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Abstract: The aim of this paper was to review the piggery waste
management aspects in several countries of the world. Intensive
livestock production produces significant quantities of waste that must
be managed to protect water, air, and crop quality. The high demand of
modern animal production has been influenced by the rapid growing
populations as a result of rapid economic growth and increase in
community living standards which is associated with the accelerated
generation rate of solid waste causing a serious worldwide challenge.
Piggery waste is said to be one of the most important causative agents
of environmental pollution in most parts of the world. A growing pig
population is unavoidable because it is a convenient source of protein to
the growing human population and at the same time this means
increasing piggery waste. Animal manure can provide nutrients for
crops and fish production and input for biogas production, but if not
managed, then this can also have a negative impact on the environment.
Nevertheless, there are few countries who are considering legislation in
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Introduction

Livestock is very important in contributing to the
sustainability of agricultural systems as an integral
part of traditional farming system by using crop
residues and other feeds which are not utilized by
humans and converting them into milk and meat
(Martinez et al, 2009). Manure from different
livestock species can replace a good amount of
mineral fertilizer as plant nutrients, provided it is
recognized and used accordingly as a valuable
resource (Bouwman and Booij, 1998; Chau, 1998).
However, at the same time animal manure can be a
source of air pollution as well as a threat to aquifers
and surface water (Burton and Turner, 2003).
Commercial pig production is rapidly growing in

L

relation to manure management.

most parts of the world with a trend towards larger
production units utilizing modern production
technologies such as modern housing, improved
feeding and better breeding methods. This type of
trends influences the risk of water pollution, air
pollution as well as soil pollution (Gerber et al. 2005)

Pig Production and the Future

Pig meat is the most consumed meat in the world
(Gentry et al. 2002). It was noted that pork is the
highest consumed protein with a total of 110 million
metric tonnes followed by chicken with 104 million
metric tonnes and beef with only 67 million metric
tonnes per year (McGlone, 2013). China produced
50 million metric tonnes which is almost half of the
world production in 2011 (Table 1). Germany was
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ranked the third pork producer (5 million metric
tonnes) which is half of USA’s pork production
(McGlone, 2013). Asia, European Union and North
America produced more than 80% of the world’s
pork. The high demand for pig meat is usually
influenced by growing population. For instance, the
population eats a lot of pig meat because developing
countries have become wealthier (Gentry et al.
2002). Food and Agriculture Organization (FAO,
2013) statistics indicated that the world pig numbers
are increasing in most regions, with China
accounting for over 50% of the world's pig
population. A growing pig population is unavoidable
because it is an obvious benefit to the growing
human population and at the same time this means
increasing piggery waste (Imbeah, 1998).

Table 1: Meat amount and percentage consumed in
the world, 2012.

Meat Meat consumed | Percentage
(mmt) of Meat (%0)

Porcine (pork) 110.8 374

Avian (poultry) 104.5 35.3

Bovine 66.8 22.6

Ovine 13.9 4.7

Total common | 296 100

meats

Source: FAQ, Food Outlook, 2013

Pork production was based on an extensive system or
grazing 100 years ago, but currently most of the
developed countries utilize the industrialized systems
for most pig and pork production (Aerts et al. 2006).
Furthermore, industrialized models of pork
production is now recognized and practiced by the
developing countries (Aerts, et al. 2006). Therefore,
a new world view of pork production intends to
adopt the Asian and European/American models of
pig production (McGlone. 2013). The world
population of pigs runs into billions today. For
instance, in USA alone, one farmer keeps between

Table 2: Daily Manure production as excreted.

4000 and 5000 sows, with more than ten million pigs
slaughtered annually (Bruno et al. 2008).
Nevertheless, there is a considerable high demand of
pork over the years, and therefore, the continuous
growth is expected through the increasing number of
pigs per farm (Iregbu et al. 2014). For example, in
Nigeria, the local Government Area of Ogun state is
known to be the largest producer of pigs in Black
Africa with a total of 3000 farmers, more than 2000
attendants as well as 22 cooperative societies
(Bakare, 2007).

