
The University of Texas

CENTER F O R  RESEARCH IN  WATER RESOURCES

Environmental Health Engineering Research Laboratory

Department of Civil Engineering

THE EFFECT OF PROCESS VARIABLES O N  SLUDGE

FLOC FORMATION AND SETTLlNG CHARACTERISTICS

Davis L .  Fordi Research Engineer

W .  Wesley Eckenfelder! Project Director

U s  Si Public Health Service

Radiological Health Division
Grant S T l ~ W P ~ 2 0 u O S

November l, 19  6 6



ACKNOWLEDGMENTS

The author would like to acknowledge the many persons who

devoted their time and energy in assisting him throughout the undertaking

of this report.

He is especially indebted to W .  Wesley Eckenfelder, Professor of

Environmental Health Engineering, who provided most of the technical

direction and guidance in formulating this report. His high degree of

technical Competence, applied practicality, and professional curiosity

has been a source of inspiration to the author.

Appreciation is also expressed to Dr. Earnest F .  Gloyna, Professor

of Environmental Health Engineering, Dr. Derek Hoare, Assistant Pro—

fessor of Microbiology, and Dr. Io. Ledbetter, Associate Professor of

Environmental Health Engineering. Significant contributions and

suggestions by Dr. Ioseph Malina, Associate Professor of Environmental

Health Engineering, are duly acknowledged.

Members of industry have been most cooperative with the author

during this study. These include the late M r .  Alex Nordhaus, Chief

Industrial Engineer, Pearl Brewing Company; M r .  Harry Galloway, Chief

Chemist, Pearl Brewing Company; M r .  R. C .  Woerner, Vice President,

Petro—Tex Chemical Corporation; and M r .  Robert Pruessner, Chemical

Engineer, Petro—Tex Chemical Corporation.

M r .  Mansel Smith and M r .  Albert Ullrich, City of Austin, have

been most helpful by providing data and other related information from

the Govalle Treatment Plant, as well a s  providing certain laboratory

iii



cilities at the plant site.

The assistance of Mr. Mac McCullough, machinist, M r .  Frank

Hulsey, electronics technician, and Glen Williams, electron micro-

scope specialist, were instrumental in making the laboratory phase of this

report workable.

Three student assistants, M r .  Jen—Tat Yang, M r .  C .  S. C h o w ,  and

M r .  S. Balikrishnan provided many services, and the writer is appreciative

of their respective contributions .

The Radiological Health Division of the U .  S .  Public Health Service

has provided financial assistance in the form of a traineeship, while

special equipment and supplies were provided by the Division of Water

Supply and Pollution Control, U .  8 .  Public Health Service.

iv



PREFACE

There are many variables which affect the operation of the activated

sludge treatment of municipal and industrial wastes . The objectives of this

study were to evaluate the effects of some of these variables in a laboratory

scale investigation and to correlate this information with field data where

possible .

Six continuous flow units were operated in parallel, each unit being

subjected to different organic loadings . Raw waste provided by the particular

industry w a s  shipped to the laboratory in 55—gallon drum containers , and

then fed to the units at the appropriate flow rate by the use of sigma motor

pumps  . These wa stewaters included a brewery waste from San  Antonio, a

petrochemical waste from the Houston area , and a domestic sewage from

the municipal treatment plant.

Several analytical methods were used to evaluate the solids—liquid

s eparation and the biological floc development resulting from the various

operating conditions. The morphological characteristics of the organisms were

studied by the use of optical and electron microscopy. The settling character—

istics of the biological sludge were determined by using stirred settling columns.

Dehydrogenase enzyme measurement, oxygen uptake rate, and BOD removal

were used to determine the relative activity of the sludges. Temperature ,

p H ,  mixed liquor dissolved oxygen, and nutrient availability were constantly

controlled and thereby eliminated a s  process variables . Acclimation procedures

were employed and approximate steady—state conditions were established prior

to making the evaluations .
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Chapter 1

INTRODUCTION

Successful biological treatment of the many wastewaters presently

f lowing from our industries and municipalities is achieved by combining

a wellmconceived plan with competent plant design and proper operation.

The biological system is most responsive to the wastewater character and

to the environment in which it must function. Many investigators have

therefore oriented their research efforts toward design development based

on biological laws and concepts. Unfortunately} there are many variables

to be considered in a waste treatment plant and recognition of this fact is

of primary importance in the development of design criteria,

The importance of these process variables is underscored when

the problem of solidmliquid separation in the activated sludge process is

considered. This treatment step is a prerequisite to successful treatment,

and has been one of the more difficult operations in the process, Sludge

settleability, o r  lack of it, is being investigated inrorder to develop

techniques for defining and quantifying these variables.

1~ 1 Objectives

The primary objectives of this research w ere  (a) to develop the

laboratory equipment and methodology necessary for properly analyzing

the biological responses to various wastewaters, (b) to evaluate organic

loading effects of a given waste using simultaneous, continuouSmflow units,



(c) to predict the sludge settleability at defined organic loadings,  (d) to

observe microbial responses to different waste loadings and character

situations by the use of microscopy, (e) to study possible methods of

improving sludge settleability, and (f) to evaluate the applied organic

loading effects on  phosphorus and nitrogen removal, bound water content,

and the sludge activity parameters.

1—»2 Scope

Wastewaters of the same strength and character as that found in

the field were used as a laboratory unit substrate source. The sampling,

transport, and laboratory feeding procedures were therefore developed

to achieve this objective. The laboratory analyses were formulated to

estimate best the system variables for each condition. Laboratory and

field data wens compared in two instances. A. favorable comparison of the

data proved the validity of the approachfgherein developed. It is suggested

that this approach chum be applied to any organic soluble industrial

wastewater, There are obviously many treatment systems today which

cannot be classified by loading factor alone. Continual organic and hydraulic

loading fluctuations, incomplete mixing, and changing environmental

conditions create an overall situation which is difficult to predict in the

laboratory. This approach, nevertheless, can be used as a basis for making

engineering decisions. In many instances, treatment plants are subjected

to relatively constant hydraulic and /or organic inputs by means of plant



processes or  t rea tment  facility design. When this is the case, we can

more accurately develop design criteria and make biological predictions.

This laboratory solution was therefore formulated, recognizing these

applicability restrictions.



Chapter  2

LITERATURE REVIEW

The performance of a bio-oxidation sys tem i s  characterized by the

amalgamation o f  many r e l a t ed  p roces s  va r i ab l e s ,  a l l  functioning together  to

p roduce  a given end  r e su l t .  S ince  the  pr imary in teres t  o f  the engineer  i s  to

obtain s tabi l i ty  o f  ope ra t ion  with an  eff luent  o f  de s i r ed  qual i ty ,  the  impor tance

of  recogniz ing and comprehending the ef fec ts  of  t hese  var iab les  i s  unde r sco red .

Select ive  var iable  control  i n  the laboratory with f i e ld  corre la t ion when poss ib le

can  provide a good bas i s  for predict ing the e f fec ts  of  t rans ien t  condi t ions .

2-»1 Genera l  Cons ide ra t ions

The re  a r e  an  infinite number of  f ac to r s  which affect  the ope ra t i on  o f

a b io - sys t em.  As  a r e su l t ,  the steadyf-state condi t ion  in the t rue  s ense  o f

the word  i s  rare ly  obta ined in the prototype.  The  effect  o f  many o f  t he se

factors  i s  minimal ,  emphas i s  thereby being p laced  on  those  of  more signifi==

cance .  The significant fac tors  include organic  loading var ia t ions ,  t empera -

ture  and  pH changes ,  and  nutrient availabili ty.  The lat ter  three  i t ems  were

not var ied  in the laboratory phase  o f  th i s  study and wi l l  be  only briefly

ment ioned.

Fluctuating organic  loading in an  act ivated s ludge plant i s  o f  pr imary

importance .  Recent ly  publ ished f igures  by Montgomery and  Lynn (1) indicate

the BOD loading can  vary from as  low a s  10  pe r  cent  to a s  high a s  300

pe r  cen t  o f  the mean  va lue  for munic ipa l  p l an t s ,  r ega rd l e s s  o f  s i ze .  Al though



industr ial  was t e  treatment faci l i t ies  a r e  frequently sub jec ted  to  l e s s  organic

load f luctuat ions because  o f  p roces s  cont ro l ,  the  var ia t ions  a r e  neve r the l e s s

significant.  These  load variations resul t  in changing food to  microorganism

rat ios  which  in tu rn  d i c t a t e  t he  o rgan ic  removal  r a t e s  by the mic roo rgan i sms .

The flora and  fauna o f  the sys tem wil l  respond  in  different ways  to th is  chang-

ing environment.  In the ca se  o f  activated s ludge ,  where gravity separat ion

o f  the f loc from the liquid i s  neces sa ry  for  p rope r  t rea tment ,  the phys io logica l

state o f  the f loc=forming organisms i s  most  important.

The hydrogen ion concentrat ion i s  a s soc i a t ed  with the enzymatic

p roces se s  in the bio- t reatment  system,  and re ta rds  biological  oxidation and

syn thes i s  outside”) of  ce r t a in  r anges .  Condi t ioned act ivated sludge i s  little

affected by  pH changes  within the range o f  pH 6 to pH 9 (2 )  but the optimum

pH i s  7 .  0 to 7 .  5 for  act ivated sludge t reatment  of  domes t i c  was tewa te r s  (3 ) .

The nutritional requi rements  of the he t e rogeneous  populat ion compr i s ing

the activated sludge f loc have been  the subject  of many investigations (4), (5),

(6) .  Although domes t i c  was te  wa te r s  contain sufficient concentrat ions o f

j-n'itrogen and phosphorus ,  it i s  often neces sa ry  to supplement par t icular

indus t r i a l  was t e s  with some  o f  t he  r equ i r ed  nu t r i en t s .  A BOD: N:  P rat io  o f

100: 5 :  1 wi l l  general ly enable the microbial population to grow and proliferate

(5).

Tempera ture  has  a pronounced effect  on  a l l  b io log ica l  r eac t i ons .

Mathematical  formulat ions o f  temperature ef fec ts  on  biological  reat ion ra tes

have been  expressed  in various ways (5), (7), (8), (9). It can general ly be



s t a t ed  that  a rise in t empera tu re  has  a favorable  e f f ec t  on  b iochemica l

reac t ions .  However ,  there  a r e  two important points  to  cons ide r  he re .

Low saturation va lues  o f  oxygen a t  high t empera tu re s  wi l l  have a negat ing

effect  on  ac t iva t ed  s ludge  eff ic iency,  and  the re  i s  a l imit  in the h igher

t empera ture  r anges  above  which mos t  o f  the  enzymes  a r e  i nac t iva t ed .

2=2  Sludge  Bulking

Bulking sludge i s  a significant phenomenon in b io logica l  t rea tment

of  was t e s  s ince  sludge-=1iquid separat ion i s  the final and neces sa ry  s tep  in

the t reatment  s cheme .  Invest igators  have repor ted  a variety o f  mechan i sms

in  explaining the  bulking phenomenon .

Philip Jones  (10) and o the r s  have p roposed  that bulking sludge i s  a23bi0=

physical  r esponse  to a change in the eco log ica l  ba lance  o f  the environment.

Th i s  r e su l t s  in the emergence  of a dominant population o f  f i lamentous

microorgan isms  growing a s  a diffuse f l oc ,  The fi lamentous organism mos t

cons i s ten t ly  r epo r t ed  a s  be ing  dominant  in bulk ing  s ludge  has  been  iden t i f i ed

as  Sphaerot i lus  natans .  Th i s  i s  a higher  bac te r ium,  induced  by  a substra te

r i ch  in ca rbohydra tes ,  which  d i sp lays  many fungal p rope r t i e s .  P ipes

and Jones  (11) proposed  that a variety of fi lamentous microorganisms

a re  more intimately a s soc i a t ed  with s ludge bulking than are  Sphaerot i lus ,

but  that  because  o f  the s imi lar i ty  of  morphology and  the  l ack  o f  in fo rma=

tion concerning the physiological  r e sponses  o f  Sphaerot i lus ,  many  o f

these  o rgan i sms  have been  incorrect ly  ident i f ied .  In following up



th is  work,  Jones  isolated and identif ied a microorganism as soc i a t ed  with

sludge bulking a s  an  obl igate  ae robe ,  Geo t r i chum cand idum,  He  obse rved ,

in fac t ,  that Geotr ichum was  found more  frequently and  in  l a rge r  numbers

than Sphae ro t i l u s .

Anderson  (12)  sugges ted  that s ludge  f locs  compr i sed  o f  Zoogloee_

ramigera  wi l l  not bulk unde r  any condi t ion ,  He  t r i ed  to induce bulking by

feeding g lucose  to a pu re  culture of  Zoogloea  growing in a synthetic sewage

medium,  The experiment was  continued for t en  days with continuous aera t ion,

but bulking d id  not occu r .  Higher  concentra t ions  o f  g lucose  were  added  with

the same resu l t .  He  therefore  conc luded  that bulking in act ivated s ludge

was  caused  by st imulat ion of  the f i lamentous  mic roo rgan i sms  to  ove rg row

the natural  Zoogloea  o rgan i sms .

R icha rds  and  Sawyer  (13) a l so  s tud ied  the  mic roo rgan i sms  and

charac ter i s t ics  of  the s ludge f l oc .  Counts o f  the  bac te r ia l  and pro tozoan

popula t ions  were  made  a t  va r ious  in tervals  and  an  inve r se  relat ionship

be tween  them was  obse rved ,  High bac t e r i a l  counts  we re  a s soc i a t ed  with

poor  set t l ing s ludge ,  whe reas  a populous  p ro tozoan  s ludge co r r e l a t ed  with

rapid  se t t l ing o f  the  f l oc s .

Heukelek ian  and  Wei sbe rg  (14 )  have made  a comprehens ive  s tudy

of s ludge  bulking tha t  e s t ab l i shed  a r e la t ionsh ip  among  bulk ing ,  bound  wa te r

content,  and the b iochemica l  charac te r i s t i cs  of  ac t iva ted  s ludge .  Wi l son  (15)

f i r s t  c a l l ed  a t ten t ion  to  the  impor tance  o f  the  wa te r  r e la t ionsh ips  o f  ac t i va t ed

s ludge .  He  recognized  two different kinds of  wa te r ,  namely, that water



at tached to the floc which maintains its inherent properties and that bound

by the colloid micelles with entirely different properties. This "bound water”

content in the floc is dependent upon the chemical, physical, and electrical

properties of the system. Heukelekian took a zooleal type sludge and

aerated it for twelve days, feeding only on the first day, with the following

results:

Table 2=1

Effects of F / M  Ratio on Bound Water and SVI-

Food/  Microorganism Aeration Bound Water Sludge Volume
Ratio Period Index

high 1 day 363 400

6 days 148 85

low 12 days 59 62

They offer the following explanation of sludge bulking and high bound water

in the floc during periods of high food/ microorganism ratios: When easily

degradable substrates are available in excess amounts, the organisms

produce products which have a great affinity for water. They further

postulate that microorganisms in the log growth phase produce more capsular

material which is polysaccharide in nature and highly hydrated. The increase

in bound water produces a more perceptible change in the specific gravity

of the sludge.

Heukelekian not only worked with the zoogleal type sludge but also

studied one in which Sphaerotilus w a s  dominant. The bound water content of



theSphaeroti lus sludge remained relatively constant ,  indicating a fundamental

physica l  d i f fe rence  be tween  the two bulky s ludges ,  Contrary to some  inves -

t igators ,  he e spoused  two bas i c  types  o f  bulking:  Sp‘haerotilu‘s and  Zoogloea .

The  Sphae ro t i l u s  bulking,  once  the  o rgan i sm i s  dominant, i s  not caused  by

bound water  o r  available substrate ,  but rather by  the  physical  bouyancy and

frictional r e s i s t ance  of  the f i laments .  The Zoog lea l  bulking,  on  the  o ther

hand,  i s  a d i rec t  resul t  o f  both bound wate r  and  high substrate  concentra-

t ions .  The p resence  o f  Sphaerotilus was  not noted at any sludge volume index

level  when  evaluating the Zoogleal s ludge ,  The  difference in  the set t l ing

nature of  this  s ludge was  therefore due to a change in the biochemistry and

not the g ros s  b io log ica l  cha rac t e r i s t i c s  of  the p roces s .

The l i terature o f f e r s  s eve ra l  c auses  o f  s ludge bulking, the  invest i -

gators  being in gene ra l  ag reemen t .  The  theory  of  bound  wa te r  contr ibut ion

to bulking appears  to be  valid, although i t s  proportional contribution i s

unknown. There  can  be  little doubt that the morphology o f  the dominating

microbia l  population i s  most  important. Other causat ive factors  which have

been  p roposed  include the biochemistry  of  the system and the r igidity o f  the

f loc ,  r educed  oxygen t ens ion ,  and  the  nature and concentra t ion o f  available

subs t ra t e .

2-3  Anaerobios is

It has  been  commonly he ld  that the return o f  sludge from the secondary

clar i f ier  should be  a s  rapid a s  poss ib le  because  o f  the detr imental  effectsr
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of the anaerobic holding time. However, the possibility of system improvement

using anaerobic tanks has been, and is being, explored.

