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Sept. 1969
Swine Waste Management and Dlspgsill

. A. C. Dale and J. E. Mentzer

Introduction - ’ I. Manure p \\gilgn in gallons
‘ per day = | per 969% gj ody weight
I+ presently seems that the public's

demand for the control of pollution cannot 2. Manure Erodué+|on in pounds per
and will not be denied, and the swine in- day = 8-9 pqrﬁb§hf>of body weight
dustry cannot revert to past systems of /-
production to avoid the problem. This 3. uring the finishing period a
does not mean that it is "the end of the: hog will p ce approximately 150 gal-
line'" for the swine industry in Indiana, lons o nure’ and urine.
but it does mean that swine producers will| %§E§§>
have to do a more acceptable job of dis- e/- 1t is difficult to place an
posal in the future. All current systems ex/c? value on swine manure. Some have
of disposal have some undesirable charac- valuaféd the manure in terms of the in-
teristics, but with present day technolo- a?e\ |n production of crops to which

gy and some good management one can avonq/‘ t\\ wasTes were applied. Another way is
many problems. Waste disposal is an in-| o\ relate the value of the wastes to the
tegral part of the swine production unit \\\ce’+ of a quantity of chemical fertilizer
and should be planned accordingly. ‘\\\ ThaT will provide the same quantity of

! ‘\ nitrogen, phosphorous and potassium as
Morris (11) has done. Table 2 gives a
reasonable estimate of tThe value of swine

\:

Much research is being direct
the problem of |ivestock waste manage

and disposal, and considerable progress manure, but these values can vary drasti-
is being made, but no simple solution to = cally depending on the assumptions made
the problem has been developed f\The in the calculations.

twelve state agriculturaf’ éﬁjmeﬁ% sta-

tions within the North C/g?igiggigion of Based on these calculations the value
the United States, eleve e active of the 150 gallons of manure produced by
projects directed +owaré§¥hsﬁge+erminafion a hog during the finishing period is

of improved livestock wast ndling and about 52 cents which is considerably less
disposal methods. S@Géiiﬁéve projects than was formerly believed.

pertaining directl &k\sw) e wastes. ,
The manure production and value fig-

Manure Production, Value and . "% > ures do not include waste water, rain
Characteristics~ : water, and wash water that may be collect-
‘K/// ) ed and handled in the system. The volume
Lnggé ly Theé%nrsT S+9P in planning  water wasted by some fountains may be as
for han %g§§$§rage, and disposal of high as the manure production. A reason-
manure is estimate the amount and value able estimate of rain water may be made
of m o produced. Table | gives by assuming 40 inches of annual rainfall,
the a ximate daily production of manure on uncovered finishing floors. I
by swine
Excess waste water will probably im-
Some "rules of thumb" that are eas- prove the pumpability of the manure as a
ily remembered and that provide for reason- |iquid but has little value and increases

able accurate estimation of manure produc- +he amount of material to be handled.
tion are as follows:

Cooperative Extension Service, PURDUE UNIVERSITY, Lafayette, Indiana



Table |. Daily manure production of swine
, Solid Total & - BOD b/ ~Population </
Animal Wt. , Manure (Manure & Urine) (5 day) - Equivalent
Ib. Ib Ib./day gal./day Ib./day ) *\\\\Jw
50 2.7 4.2 0.53 7 42i§§§>1fo
100 4.3 8.5 |.06 320 O 1.9
150 5.8 12.8 .59 51 \ 3.0
200 7.3 17.0 2.12 .68/5;7 40
Sow (Gestating) 8.0 24.0 3.0 "))
Sow & Litter 14.0 40.0 5.0 7\\\\ny/

a/ The dry matter content of the manure and urine is @pp oxXi +e|y 15-20 per
cent. About 85 per cent of the dry matter is composed le solids most of
which could theoretically be biologically digested and ?§2§§E>cen+ non-volatile or
ash that cannot be digested biologically or burned.

b/ BOD means biochemical oxygen demand as shown by ‘a ay laboratory test. The
total quantity of oxygen required to oxidize the da%&Qim\/pre produced by an animal
is usually considered to be about two to three times this amount.

c/ Based on a 5 day BOD of .17 pounds per daw\i?r(humans

=ttt _—.._.____._.___=:===__...._._..__====__—:::— = :_/.7_==========_._._..._.___..___....__._..._=:==:
% 1b./1000 /"~ % Comm. Value/1000

Element by wt. gal. recovery price gal.
.56 44.8 50% T¢/# $1.57

PO .30 24¢%i7 . 67% 8¢/# 1.28

. ({

K0 25 20.0. ) 75% 4.2¢/# 63

2 <><i:;;;;.,zg - $3.48===<

Methods of Handling and D|s<i;§$\of . b. aerobic treatment

Swine Manure

I. oxidation ditch

Many methods a S%E}n/#lons of (Pas Veer Ditch)
methods are being iggggiégafed and tried 2. aerated lagoon

for the disposal of swine manure. Some 3. other aeration methods
of the better kno /mefhods of disposal

are as follows: = //:// 3. Dehydration

<§§§§$n agricultural land 4. Incineration
ilizer

5. Composting

a liquid 6. Combination of methods
2. Biological treatment All of these systems have been used
for the disposal of some types of waste
a. anaerobic materials, but very superficial study
would indicate that some of these sys-
I. lagoons tems such as incineration and dehydration

2. anaerobic digesters are probably not feasible for the disposal
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of swine manure. Some of the other meth-
ods or combination of methods can be ef-
fectively utilized by swine producers.
The type of housing system, location in
relation to populated areas, tTopography,
land area, and cropping system should be
considered in selecting a system. When
a system is considered, some thought
should be given to question, "Will the
system be an acceptable one to the sani-
tary and health authorities and fo the
public?" Systems that pollute streams,
underground water supplies, and the air
are not likely fo be tolerated.