Piggery Waste Production

One of the most important causative agents of
environmental pollution in most parts of the world is
said to be piggery waste (Sanchez et al. 1995).
Manure is made of the combination faeces and urine
with the ratio of 60% faeces and 40% urine (Vu et al.
2007). There are three kinds of manure: slurry, liquid
manure and solid manure. Slurry is a combination of
urine, faeces and water; mean while solid manure is
composed of faeces and litter scraped from the floor;
whereas liquid manure is characterized by
collectively joined urine, faeces remaining from
scraping and cleaning water (Vu et al. 2007). Manure
quantity is determined by the amount of feed the
animal received. The quantity increases as pigs grow
from piglets to slaughter pig weight (American
Society of Agricultural Engineers standards, (ASAE,
2005). The amount of feed pigs received determines
the total amount of organic matter excreted. The
oxygen demand measures the energy content of
manure, and this content increases slightly as finisher
pigs reach maturity. Most of the manure organic
matter is found in the faeces (ASAE, 2005). Plant
nutrients is one of the manure characteristics
categories. The values given in Table 2 represent the
mass of the total nutrients excreted by the animal.
These values are responsible for the area required to
spread material when it is applied to agricultural land
and pasture (ASAE, 2005).

Animal Production Group ;—ool'itgls \/S(:)Iﬁ;i;e COD N P K M-g?sttaulre Moisture
Kg/day/animal %
Piglets 12.5 kg 4.8 4.01 44 0.41 0.068 0.16 48 90
Grower/finisher 70 kg 5.6 45 4.7 4.7 0.76 2.03 560 90
Gestating sow 200 kg 0.5 0.45 0.45 0.032 | 0.009 | 0.022 11 90
Lactating sow 192 kg 1.14 1.05 1.09 0.086 | 0.025 | 0.054 25 90
Boar 200 kg 0.38 0.34 0.27 0.028 | 0.011 | 0.018 8.4 90

COD = chemical oxygen demand (Source: American Society of Agricultural Engineers standards, (ASAE), 2005)
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Manure characteristics after storage and/or treatment
of manures are better estimated by site-specific
manure samples or, when farm specific information
is not available. Excreted piggery waste must be
stored and applied to agricultural land in such way
that contamination of adjacent water, air and crops is
reduced (Topp et al. 2009)

Environmental impact of pig waste
Water pollution

Animal production such as pig production causes
serious water pollution through runoff and leaching
of minerals from the soil as well as by disposing
wastes into water courses directly. There is an
accumulation of manure nutrients which are in
excess of crop uptake and these nutrients eventually
saturate soils. The nutrients are finally lost during
saturation to either ground or surface waters
(Martinez et al. 2009). The nutrients which are
usually considered as very important in agriculture
are phosphorus and nitrogen since they have a huge
potential to cause water pollution (EEC, 1991).
Another problem with the manure nutrients involves
potassium, in which any application of manure based
on plant uptake of phosphorus will usually lead to
application of potassium (Beline et al. 2004). Many
fish species are prone to free ammonia toxicity as a
result of greater effect on water systems. For
example, salmon is very sensitive to ammonia
because it can only be affected by as little as 5 mg/L
of ammonia (Martinez et al. 2009).

Soil pollution

There is an accumulation of macronutrients such as
nitrogen, phosphorus and potassium as well as heavy
metals such as cooper and zinc as a result of repeated
applications of manure on the soil, above crop
requirements. This situation does have an effect on
animal health through grazing and crop feeding
(Lopez Alonso et al. 2000). The interaction between
soil, water and air fractions has a major effect on the
nutrients overloaded soils. Air pollution is the
outcome of complicated processes such as
nitrification /denitrification and the breakdown as
well as transformation of organic matter in the soils
whereas water pollution occurs mostly through the
leaching of nutrients applied in excess of plant
uptake (Martinez et al. 2009) as shown in figure 1
below). Soils have a significant influence on the
retention, transformation and release of gaseous or
soluble compounds. For instance, in the situation of
methane, soils may act as a sink through oxidation
processes (Martinez et al. 2009).