The most common problem inherent with anaerobiosis is that of

floating sludge in ,the clarifier. This rising sludge, caused by reduction of

nitrates and organic carbon to gaseous nitrogen and carbon dioxide has

caused the plant operator considerablettrouble. Witcher (16) and

Tapelstay (17) stated that settled sludge should be returned to the aeration

tank as  soon as possible, as  the stale sludge would exert a higher oxygen

demand when returned, and sludge floating problems would persist.

Wurhmann (18) measured respiration rates of washed activated sludge

before and after an anaerobic period of 4. 5 hours. He noted no significant

change in either the fed or unfed respiration rates. A s  he had previously

shown the utilization of organic matter by microorganisms is related to the

respiration rate, he concluded that defined periods of anaerobiosis had little

effect on  the purification capacity of the sludges.

Westgarth (19)  substantiated Wurhmann's conclusions by conducting

pilot plant studies and comparing the results. Two identical pilot plants

were operated in parallel, one of which was kept aerobic at all times and

the other had an unaerated holding tank incorporated within. Westgarth

concluded that periods of anaerobiosis up to ten hours were not determental

to the overall activated sludge operation. The respiration rates remained

relatively unaffected and the organic removal efficiencies did not deteriorate.

The oxygen demand in the aeration tank for low=rate and conventional
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loadings was  also unchanged.  He  explained this  phenomenon a s  fo l lows :

At the low«=~rate loading, the microorganisms  were  in the endogenous phase

and during anaerob ic  cond i t ions ,  l i t t le o r  no b reakdown o f  t he  o rgan ic

mater ia l  was  taking p l ace .  Upon returning to ae rob ic  condit ions,  they

simply began  to resp i re  at  the same endogenous  ra te .  Some decomposi t ion

of  the complex organic matter  took p lace  at the conventional loading,  leading

to cer ta in  hydrolys is  and  fermentat ion p roduc t s .  When  ae rob ic  condi t ions

were  r e s to red ,  there  was  an  exces s  accumula t ion  o f  ox id izab le  fermenta t ion

products.  This  exces s  was  in turn  balanced by the l o s s  o f  ce l lu la r  activity.

A t  high loading condi t ions ,  th i s  exces s  o f  ox id izab le  mater ia l  more  than

offset  the reduced  activity of  the  microorganisms and ,  in fact,  resul ted in

a higher oxygen demand when returned to the aerat ion chamber .

Westgar th  a l so  obse rved  that  the  high ra te  p roces s  in combination

with an  anaerobic  s ludge re turn  pe r iod  produced  only about half  a s  much

sludge a s  that normally p roduced .  He in t roduced the possibili ty o f  alleviating

sludge d i sposa l  p rob lems  encountered  in high ra te  t reatment  p lan ts  by using

the ind ica ted  modificat ion o f  par t ia l  anaerobic  decompos i t ion .

Clesce r i  (20)  s tudied  some  o f  the factors involved in the se lec t ion  o f

rapidly sett l ing mixed  cu l tu res  a s  employed in the  act ivated s ludge p roces s .

She conc luded  that e i ther  a pe r iod ic  supply o f  a readi ly  available substra te

or  a constant  supply o f  a relat ively unavai lable  subs t ra te  would  s e l ec t  rapidly

sett l ing cu l tu res  that a r e  f ree  o f  fi lamentous o rgan i sms .  She further

hypothes ized  that at  high oxygen l eve l s ,  s tarvation for some nutrient :
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(presumably  carbon) was  a neces sa ry  prerequis i te  for f locculent  none

filamentous growth.  It was  a l so  obse rved  that be t t e r  f loculat ion and

sett l ing occu r r ed  when a 2 to 4 hour  pe r iod  o f  anae rob ios i s  was  incorpora ted

into the continuous fermentation system o f  high oxygen t ens ion .  Th i s  would

l e ad  one  to conc lude  that  some  o f  the  more  f i lamentous  ae robes ,  i .  e .

Geotr ichum candidum as  i so la ted  by Jones  (10) a re  inhibited during anaerobic

pe r iods .  Both C le sce r i  and  Wurhmann obse rved ,  however ,  that  mos t

f i lamentous o rgan i sms  have the capaci ty  to maintain the i r  Viability dur ing

short  pe r iods  o f  r e s idence  in a food  and oxygen def ic ient  environment .  The

fact  that a readily available substrate p roduced  fi lamentous forms both with

and without anaerobic  holding t imes  l ed  he r  t o  conclude  that the formation of

filaments i s  a nutritional effect  rather  than the  effect o f  the oxygen l eve l .

McClellan (21) noted several  effects  of anaerobiosis  in the activated

s ludge p roces s .  Contrary to We  stgarth,  he de te rmined  that oxygen u t i l ized

by endogenously  resp i r ing  s ludge following anaerobic  s to rage  was  significantly

g rea t e r  than that u t i l ized  by  aerobical ly  s tored s ludge .  He  found that  this

d i f ference  was  min imized  i f  the sludge was  fed  immediately following

s torage .  He ag reed  with previous  investigators that  the sub sequent  removal

of  o rgan ic  mat ter  was  independent  o f  the  type o f  s torage  ( ae rob ic  o r  anae rob ic )

and the length o f  s torage up to s ix  hou r s .

2—4 Sludge Activity

Sludge activity, the amount o f  bio=oxidat ion taking p l ace ,  can  be

measured  in a variety o f  ways .  Oxygen uti l izat ion r a t e s  of  a sys tem a re  a
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valid indicator .  The volatile solids buildup and BOD removal is indicative

of the magnitude of microbial respiration and systhesis, More recently, a

measurement of dehydrogenase activities has been used to evaluate sludge

activity,

The oxygen utilization rate may be defined as the weight of oxygen

consumed by a given weight of sludge per unit of time. Oxygen uptake

rates are measured by manometric techniques, off—gas analyses, polaro-

graphic methods, or by the more recently developed galvanic cell procedure.

Mancy and Westgarth (22 )  developed the oxygen analyzer which employs a

galvanic couple to measure oxygen activity, Wood (23)  compared oxygen

uptake rates using the analyzer and the Warburg respirometer (at 135

oscillations per minute) and found the results to be quite comparable.

Specific oxygen uptake rates (mg 02 /hr/gm sludge) have been reported

as 1. 5 to 9. 8 for endogenous sludges and 10 to '76 for active sludges (5) ,

Once the range of values is established for a given sludge, the relative

activity for a given condition can be determined.

An increase in volatile sludge concentration accompanied by a de-

crease in BOD is also indicative cf the sludge performance. There can be

no cellular increase without BOD removal and the two are both dependent

on  the microorganisms' ability to utilize the existing substrate for synthesis

and respiration.

In biochemical metabolic pathways, organic compounds are broken

down through a series of dehydrogenations. The activity of the various
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dehydrogenases  i s  therefore  a good  measu remen t  o f  mic rob ia l

act ivi ty .  These  enzymes  can  eas i ly  be  measu red  by  us ing  a

t e t ra  zol ium sal t  ( t r iphenyl tetrazol ium chlor ide ,  o r  T .  T .  C .  ) as

the hydrogen accep to r .  Th i s  couples  the oxidation o f  the

subs t ra t e  to the  r educ t ion  o f  the co lo r l e s s  sa l t  and  i s  i l lus t ra ted

as  fo l lows :

TTCHz (TF)
(RED)

moo exORGANIC MATERIAL ZDPNHZ 2FADH2 H20

OXIDIZED ORGANIC ZDPNZ 2FAD l / 20MATERIAL 02
llCROOIGANISIS

DEHYDROGENASES
T T C

(COLORLESS)

Figu re  2 -  1

Trans fe r  Mechan i sm

The intensi ty o f  the r ed  co lo r ,  charac te r i s t i c  o f  the  r educed  form

(tr iphenyl  fo rmazan ,  o r  T .  F .  ) can  then  be  t aken  a s  a measu re  o f

dehydrogenase activity. The dehydrogenase enzyme evaluation a s

a method for determining sludge activity was  f i r s t  in t roduced by

Lenhard and Nourse (24) and Bucksteeg and Thiele  (25). Using
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this preliminary work  a s  a re fe rence ,  Ford  and Eckenfelder  (26)  modified

and expanded the application o f  th is  approach on a laboratory and  plant

sca le  bas i s .  By analyzing laboratory and  f ield data,  they conc luded  that

an  exce l len t  correlat ion of  oxygen uptake and dehydrogenase activity did

ex is t ,  giving credibil i ty to the dehydrogenase measurement  a s  a true

indicator of s ludge activity. They  further confirmed the cel lular

dehydrogenase activity a s soc i a t i on  with the growth phase  of  the microbia l

population (27) ,  and p roposed  cor rec t ion  factors  for  varying pH and

t empera ture  va lues .

2==5 Review o f  Was tewate r s

( a )  Brewery  Wastewater  Treatment  Brewery  was t e s  a re  mos t

successfu l ly  t r ea ted  by b io logica l  methods  and  such  b rewery  was te  t r ea t s

ment plants  have been  built in many locat ions .  All  soluble was te  products

can readi ly  be  ass imi la ted  biological ly.  The  main problems a s soc i a t ed  with

treatment a r e  therefore  nutri t ional and environmental in  na ture .

In the production of  bee r ,  an  extract  o f  a malt  and  malt adjunct

mixture i s  boiled in the p re sence  of hops .  The resultant Hwor tH  i s  then

f i l t e red  t o  remove  the spent  hops  and  coo led .  Brewer s  yeas t  i s  added  and

the "wort“ fermented at  controlled low temperatures.  The freshly fera

mented product  i s  aged ,  s tabi l ized,  f i l tered,  and  carbonated .  The final

p rocess ing  step i s  packaging in  cans  and  ba r r e l s ,  o r  in bot t les  c leaned

and  s t e r i l i z ed  i n  hot  caus t i c  so lu t i ons .
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It has  been es t imated  that the product ion o f  1 bb l .  of  bee r  r e su l t s

i n  13 bb l s .  o f  was t ewa te r .  The  nature  o f  t h i s  was t e  w i l l  depend  to some

extent on  the quality of  water  u sed  and  the in-plant  p roces s  of  the par t icular

brewery .  The was t e  sou rces  and approximate composi t ions  have been

est imated a s  fol lows (35 ) :

Table  2 -2

Brewery  Waste  - Source  and Composit ion

Source  Composit ion Relative Amt .  (‘70)

1. Fermentat ion tanks and  water  with dead  yeas t s ,  50
finishing ce l l a r s  coagula ted  p ro te in

2 .  Bottling Operation ’ r inse  wa te r ,  polypho sphates  35

3 .  Sanitary and Misc .  8

4 .  Coo le r s  wa te r ,  NaOH, hop r e s in s  5

5 .  Hop Separator  spent hops ,  sugars  1

6 .  Lauter  Tanks wash  wa te r s  1

Tota l  100

The cha rac te r i s t i c s  o f  a typical  b rewery  was te  a s  compared  with

domes t ic  sewage  a re  given in the following table (3  6 ) :
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Table 2m3

Compar i son  o f  Brewery  and Domes t i c  Was t ewa te r  Charac t e r i s t i c s

Brewery  Was te  Domes t i c  Sewage

5 Day BOD (ppm) .  . . . . . . . . . . .  2 , 170  292

Tota l  Ni t rogen (ppm) :  . . . . . . .  . . 29  32 .  4

Organic  Ni t rogen (ppm) . . . . .  . . , a 27., 6 713. 7

Total  Phosphorus (ppm). . ., . . . . . .  7 .0  5 .6

Soluble Phosphorus  (ppm). . . . . . . .  2 .  9 4: 4

pH, , , , , , , . , . . . . . . . . . , . . va r i e swi th sou rce  6==9
of  b rewing  wa te r

Ra t io ,BOD/N. . . , . , , . a . . , . .  75  9

Rat io ,BOD/P . . . . , . . , , , . . , . ,  310 52

The  BOD/N and  BOD/P  ra t io s  exceed  the  r ecommended  va lue  o f

20  and 100  r e spec t ive ly ,  indicat ing a nutr i t ional  def ic iency,  A r ead i ly

ava i lab le  sou rce  o f  n i t rogen  and  phosphorus  i s  t he re fo re  r equ i r ed  in mos t

b io log i ca l  was t e  t r ea tmen t  sy s t ems ,  depend ing  on  the  value o f  t h i s  r a t i o ,

Brewing  compan ie s  have succes s fu l ly  u sed  the  ac t i va t ed  s ludge  and

t r i ck l ing  f i l t e r  fo rms  of  b i0mt rea tmen t ,  Many of  the  so l i d s  = d i sposa l

prob lems  have been  min imized  by  the  p roduc t  a r ecove ry  policy o f  mos t

b rewer i e s .  These  i nc lude  the  r ecove ry  o f  t he  spen t  g r a in s  and  hops ,  spen t

yeas t s ,  and  p rec ip i t a t ed  p ro t e inaceous  ma te r i a l s .  Succes s fu l  p lant  ope ra t ion

i s  t he re fo re  dependent  on  cont ro l  of the nutr i t ional  and  environmenta l  a spec t s

in the  b io log ica l  t r ea tmen t  of  the so luble  f r ac t i on .  (29)
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(b) Petrochemical Wastewater Treatment The petrochemical

industry appl ies  p roces se s  that use» previously unreacted hydrocarbons

from o i l  and gas  by physical  separation methods ,  equivalent hydrocarbons

produced  by chemical  reac t ions ,  o r  their  impurities, to  produce  new chemicals

(30 ) .  These  chemica l s  are  used  in the produced form o r  they may be

reac ted  further to make re la ted  chemica l s .  The was tewaters  contain

myriad hydrocarbon contaminants,  the exact  compos i t ion  depending  upon

the plant p roces se s .  In addition to these ,  a significant portion of  the

wastewater  i s  composed of non=~hydrocarbon contaminants  (31) such a s :

Table  2=4

Non-hydrocarbon Pet rochemical  Wastewater  Contaminants

From Proces s  F rom Ut i l i t ies

Gases  (C02 ,  CO, H25, NH3, N2,  H2) Boiler  blowdown - phosphates,
l ig ins ,  e t c .

Spent caus t ic  ( su l f ides ,  Zririgrcaptans, e t c . )
Cooling system blowdown -

Acids  and ac id  s ludges  (heat ,  chromates ,  phospha tes ,
e t c . )

Spent catalysts(containing i ron,  nickle,  e t c . )
Wate r  t reatment  b lowdown

Fi l te r  a id s  V ca lc ium,  magnes ium,
ch lo r ides

Solvents  and absorben t s  ( fur fura l ,  pheno l s ,
e t c .  ) Oil  and grease

Spent l ime Sanitary and Misc .

General ly,  was t e s  of  the manufacturing p roces s  can  be  ca tegor ized  into four

pollutional g roups :  tox ic ,  high l eve l ,  med ium,  and low l eve l .  The  character-

i s t i c s  a re  given in the following t ab le :
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Table 2 e 5

ManufacturingP-roce-ss Wastewat-ers -= Pollutional Catagories

Quality Toxic High Level Medium Low Level

COD (ppm) 1, 800, 000 12, 000 1, 500 700
(theoretical)

BOD (ppm) a» a 1, 300 600

Total Organic N2 250, 000 3, 500-! -= =
(ppm) (theoretical)

pH 6. O 5. 4 5. 0 7. 5

Oil 0 150 500 varies

Phenol 0 850 65 7

Sulfides D 0 5 2

Total Alkalinity 0 2 ,  000 -= 100
as CaCOg mppm

Sulfates (ppm) 0 l, 800 0 0

Color {Glear coffee white light tan
brown

Odor cyanide phenolic aromatic sweet, oily

Biological treatment of petrochemical wastes can be accomplished if

appropriate inaplant control measures are taken to eliminate the excessive

solids, neutralize the wastes, and stabilize the flow of the waste stream.

Normally, only diffuse and selected microorganisms prevail, but they have

a sufficient him-oxidation capacity provided environmental conditions are

favorable and acclimation procedures are employed.
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(0) Domes t i c  Was t ewa te r s  Ac t iva t ed  s ludge  t rea tment  of domes t i c

was tewa te r s  ha s  been  the  sub j ec t  o f  many inves t i ga t i ons  and  wi l l  be  on ly

br ief ly  men t ioned .  he re .  The  cha rac t e r s  of such  was t e s  a r e  highly va r i ab le

in  compos i t i on  and  concen t r a t i on  wi th  t yp i ca l  va lues  g iven  in  Tab le  2=3 .

