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Abstract

Utilization of organic manures such as cow slurry is the most economic,
practical, environmentally beneficial and useful option for improving soil
quality and fertility. In the specific case of land-spreading of bovine manure,
that is a common fertilization practice, this effluent is recognised to contain
human pathogenic bacteria, which may persist for several weeks in soil, so
this practise needs to be done correctly. Spreading fresh manures directly to
land presents complex risks in many levels, including a higher risk of
pathogen transfer to the food chain for example the liquid fraction of bovine
slurry contains an important part of the total bacteria of slurry (>80%). This
information was being used during the years to improve guidelines on the
management of manures to minimise the risks of pathogen transfer from
animal effluents to the human food chain or water systems. The effectiveness
of manure management systems needs to concern environmental
transmission pathways by which zoonotic pathogens presents in animal
manures may be transported to the environment. So, these management
systems are planned to reduce the concentrations of microbes found in
manure (by 90 to 99% or more). Antibiotics used in farms are excreted by
the animals and end up in their effluents, being animal effluents (manure or
slurry) used as fertilizers, the antibiotics residues will be transferred to the
soil and in some cases can contaminate ground water. With the amount of
slurry applied on the soils as fertiliser every year, there is a need of studies to
measure the leaching of pathogenic agents, antibiotics residues normally
present in slurry, and their fate in the environment using for that a One
Health approach. This manuscript is a review of the scientific literature on
the viability of some microorganisms in animal effluents and the effects of
different manure treatments on the microbial concentrations.
Keywords: Microorganisms; Animal effluents; Manure; One Health
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1. Introduction

One of the main problems of intensive animal production is the quantity
of animal effluents created in small areas. Every year, one billion tons of
animal manure and slurry are produced in the Europe, therefore, the
management of slurry was been converted in one of the central dairy
activities in farms [1]. Manure represents one of the most valuable organic
fertilizers, but it could contain a large number of microorganisms that can
have pathogenic potential as Escherichia coli, Enterococcus spp. or
Salmonella sp. [2, 3]. Livestock effluents have long been used as organic
fertilizers. However, in the last years, the growth of application of animal
production in certain areas has been responsible for the production of large
volumes of livestock effluents that if where not managed properly can have
significant risks that can have consequences to humans, animals and the
environment [4, 5]. Introduction of new intensive animal housing practices
results in the increased amount of manure produced with a higher share of
slurry [6]. Utilization of organic manures such as cow slurry is the most
economic, practical, environmentally beneficial and useful option for
improving soil quality and fertility, and at the same time providing an extra
source of nutrients for growing plants [7, 8]. Effluents from farming processes
include raw manure, untreated slurry (a mixture of manure, urine, split feed,
and water that is held without aeration), and treated slurry (that is filtered to
separate the solid fraction from the liquid fraction). Livestock manure is
constituted by animal excreta (faeces and urine), water, bedding, secretions,
blood and skin, nutrients and organic matter used to improve soil properties,
but may also contain a variety of pathogens with potential negative impact
on human health including zoonosis. Animal effluents can be a reservoir of a
huge number of microorganisms as faecal streptococci, E. coli, particularly
E. coli O157:H7 and Salmonella sp. but it is also possible the isolation or
detection of other pathogenic microorganisms such as multiple virus like
rotavirus group A (RV-A), hepatitis E virus (HEV), Brucella,
Mycobacterium, Leptospira, Chlamydia, Campylobacter as well parasites [3,
9-13]
. The concerns about its management are in the most of the cases only
fixated in the environmental effects of is nutrients (Nitrogen, Phosphate,
Carbon) and the presence of microorganisms is the most of the cases not
must studied [14, 15]. Areas with a high density of animal production are
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documented as having a higher risk for contaminating fresh produce,
however, the specific pathway of contamination remains unproven.
Suspected sources include inappropriately composted manure/wastewater
and wild animals [16]. It is possible that surface application of manure may
decline the risk of contamination of groundwater and plant roots compared
to injection of slurry [8]. Furthermore, it has been shown that E. coli O157:H7
and Salmonella serovar Typhimurium may be detected in the surface of
plants growing in soil corrected with contaminated manure [17, 18] and could
even be internalized by the plants [8,19]. Animal wastes like manure are
largely recycled to agricultural land as the most economical and
environmentally sustainable means of treatment and reuse. These materials
have a beneficial fertilizer value (nitrogen-phosphate-potassium) and can
help maintain soil quality and fertility. However, animal manures frequently
contain enteric pathogenic microorganisms and land spreading can lead to
pathogen entry into the food chain [18]. In consequence of this, with the
amount of slurry applied on the soils as fertiliser every year, there is a need
of studies to measure the leaching of microbial agents normally presents in
slurry [13, 20].
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2. Microorganisms in manure, slurry and effluents

