyses were r u n  w i t h  a  30-mL sample on the  Dohrman DC-50 instrument.  

The TIC value (mg o f  C/L) was then used w i t h  the sample pH t o  

c a l c u l a t e  the bicarbonate a l k a l i n i t y  (mg/L as CaC03), as fo l lows.  

F i r s t :  

determine pH = - l o g  ( t i t )  so ( t i t )  = 10-pH (4  

2 ". 
S e ~ u ~ l r l ,  t o  f l n d  rhe r a t i o  o t  moles o f  HC03 t o  H2C03 o r  t o  CO1 , use 

e i t h e r :  

where K = 10 - 6 . 3 6  
1 , o r :  

where K2 = +10-10'33. Th i rd ,  t o  c a l c u l a t e  the  H C O ~ -  concentrat ion as 

mg/L i a  CdC03, use the  r a t i o  tound i n  e i t h e r  equat ion 5 o r  6 and the 

f o l  lowing equat ion: 



The l i m i t  o f  d e t e c t i o n  f o r  t h i s  method was t h e  same (10 mg/L) as 

t h a t  g i ven  f o r  TOC. S i m i l a r  i n t e r f e r e n c e s  were expected f o r  TOC and 

TIC. 

B icarbonate and carbonate were a l s o  determined by c a l c u l a t i o n  from 

pH, pheno lph tha le in  a l k a l i n i t y ,  and t o t a l  a l k a l i n i t y  measurements, as 

descr ibed  i n  Standard Methods, Method 403. Th i s  procedure was used f o r  

l ime-so f tened  samples, where most of  t he  a1 k a l  i n i t y  was expected t o  be 

due t o  carbonate o r  hydrox ide,  r a t h e r  than  s a l t s  o f  s i l i c a ,  phosphor ic ,  

o r  b o r i c  ac ids .  The l i m i t  o f  d e t e c t i o n  f o r  t h e  a l k a l i n i t y  t i t r a t i o n  was 

about 10 mg/L as CaC03. 

BIOCHEMICAL OXYGEN DEMAND (BOD) 

BOD was determined on u n f i l t e r e d ,  unpreserved samples, us i ng  Method 

507 i n  Standard Methods. N i t r i f i c a t i o n  was i n h i b i t e d  by adding 

2-chloro-6-trichloromethylpyridine f o r  a l l  de te rmina t ions .  Seed was 

de r i ved  from bench-scale b i o l o g i c a l  r e a c t o r  mixed l i q u o r ,  composited 

from r e a c t o r s  1 A  and 1B and 4A and 48. A lower  l i m i t  o f  d e t e c t i o n  o f  

2 mg/L was expected f o r  a 300-mL sample volume, assuming a d e p l e t i o n  o f  

2 mg/L d i sso l ved  oxygen and a zero b l ank  va lue.  

Q u a l i t y  c o n t r o l  procedures f o r  BOD inc luded  r e p l i c a t e  sample 

analyses, seed curves f o r  each sample s e t ,  d i l u t i o n  water  checks, and a 

g lucose/g lu tamic a c i d  s tandard w i t h  an expected va lue  o f  200 + 37 mg/L. 

PHENOLICS (COLORIMETRIC) 

Phenol ics  were determined on u n f i l t e r e d  samples. The samples were 

d i s t i l  l e d  and analyzed w i t h  o r  w i t h o u t  s o l v e n t  e x t r a c t i o n ,  us i ng  t h e  

4-aminoant ipyrene c o l o r i m e t r i c  procedure o f  EPA Method 420.1 (EPA, 

1979b). A 1-cm c e l l  was used w i t h  t h e  Spec t ron ic  760 spectrophotometer.  

No i n t e r f e r e n c e s  were found w i t h  t h i s  procedure, a l though t he  feed 

samples r e q u i r e d  e x t r a  d i l u t i o n  ( u s u a l l y  2 mL/100 mL) i n  o rde r  t o  o b t a i n  

a sample response w i t h i n  t h e  c a l  i b r a t e d  sca le  o f  phenol concen t ra t ions  

i n  t h e  c o l o r i m e t r i c  s tep  o f  t he  procedure. 



Using t h e  e x t r a c t i o n  procedure, t h e  d e t e c t i o n  l i m i t  w i t h  a 100-mL 

e f f l u e n t  sample was 25 pg/L. For a 10-mL sample (used f o r  a n a l y s i s  o f  

feed  samples) analyzed w i t h o u t  e x t r a c t i o n ,  a d e t e c t i o n  l i m i t  o f  2.5 lmg/L 

was est imated.  

Q u a l i t y  c o n t r o l  a n a l y s i s  i nc l uded  sample r e p l i c a t e s  and analyses o f  

s tandard c a r r i e d  through the  d i s t i l l a t i o n  procedure. I n  a d d i t i o n ,  

sample sp ikes  were processed. 

TOTAL DISSOLVED SOLIDS (TDS) 

TDS was measured by f i  1 t e r i  ng unpreserved samples and e v a ~ ~ r a t i  ng 

Llrt! Ti1 Lr 'dLe~  iri arl oven s e t  a t  P8U°C, according t o  t V A  Method 160.1. 

The p r a c t i c a l  range o f  - t h e  de te rm ina t i on  i s  10 t o  20,000 mg/L; t he  

method's lower  d e t e c t i o n  l i m i t  p r a c t i c e d  w i t h  a sample volume o f  50 rnL 

was es t imated  t o  be 20 mg/L. 

Q u a l i t y  c o n t r o l  measures i n v o l v e d  prewashing t he  g lass  f i b e r  

f i l t e r s  used t o  separate s o l  i d s  f rom t h e  samples, as we1 1 as ana l yz i ng  

i n  r e p l i c a t e .  

TOTAL SUSPENDED SOLIDS (TSS) AND VOLATILE SUSPENDED SOLIDS (VSS)  

TSS ~ I I L I  VSS ill ur ip r tc~crved  3amp1~3 WCI-c meas~r  tjd ~ L L U ~ I ~  i l l y  1u 

Methods 209.D and 209. E i n  Standard Methods (1981). I n  these 

procedures, t he  res idue  on t h e  f i l t e r  from the  TDS de te rm ina t i on  i s  

d r i e d  f i r s t  a t  103-105°C and then  a t  550°C t o  f i n d  the  TSS and VSS 

components o f  t h e  wastewater. 

The d e t e c t i o n  l i m i t  f o r  a 50-mL sample volume wa"s es t imated  t o  be 

20 mg/L, f o r  e i t h e r  TSS o r  VSS. 

Uud1it.y c u n t r o l  measures I nvo l ved  prewashing t h e  g lass  f i b e r  

f i l t e r s  and pass ing  d i s t i l l e d  water  r a t h e r  than  sample through t h e  

f i l t e r s  as a check. The we igh t  change was recorded on qua1 i t y  c o n t r o l  

sheets.  Sample r e p l i c a t e  da ta  were a l s o  recorded f o r  TSS. The r e s u l t s  

o f  t h e  TSS showed a h i g h  v a r i a b i l i t y  ( low p r e c i s i o n )  f o r  samples w i t h  

very  h i gh  suspended s o l i d s  l e v e l s ,  due t o  t h e  d i f f i c u l t y  o f  sampl ing 

these suspensions. 



pH was measured w i t h  a combinat ion g l ass  e l e c t r o d e  s tandard ized  

a g a i n s t  commercial l y  a v a i l a b l e  b u f f e r  s o l u t i o n s ,  as r e fe renced  i n  EPA 

Method 150.1. Temperature compensation, i f  requ i r ed ,  was p rov i ded  by 

manual ly  a d j u s t i n g  t h e  meter c o n t r o l ,  a f t e r  measur ing t h e  sample temper- 

a tu re .  

SULFATE 

S u l f a t e  was determined by EPA Method 375.5;  t h e  t u r b i d i m e t r i c  

procedure,  us i ng  a Moni tek nephelometer. The p rocedures 's  lower  detec-  

t i o n  l i m i t  i s  approx imate ly  1 mg/L s u l f a t e .  

I n t e r f e r e n c e s  from sampie t u r b i d i t y  and c o l o r  were accounted f o r  by 

r unn ing  c o l o r / t u r b i d i t y  b lanks  ( c o n d i t i o n i n g  reagent  o n l y  was added t o  

t he  samp'le, and bar ium c h l o r i d e  was om i t t ed ) .  I n  some cases, sample 

d i l u t i o n  was a l s o  use fu l  i n  reduc ing  i n t e r f e r e n c e s .  

Q u a l i t y  c o n t r o l  measures i n c l u d e d  sample sp ikes  and r e p l i c a t e  

analyses. The s tandard s u l f a t e  s t ock  s o l u t i o n  was prepared from 

anhydrous sodium s u l f a t e .  

PHOSPHATE (TOTAL) 

T o t a l  phosphate was determined by EPA Method 365.2 ,  us i ng  pe r -  

i u l f a t e  d i y e s t l o h  t o  conve r t  o rgan ic  phosphates o r  condensed phosphates 

t o  ortho-phosphate f o r  c o l o r i m e t r i c  a n a l y s i s  on a Spec t ron ic  710 

spectrophotometer w i t h  a 1-cm c e l l .  

The lower  d e t e c t i o n  l i m i t  o f  t h i s  method was approx imate ly  0 . 0 1  

mg/L. General l y ,  sampl e d i  1 ut. ions were r e q u i r e d  t.o remain w i t h i n  t h e  

range o f  0-0.5 mg/L f o r  t h e  c o l o r i m e t r i c  s tep.  

Q u a l i t y  cont l -o l  procedures i nc l uded  sp iked  samples and r e p l i c a t e  

sample analyses and analyses o f  an accuracy check s tandard.  



SILICA (DISSOLVED) 

D isso lved r e a c t i v e  s i l i c a  was determined w i t h  EPA Method 370.1, t he  

c o l  o r i m e t r i  c method. Sampl es were f i 1 t e r e d  (0.45 mm) before ana lys is  , 
and t h e  c o l o r  r e s u l t i n g  from r e a c t i o n  w i t h  molybdate was measured a t  

410 pm on a?Spectronic 20 spectrophotometer w i t h  a %-in. c e l l .  

The lower de tec t i on  l i m i t  f o r  t h i s  method was approximately 0 . 1  

mg/L. I n te r fe rences  found from the  sample c o l o r  were compensated f o r  by 

runn ing  c o l o r  blanks. 

Qua1 i ty  c o n t r o l  was performed w i t h  sample rep1 i cates and sample 

spikes. I n  some samples, the  sample had t o  be d i l u t e d  before spike 

recovery wds considered adequate, 

TURBIDITY 

T u r b i d i t y  was measured on a Monitek nephelometer. The nephelometer 

was ad jus ted  t o  read nephelometric t u r b i d i t y  u n i t s  (NTU) by us ing  

f r e s h l y  prepared standards according t o  EPA Method 180.1. 

The d e t e c t i o n  l i m i t  was about 0.02 NTU. 

Q u a l i t y  c o n t r o l  inc luded c a l i b r a t i n g  a l l  inst rument  ranges used, 

w i t h  20- o r  40-NTU standard so lu t ions .  

SULFIDE 

S u l f u r  i n  t h e  form of s u l f i d e  i o n  was measured i n  samples t h a t  were 

t r e a t e d  w i t h  th ree  drops o f  2 N r i n c  acetate and twu dl-ops o f  G N NaOH 

per  100 mL, t o  p r e c i p i t a t e  the  s u l f i d e  as z i n c  s u l f i d e .  Fol lowing over- 

n i g h t  s e t t l  ing ,  ,the supernatant was d i  scarded and t h e  res idua l  suspen- 

s ion  was mixed and analyzed by the  c o l o r i m e t r i c  methylene b lue  procedure 

o f  EPA Method 376.2. The r e s u l t i n g  b lue  c o l o r  was read on a Spectronic 

710 spectrophotometer. The spectrophotometer response was c a l i b r a t e d  by 

ana lyz ing  sodium s u l f i d e  standards, which were f r e s h l y  prepared and 

ti t r a t e d  aga ins t  standard t h i o s u l  f a t e  us ing  €PA Method 376.1 ( the  i od ine  

t i t r i m e t r i c  procedure). 



The major  i n t e r f e r e n c e s  were from c o l o r  and t u r b i d i t y .  D i  1  u t i n g  

t h e  z i n c  hydrox ide  suspension a t  t h e  t i m e  o f  c o l o r  a n a l y s i s  reduced t h e  

i n t e r f e r e n c e s ,  and c o l o r  b lanks  were r u n  w i t h o u t  aminosul f u r i c  a c i d  

reagent  t o  compensate f o r  t h e  rema in ing  t u r b i d i t y  and c o l o r .  Where 

these i n t e r f e r e n c e s  cou ld  n o t  be removed, t h e  sample was t i t r a t e d  w i t h  

s tandard s i l v e r  n i t r a t e  us i ng  an Or i on  Model 94-16 s i l v e r / s u l f i d e  

s p e c i f i c  e lec t rode .  

The lower  d e t e c t i o n  l i m i t  f o r  t h e  methylene b l u e  method was 0.004 

mg/L when a  200-mL sample was concen t ra ted  by f i v e  t imes  as a  r e s u l t  o f  

t h e  z i n c  p r e c i p i t a t i o n  procedure. The d e t e c t i o n  l i m i t  f o r  t h e  s i l v e r  

e l e c t r o d e  t i t r a t i o n  was 0.2 mg/L f o r  a  100-mL sample volume. 

Q u a l i t y  c o n t r o l  measures i n c l u d e d  sample r e p l i c a t e s  and res tan-  

d a r d i z a t i o n  o f  t h e  sodium t h i o s u l  f a t e  o r  s i  1  ve r  n i t r a t e  t i  t r a n t s  w i t h  

potassium b i i o d a t e  and sodium c h l o r i d e ,  r e s p e c t i v e l y .  

COLOR 

Co lo r  was measured i n  50-mL Ness le r  tubes by v i s u a l  comparison 

a g a i n s t  a  s tandard made up w i t h  potassium c h l o r o p l a t i n a t e ,  as descr ibed  

i n  Standard Methods, Method 204A. The samples were d i l u t e d  i f  necessary 

t o  b r i n g  t h e  c o l o r  i n t o  t h e  range o f  0-70 c o l o r  u n i t s .  

The p r a c t i c a l  d e t e c t i o n  l i m i t  i s  5  c o l o r  u n i t s .  

METAL'S 

A l l  meta ls  analyses were performed on u n f i l t e r e d  samples t h a t  were 

preserved w i t h  n i t r i c  a c i d  t o  a  pH o f  2  o r  l ess .  The samples were 

d i g e s t e d ' w i t h  t h e  f o l l o w i n g  procedures,  t o  o b t a i n  an es t ima te  o f  t h e  

" t o t a l "  metal  i n  t h e  samples. 

a. For  antimony: D iges ted  accord ing  t o  t h e  EPA Manual 's  n i t r i c  

a c i d  d i g e s t i o n  procedure i n  t h e  meta ls  s e c t i o n  o f  t he  manual., 

paragraph 4.1.3. The d i ges ted  samples were d i l u t e d  t o  volume 

w i t h  5  mL o f  1: 1 HCl/water and 0.5  mL of HN03 p e r  100 mL f i n a l  

vu l  ume f o r  ana l ys i s .  



b. For mercury: Digested according t o  EPA Method 245.1 (manual 

c o l d  vapor technique). 

c. For a rsen ic  and selenium: Digested according t o  EPA Method 

206.2. The d igested samples were t r e a t e d  w i t h  n i c k e l  n i t r a t e  

t o  g i ve  a f i n a l  concent ra t ion  o f  0 . B  n i c k e l  n i t r a t e  i n  t he  

so lu t i ons  taken f o r  analys is .  

d. For t i t an ium:  Digested according t o  EPA Method 283.1, w i t h  

2 mL o f  concentrated s u l f u r i c  a c i d  added i n  a d d i t i o n  t o  the  

n i t r i c  a c i d  (0.5 mL) per  100 mL o f  f i n a l  d i l u t i o n .  

e. For a l l  o the r  metals: Digested according t o  the EPA Manual's 

n i t r i c  a c i d  d iges t i on  procedure i n  the  metals sec t ion ,  para- 

graph 4.1.3. Early I n  the prmuyr.als,  dl c i UIII d ~ ~ d  111dy11eb i UIII 

samples were d igested by d ry  ashing a t  550°C i n  vycor dishes; 

l a t e r ,  samples were d igested w i t h  the n i t r i c  a c i d  procedure. 

The d iges ted  so lu t i ons  were analyzed by one o f  th ree  atomic absorp- 

t i o n  techniques: 

a. F o r  mercury: Analyzed by the manual c o l d  vapor teehnique, EPA 

Method 245.1, w i t h  an Ins t rumenta t ion  Laborator ies Model 457 

atomic absorpt ion (AA)  spectrophotometer. 

b .  For  a rsen i c  and selenium: Analyzed by a s p i r ' d l i u ~ ~  u r  LIIY 

sample v ia ,  an Ins t rumenta t ion  Laborator ies Model 254 FASTAC 

autosampler i n t o  a g raph i te  tube o f  an I L  Model 655 furnace 

mounted i n  t h e  I L  Model 457 AA spectrophotometer. 

c. For a1 1 o ther  metals: Analyzed by a s p i r a t i o n  o f  sample i n t o  

e i t h e r  an a i r /ace ty lene o r  n i t r o u s  oxide/acetylene flame on an 

I L 457 AA spec tr~oplio'tomeler~. 

I n  g raph i te  furnace analyses, in te r fe rences i n  the wastewaters were 

cor rec ted  f o r  by us ing  the  method o f  standard add i t ions .  Background 

c o r r e c t i o n  w i t h  a deuterium lamp was used on those flame and furnace 

analyses conducted a t  wavelengths below 300 nm. 

Q u a l i t y  c o n t r o l  steps inc luded measuring a t  l e a s t  f o u r  standards 

and a b lank  w i t h  each ana lys is ,  p lus  a d iges t i on  b lank conta in ing  those 



reagents used f o r  t h e  d i ges t i on .  Spikes were added t o  samples be fo re  and 

a f t e r  d i g e s t i o n ,  and r e p l i c a t e  samples were processed through t h e  d iges-  

t i o n  and a n a l y s i s  steps. 

OIL AND GREASE 

Freon-ex t rac tab le  compounds i n  t h e  wastewaters were determined by 

Method 413.1 o f  Standard Methods (1981). Th i s  procedure uses separa to ry  

funnel  e x t r a c t i o n  o f  an a c i d i f i e d  sample t o  p a r t i t i o n  t h e  compounds i n t o  

t h e  Freon. Evaporat ion of t h e  Freon i n  a t a r e d  f l a s k  then  y i e l d s  t he  

weight  o f  m a t e r i a l  ex t rac ted .  The d e t e c t i o n  l i m i t  o f  t h i s  method was 

about 0.5 mg/L f o r  e x t r a c t i o n  o f  a  1-L volume o f  sample, a l though t he  

use fu l  range i s  u s u a l l y  f rom 5 t o  1,000 mg/L. Freon s o l v e n t  b lanks were 

run  t o  ensure contaminant- f ree so lven t .  



Appendix 2 

S~mmary o f  Dephenol a ted  Feed Aralys i 3 

,- ..... - .............................. .- ..................................................................... - ....... - .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . - .. - -.. 

EIRTCH NO. I L a 4 d 6 8 .. 5 

VOL. l i t e r s  168 : 44 144 1 Be 136 145 172 

U. W. SOURCE E x t t - a c t  E x t t - a c t  E x t t - a c t  E x t r . a c t  E x t  t 'act  E x t r a c t  E + t r a c t  
1-3 4-7 8-1 1 12-16 17-21 LL LG 32-36 L. I.-.:. 

SYSTEM USE 1.2.3 1.2.3 1,E,3 1.Z.3 1.2.3 1 $ b* .=. 3 1.2.3 

PRRQMETERS Mo/l 
.... - .-..... 

COD 1818 2868 25Y18 2-8 2468 2 2 l a  E l78  

TOC €21 6'I.d ,- 786 2 6  738 4 18 558 

Rrnrron i a -N  184 167 193 195 132 177 1 B6 

N i t r a t e  -N 16.7 ND 1.85 ND ND 4.5 1.5 

C y a n i d e  

T h i o c y a n a t e  

Phenol i c s  

C a l c i u r ~ i  

I t-on 

Magnes  i urn 

Phosphot-us, T o t  a1 

TDS 62@4 6686 518ld 56 18 3846 4528 

PH 7.8 7 .  7 7.6 7 . 5  7. 8 8. 1 7.8 

ND = NOT DETECTEID(VnLUE REF'ORlED I S  L I M I T  OF DETECTION)  



Appendix 2 (Continued) 

BRTCH NO. 3 18 1 1  12 13 14 15 

VOL, 1 i t  e r s  184 176 1 L .=. 7 127 15 1 11  1 8 1 

W. W. SOURCE E x t r - a c t  E n t r - a c t  E x t r a c t  E x t t - a c t  75% STOCK 58% STOCK 25% STOCK 
37-4 1 42-46 47-51 47-51 25% CHEMPHO SdX CHEMPHO 75% CHEMPRO 

CHEMPRO 
DRUM 1 

SYSTEM U S E  

STOUT 

COD L 868 3238 2838 2828 1678 288 1 2138 

TOC 

FIrnnic.n i a - N  

N i t r a t e  - N  

N i t r i t e  -N 

P h e n o  1 i cs 

C a l c i u r ~ i  

I I-or1 

M a g r l e s i  uu 

P h o s p h o r u s .  T o t a l  

S u d  i clro 

TDS 

PH 8.8 9.4 8.8 8. 1 8.8 7.3 8.1 

ND = NUT UE'TECTEC. (VFILUE REPORTED 1S L I M l  1 CIF D E T E C T I O N )  



Appendix 2 (Continued) 

_ _ _ _ _ _  - 

bATCI1 NO. 1 7  18 19 28 2 I ~d 24 z, .> LL .I. _' 

U. W. SOURCE 

SYSTEirl USE 

STRRT 

CHENPRO ICHEMF'RO CHEMPRO CHECIPRO CHEMF'RO CkIEMF'HO CHEMPRO CtiEMPRO 
DRUM 2 DRUM 2 DRUM 3 DRUM 3 DRUM 4 DRUM 4 DRUM 5 DRUM S 

TCIR CICID 1.3 T R R F I C I D  1 . 3  T C I R l i C I D  1 . 3  TRR FICID TFIR O C I D  
SVS 2 SYS E SYS 2 5,':' SYS 2 SYS 1, Li La-SYS 3 

@3/20/83 B3i38/83 84/85/83 84/18/83 a4/25/83 85/18/83 85/14/83 @6/01/83 

COD 

TOC 

Rrllrllorll a -N 

N i t c ~ t e  -N  

C y a n i d e  

PH 3 .1  8.2 . 3 .8  8 2 . L 

NI) = NOT D,ZTECTED, (VfiLUE HEPQRTED 1:; 1 . I M I T  DF DLiTL'CTION) 



Appendix 3 

Summary o f  Control  Systems Feed Analysis 

DQTCH NO. I c' 3 4 J 6 7 8 9 1 8 1 1  - c 

VOL. 1 i t c t - s  1 8 8  1 I!= 1 1 5  3 6  4 8 1 4 7  1 1 5  1 2 8  4 8  4 4 4 4  

W. W. SOURCE DRUM 2 4  DRUM 2 4  DRUM 2 4  DRUM 2 4  DRUM 2 4  PFISSES PFISSES F'RSSES PRSS PFISS PQSS 
1-5  6-8 9-1 1 1 2  1 3  1 4  

SYSTEM USE 4 9 5  4 9 5  4 . 5  4 . 5  4 . 5  4 1 5  4 , s  4 . 5  4 4 4 

PRRflMETERS Mg/ l 
- ----- - -- 

COD 56616 7 3 3 8  8B68  7 5 7 8  8 3 1 8  6 1 4 3  ~ ~ 7 4  5 9 2 8  6 4 9 5  6 4 8 8  =.- 

TOC 2 3 2 a  1 9 8 3  1 9 8 8  2 5 4 8  1 3 1 8  1 6 3 8  1 3 4 8  1 3 8 8  I 2 6 8  1 3 4 8  1 6 3 8  

N i t t ' i t e  -N ND ND ND N D N D ND ND 16. E5 8.35 ND ND 
(8. 25) (8. E 5 )  (8.25) (8. 25) ( 8 . 2 5 )  ( 8 . 2 5 )  ( 8 . 2 5 )  ( 8 . 2 5 )  ( 0 . 2 5 )  

C y a n i d e  a. 96 4 . 7 4  8. 4 4  8.88 3 . 4 6  19. 4 3 8 . 7  t - 6 . 7  4 . 1  16.66 1 . 3 5  

T h i o c y a n a t e  1 6 8  1 8 3  1 6 5  2 3 8  1 9 8  24Q 1 2 9  1 8 3  2 8 7  2 1  1 9 1 3  

Phenol ice 1 85.2 1 2 1 4  1 2 3 8  1 6 1 4  1 4 7 6  1 4 8 4  1 8 8 3  1 8 1 3  9 1 7  9 6 2  

Calcictrn 338 1 6 5 8  2 4 8  1 6 4 8  7 8 9  6 5 2  7 3 8  7 1 8  998 638 988 

. Phc-sph .>r~~s ,  T o t  a 1 13. 3 2 8 7  1 8 7  1 3 2  18'3 9 . 7  1 2 3  1 6 2  1 3 2  L 8 2  1 "4 
L 

Sod i I.IIII - - - - - - - - - - 986 544, 4 8 8  4 8 8  388 2 1 8  

TDS 116458 1 1 4 8 8  '3283 134'32 1 1 7 6 4  7 6 8 8  42316 3 4 6 8  57216 3388 4 1 8 8  

ND := NIII' DETECTED (VnLUE REPORTED I S  L I M I T  OF DETECTION) 



Appendix 4 

F i r s t -Orde r  K i n e t i c s  i n  Two S e r i a l  CSTRs 

A t  steady s t a t e  w i t h  a  f i r s t - o r d e r  r e a c t i o n  i n  COD: 

l e t  T. = V/v  

where C = COD concent ra t ion  

Ci = COD lnlet 

v  = vo lumet r ic  f l o w  r a t e  

V1 = V2 = V = volume o f  r e a c t o r  

k = r e a c t i o n  r a t e  constant  

For System 1, o v e r a l l  convers ion o f  COD was about 90%, w i t h  

each r e a c t o r  nomina l l y  having t = 2 days: 



For t h e  e f f l u e n t  concen t ra t i on  response t o  a  s tepwise change i n  feed 

concen t ra t ion :  

Reactor 1: V(dCi/dt) = Civ - Cl(t)v - kVCl(t) 

So lu t i on :  

where C1(0) i s  COD concen t ra t i on  i n  Reactor 1 a t  t = 0 and a = l / r  + k. 

