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Treatment of Livestock Waste-A Laboratory Study 
E. A. Jeffrey, W. C. Blackman, Jr., and Ralph Ricketts 

MEMBER ASAE 

THE USE OF sewage lagoons to dis-
pose of animal wastes accumulating 

in confinement systems has become 
popular in some parts of the country. 
This use has prompted a number of in-
vestigations to be made to determine 
the treatment chara:cteristics of various 
animal wastes for use in the rational 
design of lagoons. The popular concep-
tion of a domestic sewage lagoon is a 
pond in which sewage is treated, and 
which produces an effluent that exerts 
a relatively small oxygen demand on 
the receiving water, and which has no 
odor or other esthetic or health com-
plication. These lagoons are more de-
scriptively referred to as stabilization 
or oxidation ponds. Considering both 
the hydraulic and organic loading, they 
are designed for approximately 200 to 
300 persons per acre depending on 
temperature. The problems associated 
with designing animal-waste lagoons 
using similar design criteria are dis-
cussed in the conclusion of this paper. 
Morris and Robinson ( 1) ", after study-
ing the economics of hog-manure dis-
posal in confinement systems, state that 
because of the large areas required by 
an aerobic lagoon, "this ( aerobic la-
goon method) clearly will be used only 
by farmers who happen to have a large 
pond available." 

A number of published articles have 
indicated design standards (2, 3, 4) 
for animal waste lagoons to provide 
about 15 sq ft of surface area per hog, 
and pond depth of 3 to 5 ft. The litera-
ture indicates that these standards are 
sufficient for anaerobic digestion, but 
they do not satisfy the design criteria 
for the operation of the popularly con-
ceived aerobic lagoons. 

Recent studies on the aerobic and 
anaerobic digestion characteristics of 
hog, cow, and sheep wastes are re-
ported in this paper. The experimental 
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FIG. 1 Experimental incubator and diges-
ters. 

procedures are discussed and the re-
sults obtained are used in desjgn cal-
culations for hog waste lagoons, heated 
and unheated anaerobic digesters, and 
aerators. 

A summary of values gleaned from 
the literature on the daily quantity and 
composition of solid and liquid farm 
animal wastes is given in Table 1. 

ANAEROBIC DIGESTION STUDIES 

The anaerobic digestion studies were 
made to determine the digestion char-
acteristics of various animal wastes in-
cluding the allowable loadings in terms 
of pounds of volatile solids (VS) per 
day per 1,000 cubic feet of digester 
capacity (lb VS/ day/ 1000 cu ft. di-
gester), the percent reduction of vola-
tile solids obtainable, and the gas pro-
duction characteristics. Studies were 
made on hog, cow, and sheep wastes. 

Equipment 
The studies were carried out in four 

8-liter jars with feed, draw-off, and gas 
production lines. Fig. 1 shows the lab-
oratory incubator and digesters. Gas 
production was measured by a water-
displacement method. The incubator 
temperature was maintained at 95 F. 

Wastes 
The hog and sheep wastes, also the 

cow wastes, used in this study were ob-
tained from animals maintained on 

farms operated by the University of 
Missouri departments of animal hus-
bandry and dairy husbandry, respec-
tively. The waste collected was pri-
marily fecal material, but occasionally 
contained small amounts of urine and 
bedding. It was believed to be repre-
sentative of a bedding-free waste ma-
terial that would be produced in con-
fined housing operations and that would 
require treatment. 

Preparation of Waste for Digestion 
The raw hog wastes were mixed with 

water in a Waring blender to approxi-
mately a 10 percent total solids con-
centration. This mixture was then ana-
lyzed for total and volatile solids con-
centration. The homogenizing proced-
ure was necessary to provide a sludge 
on which a reproducible total and vol-
atile solids analysis could be made. This 
mixture of known solids concentration 
was then diluted to a required total 
solids concentration to satisfy simul-
taneously the desired detention period 
and volatile solids loading conditions. 
Total and volatile solids analyses were 
made on the final dilution. The pH of 
the final mixtures varied from 5.8 to 
6.5, which was dependent to a large 
extent on the large quantity of tapwa-
ter diluent. 

The cow and sheep manures were 
prepared in a similar manner, and the 
pH of each waste was in the range 
mentioned above. 

Fig. 3 shows loading data and the 
results obtained in the hog manure di-
gestion study. 