Air pollution

Pain (1999) reported that animal production
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particularly piggery enterprise has a greater
contribution to the atmospheric pollution as
compared to poultry enterprise. Some research work
by (Hartung and Phillips 1994) had indicated that
over one hundred gaseous compounds within air
found in the livestock housing are released into the
atmosphere through ventilation systems. The
odourous substances from those gases and
particularly ammonia have been major problems
from an environmental perspective. Most of the
gases coming from animal husbandry occur as a
result of freshly deposited faeces and urine through
the activities of microbes.

Emissions of ammonia

Ammonia (NH3) volatilization is one of the major
pathways of nitrogen (N) loss from agricultural
systems. It is usually formed in the soils from
biological degradation of organic compounds and
from ammonium (NH4) vyielding synthetic and
organic fertilizers (Beusen et al., 2008). Manure from
farm animals was the principal source of ammonia
and their emissions were damaging the environment
through soil acidification and eutrophication
(ECETOC, 1994). The loss of ammonia to the
atmosphere occurs from housing, manure storage and
application of manure to the land. Ammonia
emissions of roughly 50% of swine production
nature comes from the shelter and the slurry storage,
while the other 50% is emitted from land application
(Martinez et al., 2009). Ammonia emissions are
influenced by several important factors such as the
concentration of ammonia nitrogen in the slurry, the
emitting surface, the pH of the slurry, the air velocity
over the slurry and the slurry temperature (Van der
Peet-Schwering et al. 1999). Ammonia is a health
risk to animal and man in animal houses due to the
fact that long-term exposure to NH3 combined with
dust can cause severe lung diseases (Seedorf and
Hartung, 1999). Moreover, animal performance is
decreased by high concentration of ammonia.
Currently, the annual global use of synthetic nitrogen
fertilizers is about 80 Tg (Tg = teragram; 1 Tg=1012
g), even larger amount of animal manure N is
produced in livestock production systems. It was
stated that the use of N fertilizer and production of
animal wastes are expected to increase in the coming
decades, mostly in developing countries (Bruisma,
2003).

Dust and other particles

Dust is generally considered as a contaminant which
may affect both farmer and animals ~ respiratory
system even though it was not reported as a major
environmental issue inside animal houses (Copeland,
2006; Anderson et al. 2003). Poultry shelters were
reported to have greatest concentration of airborne
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Fig. 1. Main pathways of sources and sinks of greenhouse gases associated with agriculture.

Table 3: Bio-aerosols concentration in animal houses

Bio-aerosols Cattle | Pig Poultry
components house | house | house
Inhalable dust (mg/m3) | 0.4 2.2 3.6
Resplrgble dust 01 0.2 04
(mg/m°)

Ihalable endotoxin

(EU/m?) 140 670 2000
Respirable endotoxin

(EU/m?) 10 70 210
Bacteria (log cfu/m?3) 4.3 5.1 6.4
Fungi (log cfu/m?) 3.8 3.7 4.01

Source: Takai and Pederson, 2002

dust, bacteria, fungi and endotoxins but high values
are also found in piggery shelters. Majority of the
adverse health effects such as infectious and non-
infectious diseases occurred as a result of exposures
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to bio-aerosols components found in animal shelters
(Martinez et al. 2009). The allergic reactions of the
respiratory system which may become chronic, can
be induced by endotoxins because they are very
harmful. An overview of the different bio-aerosols
components found in animal shelters is outlined in
Table 3.

