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PREFACE

The response to Volume I having been favorable, we have expanded Vol-
ume II to cover a larger area of interest to the applied microbiologist. We
find that interest in this area of knowledge is expanding rapidly and that
Advances is serving as a means of communication between diverse groups.

‘We have also included in this volume a recent symposium on engineering
practice. To facilitate the publication of this section, we have left the papers
in the style in which they were presented, rather than insisting that they
conform to our more usual rules. We think that this is further evidence
that Advances can be, even more than it is at present, a flexible tool to
serve the needs of the applied microbiologist for modern, sound, and basic
information.

WaynE W. UMBREIT
Department of Bacteriology
Rutgers, The State University

March 15, 1960



CONTENTS

CONTRIBUTORS ;. « o 5105 i 0 5 + i e slise s8¢ 88 55 5005 5% & 5 b 980 siawiaimiacs, & 5o s 2§ WA 4 5 3 3 e v
PREFEOW .. - v 5 s ¢ 65 5 aemenss 5 i 5§ Sosion SAFERIE 66 ) DOVCSEEEIG § § § 5 SESRVTEEE 7 W% 55 § ¥ vii

T INtrodQotion.: . « i ssscsimmson s 5o wamee oo s s semmEmmse S s s SRS e 1
II. Aftermath of Dumping Waste into & Body of Water. .................. 2
III. A Glance at Waste-Treatment Procedures. ............................ 3
IV. Problem of Concentrated Industrial Wastes. . ......................... 5
V. Laboratory Approach to Problem. . ..., 7
VI. Nutrient Requirements. . ...........ootiiiitiiiiiiiiit i 8
VII. Preliminary Laboratory Studies on Treatment of Dairy Wastes....... 0
VILL., Oxygen: RequirEIRBIEE v cveiosimm s s im0 s i s s o s 10
IX. Assimilation and Synthesis..............ccciiiiiiiiiiiiiiiiiiiiieia.. 12
X. Endogenous Respiration. . ...... ...t iiinennnnnas 14
X1. Storage Ability of Sludge. . .. ...t 16
X1, Bludge MISTOOXBRAIRINS o« i vvs s mmmns romvossnmmmmsmanys odmsmammssslam 18
XIII. Compilation of Essential Data. ... ........ccocoiiiiiiiiiiaiiinnn oo 22
XIV. Model Caleulation. .............ooiiitiiiiiiiiiiiiiaineee e s 23
XV. Aeration Equipment. ..... ... ... e 26
XVL Pilot Plant. . ... .uiii ittt e 26
XVIE Todostrial APDPHBSLION . . . : v o womaniss s vammomnsmessss s samussass s ns aishs 26
REFOYOROBH: .. < 5 5 iisiwmsiviams 5.0 Fammuisas & i's's RS0 EEFSSE 75 § 53 BENE S 8 5o wiotens 28
Aerosol Samplers
HaroLp W. BATCHELOR
I. Intreduction..............co...0. SN B § T GO R S SRR R 8 s e 31
II. Aerosol Samplers. ... ... ..ottt e i 32
TIT1. Bibliographic Lists................. o g ¥ S SEa e R e S BT 52
RETPTONBEN « o« v cvwmasatsn ¢ e s sy s 4 ORI O T 16N EREETHE TS DS 53
A Commentary on Microbiological Assaying
F. KavaNagH
X, TtrodOOHIOR v ¢u v xis wamims oo smmmon s oo mhemsmn s 59 Sal e waed s 66
II. Volumetric Equipment . ... ........couiiiiiiieieeiiiireneenaeannns 66
IIT. Dish Washing. . . .....ooiniitin ittt iie e ie eenn 68
IV. Microbiological ASBAY............couiiiii ittt i, 69
V. Mechanization of Read-Out........... o T PR 8
VI PH aDQ ACKIVILY i« o5 555 v iicaminamun s o 5o 5mamiaslinn§ 8« 45 @arammns o o 5 sisins 81
VII. Preservation of Test Organisms. ... .. .....ooiriiniininenrianennn... a2
VIII. Time of Incubation of the ‘msay .................................... 84
IX. Chemical Assay........ .. RS RO R B SIS TR S ST S YT R TMS G S 87
X, VaHAItY of ABBRY .. 5 c 5 5 s siv. smsmme s i o5 a5 nmingi e s s asss suaions 88
XI. Statistical. ........c.cooiui i i i e e 0]
XIH. Biological Variation. ... ... ....... ... ciiiiiiiiiniiiiiiie e 81
XIH. Training of Personnel . .............. ittt iiiaieannnnnns ot