In the hog manure study, the diges-
ters were started up with digested 
sludge seed from the primary digester 
of Columbia, Missouri, sewage plant 
No. 2. The digesters were operated at 
20-day displacement for the entire test. 
The digesters for the first 15 days were 
fed 200 ml of a mixture of raw domes-
tic sludge and raw hog waste. The mix-
ture was such that 15 percent of the 
volatile loading resulted from hog 
wastes and 85 percent resulted from 
the domestic wastes.. Incremental in-

TABLE 1. DAILY QUANTITY AND COMPOSITION OF SOLID AND 
LIQUID FARM ANIMAL WASTES 

Daily production per 
animal (13) 0 , lb Percent dry matter 

Feces Urine Feces (12) Urine (12) Manure (11) Feces (13) 

Horses 35.5 8.0 24.3 9.9 41 
Cattle 52.0 20.0 16.2 6.2 21 16.7 
Sheep 2.5 1.5 34.5 12.8 36 25.6 
Hogs 6.0 3 .5 18.0(14) 3.3(14) 26 33.3 
Hens 0.1 35.0 75 28.4 
Human 0.33 (15) 23.0 

"' Numbers in parentheses refer to the appended references. 

This article is reprinted from the TRANSACTIONS of the ASAE (vol. 8, no. 1, pp. 113, 114, 115, 116, 117 and 126, 1965), 
the Transactions of the American Society of Agricultural Engineers, Saint Joseph, Michigan 
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FIG. 3 Graph of operating results for hog-manure digestion study No. 2. 

creases in the portion of hog wastes in 
the feed were made during a 37-day 
acclimation period, dming which time 
the volatile solids loading was always 
150 ± 4 lb VS/day/1,000 cu ft di-
gester. The increases in solids loading 
thereafter may be seen on the graph. 

A gas analysis was made on gas sam-
ples collected the 76th and 78th days 
of operation. The carbon dioxide con-
tent of these two samples was 32 and 
32.5 percent. 

The results shown in Fig. 3 indicate 
that, when the loading was increased 
above 175 lb VS/day/1,000 cu ft di-
gester, the gas production began to 
drop off and the volatile acids concen-
tration began to increase. Both of these 
changes indicate a breakdown of the 
digestion prncess. It was ·concluded 
that, under the conditions of this test, 
the allowable volatile loading for hog-
waste digesters is between 150 .and 170 
lb VS/day/1,000 cu ft digester. 

The gas production was approxi-
mately 3 cu ft/lb VS added. These re-
sults, as well as the results of the gas 
analysis, compare well with results ob-
tained in domestic sludge digestion 
under similar circumstances. 

Cow and Sheep Manure Studies 
Similar experiments were made on 

cow and sheep wastes, and the results 
have been reported in bulletin form 
( 5) . The gas production obtained in 

FIG. 2 Bench scale aerators. 

cow and sheep digestion was very low 
compared to domestic sludge, which 
probably reflects the fact that the hu-
mus produced in the intestines of rnm-
inants is very stable organic material. 

BOD AND COD CHARACTERISTICS 

The oxidation of organic material in 
sewage-treatment processes usually oc-
curs in two phases. The first is associ-
ated with the demand of carbonaceous 
material, the end products of which are 
carbon dioxide and water. The second 
phase is referred to as nitrogenous de-
mand and the end products include 
nitrites and nitrates. Nitrification begins 
when a sufficient number of organisms 
have developed, and the period re-
quired for this is from 5 to 15 or 20 
days in the aerobic process. 

The standard five-day BOD test (6) 
therefore does not normally include any 
nih·ogenous demand. Therefore, an-
other test was also used in this study 
to determfoe the BOD of various ani-
mal wastes. It is referred to as the jug 
dilution method and has been reported 
in the literature ( 7). The advantage 
of the method is that oxygen demand 
curves can be made over any length of 
time. In this investigation it was used 
to determine the long-term oxygen de-
mand and to distinguish between the 

carbonaceous and nih·ogenous demand 
of the wastes. It would not have been 
possible to do this with the 5-day BOD 
test. 

All wastes used in these studies were 
obtained from the same source as the 
wastes described in the section on an-
aerobic digestion. 