Spreading Manure on Agricultural
Land as Fertilizer

At one time the use of livestock.
manure as a fertilizer was a profitable
method of disposal, but with relatively
low cost of commercial fertilizers there
is no longer much, if any, profit in thj

practice. However, the manure will ,ei
simply disappear; therefore some ¥§>
sions must be made for the dispogdl, and‘]

some cost is usually involved. A own/
in Table 2 the value of 1,000 gallon
swine manure as fertilizer is approximate-

ly $3.48. Calculations indicate that a
fairly large efficient o eraf gauld
haul and spread the man e féiiab T the
same amount which makes th e of swine
manure as a fertilizer 4 (break-even prop-

osition. 5§§i§>

The use of man Fé\\\\ferTllxzer is
only system of Ysggg I that recovers
the

value from product which offsets
cost of dispo Therefore, although
the use of manure as fertilizer may not

be profitablé it could well be the least
cost syS@é /ngbsal Naturally land
must be e giliiée for disposal, and the
spreading, must.be done periodically fo
preyent excess, accumulations. Land for
during the cropping season may
, and spreading the manure on

frozen ground during the winter could lead
to pollution problems.

the
any

At the present time a swine producer
should have adequate land, preferably in
an isolated location, available for the
. disposal of manure. With time it may

@?
K\\\ Z}blly controlled by the addition of

be necessary To not crop some acreage .
to provide a disposal area. However,

a small acreage can serve as a disposal
area for a lot of man In some ex-
periments, apptlcaTIQn ra as high as
200 tons per acre PE :Qgsg)are being
studied (12). Thi f application
would require a A§¥§E§2+ disposal plot
each year. For/C us use the appli-

cation rate shc /g limited to about
25 to 30 To/s gfg or the manure
from 40 to 45:§§§>

/73

The (édo liberated by spreading
the mané;éiggz caused csome very serious
n

probl i me areas, and its use
should b iven careful consideration
whe lshing a new unit. Long term

orag ~w/!l permit the producer to se-
(llect f@e mosT appropriate weather for
gﬁf@a& ng to minimize the odor problems.

here have been some indications that
odors from liquid manure may be par-

hemicals and/or masking agents to the
storage tank prior to spreading.

Spreading manure as a solid - The
primary problem with the disposal of
swine manure on agricultural land in
solid form is the handling of the manure.
The consistency of the manure, particu-
farly without bedding, makes it difficult
to handle with the conventional manure
handling equipment, and the addition of
rain water on open floors adds to the
problems of handling.

Normally solid manure handling is.
associated with open-front buildings with
outside feeding floors, and generally
some provisions are made to divert the
rainwater away from the manure storage.
This runoff frequently meanders away from
the unit creating an odorous, unsightly
area that is good for fly breeding and
perhaps polluting some surface water.

[T seems logical fTo impound this runoff
rather than letting it flow aimlessly
around the farm and Then run off into a
stream. |In this case the impoundment
would be an anaerobic lagoon for the di-
gestion of the organic material carried
in the runoff water; only the solids
would be hauled to field and spread in a
conventional manner.



During cold weather the solids may
be stored on an apron along the edge
of a feeding floor. Although this area
is somewhat unsightly, odors and fly
breeding are not objectionable during the
winter. However, during the summer the
storage of solid manure is not advisable,
and frequent hauling and spreading are
necessary. This in furn requires land to
be available during the cropping season
for disposal of the manure. Frequent
hauling reduces the efficiency of the
handling system, and a producer cannot
wait for the correct weather conditions
+o reduce odor problems.

When organizing a solid handling
system, provisions should be made to di-
vert and dispose of the runoff from open
feeding floors, for manure storage dur-
ing winter operation, and for mechanical
loading of the manure. A wide apron
along the lower side of a one-way slope
floor will serve as a storage area from

- floor buildings employ liquid manure

handling. Even though outside floors
col lect rainwater that must be handled,

many producers have constructed liquid
manure pits in conJuncT|o§g§§£3g0u+5|de
feeding floors provnded 7is not
used. ?I:i§>

Reliable llquag/m\<;E§%handlcng
equipment is avail b/gig the market
and manure can be F led/ very efficient-
ly from liquid stora ?/ the field for
disposal. Wheri(a \iiggsd manure handling
system is to be employed, the construc-

torage is ordinarily

tion for lo

suggested, m%ﬁi§;;s easily constructed
in conjunc th slotted flcor sys-
tems at/an economical price. Long Term
sTor <§§tm 's the handling and spread-
|ng o be done at the most suitable

Timé%I;r é}op growth, farm labor and for
mini rﬂﬁ odors. ,

; \\bb ly and insect breeding is not a
which the manure can be loaded with a — — \pr /ém in a properly constructed and

tractor scoop. The apron should be
sloped to drain the liquids from th
storage and should be equipped with a
bucking wall to help trap the sloppy ma-
nure in the scoop. Push-offs have been

employed satisfactorily where th /+erra|n

permits installation without dige eé\
hole for the spreader. Gutte gégh

have been used for loading tggiﬁégﬁre al-
so, but the manure is extremely corrosive
and equipment has a rela*i%giyiﬁborT
life. /; :§>

Because of th &é§}rablllfy of
handling solid wast nd the problems
associated therewith, most swine build-

ings are being dgé;gneq for some form of
liquid waste dlSQ\ .) ) However, solid

handling may befbracflcal where
WO or where the small
e_to’ be handled will not

bedding is
amount of ma
justif
handling

Spreading manure as a liquid - The
manure, urine, and waste water produced
in most hog houses that are not bedded
are of a fairly pumpable consistency and
can be handled efficiently as a liquid.
Practically all enclosed and slotted

\\ anaged liquid manure storage tank.