Newer Aspects of Waste Treatment

NANDOR PoORGES



CONTENTS
Application of Membrane Filters
Ricearp EBRLICH
L. Introduetion: oe ey sess smmmam s cesmvammss i 555 @@ v s 6 S8 REET SFH5 6w o 95
II. Properties and Strueture. . . ... .. ...t 95
III. Filtration and Sterilization. ..............ciiiiiieiiiiiiiinnnanan... 99
IV. Culture Techniques...........cooiiiineiiiiieniriniieerriirarenaenns 101
V. Staining TechnIQUOB : s o o vwsssoss s sminsess s s vassems s ssivsinesss s 104
Vil RISl dATGE APDUSAIION:, - ora: sz susshontbionodiliskle Sriegs i 6. o1a. e RS aTeta 107
ReferenCes. ... ..ooviii i i e e e 110
Microbial Control Methods in the Brewery
GERrHARD J. Haas

I IETOAMCEION: 5.0 cvvemr.ssrs T paErs €8s 3G ST e s AT 5.4, ST AT 113
IL. Qutling of Brewing ProCess . ...« «: cvsmesimsss sl sains v 45 8 w3504 6506 Seisy 114
III. Wort and Beer as Microbial Media. .. ....................cooiiiniun. 116
IV. Control of Yeast Quality. . . ..........ooiiiiiiiiiiiiiiiiiiiiiianenn, 117

V. Contaminating Organisms of the Unfermented Wort—the ‘Termobac-
BOUERT? - ovs o, sl smsmsRin s S5 D GERERTE § D EE SR a5y e 127

VI. Aerobic Contaminants of the Fermenting Wort—Flavobacterium
PROLBUS.. o) »1 « o o TETER T 5T ernsos » meadalSTTooms ¢ § BTy o axo o FRTRY Ve e 127
VII. Contaminating Organisms of the Beer.......... s T e AT el o TS 128
VLT, PRI T e uEn i sisnita: she e masm S aas SHT.s S Ees S ents ST 132
IX. Other Contaminants. ... .. ... ..t iiiiii e, 134
X. Methods of Microbiological Control. .................c.cooiiiiiiiian... 135
XI. Microbiological Methods of Analysis. ..............ccovvviveeiinnnn... 145
XIL, Concluslon ;5 : « : s 5w o s smness son s RBRNES 6.5 5 58 SEEEE NS § RaGHEEE S 3 2SS 5 157
B ) 1V P 158

Newer Development in Vinegar Manufactures
RuvorrH J. ALLGEIER AND FRANK M. HILDEBRANDT

TS BBtOTICRY e sun s ulifiorste sommers msms i ooy, s ks iaaes 163
II. Production of Vinegar from Alcohol Mashes in Generators............. 166
III. Cider and Wine Vinegar Production in Generators.................... 167
IV. ECODOMICE s« 5 5550 siioyasithvmmsas esnswsonssss wosomss 5 5. AT 3a AT 168
Y. Quality Considerations: .. ... auvsusssssnimmmis soamns s i s6asmes s bams 168
BT T o TS L 7 169
VII. Submerged Fermentation in Vinegar Production....................... 170
VIIL. Deep-Fermentation Equipment. . .....c.ooupiiieiiiiiiiniiiienennnnnn 176
X, Clatificalion o, v & stlunesss avrsmspems o lh ket s nammedensbnie e sl mmas 181
X, Coneentrallon. .. ..o ittt it iiteeaveiaansasarasaeososonnsnnnns 181
XTI, General Comments . .. ..ottt ettt et e anns 181

RO OTONOES v v5 5 5 5 SFi0imas 55 3 80P G0 £ = o o B STT AT E S 5 alhios o v e lasis s o o 182



CONTENTS ) xi

The Microbiological Transformation of Steroids
T. H. Stoupr

I, Introduction. .. ... 183
H. Gonéral TehDiques.. .« - zveas « s smvmws sesswamisshliys s s swssssle Jastms 187
IIT. Transformation of Steroids . . . s avesivisssssmmississsssasamams s s s 190
RETGYENBEHL....005 .. 2 5 545TATNE § o Sdullorernimd TVF 5B EIF IR 5af § § 3 SREIETTRE S W 218

