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INTRODUCTION

Many systems of livestock waste
management have been proposed and
investigated. However, the main processes
in actual practice today are biological in
nature. There are two basic biological
processes for the degradation of waste
products —aerobic and anaerobic (2).

Although anaerobic decomposition
usually is associated with undesirable
odours, the process has certain advant
ages. Loehr (5) states that the purpose of
anaerobic treatment is for the destruction
and stabilization of organic matter and
not for water purification. Miner (8)
noted that this process has the ability to
decompose more organic matter per unit
volume than an aerobic system.

Aerobic systems, although less effici
ent in the decomposition of organic
matter, are more effective in reducing
biochemical oxygen demand (BOD), a
measure of pollution potential (4, 9).
Jones et al. (3) state that other major
advantages of aerobic decomposition
include; (a) the concentration of minerals
which may be readily applied to land, (b)
the destruction of most pathogenic
organisms, and (c) the partial destruction
of organic solids into water and odourless
gases. The latter alone may be sufficient
justification for the use of this system.

A variety of systems have been
proposed and investigated to entrain
oxygen into liquid wastes and to maintain
an aerobic environment for oxidation (6,
9, 12). The main differences between
these systems are the methods used to
bring the air into contact with the wastes
for oxygen diffusion.

The purpose of this study was to
determine the effects of biologically
treating beef cattle wastes under field
conditions. Two forms of waste decom-
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position were compared; namely, aerobic
and anaerobic.

EXPERIMENTAL FACILITIES AND

PROCEDURES

The study was carried out in the
Livestock Environmental Engineering
Laboratory on the research farm of the
Department of Agricultural Engineering,
University of Alberta. This facility was
described previously (7).

Forty beef steers used in a concurrent
environmental housing project (7) sup
plied the wastes used in this study. The
animals (10 head per pen) were housed in
four pens (Figure 1), two of which were
fully slatted (pens C and D) with the
remaining two (pens A and B) incorpora
ting the free-stall system with slatted
passages and feeding areas. The aerobic
pits 1 and 2 were located beneath pens B
and C and the anaerobic pits 3 and 4
under pens A and D (Figure 2).

The livestock were housed in the

building on 17 January 1970 (day 0 of
test period). They were fed a grain-hay-
lage ration to appetite, in the proportion
of 75:25 for pens A and C and 50:50 for
pens B and D. On day 102, all animals
were put on a finishing ration of 85%
grain and 15% haylage. From day 143,
animals that had reached sale weight were
sold on a biweekly basis with all
remaining animals sold off on day 185.
Average initial animal liveweight was
approximately 500 lb (227 kg) and
average slaughter weight around 1000 lb
(454 kg).

Angle-steel rotors (Figure 3) were used
in pits 1 and 2 to provide the aeration
treatment. The rotors, based on design
parameters reported by Baars and Muskat
(1), were constructed by the Department
of Agricultural Engineering. Pit 1 con
tained a single rotor whereas pit 2 was
equipped with two rotors. This distribu
tion provided two levels of aeration in the
oxidation ditches. Each rotor was 32
inches (81.3 cm) in diam and 30 inches

(36.2 cm) in length. Operational speed
was 120 rpm. Since there were no outlets
from the pits, this involved designing each
rotor assembly to pivot on a shaft just
below slat level so that immersion depth
could be maintained within specified
limits of 3-6 inches (7.6-15.2 cm) as the
level of the pit contents rose. This was
achieved by means of a hand winch
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Figure 1. Livestock pen arrangement with
free stalls to right of feed bunk
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Figure 2. Pit location showing rotor place
ment in aerobic pits 1 and 2.
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Figure 3. Frontal view of rotor assembly in lowered position with sealed chain drive to the
right.