Procedure 
The experimental procedure and the 

jug-method test may be explained 
briefly and most easily by using, as an 
example, experiment No. 2 in Table 2. 
In this experiment, 11.88 grams of raw 
hog manure containing 29.2 percent 
total · solids and 86 percent volatile 
solids were added to 1 liter of distilled 
water and homogenized in a blender. 
This mixture was then diluted 100 
times in standard BOD dilution water. 
The oxygen consumed by this solution 
was determined and the accumulated 
oxygen demands computed. To permit 
comparison of BOD's of wastes of var-
ious animals independent of solid con-
centration, the oxygen demands are re-
ported as mg BOD /mg volatile solids 
(mg BOD/mg VS). 

Table 2 is a summary of the experi-
mental conditions in the jug method 
BOD studies, and .the results of the 
studies are shown in Fig. 4. 

TABLE 2. SUMMARY OF EXPERIMENTAL CONDITIONS IN JUG METHOD BOD STUDIES 

Sample added Total solids Volatile Total solids 
Exp. Total solids Volatile to 1 liter per liter solids per concenh-ation 
No. Sample in raw solids in distilled dilution liter for BOD sample raw sample water water dilution study water 

percent percent grams grams grams grams/liter 
2 Hog manure 29.2 86.0 11.88 3.44 2.96 0.0344 
3 Hog manure 27.0 86.1 12.174 3 .28 2 .82 0.0328 
4 Cow manure 15.15 88.l 17.872 2.70 2.38 0.0270 
5 Sheep manure 38.4 87.0 17.0 6.53 5.67 0.0653 
6 Sheep manure 34.6 89.0 38.56 13.3 11.8 0.133 
7 Cow urine 2.65 38.8 0.384 ml/lit. 0.0133 0.00515 0 .0133 

8 Human feces 47.8 78.0 
(6.9 ml/18 1) 

10.0 4.78 3.73 0.0478 
9 Hog manure 30.1 75.0 10.0 3.01 2.26 0 .0226 

10 Hog manure 30.1 75.0 10.0 3.01 2.26 0.0226 
11 Hog mine 1.62 58.4 2.0 ml/lit. 0.0324 0.0189 0 .0189 

(36 ml/18 1) 
12 Hog urine 4.27 60.0 1.5 ml/lit. 0.0641 0.0·385 0.0385 

(24 ml/18 1) 

The initial dilution in experiment No. 2 (for example) was 11.88 grams manure at 29.2 percent 
total solids mixed with one liter distilled water. This solution, therefore, contained 3.44 grams total 
solids per liter. This dilution was diluted 100 fold to carry on BOD studies by the jug method. 
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Discussion of Results 
Four runs were made on different 

samples of hog feces. The 5-day BOD's 
vary from 0.285 to 0.720 mg BOD/ mg 
VS. Runs 2 and 3 are similar as are 
runs 9 and 10. The latter runs were 
made several months after the former. 
Two fecal samples were used but a dif-
ferent group of swine were involved in 
each run. 

Fecal samples were collected from 
two sheep in the same flock, and this 
may account somewhat for the marked 
similarity in results obtained for sheep 
wastes. Hog urine was tested in two 
runs. The results were similar in each 
run, and the interesting fact is that the 
carbonaceous demand seems to be just 
as large as the nitrogenous demand that 
occurred after the 28th day. Ammonia, 
nitrite, and nitrate analyses were made 
to detect the time at which the conver-
sion of ammonia to nitrate occurred 
most rapidly. 

Single runs only were made on cow 
manure, cow urine, and human feces. 
The cow urine demand was relatively 
large and it was necessary to reduce the 
vertical scale 50 percent to accommo-
date the curve in Fig. 4. 

Determination of First Stage 
Demands and Rate Constants 

The BOD progression normally fol-
lows a £rst-order reaction rate. A the-
oretical analysis of the oxygen demand 
data for hog wastes and sheep manure 
was made to determine whether this 
was true for these wastes. The method 
used for the analysis of the BOD data 
was that proposed by Moore et al ( 8) . 
A summary of the theoretical rate con-
stants (K) and the £rst stage demands 
( L) are listed in Table 3. The theoret-
ical and experimental data for the hog 

manure runs are shown in Fig. 5. The 
theoretical equations are included in 
the graphs. 