Biological Transformation of Solar Energy

Winrtiam J. OswaLp AND CraRENCE G. GOLUEKE

L. Intraduction. ... :cossepmas R T T 8 S S R B R S S 223
II. Production of Algae in Waste Waters. . . ...............cooviieininnnn. 227
III. Production of Methane Through Digestion of Algae. . ................. 244
IV. Power Production. . . ............. ittt 250
V. Estimation of Cost of Power. . .. ......ciiiimiiiiiiiicaannanns 252
VI. Discussion and Future Considerations. .. .................ccoiuiiurnnn.. 258
VI SUMINALY . . oottt ettt et ettt et e e e e e e eie e eaans 260
ReferenCes. . ... ..o e 261

SYMPOSIUM ON ENGINEERING ADVANCES IN FERMENTATION PRACTICE

Rheological Properties of Fermentation Broths

Frep H. DEINDOERFER AND JOoHN M. WesT

Rheological Properties of Flulds. . ... .. .....oiuiriniiiiiiiiiiiieanenanns 265
Behavior of Fermentation Broths. . ...............ooiiiiiiiiiiiiiiiinnnn. 267
Rheological Properties in Engineering Correlations. . ......................... 269
Analytical Use of Rheological Data. . ... ........ccoivnnn.. R 272
PUGAL0T WOLK i 5 5 5.m 5 o0 FETTE 5§ FBL Tl 1 528 1 2 i snIE R s GG GITTNA § on PTG ST 5 273
RELOIBICOR. ... . - o« v cioiaiee v s o v aiaiaioin s s o 2 eiminie v s & s s /a s oionei@s & o o o e aivieioraisia & o ~aiaiol & o 273

Fluid Mixing in Fermentation Processes

J. Y. OLpsHUE

Basic Principles of Impeller Mixing. ... ......coooiiiiiiiiiiiiiiiiniii. 275
Beale-up-Considerations.. - - « - s . sassiis fisssiis v wammass s § 5890w s 5435 s s wae s 278
Gas-Liquid Effects. . . . . ... e 280
Liquid-Solid Effects. . . . ... e 283
Blending . . . . .o e 283
Heat TYanSfor: ...« : ¢ oasms sosannmsnoss s s8mans s §35@aTeEE 53 SHwSVaCEes SEREs 54 284
Power Consumption of Impellers. ..............oouuiiimniiiariiiieiinranennns 285
Continuous Flow Processes. . . ............ouuiiiiie it eiaannns 286

R OrenCeS. .. ... o 287



xii . CONTENTS

Scale-up of Submerged Fermentations
W. H. BARTHOLOMEW
< A N 289
RETCLBRCORI: : o5 nmssioine £5.4 5 5 5 WeWFFEs 56§ 545805 0.6 5.5 § 5ETEMGERWIGES 63 FRaSON s SO 300
Air Sterilization

ArTHUR E. HUMPHREY

Requirements of an Air Sterilizer........ ... .. ... it 302
Observations on Air COmMPIesSSOIS. . . . .« oottt ettt are vinen e anneens 302
Air Sterilization by Granular Filters. . . ... ... ... i iiiinn., 303
Afr Sterilization by Fibrous FIMers. . o - cisnuicies somsmamuussse i3 absaesss s 303
Filtration Effectiveness of Fibrous Filters. .............cooviiiiiiinniiian. 303
DERign PLOCEOUNES . < - s+ 155 civimioinos 5 5 oo abioionss s = s pisisieeliiies s 5 o5 850 b 0es 30 aralo 306
FOTTATIRIN .12 vesme yxsrcsP T o § § 8 b fopurepere s gms wasdbofnilE T s b8 Mharsans vengesh SYCVROYEs VAT AT 310
RETETEDOOR, 7. el gurpmes sergnedhly el Srranushe i ianTis L 310

Sterilization of Media for Biochemical Processes
Lroyp L. KEmpE

1 R T B T ) T oy 313
BOUIMBEY 555 55 simiisisesis 4§ 950 REEIaT ¥ § $3VEEETH 8 5 8 WEREHEEHNES S5 HavIeR § 8 s 317
TROTOLONCOB. « o . §ominisinsnin s 5 o 5 5 b isiomars 5 5 o » maieimts & 8 § §.5 BEN BT E T b 5o AEOE 6 § 5 GRBTHS 318