Waste disposal
Sale of manure

The way the management and disposal of pig waste
is carried out differs from one place to another or
from one country to another depending on the size of
the farm and the level of technology being used at a
particular farm (lregbu et al. 2014). For example, in
Northern Vietnam the middlemen are engaged in the
buying and collection of manure, however they are
only allowed to stop at the farm gate to buy manure
because farmers were afraid that middlemen might
spread infections from farm to farm (Colson and
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Boutonnet. 2006). In some areas of Vietnam, most
farmers sell about 20-40% of total manure produced
whereas 6% of the manure was given away to other
farmers for free. The bulk of manure was not sold
due to the fact that sellers and buyers were not able
to meet because of either lack of established markets
for manure or the cost chemical fertilizers is
reasonably low and easy to use (Vu et al. 2007).
Moreover, it was noted that transport of manure from
farms to other places is regarded as uneasy task and
that pig manure transport in one village has gradually
disappeared due to bad smell (Colson and Boutonnet.
2006).

Use of manure for growing of crops

The adoption of better management methods which
concurrently improve production effectively, would
eventually benefit the animal operations. An efficient
waste storage and collection system is required
before land disposal (Martinez et al. 2009). For
instance, the European and North American farms
have already put in place equipment and
technologies that simplify the operations such as
mixers and separators that reduce blockage problems
and facilitate transportation (Martinez et al. 2009).
Application of swine manure to crop land is one of
the most obvious methods of recycling plant
nutrients. Plant nutrients are removed from the soil in
the harvested product fed to the animals and returned
to the soil as manure. The availability of plant
nutrients from swine manure depends on the
composition of the manure and on other factors such
as management practices and soil characteristics
(Choudhary et al.1996). Pig manure is not really a
waste product but it’s a valuable plant nutrient
resource with the added benefit of improving soil
quality. However, it has to be managed properly
since it can produce negative environmental impact
because of the complex nature of the material (Bailey
and Buckley, 1998). Therefore, land application is
generally the most economical and environmentally
acceptable means of disposal. Nevertheless, if pig
manure is applied more than necessary then some of
its components such as nitrogen, phosphorus, soluble
salts and micro-nutrients can cause environmental
pollution (Bailey and Buckley, 1998). In the past, the
most important source of plant nutrients in crop
production was farmyard manure, but unfortunately
the significance of manure has decreased because of
frequent use of chemical fertilizers (Phuong et al.
2006). Moreover, it was reported that in Vietnamese
provinces pig manure is not commonly used for
fertilization because it culturally considered to be hot
or not suitable to fertilize all crops (Dan et al. 2004).
The disposal of manure with effluent water through
cemented drainage gutters is the most popular waste
management system identified. The waste enters into
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sectioned covered sewage pits where they undergo
aerobic, anaerobic decomposition and later evacuated
to the crop farms (Iregbu et al. 2014). The cleaning
up and disposal of manure from pig production
wastewater is said to be one of the nation’s major
environmental challenges particularly in Nigeria. For
example, pig waste in the western countries is
handled through flushing into anaerobic lagoons
from where the wastewater may be applied to crop
fields (Hunt and Vanotti, 2001).

Biogas production

Bio-waste that includes animal manure produces
biogas which is a degradable material from
industries, agriculture, forestry and households
normally dumped into landfill sites (Iregbu et al.
2014). Gases are produced by the landfill sites from
buried waste undergoing anaerobic digestion. These
gases are recognized as renewable energy sources
despite  landfill  disposal being  considered
unsustainable (Iregbu et al. 2014). Yadava and Hesse
(1981) mentioned that landfill gas contains about
50% methane which can be burned either directly for
heat or to produce electricity for public use as
depicted in Table 4. In other research work by Vu et
al. (2007), it was reported that in Asian countries
such as China and Vietham biogas produced is
mostly utilized for household cooking, heating water
and cooking pig feed. Therefore, the appropriate
amounts corresponding to manure from 20-40 pigs
which are needed due to the time used for cooking
food and feed is approximately 12-15 hours per day
(Chinh et al. 2002).

Table 4: Composition of biogas from a mixture of
biodegradable materials.