The first-stage rate constants for hog 
feces vary from 0.06 to 0.13. The rate 
constants for hog urine differ by more 
than 100 percent, although the curves 
appear to be very similar. This is quite 
possible as the rate constant has an 
effect on the shape of the curve, but 
does not affect the £rst-stage oxygen 
demand. The rate constant normally 
used for domestic sewage is 0.10 at 20 
C. However, Mohlman et al ( 9 ), re-
porting on the oxidation-rate constants 

hie 4 shows the results of solids and 
BOD and COD analyses of the raw 
manure samples, and the BOD / COD 
ratio. The BOD and COD analyses 
were reported as mg 02f liter as well 
as mg 02/ mg VS. 

Consistent results were not obtained 
for BOD in terms of either total or 
volatile solids. The chemical oxygen 
demand based on vola tile solids con-
centration was found to be the most 
consistent property. 

The average of the BOD, COD, and 
BOD / COD ratio for the results shown 
in Table 4 are summarized as follows: 

No. of 
tests 

Average 5-day BOD Average COD Average BOD:COD 
mg COD/ mg VS ratio percent mg BOD/ mg VS 

Hog 
Cow 
Sheep 

14 
3 
4 

0.302 
0.129 
0.087 

determined for sewages from several 
military installations found that the 
constants varied from 0.10 to 0.30, and 
the average K value observed at 16 
military posts was 0.18. 

COD and Five Day BOD Studies 
The standard BOD test takes £ve 

days for completion. The COD test 
takes only a few hours, and whenever 
it is possible to do so, a correlation be-
tween these two tests is made. Analyses 
for 5-day BOD of hog, cow, and sheep 
manure followed procedures outlined 
in Standard Methods ( 6) . The wastes 
were homogenized with tapwater di-
luent in a Waring blender so the ma-
terial could be handled volumetrically 
with a p ipette in the same manner as 
domestic sewage. These homogenized 
samples were used for BOD and COD 
analyses. 

The number of hog, cow and sheep 
manure samples analysed in this man-
ner were 14, 3, and 3, respectively. Ta-

1.56 19 .5 
1.57 7.9 
1.40 6.5 

The average 5-day BOD obtained 
for hog manure compares very well 
with the results of the long term study 
reported in Fig. 4, but the averages 
for the -cow and sheep manure are 
slightly higher than those shown. Tai-
ganades ( 10 ) reports the BOD and 
COD of hog manure on a volatile sol-
ids basis to be respectively 0.54 and 
1.20 mg 02 / mg VS, and the BOD/ 
COD ratio as 45 percent. The com-
parable figures obtained in this study 
were 0.30 and 1.56 mg 0d mg VS and 
19.5 percent. The disagreement in 
these results suggest differences in feed 
or water or both. 

TABLE 3. SUMMARY OF THEORETICAL K AND L OF LIVESTOCK WASTES 

The results of these studies permit 
the calculation of the oxygen demand 
of hog wastes. There is general agree-
ment in the literature on the pounds 
of feces and urine voided by a hog, i.e., 
6 lb of fecal matter per day and 3.3 
pounds of urine per day. There is little 
agreement, however, on the total solids 
content o.f the manure. As indicated in 
Table 1, the values of reported total 
solids concentrations vary from 18 to 
30 percent. The average of the samples 
collected in this study place the total 
solids content at 26 percent. Results 
recorded in Table 2 indicate that hog 

(L Reported in mg 02/mg VS) 

Run No. 2 3 6 9 10 11 12 

K 0.068 0.104 0.045 0.06 0 .132 0 .084 0.117 
L 0 .570 0.426 0.088 0 .844 0 .934 0 .690 0 .593 



TABLE 4. RESULTS OF BOD-COD TESTS ON HOG, COW, AND SHEEP MANURE 

Total Volatile 5-Day 5-Day 5-Day COD, COD, COD, BOD, 
Test solids, solids, BOD, BOD, BOD, COD 
No. mg BOD mgBOD 

percent percent mg/1 mg/ 1 mg COD mg COD percent 

day, respectively. The manure used for 
this study was homogenized with water 
to a solids concentration of 13.86 per-
cent. The volatile solids concentration 
was 86.4 percent. This slurry was re-
frigerated, and diluted as necessary for 
each daily feeding. A 12 day acclima-
tion period preceded the testing period. 

mgT.S. 