Reactor 2: V[dC2(t) /dt ]  = Cl(t) - C2(t)v - kVC2(t) 

So lu t i on :  

where C2(0) i s  COD concen t ra t i on  i n  Reactor 2  a t  t = 0. 

Given t h e  system a t  steady s t a t e  w i t h  a  feed COD o f  2,000 mg/L, 

r = 2 days. and k = 1.08 days-': 

W i t h  a  s tep  decrease i n  COD i n  t h e  feed o f  500 mg/L, t h e  COD concent ra-  

t i o n s  would respond as shown i n  F i gu re  A-2. 

S i m i l a r  d e r i v a t i o n s  can be made f o r  System 2 .  



F i g u r e  A-2 

COD Response t o  Stepwise Changes i n  Feed Concentrat ion 

TIME (DAYS) 



Appendix 5 

Gas Chromatographic/Mass Spectroscopic 

Analyses for Organic Priority Pollutants 



8807 Cary Algonquin Road 
Post Off ice Box 1 30 
Cary, Illinois 6001 3 

M r .  W e  M e  Heintzelman 
C a t a l y t i c  Inc. 
c /o  ESD Lab 
201 East 10 th  S t ree t  
Marcus Hook, PA 19061 

Telephone: 31 2-639-881 8 
800-334-8525 

May 26, 1983 

Dear Mr.  Hei ntzelman: 

Thank you f o r  s e l e c t i n g  Mead CompuChem@ f o r  your recent  sample analys is .  We 
have completqd the  ana lys i s  t h a t  you requested and have enclosed a summary o f  
t h e  CompuChem data fo r  your  review. Add i t iona l  data d e t a i l s  a re  a v a i l a b l e  f o r  
purchase if you r e q u i r e  them. 

As you know, EPA has proposed de tec t i on  l i m i t s  f o r  t he  p r i o r i t y  p o l l u t a n t s  i n  
t h e  December 3, 1979, Federal Register ,  and we have repor ted a l l  p r i o r i t y  p o l l u -  
t a n t  concentrat ions which have exceeded these l i m i t s .  I n  add i t i on ,  we have per- 
manently s tored a complete record o f  your  data on magnetic tape. This inc ludes 
chromatograms, mass spectra, c a l i b r a t i o n  and q u a l i t y  c o n t r o l  data f o r  t he  orga- 
n i cs .  Therefore, your  o r i g i n a l  data i s  r e a d i l y  avai 1 ab le ,  f o r  fu tu re  reference. 
Should you r e q u i r e  a d d i t i o n a l  in fo rmat ion  from your  data base, please contact  us 
a t  1/8QQ-334~jm8625. 

I n  o rder  t o  expedi te data t o  you, we have forwarded the  r e s u l t s  t o  a l l  completed 
analyses. I f  you submitted more samples than are included. i n  t he  enclosed 
r e s u l t s ,  t he  data w i l l  be forthcoming upon complet ion o f  our f i n a l  review, 

Your conf idence i n  our CompuChem se rv i ce  i s  appreciated. We look forward t o  a 
c o n t i n u i n g  associ a t  ion. 

S ince re l y ,  

Customer Service Dept. 
Mead CompuChem@ 

Encl osure : 

Report : 

Sample I d e n t i f i e r  Number: BIO UNIT 28 EFFLUENT CompuChem Number: 3547 
010 UNIT 3 EFFLUENT ' . 3548 
010 UNIT 5 EFFLUENT 3549 
010 UNIT 1B EFFLUENT 3550 
DEPHENOLATED FEED 3551 

1 C:& 
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1. REPORTS OF SAMPLE DATA 
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B. 3 5 4 8  
C. 3 5 4 9  
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EXHIBITS ( E x h i b i t s  a r e  i n c l u d e d  f o r  e a c h  s a m p l e  a b o v e  i f  t h e y  
p e r t a i n  t o  t h a t  s a m p l e )  

I LABORATORY CHRONICLE 

I I COMPOUND L I  STS 

111 VOLATILE 
I 11-1 VOLATILE 
I 11-2  VOLATILE 

I V ACID 
I V- 1 AC I D  
I V - 2  ACID 

R I C  
SPECTRA (ABOVE DETECTION L I M I T S )  
STANDARD R I C  

R I C  
SPECTRA (ABOVE DETECTION L I M I T S )  
STANDARD ' R I C 

V BASE-NEUTRAL/PESTICIDE R I C  
V- 1 BASE-NEUTRAL/PESTICIDE SPECTRA (ABOVE DETECTION L I M I T S )  
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above €PA s p e c i f i e d  de tec t i on  l i m i t s .  



1A. REPORT OF DATA 

SAMPLE I D E N T I F I E R  NUMBER: B I O  U N I T  2B EFFLUENT 

COMPUCHEM SAMPLE NUMBER: 3547 

SUBMITTED TO : 

Mr.  W. M. H e i n t z e l m a n  
C a t a l y t i c  Inc. 
c /o ESD L a b  
2 0 1  E a s t  10th S t r e e t  
M a r c u s  Hook,  PA 1 9 0 6 1  

GERALD D. WRIGHT, CP I M  
MANAGER, PRODUCTION PLANNING AND CONTROL 

R. L. MYERS;PH.D. 
PRESIDENT 

P.AUL E. M I L L S  
DIRECTOR OF QUALITY ASSURANCE 

JAMES J. ZOLDAK 
DIRECTOR OF LABORATORY OPERATIONS 



EXHIBIT I - -LABORATORY CHRONICLE 

SAblPLE IDENTIFIER: B I O  UNIT 28 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3547 

Organics 

Extracted 

Analyzed 

1. Vo la t i l es  

2. Acids 

3. Base/Neutral s 

4. Pesti  c i  des/PCBS 

I norgani cs 

1. Metals 

2. Cyanides 

3. Phenols 

Date - 
05/02/83 

05/13/83 

05/11/83 

05/12/83 

Not Requested 

Not  R6qu0st&d 

Not Requested 

Not Requested 



EXHIBIT  I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER:  B I O  UNIT 2 8  EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3547 

VOLATILE ORGANICS 

ACROLEIN 
ACRYLONITRILE 
BENZENE 
B I S  ( CHLOROMETHYL 1 ETHER 
BROMOFORM 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLORODIBROMOMETHANE 
CHLOROETHANE 
2-CHLOROETHYLVINYL ETHER 
CHLOROFORM 
DICHLOROBROMOMETHANE 
DICHLORODIFLUOROMETHANE 
1,l-DICHLOROETHANE 
1,2-DICHLOROETHANE 
1,l-DICHLOROETHYLENE 
1,2-DICHLOROPROPANE 
1,3-DICHLOROPROPYLENE 
ETHYLBENZENE 
METHYL BROMIDE 
METHYL CHLORIDE 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHYLENE 
TOLUENE 
1,2-5'RANS-OICHLOROETHYLENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHYLENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 

DETECTION 
CONCENTRATION L I M I T  SCAN 

( UGIL ( UGIL)  NUMBER 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

BDL = BELOW DETECTION L I M I T  



E X H I B I T  I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER:  B IO UNIT 28  EFFLUEN'I 
COMPUCHEM SAMPLE NUMBER: 3547  

ACID EXTRACTABLE ORGANICS 

2-CHLOROPHENOL 
2.4-DICHLOROPHENOL 
2.4-DIMETHYLPHENOL 
4.6-DINITRO-0-CRESOL 
2.4-DINITROPHENOL 
2-N ITROPHENOL 
4-NITROPHENOL 
P-CHLORO-M-CRESOL 
PENTACHLOROPHENOL 
PllENOL 
2.4.6-TRICHLOROPHENOL 

CONCENTRATION 
(UG/L 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
B DL 
BDL 

DETECTION 
LIMIT SCAN 
(UG/L ) NUMBER 

2 5 
2 5 
2 5  

2 5 0  
2 5 0  

2 5 
2 5  
2 5 
2 5  
2 5 
2 5  

BDL = BELOW DETECTION L I M I T  



EXHIBIT I 1  - COMPOUND L IST  

SAMPLE IDENTIFIER: BIO UNIT 28 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3547 

BASE-NEUTRAL 
EXTRACTABLE ORGANICS 

- - - - 

ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZIDINE 
BENZO ( A) ANTHRACENE 
BENZO ( A )  PYRENE 
3.4-BENZOFLUORANTHENE 
BENZO (GHI PERYLENE 
BENZO (K  ) FLUORANTHENE 
B I S  (2-CHLOROETHOXY) METHANE ' 

B I S  ( 2-CHLOROETHYL ) ETHER 
B I S  ( 2-CHLOROI SOPROPYL ) ETHER 
8 1  S ( 2-ETHYLHEXYL ) PHTHALATE 
4-BROMOPHENYL PHENYL ETHER 
BUTYL BENZYL PHTHALATE 
2-CHLORONAPHTHALENE 
4-CHLOROPHENYL PHENYL ETHER 
CHRY SENE 
DIBENZO (A,H) ANTHRACENE 
1,2-DICHLOROBENZENE 
1.3-DICHLOROBENZENE 

DI ETHYL PHTHALATE 
DIMETHYL PHTHALATE 
DI-N-BUTYL PHTHALATE 
2,4-DINITROTOLUENE 
2,6-DINITROTOLUENE 
DI-N-OCTYL PHTHALATE 
1.2-DIPHENYLHYDRAZINE 
FLUORANTHENE 
FLUORENE 
HEXACHLOROBENZENE 
HEXACHLOROBUTADIENE 
HEXACHLOROCY CLOPENTADIENE 

CONCENTRATION 
( UG/L ) 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
[JDL 
BDL 
$DL 

DETECTION 
L I M I T  SCAN 
( UG/L NUMBER 

C o n t i  nued.. . 

BDL = BELOW DETECTION L I M I T  



EXHIBIT I1  - COMPOUND L IST  

SAMPLE IDENTIFIER: BIO UNIT 28 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3547 

BASE-NEUTRAL 
EXTRACTABLE ORGANICS ( C o n t i n u e d ]  

HEXACHLOROETHANE 
INDENO ( 1,2,3-CD) PYRENE 
ISOPHORONE 
NAPHTHALENE 
NITROBENZENE 
N-NITROSODIMETHYLAMINE 
N-NITROSODI-N-PROPYLAMINE 
N-NITROSODIPHENYLAMINE 
PHENANTHRENE 
PY RENE 
1,2,4-TRICHLOROBENZENE 

CONCENTRATION 
( UGIL 

BDL 
BDL 
BDL 
Rnl, 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

DETECTION 
L I M I T  SCAN ' 
( UGIL) NUMBER 

10 
2 5 
10 
10 
10 
10 
10 
10 
1 0  
1 0  
1 0  

BDL = BELOW DETECTION L I M I T  



CompuChem employs Methods 624 and 625 f o r  p r i o r i t y  pol  1 u t a n t  analys is .  
These methods were proposed by t h e  U.S. E.P.A. i n  Volume 44 o f  the  Federal 
Register  on December 3, 1979. As these methods are c u r r e n t l y  i n  a 
"proposed" status,  a1 1 aspects of the  methods may n o t  be va l  i da ted  u n t i l  
t he  U.S. E.P.A. promulgates the  methods i n  " f i n a l "  form. 



KCID (xltwcm 
RIC  WTEl r W3547A86 SCAHS 3810 me 
85~13/83llt;311@e . 



R I C  
851 13/83 9r 29: 88 
SWSPLE: 160NC VOA STANOARD 

MEAD CClWUCHEN 
DATA: US83051 3A06 SCANS 38 TO 850 

I 
I I 1 u I I I I I m I m I I I 1 

109 200 300 400 508 600 700 880 SCAN 
3:'2S 6: 58 18: 15 13:40 17: 05 20: 30 23: 55 27: 20 TINE 



R I C  
05/11/83 12:35:00 
SAMPLE: ACID #3547 

MEAD CONPUCHEM 
DATA: AC083547A02 SCANS 350 TO' 1600 



SCANS 350 TO 1680 
, 3 

143750. 

!!EkD CO~lPUCHEM 
R I C  DATA: AT836511AB2 
0511 1/83 !3: 38: t 2  
SAMPLE: ACID STD #33@3, 89 NZ, LOT 21227 



R I C  
8511 2/03 13: 01 : 80 
SAPIDLE: BASE b3547 

HEAD CCNPUChEN 
WTA: BC883547A81 

SCAN 
TINE 



mcxwLKw! 
RIC DAfAt BSB36512A81 
W 1 2 4 3  8r21t00 

M E  Sn#2384r 58 MCI LOT 21238, M 5-13 



MCompuChem 

1 0 .  REPORT OF DATA 

SAMPLE I D E N T I F I E R  NUMBER: B I O  U N I T  3 EFFLUENT 

COMPUCHEM SAMPLE NUMBER: 3548 

SUBMITTED TO: 

M r .  W. M. H e i n t z e l m a n  
'Cat a1 y t  i c Inr , 
c/o ESD Lab 
201 E a s t  1 0 t h  S t r e e t  
Marcus Hook, PA 19061 

GERALD D. WRIGHT, CPIM " 
R .  L. MYERS, PH.D. 
PRESIDENT 

PAUL E. M ILLS  
DIRECTOR OF QUALITY ASSURANCE 

JAMES J .  ZOLDAK 
DIRECTOR OF LABORATORY OPERATIONS 



EXHIBIT I - LABORATORY CHRONICLE 

SAMPLE IDENTIFIER: BIO UNIT 3 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3548 

Recei ved/Ref r i  gerated 

Organics 

Ex t rac ted  

Analyzed 

1. V o l a t i l e s  

2. Acids 

3. BaseINeutral  s 

4. PesticidesIPCBS 

Inorgan i  cs  

1. Meta ls  

2. Cyanides 

3. Phenol s 

Date - 
05/02/83 

05/13/83 

05/11/83 

05/13/83 

Not Requested 

Not Requested 

Not Requested 

Not Requested 



E X H I B I T  I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER:  B IO UNIT  3 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3548 

VOLATILE ORGANICS 

ACROLEIN 
ACRYLONITRILE 
BENZENE 
B I  S (CHLOROMETHYL) ETHER 
BROMOFORM 
CARBON TETRACHLORIDE 
CHLOHOBENLENE 
CHLORODIBROMOMETHANE 
CHLOROETHANE 
2-CHLOROETHYLVINYL ETHER 
CHLOROFORM 
DICHLOROBROMOMETHANE 
DICHLORODIFLUOROMETHANE 
1,l-DICHLOROETHANE 
1,2-DICHLOROETHANE 
1,l-DICHLOROETHYLENE 
1,2-DICHLOROPROPANE 
1,3-DICHLOROPROPYLENE 
ETHYLBENZENE 
METHYL BROMIDE 
METHYL CHLORIDE 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHYLENE 
TOLUENE 
1,2-TRANS-DICHLOROETHYLENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHYLENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 

DETECTION 
CONCENTRATION L I M I T  SCAN. 

(UG/L) (UG/L) NUMBER 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BBL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BD L 
BDL 
BD b 
BDL 
BD L 
BDL 
BDL - 

BDL 
BDL 
$DL 
BDL 
BDL 
BDL 
BDL 
ROL c 

BDL = BELOW DETECTION L I M I T  



EXHIBIT I 1  

QUALITY CONTROL QUALIFIER 

DATE: May 25, 1983 

SAMPLE IDENTIFIER: BIO UNIT 3  EFFLUENT 

COMPUCHEM SAMPLE NUMBER: 3548 

FRACTION: Ac id  

PROBLEM: Low Surrogate Recover ies 

DISCUSSION: 

Sample 3548 had low sur roga te  recover ies  i n  t h e  Ac id  f r a c t i o n  
and does no t  meet CompuChem .Qua1 i t y  Cont ro l  p ro toco l  s. The 
BaseINeutral  f r a c t i o n  had normal su r roga te  recove r i es  and i s  
w i  t h i  n  Qua1 i t y  Contro l  p ro toco l  s. There was no sampl e  
remain ing f o r  r e e x t r a c t i o n .  

CONCLUSION: 

The low Acid sur roga te  recover ies  may be due t o  t h e  sample 
ma t r i x .  

Thomas B. clyr(e 
Manager, Q u a l i t y  Assurance/Qual i ty  Cont ro l  
Cary Fac i  1  i t y  



E X H I B I T  I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER:  B IO UNIT 3 EFFLUENT 
COMPUCHEM SAMPLE NUMBER : 3548  

ACID EXTRACTABLE ORGANICS 

2-CHLOROPHENOL 
2,4-DICHLOROPHENOL 
2,4-DIMETHYLPHENOL 
4,6-DINITRO-0-CRESOL 
2,4-DINITROPHENOL 
2-NITROPHENOL 
4-NITRnPHFWOL 
P-CHLORO-M-CRESOL 
PENTACHLOROPHENOL 
PHENOL 
2,4,6-TRICHLOROPHENOL 

BDL = BELOW DETECTION L I M I T  

CONCENTRATION 
(UG/L) 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BD L 
BDL 
BDL 
BDL 
BDL 

DETECTION 
L I M I T  SCAN 
(UG/L) NUMBER 



EXHIBIT I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER:  B IO UNIT 3 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3548  

BASE-NEUTRAL 
EXTRACTABLE ORGANICS 

DETECTION' 
CONCENTRATION L I M I T  SCAN 

(UG/L) (UG/L) NUMBER 

ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZIDINE 
BENZO (A) ANTHRACENE 
BENZO ( A )  PYRENE 
3,4-BENZOFLUORANTHENE 
BENZO (GHI)  PERYLENE 
BENZO ( K )  FLUORANTHENE 
B I S  (2-CHLOROETHOXY) METHANE 
B I S  (2-CHLOROETHYL) ETHER 
B I S  (2-CHLOROISOPROPYL) ETHER 
B I  S (2-ETHYLHEXYL) PHTHALATE 
4-BROMOPHENYL PHENYL ETHER 
BUTYL BENZYL PHTHALATE 
2-CHLORONAPHTHALENE 
4-CHLOROPHENYL PHENYL ETHER 
CHRYSENE 
DIBENZO (A,H) ANTHRACENE 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DI CHLOROBENZENE 
3,3'-DICHLOROBENZIDINE 
DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 
D I  -N-BUT YL PHTHALATE 
2,4-DINITROTOLUENE 
2,6-DINITROTOLUENE 
D I -N-OCTY L PHTHALATE 
1,2-DIPHENYLHYDRAZINE 
FLUORANTHENE 
FLUORENE 
HEXACHLOROBENZENE 
HEXACHLOROBUTADI ENE 
HEXACHLOROCYCLOPENTADIENE 

BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 1 0  
BDL 10 
BDL 2 5  
BDL 1 0  
BDL 10 
BDL 10 
BDL: 1 0  
BDL 1 0  
BD L 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 2 5  
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BD L 10 
BDL 10 
BDL 10 
BDL 1 0  
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 

Cont inued.. .  

BDL = BELOW DETECTION L I M I T  



E X H I B I T  I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER:  B I O  U N I T  3 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3548  

BASE-NEUTRAL 
EXTRACTABLE ORGANICS ( C o n t i n u e d )  

HEXACHLOROETHANE 
INDENO (1,2,3-CD) PYRENE 
ISOPHORONE 
NAPHTHALENE 
NITROBENZENE 
N-NITROSOD IMETHY LAMINE 
N-NiTKUSU01-N-PROPYLAMINE 
N-NITROSODIPHENYLAMINE 
PHENANTHRENE 
PYRENE 
1,2,4-TRICHLOROBENZENE 

CONCENTRATION 
(UG/L) 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BD L 
BDL 
BDL 
BDL 
BDL 

DETECT1 ON 
L I M I T  SCAN 
(UG/L) NUMBER 

BDL = BELOW DETECTION L I M I T  

2 5 9  



CompuChem empl oys Methods 624 and 625 f o r  p r i o r i t y  pol  1 u tan t  analysis. 
These methods were proposed by the U.S. E.P.A. i n  Volume 44 of the Federal 
Register on December 3, 1979. As these methods are cu r ren t l y  i n  a 
"proposed" status, a1 1 aspects o f  the methods may not  be val idated u n t i  1 
the U.S. E.P.A. promulgates the methods i n  " f i n a l "  form. 



MEAD COHFUCHEH 
R I C  
05/13/83 12:10:@0 

DATA: 'UN083548A05 SCANS 38 TO 858 

SAMPLE: UOA SAMPLE #3548 

I I I I I I I I 1 I I I I I I I 1 

100 200 388 480 506 1600 700 800 SCAI~ 
3: 25 6: 50 10: 15 13: 4B 17:05 20: 38 23: 55 27: 20 TIME 



HEAD CONPUCHEN 
R I C  DATA: US830513A05 
85f 13/83 9: 28: 00 
SFltlPLEr 40NC UOA STANCARD 

SCANS 30 TO 850 

236800. 

100 280 300 400 500 600 700 800 SCAN 
3: 25 6: 50 10: 15 138 40 17:05 20: 30 23: 55 27: 20 TIME 



R I C  
05/11/83 14:37:66 
SAMPLE: ACID 40548 

HEAD COMPUCHEll 
D1TA: ' ACM:3548A02 SCANS 350 TO 1689 





!RIC 
'05) 13/'83 13: 37: 88 
SAFIF'LE: B4VP SAMPLE #3548 

MEAD COMPUCHEM 
DATA: BN643548A84 SCANS 350 TO 3 4 8  

159744. 

