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INTRODUCTION

A knowledge of the amount of oxygen
required by decomposable matter in a
livestock waste is important for several
reasons. Firstly, it may be used as a
general measure of the oxidizable matter
contained in a waste. Secondly, it may be
used as a means of predicting the progress
of aerobic decomposition in polluted
waters and the degree of self-purification
that may be achieved in a given time.
Thirdly, it may be used as a measure of
the removal of pollutants that accom
panies different treatment processes.

Though the oxygen demand of a waste
may be determined by several tests, the
biochemical oxygen demand (BOD) test
is the one most widely used. This test is
normally the primary basis of any
assessment of the pollution potential or
strength of a waste.

In a recent study by Aasen and
McQuitty (1) reported elsewhere, an
oxygen demand index (ODI) test was
used in addition to the BOD test in a
comparison of aerobic and anaerobic
storage of beef cattle wates. The material
presented here is the result of further
analyses and study of data pertaining to
these tests. Their relationship to other
measured waste strength characteristics
also was considered.

TESTS

Biochemical Oxygen Demand

The BOD of a waste is the amount of
dissolved molecular oxygen required to
stabilize the decomposable matter present
under aerobic conditions (2, 3, 9, 11).
This oxygen demand is exerted by three
classes of materials (2, 3): (a) an initial
demand by chemical reducing compounds
(ferrous ion, sulphite and sulphide); (b)
carbonaceous organic matter usable as a
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food source for aerobes; and (c) oxidiz
able nitrogen that serves as a food source
for nitrogen bacteria. The latter two
demands form the BOD with the

carbonaceous breakdown as the first stage
and nitrification as the second.

Only the first stage is sufficiently
constant to be generalized in mathema
tical terms (3). The general equation for
the BOD curve is given by:

--L(l-I0~kt)
where

Y = BOD at timer;
L = ultimate BOD of a waste; and
k = reaction rate constant of bacterial

population.

The use of the equation is dependent
upon the determination of L and k for a
given waste. Several methods have been
developed for determining these con
stants, including: (a) the "log-difference"
method - Fair 1936 (4); (b) the "slope"
method - Thomas 1937 (12, 13); and (c)
the "moment" method - Moore et al.
1950(8).

Oxygen Demand Index

The ODI testa is a modification of the
chemical oxygen demand (COD) test
which is a measure of the chemically
oxidizable organic matter in a waste (3).
The ODI test, involving chemical oxida
tion, uses potassium dichromate
(K2Cr2(>7) as an oxidizing agent. During
the redox reaction, the yellow color of
the hexavalent dichromate ion
(Cr207~~) is reduced to the green-color
trivalent state (Cr+++) by organic matter.
The degree of color change is propor
tional to the amount of organic matter
present and can be measured on a
spectrophotometer at a wavelength of
600 nm.

a Simpson, K.J. 1970. Assessment of oxygen
demand tests. Unpublished M.Sc. Thesis,
Department of Civil Engineering, University
of Alberta, Edmonton, Alta.

Simpsona, in a comparison of oxygen
demand tests, noted that ODI test results
were similar to those obtained by the
COD tests. The primary advantage of the
ODI test over the COD test lies in the fact

that the former requires only a few
minutes to carry out compared to several
hours in the case of the latter.

EXPERIMENTAL PROCEDURES

The beef cattle wastes were collected
in four storage pits beneath slatted floors
(1). Pits 1 and 2 were operated as
oxidation ditches, with one rotor located
in the former and two in the latter to
maintain two levels of aeration. Pits 3 and
4 received no treatment and hence
operated anaerobically.

Samples were collected weekly from
each pit for the last 19 wk of a 30-wk
trial period (1). The sample analyses were
conducted in the Environmental Labora
tory, Department of Civil Engineering,
University of Alberta.

BOD tests were carried out using the
Hach Manometric BOD apparatus. The
standard 5-d BOD test requires a constant
temperature of 20°C. However, because
no facilities were available to control
temperatures of the solutions in the Hach
units, the BOD data (BOD5T) were
obtained in this trial at an average
temperature of 24°C (22-27°). The
procedures followed were in accordance
with the manual (7) accompanying this
apparatus. Tool (14) observed that this
Hach unit yielded results within ±5% of
the standard dilution method. It has the
advantages that it was designed for use by
an unskilled operator and has the
capability of handling wastes with high
BOD values. Readings were taken twice
daily and the first-stage BOD curve was
plotted for each of duplicate samples.