Fermentation Kinetics and Model Processes

FreEp H., DEINDOERFER

Previous Batch Kinetic Studies. ... .. ... . ... iiiiiiiiiiiienneeanns 321
The Kinetic Parameter. . .. ... .vutin ettt ee e i anaaees 323
Fermentation Classification and Model Processes. ...............coivuiiiinann 328
Future AppHeations: ;< « is csasasices vsisssmineisassisammassss S § o e 330
IR wmc.d, S5 %0 = SRR § 5 5 BT een Goneibonihord 8 £ 5 8 5 SHGSTERGTS 8 & 55 5k § 3 § SIS 333
G OTOROH, . o iove.» » » oo el x E 5 dhapuresnnes o « 5 aroxdhosiod § § 5 5 § B0 o larapes v o wresimfinshil § 5 5 TTED 333

Continucus Fermentation
W. D. Maxon
PPN e sssroae e sl e vt sps oLl e visceverntelys; fagh» STRYTE 335
BOTOTORICEE s s-vn5:07a05 58 6.5 @i torw8 & 0050 B G w80 65 665 A % 580 g1 6 S s 349
Control Applications in Fermentation
GeorGe J. Fuup
Programmed and Complex Control Applications. .. . ....................... 368

Dynamic Analysis of Fermentations. ... ....... .....coooiiiiiiieieiiiiienes 367
BSUDMDMBYLY & -+ -« riecmeimnsv5 51 #imimiman 55 5 = 5 55 5 ahrmsss e 58 3/ SErim 55 ¥ = e imin o o e 6 8RS 358
B3 3 T, P ... 359
AvuTHOR INDEX . ... ... .. S S ST B 5. SIPLN 575 £7% CRr TA Arers 361

BUBIBCT INDBX v:s i 5% 5 wiSmv/asaes S Ealvavis 5. as s § & SaRESELS SETRRE 55 § AR 376



Newer Aspects of Waste Treatment

Nanpor Porars!

Eastern Regioncl Research Laboraiory,® Philadelphia, Pennsylvania

T IntrodotRoni. « - o s i ims sumsm@s 0o s aiemems s § L9 E e S s e Eees 1

II. Aftermath of Dumping Waste into a Body of Water.................... 2
I11. A Glance at Waste-Treatment Procedures. ....................coooun. 3
IV. Problem of Concentrated Industrial Wastes.......................ooe 5
V. Laboratory Approach to Problem.................cociiiiiiiiiiiiiiian, 7
VI. Nutrient Requirements..............oiuiirniuianraiiiiiiiianns 8
VII. Preliminary Laboratory Studies on Treatment of Dairy Wastes. ......... 9
NIIE. A Oxygen BegPSRasnti. . . . s autieios « 5 ¢ » swemmromsss be § o sma@oliom v s o s wmdld 10
IX. Assimilation and Synthesis. . ..o sosisammessnivissssesinesssssssnss 12
X. Endogenous Respiration..... TR E6 il ST STATIRLS T 255008 B PRI, ST e 55 14
XI1. Storage Ability of Sludge. . . ... i 16
XII. Sludge MiICTOOIZANIBIMS. . . .. .v ittt ittt it i nieeneeaeons . 18
X111. Compilation of Essential Data. ... ... iceeumanusscsssizromsoscoismaons 22
XIV: Model CaloulBtion ; o «uiws e o smeme i s s vesmie s s £ 5Foamass e s aiagsss 23
XV. Aeration Equipment . ...........ovuititiiiiiiin i 25
VI PRt PLABE . - .o coiensiis oo i ios v o o wisbiniofais ik s 55 5 oo siadiove v a8 o5 2 aieisis & 26
XVII. Industrial Applu'atmn ............................................... 26
ROTOTOROOE - < & o =5t sralisns ¢ o w8EERS6i15 88 58 06 ROTEREES 57 SRS SN S RIS 28

l. Introduction

Waste treatment is a means of maintaining or recovering man’s most
precious and most abused natural resource, fresh water. Fresh water sup-
plies were all-important in the establishment, and growth of eivilizations.
Much of man’s bitterest fighting has been incited by altercations over
water rights, and the course of history may well be written around the
theme of primitive and modern man’s need for water.