These  was t e s  no rma l ly  conta in  no toxic  o r  inhibi t ing subs t ances  and  nu t r i en t s

a r e  in abundant supply. Because  of the  ve ry  na tu re  o f  t he  f luctuat ing was t e

l oad ,  mun ic ipa l  p l an t s  a r e  gene ra l l y  more  d i f f icu l t  t o  con t ro l  than  p rope r ly

des igned  indus t r i a l  t r ea tmen t  f ac i l i t i e s“



Chapter  3

EQUIPMENT AND EXPERIMENTAL PROCEDURES

3-1  Sampling P rocedure s

A. domest ic  sewage  and  two industr ial  was tewa te r s  we re  brought into

the laboratory and fed  to the laboratory-scale  continuous uni t s .  These

wastewaters  we re  t ransported in fifty-five gallon d rums  and were  coo led

to  4°C  until u sed .  COD va lues  were  de t e rmined  a t  t he  sampl ing  poin t  and

at t he  point of  d i scha rge  into the continuous uni ts .  The difference indicated

the amount o f  COD reduct ion caused  by a i r  stripping and /o r  b io log ica l

oxidation during t ranspor t .  ‘

(a) Brewery  Was te  The  b rewery  was te  was  pumped f rom a

col lec t ion manhole at the plant s i t e ,  t ranspor ted  85  mi l e s  to the  laboratory,

and immediately coo led  to 4 °C .  The sampling point ,  a s  shown in the

following diagram, was  se l ec ted  to minimize the sanitary sewage contribution.

Brewing
Department

Storage  Va t s

Bottl ing
Shop

Offic e
Complex H Execut ive

Of f i ce s

To  City Col lect ion System
Figure 3 -1

Brewery  Was te  Sampling Station

21
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The sampling was  performed at the same t ime each  se lec ted  day

in  o rde r  to  maintain uniformity i n  was te  composit ion.  The average COD

of  the raw was te  during a sevennmonth sampling per iod was  650  mg / l  with

a standard deviation of 96 mg / l  (Coefficient of Variation = 14. 7%). The

COD reduction during transport never exceeded  8% of  the original value.

The brewery was t e  sampling p roces s  i s  shown in  Figure 3-2 .

Figure 3 -2

Brewery  Was te  Sampling Procedure

(b) Petrochemical Waste The petrochemical wastewater was

shipped from the Houston,  Texas ,  a rea  to the Austin laboratories in 55
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gallon drums.  The petrochemical  waste  was  being deposi ted  into an

exis t ing ae ra t ed  lagoon by th ree  different f eede r  l i ne s ,  a s  shown in

Figure 3—3. Each  o f  the three waste portions was  put into an individual

conta iner  and  proport ionately mixed  in  the laboratory. These  was te  con-

stituents a r e  l i s ted  a s  fo l lows :

Tab le  3 -1

Petrochemical  Was te  Const i tuents

Waste Portion pH ' coo ozoof Total Flow

Maleic Acid 1. 4 30, 000 - 36, 000 2. 4

M 6. 8 1, 100 69.0

Scrubber  Was t e  6 .  5 5 ,  500  28 .  6
100. 0

Because  of  the plant p roces se s  and the f eede r  piping ar rangement ,  t he re

was  little fluctuation in the raw waste  composi t ion.  The average COD

during a four month tes t ing  pe r iod  was  2 ,  970  mg / l  with a s tandard  deviation

of 99  mg / l  (Coefficient o f  Variation = 3 .  3%). Each  of  the separate was t e s

was  biological ly  s t e r i l e ,  and only negligible stripping was  noted during t r ans -

port.  The petrochemical  plant and aera ted  lagoon a r e  shown in Figure

3~4  with the pe t rochemica l  was t e  sampling p rocedure  be ing  shown in

Figure 3-5 .
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Feeder Line Diagram to  Exist ing Aerated Lagoon
(Courtesy of Petro-Tex Chemical Corp.)
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Figure 3 -4

Petrochemical Plant and Aerated; Lagoon

Figure 3-5

Petrochemical Waste Sampling Procedure
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(0) Domestic Waste Samples of domestic sewage were  collected

each day at the Austin, Texas ,  Govalle Plant.  The sewage was  brought

into the laboratory and immediately fed to the continuous units from a

refrigerator.  This procedure resul ted in a f resh  waste  supply to each

of  the units.  The average COD during the two week  sampling period was

245 mg /  1 with a standard deviation of 49 mg /  1 (Coefficient of Variation = 20%).

3-2  Aeration Unit's - De sign and Methodology

PleXiglass units we re  constructed and mounted on  portable t ab les .

Two different schemes  for activated sludge units were  employed in  this study.

The first  provided a separate calibrated settling chamber  with sludge being

continuously recycled to the aeration unit (Figure 3 -6 ) .

Figure 3 - 6

Laboratory Activated Sludge Units - Separate Settling
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The fixed overflow wei r  set the volume of the aeration tank (Figure 3-6 ,A)

at 9. 6 liters which required a feed rate of 10 to 40 liters per day to obtain

conventional detention times. An independent sigma-pump was used to recycle

settled sludge from the clarifier (Figure 3-6 ,  B) and provided a versatile

operation by allowing a wide recycle ratio operating range. This particular

scheme was  primarily applicable to conventional treatment studies at relatively

low loadings.

The second type of continuous treatment model combines aeration

and settling compartments in a single unit using a baffle separator. Six

of these units were operated in parallel, each being subjected to different

organic loadings (Figure 3-7) .  An adjustable overflow weir was employed,

providing an aeration volume range of 3 to 8 liters.

The air supply came from a Ill-psi wall source outlet, then was

presaturated with water before going to the individual diffusers in order

to minimize evaporation. The flow rates were measured by observing

the effluent bottle levels (Figure 3-7 ,A)  at various times. Evaporation

losses were determined to be negligible. The operating temperature of

the systems was  maintained at 230C and the pH was  continuously monitored.

Three sigma-pumps were used to feed the raw waste, each pump

serving two units. Different flow rates from one pump could b e  established
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by using different tube s i ze s  o r  partially clamping one of  the feed  l ines.  The

flow ra tes  var ied  from 2 l i t e r s /day  to 20  l i t e r s /day ,  depending on  the des i r ed

loading factor.  All suspended material was  removed from each o f  the was tes

prior to u se .  The substrate was  pumped from a feed  bottle stored in a

refregerator (Figure 3 -7 ,  , B) if the waste was  not s teri le ,  o r  pumped from

an  unrefrigerated supply (Figure  3 -7 ,  C )  when a sterile substrate was  u sed .

The complete flow diagram i s  shown in Figure 3-8.)

Figure 3 -  7

Laboratory Activated Sludge Units - Combined Settling and Aeration
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Figure  3 -8

( a )  Detention Time Determination blRadioisotope Methodology

The mean f lowthrough time o f  the cont inuous un i ts  was  de te rm ined  by  use

134 134 . . . . . .of  a Cs  t racer .  CS 15 a high energy beta emitter With a radloactive

half l i fe o f  2. 3 yea rs .

The unit overflow wei r  was  se t  for an aerat ion volume o f  four

l i ters and a settling volume of one l i te r ,  4 .7  l i ters o f  distilled water  were
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added and then dosed with 0.3 liters of the 134Cs  solution. The strength

of  the  solut ion was  ca l cu l a t ed  to  give approx imate ly  40 ,  000  coun t s  pe r

minute when  di lu ted to  5 l i t e r s .  Dis t i l led  wa te r  was  pumped  to the  unit

at a rate o f  18 .  0 l i te rs  pe r  day, giving a theore t ica l  detent ion t ime o f

5.  35  hours .  Using the Sharp Low Beta counter,  the act ivi t ies  (cpm/m1)

of  the aeration tank contents and the final effluent we re  determined,  using

duplicate s ample s .  The  activity at va r ious  t imes  fol lowing the ini t ia l

134Cs  addition i s  shown in Figure 3 -9 .  As  can  be  s een  from the plot ,

the res idence  time in the settling compartment was  about 30  minutes  a t

18  l i t e r s /day .  The mean aerat ion r e s idence  t ime was  taken a s  the centroid

of  the a rea  under  the decay curve and was  determined a s  follows:

( a )  Graph ica l  Integrat ion

The planimetered area  under  the curve was  204 ,  000  cpm - hours

Td  = 204 ,  000  cpm h r  = 5 .  66  h r s
36 ,  000  cpm

(b) Mathmatical  Integration

(1) fi = -CQ
C = concentration cpm /m1
Q = flow rate l / day

C = ‘3: A = activity counts /  minute
V t = t ime

dA. = 4V d9 V = volume
5’? dt

-CQ = v 9.1.9
dt
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(2) Rear-ranging and integrating:

-t=Y_ 1nC+K
Q

- t  = X In .9
Q Co

or  g =_A = e‘Q/V(t) (first o rder  relationship a s
C0 A0  shown in Figure 3-10)

(3) Average detention t ime:
jAo [JAG

Td  = xix-At = 0 WM) = t '  d(Aoe-Q/V( t ) )

A A A0 dA o dA,
T" 

Act or
or  Td  = of t  (“Q/V (AoXe-Q/V‘fi )

IA° 01A0 A0
= -Q/V(Ao)0f t'e'Q/V(t)dt

A0

of CIA
(4) Changing the limits of integration: ’5 = 0 a t  A = A0

= 0° at A = 0
0

Td = ~Q/V(Ao) 0J1? e 'Q /d t

Ao

and integrating: CRC Handbook Integral  No .  353

-Q/V(t) coT =-Q/V(A >[e- ~ ' («Q/V(t)-1) od ° (cg/V)? ]
01" Ta  = V/Q [e 'Q/V(t)(Q/'v(t) + 30
-Q /V  = K where  K i s  the slope of the line in Figure 3-«10

Simplifying be tween  the  p rac t i ca l  l imi ts  o f  t -= O and t = 24



Td =—.1_ [e'Kt(Kt + 1)]  24
K o

5.87(1. 0 - e-4- 1)

5 .  87(1 .  0 - . 085)  = 5 .  45  hou r s

This  value was  used  to apply a slight co r r ec t i on  fac tor  to the

t heore t i ca l  de tent ion  t imes  in computing the loading fac to r s .  The  theoret i -

cal  and calculated detention t imes  were  practical ly the  same,  indicating the

system was  essent ia l ly  completely mixed .
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Figure 3 -' 9

Detention Time Determination Using 134C8
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Constant  Determination

33



3-3  Technicon Autoanalyzer Application

The Technicon Autoanalyzer was  u sed  to automate the chemical

analyses  o f  COD,  dehydrogenase  enzyme (T .  T .  C . ) ,  and  n i t rogen .  The

values obtained from the automated system were  continually verified using

manual chemical  methods .  When the correlat ion be tween  the methods was

poor,  only the resul ts  obtained from the manual analysis were  u sed .  The

Autoanalyzer i s  shown in Figure 3-11 .

Figure 3 - 1 1

Technicon Autoanalyzer

Manifolds consisting of the proper reagent and mixing lines were  constructed

for each  o f  the t e s t s ,  using calibration techniques  as r ecommended  by  the

manufacturer.  The manifold schematics  for COD and nitrogen analyses  a re

shown in the following f i gu re s .
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Figure  3 -14

Automated Kje ldahl  Ni t rogen Manifold

The dehydrogenase  enzyme  t e s t  was  automated for  appl icat ion in

the continuous monitoring o f  s ludge activity. The color  development

(u s ing  the T .  T .  C .  t e s t  p rocedure  a s  d i s cus sed  in Chap te r  5 )  was  measu red

and r eco rded ,  giving relative activity va lues .  It  was  neces sa ry  t o  blank

out the natura l  co lo r  by determining the pe r  cent  t r ansmiss ion  o f  the sample

with and  without  t he  co lo r - fo rming  r eagen t s .  Th i s  au tomated  technique i s

not p rac t i ca l  for  measu r ing  individual s amples ,  and  should  only be  u sed  for

monitoring pu rposes .  A. pic tor ia l  and  diagrammatic representat ion o f  the

p roposed  dehydrogenase  envyme manifold  i s  shown in F igu re s  3 -15  and  3 -16 .
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Figure 3 -  15

Proposed Dehydrogenase Enzyme Manifold (T .  T .  C.  )
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Figure 3 - 16

Proposed  T .  T .  C .  Manifold for Continuous Monitoring



38

3-4 Sharp 's  LowBeta Counter

The Sharp's LowBeta Counter was  used  to measure  be ta  radiation

activity i n  the lab unit detention t ime experiment.  The counter  has  two

window (800 micro=grams lcm2)  gas flow de tec tors  which are  incorporated

in  a s ingle heavy sh ie ld  essen t ia l ly  to e l iminate  background  from environmenta l

radiation. The resolving time of  the counting c i rcui ts  i s  e lect ronical ly  se t

at 300  mic roseconds .  This  l imits  the maximum counting rate to approximately

105  counts  pe r  minute .  The sensi t ivi ty  o f  t he  coun te r  i s  g r ea t e r  than 99%

for alpha and  beta par t ic les  pass ing  the window.

3 -5  Beckman Mode l  DB Spectrophotometer

Colorimetric  determinations o f  dehydrogenase enzyme activity and

phosphate  concen t r a t i on  were  made  us ing  the Mode l  DB ul t rav io le t  spec t ro~

photometer .  This  mode l  i s  a double-beam instrument measur ing transmittance

and absorbance  in the 205  to 770  mu  wavelength r ange .  The doub le=beam

sys tem a l lows  d i r ec t  d i f fe rent ia l  t r ansmis s ion  compar i son  be tween  the  sample

and b lank .

3-6  Beckman Zeromat ic  pH  - ORP Meter

The Beckman Zeromat ic  II was  u sed  to determine system pH and

ORP va lues .  The  ins t rument  has  a pH range of  O t o  14  pH and a mil l ivol t

range of 0 to 1400  mv.  The instrument was  cal ibrated prior to u se .  The

pH was  s e t  using a known buffer and checking reproducibility. . The  re l ia=

bil i ty of  ORP va lues  was  e s t ab l i shed  by not ing any  variation in the  di f ference

be tween  obse rved  and calcula ted millivolt r ead ings .
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3=7 Optical Microscopy

Slide preparat ions us ing the Gram s ta in  were  made of  each  of  the

was t e s  a t  the var ious  load ings .  Optical  photomicrographs were  taken on  a

Leitz "Ortholux" microscope and Leitz “Orthomat” microscopic 35 mm

camera  ar rangement .  The  microscope  had  a bui l t=in  illuminating sys tem

with a low voltage filament bulb, blue f i l ter ,  and ground g l a s s  s c r een  for

transmit ted o r  incident light. Ektachrome film EX 13 5=20 with an ASA.

rating o f  25  was  u sed .  The magnif icat ion of a l l  photomicrographs taken

with the opt ical  camera  was  1200  X .

3=8  Elec t ron  Microscopx

Elect ron photomicrographs were  taken using an  RCA E .  M.  U .

3°G Elec t ron  Mic roscope  operat ing a t  100  KV.  The  mic rob ia l  populat ion

under  s tudy was  p repa red  in the  following manne r :

1. 2=1/2% glutaraldehyde buffered at  pH6 with veronal  acetate
buffer was  added  to  the centrifuged cel lu lar  mass  and a l lowed
t o  s tand fo r  two hours a t  r oom t empera tu re

2 .  The sample was  r i n sed  in a buffer solut ion.

3 .  A 1% osmium solution was  added  and  the result ing mixture
a l lowed to s tand for  one  hour at room tempera ture  and  four
hours at 4°C.

4 .  The  sample  was  r in sed  in a buffer  so lu t ion .

5 .  A 5% uranyl ace ta te  solution was  added  and  the sample was
al lowed to  stand for 6 hours  a t  4°C.

6 .  The sample  was  r i n sed  in d i s t i l l ed  water  and  put  through an
alcohol  s e r i e s  o f  25%,  50%, 70%, 90%, 95%, and 100% alcohol
(15  minu te s  each ) .
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. The sample was  put through an alcohol=acetone series of:

33%  Acetone 67% Alcohol 5 minutes
6 7 %  Acetone 3 3 %  Alcohol 5 minutes

100% Acetone 0% Alcohol 5 minutes

. The sample w a s  embedded by using an acetoneuplastic series of:

33% plastic 67% Acetone 30 minutes
67%  plastic 33%  Acetone 30 minutes

100% plastic 0% Acetone 30 minutes

. The embedded sample w a s  put into a 60°C  oven overnight.

The sample w a s  sectioned o n  an M. Ta 2 1  microtome and placed

on 300amesh  grids.

II. The sections were stained for 2 minutes with Reynold‘s lead citrate.

12. The sections were  ready for electron microscope examination.



Chapter 4

LABORATORY ANALYSES

~~ "4-1 Chemical  Oxygen Demand

The chemical  oxygen demand (COD) was  used  to measure the portion

o f  organic  mat ter  in the sample suscept ible  to oxidation by potass ium d ichromate .

The procedure used was  that a s  outlined in Standard Methods (32).. Mercuric

sulfate was  added to complex any chlorides that may have been  present  in o rde r  I

to eliminate the need  for a chloride cor rec t ion  fac tor .  Because  o f  the tes t ing

simplicity and time involved, COD‘s  were  u sed  extensively in evaluating raw

was te  and  effluent quality.  Chemical  oxygen demand t e s t s  were  made only on

filtered samples because  relative differences in soluble COD were  des i r ed .

4 -2  Biochemical  Oxygen Demand

The b iochemica l  oxygen  demand  (BOD of  each  was t e  u sed  in t h i s  s tudy

was  determined by the dilution technique in accordance with Standard Methods (32).

This was  cons ide red  neces sa ry  in o rde r  to determine exactly what portion o f  the

COD was  amenable  to bio-oxidat ion.  Acc l ima ted  mic roo rgan i sms  were  u sed  a s

seed  in the BOD t e s t s .