' I '  1 I I l l  I I  " I, ' I I I I "  I ' I ' I 1  ' I 
51.38 1800 1500 299fl 25~1'1 38[10 51::~: 
I -  C 
.?: 1 -I 1 3 .. . , .; .7 1-1 - :. ::. . -1 5 2~5; - 8 ) -  . 2 i .  ._ .. . (7 :. ._ 2.. .,-#-, . . ?.Iqlt ., ;-l . ' -, .-: .- 



HEAD COMPUCHEM 
R I C  DATA: 858305 13A04 
05/13/83 10:40:00 
SAMPLE: 80NC B/N/P STANDARD Y2305 EXP 5-13-83 LOT' Y21231 

SCANS 350 TO 3000 

197120. 

3888 SCAN 
37: 38 TIHE 



1C. REPORT OF DATA 

SAMPLE I D E N T I F I E R  NUMBER: 810 UNIT  5 EFFLUENT 

COMPUCHEM SAMPLE NUMBER: 3549 

SUBMITTED TO: 

Mr .  W. M. H e i n t z e l m a n  
C a t a l y t i c  Tnc. 
c /o ESD L a b  
2 0 1  E a s t  10th S t r e e t  
Marcus Hook, PA 19061 

GERALD D. WRf GHT, CP I M  
'4 

MANAGER, PRODUCTION PLANNING AND CONTROL 

R. L. MYERS, PH.D. 
PRESIDENT 

PAUL E. M I L L S  
DIRECTOR OF QUALITY ASSURANCE 

JAMES J. ZOLDAK 
DIRECTOR OF LABORATORY OPERATIONS 



EXHIBIT I - LABORATORY CHRONICLE 

SAMPLE IDENTIFIER: B I O  UNIT 5 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3549 

Date 

Received/Ref ri gerated 

Organics 

Extracted 

Analyzed 

1. Volat i les  

2. Acids 

3. Base/Neutral s 

4. Pest ic i  des/PCBS 

Inorganics 

1. Metals 

2. Cyanides 

3. Phenols 

05/13/83 

05/12/83 

05/17/83 

Not Requested 

Not Requested 

Not Requested 

Not Requested 



E X H I B I T  I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER:  BIO UNIT 5 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3549 

VOLATILE ORGANICS 

ACROLEIN 
ACRYLONITRILE 
BENZENE 
B I  S ( CHLOROMETHYL ) ETHER 
BROMOFORM 
CARBON TETRACHLORIDE 
CHLOHOBENZENE 
CHLORODIBROMOMETHANE 
CHLOROETHANE 
2-CHLOROETHYLV INYL ETHER 
CHLOROFORM 
DICHLOROBROMOMETHANE 
DICHLORODIFLUOROMETHANE 
1,l-DICHLOROETHANE 
1.2-DICHLOROETHANE 
1.1-DICHLOROETHYLENE 
1,2-DICHLOROPROPANE 
1.3-DICHLOROPROPYLENE 
ETHYLBENZENE 
METHYL BROMIDE 
METHYL CHLORIDE 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHYLENE 
TOLUENE 
1.2-TRANS-DICHLOROETHYLENE 
1,l.l-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHYLENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 

CONCENTRATION 
(UGIL 

BDL 
BDL 
BOL 
BDL 
BDL 
R f l l  
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

DETECTION 
L I M I T  SCAN 
,( UG/L) NUMBER 

BDL = BELOW DETECTION L I M I T  



E X H I B I T  I 1  - COMPOUND L I S T  

SAMPLE IDENTIF IER:  B I O  U N I T  5 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3 5 4 9  

ACID EXTRACTABLE ORGANICS 

2-CHLOROPHENOL 
2,4-DICHLOROPHENOL 
2,4-DIMETHYLPHENOL 
4,6-DINITRO-0-CRESOL 
2.4-DINITROPHENOL 
2-NITROPHENOL 
4-NITROPHENOL 
P-CHLORO-M-CRESOL 
PENTACHLOROPHENOL 
PHENOL 
2,4,6-TRICHLOROPHENOL 

BDL = BELOW DETECTION L I M I T  

DETECTION 
CONCENTRATION L I M I T  SCAN 

( UGIL 1 ( UGIL)  NUMBER 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



E X H I B I T  I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER:  B IO UNIT  5 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3549 

BASE-NEUTRAL 
EXTRACTABLE ORGANICS 

ACENAPHTHENE 
ACENAPHTHY LENE 
ANTHRACENE 
BENZIDINE 
BENZO ( A )  ANTHRACENE 
BENZO . ( A) PYRENE 
3,4-BENZOFLUORANTHENE 
BENZO (GHI  ) PERYLEME 
BENZO ( K )  FLUORANTHENE 
B I S  ( 2-CHLOROETHOXY) METHANE 
B I S ( 2-CHLOROETHYL ) ETHER 
5 1 s  ( 2-CHLOROISOPROPYL ) ETHER 
B I S  ( 2-ETHYLHEXYL ) PHTHALATE 
4-BROMOPHENYL PHENYL ETHER 
BUTYL BENZYL PHTHALATE 
2-CHLORONAPHTHALENE 
4-CHLOROPHENYL PHENYL ETHER 
CHRY SENE 
DIBENZO (A,H) ANTHRACENE 
1.2-DICHLOROBENZENE 
1.3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
3,3 ' -DICHLOROBENZIDINE 
DIETHYL PHTHALATE 
D IMETliYL PllTl IALATE 
DI-N-DUTYL PHTHALATE 
2.4-DINITROTOLUENE 
2.6-DINITROTOLUENE 
D I  -N-OCTYL PIITIIALATt 
1.2-DIPHENYLHYDRAZINE 
FLUORANTHENE 
FLUORENE 
HEXACHLOROBENZENE 
HEXACHLOROBUTADIENE 
HEXACHLOROCYCLOPENTADIENE 

CONCENTRATION 
( UG/L!-. -. , 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

. BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

DETECTION 
L I M I T  SCAN 
(UG/L NUMBER 

10 
10 
10 
10 
10 
10 
10 
25 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
25 
10 
I n  
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Continued. 

BDL = BELOW DETECTION L I M I T  



EXHIBIT  I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER:  B IO UNIT 5 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3 5 4 9  

BASE-NEUTRAL 
EXTRACTABLE ORGANICS ( C o n t i  n u e d )  

HEXACHLOROETHANE 
INDENO ( 1,2,3-CD) PYRENE 
ISOPHORONE 
NAPHTHALENE 
NITROBENZENE 
N-NITROSODIMETHYLAMINE 
N-NITROSODI-N-PROPYLrnINE 
N-NITROSODIPHENYLAMINE 
PHENANTHRENE 
PY RENE 
1,2,4-TRICHLOROBENZENE 

CONCENTRATION 
(UG/L 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

DETECTION 
L IP I IT  SCAN 
( UG/L) NUMBER 

10 
25 
10 
10 
10 
10 
10 
10 
10 
10 
10 

BDL = BELOW DETECTION L I M I T  



CompuChem empl oys Methods 624 and 625 f o r  p r i o r i  t y  pol  1 u tan t  analysi s. 
These methods were proposed by the U.S. E.P.A. i n  Volume 44 o f  the Federal 
Register '  on December 3, 1979. As these methods are cu r ren t l y  i n  a 
"proposed" status, a l l  aspects o f  the methods may no t  be val  idated u n t i l  
t he  U.S. E.P.A. promulgates the methods i n  " f i n a l "  form. 



R I C  
05s13/83 12:11:00 
SAMPLE: UOA SAMPLE It3549 

HEAD COHPUCHEM 
DATA: UNB83549ACIG SCANS 30 TO 850 

156160. 



R I C  
85/13/83 9029:08 
SRElPtE: 16Bffi VOA STmRD 

D1EM CCtPIPUCHEN 
WTA: US8305 13A86 SCANS 38 TO 850 

I 
I 1 I I I I I 1 I I I I 1 

108 
I 

208 308 508 600 
1 

403 
I 

3: 25 61 58 
700 880 SCAN 

101 15 13: ,40 178 05 20: 30 23: 55 27: 28 T I E  



R I C  
05/12/83 11: 00: 00 
SGHPLE: ACID SAMPLE#3549 

HEAD COMPUCHEM 
.DATA: ACQQ3549A02 SCANS 350 TO 1699 

SCAN 
TIME 



H E X  CCFIPUCHEI': 
RIC CkTA: C C : ~ . - F ~  7.' ,ti62 SCAt4S 358 TO P&i% 
65/12/83 18; 11:ZZ 
SAMPLE: PC10 ST0 #2384, 120 NG.. LOT 21223 

.88.8- 

- 

RIC- 

- 

480 61;rD & 1886 1 z c ~ j  l i 3 0  3 6813 ,qAt.I 
r . .  . .J. 00 7: 38 18: 00 12: 30 15: 00 17: 38 X:80 TIME 

1 O S j  

619 
823 

585 37g 

-.-, (31 92s 

5 7 ~ 9  .a= &I-Av". 

I IGi  

i 

nL- 4 4.Zl I 

I I 1 1 

I 

1 

1 i 
I 

L 

! 

I 

1282 

I I ! .  %..-#.- , i- \ -I 1+41 1517 



R I C  
65/17/83 14: 15:W 
SAMPLE: BASE a3549 

SCANS 359 TO 2580 

237824. 

SCAN 
TIME 



RIC 
W17/&3 lfilr:l6:~ 



MCompuChem 

I D .  REPORT .OF DATA 

SAMPLE I D E N T I F I E R  NUMBER: B I O  U N I T  1 8  EFFLUENT 

COMPUCHEM SAMPLE NUMBER: 3 5 5 0  

SUBMITTED TO: 

Mr.  W. M. H e i n t z e l m a n  
C a t a l y t i c  Inc. 
c / o  ESD L a b  
2 0 1  E a s t  10th S t r e e t  
M a r c u s  Hook ,  PA 1 9 0 6 1  

GERALD D. WRIGHT, CPIM 
MANAGER, PRODUCTION PLANNING AND CONTROL 

R. L. MYERS, PH.D. 
PRESIDENT 

PAUL E. M I L L S  
DIRECTOR OF QUALITY ASSURANCE 

JAMES J. ZOLDAK 
DIRECTOR OF LABORATORY OPERATIONS 



EXHIBIT I - LABORATORY CHRONICLE 

SAMPLE IDENTIFIER: B I O  UNIT 1B EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3550 

Recei ved/Ref ri gerated 

Organics 

Extracted 

Analyzed 

1. Volat i les  

2. Acids 

3. Base/Neutral s 

4. Pest ic i  des/PCBS 

I norgani cs 

1. Metals 

2. Cyanides 

3. Phenols 

Date - 
05/02/83 

05/13/83 

05/12/83 

05/16/83 

Not Requested. 

Not Requested 

Not Requested 

Not Requested 



E X H I B I T  I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER:  B IO UNIT  1B EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3 5 5 0  

VOLATILE ORGANICS 

ACROLEIN 
ACRYLONITRILE 
BENZENE 
B I  S ( CHLOROMETHYL ) ETHER 
BROMOFORM 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLORODIBROMOMETHANE 
CHLOROETHANE 
2-CHLOROETHYLVINYL 'ETHER 
CHLOROFORM 
DICHLOROBROMOMETHANE 
DICHLORODIFLUOROMETHANE 
1,l-DICHLOROETHANE 
1,2-DICHLOROETHANE 
1,l-DICHLOROETHYLENE 
1,2-DICHLOROPROPANE 
1,3-DICHLOROPROPYLENE 
ETHY LBENZENE 
METHYL BROMIDE 
METHYL CHLORIDE 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHYLENE 
TOLUENE 
1,2-TRANS-DICHLOROETHYLENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHYLENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 

DETECTION 
CONCENTRATION L I M I T  SCAN 

( UG/L ) ( UG/L) NUMBER 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL' 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

BDL = BELOW DETECTION L I M I T  



E X H I B I T  I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER:  BIO UNIT 1B EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3550 

ACID EXTRACTABLE ORGANICS 

2 ;4-DIMETHYLPHENOL 
4,6-DINITRO-0-CRESOL 
2,4-DINITROPHENOL 
2-NITROPHLNOL 
4-NITROPHENOL 
P-CHLORO-M-CRESOL 
PENTACHLOROPHENOL 
PHENOL 
2,4,6-TRICHLOROPHENOL 

CONCENTRATION 
( UG/L 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

DETECTION 
L I M I T  SCAN 
(UG/L) NUMBER 

25 
25 
2 5  

2 5 0  
2 5 0  

25 
25 
2 5  
2 5 
2 5 
2 5 

BDL = BELOW DETECTION L I M I T  



EXHIBIT  I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER: B I O  UNIT 1B EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3 5 5 0  

BASE-NEUTRAL 
EXTRACTABLE ORGANICS 

DETECT1 ON 
CONCENTRATION L I M I T  SCAN 

(UG/L (UG/L) NUMBER 

1B. ACENAPHTHENE 
28. ACENAPHTHYLENE 
38. ANTHRACENE 
48. BENZIDINE 
58. BENZO ( A )  ANTHRACENE 
68. BENZO ( A )  PYRENE , 

78. 3,4-BENZOFLUORANTHENE 
88.  BENZO ( G H I )  PERYLENE 
9B. BENZO (K) FLUORANTHENE 

1 B I S  ( 2-CHLOROETHOXY ) METHANE 
11s. B I S  ( 2-CHLOROETHYL) ETHER 
128. B I S  ( 2-CHLOROISOPROPYL) ETHER 
138. B I S  (2-ETHYLHEXYL) PHTHALATE 
149.  4-BROMOPHENYL PHENYL ETHER 
15B. BUTYL BENZYL PHTHALATE 
16B. 2-CHLORONAPHTHALENE 
178. 4-CHLOROPHENYL PHENYL ETHER 
188. CHRYSENE 
198. DIBENZO (A,H) ANTHRACENE 
208. 1,2-DICHLOROBENZENE 
218. 1,3-DICHLOROBENZENE 
228. 1.4-DICHLOROBENZENE 
238. 3,3 '  -DICHLOROBENZIDINE 
248. DIETHYL PHTHALATE 
258. DIMETHYL PHTHALATE 
268- DI-N-BUTYL PHTHALATE 
27B. 2,4-DINITROTOLUENE 
288. 2,6-DINITROTOLUENE 
298. DI-N-OCTYL PHTHALATE 
308. 1,2-DIPHENYLHYDRAZINE 
318. FLUORANTHENE 
328. FLUORENE 
338. HEXACHLOROBENZENE 
346. HEXACHLOROBUTADIENE 
358. HEXACHLOROCYCLOPENTADIENE 

BDL . 1.0 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL - 2 5  
BDL 10 
BDL 10 
BDL . 10 
BDL 1 0  
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL; 10 
BDL 2 5 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 

Continued.. . 

BDL = BELOW DETECTION L I M I T  



E X H I B I T  I 1  - COMPOUND L I S T  

SAMPLE I U t N l i S l E H :  B IO UNIT 10 EFFLUENT 
COMPUCHEM SAMPLE NUMBER: 3 5 5 0  

DETECTION 
BASE-NEUTRAL CONCENTRATION L I M I T  SCAN 
EXTRACTABLE ORGANICS ( C o n t i n u e d )  ( UG/L (UG/L ) NUMBER 

HEXACHLOROETHANE 
INDENO (1,2,3-CD) PYRENE 
ISOPHORONE 
NAPHTHALENE 
NITROBENZENE 
N-NITROSODIMETHYLAMINE 
N-NITROSODI-N-PROPYLAMINE 
N-NITROSODIPHENYLAMINE 
PHENANTHRENE 
PY RtNC 
1,2,4-TRICHLOROBENZENE 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
Bob 
BDL 

BDL = BELOW DETECTION L I M I T  



CompuChem employs Methods 624 and 625 f o r  p r i o r i t y  po l  1 u t a n t  ana lys i  s. 
These methods were proposed by the  U.S. E.P.A. i n  Volume 44 of the  Federal 
Reg is ter  on December 3, 1979. As these methods are c u r r e n t l y  i n  a ' 
"proposed" status,  a l l  aspects o f  t he  methods may n o t  be va l i da ted  u n t i l  
t h e  U.S. E.P.A. promulgates the  methods i n  " f i n a l "  form. 



DEAD CONPUCHEN 
R I C  
85/13/83 12: 58: 08 
SAMPLE: UOA SAMPLE X3550 

DATA: UN00355@A05 SCANS 30 TO 859 



READ CONPUCHEH 
R I C  OATAI US83051 3485 
85/13/83 9:28:88 
SWLEI . ~ B N G  VOA nwm 

100 2-00 300 4s 500 680 70s G 0  SCAN 
3: 25 6: 50 10.: 15 13: 40 17:05 20: 30 23: 55 27r 20 TINE 



R I C  
05/12/83 12: 06: 00 
SAMPLE: A C I D  #3550 

MEAD CONPUCHEH 
. ' DATA: 4C00355AB2 SCANS 350 TO 1609 

SCAN 
T I  HE 





R I C  
85/16/83 16:27:88 
St4'PI.E: BN s#PLE #35% 

1V 
P 
C> 

SO0 1880 1580 2000 2588 SCAN 
6: 15 12:30 18: 45 25: 00 31:15 TIRE 



HEAD CWucHEPl 
R I C  OATAe BS830516A01 
W 1 0 8 3  0: 43: 00 
SAMPLE: BASE sm 42394, 50 K, LOT 21250,. EX 5-28 

SCANS 358 TO 2500 

278016. 

R I C  

6: 15 12:s 10145 



1E. REPORT OF DATA 

SAMPLE I D E N T I F I E R  NUMBER: DEPHENOLATED .FEED 

COMPUCHEM SAMPLE NUMBER: 3 5 5 1  

SUBMITTED TO: 

Mr .  W. M. H e i n t z e l m a n  
C a t a l y t i c  I I I L .  
c /o  ESD L a b  
201 E a s t  10th S t r e e t  
Marcus Hook, PA 1 9 0 6 1  

GERALD D. WR ICHT, CP I M  
v 

MANAGER, PRODUCTION PLANNING AND CONTROL 

R. L. MYERS, PH.D. 
PRESIDENT 

PAUL E. M I L L S  
DIRECTOR OF QUALITY ASSURANCE 

JAMES J. ZOLDAK 
DIRECTOR OF LABORATORY OPERATIONS 



EXHIBIT I - LABORATORY CHRONICLE 

SAMPLE IDENTIFIER: DEPHENOLATED FEED 
COMPUCHEM SAMPLE NUMBER: 3551 

Recei ved/Ref.ri gerated 

Organics 

Extracted 

Analyzed 

1. V o l a t i l e s  

2 .  Acids 

3. BaselNeutral s 

4 .  Pesticides/PCBS 

Inorganics 

1. Metals 

2. Cyanides 

3. Phenols 

Date - 
05/02/83 

05/13/83 

05/19/83 

05/17/83 

Not Requested 

Not Requested 

Not Requested 

Not Requested 



EXHIBIT 1 1  - COMPOUND LIST 

SAMPLE IDENTIFIER: DEPHENOLATED FEED 
COMPUCHEM SAMPLE NUMBER: 3551 

VOLATILE ORGANICS 

ACROLEIN 
ACRYLONITRILE 
BENZENE 
BIS (CHLOROMETHYL) ETHER 
BROMOFORM 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLORODIBROMOMETHANE 
CHLOROETHANE 
2-CHLOROETHYLVINYL ETHER 
CHLOROFORM 
DICHLOROBROMOMETHANE 
DICHLORODIFLUOROMETHANE 
lS1-DICHLOROETHANE 
I s  2-D I CHLOROETHANE 
lS1-DICHLOROETHYLENE 
1s2-DICHLOROPROPANE 
lS3-DICHLOROPROPYLENE 
ETHYLBENZENE 
METHYL BROMIDE 
METHYL CHLORIDE 
METHYLENE CHLORIDE 
lSls2,2-TETRACHLOROETHANE 
TETRACHLOROETHYLENE 
TOLUENE ' 

1,2-TRANS-DICHLOROETHYLENE 
l,l,l-TRICHLOROETHANE 
l S 1  s2-TR ICHLOROETHANE 
TRICHLOROETHYLENE 
TRI CHLOROFLUOROMETHANE 
VINYL CHLORIDE 

DETECTION 
CONCENTRATION LIMIT SCAN 

(UG/L) (UG/L) NUMBER 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL . 
BDL 
BDL 
BDL 

10 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

BDL = BELOW DETECTION LIMIT 



E X H I B I T . 1 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER:  DEPHENOLATED FEED 
COMPUCHEM SAMPLE NUMBER: 3 5 5 1  

ACID EXTRACTABLE ORGANICS 

2-CHLOROPHENOL 
2,4-DICHLOROPHENOL 
2,4-DIMETHY LPHENOL 
4,6-DINITRO-0-CRESOL 
2,4-DINITROPHENOL 
2- NITROPHENOL 
4-NITROPHENOL 
P-CHLORO-M-CRESOL 
PENTACHLOROPHENOL 
PHENOL 
2,4,6-TRICHLOROPHENOL 

CONCENTRATION 
(UGIL)  

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BD L 
BDL 

2,500 2 
BDL 

DETECTION 1 
LIMIT SCAN 
(UG/L) NUMBER 

1 Sample e x t r a c t  could not  be concentrated t o  1.0 rnl , thus t h e , d e t e c t i o n  
1  irni t s  a r e  . h i  gher than normal . 

2 Sample a n a l y s i s  using a  1:10 d i l u t i o n .  

BDL = BELOW DETECTION L I M I T  



E X H I B I T  I 1  - COMPOUND L I S T  

SAMPLE IDENTIFIER;  DEPHENOLATED FEED 
COMPUCHEM SAMPLE NUMBER: 3 5 5 1  

BASE-NEUTRAL 
EXTRACTABLE ORGANICS 

ACENAPHTHENE' 
ACENAPHTHYLENE 
ANTHRACENE 
BENZIDINE 
BENZO (A)  ANTHRACENE 
BENZO (A)  PYRENE 
3s4-BENZOFLUORANf HENE 
BENZO ( G H I )  PERYLENE 
BENZO (K)  FLUORANTHENE 
B I  S 2-CHLOROETHOXY) METHANE 
B I S  1 2-CHLOROETHYL) ETHER 
B I S  (2-CHLOROI SOPROPYL) ETHER 
B I S  (2-ETHYLHEXYL) PHTHALATE 
4-BROMOPHENYL PHENYL ETHER 
BUTYL BENZYL PHTHALATE 
2-CHLORONAPHTHALENE 
4-CHLOROPHENYL PHENYL ETHER 
CHRYSENE 
D I  BENZO ( A,H) ANTHRACENE 
192-DICHLOROBENZENE 
193-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
3,3'-DICHLOROBENZIDINE 
DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 
DI-N-BUTYL PHTHALATE 
2,4-DINITROTOLUENE 
296-DINITROTOLUENE 
DI-N-OCTYL PHTHALATE 
lS2-DIPHENYLHYDRAZINE 
FLUORANTHENE 
FLUOHENE 
HEXACHLOROBENZENE 
HEXACHLOROBUTADIENE 
HEXACHLOROCYCLOPENTADIENE 

DETECT1 ON 
CONCENTRATION L I M I T  SCAN 

(UGIL)  (UG/L) NUMBER 

BDL 10 
BDL 10 
BDL 1 0  
BDL 10 
BDL 10 
BDL 1 0  
BDL 10 
BDL 2 5 
BDL 1 0  
BDL 1 0  
BDL 1 0  
BDL 10 
BDL 1 0  
BDL 10 
BDL 10 
BDL . l o  
BDL 10 
BDL 10 
BDL 2 5 
BDL i 0 
BDL 1 0  
BDL 1 0  
BDL 1 0  
BDL 10 
BDL 10 
BD L 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 

Continued... 