The danger of pathogen transmission by land application of untreated
animal manures is documented for more than 100 years. Around 150
pathogens are identified with capacity to be transmitted from animals do
humans by different ways. Once manure is correctly treated it is a safe and
effective fertilizer, but when it is untreated or incorrectly treated, it may
contain pathogens like Bacillus anthracis, Brucella spp., Campylobacter
spp., Chlamydia spp., Escherichia coli, Leptospira spp., Listeria
monocytogenes, Mycobacterium spp., Salmonella sp., or Yersinia spp. that
are capable of contaminate the field or even water supplies [15]. In the
specific case of land-spreading of bovine manure, that is a common
fertilization practice. This effluent is recognised to occasionally contain
human pathogenic bacteria, such as Escherichia coli O157:H7 and
Salmonella sp. that may persist for several weeks in soil, so the practise of
spread manure in the land needs to be done correctly [21]. In the past, E. coli
O157:H7 and Campylobacter jejuni liberated to the environment, originating
from contaminated manure, resulted in a large waterborne disease outbreak
in Walkerton, Canada, related to the consume of contaminated drinking
water [13, 22]. Determining the environmental fate of pathogens from manure
is very difficult. Biological variables include pathogen liberation by
individual animals; microbial interactions with the stored manure;
inoculation of stored manure each time an animal liberates pathogens;
interactions with water, organic matter, exchanges with plants, nematodes,
and soil microorganisms after land application. Physical variables that can
influence include type of manure storage, temperature and humidity during
storage, soil type, temperature, moisture, water, pH, salinity, and rainfall
events. There is a need for research to determine the factors that affect the
environmental survival and persistence of microbial pathogens in manures
[11, 23]
. Other studies demonstrate that pathogens prevalence and their levels
in manures are affected by animals age (with higher levels in the faeces of
young animals), dietary variations (for example when cattle are moved
between housing and grazing), and with fasting or other forms of stress [7].
Other studies have revealed that inoculum cell conditions, exposure of
inoculated soil to sunlight, protozoan predation, frost and temperature may
also be important to pathogen survival [21]. Studies show that E. coli
O157:H7, Salmonella, Campylobacter and Listeria are capable of survive in
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stored slurries and dirty water for up to three months. However, all these
pathogens survived for less than one month in solid manure heaps where
temperatures are superior to 55 ºC [7, 16]. Survival of pathogens may range
from several days (turned composted manure) to more than a year
(nonaerated manure) [8]. Food-borne illness affects lots of people around the
world including in developed countries, between the main causative agents
are bacteria, mainly Verocytotoxic Escherichia coli (VTECs), Salmonella,
Campylobacter and Listeria. One-way explanation for this is the application
of contaminated animal effluents to agricultural soil [7]. The anaerobic
conditions in the slurry storage have revealed ability to increase survival for
E. coli O157:H7. Though, for S. Typhimurium identical survival in aerobic
and anaerobic slurry was similarly appreciated [24]. Also, S. Typhimurium
has been shown to be more resistant to environmental stresses and survive
for longer periods of time in natural substrates compared to E. coli O157:H7
[16,25,26]
. Survival and transport of pathogens from manure to the environment
depends on a number of multifaceted phenomena, like seasonal effects. After
infiltrating the soil, the retaining of bacteria depends on the physical
structure of soil, the soil chemistry, and the properties of the bacterial cells
[17,21,23]
. Between soil types, the sandy soil showed to be the best for E. coli
survival and the nastiest for Enterococcus spp. survival. However,
Enterococcus spp. survived best in the loamy soil. For both bacterial species,
an inferior incubation temperature (5 ºC) and a higher soil moisture content
(100% Field Capacity) improved survival [27]. While the threat of
contamination by nutrients leaching from manure-treated fields is well
recognized, the threat by leaching of zoonotic pathogens from the manure
has received much less attention [13]. This information was being used during
the years to improve guidelines on the management of manures to minimise
the risks of pathogen transfer from animal effluents to the human food chain
or water systems, to reduce the potential costs and environmental concerns
(e.g. on ammonia and nitrous oxide emissions to air, nitrate leaching losses
to water) or to implement practical measures to control the spread of
manure-borne pathogens [7]. Studies refer also that to lower the risk of
manure-borne pathogens, such as Salmonella serovar Typhimurium and E.
coli O157:H7 contaminate vegetables grown in manure-fertilized soil, it is
necessary to establish appropriate time limits between the application of the
manure (if non treated) and the vegetable harvest [17]. To avoid all of these
problems, farm effluents should be stored in holding tanks with proper
aeration for suitable lengths of time (1 to 3 months or as required) before
being used as fertilizers. Improperly incubation and/or storage of slurry can
serve as a way for environmental spread and dissemination of pathogens [28].
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2.1 Escherichia coli
The liquid fraction of slurry contains an important part of the total
bacteria of slurry (>80%), including the pathogen indicator organisms such
as Escherichia coli (E. coli). This bacteria is predominant in animal wastes
and consequently serves as an indicator of faecal contamination [28], with
epidemiological data indicating that the serotype E. coli O157:H7 may be
existing in up to 8.3% of dairy and beef cattle and that being
asymptomatically in the faeces [19, 29]. Since it was first recognised as a
human pathogen in 1982, Vero cytotoxin-producing Escherichia coli
(VTEC) serogroup O157 has been gradually recognized as a cause of
haemorrhagic colitis, including severe abdominal pain, diarrhoea and blood
in the stools. Transmission of VTEC O157 is often foodborne mainly from
undercooked contaminated beef or raw milk, and contact with farmed or
companion animals it has also caused human infections. The source of
VTEC O157 is the gastrointestinal tract of animals, including humans, cattle
have been recognised as a main reservoir [30]. Bovine faeces are a potential
way for transmitting E. coli O157:H7 to cattle, food and the environment,
with the pathogen holding its ability to produce verotoxins. E. coli is capable
to survive much longer in soil than in the manure representing a major risk to
contaminate water or vegetables [18, 31]. Studies refereed also that E. coli
survives longer than other slurry pathogens on slurry storage processes [32]. A
significant increase of E. coli was observed when slurry was applied to
grassland via shallow injection compared to surface application and the
decay rates were significantly higher for slurry applied to grassland in spring
relative to summer and autumn [20]. Some experiments showed, that the
survival rate of E. coli in the soil was related to the local pH. Moreover, E.
coli O157:H7 owns systems for survival at low pH [33]. The animal manures
including poultry, cattle, and swine are the primary source of water resources
contamination by water-borne pathogens, as well as E. coli or Salmonella sp.
[4, 5]
. Research has established the long-term survival of E. coli O157:H7 in
manure. It may survive at least 19 weeks at 9±21 °C in bovine manure/soil.
This survival held under a variety of conditions and may result from the
application of manure containing viable E. coli O157:H7 to production fields
[21, 34]
. Another way by which E. coli O157:H7 may be introduced in the
environment is flood irrigation with water contaminated with cattle faeces or
contact with contaminated surface runoff, studies have also demonstrated the
capacity for this pathogen to survive for extended periods in water [30, 35].
Some E. coli O157:H7 outbreaks have been linked to contaminated water by
the application of contaminated manure to the production field or irrigation
with contaminated water, because these bacteria can enter the lettuce plant
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over the root system and migrate to the edible part of the plant [19]. An
outbreak of E. coli O157:H7 with 23 confirmed cases was related with the
drinking of freshly pressed apple cider that was made from fallen apples at a
farm. It was suspected that the apples had fallen in to soil that had been
contaminated by cow manure [36].