4 -  3 So l id s  De te rmina t ions

The mixed l iquor suspended so l ids  (MLSS)  and  mixed  liquor volatile

suspended sol ids  (MLVSS) were  measured  in  each of the continuous units .  This

was  done  by  s topper ing  the  over f low we i r ,  r a i s ing  the baff le  for  comple te  tank

mixing, and withdrawing the sample.  The  net  s ludge inc rease  from synthesis

41
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was  wasted a s  required in order  to maintain a constant  loading fac tor .  Only

settled wastes  were  fed to the units and the MLVSS/MLSS ratio was  therefore

relatively unchanged. The average rat ios  for the was t e s  under study are l isted

as  fo l lows :

Waste  . MLVSS/MLSS Ratio ,,

Domestic - . 78

Brewery . 82

Petrochemical  . 90

4-4  Sludge Settling Character is t ics

The settleability o f  the activated sludge mixed liquor under various

loading condi t ions  was  evaluated by  determining the  zbne  set t l ing veloci ty  and

the sludge volume index.(3.2). A. graduated cylinder with a stirring mechanism

rotating at 12  rph was  u sed  in  the zone settling velocity s tudies .  This  apparatus

i s  shown in Figure  4-1., 1, 000  m1 of  mixed liquor was  taken from the respect ive

units once  the system had stabi l ized and poured  into the cyl inder .  The rota

tating mechanism was  connected ,  and the s ludge -- l iquid interface l eve l  was

reco rded  a t  var ious  time intervals.  The sol ids  leve l  (MLSS) was  ad jus ted  to

the same value in ta l l  c a se s  in o rde r  to  obtain a s tr ict  comparison o f  the sludge

sett leabil i t ies  fo r  the different  organic  load ings .
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Figure 4 -1

Apparatus for  Determining Sludge Settleability

Stirred sludges which have been  al lowed to  settle for 30  minutes a re  shown in

cyl inders  A and B .  The bulky sludge in  B was  taken from an  overloaded unit,

while the sludge in A was  from a low loading situation and set t led rapidly.

The sludge in cylinder C i s  the same a s  that in A. but was  unstirred and was

used  for  s ludge  volume index  (SVI) determinat ions .  As  can  be  s een  in the

above f igure,  the unstirred,  30-minute  settled sludge occupied  about 1 .  3

t imes  the volume o f  the s t i r red  s ludge .

4-5  Oxygen Uptake

A Prec i s ion  Galvanic Ce l l  Oxygen Ana lyzer  was  u sed  to de te rmine

oxygen uptake r a t e s .  The probe was  cal ibrated daily using the Winkler Method
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to insure  reliability. A BOD bottle was  filled with mixed liquor from a

particular unit. The probe was  then inserted into the bottle a s  shown in

Figure 4-2 .

Figure 4 -2

Oxygen Uptake Analysis  Using the Galvanic Cel l

The displaced liquid overflowed, preventing the accumulation o f  air  bubbles

inside the bot t le .  The contents  we re  mixed us ing  a magnetic stirring rod .

The depletion o f  dissolved oxygen was  plotted against time and the slope of

the line was  taken a s  the true oxygen uptake rate (mg oxygen/ l i ter /  minute).

The probe  was  c leaned  and  the membrane replaced each  week.
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Dissolved oxygen levels in all  units never fell  below 2 mg / l .  The

ai r  flow was  set  to maintain an adequate d issolved oxygen level, but was

never ra i sed  to a point where the floc was  broken up a s  a result  o f  over-

agitation.

466  Dehydrogenase Enzyme Activity Using T;  T .  C .

The bio-v-oxidative activity o f  the various s ludges  was  measured  by

oxygen uptake rate evaluation and  dehydrogenase enzyme activity. The

dehydrogenase enzyme tes t  using triphenyltertrazolium chloride (T .  T .  C .  )

as  first  p roposed  by Lenhard and Nourse  (24) and modified by Ford  and

Eckenfelder  (26)  i s  a s  fol lows:

A .  REAGENTS

l . Tr i -HCl  Buffer,  . 05M pH 8 .  4

Add 6 .  037  g rams  of  t r is=buffer  and 20  ml  1 .  0 N HCl  to one
l i ter  of  d i s t i l l ed  wa te r .

. T .  T'. C .  =Glucose  Reagent

Disso lve  0 .2  g rams  T .  T .  C .  and  1 .  50  g rams  o f  anhydrous
glucose  in 100  ml  d is t i l led  wa te r .  Store the  solution in the
dark at 20C  and make up f resh  weekly.

. Absolute  Ethyl Alcohol

. Tr i  phenylformazan (T .  F . )  Standard

Dissolve 0 .  300  g rams  o f  tr iphenylformazan (molecular  w t .  =
300 .  4) in  500  ml  of  ethyl a l coho l .  1 ,  2 ,  3 ,  4 ,  and  5 ml  samples
of  th i s  so lu t ion  a r e  d i lu ted  to 50  ml  with  ethyl a lcohol  t o  give
standard solut ions containing 2 .  0 ,  4 .  O, 6 .  0 ,  8 .  0 ,  and  10 .  O
mic romoles  ( Illm) o f  T .  F .  pe r  50  ml .  The  s tandard curve using
th is  method i s  g iven  a s  fol lows:  (the slope o f  the line may vary
Slightly with the spec t rophotometer ) .
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Standard Light Transmission Curve for Triphenylformazan Production

B. PROCEDURE

1.  Add 5 ml  of tris-buffer to each of four test tubes (50 ml
capacity or greater)  for each desired test sample.

2 .  Add. 5 ml of the test activated s ludge mixed liquor of known
volatile solids concentration to each of the four test tubes.

3. Place in hot tap water bath and bring the temperature  of the
solution (buffer and mixed liquor) to 37°C,  rapidly as
possible.

4 .  Add 1 ml of distilled water to the control test tube and 1 .  0
ml of T. T. C. reagent to each of the three remaining test
tubes.

5 .  Maintain the solution at 37°C  in a water bath or in an
incubator for exactly 15 minutes following T. T. C.
innoculation.
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6 .  At the end o f  the 15  minute incubation per iod,  stop the react ion
by adding ethyl alcohol to  a final volume o f  50  ml  in  each  o f  the
4 t e s t  tubes .

7 .  Shake each  tube ,  f i l t e r ,  and  measu re  the  f i l trate % t r ansmiss ion
a t  a wavelength of  490  mLL us ing  the control  solut ion a s  a b lank
and the  ave rage  % t r ansmis s ion  o f  t he  3 s ample s  a s  t he  t rue  va lue .

8 .  Take the average % t r ansmis s ion ,  en t e r  on  t he  s tandard  cu rve ,
and determine the XL amoles  of  triphenylformazan p roduced .  This
value indicates the relative dehydrogenase activity.

Several precautions concerning the t es t  procedure  should be mentioned.

It i s  important to bring the t e s t  solution to exactly 37°C (Step 3 )  before inoculating

with T .  T .  C .  a s  the react ion i s  temperature dependent.  The react ion should be

stopped exactly 15 minutes after incubation (Step 6) a s  any deviation from this

incubation t ime wi l l  give e r roneous  r e su l t s .  The  t ime  l apse  af ter  a five-aminute

minimum be tween  Step 6 and Step 7 i s  not important a s  t e s t s  have ind ica ted  that

the pe r  cent  t ransmiss ion does  not change once  the react ion has  been  stopped

by alcohol addition. If the percent  t ransmiss ion  readings  a r e  too low because

o f  an  inactive s ludge,  o r  a low MLSS concentration o r  both, a la rger  volume o f

t e s t  mixed l iquor can be  u sed  a s  long a s  the same volume i s  u sed  throughout the

testing per iod (S t ep ) .

The pH o f  the t e s t  solution wil l  be  approximately 8 .  4 if the buffer i s

p repa red  in acco rdance  with the  aforement ioned p rocedure .  The approximate pH

relationship within the  pH 7-»pH 9 range i s  (T .  F .  p roduced )1  = (pH)1 3 '  1
T.F .  p roduced)2  (pH)2

t i s  preferable to carry out the reaction a s  c lo se  to pH 8 .  4 a s  poss ib le  and

mandatory t o  stay within the pH 7 == pH 9 l imits .
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The dehydrogenase activity and  consequent  T .  T .  C .  reduc t ion

inc rease s  with increas ing  tempera ture  up t o  40°C.(24:). If the t e s t  i s  c a r r i ed

out a t  370C,  o r  a l l  t e s t s  a r e  ca r r i ed  out a t  the same  t empera tu re ,  no t empera -

ture correc t ion  i s  neces sa ry .  The tes t ing should never  be  made  outs ide  the

209C - 40°C r ange .  The  ratio o f  mic romoles  o f  T .  F .  p roduced  at t empera tu re ,

T,  to micromoles  o f  T .  F .  p roduced  a t  2000  a s  a function o f  temperature  i s

shown in Figure 4 -4 .  Based  on  this  p lot ,  the temperature cor rec t ion  factor

within the  200C - 40°C limit i s :

(T rF ;  *produced)flT = 1 '  011 (T  _ 20)
(T. F .  produced)200
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Exces s  amounts  o f  the T .  T .  C .  salt and g lucose  were  added  to  the

reagent  solution to  insure that the substrate and  the hydrogen accep to r  we re

not the limiting fac tors .  It i s  probable that the pr inciple  r eac t ion  be ing

measu red  i s  the g lucose  dehydrogenase  activity of  the s ludge ,  although

endogenous subs t ra tes  could  make some contribution.  The important thing

is  the fact  that the amount of  T .  T .  C .  r educed  i s  an  indicator of  relative

activity and  co r r e l a t e s  with the microbial  respi ra t ion r a t e .

If the dehydrogenase activity of  the ce l l  r ep resen t s  the true sludge

activity, a d i rec t  relationship be tween  the microbial  respiration rate and the

assoc ia t ed  enzymatic activity should exis t .  This should be  true i rrespect ive

of the substrate serving a s  the hydrogen donor in an  ae rob ic  sys tem.  As

can'b‘e s een  in Figure 4 -5 ,  the two ag ree  quite we l l .

g zsooow~
\

E”
LIJ

'2
Cr.“

:2 200g_ _
< ‘3E E W05 vss

O
0" am, 3.04

._ > E90 31:03 
/—o,_ UPTAKE

50.4000: .02 F - 30min INCUBATION30L 1 .0 ,  - F- (5min m
[T l  I 1 1 ‘1  'QUBA'TQ

0 |23456789 |0 | l | 2
TIME OF AERATION— DAYS

Figure  4—5

T.  F .  Production and  Oxygen Uptake a t  Var ious  Aerat ion Pe r iods
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It was  previously observed that the cellular dehydrogenase activity

was  direct ly  assoc ia ted  with the cell growth phase  (34). This associat ion of

the dehydrogenase  activity with  cellular growth for  a young s ludge and an

o lde r  s ludge  i s  shown in Figure 4-6 .

0 MLVSS ‘
0 SLUDGE AGE= em.
a SLUDGE AGE: 24 hrs._

\ "——®_._ . . . __ .  ———.®.—

|850

- |800

- I750

M
LV

SS

O l 2 3 4 5 6 7 8 9 l 0
CONTACT TIME (hrs)

Figure 4-6

Growth Phase Relat ionship

The young sludge had a higher initial specific activity than the 24

hOur  sludge when  con tac ted  with a b rewery  was t e ,  indicating a partial  enzyme

inactivation with overstabi l izat ion.  Once  contacted with the was t e ,  the young

sludge was  able to  r e spond  to  the subst ra te  with the production o f  various

dehydrogenase enzymes .  This  initial increase in specific activity seemed

to indicate that the was te - induced  dehydrogenase activity contributed signifi—

cantly t o  the  g lucose  dehydrogenase  activity.  Once the substrate was  limiting,

the MLVSS and the specific T .  F .  (T .  T .  C.H2)  were  proportionately r educed .
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4 -7  Bound Water

Bound wate r  i s  defined a s  that wa te r  in the act ivated s ludge  f loc which

i s  bound by the col loid  mice l l e s  with different  proper t ies  f rom those  exist ing

in the free  liquid state (14). The  dilatometric method was  u sed  for  measuring

bound water  in the various f locs  (35) ,  (36) ,  (3  7 ) .  This  method i s  ba sed  on  the

theory that bound water  does  not f r eeze  at t empera tures  be low the f r ee  wa te r

f r eez ing  point .  The total  water  was  determined by drying a sample o f

activated s ludge for  12  hours  at  103°C  and the f ree  water  was  ca lcula ted  by

noting the expansion caused  by f reez ing  the s ludge .  Based  on  the a fore-

ment ioned  concep t ,  the  following relationship wil l  ho ld :

Total Wate r  - Free  Water = Bound  Water

A diagram o f  the dilatometer u sed  in  this  experiment i s  shown in Figure  4-7 .
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Ethanol  Bath  w i th  Crude  Pet roleum

Dry I ce  \

‘21: w' ;  Activated
Sludge
Mixed
Liquor

FIGURE 4—7
Di la tome te r  For  Bound  Wate r  De te rmina t ion
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The laboratory p rocedure  u sed  in this study is as follows:

1. A volume of mixed liquor was  concentrated to approximately 2%
solids and introduced into the bottom section of the dilatometer.

2. Petroleum was added up to the zero mark of the calibrated stem,
recording the volume required.

3. The dilatometer and a ”dummy” (3. stoppered bottom section of
a dilatometer filled with petroleum and containing a thermometer).
were immersed inan ethanol solution;

4. Dry ice was added, and the glass stem readings at various
temperatures were noted. The temperature range was
+25°C  to =250C.

5. A standard petroleum curve was plotted in order to determine the
contraction a expansion characteristics of the petroleum. This was
done by filling the dilatometer with a known amount of petroleum .and
observing the stem level at various temperatures. The same
procedure was  used for the derivation of the standard petroleum»
water curve, except 10 ml. of distilled water were added to the
petroleum,

4-8 Acidity

The acidity of the petrochemical industrial waste was  evaluated in order

to determine the natural buffering capacity of the system. The pH of the raw

waste was  between 5 and 6, but the bicarbonate salts resulting from microbial

respiration were sufficient for neutralization up to a particular acid loading.

The acidity was reported as pH 8. 3 acidity (mg/l as CaCOB) in accordance with

the Standard Methods procedure.

4—9 Phosphates

Total inorganic phosphate (polypho sphate and orthophosphate) was

measured as prescribed in Standard Methods. The Stannous Chloride method
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was  u sed  in  the petrochemical  waste  study, while the aniinonaptholsulfonic

method of  determining inorganic phosphate was  u sed  for domestic was te .

Organic phosphorus was  determined by the dry combustion procedure (38).

4-  10  Nitrogen

Ammonia- ,  o rgan ic - ,  n i t r i t e " ,  and  n i t ra te=ni t rogen va lues  were

determined using the Standard Methods procedure and  using the automated

Aut'oanalyzer technique. (See Chapter 3 ,  Section 3.).



Chapter 5

EXPERIMENTAL RESULTS - BREWERY WASTE

5-1  Accl imat ion P rocedure  and  Results

The oxygen uptake and  COD remova l  we re  u sed  to determine the
accl imation t ime required  for the brewery  was t e .  Mixed l iquor from the

Aust in  Govalle  Plant was  u sed  a s  the initial s eed .  The COD remova l  and

spec i f ic  oxygen  uptake r e sponse  to  continuous b rewery  was te  feeding a r e

shown  in  F igu re  5-1.
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The data (Appendix B) indicated that the accl imation time was  approximately

2 days ,  and  experiments we re  performed on  this  ba s i s .

5 - 2 BOD/ COD Relationship

Although the COD analysis  was  primarily u sed  to  evaluate the organic

strength of the was t e ,  per iodic  BOD ana lyses  were  cons ide red  neces sa ry  t o

indicate more  accurately the amount of organics  which were  b io-degradable .

A long-term BOD analysis was  run, using an  accl imated s eed  in a waste  sample

exerting a COD of  444  mg / l .  As  shown in Figure 5-2 ,  the ultimate BOD was

300 mg / l  and the average five day BOD was  270 mg / l .

300

(-
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100

OI
I
I
I
I
I
I
I
II
I, 1 I n 1 I l n I i J

0 l 2 3 4 5 6 7 8 9 10  l l
INCUBATION TIME - DAYS

Figure  5 -2

BOD Analysis

The BOD/ COD ratio o f  0 .  6 indicated the p re sence  o f  dichromate oxidizable

materials  which were  non-biodegradable.
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5-3 Anaerobic Study

The effect of anaerobiosis on  the settling characteristics of the sludge

and nature of the microbial population were  studied. The related effects on

oxygen uptake and COD removal efficiency were also considered. The entire

contents of a continuous unit were put into a stirred, oxygen-free carboy.

After various anaerobic holding times, one liter was withdrawn, transferred

to a batch unit, and fed with 500 m1 of brewery waste. The mixed contents

were then aerated for a period of six hours. The results of this particular

study follow:

(a) Effect on Oxygen Uptake - Oxygen uptake rates were determined

after 15 minutes and again after 6 hours aeration following various anaerobic

times. The results, as shown in Figure 5-3 indicate that on  a batch basis,

only prolonged periods of anaerobiosis (40 hours or longer) have a negatory

effect on  active uptake rates.