BDL = BELOW DETECTION L I M I T  



E X H I B I T  I 1  - COMPOUND L I S T  

SAMPLE IDENTIF IER:  DEPHENOLATED FEED 
COMPUCHEM SAMPLE NUMBER: 3 5 5 1  

BASE-NEUTRAL 
EXTRACTABLE ORGANICS ( C o n t i n u e d )  

HEXACHLOROETHANE 
INDENO (1,2,3-CD) PYRENE 
I SOPHORONE 
NAPHTHALENE 
NITROBENZENE 
N-NITROSODIMETHYLAMINE 
N-NITROSODI-N-PROPYLAMINE 
N-NITROSODIPHENYLAMINE 
PHENANTHRENE 
PYRENE 
1,2,4-TRICHLOROBENZENE 

CONCENTRATION 
( u G / i )  

BDL 
BDL 
BDL 
BD L 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

DETECTION 
L I M I T  SCAN 
(UG/L) NUMBER 

BDL = BELOW DETECTION L I M I T  

2 4 7  



CompuChem employs Methods 624 and 625 f o r  p r i o r i t y  pol 1 u t a n t  analysis. 
These methods were proposed by the  U.S. E.P.A. i n  Volume 44 o f  t he  Federal 
Reg is ter  on December 3, 1979. As these methods are c u r r e n t l y  i n  a 
"proposed" status,  a l l  aspects o f  t he  methods may n o t  be va l i da ted  u n t i l  
t h e  U.S. E.P.A. promulgates the  methods i n  " f i n a l "  form. 



RTC 
05s 1343 12: 58: 00 
SFMPLE: UOA SAMPLE 63551 

HEAD COHPUCHEH 
DATA: UN00355 1AB6 SCANS 30 TO 858 

688256. 

1853 2-m3 300 408 500 680 760 808 SCAN 
3: 25 6:51.! 18: 15 13:40 17: 05 20: 38 2:3: 55 ' 27: 28 T I  ME 



M S S  SPECTRUM 
85/13/83 12858800 + 19193 
S A M :  VOA SAPtPLE #3551 
ENHANCtD (S 158 2N) 

HE#) COMWCHEN 
DATA; W 3 S l  AB6 #294 BASE WE: 83 

R I C t  48128. 



R I C  
05/ 13/83 9: 29: 00 
SAMPLE: 160NC VOA STANDARD 

HEM CCWUCHEM 
DATA: US8305 13A06 SCANS 30 TO 850 

100 200 300 400 508 600 700 880 SCAN 
3: 25 61 58 108 15 13:40 17: 05 20: 30 23: 55 27: 20 TIHE. 



R I C  
05/1943 11: 43: 00 
SAMPLE: A C I D  #3551, 1:1:0 DIL 

MEAD COMFUCHEM 
DATA: AC043551 A02 SCANS 359 TO 1480 

1 wao 
12: 30 

1488 SCAN 
17:38 TIME 



COWUCMEH 
M S  SPECTRUH OCITCI: m03531A82 0563 BASE M t  94 
W194 llt43rW + 7102 RIC: 181760. 
SAMPLE: a10 Y3951, 1810 OIL 
ENHANMD (S 158 2N) 

100.8 - 

58.0 - 

. 102 I l l  . . . . . . . , . . . . 
Q I " " ' " "  I ' " "  
1 0 120 l4@ 

94 

66 

50 63 
$5 

r 

- 

I r  a,,?, 98.1 . . , r . . . , . 
53 

I 

#/E 60 80 

I . .~-T17.-,.. 





RIC 
85/17/83 lS:11:00 
SAMPLE: BASE SAMP~€t3551 

MAD CWUCHEEl 
DATA: BC883551 A01 

I I # I 1 
I : 1 
500 1088 1580 2@08 2500 SCAN 
6: 15 12: 30 18: 45 25: 80 31:lS TIWE 



RIC 
Wl7m 108 16800 



2. ANALYTICAL METHODS, DEFINITIONS AND EXPLANATIONS 

The CompuChem repor t  contains not only the concentrations o f  the 
p r i o r i t y  pol 1 u tan t  compounds i denti  f i ed bu t  a1 so add i t iona l  supportive 
informat ion which i s  useful i n  the review o f  t h i s  data. A complete 
repor t  i n c l  udes the f o l  1 owi ng ( i f  ordered) : 

P r i o r i t y  Pol l u t a n t  Data . GC/MS (VOA, B/N/P, Acid) . Pesticides (Method 608) . Inorganics 
Other Analy t ica l  Data (EP Tox ic i t y  , etc. ) 
Conventional Permit Data 

The GC/MS p r i o r i t y  po l l u t an t  data i s  presented i n  sumnary form 
(concentrat ion o f  each i den t i  f i e d  compound) a1 ong w i th  the detect ion 
1 i m i t s  spec i f ied by EPA. I n  addit ion, a reconstructed t o t a l  i on  
chromatogram (RIC) f o r  each f r ac t i on  and f o r  the relevant. instrument 
ca l  i b r a t i  on ( standards) runs are i n c l  uded. 

Also included i n  the repor t  are the spectra f o r  a l l  organic (except f o r  
ce r t a i n  pest ic ides) . p r i o r i t y  pol 1 u tan t  compounds i den t i  f i  ed above EPA 
spec i f i ed  detect ion l i m i t s ,  as well' as a laboratory chron ic le  o f  
completion dates. 

To ass is t  i n  the in te rp re ta t ion  and u t i l i z a t i o n  o f  t h i s  data, a Glossary 
o f  f requent ly used terms, a Compound Cross-Reference L i s t  and a t yp ica l  
Spectral Match Diagram w i t h  explanatory nota t ion are a1 so included. 

I f  the Twenty Peak opt ion has been ordered, the repor t  also fncludes 
spectral match diagrams f o r  as many as twenty (20) add i t iona l  
non-pr ior i  t y  po l l u t an t  compounds w i t h  peaks greater than 25% o f  the 
i n t e n s i t y  o f  the in te rna l  standard (dlo-anthracene) . 
I f  the Qua1 i t y  Control opt ion has been ordered, the repor t  a1 so includes 
BFB and DFTPP tuning data f o r  the GC/MS instruments, a summary of 
surrogate spike recovery data and the f o l l  owi ng: 

Mat r ix  Spike Data 
Dupl i c a t e  Data 
Method Blank Data 

Also included w i t h  the method blank i s  an R I C  f o r  each f r ac t i on  plus 
spectra and spectral match diagrams f o r  any compounds i d e n t i f i e d  w i th  
concentrations greater than EPA spec i f ied detect ion l i m i t s  found i n  the 
b l  ank. 

I f  the Chain-of-Custody opt ion has been ordered, t h i s  informat ion i s  
i n c l  uded i n  the section w i t h  the sample data. 



ANALYTICAL METHODS 

The a n a l y t i c a l  methods used by CompuChem f o r  p r i o r i t y  p o l l u t a n t ,  RCRA 
and NPDES p e r m i t  analyses are based on those promulgated by EPA. These 
methods have appeared i n  the  Federal Register  as noted below. 

I n  sumnary, gas chromatography/mass spectrometry (GC/MS) i s  the  
a n a l y t i c a l  technique empl oyed f o r  the  ana lys is  o f  organic compounds 
whi 1 e atomic absorpt ion spectrophotometry (AAS) i s  used f o r  the  analys i  s 
o f  metal s. 

On occasion CompuChem a lso  performs analyses f o r  o ther  parameters which 
are  n o t  on t h e  p r i o r i t y  p o l l u t a n t  l i s t .  I n  these cases a1 so, EPA 
methqds are used i f  ava i lab le ,  and i f  no t  methods are developed and 
v e r i f i e d  a1 ong gui de l  i nes suggested by EPA. 

References f o r  Me th~Ps  

Vol a t i  1 e Organics (Method 624) Federal Register  12-3-79 

Ac id  Ex t rac tab l  es (Method 625) II I1 I1 

Base/Neutral /Pest ic ide  
Ex t rac tab l  es (Method 625)  I1 I1 II 

Pes t i c ides  (Method 608) II II I8 

Inorgan ics  EPA: Analysis o f  Water and Waste Water (1974, 
1979) 

RC Ra Federal Reg1 ster 5-19-80 



GLOSSARY OF TERMS 

ACID  FRACTION 

Those compounds which solvent  e x t r a c t  from the  sample when i t  i s  
pH-adjusted a c i d i c  (pH(2). 

BFB TUNING 

Each GC/MS instrument dedicated t o  VOA analyses i s  c e r t i f i e d  
according t o  protocol  p r i o r  t o  each 8-hour s h i f t  by i n j e c t i n g  BFB 
(bromofl uorobenzene) and comparing re1 a t ionsh ips  between i o n  
abundances f o r  c e r t a i n  key mass numbers. I f  the prescr ibed 
r e l a t i v e  i o n  abundances are no t  present, the  instrument i s  adjusted 
un: i 1 the c r i t e r i a  are met. With the ava i l ab le  QC opt ion, these 
p L r m e t e r s  are inc luded i n  the  r e p o r t  f o r  the  BFB ana lys is  
f 011 owi ng the  speci f i c sampl e analyzed. 

B/N/P FRACTION 

Those compobnds which solvent  e x t r a c t  from the sample when i t  i s  
pH-adjusted basic (pH>l l ) .  Th is  inc ludes the pest ic ides  (PI, bases 
(B) and s ince t h i s  step i s  performed f i r s t ,  t he  neut ra l  (N) 
compounds. 

DFTPP TUNING 

Each GC/MS instrument dedicated t o  Base/Neutral o r  Acid analyses i s  
c e r t i f i e d  according t o  protocol  p r i o r  t o  each 8-hour s h i f t  by 
i n j e c t i n g  DFTPP (decaf luoro t r ipheny l  phosphi ne) and comparing the 
r e l a t i o n s h i p s  between i o n  abundances f o r  c e r t a i n  key mass numbers. 
If the prescr ibed r e l a t i v e  i o n  abundances are n o t  present, the  
inst rument  i s  adjusted u n t i l  the  c r i t e r i a  are met. With the  
a v a i l a b l e  QC opt ion, these parameters are inc luded i n  the r e p o r t  
f o r  the DFTPP ana lys is  f o l l  owing the  speci f i c  sample analyzed. 

INDISTINGUISHABLE ISOMERS 

Compounds w i t h  e s s e n t i a l l y  t he  same mass spectrum and which have 
t h e  same e l u t i o n  t ime from the  gas chromatograph. An example i s  
anthracene and phenanthrene. 

INTERNAL STANDARD 

CompuChem uses the  i n t e r n a l  standard method o f  quan t i t a t i on .  The 
same amount o f  dlo-anthracene i s  added t o  both the  c a l i b r a t i o n  
standard and the  sample. A l l  ca l cu la t i ons  are referenced t o  a 
sf gnal produced by t h i s  compound. Then a1 1 resu l  t s  are 
automatical l y  cor rec ted f o r  any change i n  instrument sensi ti v i  t y  . 



MATRIX SPIKES 

Actual p r i o r i t y  po l l u t an t s  which are added t o  a second a l i quo t  of 
the sample t o  determine the e f fec t ,  i f  any, o f  the sample matr ix  on 
the ana ly t i ca l  procedure. 

METHOD BLANK 

A sample o f  organic- f ree laboratory water which undergoes exact ly 
the  same ex t rac t ion  procedure a t  the same time as the actual 
samples . This monitors f o r  possible contamination from g l  assware, 
solvents, or  the ex t rac t ion  procedure. 

PERCENT RECOVERY (SURROGATES AND MATRIX SPIKES) 

The formula f o r  determining percent recovery i s :  

Conc. i n  Spf ke - Conc. i n  Sample 
S Recovery (Spike) - - 

Amount o f  Spike Added 

Amount found 
% Recovery (Surrogate) = X 100% 

Amount added 

PURITY VALUE (sometimes abbreviated PUR) 

A mathematical l y  devised index which f ndicates the "goodness o f  
f i t "  between the spectrum i n  the sample and a compound i n  the 
l i b r a r y .  The maximum value i s  1000, and values greater than 800 
ind ica te  a high probabi 1 i t y  t ha t  the i d e n t i f i c a t i o n  i s  correct .  
Values from 500 t o  800 are only ten ta t i ve  and values less than 500 
are not  re1 iab le .  A1 so important i s  the re1 at ionship between 
p u r i t y  values f o r  the best, second and t h i r d  matches; i d e a l l y  the 
second and t h i r d  p u r i t y  scores are much lower than the f i r s t .  

R I C  - RECONSTRUCTED ION CHROMATOGRAM 

A p l o t  of the t o t a l ,  i o n  cur rent  o f  the mass spectrometer during the 
analysis. The p l o t  i s  analogous t o  a gas chromatogram where a peak 
ind ica tes  t h a t  a compound was detected a t  t h a t  time. The ve r t i ca l  
ax is  i s  i n t e n s i t y  and the hor izontal  ax is  i s  time (both minutes and 
mass spectral scan marks are 1 abel led) .  



HOW' TO INTERPRET "DATA: BN3436A4 #640M 

I n  add i t i on  t o  the  actual  data, t he  headers o f  a l l  RIC's, spectra, and 
spect ra l  match diagrams conta in  i n fo rma t in  on the  date, the  sample and 
t h e  instrumentat ion. Some of t h i s  in format ion  i s  coded i n  the  f o l l o w i n g  
format: 

DATA: BN3436A4 #640 

I n  t h i s  p a r t i c u l a r  example, BN ind i ca tes  , t h a t  the  sample analyzed was 
the  base/neutral  f r a c t i o n .  Other codes which are used are l i s t e d  below: 

VOA 
AC 
BN 
VOASTD 
AC STD 
BNSTO 
VOABK 
ACBK 
BNBK 

V o l a t i l e  F rac t i on  
Acid F r a c t i o n  
Base/Neutral F rac t i on  (A1 so inc ludes Pest ic ides)  
Vol a t i  1 e Standard ( sometimes VOASD) 
Acid Standard ( sometimes ACSD ) 
Base/Neutral Standard ( sometimes BNSD) 
Vol a t i  1 e Blank ( sometimes VOAB ) 
Acid Blank ( sometimes ACB) 
Base/Neutral Blank ( sometimes BNB ) 

Th is  i s  the  CompuChem sample number. ( I n  tne  case o f  a blank o r  
standard, the  number represents the  date: two d i g i t s  f o r  month fo l lowed 
by two d i g i t s  f o r  day.) 

I n  t h i s  p a r t i c u l a r  example, A4 ind i ca tes  t h a t  the sample was run on the 
f i r s t  s h i f t  (A) and on instrument #4. Other codes which are used 
inc lude A, B, and C t o  denote the  f i r s t ,  second and t h i r d  s h i f t  
respect ive ly  and instrument numbers 1 through 18. 

From t n l ~  In f~ rmat fOr I ,  CompuChem management a l so  knows the  chemist who 
performed the measurement, which sen ior  spectroscopist  reviewed the  
data, and which l abo ra to ry  manager had the  o v e r a l l  r e s p o n s i b i l i t y  f o r  
t he  analys is .  

Thi  s i s  the  scan number o f  t he  peak ( o r  the compound). A s p e c i f i c  peak 
on a R I C  w i l l  be l a b e l l e d  w i t h  this.number, and i t  w i l l  a l so  appear i n  
the header o f  t he  corresponding spectrum and/or the  spectra l  match 
d i  agram. 



COMPOUND CROSS-REFERENCE LIST 

COMPOUND 

VOLATILES 

acrol ei n 
acryl oni tri 1 e 
benzene 
bi s (chl oromethyl ) ether 
bromoform 
carbon tetrachl'ori de 
chl orobenzene 
chl orodi bromomethane 
chl oroethane 
2-chl oroethyl v l  nyl ether 
chloroform 
dichlorobromomethane 
:;.: c h l  orodi fl uoromethane* 
- . -.2i chl oroethane 
i . l -21 chl oroethane 
1 ,l-di chl oroethyl ene 
1.2-dichl oropropane 
1,2-dichl oropropyl ene 
ethyl benzene 
methyl bromide 
methyl chloride 
methyl ene chloride 
1,1,2,2-tetrachloroethane 
tetrachl oroethyl ene 
to1 uene 
1,2-trans-di chl oroethyl ene 
l,l,l-trichloroethane 
1.1.2-trichloroethane 
trichl oroethyl ene 
trichl orofl uoromethane* 
vinyl chloride 

NPDES EPA 
PERMIT STORET --- CAS - - CONTRACTORS - - -- .-. -- 

* Recently removed from list (Fed. Register 46, 5, January 8, 1981) - 



COMPOUND CROSS-REFERENCE LIST ( Continued) 

NPDES 
COMPOUND PERMIT 

ACIDS - 
2-chl orophenol 
2.4-di chl  orophenol 
2,4-dimethyl phenol 
4,6-di n i  tro-o-cresol 
2.4-di n i  trophenol 
2-ni trophenol 
4-ni trophenol 
p-chl oro-m-cresol 
pentachl orophenol 
phenol 
2,4,6-trichlorophenol 

acenaphthene 1 B 
acenaphthyl ene 2 B 
anthracene 38 
benzi d i  ne 48 
,benzo (a)  anthracene 5 B 
benzo, (a)  pyrene 6 B 
3.4-benzofluoranthene 78 
benzo ( g , h , i ) peryl  ene 8B 
benzo ( k  f l  uoranthene 98 
b i  s ( 2-chl oroethoxy ) methane 108 
b i  s (2-chl oroethyl ) ether l l B  
b i  s (2-chl o ro i  sopropyl ) ether 12B 
b i  s (2-ethyl hexyl ) phthal ate 138 
4-bromophenyl phenyl ether 148 
bu ty l  benzyl phthal ate 15B 
2-chl oronaphthal ene 168 
4-chl orophenyl phenyl ether 178 
chrysene 188 
d i  benzo ( a ;h) anthracene 198 
1,2-dichl orobenzene 208 
1,3-di ch l  orobenzene 218 
1,4-di ch l  orobenzene 228 
3.3'-dichl orobenzidi ne 238 
d ie thy l  phthal ate 248 
dimethyl phthal ate 258 
di-n-butyl phthal ate 268 
2.4-di n i  t ro t01  uene 278 
2.6-di n l  t ro t01  uene 288 
di-n-octyl phthal a te  298 

EPA 
STORET CAS - CONTRACTORS 



COMPOUND CROSS-REFERENCE LIST (Continued) 

BASE/NEUTRALS [ Cont ' d 1 

1-2-diphenylhydrazine 
f 1 uoranthene 
f 1 uorene 
hexachl orobenzene 
hexachl orobutadiene 
hexachl orocycl opentadi ene 
hexachl oroethane 
i ndeno ( 1,2,3-cd) pyrene 
i sophorone 
naphtha1 ene 
n i  trobenzene 
N-ni trosodimethyl ami ne 
N-ni t rosod i  -n-propyl ami ne 
N-ni t rosod i  phenyl amf ne 
phenanthrene 
pyrene 
1,2,4-trichl orobenzene 

PESTICIDES 

NPDES 
PERMIT 

a1 d r i  n 
a1 pha-BHC 
beta-BHC 
gamna-BHC 
del ta-BHC 
c h l  ordane 
4-4'-DDT 
4,4' -DDE 
4,4 ' -DDD 
die1 d r i n  
a1 pha-endosul fan 
beta-endosul fan 
endosul fan su l f a te  
endr i  n 
endr i  n a1 dehyde 
heptachl o r  
heptachl o r  epoxi de 
PCB-1242 
PCB-1254 
PCB-1221 
PCB-1232 
PCB-1248 
PCB-1260 
PCB-1016 
toxaphene 

STORET 
EPA 

C AS - CONTRACTORS 



COMPOUND CROSS-REFERENCE LIST. (Conti nuedl 

NPDES 
COMPOUND PERMIT STORET 

METALS, CYANIDE, and PHENOLS (ALL TOTAL) 

Antimony 
Arsenic 
Beryl 1 i um 
Cadmi urn 
C hromi urn 
Copper 
Lead 
Mercury 
Nickel 
Sel eni urn 
S i  1 ver 
Thal 1 i urn 
Z i  nc 
Cy ani de 
Phenol s 

D I O X I N  

2,3,7,8-tetrachl orodi- 
benzo-p-di ox i  n 

E PA 
C AS - CONTRACTORS 



SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  3/18/83 
CLIENT I.D. 7495 DATE ANALYZED 4/8/83 
RMC I.D. 456 ANALYZED BY KFG 

A C I D  COMPOUNDS 

phenol 

2-c h l  orophenol 

2-n i  t rophenol  

2.4-dimethyl phenol 

2.4-dichlorophenol 

4 -ch lo ro -3methy l  phenol 

2,4,6-trichlorophenol . 
2,4-dini t rophenol  

4-ni  t rophenol  

Z-rnethyl -4,6-dinitrophenol 

pentac h l  orophenol 

Approved By: $kd .~J ] -  w*-7- 
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Environmental Services D i v i s i o n  

F r i c k s  Lock Road, R.D. 1 
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SUMMARY O F  ORGANIC PRI OR1 TY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 311 8 /83  
CLIENT I.D. 7495 DATE A N A L  Y Z E D  4 /8 /84  
RMC I.D. 456 A N A L Y Z E D  B Y  K F G  

BASEINEUTRAL COMPOUNDS 

n-ni t rosodimethylamine  

bi s (2 -ch lo roe thy l  ) e t h e r  

1.3-dic hl o ro  benzene 

1.4-dic hl orobenzene 

1.2-dichlorobenzene 

b i s (2 -ch lo ro i sop ropy l  ) e t h e r  

hexachl o r o e t h a n e  

n-ni t r o s o d i  -n-propyl ami ne 

n i t r o  benzene 

i sophorone  

bi s (2 -c  h1oroethoxy)methane 

1 .2 .4- t r ich lorobenzene  

naphtha1 ene  

hexachloro  butad iene  

hexachlorocyclopentadiene 

2-c h lo ronaph tha l ene  

acenaph thy lene  

dimethyl  p h t h a l a t e  

2.6-dini t r o t o l u e n e  

acena pht  hene 

2.4-dini t r o t o l u e n e  

f l  uorene  

d i e t h y l  p h t h a l a t e  

4-c hl orophenyl  phenyl e t h e r  

n-ni t r o sod ipheny lamine  

.l ,2-diphenyl  hyd raz ine  

4 -bromophenyl phenyl e t h e r  

hexac hl o r o  benzene 

phenanthrene  

a n t h r a c e n e  

d i -n-buty l  p h t h a l a t e  

f l  uo ran thene  

benzid ine  

pyrene 
butyl  benzyl phthal  a t e  

benz ( a  ) a n t  hracene  

3.3' - d i c h l o r o b e n z i d i n e  

c hrysene  

b i s (2 -e thy l  hexyl ) p h t h a l a t e  

d i  -n-octyl p h t h a l a t e  

benzo (b ) f luo ran thene  

benzo ( k ) f l u o r a n t h e n e  
benzo (a )pyrene  

indeno(1 ,2,3-c , d )py rene  

d i  benz(a ,  h ) an th racene  

benz(g .h . i . )pery lene  

2 .3 .7 .8- te t rachlorodi  benzo- 

p-dioxin 

Approved By: .&.c/' 
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N a t i o n a l  Bureau o f  Standards L i b r a r y  Search o f  
Ma jo r  N o n - P r i o r i t y  P o l l u t a n t  Peaks f rom t h e  

'chroma togram o f  C a t a l y t i c  Sample #7495 

.To ta l  Abundance o f  
Peak Scan Number Most Probable  Compound Match Scan Number 

2 94 2-methyl phenol 5481 1 

321 3-methylphenol and hexanoic a c i d  11 2937 

4 04 3,4-dimet hyl  phenol 16788 

432 benzoic a c i d  1 0768 

4 93 4 n e t h y l  benzoic a c i d  15478 

509' 3.4 o r  2,4-dimethyl benzaldehyde 17156 

/7 
Approved By: d u  
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SUMMARY O F  ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT Catalyt ic  D A T E  RECEIVED 3/18/83 
CLIENT I.D. 7495 D A T E  ANALYZED 3130183 
RMC I.D. ,456 ANALYZED BY KFG 