5 0.238 89.4 643 0 .273 
6 0.255 92.4 645 0.253 
7 0.200 87.4 546 0.273 
8 0.272 85.0 563 0.207 
9 0.246 79.9 464 0 .189 

10 0 .220 93.0 695 0.316 
11 0.261 88.0 577 0.221 
12 0.295 89.0 750 0 .254 
13 0 .280 83.9 804 0.293 
14 0.282 89.3 675 0.239 
15 0.299 89.2 957 0.319 
16 0.308 77.6 959 0.312 
17 1.009 86.3 2790 0 .277 
18 0.354 88.1 866 0.244 

C-1" 0.164 82.9 167 0 .102 
C-2 0.140 73.9 213 0.152 
C-3 0.188 85.1 95 0.051 

S-1" 0.261 86.7 145 0 .055 
S-2 0.294 86.0 336 0.114 
S-3 0.274 85.5 211 0 .077 
S-4 0.318 83.5 162 0.051 

C denotes cow manure; S denotes sheep manure. 

mine contains 3 percent total solids 
and has a BOD of 0.27 mg BOD / mg 
TS. On this basis, a fattening hog ex-
erts a total BOD of: 

Feces - 6.0 lb feces/day X 
26%TS X 0.26 lb 
BOD /lb TS = 0.411 lb BOD/ day 

Urine - 3.3 lb urine/day X 
3% TS X 0.27 lb 
BOD / lb TS = 0.027 lb BOD/ day 

Total demand of feces 
and urine = 0.438 lb BOD/day 

The generally accepted per capita 
BOD of domestic sewage is 0.175 lb 
per day. Thus a fattening hog has a 
population equivalent of 0.438/ 0.175 
or 2.5. 

.AERATION STUDIES 

This investigation was made to study 
the hiodegradation of livestock wastes 
under controlled conditions in bench-
scale aerators, and to extrapolate the 
results to a full-scale treatment system. 
Three separate studies were conducted. 
The first was a once-fed hatch operation 
and the second and third were studies 
in which raw hog waste was fed to 
aerators operating on 6 and 12-day de-
tention periods, respectively. 

Test Equipment and Material 

Four bench-scale aerators designed 
to b·eat 12 liters of waste material were 
utilized in this study. This apparatus 
is shown in Fig. 2. Diffusion of air and 
agitation was accomplished by intro-
ducing air .at the bottom of the tank 
through gas diffuser stones. Water ma-
nometers were calibrated to relate air 
pressure to quantity of air. A mercury 
manometer was also employed to per-
mit regulation of back pressure. 

The waste material was obtained 
from the same sources and was blended 
and handled in the m,mner as previ-
ously described. 

mg V.S. mg T.S. mg V.S. 

0.306 3881 1.64 1.83 16.6 
0.274 3610 1.41 1.53 17.9 
0.312 2270 1.14 1.30 24.0 
0.244 3290 1.21 1.43 17.1 
0.236 3195 1.33 1.66 14.5 
0 .340 3265 1.45 1.56 2 1.3 
0.251 3072 1.18 1.34 18.8 
0.285 3950 1.34 1.51 19.0 
0.349 3665 1.31 1.56 2 1.9 
0.267 3805 1.35 1.51 17.7 
0 .358 4 180 1.40 1.57 22.8 
0.407 3560 1.16 1.49 27.0 
0.321 13525 1.34 1.55 20.8 
0.277 6160 1.74 1.97 14.1 

0.123 2020 1.24 1.48 8 .3 
0.206 1940 1.39 1.88 11.0 
0 .059 2180 1.06 1.36 4.4 

0.064 3300 1.26 1.47 5.4 
0.133 3690 1.26 1.46 9 .1 
0.090 2950 1.08 1.26 7.1 
0 .061 3740 1.18 1.40 4.3 

Aerator Study No. 1 

The aerators were fed one uniform 
batch of hog waste that had been di-
luted to a concentration of 10 wet 
grams of hog manure per liter. This 
mix was. seeded with fresh activated 
sludge from the Columbia activated 
sludge plant. The air quantities pro-
vided were 700, 800, 900, and 1000 
cu ft air/ day/ cu ft aerator volume. 
Samples of 100 ml volume were re-
moved every other day for solids, BOD 
and COD analyses. 

Results 

The difference in diffused air quan-
tities had no effect on the results ob-
tained, so the average of the results 
obtained on alternate days analyses on 
each unit are shown in Table 5. The 
reduction in BOD and the variation of 
the BOD/ COD ratio with time are 
shown graphically in Fig. 6. 