(b) Effect on  COD Removal Efficiency — The COD removal for 6

hours of aeration did not change significantly, even with a sludge subjected

to a 72-hour anaerobic period. This indicated that the population change in

response to the anaerobic environment did not affect the overall assimilative

capacity.
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Figure 5-3

Effect o f  Anae robio s is  on Oxygen Uptake and COD Removal

(0)  Effect on Settling Characterist ics Settling characterist ics o f

the var ious sludges we re  determined using the st i rred columns as  shown

in Figure 4 -  1, Chapter 4 .  The settling curves of  the sludge before  and

after six hours of aerat ion are  plotted in Figure 5-4.
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The zone settling velocities were calculated from the settling

curves and plotted in Figure 5-5.? It is observed that the aeration period

serves to improve the sludge settleability. This can be attributed to

(1) the breaking up of entangled decomposed filaments and (2) providing

a more healthy environment for flee-forming bacteria.

(d) Photomicrographs A representative photomicrograph of a

bulky sludge from an overloaded unit is shown in Figure 5-6(a). The

same population following a 48-hour anaerobic period before and after

six hours of aeration is shown in Figure 5-6(b) and (c), respectively.

Figure 5-6 (a)

Population before Anaerobiosis

59
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Figure 5-6  (b) Figure 5 -6  (c)

Population after 48  Hours Population after 48  Hours
Anaerobic Time Anaerobic  Time and  6

Hours Aeration Time

The larger filamentous forms appeared to have been  broken up a s  a result

of the anaerobic environment, a s  indicated by the settling curves .  The

presence  o f  certain filamentous forms are still noted in Figure 5 -6  ( c ) ,

however .

5-4  Variable Loading Analyses

Both types of  Activated Sludge units (Figures  3 -6  and 3 -7 ,  Chapter 3 )

were  u sed  in studying the e f fec ts  o f  various loadings on  the sludge character-

is t ics .  Daily checks on (a) flow rates, (b) solid levels, (0) oxygen uptake,

(d) dehydrogenase enzyme activity, and (e) COD removals we re  made to

provide a continuous evaluation and control o f  each loading system. An

approximate s teady-state  condition could  likewise be  a s sumed  when the I

fluctuation o f  these  parameters was  minimal. Once this condition was
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obtained, the loading run w a s  terminated by additionally evaluating the settling

characteristics and the general microbial morphology.

(a) Loading Factor Control The separate settling and recycle treatment

scheme w a s  used for the lower loadings and is diagrammatically illustrated as

follows:

(aQ)

Q = Flow Rate II! ELQW).---_.1
a = Recycle Ratio LE1 LQREENLRAIIQNJ

LO: Initial BOD UANTITY

Separate Settling and Recycle Unit

This unit was in operation approximately one week at each of the loading levels .

It w a s  impractical to use this unit for a higher loading condition, s o  the type

of unit combining aeration and settling compartments w a s  used (Figure 3-7 ,

Chapter 3). The loading factor (Li) of each unit was held as constant as

possible by wasting an  equivalent amount of synthesized sludge daily, controlling

the flow rate, and using consistent raw waste sampling techniques . The loading

factor control data are itemized in Tables B—6 and B-7 , Appendix B.

(b) Oxygen Uptake, Dehydrggenase Enzyme Activity, and Removal

Response The response of the aforementioned parameters to the various

loadings is depicted in Figure 5-8. ' The average oxygen uptake increased

with loading, while the dehydrogenase enzyme activity followed the same
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genera l  pat tern.  As  noted,  the enzyme activity and oxygen uptake co r r e l a -

tion appea r s  to be  good,  confirming the ea r l i e r  work  o f  Fo rd ,  Yang  and

Eckenfe lder  (26 ) .

(c) Settlin Curves The sludge settleability was  evaluated a t  the end

of  each  loading run by  noting the s ludge-l iquid interface location a t  various

t imes .  S t i r r ed  columns were  u sed  in this study while unst i  r r ed  columns

were  u sed  to determine sludge volume index (SV I ) .  The zone  settling

velocit ies we re  computed by  extending a tangent to the time sca le  and  taking

the slope a s  the settling rate in ft /h r  (F igure  B-3 ,  Appendix B) .

The weekly averages  o f  t hese  parameters  a re  summarized in the

following table and plotted in Figure 5 -9 .

Table 5-1
Average Parameter Values  - Brewery  Waste

Avg. Loading Avg. Avg. Avg. % COD Zone SVI Beaker” AORP‘k"
Factor Uptake T .  T .  C .  Removal  \Sfeetlggi y FTloat 2 Hours

f (OXYgen) ( f t / h r )  me

0 .33  13 .0  . 018  88% 17 .  l 55  2 h r s .  70

0 .41  14 .5  . 036  87  13 .  7 68  none 60

0 .69  14 .5  . 037  85  8 .5  90  1 h r
34  min.  65

0 .  80  18 .5  . 032  81  7 .6  91  2h r s .
42  min. 135

1 .  15  22 .  0 . 036  76  3 .  1 140  12  h r s .  120

1 .50  23 .0  . 030  77  0 .2  490  none 135

* Indicates t ime required for 250  ml  of the mixed liquor to settle and  then f loat .

**  Indicates the change in oxidation-reduction potential with time when 1 liter
of  the mixed liquor i s  turned anaerobic.
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5 -5  Photom-icrographs

Photomicrographs (1200X)  o f  representative populatiOns responding to

the various loadings a re  shown be low:

Figure 5-10 (a)
141'! = 0 .  11

SVI - 105

Figure 5-10 (b)
Lf '  ‘2 0 .33

SVI -'= 55



Figure 5-10 (c)
Lf '  = 0 .  80
SVI = 100

Figure 5-10 (d)
Lfl = 1.50
SVI = 490

66
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5=6 Summary

The brewery was te  ana lyses  a r e  summarized a s  fo l lows:

1 .  The BODul t /  COD ratio of the brewery waste was  0 .  68,  indicating the

presence  of  cer ta in  soluble materials which exer ted  a COD but we re  non-

b iodeg radab le .

2 .  Prolonged pe r iods  o f  anaerobios is  (24  hours  or  longer) had a negatory

effect  on  the fi lamentous mic roorgan i sms ,  although many appea red  t o  have survived.

The settleability o f  this  sludge was  improved only after prolonged batch anaerobic

per iods  and this  improvement was  not cons ide red  significant.  A. continuous

anaerobic  holding tank would have been  more  rea l i s t i c ,  however,  in predict ing

the effect of anaerobiosis  in a complete treatment system.

3 .  The oxygen uptake and  COD removal capacity o f  the microorganisms

were  not apprec iab ly  r educed ,  even af ter  be ing  sub jec t ed  to  long anaerob ic  phase

t imes .

4 .  Oxygen uptake can  be  correlated to dehydrogenase enzyme activity

and the level  of both wil l  depend on  the organic loading o f  the sys tem.

5 .  There  i s  a microbial  popiilation r e sponse  to the level  o f  organic

loading.  Few o f  the filamentous forms appea red  a t  l ow o r  convent ional  loading

conditions (Lf  = 0 .1  t o  O. 5 ) ,  while they were  prolific at  high loadings.

6 .  Sludge settleability i s  r educed  a t  both ends  o f  the load spectrum, but

this  r educ t ion  i s  mos t  significant  at  the higher  o rgan ic  loadings .  The poo r  se t t l ea -

bility at  the very low loading levels i s  probably due to unoxidized fragments o f  the

floc being broken up with a consequent  reduct ion in specific gravity, while the very

nature o f  the dominant f i lamentous  microbia l  population i s  respons ib le  for  high

load bulking. The bes t  sludge settleability for  the Brewery was te  was  obtained

between BOD loadings of 0.  2 t o  O. 7 lbs BOD/day i lb  MLSS.



Chapter  6

EXPERIMENTAL RESULTS - PETROCHEMICAL WASTE

6-1 Sampling and Acclimation Procedure

The raw petrochemical wastewater was taken directly from the plant

waste feeder lines and the three constituents transported to Austin in separate

containers (Chapter 3, Sampling Procedures). Forty liters of mixed liquor

were taken from the plant aerated lagoon (Figure 3=4) to use as the initial labora-u

tory seed. The microorganisms were fully acclimated to the petrochemical waste,

and the four-hour transport time had no inhibitory effects o n  the culture.

Because of the equalization tanks and piping arrangement at the Petro—

Tex plant, the waste constituents a s  listed in Table 3—1, Chapter 3, remained

relatively constant. It is noted that there was only a 3. 3 %  variation in COD

values of the raw waste over a four—month period.

6-2 Buffer Capacity

The pH range of the petrochemical waste was 5. 0 «to 6. 5. At the treat-

ment plant loading of 0.- 25 lbs BOD/day / lb sludge, no buffer additive was

required as  the end-product of carbon dioxide produced by microbial respiration

is bicarbonate (H003) .  This natural buffering mechanism was sufficient to

maintain the aeration system nearp 8. 0. Similarly, no pH problems were

encountered in the laboratory at this loading. However, as a result of the higher

loadings employed in several units, the natural buffering capacity of the system

had to be evaluated. In the preliminary work, the raw waste was not buffered,
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and the mixed liquor pH would fall to waste pI-I where high hydraulic loadings

were used. This drast ical ly reduced the oxygen uptake and dehydrogenase enzyme

activity in the unit, and experience showed that it was  impract ical  to re—neutralize

the sys tem and obtain normal operation within a reasonable period of time.

Thereafter, two separate feed carboys were used, the one serving the high load

units being buffered with sodium bicarbonate. The exact buffering capacity of

the system was  evaluated as follows:

1. A different flow rate of the acid waste was applied to each of the

six units.

2, The acid5.'i;§0éfidiné’(l:ng [day-as :tCa10031’.): ‘ to each unit was determined.

3. The pH and oxygen uptake of the aeration tank contents, and the

COD removal were monitored.

Table 6-1

Buffering Capacity Data

Unit Flow Waste Acidity Acid Loading Oxygen Uptake “/oCOD pI-I
(1/day) (mg/l as CaCOg) (mg/day as (mg 02/day/gm) removal

3 11.6 L412  4 ,790  O nil 4 .  8

4 6.3 412  2 ,600  6 6 4 .  8

6 5.3 412  2, 180 6 12 7. 3

8 1.2 412  495 24 85 7.5
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Figure 6 -  1

Buffering Capacity - Petrochemical  Mixed Liquor

As  can  be  s een  from Figure 6 -1 ,  there i s  a rapid deterioration 'of

COD removal  and  oxygen uptake be low pH 7 .  This  indicates  a maximum ac id

loading o f  400  mg / l  acidity a s  CaCO3 pe r  liter aeration volume a t  l ,  500  mg /

1 MLSS, or  0 .  27  mg acidi ty/mg MLSS. Under these  condit ions,  up  to  4 .  9

l i t e r s /day  of  the unbuffered pe t rochemica l  was t e  cou ld  be  f ed  to the  5—liter

aeration tank (MLSS = 1, 500 mg / l )  without any expected drop in  pH.

6 -3  BOD/  COD Relationship

(a) Loading Effect The BOD and COD of the raw was te  and effluents

of  the six units were  determined. The raw was te ,  long-term BOD data, a s

shown in Figure 6—2, Show a BOD5 of  1 ,  150  mg / l  and a BODULIJc o f  1, 450  mg / l .

The BODul t /COD ratio o f  1 ,  450 /2970  = 0 .  49  indicates that half o f  the raw was te

COD i s  actually b io-degraded.
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As  taken from the data in Appendix C ,  the following average BOD5/COD ratios

of  the different loading eff luents  a r e :

Table 6 ~2

BOD/COD Rat ios  a t  Va r ious  Loadings  - Petrochemical  Was t e

Unit NO-  1113(l BOD/day/ lb  sludge) Effluent BOD5/COD (avg . )

3 1 .  60  0 .  34

4 0 .  96  0 .  26

5 0 .  58  O. 07

7 0 .  17  O. 05

8 0 .  10  0 .  03
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Practically all of the biodegradable materials were utilized when loadings of

O. 5 or  less were applied.

(b) Air Stripping It was necessary to determine the portions of BOD

and COD which were air stripped from the units in order to check the significance

of this removal mechanism. This was done by aerating the sludge-free waste

and checking the COD level at various aeration times. A s  shown in Figure 6-3 ,

20% of the dichromate oxidizable materials were air stripped. This value was

confirmed when the effluent of Unit 3 in the buffer study (no significant biological

activity) showed approximately 80% of the raw waste COD.
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A graphical: representation of the COD and BOD5 disposition for the various

loadings is shown in Figure 6-4 .  It is possible that a small portion of biologically

removed BOD was actually due to air stripping, but this exact amount w a s  not

determined.

6 - 4  P r o c e s s  Materials Balance

Sufficient data were taken to formulate a process materials balance (5)

during the petrochemical waste test series.

(a) Sludge Production The sludge production as a function of COD removal

is plotted in Figure 6—5. From this plot, the sludge yield can be expressed as:

A X  = a(,24A"'S) _ b
Xa Xat

or A X  = aAS -bXa, . _ —-——t

or (wt. VSS produced/day = a(wt. COD removed/day) -b(wt. MLSS)

The "a" value of 0.20 appeared to be low, but it is possible that many of the sub-

strate materials used for energy could not actually be assimilated into cellular

material. Loss of COD through stripping action would also lower the value of Ha”.

(b) Oxygen Requirements Based  o n  Figure 6—5, the oxygen requirement

can  be expressed as:

24 rr _ a' 24(30 - Se) + b'
Xa XaE

or rr=a'(AS)+b'Xa

or (wt. oxygen/day) 2 a'(wt. COD removed/day) t b'(wt MLSS)

Generally, the synthesis fraction (a) plus the energy fraction-(a9 should be unity.

The sum in this case was 1. 02, although (a) appeared lower and (a') appeared

higher than the generally reported values (5).
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Z BOD5 8 COD Removed Biologically
‘§  8005 8 COD Remaining in Effluent

coo ‘coo coo coo ‘coo

D 800  BOD

k m
0.96 0.58 .
LOADING FACTOR

(lbs BOD5/doy/lb sludge)

Figure 6 -4

Continuous Unit BOD and  COD Removal

Petrochemica l  Was te



2.0

o ' . LO 2.0
24(30-39)

X91”
7 Figure  6 -5

Oxygen and Sludge Mater ia ls  Ba lance

75



76

6-5  Phosphates

Total inorganic phosphates of the raw waste and of the effluents were

measu red  to dete rmine  if the applied loadings had any significant e f fec t s  on

phosphate removal. The inorganic phosphate removal is normally accompanied

by an equivalent organic phosphorus build-up in new cellular mate rial. Organic

phosphorus in each system was measured by combusting the sample to ash, where

it is contained in the form of pyrophosphate. The ash was  then hydrolyzed and

measured a s  orthophosphate. No reproducible organic balance was obtained

using this procedure, as the phosphorus deficit ranged from 15% to 50%. It is

possible that at least part of this deficit was due to organic phosphorus being

lost from the ash in the form of a gas, P205- (4)
The removals of inorganic phosphorus (orthophosphates and polyphosphates)

for several loadings are reported in Appendix C, Table C=3 .  The average values

using the stannous chloride analytical technique are summarized below:

Table 6 - 3

Inorganic Phosphorus Removals.

, . _ ; i ; ..- _.;.- _. : a g . mean standard deviation coefficient of
Raw Petrochemical; Waste (ling/g1) (mg/1) variation

Total inorganic phosphorus 10. 96 2. 55 23%

Effluent

Unit 3 (Lf=1. 6)  4. 77 l. 21 25%
56% Removal of inorganic — P

Unit 4 (Lf=0. 96) £43,384 1. 69 34%
56% Removal of inorganic - P

Unit 6 (Lf=, 53) ;,5:; 01 1. 72 34%
54% Removal of inorganic - P

Unit 8 (Lf=. 10) 4. 36 1. 68 38%
60% Removal of inorganic - P
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It was  observed that although slightly better removals were obtained

at the lowest loading, the change was not significant, and no definite loading

effect on phosphate removal could be concluded from this particular study.