While in storage, there is no serious
odor problem, but when the tank is agi-
tated and the manure is spread, there
are very strong odors. There is some
evidence that some of the odor may be
controlled with the addition of chemi-
cals to the storage ftank prior to agi-
tation and hauling. One trial using 10
pounds of ammonium nitrate per 1,000
gallons of liquid manure was reported To
be highly effective.

Although specialized equipment is re-
quired for handling manure as a liquid,
this system of disposal appears to be
practical and efficient where large vol-
umes of manure are to be handled (100,000
gallons or more). For smaller volumes
the equipment expense is relatively high.
However, it is conceivable That the
equipment expense can be drastically re-
duced by owning the handling equipment
in parfnership with a neighbor. This
type equipment is used only a few days
a year and is considerably different
than owning a corn planter in partner-
ship.

ol



More of the fertilizer elements are
conserved in a liquid manure system than
with a solid system of handling.

Biological Degradation of Swine Manure

The biological treatment of swine
appears To be gaining some favor, but
it is not a new system. lowa, Illinois,
Indiana, North Dakota and South Dakota
are doing some experimental work on this
process at the present time.

In general there are three biological

processes: aerobic, anaerobic, and facul-
tative. The classification of these three
processes depends on whether free oxygen
is available to support bacterial growth
in waste materials. Aerobic bacteria re-
quire free oxygen for their growth and re-
production. Anaerobic bacteria obtain
Their required oxygen from the food which
They consume; their growth is inhibited
free oxygen. Facultative bacteria grow
both with and without free oxygen, and
take on the characteristics of aer
bacteria if oxygen is available
obic bacteria if oxygen is not a

- Most wastes contain all three ty
of bacteria. |f oxygen is available the
aerobes grow and reproduce. /If’oxygen
is not available, the an eroQ;S bacteria
predominate. Aerobic tacteria \Ié%kdown
wastes into water and cagﬁ%%igggxide
which are odorless. Anagrobic bacteria
produce water, carbon 3?3%%%2, and meth-
ane which are color}§§§i§8 dorless, but
They also form hydrogen leide, ammonia,
and mercaptan gas ssgﬁich’are odorous
in relatively | onCEﬁ4¢aTions. Facul -
tative bacteria produce many of the same
gases. Free/éky n must be made available
at all +§yes\§yf§§m¢ system in the wastes
for the de

<Sg£§;bé%+eria fo function at

erally accepted that anae-
cteria, particularly the methane
completely degrade organic
matter thah aerobic bacteria, but aerobic

bacteria have better odor characteristics.

Lagoons

The term '"lagoon" has been used to
define anything from a shallow pool of

-

\\\_J

water to an anaerobic manure pit and is
not very definitive. Apparently there
is some confusion in The correct meaning

of The fterm even as a ied to sanitary
engineering. Therefo%?%\gpbe++er descrip-
Tion of the predomin§n$\*y\g70f bacteri-
ological action taking place in the la-

goon should be in \ided in the lagoon
identification.

/?;5
Starting ii/>a<\ool of water the
biological/;e ivi f;%gking place in the
lagoon will/diﬁigd on the depth and the
loading Véf a lagoon all three

types (ankerobic, aerobic and facultative)
of bachgiégg?y be present, but the pre-
Ty

<
S

domin . will depend largely on the
loading ra A small deep heavily load-
ed on/ will be primarily anaerobic;

/§?§hal ow light loaded lagoon will be
fmizddﬁﬁnafely aerobic. The facultative
teria will function either as aerobic
b\exxéhaerobic depending on the conditions
nd the presence of oxygen.
= Most lagoons used for the disposal
of livestock wastes are facultative and
may take on the characteristics of either
anaerobic or aerobic digestion. Since
the facultative bacteria will operate in
either The anaerobic or aerobic state,
it then seems logical to classify the
facultative lagoons-as either aerobic or
anaerobic for design and management pur-
poses. ‘

Most of the early lagoons for the
disposal of swine manure were designed
to operate anaerobically. Many of the
designs were made on the basis of 80
cubic feet per hog capacity or less,
Some of these lagoons were satisfactory,
but others created a serious odor prob-
lem. Also the overflow from some lagoons
into public ditches constituted stream
pollution. Most experts have concluded
that the early designs were not adequate
for successful operation and presently
suggesT 3 cubic feet per pound of ani-
mal (9).

Two types of odor problems are en-
countered: a continuous vile odor gen-
erally beginning in early spring, and
an intermittent odor becoming noticeable
about sundown. The continuous odor
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usually beginning in the spring is appar-
ently the result of an "overloaded" con-
dition. This condition is created by
reduced biological activity during the
winter with fwo possible developments
when spring arrives: (1) bacteriological
activity returns with a highly odorous
lagoon, or (2) bacteriological activity
remains low because of acid conditions.
I+ has been reported by Berry (1) that

in North Dakota lagoons have only a small
amount of biological activity performing
mainly as a storage for livestock wastes.

