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INTRODUCTION

Odors from stored animal manure may
preclude the tremendous potential of
spray irrigation as a labor-saving method
of spreading liquid animal manures, or
manure runoff, on land. Aerobic biologi
cal treatment facilities such as oxidation

ditch installations are known to reduce
odor considerably; however, the associ
ated high cost may be prohibitive to the
livestock producer. The need for at least
6 mo of low cost storage in Canada would
seem to make the oxidation ditch even

less compatible with manure handling
objectives. Long term storage with
continuous aeration in larger oxidation
ditches will magnify cost and need better
understanding of foaming problems.

Ogilvie and Dale (8) proposed that
aeration periods of less than 1 d could
produce a relatively odor-free effluent
suitable for land application. Soluble
organic compounds in dairy manure are
metabolized by aerobic microbial popula
tions (dissolved oxygen at saturation
levels) in continuous culture resulting in a
reduction in odor and soluble chemical

oxygen demand (COD of 0.45-jzmole
filtrate). The rationale for using level of
soluble compounds as a measure of
odor-producing potential of liquid man
ure, has been dealt with in the literature
(1,9).

An alternate aerobic processing ap
proach has been to restrict aeration rates
so that there is no measurable dissolved

oxygen, thus maintaining the maximum
gradient for transfer of oxygen from the
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air. Ludington et al.a used the oxidation
reduction potential (ORP) to control
flow rates of air to stored poultry
manure. They found that hydrogen
sulfide production could be inhibited by
adding 12.8 ft3 (.36 m3) of air/hen/day.
Assuming 5%b transfer efficiency, this
yields 0.75 lb oxygen/lb BOD5 (0.75 g/g)
(biochemical oxygen demand at 5 d)
added to the storage.

Converse et al. (3) also used ORP to
control aeration rates to daily fed
reactors (15-d detention time) using
swine manure. They reported adequate
control of odor by adding 216 ft3 (6.1
m3) of air/lb BOD5 added to the storage.
Assuming 5% transfer efficiency this
would equal 0.19 lb oxygen/lb BOD 5
(0.19 g/g).

Bell (1) concluded that satisfactory
odor control of poultry manure could be
obtained by supplying 0.37 lb oxygen/lb
daily applied BOD5 (0.37 g/g).

From a feasibility standpoint, it would
appear that aerobic processing should be
of service as an adjunct to low cost bulk
manure storage. Research indicates that
for purposes of odor control, less
emphasis need be placed on supplying
measurable levels of oxygen while short
aeration periods permit smaller processing
basins.

The objective of this experiment was
to determine the effect of the operational
parameters of inflow rate (BOD loading
rate) and dilution rate (hydraulic deten
tion time) on soluble COD.

a Ludington, D.C., D.E. Bloodgood, and A.C.
Dale. 1967. Storage of poultry manure with
minimum odor. A.S.A.E., Paper No. 67-932.
St. Joseph, Mich.

b Coefficient usedby Converse et al. (3)
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METHODS AND MATERIALS

Experimental Procedure

A laboratory-scale aerobic processing
device was fabricated so that hydraulic
detention times and flow rates could be
investigated. During the course of opera
tion of an aerobic processing facility,
changes in hydraulic detention time may
occur due to variations in flow rate to the
aeration basin, or changes in the working
volume of the aeration basin. Such
changes allow microflora to express
increased or diminished demands for
oxygen. This factor, and the effect of
changes in influent concentration, may
have bearing on effluent quality and are
of interest to the engineer in judging the
performance of an aerobic treatment
system.

In the selection of dilution rates for

comparison in this study, periods of
detention time of one to several days
represented a practical and economical
range for design. Dilution rates of 0.01,
0.02, and 0.03 h_1 were selected (100-,
50- and 33-h detention times, respect
ively; dilution rate equals flow rate/basin
volume).

At present, the designer of an aerobic
treatment facility derives the required
oxygenation capacity of the aerator (as
determined in clean water) from the
BOD5 loading rate by using a safety
factor 1.5 or 2. This maintains excess

dissolved oxygen and provides a measure
of safety due to changed oxygenation
efficiency in waste water or overloading.
But satisfactory odor control has been
achieved using ratios of lb oxygen/lb
BOD5 (g/g) (a, 3, 1) of less than one.
Three levels of hydraulic flow rate to the
model aeration basin were selected to
provide ratios of 0.5, 1.0 and 2.0 lb
oxygen/lb BOD 5 (g/g).