6—6 Bound Water Analysis

Relative amounts of activated sludge floc ”bound water” were evaluated

for each unit to determine if this phenomenon did in fact contribute to sludge

bulking. Using the procedure. as outlined in Chapter 4, and assuming the

theoretical basis to be valid, the standard petroleum curve and standard petroleum-

water curve were experimentally obtained. This information is plotted in

Figure 6-6 ,  and the expansion value of free water is therein calculated. An

expansion curve for. 60  ml of petroleum and 10 ml  of concentrated mixed liquor

was then run for each unit. Based on  these stem readings at ”1400  and the free

water expansion value, a bound water index for each loading was calculated in

the following manner:

Unit 8 Bound Water at L; = . 10

(1) Mixed liquor concentrated to 6, 266 mg/l

Total Wt. = 9. 93600 gms
== . 07435  gms dry solids
9. 90165 gms total water

@ 14°C,  stem reading = 0. 700 (60 ml petroleum + 10 ml
' mixed liquor)
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petroleum alone = 60/70(1 .  87) = 1. 60 ml

petroleum + sample 0 .  70 ml

free water expansion . 90 ml

. 90 m1 = 9. 0 ml free water

. 10  ml/ml

(2) Total Water - Free Water = Bound Water

9 .  90165  m l  - 9. 0 m l  2 . 90165  m l  bound water

. 9 0  ml bound waterW = 12. 0 bound water index

. 07 gms dry solids

Units 3,  4, 6 ,  and 7 were calculated in a similar manner with the results , ii

summarized a s  follows:

Bound Water Data Summary

Unit Lf Gms. Total Water Calculated Calculated Gms dry Bound
m1 free water ml  bound water solids ' water

index

3 1 .60  9 .93734  8.0 1 .93  . 06266  30

4 .96 9 .91130  7.8 2 .11  . 08870  24

6 . 58  9 .94415  9 .2  0 .74  . 05585  13

7 . 17  9 .93860  9 .0  1 .04  . 06140  15

8 . 10  9 .90165  9.0 0 .90  . 07435  12

The sludge bound water index with the corresponding settling velocities

and SVI values are listed in Table 64.
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Table 6=4

Loading Effects  on  Zone Sett l ing Veloc i ty ,  SVI, and  Bound Water  Index

Loading Fac tor  (Lf) Zone  Sett l ing Ve loc i ty  SVI Bound Water  Index

1b so l i d s

1. 60 bulking >1, 000 30
0 .  96  O. 3 480  24
0 .  58  13.  O 110 . 13
0 .  17  14:. 5 96  15
6 .  10 6 .  5 164 12

Based  on  this  data it can  be  deduced  that bound wa te r  contr ibutes to s ludge

bulking, the amount o f  bound wa te r  w i l l  i nc rea se  with loading,  and  the SVI and

zone  sett l ing velocity va lues  wi l l  depend in  par t  on the bound wa te r  content .

This i s  somewhat  contradictory t o  the r e su l t s  s ta ted  by  Heukelekian and Wei sbe rg  (14)

a s  they concluded that bound wate r  contributed only to non-fi lamentous sludge

bulking.

6 -7  Variable  Loading Ana lys i s

The  effects  of  var ious  loadings on  the s ludge character is t ics  we re  evaluated

using the same p rocedure  a s  that employed for the b rewery  s ludge ana lys i s .  The

continuous units we re  ope ra t ed  s imul taneously .  Th i s  was  done in o rde r  to

eliminate any poss ib l e  environmental d i f fe rences  be tween  the individual sys tems

during the test ing per iod .  I
( a )  Oxygen Uptake, Dehydrogenase Enzyme Activity,  and RemoVal

Efficiengy Response  The response  of  t hese  parameters  to  va r ious  loading condi-P

t ions  i s  shown in Figure  6 -7 .  The ave rage  oxygen  uptake and  dehydrogenase  activity

inc reased  with organic  loading.  The COD removals  ranged f rom 50%  a t  the ovelr-  7

load condition t o  approximately 75% a t  the low loads .  The raw .was te  source  for the

Lf '=1 .  16 unit (Figure 6-7)  was  not buffered on  day 13, and  the mixed l iquor of the

system fel l  to the was te  pH of  5 .  8 on  day 14 .  The r e sponse  o f  a l l  three paramete rs

to this  pH drop i s  noted on  days 14  and  15 .
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(b)  Set t l ing Curves The s ludge  se t t leabi l i ty  of  each  loading was  evaluated

by measur ing the zone settl ing veloci ty and  the SVI. The zone settling veloci t ies

were  computed  f rom the set t l ing cu rves  a s  plot ted in Figure C- l ,  Appendix C .

The data for each  loading a r e  summarized and  plotted in Figure 6—8.
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Parameter  Response  to Organic Loading - Petrochemical  Waste

6—8 Plant  Opera t ing  Data

The  p lan t  ope ra t i ng  da t a  were  compared  wi th  l abo ra to ry  i n fo rma t ion  t o

check  the  compa t ib i l i t y  of  t he  two . P l an t  COD remova l s  had  been  p rev ious ly
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reported and oxygen  up t ake  and T. T. C. analyses were performed by the

author at the plant site. The results w e r e :

T reatment  Plant Data:

(a)

(b) MLSS: 1 ,363  mg/l

(C)

Loading: 0. 24 lbs BOD/day/lb sludge

Oxygen Uptake (Corrected from 340C to 23°C):

9 mg Oz/hr/gm

(d) Lagoon Temperature:

(e) COD Removals at 34°C:

(f)

34°C

780/0120 84%

approximately

Dehydrogenase Enzyme Activity (test temp. = 37°C) :  . 023p

moles/mg VSS

(g) SVI: 130 to 150

Table 6 - 5

Average Operational Values’.<

SVI Lf Oxygen Uptake Dehydrogenase COD Zone
{lbs BOD/day (mg02/ hr/ gm sludge) Enzyme Removal Settling Vel
lbs sludge) (M moles/mg VSS) (‘70) (ft/hr)

164 0 .10  5 . 021  73 6.5
96 0 .17  6 . 023  72 14.5

Plant 130— 0. 24 (9)230 . 023  (78— 84)34° —
Data 150
' 84 0.39 11 .032 69 20.0

0. 40  13 . 038  6 8

110 0 .58  24 . 025 6 0  13

0. 83 31 . 064 6 1
480 0 .96  55 .035 52 .30

— 1. 6 0  6 5  . 060 54  nil

~ 2. 30  78 . 105  50 nil

*Tem  perature =' 230C

( T h e  plant data are  inserted in the'above table according to the indicated

loading. The plant values appear to be  generally consistent with those

reported from the laboratory study.
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6-9  Photomicrographs

(a) Optical photomicrographs (1200 X) of representative populations

responding to the various loadings a re  shown be low:

Figure 6 -9  (a)
Lf ‘  = 0 .  10

' SVI = 164

Figure 6-9 (b)
Lf' = 0.40
SVI = 86



Figure 6 -9  (c)
Lf '  = 1 .  60

SVI = bulking

Figure 6 -  9 (d)
Lf '  = 2 .  30

SVI = bulking
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The microbial response to the organic loading level  i s  again noted.  The

filamentous organisms were  predominant only a t  the higher load ings .  Two types

of filamentous forms appeared,  a s  shown in Figure 6 -9  ((2) and (01). One gives

the appearance  o f  being lower  protist  in nature,  F ig .  6 -9  (d ) ,  while the other

form resembles  a t rue fungus, Figure 6 -9  ( c ) .

(b)  Electron photomicrographs o f  t hese  and other specimens.  a r e  shown in

Figure 6 -10 .  Figure 6 -10  (a)  shows the genera l  microbial  population present  in

the laboratory aera ted  lagoon treating petrochemical  was te .  Very  low loadings

were  applied and no filamentous forms were  p re sen t .  The microorganism shown

in Figure 6-10 (b)  i s  typical o f  the population. Figure 6 -10  (0)  shows a highly

magnified view of  the fungal like organisms which were  observed in Figure 6 -9  (0 ) .

The s tems  a re  septate and  approximately 2 .  5 microns in diameter .  They take

the form of  Fungi imperfecti,  although differential analyses were  not per formed.

These  forms and  the Spaerot i lus- l ike organisms f lour ished under high loading

conditions .

Figure 6 -  10 (a)
Genera l  Microbial  Population

@ L f ‘  = . 5
(10, OOOX)



Figure  6 -  10 (b)

Typical Microorganism

. 5

Figure 6a- 10 (0)

Higher Forms in Aerated Lagoon  System
@ Lf '  = 1.60

(7 ,  000  X)
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6 -10  Nutrient Deficiency

It was previously determined that this particular petrochemical waste

was deficient in nitrogen (39). Two units were operated in parallel, with the

same organic load applied to each. The calculated concentration of nitrogen

in the form of ammonium sulfate was  added to one unit, while no nutrients were

added to the other. The two units were operated o n  a continuous basis until

the systems were adapted to the imposed nutritional conditions. The sludge

settling curves of the two can be compared in Figure 6-11. There was  no

significant reduction in the BOD removal efficiency of the nutrient-free

system, although the settling characteristics of the sludge were somewhat

poorer than that where ample nitrogen and phosphorus were available.
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5.- 1 1 Summary

The petrochemical waste analyses are summarized as follows:

1. The natural buffering capacity of this waste mixed liquor was established.

Maintaining 1, 500 mg/l MLSS in a 5eliter aeration chamber, up to 4. 9 l/day of

the petrochemical waste (pH 5-to pH 6. 5) could be applied without any expected

acid range pH.

2. The BODult/COD ratio of . 49 indicated that half of the waste COD was

bio-degradable. .

3. Twenty per cent of the waste COD was  air stripped within a 24 hour

aeration period. It was  determined that 29% of the material stripped out exerted a BOD.

4. A. materials balance of the process indicated the synthesis fraction (a) to

be 0. 20 and the energy fraction (a') to be . 82.

5. No significant loading effect on inorganic phosphate removal was  observed.

6. The bound water content of a bulking sludge was  much higher than that of

an endogenous sludge. The bound water phenomenon appears to contribute to the

sludge settling characteristics in some measure.

7. Oxygen uptake and dehydrogenase enzyme activity function together as

previously mentioned, and the magnitude of both depended on the applied petro-

chemical waste load.

8. The sludge settleability for the petrochemical waste was  best between BOD

loadings of 0. 2 and 0. 6 lbs BOD/day/lb sludge.

9. The COD reduction, oxygen uptake, and dehydrogenase enzyme data taken

at the plant was quite compatible with that taken from a laboratory continuous unit

undergoing a similar loading. -

10. Two different forms of filamentous microorganisms were prolific in the

higher loaded units. The presence of these organisms were primarily responsible

for the deterioriation in sludge settleability. One of the forms was  a Sphaerotilus=

like filament, while the other had true fungal properties.



Chapter 7

EXPERIMENTAL RESULTS == DOMESTIC WASTE

7=l Sampling and Acclimation Procedure

Domestic wastewater was  obtained daily from the Austin Govalle Plant.

The sample was  taken from a 30=minute detention primary settling tank and

immediately cooled prior to use. Using this procedure, the food source for the

laboratory units was  kept fresh at all times. Mixed liquor from the treatment

plant was used as the initial seed and no acclimation time was required. Each

loading run was two weeks  in duration allowing the system to equilibrate to its

particular loading level.

Higher Lf values were  difficult to obtain using domestic waste because of

the low BOD concentration. Excessive hydraulic loadings resulted in a wash-=out

situation, limiting the maximum Lf that could be applied.

7 =2 BOD / COD Relationship

The BOD5 and COD of the raw waste were evaluated over a two week

period. The BOD/COD ratio fluctuated between 0. 55 and O. 70, with an average

value of 0. 61. The Govalle Plant range was reported to be from O. 40 to 0. 60.

The average BOD/COD ratios of the effluents with different loadings were:

Table 7=1

BOD/COD  Values at Various Loadings =1 Domestic Waste

Unit No. Lf(1b BOD5/day/lb. sludge) Effluent BOD/COD

3 0.88 0.30

5 0.56 " 0. 18

4 0. 43 8. 18

6 0.27 0. 10

7 0. 15 0. 10
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A graphical  representat ion of  the BOD and COD removals  for  different

loadings i s  shown in Figure 7 -1 .
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7-3 Variable Loading Analysis

The daily fluctuations of dehydrogenase activity, oxygen uptake, and

COD removal for each applied loading are shown in Figure 7-2 .  The fluctua-

tions were more pronounced than those observed for the petrochemical and

brewery wastes as a result of the daily changes in the domestic wastewater

characteristics.

The sludge settleability was evaluated using the aforementioned pro-

cedures, and these parameters along with BOD and COD removal efficiences

for each loading are plotted in Figure 7 ~3.

7-4 Nitrogen Analyses

The nitrogen data, as  listed in Table D-3 were obtained in order to

understand better the loading effects on the degree of nitrification in the

activated sludge process. An attempt to obtain a nitrogen balance for the

System was also made. Total Kjeldahl nitrogen (organic - N + ammonia - N)

of the raw waste and the effluent was determined, as  well a s  the effluent nitrite

and nitrate concentrations. An indirect measure of nitrification is the total

Kjeldahl nitrogen reduction through the system. This value and the total nitrite

effluent concentration for each Lf are plotted in Figure 7-4 .

7 - 5 Photomicro graphs

Photomicrographs of the domestic waste activated sludge floc are

shown in Figure 7-5 (a) and (b). As in the two previous studies, the filamentous

forms were present under low organic loading conditions, but were  predominant

only in the higher range.



IOO
90
80
70
so
50
4o
30

I00
90
so
70
so
so
40
30

I00
90
80
70
so
so
40
30

° /
o

C
O

D
R

E
M

O
V

A
L

.07
.06
.05
.04
.03
.02
.0I

.07

.06

.05

.04

.03

.02

.0l

.0?

.06

.05

.04

.03
.02
.0I

D
eh

yd
ro

g
en

as
e

E
n

zy
m

e
(h

m
o

le
s /

m
g

V
S

S
)

I
0

2
U

P
T

A
K

E
(m

g
0

2
/h

r /
g

m
s l

u
d

g
e

o:
—

N
O

IA
U

IC
D

N
0 

00
00

00
00

N O
3

O

‘ I I T I I I I I I I I I
L Dehydrogenase enzyme L'  ' "3 ° "
—- —I

— 0x en 0 I—_ "pg “  /o COD Remova_1

I I I I I I I I I I I i
l 2 3 4 5 6 7 8 9 I 0  I I  I2  I 3  I 4

I I I I I I l I I T I I
" LI' = 0.84 Dehydrogenose enzyme

_ . ,1: “A./ -
- dxygen —
— uptake °lo COD Removal -

I I I I I I I I I I I I
I 2 3 4 5 6 7 8 9 I 0  I I  I 2  l 3  I 4

I I I I I I I I I I I I
— °/o COD —_Dehydrogenose enzyme Removal _

_ K. _
_ x -v"’ bu“) _

_ Omen upmke “V, I4. = 0.64 _
I I I I I I

Figure  7 -2

Daily Record of  Sludge Activity and COD Removal Efficiency
Domestic Waste

95



C
O

D
R

E
M

O
V

A
L

° /
o

I00 " 2;; '07 " . I I I I I I I I 'T W I I
90~—m_06I—,.. 30— L f=0 .40  -4
80 __ Z 05 _ g °/o COD Removal __d
70—504—3 20+— 0 —
60 _ g .03— 2 gehydrogenase enzyme ,x” x‘ __

7'5 a 0-“ .50— e .02— b IoI— ux. 
Xk‘dl, Oxygen‘g: _.

40 —— 3 .0 l  - f —— Em” “WP-4 uptake —
30 -  a, 0 . .  N 0 I I L I L I I I I I I J

‘ E O l 2 3 4 5 6 7 8 9 l 0  l l  l 2  l 3  l 4IOO " : 07 "  ‘7' I I I I I I I I I I90—506—530— Lf‘023 o —
U)70r- g .04— § 204mm __

60— § '03_  % _ 0“ Oxygen ptak:s. \ U50—1, .02 r -  m lO— \ __
40— EDIL  ° _. If ARK/0325553“ _
so _ c: o I. o I ‘T I’ l ‘I’ I II l l

| 234  7 9 l0 l l l 2 l3 l4
I
5 6 8
TIME (days)

Figure 7-2 ( con ' t . )



co
o

R
EM

O
VA

L 
E

F
F

IC
IE

N
C

Y
I%

I

85
80

75
7o
75
60
5-5

II
SL

UD
G

E 
V

O
L

U
M

E
IN

D
E

X

250

200

I50

I00

50

20  F l l 1 I l

l8—
I6 -  ,3

I2
IO

ZO
NE

 SE
TT

LI
NG

 VE
LO

CI
TY

 (ft
/h

r)
Zone settling velocity

{‘4‘~ °/oBOD5 Removal

- I00

6
4 — 7o
2 __ °/o COD Removal
0 I l l
o 0.5 LO l.5

Lf' LOADING FACTOR
(lbs COD/doy/lb solids)

[ I I l l I I I I I

Lf o 0.5 I.0
(lbs 3005 /doy/lbsolids)

Figure  7-3
Parameter Response to Organic Loading -

Dome stic Waste

A

B
O

D
R

EM
O

VA
L

EF
FI

CI
EN

CY
( °

/o

97



zIOOLu

H
N

IT
R

O
G

N
co

 
co

0
o
 

0

° /
.

R
E

D
U

C
T

IO
N

,
T

O
T

A
L

O

K
JE

L
D

A
L

5
8

8
8

8
8

/°/o REDUCTION, TKN

l 
l

5 
8

N
02

,
N

03
C

O
N

C
.