VOLATILES 

c hl oromethane 

bromome t ha ne 

vinyl chlor ide 

chl oroethane 

methyl ene chloride 

acrol e in  

a c r y l o n i t r i l e  

1 ,l -dichloroethene 

1 ,l -dichloroethane 

trans-1.2-dichloroethene 

chloroform 

1 ,2-dichloroethane 

1 , l . l  - trichloroethane 

carbon te t rachlor ide  

<2.0 bromodichloromethane <0.08 

1,2-dichloropropane 
1,3-dichloropropene 1 

t r i c h l  oroethene 

benzene 
di bromochl oromet hane 

1,1,2-trichloroethane 

2-c hl oroethylvi nyl e ther  

bromo form 

tetrachloroethene 

1 ,1 ,2,2-tetrachloroethane 

to1 uene 

chl oro benzene 

ethyl benzene 

11.3-cis-dichl oropropene and 1 ;3-trans-dichloropropene could not be resolved, 
values reported indicate  the sum of both compounds. 

pproved By - .  " 
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SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT 1.0. 7496 DATE ANALYZED 4/8/83 
RMC I.D. 457 ANALYZED BY Kk ti 

A C I D  COMPOUNDS 

phenol 

2-c hlorophenol 

2-ni t rophenol  

2.4-dimethyl phenol 

2 ,4d ich lorophenol  

4-ch loro-3methy l  phenol 

2.4.6-tr ichlorophenol 

2.4-dinitrophenol 

4-ni  t rophenol  

Z-methyl -4.6-dini t rophenol  

pentac hlorophenol 

" / l?J Approved By: - 6 - d -  . A. L) 
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SUMMARY OF ORGAN1 C PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  . 311 8/83 
CLIENT I .D.  7496 DATE ANALYZED 4/8/83 
RMC I.D. 457 ANALYZED BY KFG 

BASE/NEUTRAL COMPOUNDS 

n -n i  t rosod  imet hy l  amine 

b i  s (2 -ch lo roe thy l  )e the r  

1,3-dic h l o r o  benzene 

1,4-dichlorobenzene 

1,2-dichlorobenzene 

b i  s ( 2 - c h l o r o i  sopropyl )e the r  

hexac h l  o r o e t  hane 

n -n i  t r o s o d i  -n-propylamine 

n i t r o  benzene 

i sophorone 

b i  s(2-c h l  oroethoxy)rnethane 

1 ,2 ,4 - t r i ch lo ro  benzene 

naphtha1 ene 

hexachloro butadiene 

hexactil orocyc.1 opentadiene 

2-chloronaphthal  ene 

acenapht hy l  ene 

d imethy l  p h t h a l a t e  

2 .6 -d in i t ro to luene  

acenapht hene 

2.4-dini t r o t o l u e n e  

f 1 uorene 

d i e t h y l  p h t h a l a t e  

4-c h l  orophenyl phenyl e t h e r  

n-ni t rosodiphenylamine 

1. ,2-diphenyl hydraz ine 

4-bromophenyl phenyl e the r  

hexachloro benzene 

phenanthrene 

anthracene 

d i -n -bu ty l  p h t h a l a t e  

f luoranthene 

benz i d i ne 

pyrene 

bu t y l  benzyl pht  ha1 a t e  

benz(a )an t  hracene 

3,3 ' -d ' ichlorobenzidine 

c hrysene 

b i s (2 -e thy l  hexyl )ph tha la te  

d i  -n-oc ty l  p h t h a l a t e  

benzo(b)f luoranthene 

benzo(k) f luoranthene 

benzo (a ) pyrene 

indeno(1 ,2,3-c ,d)pyrene 

d i  benz(a , h)an t  hracene 

benz(g.h.i . )pery lene 

2,3,7,8-tetrachlorodi benzo- 

p - d i o x i n  

'I 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIEKT C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT I.D. 7496 DATE ANALYZED 3/30/83 
RMC I.D. 457 ANALYZEDBY KFG 

c  h loromethane 

bromome t ha ne 

v i n y l  c h l o r i d e  

c h l o r o e t h a n e  

methy l  ene c h l o r i d e  

a c r o l e i n  

a c r y l o n i t r i l e  

1 ,I -d i ch lo roe thene  

1.1 -d i ch lo roe thane  

t rans-1.2-dichloroethene 

c h l o r o f o r m  

1 ,2-d ich lo roethane 

1  ,l ,l - t r i c h l o r o e t h a n e  

carbon t e t r a c h l o r i d e  

VOLATILES 

vg/l 
<2.0 bromodi c  h l  oromet hane 

c0.5 1.2-dic h l  oropropane 

<1 .O 1  ,3-d ichloropropene 
1  

<1 .O t r i c h l o r o e t h e n e  

16.2 benzene 

c150 d i  bromoc h l  orome t hane 

c14 1,1 ,2- t r i ch lo roethane 

c0.17 2 - c h l u r ~ w e t l ~ y l v i n ~ l  e t h e r  

<O. 1 9 bromo form 

<0.17 t e t r a c h l o r o e t h e n e  

1  .O 1,1,2,2-tetrachloroethane 

<0.5 to luene  

<0.10 c  h l  o ro  benzene 

<0.08 e t h y l  benzene 

'1 .3 -c is -d ich lo ropropene and 1.3- t rans-d ichloropropene c o u l d  n o t  be resolved,  
va lues  r e p o r t e d  i n d i c a t e  t h e  sum o f  bo th  compounds. 

RMC Envi ronmenta 1  Serv ices  
Environmental  Chemistry Labo ra to ry  

Fr , icks Lock Road, R.D. 1  
Pot ts town, PA 19464 
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SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT Ca taJ.yt i c  DATE R E C E I V E D  311 8/83 
CLIENT I .D .  74 97 DATE ANALYZED 4/8/83 
RMC I .D.  458 ANALYZEDBY KFG 

A C I D  COMPOUNDS -. 

phenol 

2-c h l  orophenol 

2-n i  t rophenol  

2.4-dimethyl phenol 

2,4-dichlorophenol 

4-ch loro-3methy l  phenol 

2,4,6-trichlorophenol 

2.4-dinitrophenol 

4-n i  t rophenol  

2methyl-4.6-dinitrophenol 

pentac hlorophenol 

Approved By: d 
u 

RMC Environmental Services D i v i s i o n  
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CL I ENT C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT I.D. 74 97 D A T E  A N A L Y Z E D  4/8/83 
RMC I.D. 458 A N A L Y Z E D  B Y  KFG 

BASE/NEUTRAL COMPOUNDS 

n-nitrosodimethylamine 

bi s (2-c  h lo roe thy l  ) e t h e r  

1.3-dic hl'oro benzene 

1,4-dichlorobenzene 

1.2-dic h lo ro  benzene 

bi s (2-chloroisopropyl  ) e t h e r  

hexac hl o roe thane  

n-n i t rosod i -n -p ropy lam ine  

n i t r o  benzene 

isophorone 

bi s (2-c  h1oroethoxy)methane 

1 ,2 ,4- t r ichlorobenzene 

naphtha1 ene 

hexac hl o r o  bu t ad iene  

hexachl orocyclopentadiene 

2-c  h loronaphthalene 

acenapht  hyl ene  

dimethyl p h t h a l a t e  

2 .6 -d in i t ro to luene  

acenaphthene 

2 .4 -d in i t ro to luene  

f l  uorene 

d i e t h y l  p h t h a l a t e  

4-chlorophenyl phenyl e t h e r  

n-nitrosodiphenylamine 

1 , 2  -d i p henyl hydra z i ne 

4-bromophenyl phenyl e t h e r  

hexac hl oro  benzene 

phenant hrene 

anthracene 

di-n-butyl ph tha la te  

f l  uoranthene 

benz i d i ne 

pyrene 

bu t y l  benzyl p h t  ha1 a t e  

benz(a )an t  hracene 

3.3' -d ichlorobenzidine  

c hrysene 

bis(2-e thyl  hexyl ) p h t h a l a t e  

d i  -n-octyl ph tha la te  

benzo(b)fluoranthene 

benzu(k) f l u ~ r ' a ~ i t h e n e  

benzo (a ) pyrene 

indeno(1 ,2,3-c ,d)pyrene 

d i  benz(a .h)anthracene 

benz(g.h. i . )perylene 

2.3,7.8-tetrachlorodi benzo- 

p-dioxin 

4 n 
d ;, 

Approved By: 

RMC Environmental Se rv ices  Divis ion 
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SUMMARY O F  O R G A N I C  PRIOR1 TY POLLUTAMT ANALYSIS 

CLIEtiT C a t a l y t i c  D A T E  R E C E I V E D  311 8/83 
C L I E N T  I.D. 74 97 DATE A N A L Y Z E D  3/31 /83 
RMC I . D .  458 A N A L Y Z E D  BY K F G  

VOLATILES 

chloromethane 

bromome t ha ne 

vinyl c h l o r i d e  

c hl oroethane 

methyl ene ch lo r ide  

a c r o l e i n  

a c r y l o n i t r i l e  

1  ,1 -dichloroethene 

1  ,1 -d ichloroethane 

trans-1,2-dichloroethene 

chloroform 

1 ,2-dichloroethane 

1  ,1 ,1 - t r i ch lo roe thane  

carbon t e t r a c h l o r i d e  

bromodic hl oromethane 

1,2-dichloropropane 
1,3-dichloropropene 1  

t r i c h l o r o e t h e n e  

benzene 
di  bromochl oromethane 

1 ,1  ,2 - t r i ch lo roe thane  

2-chloroethylvinyl e t h e r  

bromoform 

te t rach lo roe thene  

1,1,2,2- tet rachloroethane 

to1 uene 

c  hl oro benzene 

e thyl  benzene 

11,3-cis-dichloropropene and 1 .3- t rans-d ich loropropene  could not be reso lved ,  
va lues  reported i n d i c a t e  the  sum of both compounds. 

RMC Envi ronmenta 1 Services  ' 
Envi ronmental Chemi s t r y  La bora t o r y  

Fr icks  Lock Road, R . D .  1  
Pottstown, PA 19464 
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SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 3/18/83 
C I T F N T 1 . D .  7198 D4TEANALYZED 4 /8/83 
RMC I.D. 45 9 ANALYZED BY KFG 

A C I D  COMPOUNDS 

phenol 

2-chl orophenol 

2 -n i  t ropheno l  

2.4-dimethyl phenol 

2 ,4d i ch lo ropheno l  

4-chloro-?-methyl  phpnnl 

2,4,6- t r ich lorophenol  

2,4-dini t ropheno l  

4nn i t ropheno l  

Z-methyl -4 - 6 - d i n i  t r opheno l  

pentac h lorophenol  

Apprnved Ry: 

RMC Environmental Se rv i ces  D i v i s i o n  
Envi ronrnental Se rv i ces  D i v i  s i o n  
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SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 311 8/83 
CLIENT I.D. 7498 DATE ANALYZED 4/8/83 
RMC I.D. 45 9 ANALYZED BY KFG 

BASEINEUTRAL COMPOUNDS 

n - n i  t r osod ime t  hy l  amine 

b i s ( 2 - c h l o r o e t h y l  ) e t h e r  

1,3-dichlorobenzene 

1,4-dichlorobenzene 

1,2-dic h l  o ro  benzene 

b i  s (2 -ch lo ro i sop ropy l  )e the r  

hexachl oroethane 

n -n i t r o s o d i  -n-propyl arni ne 

n i  t robenzene 

isophorone 

b i  s(2-c h1oroethoxy)methane 

1 ,2 ,4 - t r i ch lo ro  benzene 

naphthalene 

hexachl o ro  bu t ad iene  

hexach lorocyc lopentad iene 

2-c h lo ronapht  ha1 ene 

acena p h t  hy l  ene 

d ime thy l  p h t h a l a t e  

2 .6 -d in i t r o to luene  

acenapht hene 

2 ,4 -d in i t r o to luene  

fl uorene 

d i e t h y l  p h t h a l a t e  

4-chlorophenyl  phenyl e t h e r  

n -n i  t r o  sodi  phenyl ami ne 

1,2-diphenyl hydraz ine  

4-bromophenyl phenyl e t h e r  

hexac h l  o r o  benzene 

phenanthrene 

anthracene 

d i - n - b u t y l  p h t h a l a t e  

f l uo ran thene  

benz id ine  

PYrene 
bu t y l  benzyl ph t  ha1 a t e  

benz(a)anthracene 

3 ,3 ' -d i ch lo ro  benz id ine  

c hrysene 

b i s ( 2 - e t h y l  hexyl  ) p h t h a l a t e  

d i  -n -oc ty l  p h t h a l a t e  

benzo(b) f luoranthene 

benzo(k) f luoranthene 

benzo (a )pyrene 

indeno(1 ,2,3-c ,d)pyrene 

d i  benz(a, h)anthracene 

benz(g,h.i . )pery lene 

2,3,7,8- tet rachlorodi  benzo- 

p - d i o x i n  <4.0 

Approved By: y&L] 
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SUMMARY O F  ORGANIC P R I O R I T Y  POLLUTANT ANALYSIS 

CLI EP;T C a t a l y t i c  D A T E  R E C E I V E D  3/18/83 
C L I E N T  I.D. 7498 DATE A N A L Y Z E D  3/31 /83 
RMC 1.0. 459  A N A L Y Z E D  B Y  KFG 

VOLATILES 

c  hl oromethane 

bromome t ha ne 

vinyl  c h l o r i d e  

c  h l  oroethane 

methylefle c h l o r i d e  

a c r o l  e i n  

a c r y l o n i t r i l e  

1 ,I -dich'f o r o e t  hene 

1  , l  -d ichloroethane 

trans-1.2-dichloroethene 

chloroform 

1 ,2-dichloroethane 

1  , l  , l  - t r i c h l o r o e t h a n e  

carbon t e t r a c h l o r i d e  

bromodichloromethane 

1,2-dic hloropropane 
1  ,3-dichloropropene 1  

t r i c h l o r o e t h e n e  

benzene 
d i bromoc hl orome t ha ne 

1 ,1 ,2 - t r i ch lo roe thane  

2 -c l r l c~~~oe thy lv iny l  c t h c r  

bromoform 

t e t r a c  hloroethene 

1  , I  , 2 ,2 - t e t rach lo roe thane  

to1 uene 

c  hl oro  benzene 

e thyl  benzene 

11,3-cis-dlchlorgpropene and 113-trans-dichloropropene could not  be resolved.  
va lues  repor ted  i n d i c a t e  t h e  sum of both Compounds. 

Approved By 

RMC Environmental Services  
Environmental Chemistry Laboratory 

Fr icks  Lock Road, R . D .  1  
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SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  31 18/83 
CLIENT I .D.  7499 DATE ANALYZED 4 18 I83  
RMC I.D. 460 ANALYZED BY KFG 

A C I D  COMPOUNDS 

phenol 

2-c hlorophenol 

2-n i  t rophenol  

2,4-dimethyl phenol 

2,4-dichlorophenol 

4-ch loro-3methy l  phenol 

2,4,6-tr ichlorophenol 

2,4-dini t rophenol  

4-n i  t rophenol  

Z-methyl-4,6-dinitrophenol 

pentac h1 orophenol 

Approved By: , &/jp& *d 
J 
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Pottstown, PA 19464 



SUMMARY OF '  ORGANIC P R I O R I T Y  POLLUTANT ANALYSIS  

n - n i  t rosod imet  hy l  amine 

b i  s (2 -ch lo roe thy l  )e the r .  

1 .3-d ich ioro  benzene 

1,4-dichlorobenzene 

1 ,Z-dichlorobenzene 

b i  s (2 -ch lo ro i sopropy l  )e the r  

hexachloroethane 

n - n i  t rosod i -n -p ropy l  a m i  ne 

n i t r o  benzene 

i sophorone 

b i  s(2-ch1oroethoxy)methane 

1 ,2 ,4 - t r i ch lo ro  benzene 

naphtha 1  ene 

hexachl o ro  butadiene 

hexachl orocyclopentadiene 

2-c h loronaphtha lene 

acenaphthyl  ene 

d imo thy l  p h t h a l a t e  

2 .6 -d in i t ro to luene  

acenaphthene 

2 ,4 -d in i t ro to luene  

fl uorene 

d i e t h y l  p h t h a l a t e  

IALYZED 4 /8 /83  
IALYZED BY KFG 

BASE/NEUTRAL COMPOUNOS 

4 -c h l  orophenyl phenyl e the r  

n -n i  t rosod  i phenyl ami ne 

1,2 -d i  phenyl hydraz i  ne 

4-bromophenyl phenyl e t h e r  

hexac h l o r o  benzene 

phenanthrene 

anthracene 

d i - n - b u t y l  ph tha la te  

f l  uoranthene 

benz id ine 

pyrene 

b u t y l  benzyl ph tha la te  

benz(a ) a n t  hracene 

3.3' -d i ch lo robenz id ine  

c hrysene 

b i s (2 -e thy l  hexyl ) p h t h a l a t e  

d i - n - o c t y l  ph tha la te  

benzo(b)f luoranthene 

benzo(k) f luoranthene 

benzo (a )pyrene 

indeno(1 ,2,3-c ,d)pyrene 

d i  benz(a , h)anthracene 

benz ( g  . h. i . )pery l  ene 

2,3,7,8-tetrachlorodi benzo- 

p - d i o x i n  

Approved By: 
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SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CL I EI.iT C a t a l y t i c  DATE RECEIVLD 3/18/83 
CLIENT 1.0. 7499 DATE ANALYZED 3/31 /83 
KMC 1.0. 460 ANALYZED BY KFG 

c h l  orome t ha ne 

bromome t ha ne 

v i n y l  c h l o r i d e  

c h l  oroethane 

methylene c h l o r i d e  

a c r o l e i n  

a c r y l o n i t r i l e  

119/1 
bromodichl oromethane <0.12 

1,2-d ichloropropane <0.5 

1 ,3-d ich lo ropropene 1 
<0.3 

t r i c  h lo roethene <0.13 

benzene <0.08 
d i  bromochloromethane <O-19 

1 ,l -d ich loroethene <0.19 2-c h l o r o e t h y l v i n y l  e t h e r  d . 4  

1 ,l -d ich lo roe thane  <O. 1 9 bromoform <0.4 

trans-1,2-dichloroethene <0.16 t e t r a c h l  oroethene ~ 0 . 1 5  

c h l o r o f o r m  2.0 1,1,2,2-tetrachloroethane <0.7 

1 ,2-d ich lo roethane c0.4 t o 1  uene <O. 06 

1 ,l ,l - t r i c h l o r o e t h a n e  . <O. 08 c h l  o ro  benzene ~ 0 . 0 9  

carbon t e t r a c h l o r i d e  <1 .9 e t h y l  benzene <O. 04 

11,3-cis-dichloropropene and 1,3-trans-dichloropropene c o u l d  n o t  be resolved,  
va lues  repo r ted  i n d i c a t e  t h e  sum o f  bo th  compounds. 

&,A!* Approved By 

RMC Environmental  Serv ices  
Environmental Chemi s t r y  La bora t o r y  

F r i c k s  Lock Road, R.D. 1 
Pottstown, PA 19464 
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SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  3/18/83 
CLIENT I .D.  7500 DATE ANALYZED 4/8/83 
RMC I.D. 461 ANALYZED B Y  KFG 

A C I D  COMPOUNDS 

phenol 

2-c hlorophenol 

2-n i t rophenol  

2,4-dimethyl phenol 

2 ,4d lch lorophenol  

4-chloro-3-methyl phenol 

2,4,6-tr ichloruplrenol 

2.4-dini t rophenol  

4-ni  trophennl 

Z-methyl -4,6-dinitrophenol 

pentac h l  orophenol 

Approved By: 

RMC Environmental Services D i v i s i o n  
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SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT - C a t a l y t i c  DATE R E C E I V E D  311 8/83 
CLIENT I .D.  7500 DATE ANALYZED 4/8/83 
RMC I.D. 461 ANALYZED BY KFG 

BASEINEUTRAL COMPOUNDS 

n-ni t rosodimethylamine 

b i  s(2-c h l o r o e t  hy l  )e the r  

1,3-dic h l  o ro  benzene 

1,4-dichlorobenzene 

1.2-dichlorobenzene 

b i  s(2-c h l  o r o i  sopropyl )e ther  

hexac h l  o r o e t  hane 

n - n i  t rosod ' i  -n-propyl amine 

n i  t r o  benzene 

i sophorone 

b i  s(2-ch1oroethoxy)methane 

1 ,2,4-tric,hlorobenzene 

naphthalene 

hexachloro butadiene 

hexachlorocycl  opentadiene 

2-c h loronaphthalene 

acena p h t  h y l  ene 

d imethy l  p h t h a l a t e  

2 .6 -d in i t ro to luene  

acenaphthene 

2 .4 -d in i t ro to luene  

f l u o r e n e  

d i e t h y l  iphthal a t e  

4-c h l  orophenyl phenyl e t h e r  

n-ni  t rosod ipheny l  amine 

1,2-diphenyl hydrazine 

4 -bromo phenyl phenyl e t h e r  

hexac h l  o r o  benzene 

phenanthrene 

anthracene 

d i -n -bu ty l  ph tha la te  

f luoranthene 

benzidine 

PYrene 

b u t y l  benzyl pht  ha la te  

benz(a ) a n t  hracene 

3 ,3 ' -d ich lorobenz id ine 

c hrysene 

b i s (2 -e thy l  hexyl )ph tha la te  

d i  -n-octy l  p h t h a l a t e  

benzo(b) f l  uoranthene 

benzo(k) f luoranthene 

benzo (a )pyrene 

indsno(l,2,3-c ,d)pyrene 

d i  benz(a , h)anthracene 

benz(g. h. i  . )pery lene 

2,3,7,8-tetrachlorodi benzo- 

p - d i o x i n  <4.2 

Approved By: ) 
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SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CL I EPiT C a t a l y t i c  DATE R E C E I V E D  311 8/83 
CLIENT I . D .  7500 DATE ANAL Y ZED 3/31 /83 
RMC I . D .  461 ANALYZED B Y  KFG 

VOLATILES 

c  h loromethane 

bromome t ha ne 

v i n y l  c h l o r i d e  

fi 
<2.0 bromodichloromethane ~ 0 . 1 1  

<0.5 1,2-dic h lo ropropane ~ 0 . 4  

<1 .O 1 .3 -d ich l  oropropene 
1  

~ 0 . 3  

c h l o r o e t h a n e  < I  .O t r i c h l o r o e t h e n e  <0.12 

methy lene c h l o r i d e  <0.3 benzene <O. 07 

a c r o l e i n  < I 5 0  d i  bromoc h l  oromethane <0.18 

a c r y l o n i  t r i l e  < I 4  1  ,1 , 2 - t r i c h l o r o e t h a n e  ~ 0 . 5  

1 ,l -d ich lo roe thene  <0.17 2 - c h l o r o e t h y l v i n y l  e t h e r  <2.3 

1  ,l -d ich lo roe thane  ~ 0 . 1 8  bromoform ~ 0 . 4  

t rans -1  ,2-d ichloroethene <O. 15 t e t r a c  h l  oroethene <0.14 

c h l o r o f o r m  0.7 1 ,l ,2 ,2- tetr~acl~lur~oethane <0.06 

1,2-d ich lo roethane <0.4 t o 1  uene <O. 05 

1  ,l ,l - t r i c h l o r o e t h a n e  <O. 08 c  h l  o ro  benzene ~ 0 . 0 8  

carbon t e t r a c h l o r i d e  <1 .7 e t h y l  benzene <O. 04 

'1 ,3 -c is -d ich lo ropropene and 1 . 3 - t r a n s - d i c h l o r o p r o p e ~  c o u l d  n o t  be resolved,  
v a l u e s  r e p o r t e d  i n d i c a t e  t h e  sum o f  bo th  compounds. 

RMC Envi ronmental  Serv ices  
Environmental Chemi s t r y  La bora t o r y  

F r i c k s  Lock Road, R.D. 1  
Pot ts town, PA 19464 







SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  311 8/83 
CLIENT I .D .  7501 DATE ANALYZED 4/8/84 
RMC I.D. 4 62 ANALYZED B Y  KFG 

A C I D  COMPOUNDS 

phenol 

2-chlorophenol 

2-ni  t rophenol  

2,4-dimethyl phenol . 