Initially, the procedures for the ODI
test as documented by Westerhold and
cited by Simpsona were followed. These
later were modified to those adopted by
Simpson using standard COD reagents.
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TABLE I MEANS AND STANDARD DEVIATIONS OF THE ULTIMATE BOD (Z,), MG PER
U1LK o

-5

Pit: 1 2 3 4

Method
Log difference

Mean

SD

9,300
3,800

10,800
4,300

19,800
5,000

19,100
4,400

Xm

o
>-
X

o

Slope
Mean

SD

9,200
4,000

10,500
4,300

18,300
4,800

17,800
4,200

Moment

Mean

SD

9,560
4,100

11,000
4,800

19,100
4,000

18,200
3,900

—i

?1°
Gross pit:

Mean

SD

9,300
3,900

10,800
4,400

19,100
4,700

18,400
4,100

Xuj

°z
Treatment:

Mean

SD

Aerobic
10,100
4,200

Anaerobic
18,700
4,400

eoiij

O
>-
X

O

No apparent differences were observed
between respective ODI values during a
comparison of the two procedures.

In addition to the BOD and ODI tests,
the samples were analyzed for pH, total
solids (TS) and volatile total solids (VTS).
The methods used in these determina
tions were in each case in accordance
with those set out in "Standard Methods'*
(2) for samples with high solids content.

DATA ANALYSIS AND RESULTS

k and L Determinations

A Fortan computer program was writ
ten to determine values for k (rate con
stant) and L (ultimate BOD) for the
first-stage BOD curve. All three methods
listed above for determining k and L were
incorporated in the program. Initially, the
program was not able to handle the BOD
data as recorded, due to minor fluctua
tions of the Hach unit readings. There
fore, a logarithmic transformation of the
time (h) of the BOD readings plotted
against BOD (mg per liter) was used to
determine the straight line regression of
the data (Figure 1). The values deter
mined from the regression then were
transformed back to the original units to
give the "best-fit" BOD curves (Figure 1).

The analyses of the computed values
for L and k were carried out using the
r-test and analysis of variance procedures
(10), both of which gave the same results.
A comparison of the means of the L
values for the two storage treatments
indicated that the difference was highly
significant (P < 0.01). There was no signi
ficant difference (P < 0.05) between the
means of L for the aerobic pits 1 and 2 or

between the means of L for the anaero
bic pits 3 and 4. The means and standard
deviations of values of L obtained are
shown in Table I. The weekly changes in
computed ultimate BOD's are shown in
Figure 2 and are the mean of the three
methods used. The treatment mean values
of L obtained in this study were 10,100
and 18,700 mg per liter, respectively, for
the aerobic and anaerobic treatments.

No significant differences between the
means of L for the methods used for L
determination were found for the aerobic
decomposition. However, a significant
difference between the three methods
was indicated for the anaerobic system.
The means of the anaerobic L values then
were tested using Duncan's new multiple
range test (10) at the 0.01 level of
probability. The results of this test indi
cated that the overall mean from the
method of moments was not significantly
different from the means of either of the
other two methods, while the means of
the log-difference and the slope methods
were significantly different from each
other.

Analysis of the means of k (Table II)
between the two storage treatments
showed highly significant differences. The
analysis of variance for the means of k
indicated that there was no significant
difference between the two aerobic pits 1
and 2 or between the three methods used
for determining k. Figure 3 shows the
weekly change in computed k values.

The analysis for the means of k in the
anaerobic treatments indicated that the
differences between the three methods
used to determine k were highly signifi
cant. However, the difference of the
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Figure 1. Logarithmic plots of BOD data
with regression equations for aero
bic and anaerobic pits (top). Arith
metic plots of BOD data for aerobic
and anaerobic pits (bottom).
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Figure 2. Weekly changes of ultimate BOD
(L) for the aerobic (pits 1 and 2)
and anaerobic (pits 3 and 4) treat
ments.

means of k between the anaerobic pits 3
and 4 was not significant.

The use of Duncan's multiple range
test (P<0.01) showed that the overall
means of k for the slope and moment
methods were not significantly different
from each other. The test also showed
that both these methods were significant
ly different from the log-difference meth
od. The treatment mean values for k
obtained were 0.132 and 0.236 days-1,
respectively, for the aerobic and anaero
bic treatments.

Waste Characteristics

The concentration and quantity means
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Figure 3. Weekly changes of reaction rate
constant (k) for the aerobic (pits 1
and 2) and anaerobic (pits 3 and 4)
treatments.

and ranges for the various tested waste
characteristics obtained over the test peri
od are shown in Table III. In general,
there was an increase in both concen

tration and quantity for all the variables
with time. The concentration differences

between the two forms of decomposition
were highly signficant for all the tested
characteristics (1). No significant differ
ences were found for the concentrations

between the anaerobic pits 3 and 4, but
differences between TS concentrations

and between VTS concentrations were

significant for the aerobic pits 1 and 2.
Removing the effect of dilution, a highly
significant difference was found between
the aerobic and anaerobic systems only
for the quantity of BOD5T. No signifi
cant quantity differences were found
between pits within either of the systems.