Oxygen demand of the swine manure
(prepared as described below) was deter-
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mined using batch cultures on a shake
flask apparatus. Samples were removed at
scheduled intervals for solids and COD
analysis. Reduction in mixed liquor total
BOD, shown in Figure 1, at 33, 50 and
100 h was considered equivalent to the
chemical oxygen demand for dilution
rates of 0.3, 0.2 and 0.1, respectively.
This method has been used by Busch and
Hiser (2, 4). These reductions were
11,000, 13,500, and 21,700 mg/liter,
respectively. Flow rates of 0.2, 0.3, and
0.4 liter/h gave the oxygen input (0
input) to demand (OD calc) ratio desired
based on the oxygenation capacity of the
aerator as tested in clean water (0 input =
4,400 mg/h) and equation 1 (Table I).

ODcalc=Flow * b£OD (1)

Basin volume is the product of flow
rate by hydraulic detention time:

where

OD calc =

Flow

calculated oxygen demand in
mg/h;
flow rate of manure to the

bCOD =

V =

processing basin (liter/h);
change in mixed liquor COD in
batch culture test (mg/liter);
processing basin volume in
liters;

D = dilution rate (h_1)

Manure was collected from finishing
hogs of approximately 125 lb (57 kg)
weight at the Macdonald College Swine
Research Building. A sheet-metal tray was
placed above the gutter cleaner in the
shallow gutter to collect the feces and
urine. Pens were equipped with tongue-
type water bowls; no bedding was used.
The samples were stored anaerobically in
the laboratory in two covered plastic
100-liter containers at room temperature.
Prior to use, the manure volume was
doubled by adding an equal volume of
tap water and subsequently this mixture
was vacuum-sieved through a 1.19-mm
mesh screen, to remove hair and large
solid particles. This was necessary to
ensure reliable pumping of the manure
through 1/8-inch (3-mm) i.d. plastic lines
(Tygon).

The altered manure was again held
anaerobically in a 30-liter plastic feed
tank at room temperature. This tank was
equipped with two mixers. The manure
was pumped to the aeration basin by a
peristaltic pump (Harvard 1203).

A rectangular basin configuration was
adopted for ease of construction, flexibi
lity with respect to bench arrangement
and later scale-up. Basin dimensions are
shown in Figure 2. A suction baffle was
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Figure 1. Chemical oxygen demand reduction during shake flask aeration of swine manure.

TABLE I CALCULATED OXYGEN DEMANDS IN MG/H

Detention time (h) 33 50 100

Flow rate (liters/h) .2 2,200 (6.6)t 2,700(10) __ 4350(202 _
.3 3,300 (10) _ 4,050 (15} } 6,500(30)
.4 4,400(13.6) i 5,400(20) 8,680(40)

f Basin working volume (liters) in brackets.
* combinations of flow rate and detention time below this line yield oxygen demands in

excess of that measured on clean water for the aerator under study.

installed in the tank after von der Emde

(13) to enhance mixed liquor circulation
and prevent sediment build-up on the
bottom of the basin. Jones et al. (6)
reported that maintaining the solids in
suspension appeared to be the controlling
factor in the successful performance of an
oxidation ditch. Sheet-metal shields

were placed on top of the basin to
contain foam. A standpipe within the
basin allowed overflow and kept the
mixed liquor at a constant level. A small
jet of compressed air directed toward the
standpipe was necessary to prevent foam
blockage.

The laboratory-scale horizontal rec-
tangular-bladed aerator was designed and
tested according to Kolega et al. (7).
Oxygenation capacity was determined
using the unsteady-state method in
deionized water stripped with nitrogen
gas. During operation of the model cage
rotor, tip speed maintained at one-third
the magnitude normally used (4 fps (1.21
ms—1) vs. 12 fps (3.65 ms"1) with a
standard 27.5-inch (0.7-m) diam cage
rotor). At this speed excessive foaming
was prevented. The rotor was shielded
during operation to prevent liquid loss
and improve oxygenation capacity (10).
The dimensions of the model rotor are

shown in Figure 2. Rotor immersion and
speed were kept constant at 16% of the
diameter (equivlalent to 4.4 inches (0.11
m) immersion for 27.5 inches (0.7 m)
diam) and 240 rpm, respectively.

In order to accomplish a specific
hydraulic detention time, deionized water
was added by regulated gravity feed to
compensate for evaporation losses, since
outflow must equal inflow.

Laboratory Procedures and Statistical
Analysis

Initially, an aerobic heterogeneous
bacterial population-was used as seed. A
small amount of fresh soil was added to

diluted swine manure in an air-sparged
beaker. After 24 h, the material was used
to provide the initial culture.