Aerator Study No. 2 

The second study was set up as a 
continuous feed operation at 6 days 
detention. The units were operated at 
12 liter volume, composed initially of 
10 liters of activated sludge as seed, 
and 2 liters of homogenized hog ma-
nure. All aerators were aerated with 
1000 cu ft air/ day/ cu ft tank volume. 
Two liters of tank contents were re-
moved each day prior to the addition 
of 2 liters of feed material. The feed 
material added to aerators 1 through 4 
contained 3, 5, 10, and 20 grams ( dry 
solids basis) hog manure per liter per 

Results 
Good agitation was observed in all 

aerators except No. 4, which was be-
ing loaded at the rate of 20 ,grams dry 
solids/ day / liter, and in which much 
settlement occurred. Operation of this 
unit was discontinued after the 18th 
day. Floe from all other aerators was 
heavy and durable and had good set-
tling characteristics. 

The results were that aerator No. 1 
with the smallest loading produced the 
best effluent, but No. 3 with the largest 
loading was the most efficient unit. The 
results obtained in aerator No. 1, op-
erating at a loading of 3 g TS/ 1/ day, 
are comparable to the results obtained 
in run No. 1, in which the aerators 
were loaded at 3.08 g TS / liter. 

Aerator Study No. 3 
This study was a continuation of the 

previous run at the same loading, but 
the detention time was increased to 12 
days. The same hog waste mixtures 
were used, hut only 1 liter of tank con-
tents was removed per day, and one 
liter of hog waste was added. A 14-day 
acclimation period was allowed prior to 
the testing period. Aerator No. 4 was 
not used in this nm. 

Results 

The most noticeable change at the 
longer detention period was the deter-
ioration of the floe pa1ticles in aerators 
Nos. 1 and 2, but not in No. 3. 

Results of alternate days analyses in-
dicated that BOD removal efficiencies 
were improved at the 12 days deten-
tion in aerators 1 and 2, but the BOD 
removal efficiency in No. 3 was lower 
than it had been at 6 days detention. 
The least loaded unit again produced 
the best quality effluent, but in this run 
it was also the most efficient unit. 

APPLICATION OF RESULTS 

Treatment in Anaerobic Lagoons 
It was concluded from the anaerobic 

digestion studies, under the conditions 
of the test, that hog wastes could be 

TABLE 5 . AVERAGE OF RESULTS 
(Aerator Study No. 1) 

BOD Corr. BOD COD Corr. COD Total Volatile BOD 
D ay BOD reduct . COD reduct . solids solids COD 

m g/ 1 mg/1 p ercent m g/ 1 mg/ 1 p ercent p ercent p ercent p ercent 

0 959 959 3560 3560 0.308 77.6 27.0 
2 629 635 33.9 2 730 2757 23.4 0 .258 70.2 25.l 
4 287 293 69.6 2170 2212 38.6 0.243 71.7 13.3 
6 143 147 84.9 2110 2 173 39.7 0.222 72 .8 6.7 
8 12 0 125 87.1 1880 1955 45.7 0.222 67.2 6.5 

10 113 119 87.8 1380 1450 59 .9 0 .196 63.8 8.4 



digested at the rate of 160 lb VS/day/ 
1000 cu ft digester. The tests were 
made at 95 F and 20 days detention. 
Assuming a hog excretes 6 lb of feces 
per day with a dry solids content of 25 
percent, and a volatile solids content 
of 87 percent ( obtained from the aver-
age of results in Table 4), it is com-
puted that a hog excretes 1.36 lb VS/ 
day. 

6 lb feces / day X 0.26 lb TS/ lb 
feces X 0.87 lb VS/ lb TS = 1.36 lb 
VS/ day. With these figures it is read-
ily seen that the digester capacity re-
quired per hog is 1.36/ 0.16 = 8.5 cu 
ft of digester. This requirement is 
equivalent to 6.25 cu ft digester ca-
pacity / lb VS. 

In domestic sludge digesters where 
there is good mixing and temperature 
control, volatile loadings as high as 0 .2 
lb VS/ day/ cu ft digester have been 
used at detention periods as short as 
10 days. Because of the many variables 
that affect anaerobic sludge digestion 
processes, it is not possible to compare 
work done on domestic sludge directly 
with the results of this study. The point 
is, however, that the volume require-
ments for hog waste is approximately 
6 cu ft/lb VS, and for domestic sludge 
the corresponding digester volume re-
quirement is about 5 cu ft. 

