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Introduction 

The benefits of manure application to cropland are sig
nificant. Manure application improves soil quality and in
creases crop yield. In order for animal agriculture to be 
sustainable, the nutrients and organic matter in the ma
nure must be returned to the land from which the crops 
were grown. However, with the increasing concentration 
of animals and the deterioration of the link between crop 
and livestock production there is a growing focus on ma
nure treatment. One goal of manure treatment is to re
duce or concentrate nutrients. This goal is primarily a func
tion of limited land base for manure nutrient utilization. 
A second goal of manure treatment is for odor control 
and is a result of the growing size of operations, urban 
sprawl, and the general lack of acceptance of odor and 
other gas emissions to the ambient air. 

Manure treatment to solve the issue of nutrient oversup
ply involves the concentration of manure nutrients so these 
nutrients can be hauled economically to those areas where 
the crops are grown, or the conversion of these nutrients 
to a form that is exhausted to the atmosphere. Solving the 
odor emissions problem requires either the siting of fa
cilities at greater distances from rural and urban 
homeowners, the capture and treatment of odors before 
they leave the farm site, or the treatment of manure so 
these odors are not generated at all. 

Manure treatment technologies used for nutrient manage
ment are not necessarily the same as those used for odor 
control. In fact, some technologies used to remove ma
nure nutrients can increase odors (anaerobic lagoons) 
while other technologies used to control odor will work 
to conserve manure nutrients (injection of manure in crop
land). This paper will discuss some of the basic manure 
treatment concepts and some of the latest trends in com
mercial technologies. 

Nutrient separation 

The most basic manure treatment concept is the separa
tion of manure into liquid and solid fractions. This liq
uid-solid separation results in two fractions of manure 
with different nutrient contents due to the proportioning 
of nutrients in the solid and liquid fractions of the ma-

158 

nure. In general, the majority of the phosphorus and or
ganic nitrogen is in the solid portion of the manure while 
the inorganic nitrogen is in the liquid portion of the ma
nure. Depending on the degree of separation, significantly 
different nutrient concentrations will be found in the liq
uid and solid fractions of the separated manure. The cost 
of hauling dilute nutrient sources long distances is pro
hibitive. Therefore, any cost of nutrient separation must 
be weighed against the benefits of nutrient concentration 
and offsite transport. 

Table 1 shows some of the results of mechanical separa
tion on manure nutrients. Mechanical separators are typi
cally screens or sieves, belt presses, or centrifuges. The 
efficiency of nutrient separation ranges from 3 to 70% 
for phosphorus and 5 to 35% for nitrogen. 

Methods to enhance separation include the use of mem
branes, reverse osmosis, and chemical flocculants or 
precipitants. 

Biological treatment for nutrient 
reduction and odor control 

Biological treatment of manure is not a new phenomenon. 
Manure that is stored in earthen basins, pits or tanks, or is 
spread on land undergoes biological degradation. In these 
cases the processes involved are relatively uncontrolled 
and may take a long time. Biological treatment systems 
or technologies can help accelerate the natural process 
and can be, for most of the cases, well controlled. 

Biological breakdown of organic material involves the 
action of a variety of microorganisms (usually contained 
in the manure itself). As in all biological processes, the 
manure undergoing degradation must contain sufficient 
carbon, nitrogen, phosphorus, and trace minerals to sat
isfy the nutritional requirements of microorganisms. Un
der ideal conditions the general reaction that occurs is: 

organic matter + microorganisms ~ end products + 
additional microorganisms 

In addition to nutrient availability, environmental factors 
such as temperature, pH, and oxygen levels influence bio
logical processes. 
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Table 1: Efficiency of traditional liquid-solid separators for swine manure. i
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David Schmidt 

In any biological treatment ystem, there will be an accu
mulation of microbial and non-biodegradable solids that 
need to be managed and disposed properly. 

The simplest way of describing biological treatment sys
tems is to classify them according to whether the micro
organisms in the particular system require oxygen (aero
bic), require no oxygen (anaerobic), or can function in 
the presence or absence of oxygen (facultative). The three 
major groups, therefore, are aerobic, anoxic, and anaero
bic processes. The indi vidual processes can be further 
subdivided, depending on whether treatment is accom
plished in suspended-growth systems, attached-growth 
systems, or combinations thereof. 