The aeration basins were subject to
room temperature variations throughout
the experiment. Daily temperature and
pH readings of the mixed liquor were
recorded. Inflow and outflow volumes

were measured. ORP was recorded

continuously by millivolt recorder from a
platinum electrode (0.25-inch (6-mm)
disk) and a saturated calomel electrode.
Initially, attempts were made to monitor
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the dissolved oxygen level. Due to
immeasurable dissolved oxygen levels,
this was abandoned in favor of ORP.

Chemical oxygen demand determina
tions were made according to Standard
Methods (12). Samples for soluble COD
determinations were centrifuged (1,800
g) for 20 min and the filtered centrate
(0.45 /zmole-Millipore Filter Corporation)
was analyzed. The azide modification of
the Winkler test (12) for dissolved oxygen
was used in determining the rotor
aeration capacity in clean waterc.

This experiment was analyzed as a
randomized 3X3 factorial design (two
replications of three flow rates and
dilution rates). The effect of variations in
the concentration of the influent was

tested by using an analysis of covariance
for factorial design with the soluble COD
in the influent as the covariate. Since the

soluble COD in the influent was difficult

to control, the approach was beneficial in
two ways. It enabled better control over
error and indicated covariate effect.

RESULTS AND DISCUSSIONS

The aerator generated foam that
floated as a layer 2-6 inches (5.15 cm)
deep on the surface of the mixed liquor
at all times. In general, foam dissipation
at the air-foam interface was sufficient to

offset the amount generated. This was
helped by the confining metal walls and
air circulation (compressed air jet) above
the basin. From the experimental stand
point, the foam was a nuisance and
hampered efforts to maintain controlled
continuous mixed liquor overflow. How
ever, laboratory scale problems such as
overflow control and in-feed plugging
would likely be less significant at full
scale due to much larger openings.

Prior to aeration, the swine manure
possessed a foul septic odor and soluble
COD determinations averaged 14,000
mg/liter (±4,000). All treatments resulted
in a brown effluent possessing an earthy
odor plus a light ammonia odor notice
able directly above the aeration basin.
Concurrent studies on nitrogen were
carried out by Shadyd. Mixed liquor-
soluble COD levels for all treatments

averaged 1,900 mg/liter (±300) with no

c Phillips, P.A. 1972. Short-term minimum
aeration of swine manure. M.Sc. Thesis,
Dep. Agric. Eng., McGill University, Mont
real, Quebec.

d Shady, Aly M.A. 1973. Minimal treatment
of swine manure for irrigation: effect on
nitrogen. M.Sc. Thesis, Dep. Agric. Eng.
McGill University, Montreal, Quebec.
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Figure 2. Laboratory apparatus for continuous aerobic treatment of swine manure. (*X and Y
dimensions vary with basin volume).

TABLE II CHEMICAL OXYGEN DEMAND - (AVERAGE OF TWO REPLICATIONS)

Main effects Mean total COD Mean soluble COD

Detention Flow rate Feed Effluent Feed Effluent

time (h) (liter/h) (mg/liter) (mg/liter)

33 .2 34,025 21,700 13,474 1,885
33 .3 38,575 26,127 13,133 1,886
33 .4 37,670 25,132 14,029 2,177
50 .2 38,550 25,200 14,008 1,796
50 .3 36,898 25,180 14,360 1,920
50 .4 34,141 23,906 12,628 1,839

100 .2 42,020 23,762 17,190 2,001
100 .3 33,555 18,425 13,030 1,772
100 .4 35,400 21,548 13,775 1,566

variation attributable to dilution rate or

flow rate. This remaining oxygen de
mand, as measured by the COD, may
consist of non-biodegradable end-
products of metabolism and residue of
lysed organisms from the microbial
population (4). A higher level of soluble
COD in the batch culture mixed liquor
(a=4,000 mg/liter) may reflect an inherent
shortcoming of such a non-overflow

system which allows a buildup of soluble
non-biodegradable by-products of meta
bolism.

Since levels of influent-soluble COD in
the continuous culture system affected
soluble and total COD reaction
(P= 0.995 and P=0.95, respectively,
from analysis of covariance), adjustment
of treatment means was warranted. The
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error regression coefficients for the
covariate (influent-soluble COD) on the
total and soluble COD reductions were

0.716 and 0.968, respectively. Table II
shows mean COD values as measured and

Figure 3 shows the adjusted reductions in
total and soluble COD.