* Dr. Nandor Porges, until his sudden death in April 1959, headed the U. 8. Depart-
ment of Agriculture’s research on dairy wastes at the FEastern Utilization Research and
Development Division of the Agricultural Research Service, in Philadelphia, Pennsyl-
vania. A native of Hungary, Dr. Porges was a graduate of the University of Massa-
chusetts, and receiv his master of science and doctor of philosophy degrees at Rutgers
University. He is Lest known for his work in developing a simple, inexpensive process
for the disposal of dairy wastes. For this achievement the Department of Agriculture
honored his unit with its Superior Service Award. Other honors bestowed on Dr, Porges
include the Chilean Nitrate of Soda Fellowships 1927-1929, Sigma Xi honor for research
1931, and membership in Phi Tau Sigmsa the honor society of food science 1936.

* Eastern Utilization Research and Development Division, Agricnltural Research
Service, U. 8. Depariment of Agriculture.

i
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Dependence on rivers and streams increased as civilization progressed.
Waterways became extremely important as sources of potable water as
well as highways for travel. Streams became the center of domestic activ-
ities such as bathing, washing, animal watering, and waste disposal. Quite
naturally, then, the abuse of this resource with disregard to fellowman
began early in history. As stream pollution led to the spread of disease,
the necessity of water purification and of sewage treatment began to be
realized.

Modern industrialized and concentrated centers of civilization require
enormous quantities of water and produce prodigious amounts of waste
water. Intelligent maintenance of this water supply is a duty and a neces-
sity. In this respect, man has been criminal against himself. Indeed, as
science and industry grew, so did neglect and defilement of this essential
commodity. Only recently, late in the history of our industrial expansion,
has attention been turned to the conservation of water as a natural re-
source. In many cases, however, legislation and the threat of fines have been
necessary to force correction of conditions contributing to stream pollution.

Il. Aftermath of Dumping Waste into a Body of Water

The most disastrous and immediate consequence of dumping wastes
into a stream is the threat to public health. Communities located down
stream from where raw sewage and wastes enter are menaced by possible
outbreaks of water-borne diseases that could reach epidemic proportions.

The health of the stream itself, as indicated by its aquatic life, is also
affected by indiscriminate waste practices. Biologically speaking, a normal
stream supports a teeming population of microorganisms, plants and ani-
mals dependent upon each other for food and upon the stream for oxygen.
An adequate, dissolved oxygen content is usually maintained by natural
physical reaeration of the surface waters. Under normal conditions, this
process is able to replace all the oxygen lost to microbial respiration. When
an extra load of organic impurities such as sewage and industrial wastes
stimulates microbial growth, the supply of dissolved oxygen is quickly
exhausted and cannot be replaced rapidly enough. Every stream is thus
limited in its eapacity to assimilate organic wastes. In many cases, organic
pollution leads to a temporarily imbalanced stream condition within a
localized area, with eventual recovery effected by natural reaeration. In
extreme cases, recovery does not take place, vegetation and fish are de-
stroyed, and the polluted stream becomes an open sewer with its con-
comitant stenches and disagreeable appearance spoiling the economic and
esthetic value of the stream and its environs.

The detrimental effect of industrial organic pollutants on a body of water
can be illustrated by examining the effects of the waste waters of a small
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dairy. An average daily waste load may contain the equivalent of 100
pounds of dried skim milk, a well-balanced food readily utilized by micro-
organisms. Complete combustion of this amount of milk requires about
105 pounds of oxygen. The quantity of aerated water necessary to satisfy
this ultimate oxygen demand depends upon the temperature of the water.
At 25° C., 8.4 parts of oxygen are dissolved in a million parts of water;
hence, 12.5 million pounds of water, or practically 1.5 million gallons, will
contain 105 pounds of oxygen. This relatively small amount of organic
matter would require all the oxygen in a circular pond 6 feet deep with a
diameter of 206 feet, or a pond of the same depth, 100 feet wide and 334
feet long. When sufficient oxygen is not available, disagreeable anaerobic
conditions set in and lead to gross pollution harmful to life associated with
clean streams.