Figure 4. Hach manometric BOD apparatus with sample bottle and wick assembly.

fastened above slat level and connected
by a steel cable to the lower end of the
rotor assembly. The main drive for each
assembly, a 5 HP electric motor and a
reduction gear, was housed above slat
level under the feed bunk. A 2-ft (62-cm)
depth of water was initially added to all

four pits
animals.

just prior to housing the

A composite sample was taken from
each pit on a weekly basis for analyses in
the Environmental Laboratory, Depart
ment of Civil Engineering, University of
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Alberta. This composite was obtained by
mixing individual samples collected from
several locations in a pit by means of a
10-ft (304.8-cm) long, 1-1/2-inch
(3.8-cm) OD tube sampler. The sampler
was lowered slowly down through the
depth of liquid waste, then a rubber plug
at the lower end was closed off by remote
linkage to contain the sample. The first
samples were taken on day 79 and the
last on day 209, approximately 3 wk
after all cattle were removed from the
pens. The analyses of these samples
included standard tests (13) for pH,
BOD5, oxygen demand index (ODI),
total solids (TS), and volatile total solids
(VTS). Duplicate subsamples of a com
posite sample were used in the BOD5, TS,
and VTS analyses. Duplicates were run on
three subsamples of different dilutions
for ODI.

A Hach manometric BOD apparatus
(Figure 4) was chosen for this study since
it is designed for use by both trained and
untrained personnel and has been found
to yield results within ±5% of the stand
ard dilution method (11). The apparatus
is also capable of handling wastes with
high BOD strengths. The ODI test is a mod
ification of the standard chemical oxygen
demand (COD) test and uses potassium
dichromate as an oxidizing agent.3

A composite sample also was collected
from each pit on a 7- or 14-day basis to
determine the plant nutrient content of
the liquid wastes. The analyses of these
samples, conducted by the Alberta Soil
and Feed Testing Laboratory (SFTL) in
accordance with their standard proce
dures for livestock wastes,b included tests
for: pH; dry matter (DM); specific gravity
(sp gr); total nitrogen in the liquid (Nj)
and in the dry matter (N0); and phospho
rous (P) and potassium (K) content. Am
monia nitrogen (NNH3) represented the
difference between Ny and N0, as neither
nitrate or nitrite determinations were in
cluded in these analyses.b

The depth of the liquid wastes in each
pit was measured and recorded weekly to
determine the pit volume. Pit tempera
tures were recorded at the same time.
Livestock weights and feed intake, and
the analyses of the feeds were obtained
from the records of the concurrent beef
housing project (7).

Simpson, K.J. 1970. Assessment of oxygen
demand tests. Unpublished M.Sc. Thesis,
Dep. of Civil Engineering, Univ. of Alberta,
Edmonton, Alberta.

Personal communication. 1970. Summary
of laboratory procedures. Alberta Soil and
Feed Testing Laboratory, Edmonton,
Alberta.
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DATA ANALYSIS AND RESULTS

Unlike domestic municipal sewage
where the degree of dilution is fairly
constant, the extent of dilution of
livestock wastes may vary considerably. A
comparison of animal wastes with widely
differing dilutions may result in invalid or
erroneous conclusions because differences
in dilution would affect the degree of
concentration of the various waste

characteristics. Accordingly, the analyses
of the data obtained in this experiment
considered both the concentrations and
the quantities of the tested characteris
tics.

The means and ranges for the concen
trations and for the quantities of the
various chacteristics are given in Table I
and II, respectively. The means in each
case were determined from the values
obtained for each characteristic over the

test period with the quantities being
calculated from the concentrations and
the pit volumes recorded at time of
sampling. The mean measured volumes of
the pits were: 920 (26.0); 870 (24.6);
1,190 (33.7); and 1,210 (34.2) ft3 (m3),
respectively, from pits 1 to 4.

The concentrations and quantities of
BOD5, ODI, Nj and N0 for both the
aerobic and anaerobic treatments (under
continuous loading and with no wastes
removed over the trial period) demonstra
ted similar patterns of increasing values
with increasing time (Figure 5 and 6).
Some of the fluctuations that occurred
may be due to sampling procedures and
to methods of sample analysis. Rotor
breakdowns in the aerobic treatments
also may have contributed to these
fluctuations but the extent was masked
by the fact that the few more prolonged
stoppages occurred between the weekly
sampling of these pits.

