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SUMMARY

The anaerobic contact process over the year has been found
effective for the treatament of meat work waste water. The process
is made possible by separating the sludge solids, after which
necessary amounts of the concentrated sludge are returned to the
digester, £ludge recirculation prolongs solid retention time in
the digester. Unfortunstely, however, sludge separation by
gravitational sedimentation is almost impossible becausze the
sludge tends to rise with the continuous gassing., Therefore
treatment of the sludge suspension prior to sedimentation is
necessary for effective solid separation, and vacuum and aerate
ion degasification are two common methods used for sludge sus-
pension pretreataent,

In the present study, it was found that the rates of
seration of 0,75 to 1,0 VVM (0,12 to 0,16 cu.ft. of air per
gallon of mixed liquor per minute) were optimal for seration
degasification, These aeration rates were not only found suff-
icient to separate the gases from the sludge solids but also to
stop gas production during gravitational sedimentation, They
also gave better physical flocculation, improving the maximum
reduction of primary particles in the effluent by up to 55 per
cent,

In aseration degasification, the air exerts toxic effects on
the anaercbic bacteria, and this toxicity has discouraged many
people from using aeration degasification for the pretreataent
of sludge suapension before sedimentation. The results from
this study indicate that with the aeration rate of 0,12 cu.ft,
(per gallon per minute) for 15 minutes, the reductiom of the
deily gas produced was only 5%, The overall reduction of gas
vas 9.7 litres (per kg, MLES . kg.COD Loaded) per day for every
10 mg/litre of oxygen absorbed (calculated from sulphite oxidae
tion data in a similar systes),

Aeration was not found to affect the gas compositions,
which wers 65-70 per cent methane and 35«30 per cent carbon
dioxide. However, aseration affected the pattern of gas formationj
after the sludge suspension was aerated, a lag was observed



of one hour for aeration at 0,12 cu.ft., of air (per gallon per
minute) over 15 minutes.

After 22,5 hours digestion of aerated sludge suspension,
increases in effluent CCD and volatile fatty acids were found,
There was an increasse in COD by 5.6 ppm for every 10 ag/litre of
oxygen absorbed into the sludge suspension, Total volatile acids
increased by 15 per cent (for the sparging of 0,12 cu.ft. of air
per gallon per minute over 15 minutes),

The effects of air or oxygen on the performance of the
anserobic sludge culture were different from those of the
chemical inhibitors such as hemiacetyl of starch end chloral
(E3C) and carbon tetrachloride (3014). Oxygen had a direct action
on the anaerobee which were probably killed or inactivated, depende
ing upon their sensitivity to air, In contrast, the chemical
inhibitors (H3C and Ccl~) selectively inhibited methane bacteria,



ACKNOWLEDGIMERTS

I wish to thank Frofessor R.L. Earle, my superviser, for
his guidence and aszistance throughout this study, end Cr, J.
McDougall for his guidance and assistance during FProfessor farle's
absence.

The assistance of Dr, G.M, ¥allace (Food Technelogy),
Professor S, Ueda (Kyushu University, Japen), Dr., R.T.J. Clerk
(DeBeI.Ru)y Dre Go%, Holmes (Dairy Huscbandry), Mr. J.,A, Raven
(Deiry Husbandry), Mr. 8, Y“hite (Thos, Borthwick & Soms (A'Aeia)
Ltd,), Misas J,M, Lattey (D.R,I, Librarian) and Miss E.M, Green
(Massey Library) is sincerely appreciated and acknowledged,

Further acknowledgement is due to sll the members, staff
and the fellow graduste students in the Departaent of Biotechnology.

Finally, I wish to thank Mrs. J.A. Jenkins for her competent
typing.

This study was supported by a Colombo Flan Award,



II.

11I.

Iv.

v.

GONTENTS

INTRODUCTION

LITERATURE REVIEW

Ao
B,
C.

D.

AERATION OR AIR«STRIPPING DEGASIFICATICN
AERATICN FLOCCULATION IN THE TURBUL:NT REGION
ANAEROBIC DIGESTION

1. Volatile Acid Froduction

2. Gaseous EInd Products

3« The Course of Gas Formation

INHIBITION OF METHANE FORMATION

MATERIALS AND METHODS

Ao

ANALYTICAL TECHNIQUES

1. Chemical Oxygen Demand (COD)

2. Biochemical Oxygen Demand (BOD)

3« Total Kjeldahl Nitrogen

4, Total Suspended Solids

5. Total Volatile Acids

6. Individual Volatile Fatty Acids Analysis
7. Gas Analyeis

SYNTHETIC MEAT WORK WASTES

EXPERIMENTAL PROCEDURE

A.