Total COD reduction was affected by
changes in dilution rate (P = 0.9). The
flow rate effect was not significant and
Figure 3 has total adjusted COD reduc
tion as the average of all flow rates
(assumed linear within 0.01 to 0.03 h_1).
The influent total COD averaged approxi
mately 37,000 mg/liter over all treat
ments. Reduction in total COD compared
closely with the batch results (Figure 1)
except at the 100-h detention level where
a difference was evident (21,700 vs.
15,300 mg/liter for batch and continu
ous, respectively). Theory of continuous
culture indicates that mixed liquor
substrate level is strictly a function of
hydraulic detention time when the
carbon source is limiting (11). While the
results of this experiment are in agree
ment with the theory, dilution rate was
not highly significant. At the lower
dilution rate, rather than the carbon
source being limiting, dissolved oxygen
may have been limiting. Had this been the
case, total COD reduction would have
been restricted due to the oxygen
shortage. This may have contributed to
the low signficance of dilution rate.

The mean aeration basin temperature
throughout the study was 22.5°C with a
standard deviation of 1.5°C. Mixed liquor
pH averaged 8.8 (±0.2). There was no
significant difference in ORP between
treatments. ORP averaged 20 mv Ecai
(±50). (ORP range is from -400 mv for
anaerobic to +400 mv for aerobic
conditions).

The expected effect of short-term
minimum aeration is to temporarily
lower the level of soluble COD. Since
most of these by-products of anaerobic
metabolism were produced during the
initial storage period, it is expected that
they will be produced again during
further anaerobic storage. Figure 4 shows
diagrammatically the effect of storage
and short-term minimum aeration. Some
of the levels shown are assumed, while
others have been measured.

During initial storage, the anaerobic
metabolism converts some of the solid
biological material to liquid soluble COD
by hydrolysis. Part of the soluble COD is
converted back to solid biological materi
al under aerobic conditions but much is
lost as carbon dioxide. During any
subsequent storage period a build-up in
soluble COD again occurs (see 11). A

89

19

TOTAL .2" .3 .4

• • •

SOLUBLE «2 .3 .4
• A o

ADJUSTED

COD

REDUCTION

(mg/lxlQ"3)

17.

15-

13-

11-

.00

Y = 15.8 - 124.IX

Y = 12.1

I 1
.01 .02

DILUTION RATE

(h-1)

!\

ToT .04

Figure 3. Reduction in chemicaloxygen demand for continuous culture experiment. (*Flow rate
in liters/h).

50
general decline in total COD is expected
with the evolution of gases from the
storage location.

CONCLUSIONS

On a practical scale the size of this
model may be increased one hundred fold
or more. Therefore, it should be empha
sized that the model results may be
subject to unknown effects of scale.

1. Measuring change in mixed liquor
COD during batch culture aeration
offers a rapid measurement from
which necessary oxygen requirements
of swine manure may be derived.

2. Using a fixed aeration device, no
significant effect of flow rate or
detention time on reduction in soluble
COD was observed while varying the
oxygen demand of the manure on the
short-term minimum aeration process
ing system. The calculated oxygen
demands ranged from about one-half
to twice the oxygenation capacity of
the aerator (as determined in clean
water). Detention time had an effect
(P = 0.9) on reduction in total COD.
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Figure 4. Effects of short-term minimum
aeration on levels of chemical
oxygen demand.

Flow rate had no effect on total COD
reduction.

3. Analysis of covariance indicated that
variation of influent-soluble COD from
about 10,000 to 18,000 mg/liter had
no effect on effluent-soluble COD
concentration from the short-term
minimum aeration processing system.
Variation in influent-soluble COD
significantly affected reduction in
total mixed liquor COD.
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SUMMARY

The literature on aerobic treatment of
animal manures supports the contention
that the use of shorter detention times
and reduced oxygen input can effectively
reduce odor in animal manure, as well as
reducing initial and operational expenses.
A short-term minimum aeration continu
ous culture treatment for swine manure
was designed on a laboratory scale. The
model was tested at three levels of
dilution rate and three levels of flow rate,
resulting in a calculated oxygen demand
that varied from one-half to twice the
oxygenation capacity of the aerator as
determined in clean water. Analysis of
the feed manure and mixed liquor for
total soluble (filtered, 0.45jumole) COD
showed no effect of inflow rate on
reduction in soluble or total COD and no
effect of detention time on soluble COD
reduction. Detention time had an effect
on total COD reduction (P = 0.9). Anal
ysis of covariance indicated that variation
in influent-soluble COD concentration

significantly affected reduction in mixed
Uquor total and soluble COD (P = 0.95
and P = 0.995, respectively).
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