Analysis of variance procedures (10)
were used to determine the significant
differences of the various tested charac
teristics between the aerobic and anaero
bic systems and between the pits within a
system. Highly significant concentration
differences (P < 0.01) were observed
between the two forms of decomposition
(Table III) for all characteristics except
Nt, which was not significant at the 0.05
probability level.c Similarly, comparison
of pits within a given treatment showed
that no significant differences in concen
trations were found between the two

c Aasen, A.K. 1971. The effects of aerobic
and anaerobic treatments on the decomposi
tion of beef cattle wastes. Unpublished
M.Sc. Thesis, Dep. of Agricultural Engineer
ing, Univ. of Alberta, Edmonton, Alberta.
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TABLE I MEANS AND RANGES OF LIQUID WASTE CHARACTERISTIC CONCENTRA
TIONS

Aerobic Anaerobic

Pit no: 1 2 3 4

BOD5T (mg/liter)1 6,030
(2,410-8,970)

7,460
(3,250-11,700)

17,600
(7,280-23,700)

16,800
(8,670-21,600)

ODI (mg/liter) 14,400
(7,200-22,200)

16,100
(7,200-23,800)

12,800
(5,400-20,300)

12,400
(5,800-19,300)

TS (mg/liter) 95,600
(62,000-134,000)

107,300
(67,000-139,500)

74,500
(42,500-86,000)

66,600
(38,000-97,000)

VTS (mg/liter) 67,900
(48,000-90,500)

76,400
(53,500-102,500)

54,200
(34,500-63,000)

49,100
(30,000-70,500)

VTS (%) 71

(66-77)
71

(67-80)
73

(67-81)
74

(71-79)

pH (Environ. Lab) 8.0

(7.0-8.4)
8 3

(8.0-8.6)
6.8

(6.6-7.0)
6.8

(6.6-7.0)

pH (SFT Lab) 7.8

(6.6-8.5)
7.8

(7.3-8.2)
6.7

(6.5-6.8)
6.8

(6.5-7.5)

DM (%) 9.4

(7.7-10.9)
10.6

(8.1-13.8)
6.9

(4.9-8.5)
6.3

(4.7-8.4)

Spgr 1.027

(1.009-1.040)
1.026

(1.020-1.036)
1.015

(1.004-1.023)
1.017

(1.009-1.024)

Nitrogen (%WB)*
Total (Nx) 0.351

(0.227-0.474)
0.402

(0.285-0.475)
0.370

(0.298-0.463)
0.360

(0.290-0.447)

Organic (N0) 0.264

(0.200-0.348)
0.324

(0.242-0.411)
0.207

(0.163-0.251)
0.193

(0.144-0.256)

Ammonia (Nnh^) 0.087
(0.014-0.169)

0.078

(0.043-0.131)
0.172

(0.131-0.029)
0.167

(0.118-0.229)

Phosphorous (%WB) 0.117
(0.078-0.158)

0.132

(0.081-0.182)
0.067

(0.044-0.091)
0.065

(0.043-0.096)

Potassium (%WB) 0.261

(0.209-0.334)
0.310

(0.234-0.390)
0.202

(0.175-0.232)
0.191

(0.136-0.217)

t Mean BOD5X temperature = 24.0 C.
* WB = wet basis.

anaerobic pits. Comparison of the aerobic
pits 1 and 2 showed significant differences
(P < 0.05) existed between the pits for
concentrations of TS, VTS, N0 and K.

Again applying analysis of variance
procedures, highly significant differences
(P < 0.01) were found between the
aerobic and anaerobic systems for the
quantities of BOD5, Nj, NNH3, and p
only (Table IV). No significant differ
ences in quantitites (P < 0.05) were
observed between pits within either of
the systems for any of the tested
characteristics.0

DISCUSSION AND OBSERVATIONS

In a project of this nature carried out
under practical conditions, there were
obvious limitations from a statistical
viewpoint with regard to control of
variables. The analysis of the data
obtained showed several interesting re
sults. Highly significant differences were
found between the two forms of

decomposition for the concentrations of
the waste strength characteristics. How
ever, a significant difference was found
only in the case of BOD 5 when the effect
of dilution was removed.