DESCRIPTION OF APPARATUS

1. Pilot-Scale Unit

2, DBench-Scale Unit

START<UF OF ANAEROBIC TREATMEINT SYSTEM

1. Pilot-5cale Anaerobic Digestion System
2. BencheScale Anaercobic Digestion System

EXPERIMENTAL RESULTS AND DISCUSSION

Ao

AERATION FLOCCULATION

1. Materials and Methods
2. Results

3. Discussion

-

W N\ aown

1
13
12

16
16
16
16
16
17
17
17
18
19

21
21
21

22
a2z
23

25
25
25
25

=



CORTENTS (CONT,)

B, GAS FPRODUCTION
1. Materials and Methods
2. Results
a) Sulphite Oxidation of the Aerating System
b) Rates of Gasification
¢) Ferformance of Anserobic Digestion
3e Discussion
C. INHIBITICN OF METHANL FORMATION
1« Materisle end Metheods
2e Results
3« Discusesion

SUGGEETIONRS FOR FUTURE <ORKS

REFERENCES



10

1"

12

3

1%

15
16

5y RE

A Schematic Diogram of Anaerobic Contact
Frocess

Laboratory Pilot-Scale Ansercbic Digestion
System

Laboratory Bench-Scale Anmerobic Digestion
System

First Aeration Flocculation System

Second Aeration Flocculation System

Plot of Flocculator Performance (Suspended
Eolids) with Velocity Gradient or
Aeration Rate. (1 Lit. Floceulator)

Plot of Flocculator Performance (as COD)
with Velocity Uradient or Aeration Rate

Flot of Fleocculator Ferformance (as CuD)
with Veloeity Gradient or Aeration Rate

Flot of Flocculator Performance (Suspended

AFTER PAGE

21

22

25

25

26

26

26

Solids) with Veloeity Uradient or Aeration

Rate (2 1Lit, Flocculator)

Flot of Flocculator Performance (Suspended
Selids) with Veloeity Gradient or
Aeration Rate (2 Lit. Flocculator)

Plot of Flocculator Performance (Suspended
Solide) with Velocity Gradient or
Aeration Rate., (2 Lit, Flocculator)

Plot of Height of Sludge Interface and
3.3‘11“ Time,

Flot of Height of Sludge Interface and
Settling Time.

Flot of Height of Sludge Interface and
Settling Time.

A SBghematic Diagram of Aeration Chamber.

Flot of Oxygen Transfer Coefficient against
Alr Flow Rates.



5T OF FIGURES (CONT.)

FIGURE AFTER PAGE
17 Aeration and Gas Formation 32
18 Pattern of Uaes Formation 22
19 Gas Formation and Fermenter Recovery 32
20 Gas Formation and Fermenter Recovery 32
21 Aeration and Gas Formation 34
22 heration and Cas Formation 3h
23 Gas Froduction in the Fresence of Air, Pure 34
Nitrogen and Oxygen in the Digester

24 Plot of Gas Produced per Day ageinst Days 35
of Operation,

25 Gas FProduction and Oxygen Absorption 35

26 The Graph Showing the Relationships between 36
Gae Production and Chemical Uxygen Demand

27 Effluent Chemical COxygen Demand Relative 37
to Aeration

28 Effluent COD During the Recovery FPeriod of 37
the Digester

Effluent Cheaical Oxygen Demand Before and 37

After Asration

30 Effluent Chemical Oxygen Demand After one 38
Day Digestion Relative to Oxygen
Absorption

39 Changes in Effluent Suspended Solids with 38
Aeration

32 Acoumulation of Volatile Fatty Acids Relative 38
to Aeratien

33 Chromatograms Showing Acoumulation of 38
Volatile Fatty Acids Relative to Oxygen
Absorption

34 The Graph Showing the Changes of Oxidation 38

Reduction Fotentials with Time,



59

b2

b3

LIST OF FIGURES (CONT,)

Plot of Lag Feriod and Oxygen Absorption

Changes of pH with the Concentration of
Chemical Inhibitors.

Gas Froduction with HSC Inhibition
Gas Production with CCIu Inhibitien

Volatile Fatty Acids Accumulestion with
Inhibition of Methsne Froduction

Volatile Fatty Acids Accumulation with
HEC Inhibition

Volatile Fatty Acids Accumulation with
001“ Concentration

Typical Chromatogram Showing Separation
of Acetic, Fropionic, neButyric, ne
Valeric snd n-Caproic Acids.

Typical Chromstogram Showing Separation
of Gases Hydrogen, Oxygen, Methane and
Carbon Dioxide

4
45

45
45



II

111
Iv

5T OF T

Anaerobic Treatment Performance for Systeme
with Sludge Seperation and Return
Facilities

Analytical Results and Synthetic Meat
Vastes

Mass Transfer in the Aeration Vessel

Gas Compositions and Aeration

20

b4



I INTRODUCTION

Anaerobic treatment is a process which has been used
extensively for the stabilisation of strong biologically degradable
organic waste materials, 7This process is commonly used for
stabilisation of rew sewage sludge or the sludge produced from
aerobic treatment processes, Anaerobic digestion has also been
modified and applied to the treatment of some strong industrial
wastes, csuch as meat works wastes, One such process is similar
to the activated sludge process and is commonly known as the
anaerobiec contact process,