2,4-dichlorophenol 

4-c h l o r o - 3 m e t h y l  phenol 

2,4,6-tr ichlorophenol 

2,4-dinitrophenol 

4-ni  t rophenol  

Zmethyl-4,6-din i  t rophenol  

pentac hlorophenol 

Approved By: .&/!ljww 

RMC Environmental Serv ices D i v i s i o n  
Environmental Serv ices D i v i s i o n  

F r i c k s  Lock Road, R . D .  1 
Pottstown, PA 19464 



SUMMARY O F  ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 
CLIENT I.D. 

311 8/83 
7501 DATE A N A L  YZED 

RMC I.D. 
4/8/83 

462 A N A L Y Z E D  B Y  KFG 

BASE/NEUTRAL COMPOUNDS 

n-ni t rosod imet  hylamine 

b i s (2 -ch lo roe thy l  ) e t h e r  

1 ,3-dic  hi o ro  benzene 

1 ,4-dichlorobenzene 

1 ,2 -d ic  h lo ro  benzene 

b i s (2 -ch lo ro i sopropy l  ) e t h e r  

hexachl o roe thane  

n-n i t rosod i -n -p ropy lamine  

n i t r o  benzene 

isophorone 

bi s(2-ch1oroethoxy)methane 

1 , 2  -4 - t r i ch lo robenzene  

naph tha lene  

hexac hl o ro  butadiene 

hexachl orocycl  opentadiene 

2-chloronaphthalene 

acenaph t  hyl ene 
dimethyl p h t h a l a t e  

2 , 6 - d i n i t r o t o l u e n e  

acenaphthene 

2 , 4 - d i n i t r o t o l u e n e  

f luorene  

d i e t h y l  p h t h a l a t e  

4  -c hl orophenyl phenyl e t h e r  

n - n i  t r o s o d i  phenyl amine 

1  ,2-diphenyl hydrazine 

4-bromophenyl phenyl e t h e r  

hexac hl oro  benzene 

phenanthrene 

an th racene  

di-n-butyl  p h t h a l a t e  

f luoran thene  

benzidine 

pyrene 
butyl benzyl ph tha la te  

benz(a)anthracene 

3 ,3 ' -d ichlorobenzidine  

c  hrysene 

bis(2-e thyl  hexy1)phthalate 

d i  -n-octyl p h t h a l a t e  

benzo(b)f luoranthene 

benzo(k)f luoranthene 

benzo (a ) pyrene 

indeno(1 ,2,3-c ,d)pyrene 

d i  benz(a , h)anthracene 

benz(gt h. i . )perylene 

2 ,3 ,7 ,8 - t e t rach lo rod i  benzo- 

p-dioxin 4.8 

Approved By: & 
V 

RMC Environmental Se rv ices  Division 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CL I ENT C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT I.D. 7501 DATE ANALYZED 3/31 /83 
RMC I.D. 462 ANALYZED B Y  KFG 

VOLATILES 

c  h l  oromet hane 

bromome t ha ne 

v i n y l  c h l o r i d e  

c h l  o roe thane 

methy l  ene c h l  o r i  de 

a c r o l e i n  

a c r y l o n i t r i l e  

1  ,l -d i ch lo roe thene  

1  ,l -d i ch lo roe thane  

t rans -1 ,2 -d i ch lo roe thene  

c h l o r o f o r m  

1 ,2 -d i ch lo roe thane  

1,1 , 1 - t r i c h l o r o e t h a n e  

carbon t e t r a c h l o r i d e  

bromodichloromethane 

1 .2 -d ich lo ropropane 

1  ,3 -d ich lo ropropene 1  

t r i c h l o r o e t h e n e  

benzene 

d i  bromoc h l  oromethane 

1 ,1 ,2 - t r i ch lo roe thane  

2-c h l  o r o e t h y l v i  n y l  e t h e r  

bromoform 

t e t r a c h l o r o e t h e n e  

1,1,2,2-tetrachloroethane 

t o l u e n e  

c  h l  o r o  benzene 

e t h y l  benzene 

' 1 .3 - c i s -d i ch lo rop ropene  and 1,3- t rans-dichloropropene c o u l d  n o t  be reso l ved ,  
v a l u e s  r e p o r t e d  i n d i c a t e  t h e  sum o f  bo th  compounds. 

RMC Env i ronmenta 1  Se rv i ces  
Env i ronmenta l  Chemi s t r y  L a b o r a t o r y  

F t i c k s  Lock Road, R.D. 1  
Pot ts town,  PA 19464 







SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 311 8/83 
CLIENT 1.0. 7502 DATE ANALYZED 4/8/83 
RMC I .D.  463 ANALYZEUBY K F G  

A C I D  COMPOUNDS 

phenol 

2-c h lorophenol  

2 -n i  t ropheno l  

2.4-dimethyl phenol 

2.4-dichlorophenol 

4-chloro-3-methyl  phenol 

2.4.6- t r ich lorophenol  

2.4-d in i t rophenol  

4 -n i t ropheno l  

Z-methyl -4.6-dini t ropheno l  

pentach l  orophenol 

Approved By: .- 

RMC Environmental Serv ices  D i v i s i o n  
Envi ronmental Serv ices  D i v i s i o n  
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

n-ni  t r o s o d i m e t  hyl  amine  ' 

bi  s ( 2 - c h l o r o e t  hyl  ) e t h e r  

1 ,3-d  ic  hl  o r o  benzene  

1 , 4 - d i c h l  o r o b e n z e n e  

1 , 2 - d i c h l o r o b e n z e n e  

b i  s(2-chloroisopropy1)ether 

h e x a c h l o r o e t h a n e  

n -n i  t r o s o d i  -n-propyl  a m i n e  

n i t r o  benzene  

i s o p h o r o n e  

b i  s ( 2 - c  h1 o r o e t h o x y  )met  hane  

1 , 2 , 4 - t r i c h l o r o  benzene  

n a p h t h a 1  e n e  

h e x a c  h l o r o  b u t a d i e n e  

h e x a c h l o r o c y c l  o p e n t a d i e n e  

2-c h l o r o n a p h t h a l e n e  

a c e n a p h t h y l  e n e  

d i m e t h y l  p h t h a l a t e  

2 , 6 - d i n i t r o t o l u e n e  

a c e n a p h t  h e n e  

2 , 4 - d i n i t r o t o l u e n e  

f l  u o r e n e  

d i e t h y l  p h t h a l a t e  

BASEINEUTRAL COMPOUNDS 

4-c hl o r o p h e n y l  p h e n y l  e t h e r  

n-ni  t r o s o d i p h e n y l a m i n e  

1 , 2 - d i p h e n y l  h y d r a z i n e  

4-bromophenyl phenyl  e t h e r  

hexac.hl o r o  benzene  

p h e n a n t h r e n e  

a n t h r a c e n e  

d i - n - b u t y l  p h t h a l a t e  

f l u o r a n t h e n e  

b e n z i d i n e  

p y r e n e  
b u t y l  benzy l  p h t h a l a t e  

benz (a  ) a n t  h r a c e n e  

3 , 3 ' - d i c h l o r o b e n z i d i n e  

c h r y s e n e  

b i s ( 2 - e t h y l  hexy l  I p h t h a l a t e  

d i  -n -oc ty l  p h t h a l a t e  

b e n z o ( b ) f l u o r a n t h e n e  

b e n z o ( k ) f l u o r a n t h e n e  

benzo ( a  ) p y r e n e  

i n d e n o ( 1  ,2,3-c , d ) p y r e n e  

d i  benz (a  , h ) a n t h r a c e n e  

b e n z ( g . , h . i  . ) p e r y l e n e  

2 . 3 . 7 . 8 - t e t r a c h l o r o d i  benzo-  

p - d i o x i n  <1 .9 

Approved By: ., 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  3/18/83 
CLIENT I .D.  1502 DATE ANALYZED 3/31 /83 
RMC 1.0. 463 ANALYZED B Y  KFG 

VOLATILES 

c h l  oromethane 

bromome t ha ne 

v i n y l  c h l o r i d e  

ch lo roe thane  

methylene c h l o r i d e  

a c r o l e i n  

a c r y l o n i t r i l e  

1 ,l -d ich lo roe thene  

1,l  -d i ch lo roe thane  

t rans-1 ,2-d ich l  oroethene 

c h l o r o f o r m  

1,2-d ich loroethane 

1,l ,1 - t r i c h l o r o e t h a n e  

carbon t e t r a c h l o r i d e  

bromodichloromethane 

1,2-dichloropropane 
1 ,3-dichloropropene 1 

tri c h l  o r o e t  hene 

benzene 
d i  bromoc h l  oromet hane 

1 , 1 , 2 - t r i c h l n r n e t h a n ~  

2 - c h l o r o e t h y l v i n y l  e t h e r  

bromoform 

t e t r a c  h l  oroethene 

1,1,2,2-tetrachloroethane 

to1 uene 

c h l  o r o  benzene 

e t h y l  benzene 

11,3-cls-dichloropropene and 1.3-trans-dichloropropene cou ld  no t  be reso lved,  
va lues  r e p o r t e d  i n d i c a t e  t h e  sum of both compounds. 

RMC Environmental Services 
Environmental Chemi s t r y  La bora t o r y  

F r i c k s  Lock Road, R.D. 1 
Pottstown, PA 19464 
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SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT I .D .  75 03 DATE ANALYZED 4/8/83 
RMC I .D.  464 ANALYZEDBY KFG 

A C I D  COMPOUNDS 

phenol 

2-chl orophenol 

2-ni t rophenol  

2,4-dimethyl phenol 

2,4-dichloropheno1 

4-ch loro-3methy l  phenol 

2,4,6-tr ichlorophenol 

2.4-dini t rophenol  

4-ni  t rophenol  

2-methyl-4,6-dini t rophenol  

pentac h l  orophenol 

Approved By: #~*~/i .  V -& .* ,) 

RMC Environmental Services D i v i s i o n  
Environmental Services D i v i s i o n  
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SUMMARY O F  ORGAN1 C P R I O R I T Y  P O L L U T A N T  A N A L Y S I S  

C L I E N T  C a t a l y t i c  D A T E  R E C E I V E D  3 / 1 8 / 8 3  
C L I E N T  I . D .  7503 D A T E  A N A L Y Z E D  4 / 8 / 8 3  
RMC 1.0. 464 ANALYZED B Y  K FG 

BASE/NEUTRAL COMPOUNDS 

n-n i  t r o s o d i m e t  hyl  amine  

b i  s ( 2 - c  h l  o r o e t h y l  ) e t h e r  

1 ,3-d  ic  h l ' o ro  b e n z e n e  

1 , 4 - d i c  h l  o r o  benzene  

1 , 2 - d i c  h l o r o  b e n z e n e  

b i  s(2-chloroisopropy1)ether 

h e x a c  h1 o r o e t h a n e  

n - n i  t r o r o d i  -n-propyl  a m i n e  

n i t r o  b e n z e n e  

i s o p h o r o n e  

b i  s('2-chloroethoxy)methane 

1 , 2 , 4 - t r i c h l o r o b e n z e n e  

n a p h t h a l e n e  

h e x a c h l  o r o  b u t a d i e n e  

h e x a c  h l  o r o c y c l  o p e n t a d i e n e  

2-c h l o r o n a p h t h a l  e n e  

a c e n a p h t h y l  e n e  

d i m o t h y i  p h t h a l a t e  

2,6-d. ir1. i~tr .utul  uerle 

a c e n a p h t  h e n e  

2 , 4 - d i n i t r o t o l u e n e  

f 1 u~rene  
d i e t h y l  p h t h a l a t e  

4 - c h l o r o p h e n y l  pheny l  e t h e r  

n - n i t r o s o d i p h e n y l a m i n e  

1  , 2 - d i p h e n y l  h y d r a z i n e  

4-bromophenyl phenyl  e t h e r  

hexdc hl oro benzene  

p h e n a n t h r e n e  

a n t h r a c e n e  

d i - n - b u t y l  p h t h a l a t c r  

f l u o r a n t h e n e  

b e n z i d i n e  

p y r e n e  
b u t y l  benzy l  p h t h a l a t e  

b e n z ( a ) a n t  h r a c e n e  

3 , 3 ' - d i c h l o r o b e n z i d i n e  

c h r y s e n e  

b i s ( 2 - e t h y l  hexy l  ) p h t h a l a t e  

d i  - n - o c t y l  p h t h a l a t e  

b e n z o ( b ] f  l u o r a n t h e n e  

b e n z o ( k ) f l u o r a n t h e r i e  

benzo (a ) p y r e n e  

i n d e n o ( l , 2 , 3 - c  , d ) p y r e n e  

d l  benz(a, h ) a n t  h r a c e n e  

benz  (g . h. i . ) p e r y l  e n e  

2 , 3 , 7 , 8 - t e t r a c h l o r o d i  benzo- 

Approved B y :  - ~ 3  
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  3/18/83 
CLIENT I.D. DATE ANALYZED 3/31 183 
RMC I.D. 464 ANALYZED BY KFG 

VOLATILES 

c h l  oromethane 

bromome t ha ne 

v i n y l  c h l o r i d e  

ch lo roe thane  

methy l  ene c h l o r i d e  

a c r o l e i n  

a c r y l o n i t r i l e  

1 ,l -d ich lo roe thene  

1 ,l -d ich lo roe thane  

t rans-1 ,2-d ich l  oroethene 

c h l o r o f o r m  

1 ,2-d ich l  oroethane 

1 ,l ,l - t r i c h l o r o e t h a n e  

carbon t e t r a c h l o r i d e  

bromodic h l  oromethane 

1.2-d ichloropropane 

1 ,3-d ichloropropene 
1 

t r i c h l o r o e t h e n e  

benzene 
d i  bromochl oromethane 

1,1 ,2 - t r i ch lo roe thane  

2-c h l o r o e t h y l v i  n y l  e t h e r  

bromoform 

t e t r a c  h l  oroethene 

1,1,2,2-tetrachl oroethane 

t o 1  uene 

c h l  o ro  benzene 

e t h y l  benzene 

1 1 , 3 - c i ~ - d i c h l o r ~ p r ~ p e n e  and 1,3-trans-dichloropropene c o u l d  n o t  be reso lved,  
va lues  r e p o r t e d  i n d l c a t e  t h e  sum o f  bo th  compounds. 

w8- pproved BY 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

ACID COMPOUNDS 

phenol 

2-c h1 orophenol 

2-ni trophenol  

2,4-dimethyl phenol 

2 .4d ich lo ropheno l  

4 - c h l o r o - 3 ~ e t h y l  phenol 

2.4.6-tr ichlorophenol  

2,4-dini trophenol  

I -n i t ropheno l  

2-methyl-4.6-dini  trophenol 

pentachlorophenol 

I I d , /  
Approved By: $L . / ! . . J ! ! -~~J~~ . - . .~~ -  
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SUMMARY OF ORGAN1 C PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  31 18/83 
CLIENT I.D. 7504 DATE ANALYZED 4/8/83 
RMC I .D. 465 ANALYZED B Y  KFG 

BASE/NEUTRAL COMPOUNDS 

n -n i  t rosod imet  hylamine 

b i  s (2 -ch lo roe thy l  )e the r  

1.3-dic h i o r o  benzene 

1.4-dichlorobenzene 

1,2-dic h l o r o  benzene 

b i  s(2-c h l  o r o i  sopropyl )e ther  

hexac h l  o r o e t  hane 

n - n i t r o s o d i  -n-propylamine 

n i t r o  benzene 

isophorone 

b i  s(2-c h1oroethoxy)methane 

1,2,4-tr ichlorobenzene 

naphtha1 ene 

hexachloro butadiene 

hexac h l  o rocyc l  opentadiene 

2-c h l  oronaphthal  ene 

acenapht hy1 ene 

d imethy l  ph tha la te  

2 .6 -d in i t ro to luene  

acenaphthene 

2 .4-d in i t ro to luene 

f l  uorene 

d i e t h y l  p h t h a l a t e  

4 -c h l  orophenyl phenyl e t h e r  

n -n i  t rosod ipheny l  amine 

1.2-diphenyl hydraz ine 

4 -bromophenyl phenyl e t h e r  

hexac h l  o ro  benzene 

p hena n threne 

anthracene 

d i -n -bu ty l  p h t h a l a t e  

f l  uoranthene 

benz id ine 

PYrene 
bu t y l  benzyl , ph t  ha1 a t e  

benz(a )anthracene 

3 .3 ' -d ich lorobenz id ine 

c hrysene 

b i s ( 2 - e t h y l  hexyl  )ph tha la te  

d i  -n-oc ty l  p h t h a l a t e  

benzo(b)f luoranthene 

benzo(k) f luoranthene 

benzo (a )pyrene 

indeno(l,2,3-c ,d)pyrene 

d i  benz(a, h)anthracene 

benz(g.h.i . )pery lene 

2.3.7.8-tetrachlorodi benzo- 

p - d i o x i n  

Approved By: + LC 
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SUMMARY O F  ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT I  . D .  7504 DATE A N A L Y Z E D  3/ 31 /83 
RMC I.D. 465 ANALYZED B Y  KFG 

c h1 oromethane  

bromome t ha ne 

v i n y l  c h l o r i d e  

c h l  o r o e t h a n e  

me thy lene  c h l o r i d e  

a c r o l e i n  

a c r y l o n i  t r i l e  

1 ,  l - d i c h l o r o e t h e n e  

1  ,l  - d i c h l  o r o e t h a n e  

trans-1,2-dichloroethene 

c h l o r o f o r m  

1 , 2 - d i c h l  o r o e t h a n e  

1  ,l  , l  - t r i c h l o r o e t h a n e  

c a r b o n  t e t r a c h l o r i d e  

VOLATI LES 

<2.0  bromodichloromethane 

~ 0 . 5  1 ,2-d ich loropropane  

<1 .O 1 ,3 -d i ch lo rop ropene  
1  

<1 . O  t r i c  h lo roe thene  

<0.3 benzene 

<SO d i  bromochl oromethane 

< 9 1  ,I  , 2 - t r i c h l o r o e t h a n e  

< U .  11 2-ch lo roe thy lv i  nyl ether 

<0.11 bromo form 

<O. 09 t e t r a c  h1 o r o e t h e n e  

~ 0 . 0 5  1,1,2,2-tetrachloroethane 

~ 0 . 3  t o l u e n e  

< O .  05 c h lo ro  benzene 

<1 .1 ---- e t h y l  benzene 

11,3-cis-dichloropropene and 1.3-trans-dichloropropene cou ld  n o t  be r e s o l v e d ,  
v a l u e s  r e p o r t e d  i n d i c a t e  t h e  sum of  ba th  compounds.. 

'Approved B y  u 
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Environmental Services Division, Fricks Lock Rd., -RD #I, Pottstown, PA 19464 (215) 326-9662 

22 J u l y  1983 

D r .  N i l  1 iam Cown 
Cata ly t i c ,  Inc.  
P. 0. Box 434 
t4arcus Hook, PA 19061 - 

Dear B i l l  : 

Enclosed please f i n d  the  r e s u l t s  o f  the GC/MS analyses performed on the 
samples you submitted 3 June 1983. I apologize f o r  the  delay, but we had 
some equipment problens which se t  us back several peeks. 

I f  you have any quest ions concerning these data, please fee l  f ree t o  
contact  me. 

Sincere1 y yours, 

Richard S. ~ o d g e r d  
!Manager 
Environmental Chemistry 

Laboratory 

Enc . 
s j  s 



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 6/3 /83  
3 DATE ANAL Y ZED 7 15  183 

ANALYZED BY J .  Good 
CLIENT I.D. 2B E f f l u e n t  #14: 
RMC I.D. - 

VOLATI LES 

c hl oromet hane 

bromome t ha ne  

v i n y l  c h l o r i d e  

c h l  o r o e t h a n e  

methyl e n e  c h l o r i d e  

a c r o l  e i n  

a d r y l s n l  t r i l e  

1  ,l - d i c h l o r o e t h e n e  

1  , l  - d i c h l o r o e t h a n e  

t r ans -1 ,2 -d i ch l  o roe thene  

ch lo ro fo rm 

1 , 2 - d i c h l o r o e t h a n e  

1  , l  ,l - t r i c h l o r o e t h a n e  

ca rbon  t e t r a c h l o r i d e  

bromodichl oromethane 

1 ,2-d ich loropropane  
1 ,3 -d i ch lo rop ropene  1  

t r i c h l  o roe thene  

benzene 
d i  bromoc hl oromethane 

1,1 , 2 - . t r i c h l o r o e t h a n c  

2-c h l o r o e t h y l v i  ny1 ether 
bromo f  o  rm 

t e t r a c  hl o roe thene  

1 , 1 , 2 , 2 - t e t r a c h l  o roe thane  

to1 uene 

c  hl o ro  benzene 

e t h y l  benzene 

11.3-cis-dichloropropene and 1,3-trans-dichloropropene cou ld  n o t  be r e s o l v e d ,  
va lues .  r e p o r t e d  i n d i c a t e  t h e  sum of both compounds. 

- ? E U Y  &-, J 
Approved By 

RMC Environmental S e r v i c e s  
Environmental Chemi s t r y  La bora t o r y  

F r i c k s  Lock Road, R.D.  1  
Pot t s town,  PA 19464 



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT 

ACID COMPOUNDS 

phenol 

2-c hlorophenol 

2-ni  t rophenol  

2.4-dimethyl phenol 

2 .4 -d ich l  orophenol 

4-c h l  oro -3 -methyl phenol 

2 ,4 ,6- tr ichlorophenol  

2 ,4 -d in i t rophenol  

4-ni  trophenol 

Z-methyl-4,6-dinitrophenol 

pentac h l  orophenol 

&(J-+-- 
Approved By: 

RMC Environmental Serv ices  D i v i s i o n  
Environmental Serv ices  D i v i s i o n  

F r i e k s  Lock Road, R.D. 1 
Pottstown,  PA 19464 



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 6/3/83 
CLIENT I .D.  28 E f f l u e n t  # I43  DATE ANALYZED 6/17/83 
,RMC I .D.  1 005 ANALYZED BY KFG 

BASE/NEUTRAL COMPOUNDS 

n - n i  t rosod imethy l  amine 

b i s ( 2 - c h l o r o e t h y l  )e the r  

1,3-dichlorobenzene 

1,4-T]ic h l  orr)knzenc? 

1,2-dichlorobenzene 

b i  s(2-c h lo ro i sopropy l  ) e t h e r  

hexachloroethane 

n - n i  t r o s o d i  -n-propyl amine 

n i t r o  benzene 

isophorone 

b i  s(2-c h1oroethoxy)methane 

1 ,2 ,4- t r ich loro  benzene 

naphtha1 ene 

hexachl o ro  butadiene 

hexachl orocyclopentadiene 

2-chloronaphthalene 

acena p h t  hy l  ene 

d ime thy l  p h t h a l a t e  

2 .6 -d in i t ro to luene  

acena p h t  hene 

2 , 4 - d i n i t r o t o l u e n e  

f l u o r e n e  

d i e t h y l  ph tha l  a t e  

4 -c h l  orophenyl phenyl e the r  

n -n i  t rosod ipheny l  amine 

1 ,2-diphenyl hydrazine 

4 -hromophenyl phenyl e the r  

hexac h l  o ro  benzene 

phenanthrene 

a nthracene 

d i  -n-buty l  ph tha la te  

f l  uoranthene 

benzidine 

PYrene 
b u t y l  benzyl ph tha la te  

benz(a)anthracene 

3,3 ' -d ichlorobenzidine 

c hrysene 

b i s (2 -e thy l  hexyl )ph tha la te  

d i  -n -oc ty l  ph tha la te  

berszo(b) 11 U U I % ~ I I ~ I ' I C I ~ ~  

benzo(k) f l  uoranthene 

benzo (a ) pyrene 

indeno(l,2,3-c ,d)pyrene 

d i  benz(a, h)anthracene 

benz(g.R.1 . )pery lene 

2,3,7 ,a- te t rach l  o r o d i  benzo- 

p -d iox in  

Approved By: 4 ~ 4 .  ? ? -  

RMC Environmental 'Services D i v i  ~ i o n  
Environmental Chemistry Laboratory  

F r i c k s  Lock Road, R.D. 1 
Pottstown, PA 19464 





SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT Catalytic OATE RECEIVED 6/3/83 
CLIENT I.D. 1 DATE ANAL Y ZED 611 7/83 
RMC I.D. ANALYZED BY KFG 

VOLATILES 

c hloromethane 
bromome t ha ne 

vinyl chloride 

chl oroethane 

methylene chloride 
acrol ein 
acryloni t r i l e  

1 ,l  -dichloroethene 
1 ,l  -dichloroethane 
trans-1,2-dichloroethene 

chloroform 
1,2-dichloroethane 

1 ,1 ,1-trichloroethane 

carbon tetrachloride 

bromodic h l  oromethane 

1,2-dichloropropane 
1,3-dichloropropene 1 

t r i c  h l  oroethene 

benzene 
d i brorr~oc h l  urunie t hane  

1,1,2-trichloroethane 

2-chl oroethylvi nyl ether 
bromo f o rm 
te t rac  hl oroethene 
1,1,2,2-tetrachloroethane 

toluene 

c hl oro benzene 

ethyl benzene 

11,3-cis-dichloropropene and 1,3-trans-dichloropropene could not be resolved, 
values reported indicate the sum of both compounds. 