The digestion tank volume require-
ments that are recommended in many 
manuals are much larger than this, how-
ever. H eated digesters in primary treat-
ment plants ( sedimentation only) are 
designed for 2 to 3 cu ft of tank/ cap-
ita ( 16) . The per ·capita contribution 
of volatile solids to the digester is easily 
computed knowing that the suspended 
solids (SS) produced per capita per 
day is 0.20 lbs (17), that about 50 
p ercent of these are removed in the 
settling tank, and that approximately 
70 p ercent is volatile material. The cal-
culation is: 

0.20 lb SS/cap/ day X 50% removal 
to digester X 70% volatile material = 
0.07 lb volatile suspended solids (VSS) 
per capita/day to digester. 

In actual practice, therefore, digesters 
are designed for approximately 2 cu ft 
tank/0.07 lb VSS, or 28.6 cu ft tank/ 
lb VSS. This is a relatively large figure 
compared to the 5 cu ft mentioned 
above. 

For unheated digesters in domestic 
sludge treatment, the design capacities 
are twice as large as for heated diges-
ters, or 4 to 6 cu ft per capita. These 
values can be extrapolated to hog waste 
digester design by using the waste pro-
duction figures of 0.07 and 1.36 lb 
VS/ day/ capita and per hog, respec-
tively. It is calculated as follows: 

1.36/0.07 X 4 cu ft = 78 cu ft un-
heated digester volume required p er 
hog. 
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Therefore, an unheated digester for 
hog waste, designed using criteria for 
domestic sludge digester design, would 
require 78 cu ft per hog. It appears 
from this calculation that the hog waste 
lagoons presently in use, and designed 
at 15 sq ft per hog and 3 to 4 ft deep, 
do not satisfy the volume requirements 
for anaerobic digestion. 

Treatment in Aerobic Lagoons 

For aerobic lagoons, data used for 
domestic sewage lagoon design may be 
extrapolated to provide criteria for hog 
waste. Domestic sewage lagoons h ave 
been operated successfully at loadings 
of 50 lb BOD/ acre/ day, or 872 sq 
ft/ lb BOD day. Thus the area require-
ment for a fattening hog would be: 

872 sq ft/ lb BOD/ day X 0.438 lb 
BOD/hog/ day = 382 sq ft lagoon/ 
hog. 
This is equivalent to 43,560 / 382 = 
114 hog p er acre of lagoon. On this 
basis, an operation of confined feeding 
of 1,000 hogs would require the use of 
9 acres of land for- a. lagoon. In most 
cases, such large land areas are not 
available for lagoons. 

The water requirements for a lagoon 
of this size are enormous. The water 
lost to evap oration alone in a 9-acre 
lagoon in Missouri would amount to 
almost 4 ft per year, 3 ft of which would 
occur during the three summer months. 
This loss alone would necessitate a 
daily water supply during these months 
of almost 100,000 gpd. 

Calculations similar to these can be 
made for aerobic lagoons treating live-
stock wastes other than hog wastes. 

Treatment by Fill-and-Draw Aerator 
The results of the first aerator study 

suggests the suitability of once-fed 
batch, or fill-and-draw aerators for 
treatment of livestock waste. Hog ma-
nure will be used to illustrate the de-
velopment of this application. The 
choice between this. type of system and 
a continuous system would be the re-
sult of consideration of several factors. 
For example, a continuous system might 
require that the hogs b e placed on 
grates over the aerator. On the other 
hand, a fill-and-draw system could be 

added to an existing swine-feeding lay-
out. 

Assuming that, for convenience of 
operation, a 7-day schedule is adopted, 
the data taken from the first aerator 
study would apply. 

It has been shown that a fattening 
hog excretes about 6 pounds of fecal 
matter per day, of which 26 percent 
is solid matter. Thus, the volume of 
aerator required per hog per day would 
be: 
6.0 lb/ hog/ day X .26 X 453.6 gms/ lb 

3 gms/ 1 
= 236 1/ hog/ day. 

On a 7 day basis, this volume would 
be: 
236 1/ day/ hog X 7 days = 58.4 cu 

28.32 1 / cu ft 
ft/ hog. 
For a confinement operation housing 
1,000 hogs, 58,400 cubic feet of aerator 
volume would be required. 