Components Symbol Percentage
Methane CH4 50to 70
Carbon-dioxide COo2 30to 40
Hydrogen H2 5t0 10
Nitrogen N2 lto2
Water vapour H20 0.3
Hydrogen sulphide H2S Traces

Source: Yadava and Hesse, 1981

Concrete bio-digesters are used in Asian countries
mainly of Chinese design with a capacity of 16 m3
on average, ranging from 10 m3 to 30 m3 (Chinh et
al. 2002; Emonet-Denand et al. 2006). In the
unheated biogas digesters slurry digestion was
pschrophilic in winter and mesophilic in summertime
(Vu et al. 2007). The spread of pathogens and
noxious odour emissions can be decreased by
manure fermentation in biogas digesters. However, a
larger part of the manure is treated with a short
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retention time at a low temperature in the biogas
digester, with subsequent discharge of treated slurry
into rivers or lakes (Vu et al. 2007). The landfill gas
escapes to the atmosphere if it is not harvested and
this is not good due to the fact that methane is a
greenhouse gas with more effect on global warming
than even carbon dioxide (GWPAL, 2007).
Therefore, global warming potentiality will be
decreased by a factor of 23 if harvesting and burning
of landfill gas (methane) is regularly carried out for
provision of energy for heat and power.

Use of waste in fish production

A research study by Vu et al. (2007) reported that
integrated pig and fish production farms had
mutually benefitted each other in terms of pig waste
disposal and utilization. All of the pig manure
produced in the farm was used to fertilize fishponds.
Liquid manure from cleaning pigs was directly
channeled into fishponds and solid manure was
either added to the ponds without treatment or
composted for a week before being used in fishponds
(Vu et al. 2007). Transportation costs to the field was
reduced by discharging wastewater used for cleaning
pigs into the fishponds. Nevertheless, most of the
fishponds in Vietnam are connected to rivers or other
water sources, in order to ensure that the actual
manure proportion retained for fish production will
be at a safe level (Vu et al. 2007). Some experienced
farmers from surveyed reports revealed that fish in
ponds fertilized with pig manure grew better than
fish in ponds treated with ruminant manure due to
the fact that pig manure has a higher nitrogen content
than ruminant manure (Mikolasek et al. 2006).
Approximately 20% of pig farmers involved in
research work showed that they kept pigs mostly for
using their manure for fish production because fish
production in many instances yielded a better and
higher price (Mikolasek et al. 2006).

Legislation on pig manure management

A total of 34 countries were involved in the global
survey exercise, and it was revealed that 30 countries
have national policies related to manure
management. The map in Figure 2 shows the
responding countries with and without manure
related policies. Malawi, Senegal and Malaysia were
exceptional, in which only the Ministry of
Agriculture is involved, policies are often defined by
the respective Ministries of Agriculture and of
Environment (Teenstra et al. 2014). The involvement
of the Ministries of Energy and of Public Health in
defining manure policy is also not uncommon. Even
though soil degradation and low crop productivity
are quite common in many of the surveyed countries,
broader environmental goals such as achieving
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methane  emissions  reductions and meeting
renewable energy targets, or lowering of energy costs
at farm level were found to be key drivers of manure
(or manure related) policies (Teenstra et al. 2014). It
is not a common thing for the policies to promote
holistic approaches to manure management or
emphasize the value of manure as a fertilizer and
supplier of organic matter. Furthermore, several
policies only target specific elements of manure
management such as manure storage, application and
disposal. A key observation of the respondents is the
lack of coherence between the total set of rules
(Figure 2). This phenomenon was found to occur
especially in countries where multiple ministries
were involved in the policy design regarding manure.
Overall, legislation is often not complementary and
sometimes even contradictive and does not always fit
with common farm practices. Figure 2 shows that
only Vietnam and a few West African countries
appear to have a coherent set of rules for manure
management.