The main applications of these processes in the agricul
tural area are the following: 

• Stabilization of manure 

• Removal of odor 

• Removal of organic matter 

• Nitrification 

• Removal of nutrients 

Aerobic treatment 
Aerobic treatment takes place in the presence of oxygen. 
All microorganisms that are obligate aerobes need oxy
gen as the final electron acceptor. When aerobic bacteria 
are required to grow in manure, it is necessary to ensure a 
continuous oxygen (02) supply by aeration. These micro
organisms can utilize only di ssolved oxygen (DO). 

Facultative microorganisms are also important in aerobic 
treatment. They have the ability to live in different condi
tions, for example, with or without free oxygen. They can 
adapt themselves to grow and metabolize in the presence 
as well as in the absence of oxygen. Oxidized inorganic 
compounds such as nitrate (N03), nitrite (N02), sulfate 
(S0 4)' etc. can function as electron acceptors for some 
respiratory organisms in the absence of molecular oxygen. 

Animal manure usually contains a large amount of bio
degradable organic matter that can be oxidized into stable 
inorganic end products by aerobic bacteria. 

The aerobic environment is achieved by the use of dif
fused or mechanical aeration, which also serves to keep 
the manure well mixed. When aeration stops, the dissolved 
oxygen concentration is depleted. The environment then 
is considered to be anoxic. Under these conditions, ni 
trate and sulfate function as electron acceptors for facul 
tative bacteria and are reduced to nitrogen gas and hydro
gen sulfide, respectively. The process for oxidizing 
am monium (NH/) into N03- is called nitrification , 
whereas the process for reducing N03- to nitrogen gas is 
called denitrification . 
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Aerobic treatment is usually only suitable for separated 
slurry or dilute effluents. Solids in manure increase the 
amount of oxygen needed and also increase the energy 
needed for mixing. The degree of oxidation depends on 
the amount of oxygen provided and the reaction time al 
lowed in the treatment process. Slurry aeration allows 
microorganisms to metabolize dissolved components such 
as organic acids, phenols, indoles, nitrogen and sulfur 
compounds, low molecular weight proteins, etc., which 
are responsible for most offensive odor emissions. Since 
complete stabilization of livestock manure by aerobic 
treatment is normally not economically justifiable,3 lower 
levels of aeration have been recommended for partial odor 
control. 

Lagoons can also be aerated in order to control odor. Aer
ated lagoons are able to reduce odor significantly by avoid
ing the anaerobic treatment environment that can produce 
odorou compounds. The biggest drawbacks to aerated 
lagoons are 

• The cost of energy to run the units 

• Biosolids production, which is higher than in anaero
bic systems 

• The potential for release of ammonia if the aeration 
level is not correct 

If too little oxygen is put into the system, manure will not 
be stabili zed and the anaerobic conditions that result will 
lead to additional odors. If too much oxygen is put into 
the system, ammonia and other gasses will be released. 

Anaerobic treatment 
Anaerobic treatment of manure takes place in the absence 
of oxygen . It involves the decomposition of organic and 
inorganic matter by anaerobic microorganisms that ob
tain their energy from oxidation of complex organic com
pounds. Manure is converted to a variety of end products 
including methane (CH4) and carbon dioxide (C02), The 
process occurs in three steps as shown in Figure 1. 

The first step involves the enzyme-mediated transforma
tion (hydrolysis) of long-chain carbon molecules into 
compounds suitable for use as a ource of energy and cell 
carbon. The second step (acidogenesis) involves the bac
terial conversion of the compounds resulting from the first 
step (soluble organic products) into lower molecular mass 

C .... 'ICX 
~,...u~II\...... Hydr • .,. ... 

(MIaII\'<) 

Figure 1 
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intermediate compounds (simple organics, volatile fatty 
acids, carbon dioxide (C0

2
), hydrogen (Hz>, methanol, 

acetate, etc.). The third step (methanogenesis) involves 
the bacterial conversion of the intermediate compounds 
into methane (CH

4
) and CO

2
, The ratio of gases is usually 

60-65% CH
4 

and 35-40% CO
2

, but it may change depend
ing on the reactor pH and process conditions, particularly 
the organic loading. 