& U J  . 7 P L  
Approved By 

RMC Environmental Services 
Environmental Chemistry Laboratory 

Fricks Lock Road, R . D .  1 
Pottstown, PA 19464 



SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  
CLIENT I .D.  D&P Feed # I44  
RMC I .D.  T 

CLIENT C a t a l y t i c  DATE R E C E I V E D  6/3/83 
CLIENT I .D.  D&P Feed # I44  DATE ANALYZED 6/17/83 
RMC I .D.  7 ANALYZED B Y  KFG 

A C I D  COMPOUNDS 

phenol 

2-c hlorophenol 

2-ni t rophenol  

2,4-dimethyl phenol 

2,4-dichlorophenol 

4-c h l  o ro -3methy l  phenol 

2,4,6-tr ichlorophenol 

2,4-din i t rophenol  

4-ni  t rophenol  

2-methyl-4,6-dlni t rophenol  

pentac h l  orophenol 

Approved By: 

RMC Environmental Services D i v i s i o n  
Environmental Services D i v i s i o n  

F r i c k s  Lock Rnad, R.D, 1 
Pottstown, PA 19464 



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  RATE R E C E I V E D  6/3/83 
CLIENT I .D .  D&P Feed # I44  DATE ANALYZED 611 7/83 
RMC I.D. 1 11116 ANALYZED BY KFG 

BASE/NEUTRAL COMPOUNDS 

n-n i t rosod imethy lamine 

b i  s (2 -ch lo roe thy l  ) e t h e r  

1,3-dic h l  o ro  benzene 

1 ,4-d ich loro  benzene 

1 , 2 d i c h l  o r o  benzene 

b i  s (2 -ch lo ro i sopropy l  ) e t h e r  

hexachloroethane 

n - n i  t r o s o d i  -n-propy'lamine 

n i t r o  benzene 

i scrphoront 

b i  s(2-c h l o r o e t  hoxy)methane 

1 ,2 ,4- t r ich loro  benzene 

naphtha1 ene 

hexachloro butadiene 

hexachl o r o c y c l  opentadiene 

2 i h l o r o n a p h t h a l e n e  

acenaphthylene 

d imc thy l  p h t h a l a t e  

2 .6 -d in i t ro to luene  

acenaphthene 

2,4-din i  t r o t o l u e n e  

f l  uorene 

d l e t h y l  p h t h a l a t e  

4-c h lorophenyl  phenyl e t h e r  

n-n i  t r o  sodi phenyl ami ne 

1,2-diphenyl hydrazine 

4-bromophenyl phenyl e t h e r  

hexac h lo ro  benzene 

phena nthrene 

anthracene 

d i  -n-butyl ph tha la te  

f l  uoranthene 

bcnz id inc  

p m n e  

bu ty l  benzyl phtha l  a t e  

benz(a)anthracene 

3,3' -d i ch lo ro  benzidine 

c hrysene 

b i s (2 -e thy l  hexyl )ph tha la te  

d i  -n-octy l  ph tha la te  

benao(b)f luoranthene 

benzo(k) f luoranthene 

benzo (a ) pyrene 

indeno(l,2,3-c,d)pyrene 

d i k n z ( d ,  h)anthracene 

k n z ( g .  h. i .)perylene 

2,3,5,8-tetrachlorodi benzo- 

p-d iox in  < 20 
*-- .-.- --." 
/ 

Approved By: - P 
4' 

RMC Environmental Services D i v i s i o n  
Environmental Chemistry Laboratory  

F r i c k s  Lock Road, R.D. 1 
Pottstown, PA 19464 





SUMMARY OF ORGANIC P R I O R I T Y  POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE SAMPLED 6/3/83 
CLIENT I.D. #I45  -~-a=-clc . -=r  DATE ANAL Y ZE D 7/5/83 
HMC 1.0. 1007 ANALYZED B Y  KFG 

L L l t l \ l  - P L t U  6/3/83 
CLIENT I.D. #145 -T-a=- .~c. -cr  DATE ANAL Y ZE D 7/5/83 
HMC 1-13. 1 i~117 ANAI Y ~ F P )  B Y  KFG 

c hloromethane 

bromome t ha ne 

v i n y l  c h l o r i d e  

ch loroethane 

methylene c h l o r i d e  

a c r o l  e i n  

a c r y l o n i t r i l e  

1 ,l -dich loroethene 

1 ,l -dich loroethane 

trans-1.2-dichloroethene 

c hJ oroform 

1,2-dichl  oroethane 

1,1,1 - t r i ch lo roe thane  

carbon t e t r a c h l o r i d e  

VOLATILES 

bromodichloromethane 

1.2-dichloropropane 
1,3-dic hloropropene 1 

t r i ch lo roe thene  

benzene 
d i  bromochl oromethane 

1 ,l ,2- t r ich leroethane 

2-c h l o roe thy l v i ny l  ether 

bromo f o  r m  

t e t r ac  h l  oroethene 

1,1,2,2-tetrachloroethane 

to1 uene 

c h l  oro benzene 

e thy l  benzene 

11.3-cis-dichloropropene and 1 ,3 - t rans-d ich loropropene  could  no t  be resolved, 
va lues repor ted  ind ica ' te  the sum of both compounds. 

&J /& Y .w- 
Approved By 

RMC Environmental Services 
Environmental Chemistry Laboratory 

F r i cks  Lock Road, R.D. 1 
Pottstown, PA 19464 



SUMMARY O F  ORGANIC P R I O R I T Y  POLLUTANT A N A L Y S I S  

CLIENT Ca t a i l y t i ~  DATE R E C E I V E D  6/3/83 
C L I E N T  I .D.  #I45 DATE ANALYZED 6/17/83 
RMC I .D.  1 007 ANALYZED B Y  KFG 

A C I D  COMPOUNDS 

phenol 

2-chl orophenol 

2-ni trophenol 

2,4-dimethyl phenol 

2,4-dichlorophenol 

4-chloro-3-methyl phenol 

2,4,6-trichlorop,henol 

2,4-dinitrophenol 

4-ni trophenol 

?-methyl -4,6-dinitrophenol 

pentac hlorophenol 

Approved By: &LL/,! .J-,kqA- 

RMC Environmental Services Division 
Environmental Services Division 

Fricks Lock Road, R.D. 1 
Pottstown, PA 19464 



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 6/3/83 
CLIENT I.D. DATE A N A L  Y ZED 6/17/83 
RMC I.D. 1 A N A L Y Z E D B Y  KFG 

BASEINEUTRAL COMPOUNDS 

n -n i t ro sod ime thy lamine  

b i s ( 2 - c h l o r o e t h y l  ) e t h e r  

1 ,3 -d i ch lo robenzene  

1 ,4 -d i c  h lorobenzene  

1 , 2 - d i c  h lo ro  benzene 

bi s ( 2 - c  h l o r o i  sopropyl  ) e t h e r  

h e x a ~ h l  o r o g t h a n e  

n-ni t r o s o d i  -n-propyi am1 ne 

n i t r o  benzene 

i  sophorone  

bi s(2-ch1oroethoxy)methane 

1 , 2 , 4 - t r i c h l o r o b e n z e n e  

n a p h t h a l e n e  

hexachl  o r o  bu tad i ene  

hcxachlorocyclopentadienc 
2.-c h lo ronaph tha l ene  

acenaph thy l  e n e  

d imethyl  p h t h a l a t e  

2 , 6 - d i n i t r o t o l u e n e  

acenaph thene  

2 . 4 - d l n l t r o t o l u e n e  

fluorene 
d i e t h y l  p k t k a l a t e  

Pg l l  - Pg/1 
<1.8 4-c hl orophenyl phenyl e t h e r  < 0 .9  

< 0.5 n-n i t rosodiphenylamine  <21.3 

' < 0.4 1 ,2  -d i p henyl hydra z i ne < 3.4 

< 0.4 4-bromophenyl phenyl e t h e r  < 1.1 

< 0.4 hexac hl o ro  benzene < 1.8 

< 2.1 phenanthrene < 0.3 

, a n t h r a c e n e  < 0.3 
< 1.0 d i -n-buty l  p h t h a l a t e  < 3.8 

< 0.6 f l u o r a n t h e n e  < 0.5 

< 0.2 benzi d i ne < I 1 0  

< 0.5 pyrene < 0.5 

< 0.6 butyl  benzyl p h t h a l a t e  < 0.5 

< 0.2 benz (a )an th racene  < 0.7 

< 0.9 3 ,3 '  - d i ch lo robenz id ine  < 5.2 

c 1.1 c hryscne .: G.9 

c 0.3 b i s (2 -e thy l  hexyl ) p h t h a l a t e  < 0.5 

- c 0.2 d l  -n-octyl p h t h a l a t e  ----- < 0 2  L 

c 0.3 benzb(b)f  l ~ ~ o r a n t h e n e  < 2.1 -------- 
~ 2 0 . 6  benzo (k ) f luo ran thene  <30 

< 0.3 benzo (a )pyrene  < 0.9 

< 1.0  indeno(1 ,2,3-c ,d )pyrene  < 4 . 3  
U.3 d i  be~lz(d ,I~)arr t l ~ r - d ~ e r ~ e  ~ 3 1  

0.3 Lersr (g  , I t .  . ) p e ~ . y l  eric <13 

2 , 3 , 7 , 8 - t e t r a c h l o r o d i  benza- 

p-d ioxin  <20 
- -  . -  - 

Approved By: 

RMC Envirnnmental S e r v i c e s  D iv i s inn  
Environmental Chemistry Labora tory  

F r i c k s  Lock Road, R . D .  1 
Pot t s town,  PA 19464 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT I .D. 7487 DATE ANALYZED 4/8/83 
RMC I .D .  448 ANALYZED B Y  K FG 

A C I D  COMPOUNDS ~ E C Z I  !,,ED 

p heno 1 

2-c h lorophenol  

2-n i t rophenol  

2,4-dimethyl phenol 

2 ,4d ich lo ropheno l  

4-c h loro-3-methyl  phenol 

2,4,6- t r ichlorophenol  

2,4-dini t rophenol  

4-n i t rophenol  

2methyl-4,6-dinitrophenol 

pentac h l  orophenol 

Approved BY: &~),q&- 
b. - 

RMC Environmental Services D i v i  ~ i o n  
Envi ronrnental Servic.es D i v i s i o n  

F r i c k s  Lock Road, R.D. 1. 
Pottstown, PA 19464 



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CL I ENT C a t a l y t i c  DATE R E C E I V E D  311 8/83 
n 4 - 1  -. 

CLIENT I .D.  7487 DATE ANAL Y ZED 4/8/83 
RMC I .D .  448 ANALYZED BY KFG 

BASEINEUTRAL COMPOUNDS 

n -n i  t rosod imet  hylamine 

b i  s(2-c h l o r o e t h y l  ) e t h e r  

1.3-dichlorobenzene 

1,4-dic h l o r o  benzene 

1.2-dic h l o r o  benzene 

b i  s (2 -ch lo ro isopropy l  ) e t h e r  

hexac h l  oroethane 

n - n i  t r o s o d i  -n-propylamine 

n i t r o  benzene 

isophorone 

b i  s(2-ch1oroethoxy)methane 

1 ,2,4-tr ichlorobenzene 

naphthalene 

hexachloro butadiene 

hexachl o rocyc l  opentadiene 

2-c h l  oronaphtha l  ene 

acena ph t  hy l  ene 

d imethy l  p h t h a l a t e  

2 .6 -d i n i t r o t o l uene  

acenapht hene 

2 ,4 -d i n i t r o t o l uene  

f l u o r e n e  

d i e t h y l  p h t h a l a t e  

4-c h l  oropheny l  phenyl e t h e r  

n -n i t rosod ipheny lamine  

.I ,2-diphenyl  hydraz ine  

4-bromophenyl phenyl e t he r  

hexac h l  o ro  benzene 

phenanthrene 

a n t  hracene 

d i - n - b u t y l  p h t h a l a t e  

f l  uoranthene 

benz id i  ne 

PYrene 

b u t y l  ben ty l  ph tha l  a t e  

benz(a ) a n t  hracene 

3 ,3 ' -d i ch lo robenz id ine  

c hrysene 

b i s ( 2 - e t h y l  hexy l  ) p h t h a l a t e  

d i  -n -oc ty l  p h t h a l a t e  

benzo(b ) f luo ran thene  

benzo(k ) f luo ran thene  

benzo (a )pyrene 

indeno(1 ,2,3-c ,d)pyrene 

d i  bent (a, h)anthracene 

benz(g.h. i . )perylene 

2,3,7,8-tetrachlorodi  benzo- 

p - d i o x i n  

Approved By: 

RMC ~ n v i r o n m e n t a l  Serv ices  D i v i s i o n  
Environmental  Chemistry Labo ra to r y  

F r i c k s  Lock Road, R.D. 1 
Pot ts town ,, PA 19464 
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Nat ional  Bureau o f  Standards L i b r a r y  Search o f  ,...ao~i-?. ;ap.l IL., . 
Major Non-Pr io r i t y  P o l l u t a n t  Peaks from the 

Chroma togram o f  C a t a l y t i c  Sample #7487 (40. t imes d i l u t i o n )  1<:2c 

Peak Scan Number Most Probable Compound Match Tota l  Abundance a t  Scan Number 

' Z-methyl phenol 

3-methyl phenol 

2 o r  4-ethy! phenol 

2,s-dimethyl phenol 

3,5 o r  2,3-dimethyl phenol 

3,4 -d ime t hyl  p.heno1 

3-(1 -met h y ~ t h y l  )phenol 

2 -e thy l  -4-met hy l  phenol 

2,4-dimethyl benzal dehyde 

3,4-dimethyl benzaldehyde 

Approved By: 6 - i  
Richard S. Rodgers, Manager 
Environmental Chemi sti;y hri;ltur.y 

Canberra / RMC 
Environmental Chemi s t r y  Laboratory 

F r i c k s  Lock Road, R.D. 1 
Pottstown, PA 19464 



SUMMARY O F  ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 311 8 /83  
C L I E N T  I.D. 7487 DATE A N A L Y Z E D  3130183 
RMC I.D. 448 ANALYZED B Y  KFG 

VOLATILES 

chl  oromethane 

bromome t ha ne 

v inyl  c h l o r i d e  

ch lo roe thane  

methylene c h l o r i d e  

a c r o l  e i n  

a c r y l o n i t r i l e  

1  , l  - d i ch lo roe thene  

1 , l  -d i ch lo roe thane  

t r ans -1 ,2 -d i c  h l  o roe thene  

chloroform 

l , 2 - d i c h l o r o e t h a n e  

1  ,1 ,1 - t r i c h l o r o e t h a n e  

carbon t e t r a c h l o r i d e  

bromodichl oromethane 

1 ,2-d ic  h loropropane  
1.3-dic hl oropropene  1  

t r i c  hl o roe thene  

benzene 
d i  bromochloromethane 

1 , 1 , 2 - t r i c h l o r o e t h a n e  

2-c h l o r o e t h y l v i  nyl e t h e r  

bromoform 

t e t r a c  hl o roe thene  

1  ,I , 2 , 2 = t e t r a c h l o r o e t h a n e  

t o l u e n e  

c  hl o r o  benzene 

e t h y l  benzene 

'1 -3 -c i s -d i ch l  oropropene and 1.3-trans-dichloropropene could  n o t  be r e so lved .  
v a l u e s  r e p o r t e d  i n d i c a t e  t h e  sum of both compounds. 

RMC Env i  ronmenta 1  S e r v i c e s  
Environmental Chemi s t r y  La bora t o r y  

Fricks bock Road, R . B .  1  
Pot t s town,  PA 19464 







SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT I . D. 7488 DATE ANALYZED 4/8/83 
RMC 1.0. 449 ANALYZED BY KFG 

ACID COMPOUNDS 

phenol c1 .6 

2-c hlorophenol ~ 1 . 6  

2-ni t rophenol  ~ 2 . 3  

2,4-dimethyl phenol c1.5 

2,4dichlorophenol  ~ 2 . 1  

4-ch loro-3methy l  phenol ~ 1 . 6  - 
2,4,6-tr ichlo~ophenol <2.5 
2,4-dini t rophenol  <10.2 - 

4-ni trophenol ~ 1 2 . 7  

- 2-methyl-4,6-dinitrophenol 4- 0 

pentac hlorophenol 4 . 0  

13 
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SUMMARY OF ORGAN1 C PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  311 8/83 
CLIENT I.D. 7488 DATE ANALYZED 4/8/83 
RMC I .D.  44 9 ANALYZED BY KFG 

BASEINEUTRAL COMPOUNDS 

n - n i  t rosod  irnet hy l  ami ne 

b i  s (2-ch loroethy l  )e ther  

1.3-dic h l o r o  benzene 

1 ,4-dichlorobenzene 

1,2-dichlorobenzene 

bis(2-chloroisopropy1)ether 

hexac h l  oroethane 

n -n i  t rosod  i -n-propyl ami ne 

n i t r o  benzene 

i sophorone 

b i  s(2-c h1oroethoxy)methane 

1 ,2,4-tr ichlorobenzene 

naphtha1 ene 

hexachloro butadiene 

hexachlorocyclopentadiene 

2-chloronaphthalene 

acenapht hy l  ene 

d imethy l  ph tha la te  

2 ,6-d in i t ro to luene 

acenaphthene 

2 ,4 -d in i t ro to luene  

f l  uorene 

d i e t h y l  p h t h a l a t e  

4 -c h l  oro  p henyl p henyl e t h e r  

n-n i t rosod ipheny lamine 

1,2-diphenyl h y d r a t i n e  

4-bromophenyl phenyl e t h e r  

hexac h l  o ro  benzene 

p henanthrene 

anthracene 

d i -n -bu ty l  p h t h a l a t e  

f l  uoranthene 

benz id ine 

pyrene 
b u t y l  benzyl pht  ha1 a t e  

benz(a )anthracene 

3 ,3 ' -d ich lorobenz id ine 

c hrysene 

b i s (2 -e thy l  hexyl ) p h t h a l a t e  

d i -n -oc ty l  p h t h a l a t e  

benzo(b)f luoranthene 

benzo(k) f luoranthene 

benzo (a )pyrene 

indeno(l.2.3-c ,d)pyrene 

d i  benz(a, h)anthracene 

benz(g,h.i . )pery lene 

2,3,7,8-tetrachlorodi benzo- 

&J.&& Approved By: L 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 3/18/83 - 
CLIENT I . D .  7-4?33 DATE ANALYZED 3/30/83 
RMC 1.n. 119 ANALYZED B Y  KFG 

VOLATILES 

chloromethane 

bromome t ha ne 

v i n y l  c h l o r i d e  

c h l  oroethane 

methyl ene c h l o r i d e  

a c r o l  e i n  

a c r y l o n i t r i l e  

1 ,l - d i c h l  oroethene 

1 , l  -d i ch lo roe thane  

t rans-1 ,2-d ich l  oroethene 

c h l o r o f o r m  

1,2-d ich l  oroethane 

1 ,l ,l - t r i c h l o r o e t h a n e  

carbon t e t r a c h l o r i d e  

bromodichl oromethane 

1.2-dichloropropane 
; ,3-dichloropropene 1 

t r i c h l o r o e t h e n e  

benzene 

d i  bromochl oromethane 

1 ,I ,2- t r i ch lo roe thane  

2 - c h l o r o e t h y l v i n y l  e t h e r  

bromoform 

t e t r a c h l o r o e t h e n e  

1 ,I ,2,2-tetrachloroethane 

to1  uene 

c h l  o r o  benzene 

e t h y l  benzene 

'1 .3-c is -d ich l  oropropene and 1.3-trans-dichloropropene c o u l d  n o t  be resolved,  
va lues  r e p o r t e d  i n d i c a t e  t h e  sum o f  both compounds. 

Kpproved By H 
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SUMMARY ,OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  3/18/83 
CLIENT I . D .  7489 DATE ANALYZED 4/8/83 
RMC I.D. 450 ANALYZED BY KFG 

A C I D  COMPOUNDS -, 

phenol 

2-c hlorophenol 

2-n i  t rophenol  

2,4-dimethyl phenol 

2.4-dichlorophenol 

4-c h lo ro -3methy l  phenol 

2,4,6-tr ichlorophenol 

2,4-dinitrophenol 

4-ni t rophenol  

2-methyl-4,6-dini t rophenol  

pentac hlorophenol 

Approved By: vQ..B.* 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  3/18/83 
CLIENT I.D. 7489 DATE ANAL Y ZED 4/8/83 
RMC I .D.  450 ANALYZED BY KFG 

BASEINEUTRAL COMPOUNDS 

n - n i  t rosod imet  hy l  amine 

b i s (2 -ch lo roe thy1)e the r  . 

1 .3-d ich loro  benzene 

1.4-dic h l o r o  benzene 

1,2-dic hlorobenzene 

b i s ( 2 - c h l o r o i s o p r o p y l  )e the r  

hexachl oroethane 

n-n i trusud i -n-prSupyl dl11 iiw 

n i t r o  benzene 

i sophorone 

b i  s(2-c h1oroethoxy)methane 

1,2,4-tr ichlorobenzene 

naphtha1 ene 

hexachl o ro  butadiene 

hexachl o rocyc l  opentadiene 

2-c h loronaphtha l  ene 

acenapht h y l  ene 

d imethy l  p h t h a l a t e  

2,6-din i  t r o t o l u e n e  

acenaphthene 

2,4-dini t r o t o l u e n e  

f l  uorene 

d i e t h y l  p h t h a l a t e  

4 -c h l  orophenyl phenyl e t h e r  

n-n i  t rosodiphenylamine 

1.,2-diphenyl h y d r a t i n e  

4-bromophenyl phenyl e t h e r  

'hexac h lo ro  benzene 

phenanthrene 

anthracene 

d i - ~ ~ - t K l t ~ i  yh t l i a l a te  

f luoranthene 

benzidine 

PYrene 
b u t y l  benzyl p h t h a l a t e  

benz(a )anthracene 

3 ,3 ' -d ich lorobenz id ine 

c hrysene 

b i s (2 -e thy l  hexyl ) p h t h a l a t e  

d i  -n-octy l  p h t h a l a t e  

bento(b) f luoranthene 

benzo(k) f luoranthene 

benzo (a )pyrene 

indeno(l,2,3-c ,d)pyrene 

d i  bent (a, h lanthracene 

bent(9,h.i . )pery lene 

2,3,7,8-tetrachlorodi benzo- 

p-d iox in  
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 3/18/83  
'1489 DATE ANALYZED CLIENT I.D. 3/30/83 

RMC I.D. 450 A N A L Y Z E D  B Y  KFG 

VOLATILES 

c hl oromet hane 

bromome t ha ne 

v inyl  c h l o r i d e  

c h l o r o e t h a n e  

methyl ene  c h l o r i d e  

a c r o l e i n  

a c r y l o n i t r i l e  

1 , l  - d i c h l o r o e t h e n e  

1 , l  - d i c h l o r o e t h a n e  

trans-1,2-dichloroethene 

chloroform 

1 , 2 - d i c h l o r o e t h a n e  

1 , I  ,1 - t r i c h l o r o e t h a n e  

carbon t e t r a c h l o r i d e  

bromodichl oromethane 

1 .2-d ich loropropane  
1 ,3 -d i ch lo rop ropene  1 

t r i c h l o r o e t h e n e  

benzene 
d i  bromochl oromet hane 

1 , 1 , 2 - t r i c h l o r o e t h a n e  

2 -ch lo roe thy lv iny l  e t h e r  

bromo f o  rm 
t e t r a c  hl o r o e t h e n e  

1 ,I  , 2 , 2 - t e t r a c h l o r o e t h a n e  

to1  uene 

c  hl o r o  benzene 

e t h y l  benzene 

11,3-cis-dichloropropene and 1,3-trans-dichloropropene cou ld  n o t  be r e s o l v e d ,  
v a l u e s  r e p o r t e d  i n d i c a t e  t h e  sum of both compounds. 