2.2 Salmonella sp.
Salmonellosis, caused by Salmonella enterica with several serovars is
considered one of the most widespread zoonosis in the world. Such as the
transmission cycle of Salmonella involves practically all vertebrates, their
control poses a test to public health in both developed and developing
countries. Most Salmonella serovars associated with pathologies in animals
are the strains: S. Dublin (bovines), S. Choleraesuis and S. Typhisuis (swine),
S. Abortusequi (equines), S. Pullorum and S. Gallinarum (birds). However,
since Salmonella is a zoonotic agent, some of its strains cause
undifferentiated infection between humans and other animal species [37].
Being Salmonella sp. the agent of an infection associated with production
animals, it have a negative economic impact on the commercialization of
these animals and their products, because when an animal present in a herd is
considered positive, normally, the entire herd is treated as positive [38, 39]. As
this infection have long periods of latency, it is possible that release of
bacterial cells from faeces of the infected animals can occurs, contaminating
environment, food and water [40, 41]. Cattle is considered one of the main
disseminator of this pathogen, because of that, among the years some studies
have been done to better understand the survival of this pathogen on cattle
manures [42]. In a previous study, S. Typhimurium was survived in dairy
efluents with various particle sizes after a 30 days of storage under
greenhouse condition [43]. Dairy compost can provide long-term survival
conditions for Salmonella enterica, including survival for more than 168
days, at 5 ºC with high inoculum levels [44]. In other study was showed a
clear relation among the temperatures of storage and the Salmonella survival
[32]
. In last decades, numerous studies have been done and showed that
Salmonella sp. survival is influenced by storage temperature, suspended
solids content and pH value of the slurry [9, 12, 32, 45, 46]. Being, high
temperature of storage the factor that presents better results in the
elimination of Salmonella sp. [46, 47, 48, 49]. Outbreaks of this pathogen are
progressively related to consumption of fresh produce. An understanding of
soil survival of Salmonella and transfer to water and to fresh produce is
needed to control salmonellosis [16]. Numerous studies have isolated
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Salmonella sp. together in farm animals and environmental samples [33, 50, 51,
52]
. What proves that this pathogen can persist in the farm environment for
prolonged periods of time, circulating inside the farm between different
reservoirs such as animals, stools, soil and plants [15, 53]. The content of this
pathogen in farm environment is dependent of several factors including: herd
health, herd size, age and housing environment [54-56]. Salmonella sp. may
contaminate the soil from various ways, however application of
contaminated manure remains the most common source [16]. After being
introduced to the soil, the pathogen survival has been revealed to be manly
influenced by method of introduction, temperature, predation by soil
protozoa, temperature, moisture, soil type, presence of plants, exposure to
sun (UV) light, and the initial number of microorganisms present.
Salmonella sp. has been described to survive from a few days up to 332 days
in manure-amended soils [18, 57]. Surface spreading of manure is leading to air
pollution problems and therefore injection of manure into the soil has been in
the last years studied. This application method might increase the survival of
Salmonella sp. [16].