The most common type of anaerobic digestion system 
used for livestock manure, which also combines storage, 
is the anaerobic lagoon. Design and management are key 
factors in maintaining acceptable odor levels from la
goons. Both one and two stage lagoon systems are used. 

New technologies in manure management 

When properly sized and managed, an anaerobic lagoon 
can be operated with a minimum of disagreeable odor. 

Volatile nitrogen gases are natural by-products of anaero
bic decomposition and are released from open lagoon 
surfaces. The relative proportions of these compounds 
when released from a lagoon surface and their impact on 
the environment are not well documented or understood, 
although this is the subject of current research both in the 
US and Europe.4 

Greater potential for odor emission occurs when reten
tion times are too short, or lagoon loading rates increase 
due to expanding animal numbers, slug loading, concen
trated waste streams, and/or inadequate water for dilu-

Table 2: Operating anaerobic systems in the US (USEPA, AGSTAR). 

Location Year Animal type and Manure Installed Biogas 

built ~o~ulation handling cost End-use 

Covered Lagoon 

CA 1982 1650 sows, farrow- Flush $220,000 Electricity 

to-finish & hot air 

CA 1984 900 sows Flush $120,000 Electricity 

farrow-to-finish & hot air 

CA 550 sows Flush and $75,000 Electricity 

farrow-to-finish gravity drain & hot air 

VA 1993 600 sows Flush and pull $85,000 Electricity 

farrow-to-feeder plug 

NC 1997 4000 sows Pull plug $290,000 Electricity 

farrow-to-wean & hot 

water 

NC 1999 400 sows Flush $22,150 Flare 

farrow-nursery 

IA 1998 3000 nursery Pull plug $15,000 Flare 

MS 1998 120 pigs Hose wash $19,000 Flare 

Complete Mix 

PA 1985 1000 sows Scrape $325,000 Electricity 

farrow-finish & hot 

water 

IL 1998 8600 finishing Pull plug $152,000 Hot water 

& flare 

IA 1999 5000 sows Pull plug $546,000 Electricity 

farrow-to-wean 

CO 1999 5000 sows Pull plug $368,000 Electricity 

farrow-to-wean 

Other Digester Types 

IA 1999 2800 finishing Scrape $244,675 Hot water 

& flare 
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Table 3: New technologies currently being tested or marketed to separate manure. 

Company 

Alnterglobal Waste 

Management Inc. 

ABlossom Agritec 

AADI systems 

AEcofluid systems 

AEKOKAN 

AEngineering Concepts 

AHoffland Environmental, Inc 

AAquasol Technologies Inc. 

AUttie River Pond Mills 

ANovatech Consultants 

AOrgenenergy 

BNewman Environmental 

Solutions Inc. 

BAgStar 

BGaston County Dyeing 

Machine Company 

BTriangle Environmental Inc. 

BKey Dollar Cab Company 

BKey Dollar Cab Company 

BBiosystems Technology Inc. 

BBion Technologies 

BOlds Filtration Engineering 

BRondeli, Inc. 

BEKOKAN 

Vermicycle Organics 

New Logic International 

AquaCare International 

Technology 

Flocculant, polymers and belt press for complete drying of 

solids 

Screw Press separator, anaerobic and aerobic treatment 

Complete treatment including separation, biological 

treatment, and chemical treatment 

Upflow Sludge Blanket Filtration and biological treatment 

Screen and belt press, aerobic treatment, extrusion and 

drying 

Oxygen treatment under high pressure 

Screening, anaerobic/aerobic treatment, clarification of 

effluent 

Anaerobic and aerobic combined treatment 

Surface lagoon aeration 

Anaerobic digestion in lagoons and a Sequencing Batch 

reactor (aerobic/anaerobic cycles) 

Separation, filtration, evaporation and condensation of 

manure liquid with composting of solids 

Micro-bubble aeration on lagoons 

Covered Lagoon anaerobic digestion 

Screening then settling with chemical additives and 

flocculants. 