RMC Environmental S e r v i c e s  
Environmental Chemi s t r y  La bora t o r y  

Fr icks  Lock Road, R . D .  1  
Pot t s tawn,  PA 19464 







SUMMARY O f  ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLl ENT Cata1 y t i c  DATE R E C E I V E D  3/18/83 
CLIENT I . D .  7490 DATE ANALYZED 4/8/83 
RMC I .D .  451 ANALYZED BY KFG 

A C I D  COMPOUNDS 

a 
phenol < I  .6 

2-chlorophenol c1 .6 

2-n i  t rophenol  ~ 2 . 3  

2,4-dimethyl phenol c l  .5  

2,4-dichlorophenol c2.1 

4-c h l  o r o  -3 m e t h y l  phenol <1 .6 

2,4,6-tr ichlorophenol ~ 2 . 6  - --.-- ...- -,.. - 
2,4-dini t rophenol  ~ 1 0 . 3  

4-ni t rophenol  ~ 1 2 . 7  

Z-methyl-4,6-dinitrophenol ~ 4 . 0  

pentac h l  orophenol ~ 8 . 0  
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SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  3/ 18/83 
CLIENT I .D .  74 90 DATE ANALYZED 4/8/83 
RMC I . D .  451 ANALYZED BY KFG 

BASE/NEUTRAL COMPOUNDS 

n-ni  t rosodimet hy l  amine 

b i s (2 -ch lo roe thy l  )e the r  

1,3-dic h l  oro benzene 

1,4-dichlorobenzene 

1,2-dic hlorobenzene 

b i s (2 -c  h lo ro i sopropy l  )e ther  

hexachl oroethane 

n - n i  t r o s o d i  -n-propyl amine 

n i t r o  benzene 

isophorone 

b i  s(2-c h l  oroethoxy)methane 

1 ,2,4-tr ichlorobenzene 

4 -c h l  orophenyl phenyl e t h e r  

n -n i t r o  sod i p henyl ami ne 

1,2-diphenyl hydrazine 

4 - bromophenyl p henyl e t h e r  

hexac h l  o ro  benzene 

phenanthrene 

anthracene 

d i - n - b u t y l  p h t h a l a t e  

f luoranthene 

benz i d i ne 

PYrene 
bu t y l  benzyl p h t  ha1 a t e  

naphtha1 ene <0.5 benz(a )an t  hracene <2.1 

hexac h l  o ro  butadiene <2.5 3,3 ' -d ichlo ' robenzidine <8.0 

hexachiorocycl  opentadiene <2.4 c hrysene <2.1 

2-c h loronaphthalene <0.7 b i s (2 -e thy l  hexyl ) p h t h a l a t e  <1 .O 

acenapht hy l  ene 4 . 5  d i  -n-oc ty l  p h t h a l a t e  <O. 4 

d imethy l  ph tha la te  <O. 6 benzo(b)f luoranthene c1.7 
2 ,6 -d in i t ro to luene  c2.1 benzo(k) f luoranthene <1 .O 
acenaphthene ~ 0 . 7  benzo (a ) pyrene ~ 1 . 3  

2,4-din i  t r o t o l u e n e  <1.9 indeno(l,2,3-c ,d)pyrene <?.a 
f l  uorene <0.6 d i  benz(a ,h)anthracene <5.3 

d i e t h y l  p h t h a l a t e  <0.5 benz (g . h .  i . ) p e r y l  ene c12.0 

2,3,7,8-tetrachlorodi benzo- 

p -d iox in  <4.5 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CL I ENT C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT 1.0. 7490 DATE ANAL Y ZE D 3130783 
RMC I.D. 451 ANALYZED BY KFG 

VOLATILES 

c h l  oromethane 

bromome t ha ne 

v i n y l  c h l o r i d e  

c h l  oroethane 

methy l  ene c h l o r i d e  

a c r o l  e i n  

a c r y l o n i t r i l e  

1 ,l -d ich lo roe thene  

1 ,I -dich loroe. thane 

trans-1,2-dichloroethene 

c h l o r o f o r m  

1,2-d ich loroethane 

1 ,l ,l - t r i c h l o r o e t h a n e  

brornodichlorornethane 

1,2-dichloropropane 
1,3-dichloropropene 1 

t r i c  h l  oroethene 

benzene 
d i  bromochl oromet hane 

1 , l , 2 - t r i ch lo roe thane  

2 - c h l o r o e t h y l v i n y l  e the r  

bromo f o rm 

t e t r a c  h l  oroethene 

1,1,2,2-tetrachloroethane 

to luene 

c h l  o ro  benzene 

carbon t e t r a c h l o r i d e  <1 .I e t h y l  benzene ~ 0 . 8  

11.3-~is-dichloropropene a n d  1.3- t rans-dichloropropene c o u l d  n o t  be' resolved,  
va lues  r e p o r t e d  i n d i c a t e  the  sum o f  both compounds. 

RMC Environmental Serv ices 
Environmental Chemistry Laboratory  

F r i c k s  Lock Road, R.D. 1 
Pottstown, PA 19464 







SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  3/18/83 
CLIENT I .D .  7491 DATE ANALYZED 4/8/83 
RMC I .D .  45 2 ANALYZED BY KFG 

A C I D  COMPOUNDS 

phenol 

2-c h l  orophenol 

2-ni  t rophenol  

2,4-dimethyl phenol 

2,4-dichlorophenol 

4-c h lo ro -3methy l  phenol 

2,4,6-tr ichlorcphenol 

2,4-dini t rophenol  

4-ni t rophenol  

2-met.hyl-4,6-dinitrophenol 

pentac h l  orophenol 

a!-,+/& 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CL lFNT  C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT I.D. 7491 DATE ANAL YZED 4/8/83 
RMC I .D .  452 ANALYZED BY KFG 

BASE/NEUTRAL COMPOUNDS 

n -n i  t rosod imet  hylamine 

b i  s ( 2 - c h l o r o e t h y l  )e the r  

1.3-dic h l  o ro  benzene 

1.4-d.ichloro benzene 

1 ,2-d ich loro  benzene 

b i s ( 2 - c h l o r o i s o p r r ~ p y l  )e the r  

hexac h l  o r o e t  hane 

n - n i  t r o s o d i  -n-propyl . . .  ami ne 

11 i Lr-u k ~ ~ r e ~ ~ e  

1' su phu ru r~e 
b i  s(2-ch1oroethoxy)methane 

1,2,4- t r ichlorobenzene 

naphthalene 

hexa.ch1orotutadiene 

hexac h lorocyc lopentad iene 

2-chloronaphthalene 

acenaphthyl  ene 

d ime thy l  p h t h a l a t e ,  

2.6-din i  t r o t o l u e n e  

acenapht hene 

2 . 4 - d i n i t r o t o l u e n e  

f l uo rene  

d i e t h y l  p h t h a l a t e  

lJgL1 - 
4-c hlorophenyl  phenyl e t h e r  ~ 1 . 5  

n-ni t rosodiphenylamine <1.2 

.1 ,2 -d i  phenyl hydra z i ne <2.0 

4 -bromophenyl phenyl e t h e r  <2.5 

hexac h l  o ro  benzene <2.1 

phenant hrene CO.5 

a n t  hracene ~ 0 . 5  

d i -n -bu ty l  ph tha la te  3 7 
.-" . -.-. 2" .-...=..~-2-.* 

f l  uoranthene <0.5 

benzidine (21.7 

p ~ r e n e  <0.6 
b u t y l  benzyl ph t  ha1 a t e  <0.8 

benz (a )an t  hracene ~ 2 . 1  

3.3' -d ich lorobenz id ine ~ 8 . 1  

c hrysene ~ 2 . 1  

b i s ( 2 - e t h y l  hexyl ) p h t h a l a t e  (1 .O 

d i - n - o c t y l  ph tha la te  ~ 0 . 4  

benzo(b)f luoranthene (1.7 

benzo ( k ) f  luoranthene <1 .O w,,,.",,.,.," .... ,y",*-..-.." -,,. , .-,. 
benzo (a )pyrene ~ 1 . 3  

indeno(l.2.3-c ,d)pyrene C2.8 

d i  benz (a, h)anthracene ~ 5 . 2  

Benz(g: h.i . )pery lene <12.1 

2.3.7.8-tetrachlorodi benzo- 

p-dioxin c4.0 

,' Approved By: 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  311 8/83 
CLIENT I .D .  7491 DATE ANALYZED 3130183 
RMC I .D.  452 ANALYZED BY . KFG 

VOLATILES 

c hloromethane 

bromome t hane 

v i n y l  c h l o r i d e  

chloroethane 

methylene c h l o r i d e  

acro l .e in  

a c r y l o n i t r i l e  

1 ,I -dich loroethene 

1 ,l -d ich loroethane 

trans-1.2-dichloroethene 

ch lo ro fo rm 

1,2-dichl  oroethane 

1,1,1 - t r i c h l o r o e t h a n e  

carbon t e t r a c h l o r i d e  

bromodichl oromethane 

1.2-dichloropropane 
l ' ,3-dichl  oropropene 

1 

t r i c h l  oroethene 

benzene 
d i  bromochl oromethane 

1,1,2- t r ichloroethane 

2-c h l o r o e t h y l v i n y l  e t h e r  

bromo f o r m  

t e t r a c  h l  oroethene 

1,1,2,2-tetrachl oroethane 

t o 1  uene 

c h l  oro  benzene 

e t h y l  benzene 

11~3-cis-dichloropropene and 1,3-trans-dichloropropene c o u l d  n o t  be resolved,  
va lues repor ted  i n d i c a t e  the sum o f  both  compounds. 

RMC Environmental Services 
Environmental Chemistry Laboratory  

F r i c k s  Lock Road, R.D. 1 
Pottstown, PA 19464 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT I .D .  7492 DATE ANALYZED 
RMC I.D. 

411 8/83 
453 ANALYZED BY KFG 

A C I D  COMPOUNDS 

phenol <1 .6  

2-c h l  orophenol <1 .6 

2-ni t rophenol  ~ 2 . 3  

2,4-dimethyl phenol ~ 1 . 5  

4-c hloro-3-methyl phenol ~ 1 . 6  

2 , 4 , 6 = t r  ich lorophenol  ~ 2 . 6  

2,4-dini t rophenol  <10.3 

4-ni  t rophenol  <12.7 

pentac h l  orophenol ~ 8 . 0  
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT I.D. 7492 DATE ANALYZED 4/8/83 
RMC I .D. 453 ANALYZED BY KFG 

BASEINEUTRAL COMPOUNDS 

n -n i  t rosod imet  hyl  amine 

b is (2-ch loroethy1)ether  

1,3-d i c  h l  oro benzene 

1.4-dichlorobenzene 

1,2-dichl oro  benzene 

b i  s(2-c h l o r o i  sopropyl )e ther  

hexachl oroethane 

n -n i  t r o  sodi -n -propyl amine 

n i t r o  benzene 

i sophorone 

b i  s(2-c h1oroethoxy)methane 

1 ,2,4-tr ichlorobenzene 

naphthalene 

hexachloro butadiene 

hexac h l  o rocyc l  opentadiene 

2-c hloronaphthalene 

acenapht hy l  ene 

dimethyl  ph tha la te  

2 .6 -d in i t ro to luene  

acenaphthene 

2 ,4 -d in i t ro to luene  

f 1 uorene 

d i e t h y l  ph tha la te  

4-chlprophenyl  phenyl e t h e r  

n -n i  t rosodiphenylamine 

1,2-diphenyl hydrazine 

4 -bromo phenyl phenyl e t h e r  

hexac h l  o r o  benzene 

p henanthrene 

a n t  hracene 

di-n.-buty l  p h t h a l a t e  

f l uo ran thene  

benz id ine 

PYrene 
b u t y l  benzyl ph tha la te  

benz(a )anthracene 

3.3' -d i ch lo robenz id ine  

c hrysene 

b i s (2 -e thy l  hexyl  )ph tha la te  

d i  -n-octy l  p h t h a l a t e  

benzo(b)f luoranthene 

benzo(k) f luoranthene 

benzo (a )pyrene 

indeno(1 ,2,3-c ,d)pyrene 

d i  benz(a ,h)anthracene 

benz(g,h.i.)perylene 

2,3,7,8-tetrachlorodi benzo- 

p - d i o x i n  

Approved By: 

RMC Environmental Serv ices D i v i s i o n  
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DAT.E RECEIVED ' 3/18/83 
C L I E N T  I .D.  7492 DATE A N A L Y Z E D  3/30/83 
RMC I.D. 453 ANALYZED BY KFG 

VOLATILES 

c  hloromet hane 

bromome t ha ne 

vinyl c h l o r i d e  

chl oroethane 

methylene c h l o r i d e  

ac ro l  e i n  

ac ry lon i  t r i l e  

1  , l  -d ichloroethene 

1 , l  -d ichloroethane 

t rans-1 ,2-dichl  oroethene 

chloroform 

1 ,2-dichl oroethane 

1  ,l',l - t r i ch lo roe thane  

carbon t e t r a c h l o r i d e  

bromodic hl oromethane 

1,2-dichloropropane 
1.3-dic hloropropene 1  

t r i c h l o r o e t h e n e  

benzene 
d i  bromoc hl oromet hane 

1 ,1 ,2 - t r i ch lo roe thane  

2-chloroethylvinyl etllerl 
bromo form 

t e t r a c  hl oroethene 

1  ,I ,2 ,2- te t rachloroethane 

to luene 

c  hl oro  benzene 

e thyl  benzene 

'1.3-cf s-dfchloropropene and 1.3-trans-dichloropropene could not be resolved.  
va lues  repor ted i n d i c a t e  t h e  sum of both compounds. 

RMC Environmental Serv ices  
Environmental Chemi s t r y  La bora t o r y  

Fr icks  Lock Road, R.D.  1  
Pottstown, PA 19464 
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SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  3/18/83 
CLIENT I .D.  7 4 93 DATE ANALYZED 4/8/83 
RMC I.D. 454 ANALYZED BY KFG 

A C I  D COMPOUNDS 

phenol 

2-chlorophenol 

2-ni t rophenol  

2,4-dimethyl phenol 

2,4-dichlorophenol 

4-c h lo ro -3methy l  phenol 

2,4,6-tr ichlorophenol 

2,4-dini t rophenol  

4-ni t rophenol  

2-methyl-4.6-dini t rophenol  

pentac h l  orophenol 

Approved By: 

RMC Environmental Serv ices D i v i s i o n  
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT Cd t a l y t i c  DATE R E C E I V E D  311 8/83 
CLIENT I .D .  74  93 DATE ANALYZED 4/8/83, 
RMC 1.D: 454 ANALYZED BY KFG 

BASEINEUTRAL COMPOUNDS 

n -n i  t rosod  imet h y l  amine 

b i  s (2 -ch lo roe thy l  )e the r  

1,3-d i c  h1 o r o  benzene 

1.4-dic h l o r o  benzene 

1,2-dic h l o r o  benzene 

b i s ( 2 - c  h l o r o i s o p r o p y l  )e the r  

hexachl oroethane 

n - n i  t r o s o d i  -n-propylamine 

n i t r o  benzene 

isophorone 

b~ s(2-c h1oroethoxy)methane 

1,2,4-tr ichlorobenzene 

naphthalene 

hexachl o r o  butadiene 

hexachlorocyc1opentadiene 

2-Chloronaphtha Iene 

acenapht hy l  ene 

d ime thy l  p h t h a l a t e  

2 ,6 -d in i t ro to luene  

acenapht hene 

2 , 4 - d i n i t r o t o l u e n e  

f l u o r e n e  

d i e t h y l  p h t h a l a t e  

4 -c h l  orophenyl phenyl e t h e r  

n-n i  t rosodiphenylamine 

1,2-diphenyl hydraz ine 

4-bromophenyl phenyl e t h e r  

hexac h l  o r o  benzene 

phenanthrene 

anthracene 

d i -n -bu ty l  p h t h a l a t e  

f l uo ran thene  

benz id ine 

pyrene 
b u t y l  benzyl p h t h a l a t e  

benz(a)anthracene 

3 ,3 ' -d ich lorobenz id ine 

c hrysene 

b i s ( 2 - e t h y l  hexyl ) p h t h a l a t e  

d i - n - o c t y l  p h t h a l a t e  

benzo(b)f luoranthene 

benzo(k) f luoranthene 

benzo (a ) pyrene 

indeno(l,2,3-c,d)pyrene 

d i  benz(a ,h)anthracene 

benz(9,h.i . )pery lene 

2,3,7,8-tetrachlorodi benzo- 

p - d i o x i n  

Approved By: -&zJ!!. 
RMC Environmental Services D i v i s i o n  

Environmental Chemistry Laboratory  
F r i c k s  Lock Road, R.D. 1 

Pottstown, PA 19464 



N a t i o n a l  Bureau o f  S tandards  L i b r a r y  Search o f  
Ma jo r  N o n - P r i o r i t y  P o l l u t a n t  Peaks f r o m  t h e  

Chromatogram o f  C a t a l y t i c  Sample #7493 

T o t a l  Abundance o f  
Peak Scan Number Most P robab le  Compound Match Scan Number 

542 p- (2-methy la l  l y l  )pheno l  ) 1755 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE R E C E I V E D  3/18/83 
CLIENT I .D .  / 493  DATE ANALYZED 3/ 30/83 
RMC I .D .  4 54 ANALYZED B Y  KFG 

c h l  oromet hane 

bromome t ha ne 

v i n y l  c h l o r i d e  

c h l  oroethane 

methylene c h l o r i d e  

a c r o l  e i n  

a c r y l o n i t r i l  e 

1 ,l -d ich lo roethene 

1,1 -d ich lo roethane 

trans-1,2-dichloroethene 

ch loro form 

1 ,2-dichl  oroethane 

1,1 ,1 - t r i c h l o r o e t h a n e  

carbon t e t r a c h l o r i d e  

bromodichloromethane 

1.2-dichl oropropane 
'1 ,3-dichloropropene 1 

t r i ch lo roe thene  

benzene 
d i  bromochloromethane 

1.1.2-tr ichloroethane 

2-c h l  o r o e t h y l v i  ny l  e the r  

bromoform 

tet rachloroethene 

1,1,2,2-tetrachloroethane 

to1 uene 

c h l  oro benzene 

e t h y l  benzene 

11,3-cis-dichl  oropropene and 1 ;3-trans-dichloropropene cou ld  n o t  be resolved, 
va lues repo r ted  i n d i c a t e  the  sum o f  both compounds. 

RMC Environmental Services 
Environmental Chemi s t r y  Laboratory 

F r i cks  Lock Road, R.D. 1 
Pottstown, PA 19464 







SUMMARY OF O R G A N I C  PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 3/ 18/83 
CLIENT I . D .  - 7494 DATE ANALYZED 4/8/83 
RMC I .D. 455 ANALYZED BY KFG 

A C I D  COMPOUNDS 

phenol 

2-c h l  orophenol 

2-ni  t rophenol  

2,4-dimethyl phenol 

2,4-dlchlorophenol 

4-chloro-3-methyl phenol 

2,4,6-tr ichlorophenol 

2,4-dinitrophenol 

4-ni  trophenol 

2-methyl-4.6-dinitrophenol 

pentac h l  orophenol 

Approved By: I.,$ 
I I 
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CL I ENT C a t a l y t i c  DATE RECEIVED 3/18/83 
CLIENT I.D. 74 94 DATE ANALYZED 4/18/83 
RMC I .D.  455 ANALYZED BY KFG 

BASE/NEUTRAL COMPOUNDS 

~ r g / l  - ug/1 - 
n-ni  t rosod imet  hylamine <4.5 4 -c h l  orophenyl phenyl e t h e r  <1.5 

b i s ( 2 - c h l o r o e t h y l  )e the r  <1.3 n-ni t rosodiphenylamine <1.2 

1.3-d i c  hl'oro benzene <1.4 1,2-diphenyl hydraz ine <1.9 

1.4-dichlorobenzene <I .4 4 -brornophenyl phenyl e t h e r  <2.4 

1.2-dichlorobenzene <I..? hexac h l  o ro  bcnzene Q.1 

c3.5 b fs (2 -ch lo ro i sopropy l  )e the r  -_-- . _ phenanthrene t O . 5  
~. - 

hexac h l  o r o e t  hane 

n - n i t r o s o d i  -n-propylamine 

n i t r o  benzene 

isophorone 

b i  s(2-c h1oroethoxy)methane 

1,2,4- t r ichlorobenzene 

naphthalene 

hexachl o ro  butadiene 

hexachlorocyclopentadiene 

2-chlaranaphtRii1er1e 
acenapht hy l  ene 

d ime thy l  p h t h a l a t e  

2 .6 -d in i t ro to luene  

acenapht hene 

2 .4 -d in i t ro to luene  

f l  uorene 

d i e t h y 1  p h t h a l a t e  

a n t  hracene 

d i - n - b u t y l  p h t h a l a t e  

f 1  uoranthene 

b e n t i d i n e  

PYrene 

b u t y l  benzyl p h t h a l a t e  

benz(a ) a n t  hracene 

3 ,3 ' -d ich lorobenz id ine 

c hrysene 

b i s (2 -e thy l  hexyl j p h t h a l a t e  

d i  -n-oc ty l  p h t h a l a t e  

benxo( b ) f l uo ran thene  

benro(k) f luuvanthene 

benzo (a )pyrene 

indeno(l.2.3-c ,d)pyrene 

d i  benz(a , h)anthracene 

benz(g.h.i . )pery lene 

2.3.7.8-tetrachlorodi benzo- 

p - d i o x i n  

Approved By: 

RMC Environmental Serv ices D i v i s i o n  
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS 

CLIENT C a t a l y t i c  DATE RECEIVED 311 8/83 
CLIENT I.D. 7494 DATE ANALYZED 3130183 
RMC 1.0. 455 ANALYZED B Y  KFG 

VOLATI LES 

chloromethane 

bromomethq ne 

vinyl c h l o r i d e  

chloroethane 

methylene c h l o r i d e  

a c r o l e i n  

a c r y l o n i t r i l e  

1 , l  -d ichloroethene 

1 , l  -d ichloroethane 

trans-1,2-dichl  oroethene 

chloroform . 

1,2-dichloroethane 

1',l , l  - t r i c h l o r o e t h a n e  

carbon t e t r a c h l o r i d e  

bromodichloromethane 

l ,2-dichloropropane 
1,3-dichloropropene 1 

t r i c  hl oroethene 

benzene 
d i  bromochl oromethane 

1 ,1 ,2 - t r i ch lo roe thane  

2-c h loroethylv  i  nyl e t h e r  

bromoform 

t e t r a c  hl oroethene 

1,1,2,2-tetrachloroethane 

to1 uene 

c hl oro benzene 

e thyl  benzene 

1 1 , 3 - ~ i ~ - d i ~ h l o r - ~ p r ~ p e n e  and 1.3-trans-dichloropropene could not  be- resolved,  
values  repor ted  i n d i c a t e  the sum of both compounds. 

RMC Environmental Services  
Environmental Chemi s t r y  La bora t o r y  

Fricks Lock Road, R . D .  1  
Pottstown, PA 19464 
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