2.3 Enterococcus spp.
Enterococcus spp. have long been known as commensals of the
gastrointestinal tract and as one of the present bacteria in the environment.
Between the multiple set of bacteria that constitutes the intestinal microbiota
of animals and humans the most of these microorganisms are beneficial to
intestinal motility [58-60]. Enterococcus spp. are facultative anaerobic
organisms that can survive in high salt concentrations and survive in pH
extremes (as low as 4.8 and as high as 9.6) [59, 58, 61]. Although these bacteria
do not produce toxins, have virulence factors in the form of aggregation
substances, so they can cause disease based in the way they adhere to the
host tissues. Based on this virulence factors production and there high
antibiotic resistance Enterococcus are now considered emerging pathogens
[62-65]
. Based on their abundance in faeces of mammals and their long
survival in the environment Enterococci are commonly used as faecal
indicators in water management studies and in studies focused in the source
of faecal pollution. The presence and abundance of Enterococcus in slurry´s
is a known fact [66], because of that, when slurry, resultant from animal
production is used to fertilize fields, this bacteria and its antibiotic resistance
genes presents in the slurry can be transmitted to the environment [67, 68].
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3. Manure treatments

Soil adjustment with animal slurry (a mixture of urine, feces and water),
is a cost-effective and viable option for reloading nutrients and organic
matter in cropped soils, constituting a sustaining option for recycling
nutrients at the farm level [69]. With the crescent demands from de worldwide
population, the selection of proper treatment and manure disposal methods
constitutes a challenge. In order to properly utilise cattle manure, this waste
needs to be characterised to evaluate its value as feedstock, elemental
composition, heavy metal content, and GHG emissions [70].
Spreading fresh manures directly to land presents complex risks in many
levels, including a higher risk of pathogen transfer to the food chain [7]. The
contaminants of slurry may take different pathways to groundwater and/or
surface water bodies via direct runoff, subsurface flow, leaching and
percolation depending on the local hydrology [71, 72]. The effectiveness of
manure management systems need to concern not only GHG emissions but
also environmental transmission pathways by which zoonotic pathogens
presents in animal manures may be transported in environment including to
water resources (Figure 1).