The effluent from lagoons is not of
sufficient purity To be discharged into
public streams, and some provision for
disposal of overflow should be consider-
ed. The effluent could be spread on
agricultural land or treated in a secon-
dary aerobic lagoon.

For information on the design and

management of anaerobic lagoons obtain a&\\

copy of AED-1, "Lagoon Manure Dispo
from the Agriculfural Engineering
ment, Purdue University.

The anaerobic lagoon is an inexpen
sive system of disposal of swine,manure
that requires little attentiofl. However,

it is possible that some<@dor§§§§¥49e
emitted from the lagoon du arts

of the year even with cuﬁb§§$§§§§igns.

An anaerobic lagoon would'be most suitable
for operators too small to tify liquid

manure handling equiﬁ%é for impounding
liquid runoff from d{i‘ nranure handling

d
systems and for<§f?§§é tgéé*ions.
Lagoons v be ié@ for storage or

?a
for the finalé{?ﬁQSal of manure. Most
of the fe@#ilizefi}hbredienfs are salvag-
ed if t on/is used for storage,

but cons a odor may be dispersed

e is agitated and spread.
ely™2 cubic feet of sludge

r year will accumulate in a la-

r final disposal.

goon used

For the swine production company
that has a very large number of hogs per
acre of land (over 45-50 per acre) anae-
robic lagoons may not be advisable at all.
Nearby residents may be irritated.

8

P

Anaerobic Treatment - Digesters are K
used for decomposing much of the domestic

wastes in our municipal plants. This
system is usually a ca%ﬁ%giéy control led
one which requires expensive gquipment
and careful supervisﬁ@ﬁiigé ~this system,
the temperature of the mixture is main-
tained at 95° to 105°F . at which level
methane is the qgﬁzgpa roduced and most
f

odorous gases are eyented from forming.
The decomposiTidn\hh,‘ e solids is far
more complete by this anaerobic method
than by th x/é§§§i§ ones. The methane
gas is Of\éﬁéiéﬁg by municipal plants fo
provide To-generate steam for power
and fo/heat incoming sludge from the
aeration mbers. (Raw incoming wastes
are §§E§je Mfor an hour or ftwo producing

a/egﬁd| for that promotes settling of the
$qTidspso much of the liquid can be dis-

d@iggz//info a stream and the activated

can go directly to the digester.)

|| Gases Produced - The production of

“me‘thane gas from animal wastes is pos- £

sible. However, computations indicate KL»
That it would not be profitable for most
swine producers. In such a system, sol-
ids are reduced to a small, stable mass

in which litftle organic (volatile) matter
remains. The small quantity of solids
left could be readily spread on the fields
or crops with little problem. It is dif-
ficult to maintain a sufficiently high
Temperature for an efficient operation.
Anaerobic conditions occur at the lower
Temperatures and do a good job of decom-
posing the organic solids if given suffi-
cient time. However, tThey are highly
odorous because hydrogen sulfide, am-
monia, mercaptan gases and other odorous
gases are formed. In much of the research
now in progress on this system, a combi-
nation anaerobic and aerobic lagoon is
being tried. In such a system it is vis-
ualized that the desirable characteristics
of both systems may be utilized. Thereby
obtaining a greater reduction of the vola-
Tile solids and odorous gases.

Aerobic Treatment - With oxygen avail. .
able in a waste and water mix, aerobic con-
ditions prevail. By the aerobic process
some of the volatile (organic) solids are
reduced To carbon dioxide, water, nifrates,




and nitrites. The inorganic solids,
called fixed solids, are essentially un-
changed. Three or four years ago There
were some who thought that by maintenance
of aerobic conditions, it might be pos-
:sible To decompose about 80 to 90 per
cent of the volatile solids. However,
more recent laboratory experiments indi-
cate that only about 40 fto 50 per cent of
the organic solids are decomposed in
three to six months. Figure 2 shows a
curve taken from some aerobic treatment
experiments by lrgens and Day (7) at the
University of Illinois.

Time is the factor that alters the
quantity of the solids that may be decom-
posed under proper conditions. For exam-
ple, more of the solids will be decomposed
in a long period of Time than a short one.
A kernel of corn is not in a readily
usable form for the bacteria and takes a
long time for the volatile portion to be
thoroughly digested.

- Aerobic Lagoons - Oxygen can
trained in the waste and water in
low lagoon by the action of the wind
is produced by the algae present in a
properly operating aerobic lagoon. How-

ever, this action is relaTtvely/sIoW\and
|

an aerobic lagoon must belshal Aseﬂ
loaded relatively lightly fer-the

-~ and the algae to provide the ed oxy-
gen for the aerobic bacter Therefore,
farge in

aerobic lagoons are reaii;g

relation To an anaerobic oon for the
disposal of a given Tl y of waste.
‘} - 7 feet) for

A lagoon must be -
this natural acti 75@ effective.

Because q///h/‘iarge area required,
the use of}aerbb /} goons for the dis-
posal ofan wastes has appeared to be
an expens m of disposal. This
Type of | as been used with very
favo results for the disposal of do-
mestic e for small municipalities.
The odor level of a properly operating
aerobic lagoon seems to be within an ac-
ceptable range and much better fthan that
associated with anaerobic lagoons.