The pollution potential (as measured
by BOD5) of the beef cattle wastes
treated anaerobically was some three to
four times greater than that of the
aerobic treatments. After 185 days of
loading plus 18 days of additional
treatments, the aerobic oxidation ditches
had an estimated BOD5 reduction of
70-80% compared to a reduction of
10-20% for the anaerobic treatments.
Estimates were based on an average daily
BOD5 production in fresh wastes from
steers of 1.7 lb (772 g) per day per 1000
lb (454 kg) liveweight.c

Compared with previous studies in
volving both aerobic and anaerobic
treatments, the concentrations of BOD5
obtained in this project were similar to
some, but differed widely from others.
Comparison between studies, on the basis

CANADIAN AGRICULTURAL ENGINEERING, VOL. 16, NO. 1, JUNE 1974



TABLE II QUANTITIES OF WASTE CHARACTERISTICS - MEANS AND RANGES

Kg

Aerobic Anaerobic

Pit no: 1 2 3 4

BOD5X 160

(56-248)
182

(74-294)
603

(183-919)
581

(227-854)

ODI 387

(195-592)
402

(195-551)
450

(158-797)
447

(170-777)

TS 2586

(1435-2934)
2673

(1619-3229)
2545

(1155-3290)
2341

(1033-3444)

VTS 1827

(1111-2133)
1900

(1293-2372)
1859

(937-2334)
1718

(815-2517)

DM 2586

(2152-3061)
2695

(2203-3405)
2432

(1467-3306)
2282

(1418-3300)

Nitrogen
Total (Nj) 96

(61-133)
102

(77-117)
134

(88-180)
129

(87-175)

Organic (N0) 72

(56-94)
82

(66-101)
73

(48-97)
70

(44-99)

Ammonia (N^Hi) 24

(4-47)
20

(12-21)
61

(38-87)
59

(39-90)

Phosphorous 32

(22-42)
33

(22-45)
24

(13-35)
24

(13-37)

Potassium 71

(58-94)
78

(64-96)
71

(51-92)
68

(40-88)

TABLE III ANALYSIS OF VARIANCE: CONCENTRATIONS OF WASTE CHARACTERIS
TICS FOR AEROBIC VERSUS ANAEROBIC TREATMENTS

Figure5. Sample period concentration (A)
and quantity (B) changes of
BOD5 and ODI for the aerobic
and anaerobic systems.

systems were for Nj, NNH3 and P-

The ammonia nitrogen in the anaero
bic pits was two and one-half to three
times the quantity present in the
oxidation ditches. These differences were
due most probably to the agitation of the
liquid in the oxidation ditches, which
would facilitate the escape of ammonia
into the atmosphere. Therefore, since no
significant differences were observed
between the quantities of organic nitro
gen, the higher total nitrogen found in
the anaerobic treatments was most
probably a result of the higher ammonia
nitrogen.

Losses of P and K from the pits are
not possible except by solids removal and
therefore the respective quantities of each
would be expected to be the same for
both systems. The fact that there was a
highly significant difference (P< 0.01) in
the quantities of P between the two
systems would suggest not an actual loss
of P, but rather the difficulties of
obtaining truely representative samples
from the anaerobic pits. In such storages
the larger solids (and hence most of the
P-containing compounds) settle out,
whereas the action of the rotors in the
aerated pits tends to keep this material in

Source of

variation ]
Degrees of

freedom
Mean

squares

BOD5X Between treatments

Within treatments
1

74
2,068,400,000

1,094,700
188.94**

ODI Between treatments

Within treatments
1

62
185,300,000

18,547,000
9.99**

TS Between treatments
Within treatments

1

70
21,304,000,000

273,320,000
77.94**

VTS Between treatments

Within treatments
1

70
9,236,700,000

116,560,000
79.24**

DM Between treatments

Within treatments
1

38
119.025

2.103
56.60**

NT Between treatments
Within treatments

1

38
0.0005625
0.0050139

<1.00

No Between treatments
Within treatments

1

38
0.0894920
0.0025886

34.57**

NNH3 Between treatments
Within treatments

1

38
0.0757770

0.0014875
50.94**

P Between treatments
Within treatments

1

38
0.0338770

0.007369
45.97**

K Between treatments

Within treatments
1

38
0.0785880

0.0016620
47.28**

** Significantat the 1% level of probability.

of concentration or DM, is difficult due
to the frequent lack of reported informa
tion on factors such as the extent of
dilution, pit volumes, and animal size or
waste loading rates.