Fig 1: Diagram summarizing animal effluents disposal and consequences without
treatment application (Soares JA®). Legend: GHG - greenhouse gas
Page | 9

This management systems are planned to reduce the concentrations of
microbes found in manure (by 90 to 99% or more) and to prevent off-farm
transport of manure materials (e.g., no discharge systems) [11]. In the past,
animal wastes and residues from bedding were composted for several days,
with the compost reaching temperatures of 70 °C or more before being used
as fertilizer.
Composting and drying of manure is recognised to be effective in
reducing the number of viable pathogens that could be present in the
effluent, there continued a small risk of pathogen survival in the cooler
exterior or drier parts of manure heaps [7]. However, composting is not an
effective approach for processing cattle manure. Progressions in mechanized
farming have led to large numbers of animals per farm and most of those
large farms wash animal faeces, urine, and spilt feed into a slurry mixture.
The most common practise for storing slurry is storage in tanks, away from
the animal housing and under anaerobic degradation processes (untreated
slurry) for more than one month before disposal (Figure 2).

Fig 2: Diagram summarizing animal effluents disposal and consequences when there
is a previous treatment application (Soares JA®). Legend: GHG - greenhouse gas

In addition, some farmers reduce the amount of untreated slurry by
using a mechanical/aeration technique that separates the solid and liquid
portions of the slurry. With the main propose of recycling some of the solids
to made beds and to composting [70]. Slurry differs from manure by having
less dry matter, lower pH, less nitrogen, more dissolved organic matter and
less diversity in microbial community. Previous studies showed that
pathogens have been shown to survive longer in the slurry than in farm yard
manure [7, 8, 16]. The pathogen declined for example of Salmonella,
Mycobacterium paratuberculosis, E. coli O157:H7 and some viruses
(rotavirus, herpesvirus) in stored effluents depends on management and
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storage conditions, temperature, aeration, pH, dry matter content and the
length of time that manure or slurry is stored before it is applied to soil [7, 73,
74]
. Studies show that even at low to moderate temperatures pathogen
numbers can decline over time if there are presence of dry conditions and
UV light radiation exposure. The bacteria can survive up to three months in
slurry stored in laboratory conditions that have been reported [7, 49]. Pathogen
survival in slurry stored outdoors is longer during winter than in summer,
because of inferior ambient temperature [47]. In recent years, slurry has
achieved a greatest importance between the natural fertilizers. Yet, incorrect
practices of management makes it a potential microbiological risk for
environmental and public health [3, 75]. The long-term capacity of survival of
microorganisms in animal effluents highlights the need for appropriate farm
waste management to limit environmental spread of this microorganism.
Because of that, since a few years manure-handling guidelines stated that a
composting/storage period before application of the effluent to a field as
fertilizer needs to be done [19]. Slurry treatment has been used as a solution to
minimize its environmental impact, greater convenience because of farms
storage capacity and to increase its agronomic value for crop utilization [75].
Environmental problems may rise on livestock farms, which produce an
excess of slurry in relation to field requirements. Separation of this slurry
into a liquid fraction and a solid fraction, followed by transferring the one of
the fractions to farms with less animals, may lighten the problem [76]. To
guarantee that the slurry applied to fields matches the nutrient necessities of
the crops, some treatment techniques have been established. Slurry
separation is now used in some dairy farms to improve slurry management,
specifically the recycling of slurry nutrients on farms. After the use of slurry
separation systems, the high dry-matter solid fraction (SF) obtained may be
transferred out of the farm and may be composted while the low dry-matter
liquid fraction (LF) may be applied on farm for example may be used for
fertigation instead of the raw slurry [69, 75]. Mechanical slurry separation has
been extensively used in Asia [69]. On the other hand, such practise was less
established in Europe and North America where slurry treatment has been
considered as cumulative in production costs [77]. Studies refer that treatment
costs can be reduced if the amount of manure that treated is augmented, both
by having a larger livestock production on farms or by processing manure
from several farms at a centralized separation system [76]. The particle size of
the slurry fractions obtained depends on the type of the mechanical
separation technique (centrifugation, screening, or screw-press), the filter
size and the slurry type [78].