In some real situations, having legislation on
manure management is one thing, but enforcing it
may cause another whole issue for debate. Generally,
enforcement of manure policies is regarded as being
weak (Figure 3) mostly in situations where multiple
ministries are involved, there is often a lack of
coordination between the ministries and their
enforcing bodies resulting in unclear procedures and
penalties (Teenstra et al. 2014). Enforcement of
regulation was found to vary across the surveyed
countries; respondents from China, Viet Nam,
Malaysia, Panama, Ecuador and Chile indicated well
-coordinated law enforcement. It should be noted that
the absence of manure policy does not indicate the
absence of good manure management practices
(Teenstra et al. 2014). For example, despite having
no manure policy, farmers in El Salvador have
applied manure to coffee for several years.
Moreover, pig and poultry manure is used in organic
crop production, and a number of the larger livestock
and poultry farms with bio-digesters use the digestate
in crop production.

Piggery waste treatment systems

Aerobic digestion

One of the well-recognized technologies for the
treatment of sludge produced by wastewater
treatment plants is the auto-thermal thermophilic
aerobic digestion (ATAD). The temperature rises
over 50.80C in this type reactor because of the
conservation of a part of the heat produced by the
aerobic metabolism of the microorganisms that eat
the organic material inside the sludge (Juteau, 2006).
ATAD is very important in this process because it is
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Fig. 2: Surveyed countries with (green) and without (red) manure management related policies (Source:

Teenstra et al. 2014).

Fig. 3: Level of coherence in the manure legislation (Source: Teenstra et al. 2014).

Green = very good: very complementary; holistically approached national policy in which relevant ministries
have adapted their departmental policies to each other’s responsibilities resulting in an integral manure
management policy (taking into account i.e. human health, different pollutions, use of natural resources etc.)

Yellow = moderate: some contradicts, i.e. environmental policy in line with proper manure management, but no
connection with human health policies; or overall no conflicting policies but may be still some policy gaps

remain to be solved.

Orange = bad/none: contradictive; no holistically approached national policy, policy often based on single
issues by responsible ministries, with as a result conflicting legislation.

effectively killing pathogenic organisms. Aerobic
thermophilic digestion has been considered as a
process which could be utilized for the treatment of
livestock wastes in the form of liquid particularly
with pig manure. Moreover, the reported benefits of
this process include the simplicity of the process, its
robustness, a higher reaction rate, the conservation of
nitrogen and possibility of heat recovery in addition
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to the pathogen killing effect (Juteau, 2006).
However, full scale aerobic thermophilic plants for
liquid manure are scarce and majority of them have
been set for experimental purposes. These plants can
be found in Germany, United Kingdom, Scandinavia,
Czechoslovakia, United States and Canada (Martens
et al. 1998; Burton and Turner, 2003). The
experimental confirmation had already been done in
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Germany in the 1960s and since then, self-heating up
to the thermophilic range has been shown for various
organic wastes including liquid manure (Martens et
al. 1998; Burton and Turner, 2003; Juteau et al.
2004). Self-heating usually needed a minimal
quantity of organic material for its sustainability, but
an absolute value is not easy to establish. The
pasteurization effect of the auto-thermal thermophilic
process came as result of pH and temperature rising
during the treatment (Martens et al. 1998). The
pathogens which have been indicated to be destroyed
quickly in this type of treatment include bacteria
(coliforms, salmonella, campylobacter, clostrium
perfringens), viruses (swine vascular disease, Foot
and Mouth Disease), protozoa (cryptosporidium),
and parasites (ascaris and taenia eggs) (Martens et al.
1998).