For the waste nutrient samples,

significant differences in the concentra
tions between the aerobic and anaerobic
systems were found. An exception to this
was the N7 concentration, which was not
significantly different. Removing the
effect of dilution, analyses showed that
the only differences between the two
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TABLE IV ANALYSIS OF VARIANCE: QUANTITIES OF WASTE CHARACTERISTICS FOR
AEROBIC VERSUS ANEROBIC TREATMENTS

Source of
variation

Degrees of
freedom

Mean

squares

BOD5T Between treatments

Within treatments

1

74

16,700,000
112,300

149.07**

ODI Between treatments

Within treatments

1

62

221,500
103,560

2.14

TS Between treatments

Within treatments

1

70

3,440,500
1,545,600

2.22

VTS Between treatments

Within treatments

1

70

497,000
721,480

<1.00

DM Between treatments

Within treatments

1

38

3,907,500
1,408,900

2.77

NT Between treatments

Within treatments

1

38

51,624
3,781

13.65**

No Between treatments

Within treatments

1

38

1,664
1,352

1.23

NH3 Between treatments

Within treatments

1

38

71,700
1,107

61.81**

P Between treatments

Within treatments

1

38

3,725
341

10.92**

K Between treatments

Within treatments

1

38

1,369
816

1.68

** Significant at the 1%probability level.

A. CONCENTRATIONS organic matter per unit volume than its
aerobic counterpart.

No significant differences were found
between the two anaerobic pits (3 and 4)
with or without the effect of dilution.
Throughout the project, the pits had
similar volumes at time of sampling. The
two aerobic pits (1 and 2) had signifi
cantly different concentrations for TS,
VTS, N0 and K. These differences can be
largely explained by the changes in pit
volumes caused by rotor-induced evapora
tion as no differences were found after
removing the effect of dilution.

Although many livestock waste re
searchers have used BOD5 and COD to
express the strength characteristics of
animal waste, no reference was found in
the literature to the ODI test being used.
However, Simpson ,a with regard to
municipal wastes, stated that each waste
should be classed separately as no single
ODI to BOD ratio could be applied to all
wastes due to their complex nature. This
would apply to an even greater degree in
the case of livestock wastes where many
different types of feed, feed additives,
and different classes of livestock are
encountered. The differences in the ODI
values between the two systems were
significant (P < 0.01) only with respect
to concentration; rather surprisingly, the
aerobic pits gave the higher values. The
significance of this and the value of the
ODI test as an animal waste strength
characteristic are not apparent. Further

study on the correlation between ODI
arid other characteristics is needed.

The difference between the aerobic pH
data (Table I) may be the result of the
different aeration levels in the two pits
and the fact that a rotor stoppage in pit 1
brought aeration to a standstill there,
whereas it only resulted in a lower level
of aeration in pit 2. A further reason,
probably the most significant, may be a
result of the difference in the interval
between sampling and pH determination
in the two laboratories. The values from
the Environmental Laboratory were ob
tained shortly after sampling whereas the
SFTL values were obtained after over
night cold storage of the samples.

Rotor breakdowns posed a problem
throughout the project.0 Stoppages due
to the failure of bearings and chains
occured several times. Bearing failure was
apparently the result of liquid and solids
getting into the bearing. Wear, corrosion
and rust played a part in chain and shaft
failures. Large matted masses of hair were
usually found wrapped around shafts.
The part this material played in rotor
breakdown is not known with certainty
but would appear to be important.