IN
EF

FL
U

EN
T

(m
g

/ I
)

/
EFFLUENT N02, N03 c0Nc.> \V

I 0|

I l J l L l l

O .I .2 .3 .4 .5 .6 .7 .8 .9 LG
Lf (lbs BODs/duy/lb)

Figure  7 -4

Organic Loading Effect  on  TKN Reduction

and Nitrification

98



99

Figure 7 -5  ( a )
Lf  = . 25

SVI = 85

Figure 7 -5  (b)
Lf  = 1 .  00
SVI = 120

Figure  7 -5  Photomicrographs - Domestic Waste
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7 “-6 Summary

1 .  The  ave rage  BOD/COD rat io  of 0 .6  i s  no rma l  fo r  domes t i c  was t e s ,  wi th

the p lan t  f rom which the  was t e  was  ob t a ined  r epo r t i ng  a ra t io  va r i a t ion  o f  O. 4 to

0 .  6

2 .  The re  was  good  co r r e l a t i on  o f  dehydrogenase  enzyme act ivi ty and

oxygen  up take ,  a l though  the da i ly  f luc tua t ions  o f  the two  were  more  p ronounced  than

t hose  of  the indus t r ia l  was t e s .  Th i s  and  the  high coe f f i c i en t  of  var ia t ion  o f  the

da i ly  s ample  BOD va lues  demons t r a t ed  the  h ighe r  va r i ab le  nature  o f  the was t ewa te r .

3 .  The  s ludge  se t t leabi l i ty  for  the  domes t i c  was t e  was  bes t  be tween  BOD

loadings of 0.  1 and O. 6 lbs  BOD/day / lb  s ludge.

4;. The  to ta l  K je ldah l  n i t rogen  r educ t ion  and  subsequen t  nitr i te and  ni t ra te

concen t ra t ions  dec reased  s ignif icant ly with i nc rea s ing  o rgan ic  load ing .  An  ave rage

of  10% o f  the input n i t rogen  was  not  accoun ted  fo r  i n  t he  n i t rogen  ba lance  ca l cu l a t i ons .

5 .  F i l amentous  mic roo rgan i sms  were  p re sen t  unde r  a l l  loading cond i t i ons ,

but  we re  p redominan t  on ly  a t  L f  va lues  h ighe r  than  0 .  7 .



Chapter 8

DISCUSSION

Sludge settl ing and  adequate compaction a re  neces sa ry  for the succes s fu l

ope ra t ion  of an  ac t iva ted  s ludge  p roces s .  S ludge  bulking and  i t s  r e l a t ed  a spec t s

have been  the subjec t  of  many investigations,  the r e sea rche r s  general ly  agreeing

on  the cause  but  not the cu re .

A batch  laboratory arrangement  was  u sed  to  study the effects  of  anaerobios is

as  a bulking cont ro l  dev i ce .  I t  was  apparent  that such  a change in environment had

a def ini te  inhibitory e f f ec t  on  the f i lamentous  fo rms  that  we re  p re sen t ,  but the

settling charac te r i s t ics  we re  not significantly improved and many of  these  mic ro -

organisms  survived even  the longer  pe r iods  o f  anae rob ios i s .  A continuous ae rob ic -

anaerobic  sys tem would have provided more real is t ic  data,  however .  The ability

of  mos t  mic robes  developed in the aerobic  environment to  maintain their

assimilat ive capacity following anaerobic  contact  pe r iods  was  substantiated by this

invest igat ion.  It i s  p roposed ,  however ,  that the microb ia l  populat ion i s  capable

of  maintaining this capaci ty  for  longer  anaerobic pe r iods  than mentioned by

Wurhmann ( l8 )  and McClel land (21).

Bulking, r ega rd l e s s  of  the form it t akes ,  c an  be  r e l a t ed  to  o rgan ic  load ing .

The primary cause  appears  to  be  the b io logica l  r e sponse  to the environment brought

about by a par t icular  loading l eve l .  Th i s  was  t rue  for each  o f  the th ree  different

wastewate rs  s tudied .  Tes t s  a l so  indicated high bound water contents  at  the  higher

organic  loadings,  accompanied  by  s ludge settling deter iorat ion.  Var ious

investigators have repor ted  different  organic loading values at which bulking f i rs t

appeared.  These  values range from 0.  50 lbs BOD/day / lb  MLSS to  2 .  00 lbs  BOD/

day / lb  MLSS.  The resul ts  f rom th i s  investigation indica ted  that bulking occu r r ed

above :0. 70  lbs  BOD/day/ lb  MLSS for each  waste  under  considerat ion.  These  con-=-

tradit ions can  bes t  be  expla ined by  cons ide r ing  the r epo r t ed  va lues  abso lu t e  and
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comparable only when complete mixing prevails. Since the significant parameter

is the concentration of food in contact with the organisms, the geometry of the

system and the mode of introduction of the waste must be considered. A. changing

foodwtOUmicroorganism ratio within the tank will correspondingly induce an

unpredictable biological response.

Oxygen uptake and dehydrogenase enzyme measurement appear to be

excellent parameters of sludge activity. The response of each to organic load—

ing and environmental changes was consistent throughout the testing period.

This correlation was reported earlier by Ford, Yang, and Eckenfelder (26) and

the relationship was  valid for each test series of this study. The increase of

oxygen uptake with organic loading using a domestic waste substrate followed

the same relationship a s  set- forth by Orford, Heukelekian, and Isenberg (40).

The effects of BOD loading on  sludge volume index were approximately the

same for the three wastes studied. Logan and Budd (41)  evaluated these effects

for a domestic waste using a completely mixed pilot plant and found the same trend,

although good sludge settleability was restricted to a BOD loading range of O. 2 to O. 4.

The effects of organic loading on  phosphate removals and nitrification were

considered in two instances. A. phosphorus balance was difficult to obtain; the

problem of evaluating organic phosphorus accurately was most prevalent. No

loading effect on inorganic phosphorus removal was  observed. Reasonably accurate

nitrogen balances were recorded, and the effect of organic loading o n  nitrification

was significant.



Chapter 9

CONCLUSIONS

The results of this study of the three wastewaters can be summarized as

follows:

(1) Prolonged periods of anaerobiosis (24 hours or longer) had an adverse

effect on the filamentous microorganisms developed from the brewery waste,

although many appeared to survive. The improvement in sludge settleability

was not considered significant on a batch basis, although a continuous system

analysis might have provided more realistic data. However, prolonged periods

of anaerobiosis and the consequent microbial response had little effect on  the

assimilative capacity of the system.

(2) The sludge settleability as measured. by zone settling velocity and

SV I followed the same general pattern for all three wastes, The settleability was

reduced at both ends of the loading spectrum, but the reduction was most signifi'=

cant at the higher organic loadings. The poor settleability at the low loadings

was probably due to unoxidized fragments of the floc being broken up with a con—

sequent reduction in specific gravity, while the very nature of the dominant

filamentous microbial population was considered responsible for the high load

bulking. The best sludge settleability for all wastes occurred in the Lf range of

0.2 to 0.7 lbs BOD5/day/lb solids.

(3) The changing microbial population with organic loading responded in a

Similar manner to each of the wastewaters applied. Filamentous microorganisms

were present under all loading conditions, but were predominant only at Lf values

exceeding 0. 7. Two different filamentous formswere observed. One was a

Sphaerotilus-like filament, while the other had true fungal properties.

(4) Oxygen uptake, COD removal, and dehydrogenase enzyme were used to

monitor system changes throughout the testing period. The daily fluctuations of
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these  parameters  we re  mos t  pronounced during the domest ic  was tewater  t e s t

s e r i e s  because  of the variable nature o f  the was te  i t se l f .

( 5 )  There  was  an  excel lent  corre la t ion be tween  the mixed liquor oxygen

uptake and the dehydrogenase activity, and the magnitudes o f  both were  dependent

on  the applied o rgan ic  load .  As s een  in Figure 9= l ,  this  was  true for  a l l  th ree

wa s t ewa te  r s .

(6)  The bound wa te r  content of  the pet rochemical  s ludge  i nc reased  with

organic loading a s  shown in Figure 9==1. The indicat ion he re  i s  that t h i s  phenomenon

i s  a t  l eas t  partially respons ib le  for s ludge bulking a t  the higher organic  load ings .

(7) The COD reduction,  oxygen uptake, and dehydrogenase enzyme data of

the pe t rochemica l  was te  obtained under  s imi lar  condi t ions  a t  the t rea tment  plant

and from the laboratory units  compared  quite favorably.

(8)  No significant loading effect on  inorganic phosphate removal from the

pe t rochemica l  was t e  was  obse rved .

(9) Effluent nitrite and nitrate concentrations,  a s  weibl a s  total Kjeldahl

ni t rogen  reduct ion through the biological  sys tem,  dec reased  with increasing

domes t i c  was te  organic  i npu t s .  An average  of t en  pe r :  c en t  of  the influent

ni t rogen was  not accoun ted  for  in the n i t rogen balance ca lcula t ions .
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TABLE A—l

134 Cs '  Residence Time Determination

Time Cum. Effluent Aeration Tank
Time Activity - cpm/ml Activity-Cpm/ml

1456 O 0 36,000

1500 :04 21,100 —

1514 :18 29,055 —

1526 :30 31,330 32,050

1556 1:00 22,310 —

1700 2:04 21,390 21 ,110

1800 3:04 19,500 —

2020 5:24 11,936 11,150

2230 7:34 10,036 10,545

0630 15:34 3 ,530 3 ,260

0900 18:04 3,008 2 ,420

1456 24:00 1,192 1 ,084

*8cpm background and natural decay neglected
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TABLE B- l

Acclimation Oxygen Uptake Determinations - Oxygen Probe

am SD.O. §

- Date Time Readmg D.O. C;um‘
11 amps T1me

92:;665 7.05 11.70 0
' :15 6.75 11.20 :15

:15 6.40 10.70 :30
:15 6.20 10.30 :45
:15 6.10 10.10 1:00
:15 6.00 10.00 1:15

1:00 5.60 9.30 2:15
1:00 5.20 8.70 3:15
2:00 4.40 7.35 5:15
3:00 3.20 5.35 8:15
2:00 2.30 3.84 10:15

91:;665 6.80 11.40 0
' :15 6.70 11.10 :15

:30 6.40 10.65 :45
:30 6.20 10:30 1:15
:30 5.90 9.80 1:45

1:00 5.40 9.00 2:45
1:00 4.85 8.10 3:45
2:00 3.75 6.25 5:45
2 :00  2 .60  4 .35  7 :45

21%2665 5.20 8.70
' :30 5.00 8.30 :30

: 30  4 .80  8 .00  1 :00
:30 4.60 7.68 1:30
:30 4.45 7.40 2:00
: 30  4 .30  7 :15  2 :30
:30 4.20 7.00 3:00

2:00 3.40 5.67 5:00
2:00 2.60 4.34 7:00
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TABLE B-l gCon’c'd.)

Date Time Readmg D . 0. GP“:
p a m p s  Tune

9112258: m 5.00 8.35
' ' ' :15 4.75 7.92 :15

:15 4.60 7.68 :30
:45 4.30 7.15 1 :15

1 :00  4.00 6.67 2:15
1 :00  3.70 6.18 3:15
1:00 3.40 5.66 4:15
1:00 3.00 5.00 5:15

9-19-65
10 :00  a.n1. 4.60 7.68

:30 4.25 7.09 :30
1:00 3.85 6.42 1:30
1:00 3.40 5.67 2:30
1:00 3.00 5.00 3:30
1:00 2.60 4.34 4:30

9—19—65
9:00 p.nn 5.90 9.83

:30 5.60 9.34 :30
1:00 5.20 8.67 1:30
1:00 4.85 8.09 2:30
1:00 4.45 7.42 3:30
1:00 4.10 6.83 4:30
1:00 3.70 6.18 5:30
1:00 3.30 5.50 6:30
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TABLE B-Z

Oxygen Uptake Summary

116

Time—hrs Time—da 5 rr Tr MLSS Kr' y (mg/l/min) (mg/l/hr) mg/l mgOZ/hr/gm

0 0 .61 36.8 2600  12.3
1.0 .04 .89 53.2 2570 20.0

19.1 .80 .60 36.0 2300 15.5
32.1 1.30 .55 33.0 2200 15.0
41.6 1.70 .68 41.0 2100 20.0
52.6 2.20 .70 42.0 1850 22.0

W

COD Removal Summary

Time—days COD Removal (%)

0 _

l . 1 0  7 6 %

1 . 8 0  9 2 %

Z . 0 5  9 3 %
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W

Settling Data

Date Anaerobic Aeration Settling Interface

Time (hrs) Period (hrs) Time (min) level (ml)

10-22 -65  0 2 0 1000
20  805
40  730
60  5 60

100  480

l 2 O 1000
20  760
40  550
60  3 60

12  0 2 95

5 2 0 1000
11  870
35  700
46  560
88  480

10  2 0 1000
10  800
27  690
40  560

2 4 Z O 1 000
6 740

10  660
17  590
24  555

5-' 1 3-66  0 6 0 1 000
l 1000

14  990
35  960
60  900

6 6 0 1000
6 990

12  980
2 3 9 5 O
48  850

12  0 0 1000
1 1 9 8 0
35  900



TABLE B—4(confld.)
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Date Anaerobic Aeration Settling Interface
Time (hrs) Period (hrs) Time (min) level (ml)

5—13—66 23 O O 1000
6 990

16  980
30  950
45 860
60  750

23  6 0 1000
14  980
30  890
45 600
72 240

48 O 0 1000
10  980
16  960
24  910
34  790
45 650
60  500

48 6 0 1000
10  950
14  910
20  790
27  650
38 480
48 400
52 370
66 280

72 0 0 1000
6 980

17  920
26  840
30  800
46 600
63 440

72 6 0 1000
6 980

14  870
20  700
22 640
28  520
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TABLE B-7

Loading Data Summary for Combined Aeration and Settling Unit

Unit No. Date Flow ( l /day)  MLSS (COD Bas i s )*  Comments
L i

f

5 4 -19  - 2140  -
4 -20  5 .  4 1970  . 37
4 -21  5 .  8 2100  . 36
4 -22  8 .  0 2640  . 43  Avg.  Lf'= . 41
4 -23  7 .  8 2230  . 44
4 -24  7 .  5 2020  . 47
4 -25  6 .  8 2060  . 43
4 -26  6 .  7 2670  . 35  Run 1

5 4 -27  17 .  8 - -
4 -28  15 .  5 2000  0 .95
4 -29  14 .  4 3310  . 70
4-30 17. 0 2880 . 85 Avg. Lf' = .80
5-1  17 .0  2880  . 80
5 -2  14 .  5 2270  . 80
5-3  - - - Run 2

5 5 -4  5 .  4 2200  . 35
5 -5  6 .  2 2470  . 29
5 -6  8 .  2 2160  . 40
5 -7  5 .  8 2020  . 32  Avg .  L f '  = . 33
5 -8  5 .  4 2050  . 31
5 -9  6 .  1 2400  . 31
5 -10  6 .  O 2340  . 3 1 Run 3
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TABLE B-7  (Con ' t . )

Unit No. Date Flow ( l / day )  MLSS (COD Bas i s )*  Comments
.. Lf'

“—3—- 4 -19  - 1710  -
4 -20  10 .  1 1570  . 87
4 -21  13 .3  1650  . 92
4 -22  14 .  8 3440  . 70  Avg. Lf '  = . 69
4 -23  10 .3  2500  . 54
4 -24  11 .  0 2340  . 61
4 -25  10 .  1 2800  . 51
4 -26  9 .  0 3480  - Run 1

3 4 -27  25 .  0 -=- 1 .25
4 -28  23 .2  3100  1 -153
4-29  22 .3  2760  1 .  25
4 -30  22 .8  2700  1 .  25  Avg.  Lf '  = 1 .  15
5 -1  20 .0  3020  1 .00
5 -2  19 .2  2500  1 .00
5-3  17 .  0 -= - Run 2

3 5 -4  23 .  0 2570  1 .  12
52-5 26 .  2 3600  0 .  95
5 -6  26 .7  2540  1 .33  Avg.  Lf '  = 1 .50
5-7  27 .  8 2400  1 .39
528  26 .5  2710  1.220
5-9  26 .0  1220  2 .60
5 -10  25 .5  1950  1 .50  Run 3



TABLE B—8

Parameter Response
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(lbs COnay) Hmoles 0
Date lb solids 29 O {are mg vss 1:35:32

Lf' 2 p TTC

4 0.33 18.5 .029 —
5 14.0 .023 81
6 13.0 .017 85
7 11.0 .015 90
8 12.5 .013 88
9 11.0 .006 89
10 12.5 .021 91
20 0.41 14.0 .052 87
21 22.0 .039 82
22 14.0 .033 84
23 15.0 .039 87
24 13.0 .030 90
25 13.0 .034 88
26 12.0 .025 -

51
20 0.69 20.0 .052 85
21 18.0 .055 82
22 14.5 .033 84
23 11.5 .034 84
24 12.5 .033 87
25 11.0 .028 86
26 11.5 .024 85
27 0.80 - - -
28 21.5 .035 87
29 17.0 .030 88
30 18.5 .034 78
1 17.5 .030 76
2 18.5 .033 80
3 18.5 .032 81

27 1.15 —
28 15.5 .021 85
29 24.0 .040 79
30 25.0 .042 74
1 22.5 .038 70
2 22.0 .036 72
3 22.0 .036 76
4 1.50 9.0 .011 —
5 28.0 .022 72
6 18.0 .019 82
7 18.5 .024 77
8 37.0 .032 77
9 32.0 .042 79

10 27.5 .049 80
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TABLE B-9

Settling Curve Data

Cylinder Cylinder ' Cylinder

I f '  Time Level Lf '  Time Level If Time Level
(min) (m1) (m 1) (m 1)