ll. A Glance at Waste-Treatment Procedures

Details of waste treatment, are available in specific texts such as “Sewage
Treatment” (Imhoff and Fair, 1947), “Stream Sanitation” (Phelps, 1944),
“Industrial Wastes” (Rudolfs, 1953), “Bio-Oxidation of Organic Wastes;
Theory and Design” (Eckenfelder and O’Connor, 1958), and others. There
are also excellent reviews of literature published yearly on sewage, waste
treatment, and water pollution by the Federation of Sewage and Indus-
trial Wastes Association Committee on Research in Sewage and Industrial
Wastes (R. E. Fuhrman, ed.), now in its thirty-first volume. Since many
of us in the field of applied microbiology do not have the need or inclina-
tion to make a detailed study, a brief glance at waste treatment follows.

Offensive and potentially dangerous wastes are transported from house-
hold and industry by the simple and economical water-carriage system.
The next step, the removal of these wastes from the water before passing
into natural waterways, is accomplished in sewage-treatment plants (Im-
hoff and Fair, 1947). Strange as it seems, this dirty-looking water that
may contain color, and suspended and soluble material, is usually over
99.9% pure water. Very few wastes entering treatment plants exceed solids
concentrations of 1,000 mg. per liter, or 0.1%. Removal or stabilization
of the waste is done by various methods or combinations of methods but
depends mostly on the aerobic and anaerobic activity of microorganisms.

The principles, applications, and design of aerobic oxidation are dis-
cussed in a bound series of 33 contributed papers (McCabe and Ecken-
felder, 1956). A similar volume of 28 papers covers anaerobic digestion and
solids-liquid separation (McCabe and Eckenfelder, 1958). As the carriage-
water and its load enters the treatment plant, the floating matter and
coarse suspended material are removed by racks and screens. After being
shredded and ground, the comminuted matter may be returned to the flow-
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ing sewage which passes through a grit chamber, if necessary, to allow sand,
grit, and heavy mineral solids to settle. Otherwise, the collected material is
buried, incinerated, or digested.

The sewage or carriage-water with its load of finely suspended and solu-
ble matter enters a primary settling tank and is detained for a short while
to permit sedimentation of settleable solids. The settled solids are pumped
to a sludge-digestion chamber to undergo anaerobic or aerobic digestion.
The residue is filtered, dried, and incinerated, or used otherwise. Con-
versely, the entire sewage may be treated anaerobically.

The carriage-water leaving the primary sedimentation basin usually
undergoes aerobic biological treatment for stabilization of the organic
matter still in suspension and in solution. This is done in various ways.
If there is a limited quantity, it can undergo land treatment, by irrigation
or by filtration through sandy soil. Aerobic conditions are maintained by
intermittent filling and emptying. Another means of removal and stabiliza-
tion is by passing the liquid through filters consisting of stone or other
material. The slimes of living microorganiems covering the contact ma-
terial remove the organic matter as the liquid trickles through the bed.
Aerobic conditions are maintained by passing air through the bed or by
intermittent flow of the liquid.

A method extensively used for stabilization is the activated-sludge
process in which a sludge floc is maintained in suspension by air diffused
into a flowing mixture of sewage and floc. Mechanical agitation may also
be used. Activated sludge is the accumulation of floc produced by the
growth of zoogleal bacteria and other organisms in the presence of dis-
solved oxygen. Removal of soluble and suspended matter is achieved by
the living mass of microorganisms maintained under aerobic conditions.

The sludge floc which has oxidized or removed the waste material is
removed from the carriage-water in a secondary settling tank where the
stabilized sludge settles. Various engineering designs are in use to assure
scttling and thickening of the sludge. A calculated amount of the settled
sludge is returned to the aeration tank for re-use. The remaining or excess
sludge is mixed with the solids from the primary settling tank and pumped
to the digestion tank.

The carriage-water, now free of its load, leaves the final settling tank
as a clear liquid. It may be chlorinated before passing into the receiving
stream. An extra step may be desirable in which the clear treated effluent
is aerated again to reduce the demand on the oxygen of the stream.