Multiple Regression Analysis

The 5-d time period required for the
BOD test may be a major disadvantage
where information concerning the
strength characteristic of a waste is need
ed promptly. An approximation of BOD5
may be made using the 2.5-day, 35°C
BOD test (14,), but again the time delay
may be too long. Accordingly, multiple
regression equations were determined to
estimate BOD5.

Only TS and ODI were used as the
independant variables in the analysis. The
reasons for doing so were that the tests in
both instances are fairly simple to run
and that the equipment required for both
tests normally is available in a laboratory.
The use of VTS as a variable was discard
ed on the basis that most laboratories are
not equipped with the necessary muffle
furnace while, in any case, VTS was
found to contribute little to the reduc
tion of the sum of squares. A further
reason for using only two variables was to

TABLE D MEANS AND STANDARD DEVIATIONS OF THE REACTION RATE CONSTANT
_i(k\ DAYS

Pit:

Method
Log difference

Mean

SD

0.121

0.056
0.126
0.049

0.206
0.035

0.196

0.027

Slope
Mean

SD

0.135
0.074

0.137
0.064

0.270

0.069

0.252

0.062

Moment

Mean

SD

0.136

0.069
0.135
0.059

0.255

0.067

0.240

0.063

Gross pit:
Mean

SD

0.131

0.066

0.133

0.056

0.243

0.064
0.229
0.058

Treatment:

Mean

SD

Aerobic
0.132

0.061

Anaerobic
0.236
0.061

TABLE III CHARACTERISTICS OF THE LIQUID WASTES (MEANS AND RANGES)

Aerobic Anaerobic

Pit number: 1 2 3 4

Concentrations:

BOD5T1, (mg/liter) 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 8.0

(7.0-8.4)
8 3

(8.0-8.6)
6.8

(6.6-7.0)
6.8

(6.6-7.0)

Quantities
BOD5T*(kg) 160

(56-248)
182

(74-294)
603

(183-919)
581

(227-854)

ODI (kg) 387

(195-592)
402

(195-551)
450

(158-797)
447

(170-777)

TS (kg) 2,586
(1,435-2,934)

2,673
(1,619-3,229)

2,545
(1,155-3,290)

2,341
(1,033-3,444)

VTS (kg) 1,827
(1,111-2,133)

1,900
(1,293-2,372)

1,859
(937-2,334)

1,718
(815-2,517)

* Mean BOD5X temperature =24.0°C.

keep the regression equations as simple as
possible.

Although the analysis, due to the
nature of the project, could not show a
relationship between ODI and BOD5T,
highly significant simple correlations
(P< 0.01) existed between the two vari
ables for both storage systems. Slightly
lower correlations were found between
TS and BOD5T, but they were still

significant at the same probability level.
A relationship is known to exist between
BOD and TS, since organisms largely use
the dissolved organic portion of the TS
for food (5).

A computer program (6) for a stepwise
multiple regression was used to determine
the relationship between the dependent
and independent variables. The general
model considered for the regression was
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TABLE IV REGRESSION ANALYSIS FOR AEROBIC BOD5

Source of

variation df

Sum of

squares

Mean

squares

Attributable to regression
Deviation from regression

Total

2

27

90,987,120
37,344,016

45,493,552
1,383,111

29 128,331,136

32.89**

** Significant at the 0.01 level of probability.
Regression equation: BOD5 = -2970 + 0.219(ODI) + 0.0660(TS).
Multiple correlation coefficient = 0.836.
Cumulative proportion of sum of squares reduced ;
Standard error of the estimate = 1200 mg/liter.

0.709.

TABLE V REGRESSION ANALYSIS FOR ANAEROBIC BOD5

Source of

variation df

Sum of

squares

Mean

squares F

Attributable to regression
Deviation from regression

Total

3

26

29

189,964,016
83,043,600

273,007,616

63,321,328
3,193,984

19.82**

** Significant at the 0.01 level of probability.
Regression equation: BOD5 =4540 +0.279(ODI) +0.0957(TS) +23100 (^).
Multiple correlation coefficient = 0.821.
Cumulative proportion of sum of squares reduced =0.696.
Standard error of the estimate = 1850 mg/liter.

as follows:

Y =A+B1X1 +B2X2 +B3-.

where

Y
~

dependant variable, BOD5
(mg/liter),

Xl
=

oxygen demand index (mg/
liter),

x2 = total solids (mg/liter),
A = intercept, and
-B3 = multiple partial correlation coef

ficients.