Page | 11

Biochar, is a carbonaceous solid resultant from pyrogenic material that
have a substantial scientific attention in line for to its potential in climate
change mitigation. But also for waste management, soil fertility development
and crop growth promotion [79-81]. When biochar is applied to soil its major
benefits are associated with increased carbon (C) sequestration and
suppression of greenhouse gas (GHG) emissions [82, 83]. Studies show that
90% of the biochar used in Europe goes into animal farming. Wherever less
studied, when it is used in feeding, litter or for slurry treatment, the farmers
rapidly notice less smell [84] making it a new technique to be applicate
directly in to slurry. Application of concentrated acid to slurry has been a
common practice in some countries since 2010 based on its efficiency to the
minimization of NH3 emissions [1]. This minimization is based on the
decrease of pH of the effluent, and has the propose to reduce the greenhouse
gases emissions, and improve the nutrient value of the slurry [1, 85]. Lowering
pH may affect chemical and biological routes in slurry, as well as slurry
composition. In result, the fertilizer value of slurry as well as the N dynamics
from acidified slurry may differ for non-acidified slurry after soil application
[69,7 5, 86,]
. A study reported also a postponement in nitrification of ammonium
(NH4+) and subsequent reduction in nitrous oxide (N2O) emissions from soils
amended with acidified slurries relative to non-acidified ones [78]. A study
described that slurry acidification is capable to reduce the microbial activity
[86],
however, other study was mentioned that in some conditions,
acidification can have a weaker reducing effect on pathogenic bacteria [87].

Page | 12

4. Cattle manure and slurry as an emergent concern in the
One Health approach

The “One Health” approach is based on the premise that man shares
habitat with animals resulting in a measure between human medicine and
veterinary medicine to promote interdisciplinary collaboration to achieve
knowledge about common diseases. But also promoting interventions about
health as something more than the absence of disease. The American
Veterinary Medical Association [88] has defined “One Health” as an effort to
collaborate across disciplines - working locally, nationally and globally - to
achieve health for humans, animals and the environment (Figure 3).

Fig 3: Diagram of the One Health concept (Soares JA®)

Understanding and addressing the health problems that rise in the
middle of these links is the basis of this concept. The extensive use of
antibiotics in animal production has started the concern of antibiotic
resistance spread from animals to humans, and studies estimate that the most

Page | 13

common route of bacterial transmission is through the food chain,
characteristically due to an absence of hygiene while handling animals or
animal products. The use of high doses of antibiotics in animal feed
increases the number of antibiotic-resistant bacteria that may spread their
genes into the environment after slurry disposal on fields [89]. Because of
that, animal manure is considered a major source of antimicrobial resistant
bacteria entering the environment [90-92]. Related do that, studying resistance
to different groups of antibiotics in a sentinel species like E. coli can give an
indication of the reservoir of resistances that is present in the farm bacterial
population [93]. Also, Enterobacteriaceae owning genes for producing
extended-spectrum β-lactamases (ESBL) are an emerging problem, and with
great importance for public health. Because these bacteria show resistance to
β-lactam antimicrobials, including third- and fourth-generation
cephalosporins, which its categorized by the World Health Organization [94]
as critically significant for human medicine. Antibiotics used in farms for
veterinary purposes or as growth promoters are excreted by the animals and
end up in their effluents. Being animal effluents manure or slurry used as
fertilizers, the antibiotics residues that can be presents will be transferred to
the soil and in some cases can contaminate ground water [95]. Soil antibiotic
resistances could be related with clinical incidences of resistant infections
[96]
. It´s not clear what is the fate of antimicrobials released in the
environment and the mechanisms to contain or detoxify the environment
from antimicrobials. However, it´s clear that farmers have an important
paper, being their education on the subject essential. The One Health
approach may play a catalytic role for new research discoveries, the
achievement of effective prevention responses, the development of health
care education and better preparedness for zoonotic disease surveillance [97,
98]
.
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5. Conclusions

Adult milking cows can produce 7-8% of their body weight as manure
per day [70]. Cattle manure ends mostly in the form of slurry. The best way to
recycle this effluent is its application into the soil. This process has many
advantages, but also can be a source of contaminations, the effectiveness of
management systems needs to concern not only the reduction of GHG
emissions but also environmental transmission of pathogens that can be
present in animal effluents and transmitted to the environment. Because of
that, proper manure management systems must be used to minimize
environmental impacts. The best way to fix and to do research on this field is
to consider the interdisciplinary collaboration to achieve health for humans,
animals and the environment.
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