The excess sludge, consisting primarily of microbial cells, is conditioned
further by anaerobic or aerobic digestion. (In some cases, digestion is re-
placed by drying and spreading c¢n soil, by hauling to sea, or by disposal
in some other manner.) During digestion, the tank contents are kept at
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F1c. 1. Major steps in sewage treatment.

a favorable temperature. Methane gas formed in the digestion process
is often burned to supply heat for this purpose. The solids are reduced and
the dewatering characteristies of the sludge greatly improved by this step,
sometimes by the addition of chemicals. The digested sludge is removed
from the water by filtration. After this dewatering, the sludge may be air-
or heat-dried and prepared for use as a fertilizer, or it may be incinerated.
The separated liquid is returned through the process with the entering
sewage.

Thus, treatment may be completely aerobic or completely anaerobic
but usually consists of a combination of both types plus intricate mechani-
cal and engineering features. Each treatment plant is tailored for its spe-
cific service aceording to the plans of the sanitary engineer, who should
be cognizant of the biological processes involved. The flow diagram of Fig.
1 is a composite of essentials of the process, showing the primary or me-
chanical treatment, the secondary or biclogical treatment, and the tertiary
or chemical treatment. The goal of treatment is a clear effluent, low in
offensive solids and in oxygen demand and harmless to aquatic life.

IV. Problem of Concentrated Industrial Wastes

The more or less elaborate processes touched upon in the previous sec-
tion on waste-treatment procedures work well with simple municipal
wastes that are predominantly of household origin or with wastes of simi-
lar strength. Such wastes are further diluted by the carriage-water so
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that they enter the treatment plant with low concentrations of organic
matter. The average strength of a municipal waste may be about 180
parts per million, or 180 mg. per liter of 5-day B.0.D. (The B.0.D. is
the biochemical oxygen demand, or the quantity of oxygen utilized by the
microorganisms in the biochemical oxidation of the organic matter in the
waste, as determined under standard conditions at 20° C. The 5-day B.0.D.
is the oxygen utilized in 5 days’ incubation. The ultimate oxygen demand
is usually considered as the 20-day B.0.D. and in a few wastes such as
dairy wastes may be approximated by the C.0.D., or chemical oxygen
demand, as determined by various methods of chromate oxidation. The
5-day B.0.D. has been generally accepted as 68.5% of the 20-day B.O.D.
for sewage (Phelps, 1944), although this may vary. Thus, 1.46 times the
5-day B.0.D. will approximate the ultimate oxygen demand, but specific
values should be determined for each waste.)

It has been calculated that the average amount of 5-day B.0.D. con-
tributed per capita per day is 0.167 pound or about 75 to 76 gm. (Imhoff
and Fair, 1947). The ultimate oxygen demand per capita is then about
0.244 pound or 110 gm. It is possible to determine “‘population equivalents”
of any industrial or concentrated waste. The amount of organic matter to
be treated may also be estimated from the C.0.D. if it is realized that the
C.0.D. varies with the organic substance. Thus, a unit weight of sugar has
a C.0.D. of 1.07 and a unit weight of protein, a C.0.D. of 1.44 (Porges et
al., 1950). From the average of these values, the 110 gm. of C.0.D. is
equivalent to 88 gm. of dry organic matter. When this is diluted in 419
liters of water, the concentration will be 180 mg. per liter of 5-day B.0.D.
More often, the waste is more dilute, allowing treatment to be accomplished
eagily and yielding clear effluents low in oxygen demand that may be dis-
charged into a receiving stream.

As industries grew, the wastes received by many municipalities did not
respond to treatment, and the plants were unable to cope with the extra
load. Collections of data on sources of pollution have been made, and
strengths of many industrial wastes were calculated in terms of their popu-
lation equivalents (U. S. Public Health Service, 1944; Phelps, 1944). In
many communities the industrial wastes impose a greater pollution load
than that of the population itself. Selected values are shown in Table 1.
The daily population equivalent of the more impertant oxygen-demanding
wastes of this country was estimated to be 134,300,000 in 1949. This does
not include the added load supplied by small industries such as dairies
and laundries (Rudolfs, 1953). Not only is the population equivalent of
industrial wastes greater than that of municipal wastes, but the actual
concentration is greater. Dairies average about 1,200 mg. per liter B.0O.D,,
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NEWER ASPECTS OF WASTE TREATMENT

TABLE I
PorLuTing EFFECT OF INDUSTRIAL WASTES

Population

3 Source of waste Amount bhandled or made
equivalents
8 Dairy plant 100 1b. of milk

14 Brewery Barrel of beer

21 Abattoir One animal

24 Laundry 100 1b. of clothes
1,690 Straw board Ton of paper
4,600 Sulfite pulp Ton of paper

canneries have slightly less, but wastes from antibiotic-producing plants
may exceed 13,000 mg. per liter B.O.D.