Aérobic lagoons should be construct-
ed approximately 6 feet in depth and have
an area of approximately 300 square feet

‘the large area requi

// éeT to 10 feet wide,

<§\

per 100 pound hog (150-100 pound hogs
per acre). Actually an aerobic lagoon
would function as a faculaTive one and
some anaerobic activity will also be

present.

J//T -
Mechanical Aerqﬁion~ Because of

for an aerobic
favorable odor

r6b|c activity, a
QfVMork has been and
is continuin /T e conducted on the use
of mechan| s for entraining oxy-

sy
gen in wa g;ii;>aTer mixtures to pro-
duce aero§1§§§$g stion
<§8§I§a+|on Ditch System - A
%igi\gr ating aerobic conditions

metho

for Preating swine wastes which is men-
Tféﬁed<mps+ often is the oxidation ditch.
Th\\oxgga+1on ditch is typically a "race

haped ditch 2 feet to 3 feet deep,

lagoon and because o
characteristics of
considerable amou

intfo which swine
w/s es with dilution waTer may be placed.
“The contents are stirred and aerated by
a rotating aerator (see Figures 3 and 4)

'/ which "beats" oxygen from the air into

the waste mix. The content should flow
around the ditch about 1.5 to 2 feet per

‘'second to prevent the settling of solids.

The digested sludge is more stable
and may be spread without causing as
much odor nuisance if spread while aer-
obic. In summary, a good oxidation ditch
treatment does the following: (1) elimi-
nates odors asscciated with storage by
maintaining an aerobic condition, (2)
decomposes about 50 per cent or more of
the volatile solids, depending on the de-
tention time, and produces a more sta-
bilized material that can be spread with-
out causing much of an odor nuisance,

(3) extends storage time as volatile
solids are reduced by about 50 per cent,
and (4) concentrates minerals in the dis-
solved form in the batfch system. Con-
versely in The conTinuous system, the
dissolved solids are carried out in the
effluent.

Some disadvantages of the oxidation
ditch are as follows: (l) storage may
be more costly because it must be built
for oxygenation of contents, (2) equip-
ment requires periodic mainfenance, (3) ,



operation costs are moderately high be-
cause the system must operate continuous-
ly, (4) foaming appears to be a major
difficulty unless the system is properly
designed and operated, (5) failure in
equipment may cause the ditch to become
anaerobic with worse odor conditions than
with no treatment, (6) about 50 per cent
of the solids must still be disposed of
(alternatives are to dry on sand bed or
in an evaporation pond) and (7) dilution
is required for aeration. Results of re-
search at the University of Illinois (4)
indicate that the oxidation difch should
have a minimum capacity of about 10 cubic
feet per 160 pound hog for a system oper-
ated continuously for thirteen weeks.
There is little foaming for oxidation
ditches with volumes this great or great-
er. BOD reduction was the most efficient
at a loading of 12 cubic feet per hog.

A good "rule-of-thumb" for estimating
power requnremenfs for an oxidation dlfch//
system is | H.P. per 100 head of finish- |
ing hogs. With an electricity cost
1.5 cent per kilowatt hours, the c
power for operating the system woul
approximately 45 cents per hog fini
The depreciation, interest, repair,
taxes, and insurance costs for operaflng
the equipment would certainly ,e’5| nifi-
cant, but it is difficult to me <9Yea—

sonable estimate of these c T§\\Vjﬁ/fhe
limited information presepi?ﬁigg;ilable.

Oxidation ditches aﬁgiysgé similar
To aerated lagoons in Si%\ oth re-
quire collection p|T$‘ana\Jpgoon combina-

The oxidatio itch requires a
which“the effluent

of

\
||
i

Tions.
storage lagoon in
and sludge from the ditch may be dis-
charged after f}”aTLQg This lagoon needs
to be almost agffé* e as that required

for aerati unless /it is used as a stor-
?i;§f8>spreadlng on land at

erated Lagoon System - The prin-
ration of the aerated lagoon
are essentially the same as that of the
oxidation diftch. The main difference is
the container and type of aerator. In
this system, a lagoon is used instead of

a ditch and a floating aerator is used

instead of a.rotor aerator. Figure 5
shows a floating aeratcr in operation L
in a swine waste lagcon.

Two such lagoons been built
and used for research a rdue Univer-
sity, one on the Dan;ybgﬁgiiagd the other
on the Swine Farm. T é§i§§;6 been very
satisfactory in their ope ion, except
when the equipmen cTnoned The
mal functioning wﬁi%ﬁskas experienced was
mainly due to we being cut down into
the lagoon and mLﬁg wrapped around
The |mpeller053§§§@|++|ng the lagoon to

c

get too low w logged the intake.

Odors fr +$§é§>lagoons have been
slight. leii§>
%

ntages of the aerated lagoon

are as Lows: (1) larger volume with a
r |n|+|al cost giving longer deten-

Q\e, e and possibly greater breakdown

lids (2) foaming, if it occurs, is

Q§§§|de giving unlimited free board space,

the

erobic conditions are outside and tThe
‘odorous gases produced at restart will

probably not cause distress to the ani-
mals, (4) a combination anaerobic, fac-
ultative and aerobic decomposition proc-
esses breakdown a larger per cent of the
volatiles, and (5) less aeration or free

jin event of equipment failure,

oxygen is probably required.