0 .11  0 1000  1000  0 .41  0 1000  1 .50  0 1000
3 940  920  1 900  1 1000
4 920  880  2 700 2 1000
7 760  620  3 400 3 1000

10  570  500  4 320  5 1000
12 480  440  5 270  7 1000
19  330  290  6 240  9 1000
21  290  280  8 200  16  985
24  270  260  11  - 22 980
29  230  - 16  180  38  940
40  210  — 21  170  1 .15  0 1000

31  170  1 980
0 .21  0 1000  1000  2 960

6 485  480  0 .69  0 1000  3 940
10  370  365  1 920  5 900
12 330  330  2 620  7 820
15  290  285  3 460  9 740
20  245  240  4 400  12 520
28 220  225  5 370  14  470
35 210  210  7 320 20  380

15 220 25 3200 .22  O 1000  1000  20  200  30  300
2 790  740  30  190  38  300
3 660  660  '
4 ' 570 580 0.80 0 1000
5 520  520  1 800
6 470  470  2 630
7 440  430  3 500
8 415  410  5 400

10  350  350  7 365
18  240  240  9 -
27  220  220  12 —
30  215  210  14  230
40  210  210  20  200

25  200
0 .33  0 1000  30  195

1 750
2 480
3 280
5 200
7 180
9 160

16  120
22  120
38  110
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Table 0—1 (cont'd)

BOD and BOD Data Petrochemical Waste

130

Date _ Raw Was te  Air Stripped

COD BOD COD BOD

5-31  2930
6—1 1100
6—2 2800
6—3 2705
6—4 3070
6—5 3180
6 -6  3170  3180
6 -8  3000  1260  2450  990
6—9 2870  2370
6 -10  2960  1148  2450
6—11 2900  2520
6—13 2880  2460
6—14 2870  2435
6—15 3030
6—16 2870
6*17  2940  1665
6~18 3110
6—20 3000
6—21 3140
6 -22  3000

Long Term BOD — Petrochemical Waste

Time (days) Sample 1 Sample 2 Average

1 30  30  30
2 60  60  60
3 780  800  790
4 1080  1000  1040
5 1110  1080  1095
7 - 1110  1110

10  1260  1160  1210
14  1140  1140  1140
20  1380  1440  1410



Table (3—2

Materials Balance

131

mg 02/1  Xa So  Se  t AX
Unit No.  hr mg/l mg/l mg/l AS mg/l* hrs  mg/l/day

3 114  1657  2970  1370  1600  13 .5  468

4 100  1676  2970  1400  1570  21 .5  303

6 40  1540  2970  1060  1910  38 .5  160

7 13  2100  2970  970  2000  95 .0  72

8 8 2000  2970  830  2140  168 .0  66

Computation:

24  AS 24  I“: AX
X - t X X
a a a

3 24§16002 =1 7 24(1142 =1 65 468 ___ 28
1657  (13 .5 )  9 1657  . 1657  '

4 24§15702  =1  05  244100 !  =1  43  303  = 18
1676  (21 .5 )  ' 1676  .~ 1676  .

6 240910) = 77 24(40) = 64 160 = 10
1540 (38a5 )  . 1540  . 1540  '

7 24(2000) ___ 24 24(13) 2 15 72 = 03
2100 (95 .0 )  ' 2100  . 21‘0’0' '

8 2421402 2 15 24g82 = 10 ‘66 ___ 03
2000 (168 )  ' 2000  G 2000  .

*Values are taken from Fig. 6—4 , Biological Removed COD
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# 133
Table 0 — 4

Parameter Response

(lbs BOnayz (mg Oz/hr/gm) ( (11 moles) )
lbs solids O Uptake W % COD

If avgc. 2 TTC Removal Comments

2431450} =
997(15.2)

5—33— 16 .022 59
2 8  .038 39
46 .098 50
78 . 135  -
85 .130 49
8 5  .130 -
9 0  .144 51
8 7  .087 49

24§14502 = .01 17
1657(13.5) .01 23

5 4  .036 51
1.60 4 3  — 4 7

75 .085 36

79 .040 32
8 3  .061 45
78 .076 5 0
61 — -
5 0  .055 69
5 6  .040 75

49 .055 6 0
78 .060 5 7
8 0  .065 65

24$1450) = .013 38
1676(21.5) 10 .017 2 7

2 4  .029 42
nL 12 a 49

32 .060 5 4

75 .022 4 7
9 0  .028 5 0
8 0  .035 4 7
6 7  _ __

45 .046 6 7
6 0  .038 6 4

51 — 41
72 .035 6 0

- .022 45



Table 0 —4  (Cont’d.)

134

(lbs BOnaz) L0, moles.
lbs solids .mg,Oz/hr/gm ( " m g  VSS ) % COD

Date L5 avg. 02 Uptake TTC Removal Comments

5—22 24§l4502 - —
5—23 1270(33.4) 11 66
5-24 2 4
5—25 = .83 19 . 067  6 7
5—265 30 .060 6 4
5-27 25 .080 6 4
5-28 2 8  .058 —
5—29 28 .065 56
5—30 3 4  .051 —
5—31 36 .070 57
6-1 32 - 55
6—2

6—7 25 .028 62
6—8 24§14501 35 .029 66
6—9 1540(39) 2 2  .024 63
6—10 19 - 46
6-11 = .58 2 7  .041 56
6~12 - — —
6—13 2 0  .020 6 0
6—14 2 4  .024 62
6-15 22 .021 61
6—16 2 7  —-= —
6—17 2 4  .020 70
6—18 25 .022 78
6-19 - — —
6—20 29 — 76 < —————— System pH
6-21 0 0 38 dropped be—m
6—22 0 0 0 low 6.—

5—22 24g14502 6 —
5—23 1715(50) 10 — 68
5—24 7 — —
5—25 = .40 12 .043 68
5—26 12 .044 70
5-27 12 .050 70
5—28 ‘20 .040 —
5—29 12 .050 65
5—30 12 .033 _.
5—31 17 .025 6 7
6—1 16 .040 6 7
6—2 ~ 6 7
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Table C-4 (Cont'd.)

(lb BOnaz) ( p. moles)
lb solids mg Oz/hr/gm mg VSS % COD
Lf avg. Oz Uptake TTC Removal Comments

2411450) 6
1680(52) 6 74

7 ..

= .39 9 .028 69
11 . 034  73
10 . 038  71
1 4  ‘ .034 —
15 ' .037 67
18 .034 -
13 .028 6 7

6 1 4  .028 —
6-2 -

5—22 24114502 5
5-23 2100(95) 4 72

5-24 ~ 6 -
5—25 =_.1_7 7 .022 71
5-26 6 .027 73
5—27 5 .024 73
5—28 7 .020 =—
5—29 12 .037 68
5-30 5 .019 —
5—31 5 .020 71
6—1 6 .016 —
6—2 - - —

5-22 24§l4502 5
5—23 2000(168) 4 73
5-24 4 _
5—25 = .10 5 .023 72
5-26 5 .024 74
5—27 4 .028 74
5—28 4 .030 —
5—29 4 .022 70
5-30 3 .018 -
5-31 5 .016 73
6—1 5 .012 -
6 2 —
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Table C - 5
Settling Curve Data

Cylinder Cylinder Cylinder
Lf Time (min) Level (ml) Lf Time (min) Level (ml) Lf Time (min) Level(m1)

0 .10  0 1000  0 .40  0 1000 0 .96  0 1000
1 980 1 750 1 990
2 9 7 0  1 2 980
4 800 2 4 970
6 580 6 . 7  9 5 0

10 430 10 11 935
15 400 15 22 910
22 375 22 34 840
3 0  330 30

0 .17  0 1000 0 .58  0 1000 1 .60  0 1000
- 1 750 1 830 Bulking

2 660 2 590
4 500 3 420
6 390 6 290

10 270 8 250
15 200' 15 160
22 190 24 140
26  180 3 0  135
30 180

2 .30  0 1000
0 . 39 O 1000 - Bulking

. 1  540
2 360
4 2 7 0
6 210

10 180
15 170
22 165
26  165
30 165
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Sludge Settling Curves for Various  Organic Loadings
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Table D — l

BOD and C O D  Data - Domestic  Waste

Effluents

D Raw W a s t e  Unit 3 Unit 4 Unit 5

me COD BOD OOD- BOD OOD BOD OOD BOD

7-11 452“ 95 95 85
7—12 323” 71 81 71
7—13 470** 250 70 20 90 11 80 24
7-14 255 95 85 85
7—15 255 135 85 35 75 7 55 7
7—15 150 120 80 80
7-17 190 100 80 100
7—18 170 80 50 80
7-19 242 115 55 111
7-20 275 204 115 83 70 15 70 9
7—22 250 173 125 31 115 34 100 18

Unit 6 Unit 7
Dam OOD BOD OOD BOD

7—11 85
7—12 - 71
7—13 70 5 ~ 8
7—14 — — 80
7—15 70 7 - 2
7_15 — 75
7—17 — —
7-18 50 80
7~19 50 ~
7-20 — 1o 90 39
7-22 50 5 55 5
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Table D -  2

Parameter Response

lbs BOD/day/lb sludge mg 0 /hr/gm [.1 moles % COD
Date Lf avg. 02 Uzptake (W) Removal

TTC

6 - 1 1  24‘1702

6-12 1216(3.9)
6-13 23 .043
6-14 = 0.88 3 4  ~ 63
6-15 25 .046 63
6-16 - .035 8 0
6-17 3 4  - 53
6-18 2 7  .038 47
6-19 36 .038 53
6—20 - .049 59
6—21 45 .041 -
6-22 36 .046 53

6-11 24§1702
6-12 1378(7)
6—13 22
6 - 1 4  = 0 . 4 3  2 0  .041 6 7

6-15 16 .038 68
6-16 18 .033 40
6-17 18 - 59
6-18 13 .011 65
6*19 17 .029 72
6-20 - .035 75
6-21 2 0  .025 -
6—22 14 .024 56

6 - 1 1  2411702

6-12 1365 (5.4)
6‘13 1 5

6 - 1 4  = 0 . 5 6  1 9  .043 6 7

6-15 17 .041 74
6-16 19 .034 40
6 _ 1 7  - - —
6 - 1 8  1 4  .026 5 3

6-19 2 4  .040 5 4
6-20 - .037 74
6-21 25 .048 -
6-22 14 .039 62
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l b s  BOD/day/lb sludge mgOZ/hr/gm 0. moles ) % COD
1’.ff avg .  02  Uptake mg VSS . Removal

Date TTC

6u l l  24§1702
6—12 1170(12 .8 )
6—13 10
6—14 = 0 .27  6 . 027
6—15 6 . 026  73
6-16  10  . 010  —
6~l7  — — —
6-18  8 . 009  65
6—19 13  . 028  79
6 -20  — — —
6—21 15  . 037  —
6-22  10  . 013  77

6—11 24  170
6—12 1102(24 .5 )
6—13
6-14  = 0 .15  5 . 033  69
6—15 8 . 027
6—16 5 . 009
6—17 — —
6~ l8  8 . 005
6—19 9 . 015
6—20 - . 013
6—21 5 . 007  75
6—22 8 —
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Table D—3

Settling Curve Data*

. Cylinder . Cylinder . Cylinder
Tune Level (ml) Li Time Level (ml) Lf Time level (ml)

0 1000  . . 56  0 1000  . 43  0 1000
2 940  2 880  1 980
3 790  3 700  2 930
6 440  6 160  4 520
8 340  8 130  6 450
10  310  10  110  8 300
12 285  12  100  18  120
16  240  16  95  30  110
30  170  30  75

0 1000  . 15  0 1000  0 0 1000
1 910  1 700 2 620
Z 760  2 540  3 500
4 330  3 190  6 310
6 240  7 100  7 240
8 190  20  90  20  150
9 120  30  90  30  140
20  110
30  110

* MLSS = 1 ,000  mg/l
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TABLE D—4
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. .I—‘low .\ Influent Effluent MLSS Balance
Unlt 3 Date (l/da‘yj TKN TKN N O Z , N O 3  Total wasted (gms (%)

as  N)
Lf  . 88  11  30 .6  34.0 15 .0  8 .8  23 .8

12  26 .6  37 .0  17 .4  8 .5  25 .9  . 203  —19 .0
13  26.8 33 .5  17 .0  10 .0  27 .0
14  31 .3  26 .0  10 .0  7 .3  17 .3  . 545  + 5 .4
15  25 .1  31 .0  14.8 6 .8  21.6 . 232  + 0 .6
16  31 .9  33 .5  22 .0  5 .5  27 .5  . 154  - 3 .5

17 ,18  67 .0  30 .4  22 .0  5 .8  27 .8  . 125  — 2 .8
19  31 .2  23 .5  12 .3  1 .5  13 .8  . 230  - 9 .6
20  31 .0  27 .0  13 .5  0 .9  14 .4  . 232
21 .  33 .4  23 .0  15 .2  0 .5  15 .7  . 293  + 6 .3
22  32 .7  29 .8  23 .0  0 .2  23 .2  . 218  + 0 .3

Uni t4

Lf  56  11  19 .1  34 .0  6 .0  15 .4  21 .4
12  17 .0  37 .0  8 .5  16 .8  25 .3  . 110  -26 .0
13  17 .4  33 .5  4 .5  16 .4  20 .9
14  18 .0  26 .0  4 .5  15 .4  19 .9  . 375  .+  4 .4
15  17 .1  31 .0  6 .8  13 .9  20 .7  . 193  + 3 .2
16  16 .7  33 .5  13 .0  11 .8  24 .8

17 ,18  36 .8  30 .4  6 .0  13 .6  19 .6  . 202  —20 .9
19  16 .8  23 .5  2 .5  12 .8  15 .3  . 184  +11 .6
20  16 .7  27 .0  2 .8  11 .0  13 .8  . 188  — 7 .2
21  18 .5  23 .0  5 .3 .  10 .5  15 .8  . 220  +20 .7
22  17 .5  29 .8  19 .0  2 .2  21 .2  . 086  —12.5

Uni t5

Lf  . 43  11  6 .9  34 .0  4 .3  16 .8  21 .1
12  15 .1  37 .0  6 .5  16 .0  22 .5  . 081  -28 .8
13  26 .0  33 .5  12 .5  10 .8  23 .3
14  27 .2  26 .0  4 .5  13 .9  18 .4  . 546  + 4 .7
15  14 .8  31 .0  5 .0  15 .1  20 .1  . 175  + 3 .3
16  25 .2  33 .5  13 .0  12 .1  25 .1  . 093  -13 .9

17 ,18  52 .6  30 .4  12 .0  8 .8  20 .8  . 312  - 3 .6
19  23 .1  23 .5  2 .3  10 .8  13 .1  . 262  + 4 .0
20  21 .7  27 .0  2 .2  10 .8  13 .8  . 290  + 0 .7
21  25 .2  23 .0  7 .8  6 .5  14 .3  . 113  —18.5
22  18 .1  29 .8  19 .0  1 .2  20 .2  . 220  +8 .3



TABLEID—4(ContJ

145

. Flow '. Influent Effluent MLSS Balance
M Date "(d/da3>)) TKN TKN NOZ,N03 TOtal wasted ©ms (%)

as  N)

Lf=  .27  11  0 .7  34 .0  1 .5  17 .7  19.2
12  2 .8  37 .0  4 .3  18 .8  23 .1  . 072  +17 .9
13  5 .3  33 .5  5 .6  17 .7  23 .3  . 072  +10 .7
14  8 .7  26 .0  3 .0  16 .8  19 .8  . 022  —14.1
15  4 .7  31 .0  5 .0  14 .6  19 .6  . 077  +15 .0
16  4 .2  33 .5  4 .0  17 .1  21 .1

17 ,18  25 .3  30 .4  1 .8  16 .8  18 .6  . 089  -28 .8
19  13 .5  23 .5  2 .2  12 .9  15 .1  . 088  — 7 .6
20  10 .9  27 .0  1 .7  11 .5  13 .2  . 142  - 3 .1
21  13 .3  23 .0  1 .8  11 .3  13 .1  . 023  —35.6
22 9 .2  29 .8  10 .0  7 .8  17 .8  . 104  — 2 .2

IInit 7

Lf=  .15  11  2 .3  34 .0  2 .3  16 .0  18 .3
12  3 .2  37 .0  4 .3  17 .7  22 .0
13  5 .0  33 .5  3 .6  17 .7  21 .3  . 025  -33 .0
14  5 .8  26 .0  3 .6  16 .8  20 .4  . 046  + 8 .6
15  4 .7  31 .0  3 .6  15 .4  19 .0  . 043  — 8 .9
16  5 .0  33 .5  3 .5  16 .8  20 .3  . 028  —17.0

17 ,18  10 .8  30 .4  2 .3  16 .8  19 .1  . 021  —31.5
19  5 .3  23 .5  1 .7  16 .4  17 .1  . 028  - 4 .8
20  4 .3  27 .0  4 .8  9 .8  14 .6  . 049  — 4 .7
21  5 .3  23 .0  1 .7  12 .1  13 .8  . 124  + 6 .1
22  5 .4  29 .8  2 .0  15 .0  17 .0
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