An essential feature of the anaerobic contact system is that
an appreciable amount of the sludge biomass cells in the effluent
is concentrated and recycled to the head of the system where it
is mixed with the incoaming waste water., In this way, Kirsch and
Sykes (2) reported, a high level of cells is retained in the
system, and the hydraulic retention time can be shortened to the
economical level of approximately 6«12 hours., This system is
similar to aerobic activated sludge process and has been often
referred to as the ansercbic activated sludge process. The
eystem can be shown diagrammatically as in Figure 1,

The application of anserobic contact process to the treate
ment of different types of industrial wastes has been summarized
by Kirsch and Sykes (2) as shown in Table I,

The anaerodic contact process has been studied in some detail
by the meat-packing induastry, The first study was undertaken just
on a pilot-scale basis at the Geo, A, Hormell & Co, plant, Ninn,,
under the direction of W.,J. Fullen (3) in 1948, The resulte from
the primary study were promising, so the development on pilot-
scale was continued by Schroepfer and co-workers (&) (5) (6).

The data obtained by Fullen (3) and Schroepfer et al (&) (5)
(6) were later applied to the design and operation of the full-
scale treatment plants for meat packing wastes at the Vilson and
Hormel plants at Albert Lea and Austin, Minnesota. Later a
similar plant was built to treat the wastes from the Agar Facking
Cosy in Momence, Illinois,.
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FIGURE 1. A SCHEMATIC DIAGRAM OF ANAEROBIC CONTACT PROCESS
[After McCarty, P.L. (1).]




I ! '
i B.0.D. |
|
Loading |
—— Dt;;::ion P;;:;:l - '..t.! gl iPo;o;ont
(days) (r (mg/1) | ftiday. |removal
Maize starch 3.3 73 6,280 | 0.110 88
¥hiskey dist. 6.2 92 25,000 | 0.250 95
Cotton kiering | 1.3 86 1,600 | 0,074 67
Citrus 13 92 4,600 | 0,214 87
Brewery | 243 - 3,900 | 0,127 96
Starch-gluten |l 3.8 i 95 14,000* | 0,100" 8o*
¥ine | 2.0 9 23,400°  0.730° 8s*
Yeast 2.0 92 11,900* | 0,372* 65°
Molasses 3.8 92 32,800° 0,546* 69°*
Meat packing 1.3 92 2,000 0.110 95°¢
Meat packing 0.5 92 1,380 0,156 91*
Fruit canning 0.18 83 800 g.zg- i50-70

* Volatile solids instead of B.0.D.

(AFTERs Kirsch and Sykes, (2),)



The Water Follution Research Laboratory in England alse
carried out laboratory and pilot-secale investigations on the
anaerobic digestion of meat wastes. This resulted in the
construction of two anaserobic treatment plants; one in Nerthern
Ireland and the other in Deven (7).

The major operating problem for this type of plant is solid
separation, Gasing of the sludge solids during sedimentation
often causes poor eclid separation due to sludge rising,
Degasification prior to sedimentation has been reported to
improve sludge separation, However, the degasifiers must be
taken care ofj occasional failures of the degasifiers could
result in the process washing-out, This problem is guite
critical because the solid content will affect the oversll
efficiency of the process, According to Demmead (?) the sus-
pended solid in the full-scale plants reported above could never
be maintained above 10,000 mg/l. Perhaps due to this difficulty
no full scale anaerobic contact process has been built since
1962 (7).

Even though the problem of solid separation is so critical
for this type of waste treatment, not much study has been done
to solve the problem., A review of all the possible methods of
solid separation were reported by Steffen and Bedker (8). They
ineclude: vacuum degasification, degasification by seration, and
air flotation, Vacuum degasification has been successfully
applied to the operation of the full-scale plant at Albert Lea,
vhile aeration ie used at Austin in place of vacuum degasification.
For air flotation, the application to the full-scale plant has
not been repoerted,

Among all the possible methods, Steffen and Bedker (8)
concluded that vacuum degasification is the most economical and
practical method of producing gravity separation of the anaerobic
solide., From the economic point of view, vacuum degeasification
is not favorable and so aeration degasification is favoured in
New Zealand (9), It has been adopted to solve solids separation
problems of the anaercbic digester at the Moerewa Meat Packaging
plant at Moerewa, New Zealand, Besides the cost, the performance
is easily adjusted to variations in flow and the character of
mixed liquer.



Under many circusstances eseration degasification should be
considered as a substitute to vacuum degasification., However
at present, very little information concerning its mechanism and
design is available. So it is considered here that the study on
aeration degasification is worthwhile to improve anaerobic contact
process technology.

The objects of this study are therefore!

(1) To observe the flocculation characteristics in the aeration
basin in terms of suspended solide removal, relating these
to rates and times of serationm,

(2) To observe, and evaluate, gas formation characteristics;
the rates of gas formation and the ges composition,

(3) To evaluate the process performance in terms of chemical
oxygen demand reduction, and production of total volatile
acids, as well ss individusl volatile fatty acids
production,