Disadvantages of the aerated lagoon
for wastes are as follows: (1) manure
must be carried or flushed into the la-
goon, (2) may be more unsightly, (3) re-
quires more outside space, and (4) more
subject to freezing. /

Aerated lagoons make it possible
To control odors of the lagoon with a
much smaller volume than is normally, pos-
sible. Present recommendations for un-
aerated lagoons call for about 400 cubic
feet of volume per hog finished per year.
Charles E. Clark (2) sanitary .-
engineer of the Illinois Department of
Health, recommends an acre of lagoon,
five to seven feet deep per 275 hogs.
This is a volume of about 1000 cubic
feet per hog. By the use of aeration
devices, such as a floating aerator, the
volume can be reduced greatly. Also, the



lagoon can be increased in depth and
therefore reduced in size. For example,
- for these 275 hogs, the volume of the
aerated lagoon could possibly be reduced
to about one-fourth this amount and the
depth could be fthree times as great.

Using these criteria (250 cubic feet
per hog and an 18-foot depth), the size
of the lagoon for 275 hogs would be
slightly under 4000 square feet or one-
tenth of an acre. However, fto aerate
this lagoon properly, a two horsepower
floating aerator or its equivalent (one
that supplies about 6 pounds of oxygen
per hour) would be required.

A two horsepower motor requires
approximately 2 kilowatt hours per hour.
Then 2 kw. hrs./hr. x 24 hrs./day x 120
days = 5760 kw. hours which at |.5 cents
would give $86.40 power cost. This is
slightly over 31 cents per hog for power -
costs. Equipment and installation for
such a unit would be approximately $15
which would add another $75.00 a
cent interest plus depreciation
cent (for a four-month period).
ditional cost is $150.00 per 275 hog
marketed. This gives a fotal cost of
$236.40 or about 86 cents peﬁ;hog market-
ed. This does not include the cost of
aeration equipment for the sows- u%lch
musT be added to the To?§ T of opera-

—

an aerated la-

io
gt\‘n/’ysTem to remove
aTloh of water and sol-
_ha ch merit for the

An Aerated La
System - A comblna
goon with an i
The excess acc
ids appears t

rrigation

management +spd§al of farm animal
wastes. . Although)the work to date has
been wi airy ¢%+T|e manure at the
Purdu fg;iigrm, there is no reason to

believe e system will not work

| wastes. Briefly the sys-

Manure is scraped or flushed into an
aerated lagoon where the organic matter
is partially aerobically decomposed. The
effluent from the lagoon is used to irri-
gate nearby crops or woodland. This ef-
fluent contains both liquid and solids

&ﬁ

which have been stabilized in the lagoon
and are odorless. They are also "fine"
and do not cause plugging of large (3/8')
irrigation nozzles. T la goon should
have a volume of about ce That of the
manure produced each y :F\\\4? it is to
intercept runoff fr m’ rge feeding
rger. Figures

floor, it may have
of a combination

6 and 7 show a s
f rrigation system
'ﬁ

aerated lagoon )
Uld and sludge on
/
As w]tbggg y“’system, there are some
alterna Q:§§§> s of management that may

be

used fo spread
crop land.
be worthy consideration. For example,
if onézﬁtigss to use only a "settled out"
sup by a second lagoon for sedimen-
TaTlo be desirable. Then with a sub-
éed unfg+ to the irrigation sys+em
ela+|vely clear supernatant is
Q;an on the fields. Of course, in
fhis latter system, one takes The chance
|The system becoming anaerobic before
/yrlgaflon A small floating aerator
‘prevents this and provides a final treat-
ment but adds to the expense. Further-
more, solids accumulate more rapidly re-
sulting in a shorter life of the lagoon.

The first method of irrigating di-
rectly from the primary lagoon removes
suspended solids and thus retards sludge
build-up. Therefore, the "life" of the
lagoon is increased. Large, heavy parti-
cles settle to the bottom of the lagoon
where they undergo slow decomposition.
With the fwo-year detention, the possibil-
ity of breaking the organic matter down
into water and carbon dioxide is greatly
increased.

At the beginning of winter, The
water should not be higher fthan about
one-half to two-thirds capacity as pro-
tection against overflowing when irriga-
tion is not possible. This also aids in
the prevention of freezing. With the deep
(15 foot to 20 foot) lagoon, it is not
anticipated that freezing will be a se-
vere problem in Indiana and in other areas
with similar climates. However, if the
lagoon does freeze for a month or two, it
may still operate satisfactorily from the
last of February fo December and will
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£
serve as a storage during the winfer tive, Tthis lagoon requires a chamber for .
months. Aeration must be started as ear-  anaerobic decomposition and a chamber
ly in the spring as weather will permit. for aerobic decomposition. |1 appears
A woodland, crop or grassland may be possible that the bo of a relatively
used for irrigation purposes. deep (15 feet to 20 f lagoon would
remain unstirred and una d and be-

A check of the solids irrigated come that anaerobig éﬁé@isr By placing
from the present lagoon at the Purdue a floating aerato ith a baffle plate
Dairy Farm showed fthat the solids are 50 below the intake—i lagoon, the top
per cent organic and 50 per cent fixed or  would become the ng c chamber. Any
inorganic. This indicates that a 65 fo gases such as and hydrogen sul-
70 per cent reduction has occurred in fide Thaf Q}@ ed at the bottom
the organic solids. This is a higher would be |ﬁ/§;§§$Ted in the Top aerobic
breakdown Than normally considered pos- layers Q6é:§§g;e +ed into odorless com-
sible. However, a large portion of the pounds di Ilved in The water and v
solids in this lagoon were placed in it +here ented from escaping into the
approximately one year ago; thus, they air. 23i§>>
had a longer detention Time than the
usual one or two months. Furthermore, ny respects, this lagoon would
some of these solids had undergone par- /Cge75,m,1ar to the aerated lagoon. How-

t+ial anaerobic decomposition in storage. ‘,+ would have an additional advan-
\tggei/f the decomposition from both aer-
Based on the research evidence TO/// bic and anaerobic bacteria. Therefore,
date, it appears that in a period of o é;\; less solids would be left in the system

to one and one-half years up fo 70 /%o be disposed of on the land or by o+her<
cent of the volatile solids can de<§§\ means.