Anaerobic digestion

In this type of process, large volume is required for
the conventional anaerobic digestion and the process
encouraged an investigation of alternatives using the
same principle of anaerobic digestion but with
retention of biomass (Sanchez et al. 1995).
Anaerobic packed bed (APB) and up-flow anaerobic
sludge bed (UASB) were the most promising
methods for anaerobic digestion. The anaerobic
packed bed reactor is characterized by the use of
support which is mainly to raise the contact area
between the microorganisms and substrate. A biofilm
is formed, and long solids retention time is observed
as the microorganisms remained in the reactor
usually attached to the support. The microorganisms
remained in the reactor in a sludge bed located at the
bottom in the up-flow anaerobic sludge bed process.
The influent enters at the bottom of the reactor and
passes through the sludge bed up to the top where
baffles are located to prevent the solids from being
washed out and to separate the biogas from the
effluent. The results were obtained when the support
is adequately colonized by biofilm as well as when
sludge granulation was obtained (Lettinga et al.
1992). Anaerobic fixed bed and up-flow sludge bed
reactors with various wastes including piggery waste
were compared. The researchers concluded that the
up-flow sludge bed reactor could sustain high
loading rates and high rates of methane production as
compared with the fixed bed reactor. It was observed
that chemical oxygen demand removal efficiencies
were slightly greater for the sludge bed reactor.
Nevertheless, the sludge bed reactor was more
sensitive to changes in temperature, waste
composition and flow differences (Sanchez et al.
1995).

Composting
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This is an aerobic, biological process that uses
naturally occurring micro-organisms to
biodegradable organic matter into a humus-like
product (Georgacakis et al. 1996). In this process, the
pathogens are destroyed, and nitrogen is converted
from unstable ammonia to stable organic forms,
reducing the volume of waste and eventually
improves the nature of the waste. Animal waste is
made easier to be handled and transported by
compositing and eventually allowed for higher
application rates due to more stable, slow release and
nature of nitrogen in compost (Sequi, 1996). There
are several factors which influence the composting
process, such as temperature, oxygen supply,
moisture content, pH, Carbon: Nitrogen ratio,
particle size and degree of compaction (Stentiford,
1996). Composting is regarded as an
environmentally acceptable method of waste
treatment (Georgacakis et al. 1996). Pig manure has
to be separated so that it can remain with solids of up
to 79% moisture for successful composting process.
The upper limit for moisture content of substrates is
65 % or slight above for appropriate compositing
exercise as long as there is enough air in the compost
to satisfy the oxygen needs of the microorganisms
(Stentiford, 1996). Manure solids separation
decreases the nutrient load and the potential of the
wastewater to pollute waterways prior to pond
treatment of effluent or direct land application.
Recycling of wastewater can be done for flushing
more manure after solid separation, while decreasing
the amount of water used and disposed of (Van Horn
et al. 1994). Furthermore, the suitable bulking agents
are combined with separated manure solids in an
appropriate ratio and composited accordingly. The
low-moisture bulking agents include materials such
as sawdust, straw, peanut shells, rice hull and
chicken litter (Georgacakis et al. 1996). The bulking
agents are responsible for absorbing excess moisture
resulting in an accelerated and odorless process. The
efficiency of composting process is determined by
the temperature which dependent on the aeration rate
(Lau et al. 1992). A maximum temperature ranging
from 550 C to 650 C is adequate to kill pathogens,
however mesophilic temperatures of 450 to 550 C
should be retained for maximum biodegradation
(Stentiford, 1996). The amount of oxygen available
to the microorganisms in the compost influences the
temperature attained by a compost pile, and thus the
aerobic nature of the composting process. The
compost is aerated through turning the pile, forced
aeration of the pile using pumps or passive aeration
where air can flow through the pile (Georgacakis et
al. 1996). On the other hand, too little porosity leads
to anaerobic conditions and odour generation, and
therefore, percentage of air-filled pore space of
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composting piles should be in the range of 35-50%
(Bernal et al. 2009).

Conclusion

There is a need to promote waste management
methods that would protect the environment and also
allow the recycling of manure. The early separation
of liquids from solids in livestock houses may be of
great benefit because it reduces gaseous emissions in
the buildings, and it generates liquid and solids that
can be processed separately with new techniques.
There is need to integrate possible stronger policies
on environmental protection such as the necessity to
include new emerging pollutants such as antibiotics,
endocrine  disrupters and antibiotic  resistant
pathogens.
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