Mechanical aeration of liquids before anaerobic lagoons 

Mechanical surface aeration in anaerobic lagoons to remove 

nitrogen 

Polymer enhanced separation 

Aerobic/Anaerobic sequencing batch reactor 

Aerobic bioreactor then a series of aerobic lagoons 

Filtration of effluent through wood chips. Woodchips are then 

composted. 

High temperature anaerobic digestion 

Gravity settling then upflow aerobic reactor 

Mechanical separation. Solids are decomposed by red 

worms. 

Membrane filtration to achieve a clean effluent 

Screw press combined with a aerobic/anaerobic sequencing 

batch reactor and in vessel composting 

ACurrenty being evaluated through CETAC West. 
http://www.cetac-west.ca/hmm/tech/sum-parent.html 
BCurrently being evaluated by North Carolina State University. http://www2.ncsu.edu/unity/lockers/users/k/ 
kzering/resproject.htm 
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tion. Odor emission from anaerobic lagoons is more likely 
during start-up of the system, when the lagoon surface is 
disturbed during windy conditions, during agitation and 
pumping for land application, and during spring turnover
defined as very vigorous bacterial activity during the 
spring due to incomplete metabolism of material during 
winter. An anaerobic lagoon will produce minimum odors 
when acid-forming and methane-forming anaerobic bac
teria are in balance. 

Anaerobic digesters are designed and managed to opti
mize the bacterial decomposition of organic matter under 
more controlled conditions than in a lagoon. Table 2 is a 
listing of currently operating anaerobic digesters in the 
US. One of the most common anaerobic reactors used for 
the treatment of manure is the plug-flow reactor. In this 
system, manure is added to one end of a tank, allowing 
the effluent to overflow and be removed from the other 
end into a storage unit. Effluent solids may be separated 
from the liquid and composted if there is an interest to do 
so. 

Other types of anaerobic digesters include complete-mix, 
contact, and upflow anaerobic sludge blanket digesters. 
The anaerobic sequencing batch reactor (ASBR) is an
other alternative for the treatment of animal manure that 
is being researched both in Canada and in the US, mainly 
at University of California, Davis and Iowa State Univer
sity. These sequencing batch reactors combine both aero
bic and anaerobic treatment with solids separation. Typi
cally, the manure is aerated for some period of time, then 
allowed to go anaerobic. During this anaerobic period the 
solids settle to the bottom of the reactor and a portion 
removed. New manure is then added and the process 
repeated. 

Very little odor is produced from a properly managed 
anaerobic digester. Provided adequate retention time and 
specific temperatures, a well-controlled anaerobic diges
tion process will degrade the vast majority of compounds 
that contribute to odors. Powers et ai., 5 for example, found 
that odor intensity from dairy manure decreased linearly 
with increased hydraulic retention time (HRT) in a set of 
laboratory experiments. The effluent from complete-mix 
digesters with 20 day HRT had about 50% less odor than 
the untreated manure (1.3 to 2.0% TS). Anaerobic filters 
with only 2.3 day HRT reduced odor intensity from a 6.35 
score to 5.21, an 18% reduction. 

Odor reduction from land spreading operations achieved 
with anaerobically digested pig slurry was reported to be 
significant (between 70 and 80% reduction) as compared 
to undigested slurry.6 Their results also indicate that di
gested slurry was relatively stabilized. After two weeks 
additional storage, odor emission was still 70% less as 
compared to undigested slurry. 
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Combined treatment systems 
The most recent trend in manure treatment systems typi
cally involves a combination of physical, chemical, and 
biological treatment. These multiple treatment systems 
are designed for a variety of outcomes ranging from lim
ited nutrient separation to meeting wastewater discharge 
standards. A variety of private companies and their re
spective technologies are outlined in Table 3. Most of 
these technologies are currently being evaluated by ei
ther North Carolina State University or a Canadian orga
nization called Canadian Environmental Technology Ad
vancement Corporation in Saskatchewan. These combined 
technologies can be quite effective at manure treatment 
but are also quite expensive. Not listed in this table are 
manure treatment systems that focus solely on microbial, 
enzyme, or chemical additives. 
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