composed. This would be a red ion of\‘

about 60 per cent of fThe total solj I the "deep' lagoon functioned as
With the removal of the dissolved a an aerobic lagoon only, it would still

some of The remaining suspended solids by  have a distinct advantage of less area

irrigation, an aerated lagogn with.a.de- being required. A complete system using
tention Time of about TWO V%Sg;ﬂésY,be such a lagoon would probably require a
expected to take care e for second lagoon To catch the overflow from
some 10 years or more Wﬁ* objection- the first lagoon permitting the sludge
able odors. to settle. The effluent could Then be
<i§§;§ used for irrigation purposes, or if it
Other Aeration” /Mih\l - There are is high enough in quality, it could be
several methods O (@erating wastes that disposed of in a stream. However, this
may have essentli 'same effect on is not a recommended practice and may
the systems as)the rOT'r or floating aer-  soon be stopped.
ator. These Two Hods involve '"mechan-
ical beatin //‘ Qgearlng” of the water Combination of Storage Pits Plus
and wastes Qﬁ //p ar to be some of the Lagoons - A system that is being tried
more ef ent, //ther methods that one by some producers and one that appears
may w l4‘;&?8251(1@‘ are (1) compressed to have considerable merit is a combi-
air igh-speed rotary fans, (3) ro- nation of pits to store the solids until
ta s; (4) sprays and pumps, (5) spreading is convenient plus lagoons for

, and (6) rapid sand filters. +the liquids. One method of operating
this system is to construct an overflow

Combination Aerobic and Anaerobic in the pit that permits the liquid to {
Lagoon - A system of disposal of swine flow out to the lagoon once the storage
wastes that appear to have much merift, becomes full of both the liquid and solid
but which has not been completely re- mixture. Experience has shown that the
searched, is that of a combinafion aer- solids generally settle to the bottom

obic and anaerobic lagoon. To be effec- with the liquids remaining on top.



Therefore, the problem of separating them
is an easy one. Such a system accom-
plishes several Tthings which are as fol-
lows: (1) reduces the needed storage ca-
pacity, (2) reduces the size of lagoon
needed, (3) permits a more flexible sched-
ule for spreading, (4) improves the qual-
ity of manure; however, some nutrients

are lost in the liquids going to the la-
goon, (5) lessens lagoon odors, (6) it

may be usable for a much greater period

if only liquids are permitted to flow fo
the lagoon, (7) yields much higher qual-
ity effluent which may be more permissible
to be discharged into a natural drainage
ditch, and (8) irrigation from the lagoon
is possible to recover some of the nutri-
ents.

As with all systems, there are a few
disadvantages. Some of these are as fol-
lows: (1) solids in the storage are
likely to become somewhat compacted and

may require considerable stirring and m|x§§§§e + water and 5 per cent dry matter.

ing before they can be readily pump
a vacuum wagon, (2) some nutrients
lost to the lagoon, and (3) dual ces
exist for both a lagoon and storage.
With a lagoon and storage combination,
is recommended that a storage of at IeasT
one-half gallon per hog per da be pro—
vided for growing-finishing h

dg\é-h/hls
is about | cubic foot for e
days assuming a 96-day feedin riod or
this would be six cubic foot per hog for
the entire time. The remai of the
wastes and liquids w dlscharged To
The lagoon. wJ

;iégiﬁé/ld be cut to

To o Thlrd of the reg-
feet per ho nlSh However, keep in
mind That er the lagoon, the bet-

by.

re \\\

The lagoon
about one-fourt,
ular recommended

hiy
afagbon Perhaps the
size couldybe re to about 100 cubic

ter. if the area where the
lagoon onsTructed is sufficient, keep
the size large as possible,

The solids in the storage should be
spread as soon after removing the hogs
as the weather and soil conditions per-
mit. This will insure a maximum return
from the wastes and will prepare the sys-
tem for a new herd.

Criteria for Going to an Aeration
System - At the present time, the main

factor in favor of going to an aeration
system is the control of ¢dors. |f odors
are not a problem, then s with liquid

or solid spreading or/ lagoons or perhaps
a combination of the

‘two.,
Aeration of/ﬁ;ﬁiégiﬁll not control

all odors of a sW(g%iifbduc+ion unit.
Fresh manure on %{\\gg/ slats and around

the farm s+|v£ oduce an objectionable

odor. &:Q§§§>
N

Dehydrati

Swin nure when sufficiently dry
may Tored, sacked, or spread without
problem. “THe process of drying appears
T /Be difficult as well as expensive.

g?b market for dried swine manure
Ars onable. Generally, swine manure
\§§\T is produced contains about 85 per

¥ one wishes to produce dried manure
containing 90 pounds of dry matter and
|0 pounds of water from this, he must
start with 600 pounds of weT raw manure.
This means that 500 pounds of water must
be removed in the drying process. One
may use the energy of the sun and other
schemes, but it is still a difficult
process to produce a product with liftle
demand. Not only must drying equipment
do a good job drying the manure, but it
must be equipped with an "after burner"
To prevent odorous gases from escaping
into the atmosphere. The Michigan State
Agriculfural Experiment Station is con-
ducting some experiments in the drying
of poulfry manure. However, these re-
sults are not directly applicable fo
swine wastes as they contain more mois-
ture than poultry manure.