Various covers and seals were used in
an attempt to protect the bearings, with
little success. Toward the end of the
project, hardwood blocks of oak, well
soaked in linseed oil, replaced the lower
bearing with appreciably better results.
The overall design of the rotor assembly
also may have been a factor in the
breakdowns.

The oxidation ditch rapidly became
anaerobic without aeration. Odours were
noticeably stronger in the aerobic pits
after a breakdown period of several days
than after only a short period of a few
hours. However, these odours did not
approach the strength of those in the
anaerobic pits. Some solids settled out in
the ditch if the pit was left unagitated for
even a few hours. However, no permanent
buildup of solids was observed, indicating
that they became resuspended once the
rotor again was operational.

Another problem encountered was the
very slow movement of the wastes in the
ditches if the amount of dilution became
too low. Increasing the depth by about
one-half inch (1.27 cm) with a water
spray increased the liquid waste move
ment. A water spray usually cleared up
within a few hours, the foaming that
occurred when a rotor was restarted after
a breakdown. The amount of foaming,
even without a water spray, was not a
serious problem in this study.

Figure 6. Sample period concentration (A)
and quantity (B) changes of Nj
and N0 for the aerobic and
anaerobic systems.

suspension. Difficulties in sampling from
the bottom layer in the anaerobic pits
were experienced in this experiment.

Although not significantly different,
the anaerobic pits had about 11% less DM
than the oxidation ditches. These results
are in general agreement with the
statement by Miner (8) that the anaerobic
process is able to decompose more

31
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Although the loading rate with wastes
in both systems was very similar, the
difference in volumes showed a greater
amount of water-loss through evaporation
from the ditches, even with the additional
water added for rotor assembly cleaning,
repairs, and foaming and dilution pro
blems. Over the 209-day test period, pits
1 and 2 had a maximum liquid-volume
increase of less than one-third the original
whereas the anaerobic pits (3 and 4)
doubled their initial liquid volume. The
ditches also showed a greater fluctuation
in liquid temperatures, the ranges being
14.0-22.0°C and 13.0-19.0°C, respectively
for the aerobic and anaerobic pits. Both
these observations are assumed to be the
result of the agitating action of the rotors
which increases the liquid-air surface.

CONCLUSIONS

The following conclusions are drawn
from this project:

1. Significant differences in concentra
tion existed between the two forms
of decomposition for all variables
except total nitrogen (Nx).

2. Upon removal of the effect of
dilution, significant differences be
tween the two treatments were
found only for 5-day biochemical
oxygen demand (BOD5), total
nitrogen (Nj), ammonia nitrogen
(NNH3)> and phosphorous (P).

3. Significant differences in the con
centrations of the variables total
solids (TS), volatile total solids
(VTS), organic nitrogen (N0) and
potassium (K), were noted between
the two levels of aeration. No
significant differences were obser
ved between the two levels when
compared on a dry matter (DM)
basis (no dilution effect).

4. The pollution potential of the
anaerobic treatments, based on
5-day biochemical oxygen demand
(BOD5) was three to four times
that of the aerobic treatments.

Estimated reduction was 70-80%
for the aerobic system and 10-20%
for the anaerobic.

SUMMARY

The wastes of beef cattle housed in
total confinement were collected and
stored in pits beneath slatted floors over a
30-week period. The contents of two pits
were stored anaerobically while aerobic
conditions were maintained in a further
two pits by use of aeration rotors on the
oxidation-ditch principle. One ditch was
equippped with two rotors and the other
with one rotor, thus giving two levels of
aeration treatment.

Samples collected weekly from each
pit over the last 19 weeks of the test
period were analyzed for 12 variables.
These included both strength characteris
tics and plant nutrient values.

Results for the variables tested indi
cated the importance of dilution in
considerations of the differences between
the aerobic and anaerobic forms of
decomposition. With the effect of dilu
tion removed, the biochemical oxygen
demand, total and ammonia nitrogen, and
phosphorous exhibited significant differ
ences for the two treatment systems. The
pollution potential and odours of the
aerobic pits were greatly reduced com
pared with the anaerobic.
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