The results of the regression analyses
for both the aerobic (Table IV) and
anaerobic (Table V) storage treatments
were based on the ranges of values for the
two independent variables as shown in
Table III. For the anaerobic regression
(Table V), the interaction between ODI
and TS only accounted for an additional
0.2% reduction in the sum of squares.
However, its inclusion in the equation
reduced the intercept from 8,080 to
4,540 mg per liter.

DISCUSSION

The importance of making compari
sons between the aerobic and anaerobic
treatments on a dry matter basis for the
various waste characteristics tested in this
project has been made elsewhere (1).

TS

Highly significant concentration differ
ences existed between the strength
characteristics tested for the two storage
treatments. With the effect of dilution

removed, a highly significant difference
was observed only for the quantity of
BOD5X. Differences between the quanti
ties of the other variables were not

significant even at the 0.05 level of
probability.

The results of the analyses concerning
the time constant (k) and the ultimate
BOD (L) for the first-stage BOD curve are
of interest. Both values were found to be

significantly lower (P<0.01) for the
aerobic than for the anaerobic treat

ments, thus suggesting the need for the
use of values appropriate not only to a
waste for a particular class of animal but
also to the type of treatment involved
prior to BOD determinations.

Results also suggest that the method
of determining k and L may be a further
factor to be taken into account where
accuracy in determining BOD values is
necessary, with one method being more
appropriate to a particular waste or waste
treatment than another. The original trial
and error method (11) of determining L
and k was modified and/or simplified by
the development of the log-difference,
slope and moment methods (3, 5). Some
variation in L and k values might be
expected, therefore, for the three meth
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ods used. The reasons for significant
differences, however, in the L and k
values for the three methods of deter

mination in the case of the anaerobic

wastes, but not in that of the aerobic, are
not readily apparent.

During the early stages of this study,
seeding of the BOD samples was attempt
ed. The lag period obtained from the
slope method of k and L determination
indicated that seeding had no effect on
decreasing the BOD lag. This would sup
port the view that the seeding of animal
wastes undergoing treatment, aerobic or
anaerobic, may not be required since a
large microorganism population probably
is established.

The results of the two fairly rapid and
simple tests, ODI and TS, were used to
determine regression equations. The sum
of squares accounted for by the regres
sions were approximately 70% for both
the aerobic and anaerobic equations. This
percentage and the significant (P<0.01)
multiple correlations obtained suggest
that such simple equations may be useful
for approximating BOD5 values of a
livestock waste without involving the
usual time delay. Such approximations
could be of practical significance.

The accuracy of the regression equa
tions found in this study may be ques
tioned to some degree, since the BOD5
values used in their determination were
obtained at a mean temperature of
24.0°C rather than the standard 20.0°C.
There also were some limitations from a
statistical viewpoint with regard to con
trol of all the variables affecting the
storage treatments, since the project was
conducted under practical conditions.
Hence, the regressions for BOD5 anc* tne
values of L and k determined in this
study require to be evaluated to deter
mine their general applicability to other
Hvestock wastes, including those from
beef cattle maintained under conditions
of environment and feeding different
from those prevailing during this project.

CONCLUSIONS

The following conclusions are drawn
from this study:

1. The BOD constants for reaction
rate (k) and ultimate BOD (L) for
anaerobically stored beef cattle
wastes are significantly higher than
for those stored aerobically. The
respective treatment mean values
for k were 0.236 and 0.132 days-1
and for L, 18,700 and 10,100
mg/liter.
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2. Significant differences exist for the
anaerobic, but not the aerobic,
wastes between the values of both

L and k for the three standard

methods of determining these con
stants.

3. Regression equations using values
for total solids and the oxygen
demand index as independent vari
ables may be used to approximate
the BOD5 of beef cattle wastes.

4. Seeding of beef cattle wastes under
going aerobic or anaerobic treat
ment has no effect on the BOD lag
period.

SUMMARY

The wastes of housed beef cattle were

collected and stored in pits beneath slat
ted floors over a 30-week period. The
contents of two pits were stored anaero-
bically, while aerobic conditions were
maintained in another two pits. Samples,
collected weekly from each pit over the
last 19 weeks of the test period, were
analyzed for biochemical oxygen de
mand, oxygen demand index, pH, total
solids and volatile total solids. The BOD
constants for reaction rate (k) and ulti
mate BOD (L) were determined by three
methods: moment, slope and log-differ
ence.

Results indicated that values for k and

L are both significantly higher for anaero-
bically stored wastes than for aerated

77

wastes. Differences between the values of

the constants exist for the three methods

of determination, these being significant
in the case of the anaerobic, but not in
the aerobic, treatment. Regression equa
tions were determined to estimate BOD5,
using the oxygen demand index and total
solids values as independent variables.
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