Incineration

Incineration appears to have little
To offer for the disposal of swine manure.
I+ will reduce the solids, but heat must
be provided. Odors and gases from the
system pollute the air and are often ob-
jectionable to nearby inhabitants.



Composting

Composting requires time and equip-
ment that is usually beyond the scope of
most swine producers. However, if manure
can be collected in large quantities
along with other wastes, composting does
of fer some possibility.

Odor Control

Odors have been pointed to by many
as the most severe problem at the present.
This may be true for the small or moder-
ate size operatér who is disposing of the
swine manure by lagooning or spreading.
In either case, the odors can be greatly
reduced by some relatively inexpensive
methods,

Addition of Chemicals - Some of the
more common chemicals that will reduce
odors while spreading are ammonium ni-

_is aerated, the growt

//W,

which greatly inhibits their activitv
and gas prodiction.

Aeration - As indic

d previously,
aerobic bacteria essential

poduce only
carbon dioxide and waferiygé; “are odor-
less. Therefore, if fhe waste storage
fiQQfaserobic bac~
Teria will be proméf dy and’ odors will be
greatly reduced. |l of) the main accom-
plishments of the 1qg%%on ditch and
aerated Iagoon?iQiiggr control. For only
odor conTro};f‘era n does not have to
be as grea \éééﬁbsﬁ aerobic decomposition
is also desired. “However, it is difficult
To draw le I ine. between the two. Any
quanfifyégiiéir is helpful in producing
aerobi oqgm jons and odor control.
Some—tabo ry experiments indicate
Théf/a quantity of oxygen equal to the
S—dﬁiggﬁéthemical oxygen demand of the
tes—may be sufficient. This is equal
out one-half pound of oxygen each

o
trate, anhydrous ammonia, powdered limel\\&\\qXZper 150 pound hog.

re
use.

nitrate and anhydrous ammonia. Thes
the most highly recommended for far
The addition of one to two pounds o
monium nitrate per hundred (100) gallo
of liquid swine wastes, just prior to
mixing and spreading, will grea}%zzreduce
the usual accompanying odors. f/

(
PN
What the chemicals geneéiiééé is to
co

take fthe manure from an acid ition to
an alkaline one. Thus, many of the acid

forming bacteria are inhibi\\ nd the

odorous gases are sTopf ~\here may still
be ammonia odor with f\*\ma ure, but it

is usually not so<objectionable as hydro-
gen sulfide, sulfu i §£ge, and the mer-
captan gases. 7 -

=

()

Lime u§ual*y/agzs more slowly than

the other in ients, but it will per-
form simi

orine chemicals are strong
oxidatio duction agents which releases
oxygen for oxidation process. Thus,
the system is temporarily changed to one
that inhibits anaerobic bacteria and pro-
motes aerobic ones. Therefore, the odors
are greatly reduced. Also, chlorine in
sufficient quantities is Toxic to bacteria

Summar
F#_____)L

At one time the fertilizer value of
manure made it an asset to the producer,
but at the present time there is no prac-
Tical use for manure, and it is a lia-
bility rather fthan an asset. Proceeding
from this viewpoint the disposal of ma-
nure is an expense -that.must be
considered as a cost of production, and
it is logical for the livestock producer
To think of developing a least cost sys-
tem of disposal that is satisfactory
from the standpoint of pollution.

There are three mediums for the dis-
posal of waste: air, land and water,
The public is demanding that water and
air cease To be used for disposal, and
the land is the only medium available
for wastes and many ingredienfs of
wastes. However, some elements of prop-
erly controlled biological degradation
may be released into the air without con-
stituting pollution, but since most sys-
tems of biological degradation are not
complete, there must ultimately be some
land available for disposal.

L
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The disposal of manure on agricul-
fural land still appears to be one of the
more economical and reliable systems, al-
though odors may be a serious problem at
times. Biological systems have not been
completely reliable and some of the more
sophisticated systems are relatively
expensive, and every swine production
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Figure I. Vacuum wagon removing swine F|gure<§i§\L9bora+ory fabricated rotor
wastes from pit at rear of finish- faer tor being checked prior to
ing house >ment in experimental oxidation
\% ef

DEGRADATION OF SWINE MANURE
100}

80

72.0%
60| o
5.2%

18.5%
20} 217% *

o

% REDUCTION OF VOLATILE SOLIDS

TIME IN DAYS (TOTAL)

Figure 2. Decomposition of swine manure
at 73°F under aen6%‘é§§pn itions

N

Figure 4. Rotor aerator installed in
oxidation ditch which extends under
floor of gestation house.
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TO IRRIGATION FLOATING AERATOR
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Figure 7. Cross ;ét;ngiihrough combi -

nation lagoon andirrigation system

for the dlspb\\ /of livestock
wastes -

HOG HOUSE

Flgﬁre

~Combination of storage of
| of\ds for eventual spreading and
\ifa goon for liquids

Figure 5. Floating aerator in an oxida- 4?
tion lagoon on the Purdue Swine

Farm \ij\,
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Figure 6. Plan of combinatio oon
and irrigation system for the dis-

posal of livestock was
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