For this size operation, the air re-
quirement based on 700 cu ft air/ day/ 
cu ft aerator volume would be: 

700 cu ft/ cu ft X 58,400 = 40.9 X 
106 cu ft/ day. 
This would require a blower or blow-
ers h aving a capacity of 28,000 cubic 
feet per minute, at 10 pounds per 
square inch static pressure. 

The water requirement, which would 
of necessity require availability in a 
period of a few hours, would be: 

58,000 cu ft X 7.48 gal/cu ft = 
434,000 gal/week 
A slight adjustment of these figures to 
provide for retaining about 10 percent 
seed material, after each withdrawal, 
would be advisable. 

For an operation of this scale, the 
operator might find it convenient to 
divide the total requirements, above, 
into three or four aerators, thus having 
one aerator for each day on which pens 
are cleaned. Otherwise, some manure 
would be stockpiled for as long as 7 
days. 

It is also probable that solids load-
ings could be increased, with successful 
biodegradation results, provided that 
overflow of foam was not considered to 
be objectionable. This should be veri-
fied by bench-scale testing. 

Treatment hy Continuous-fed 
Aerators 

The continuous-feed system is par-
ticularly adaptable to the slotted-floor 
operation where no labor for clean up 
is required and the water requirements 
can be met over the entire day rather 
than during washdown operations. In 
this setup the liquid surface area would 
be the same as the pen floor area, and 
all excrement would drop directly into 
the aeration tank. 



Again, a fattening hog excretes about 
6 lb of fecal matter, of which 26 per-
cent is solid matter. In this system it 
would also be necessary to include the 
loading due to urine. The biodegrada-
tion rate of urine in aerators is not 
known, however the magnitude of this 
loading is small compared to that of 
the feces and will therefore be consid-
ered to be the same as that of the feces. 
Then the volume of aerator required 
per hog per day would be: 

63,800 cu ft X 7.48 gal/cu ft 
12 days 

39,800 gal/day 
These calculations may be altered to 

give the requirements for any number 
of hogs, or for the shorter detention 
period. 

In the event the 6-day detention pe-
riod is chosen, the loading should be 
increased to 10 grams dry solids per 
liter. This loading would decrease the 

(6.0 lb/hog/day X .26 + 3.3 lb/hog/day X .03) 
5gm/1 

150.5 1/hog/day. 

453.6 gm/lb 

For a 12-day detention period, this vol-
ume equals: 
150.5 1/hog/day X 12 days 

28.321/cu ft 
cu ft/hog. 

63.8 

With hogs on grates having 15 square 
feet per hog, the aerator would require 
4.25 feet of depth. 

This system would require: 700 cu 
ft air/cu ft aerator X 63.8 cu ft/hog 
or 44,800 cu ft of air per day per hog. 
Again taking a 1,000 hog operation as 
an example, a blower or blowers capa-
ble of delivering 31,000 cfm would be 
required. In this case, with only 4.25 
ft depth in the tank, the static pressw-e 
requirement, depending upon length of 
pipes, bends, and other head losses, 
should not exceed 5 lb per square inch. 

The water requirement would be 
very nearly that of the batch-fed sys-
tem; however, delivery would not be 
required in just a few hours, as is the 
case with the batch-fed system. Assum-
ing a constant water input, the require-
ment would be 

depth of the aerator to slightly more 
than 1 foot. In this case difficulty 
would be encountered in obtaining the 
rolling motion, which is necessary in 
aerator tanks, and it would be neces-
sai.y to increase the depth and decrease 
the sw-face area. 

SUMMARY AND CONCLUSIONS 

A study has been made of the aero-
bic and anaerobic digestion character-
istics of livestock wastes. The results 
obtained in the hog waste digestion 
studies are compared to design criteria 
for domestic sludge digestion units. De-
sign loading conditions and water re-
quirements are calculated for using an 
anaerobic lagoon for treating hog 
wastes. Design requirements for an 
aerobic lagoon are also indicated. 

It is concluded that disposal of hog 
wastes by use of aerobic lagoons is pro-
hibitive because of the large require-
ments of both water and land area. 
The use of anaerobic lagoons is feasi-
ble, but it is accompanied by the prob-

lem of eventually having to dispose of 
the accumulated digested sludge. 

Future studies should be made on 
the operation of series lagoons. By using 
the first lagoon for settling and as an 
anaerobic lagoon, the area requirement 
of the second to serve as an aerobic 
lagoon would be greatly reduced, per-
haps to the point of practicality. 
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