We can imagine the difficulties that sewage plant operators have when
a treatment plant designed to handle wastes with a concentration of 200
mg. per liter B.0.D. suddenly receives a large volume of industrial waste
with a B.0.D. of 1,000 mg. per liter. The plant becomes overloaded, in-
coming sewage is not treated properly, odors develop, the carriage-water
is not purified, and a breakdown of the whole process may occur. Rees-
tablishment of the proper activities in the aeration tanks may require
weeks and may be almost impossible if strong wastes continue to be re-
ceived.

V. Laboratory Approach to Problem

Lack of understanding of the biochemistry and microbiology involved
in the stabilization of the suspended and soluble waste often leads to dif-
ficulties in waste treatment. Treatment plants were often constructed on
empirical information that disregarded the effect of waste concentration
and toxicity of influents. Aerobic treatment of waste waters has been prac-
ticed for about a half a century. Fortunately, domestic waste is a well-
balanced biological mixture, and little or no difficulty was encountered in
its treatment. The increase in volume and types of industrial wastes,
treated with municipal wastes or separately, called for an application of
knowledge concerning the biochemistry of treatment.

The action of microorganisms is primarily responsible for the purifica-
tion of the carriage-water. Rapid purification depends on the unrestricted
activities and reproduction of these organisms. The best growth and puri-
fication occur when the organic waste is nutritionally balanced. Extensive
studies have been made on this phase by various workers and have been
reviewed (Sawyer, 1956). The importance of oxygen has been stressed and
detailed (Eckenfelder and Weston, 1956 ; Porges et al., 1953).
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Waste treatment involves the handling of relatively large quantities
of dilute material. The microorganisms are usually present in higher con-
centrations than the waste itself. Sludge concentrations in an aeration
chamber may be about 2,000 mg,. per liter, while that of the organic matter
may he only 200 mg. per liter.

In this discussion, the importance of selected laboratory studies in
devising successful treatment of various wastes is emphasized. The bio-
chemical oxidation of this waste is a study of the problem of propagation
of microorganisms in a dilute solution. Laboratory data obtained on dairy
wastes (Porges, 1956, 1958a, b) were translated to studies for a pilot plant
treating 10,000 gallons of waste daily (Kountz, 1953). The results are be-
ing applied in developing satisfactory designs for the aerobic treatment of
various industrial wastes (Kountz, 1954; Eckenfelder and O’Connor,
1958).

VI. Nutrient Requirements

Stabilization of a liquid waste entails the conversion of the soluble ma-
terial to & removable insoluble substance, gas, and water, and depends
upon the nutrition and growth of microorganisms that have the ability to
gather the food supply and minerals to produce new generations of cells.
Carbon, nitrogen, and phosphorus are required and occur in most wastes.
The general change involving the use of the organic matter for cell syn-
thesis and for energy may be shown as:

Organic waste + oxygen + bacteria — more bacteria + CO: + H,O (1)

The deficieney of nitrogen and of phosphorus in many industrial wastes
such as those obtained from cotton, rope-making and paper-making plants,
breweries, and other factories, required supplementation with these ele-
ments (Sawyer, 1956). Wastes from slaughter houses and tanneries con-
tain nitrogen in excess of that required for stabilization by activated
sludge. In such cases, other problems may arise due to nitrification, which
may prevent sludge from settling and interfere with its removal.

The carbon to nitrogen ratio and the carbon to phosphorus ratio become
of importance. Waste treatment workers express this as the 5-day B.0.D.
to N ratio. The relationship between carbon, C.0.D., and 5-day B.0.D. is
12, 32, and 21.9 for ordinary wastes. When necessary, available nitrogen
may be supplied from inorganic sources, or domestic sewage may be ad-
mixed with the industrial waste. The sludge itself may serve as a nitrogen
source under certain conditions (Porges et al., 1955).

Various studieg showed that a B.0.1). to N ratio of 17 to 1 was optimum
for stabilization of low nitrogen wastes in the presence of sewage (Helmers
et al., 1952}, In terms of ultimate or chemical oxygen demand, the C.0.D.



