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Abstract: One major challenge in the continuous growth of the livestock industry is the increased emission of odorous 
gases, which is not just a nuisance but also a cause of serious health and environmental concerns. Several strategies 
which aim to: (i) reduce the formation of odorous gases; (ii) enhance dispersion of odour; (iii) capture odour and gases 
to prevent escape to  the environment; and (iv) reduce odour and gaseous concentrations, are developed. These are 
achieved with the use or employment of one or more of: (i) diet manipulation techniques; (ii) additives and adsorbents; 
(iii) covers; (iv) shelterbelts or windbreaks; (v) ventilation systems; (vi) biofilters; and (vii) air scrubber. The advantages 
and limitations of each of these strategies are discussed in this review in order to guide the choice of which strategy 
to use in a specific livestock application. Moreover, this review also discusses potential researchable areas in the field 
of odour control in livestock facilities. 
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Livestock industry is  a  vital agriculture subsec-
tor as  it constitutes approximately 13% of the total 
food calories and 32% of the dietary protein in hu-
man food consumption around the world (Smith 
et al. 2013; FAO 2023). On a global scale, livestock 
production accounts for 40% of  the total agricul-
tural gross domestic product (GDP) (Salmon et al. 
2020). Specifically, it employs about 1.3 billion peo-
ple across the world where an estimated 600 million 
poor smallholder farmers are from the developing 
countries (Thornton 2010) where it is a vital source 
of  livelihood, especially for rural dwellers, women 
and pastoralists groups (Herrero et al. 2012). 

In the report of  FAO (2023), livestock meat (i.e. 
pig and cattle meat) constitute a total of 54% of the 

world meat production which reached 357 million t 
in  2021. This level of  production is  approximately 
33% higher than the livestock meat production 
in 2000. Similarly bovine milk production increased 
by 58% in 2021 relative to  its value in 2000. These 
statistics reveal that the livestock sector is  a  fast 
growing agriculture subsector (Delgado 2005). This 
increase may be attributed to increasing global pop-
ulation, urbanisation, rising incomes, and changing 
dietary patterns (Robinson et al. 2011; Gerber et al. 
2013). However, along with this growth is the prob-
lem of excessive odour, particulate matter (PM) and 
gaseous emissions (Rahman and Borhan 2012; Van 
der Heyden et al. 2015) which affect the animals, hu-
man health, the community and the environment. 
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This mini-review briefly tackles the sources 
of odour and gaseous emissions from livestock fa-
cilities as  well as  the various strategies that have 
been developed and employed to  control them. 
Different strategies and best available technologies 
(BAT) are compared based on  their effectiveness, 
applicability and the mechanisms by which odour 
and emission control is  achieved. This also pro-
vides information on the knowledge gaps that need 
to  be  bridged, hence guiding researchers on  the 
promising research areas in this field. 

ODOUR AND AIR POLLUTION

Developing strategies to  control odour necessi-
tates a good understanding of its sources, compo-
nents and the mechanisms by which it is produced, 
dispersed and emitted to  the environment. The 
odour compounds from livestock facilities are gen-
erally classified into: (i) volatile fatty acids (VFA); 
(ii) aromatic compounds; (iii) nitrogen-containing 
compounds; (iv) alcohols; and (v) sulfur-containing 
compounds (Mackie et al. 1998; Le et al. 2005; Rap-
pert and Müller 2005). Mackie et al. (1998) discuss 
in greater detail how these odorous components are 
produced from the livestock facilities and will not 
be  elaborated in  this review. Moreover, measure-
ment techniques and dispersion models describing 
their temporal and spatial distribution are tackled 
elsewhere (Conti et al. 2020).

The major source of  these odour compounds 
in  livestock systems is  the manure (Mackie et  al. 
1998). Odour from manure is generated from the 
incomplete and slow anaerobic degradation of or-
ganic matter (i.e. protein, carbohydrates and fats) 
(Varel 2002). Aside from manure, odour may also 
come from animal skin and feed storage (Powers 
1999; Kai et al. 2006). 

In swine houses and cattle sheds, another 
source of  odour is  animal slurry which contains 
urine, water and feces. Pig slurry emits gaseous 
pollutants such as  methane, carbon dioxide, ni-
trous oxide, ammonia, hydrogen sulfide and other 
odorants (Casey et al. 2006; Osorio et al. 2009; 
Marszałek et  al. 2018). In  dairy cattle manure, 
odorous volatile organic compounds (VOCs) of-
ten consist of  dimethyl sulfide, acetone, formal-
dehyde and acetaldehyde (Aizawa et al. 2022). 
Among these gases, ammonia is a major concern 
because agriculture is  considered to  be  the big-
gest contributor to  ammonia pollution (Guthrie 

et al. 2018) and it  is  a  good indicator of  odour 
concentration and odour emission (Huang and 
Guo 2017). It  is  from the degradation of nitrog-
enous compounds like uric acid, undigested pro-
teins and urea in  the animal excreta (Wood and 
Heyst 2016; Sousa et al. 2017). 

The threshold value of  ammonia  concentration 
that is  considered potentially harmful to  both ani-
mals and humans occupying the facility is 25 ppm, 
as recommended by Occupational Safety and Health 
Administration of the United States of America 
(Groot Koerkamp et al. 1998; Konapathri and Azi-
mov 2024). In sealed broiler and laying hen houses 
in Taiwan, Cheng et al. (2011) report ammonia con-
centrations of up  to 12.5 ppm while up to 500 ppm 
at  10 cm above the manure disposal sites. On  the 
other hand, mean ammonia concentrations meas-
ured in  Northern Europe by  Groot Koerkamp 
et al. (1998) are up  to 8 ppm for cattle, 5–18 ppm for 
swine and 5–30  ppm in  poultry houses. Addition-
ally, it was observed in the dairy farms in Poland that 
maximum ammonia concentration of 16 ppm is usu-
ally measured in autumn and winter (Wlazło et al. 
2020). Meanwhile, in a swine house in Rongchang, 
Chongqing, China, ammonia concentration was 
in the range of 1–21 ppm (Peng et al. 2023). These 
values are close to  the 25  ppm-limit and therefore 
emphasize the need for odour and gaseous emis-
sions control. 

In general, the intensity of odour formation and 
emission from livestock facilities including ma-
nure storage is a  function of many factors includ-
ing temperature, seasonal variations, ventilation 
rate, period of animal growth, diet of animals, ani-
mal activity, type of housing system, feed type, and 
manure handling systems, among others (Jacobson 
et al. 2003; Phung et al. 2005; Banhazi et al. 2011; 
Mihina et al. 2012; Huang and Guo 2017). This im-
mense number of factors and the complex interac-
tion among them make prediction and estimation 
of  odour and gaseous emission difficult, and will 
not be tackled in detail in this review. 

IMPACT OF  ODOUR AND AIR 
POLLUTION

Odour and air pollution negatively affects 
the health of animals, the farm workers and the im-
mediate and nearby environments. This highlights 
and justifies the need for an effective odor and gas-
eous emission control strategies and technologies. 
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Animal performance
Odour and air pollution in livestock facilities af-

fect the production performance of  the animals. 
Harmful gases like ammonia may decrease feed 
efficiency and growth rates among animals (Oso-
rio et al. 2009). These gases may reduce appetite, 
stress and weaken the animal immune system 
making them vulnerable to  diseases like eye and 
skin irritation, calluses in the chest, conjunctivitis 
and respiratory issues, among others. Specifically, 
Miles et al.  (2004) observe that 25 ppm ammonia 
level in a broiler house results in a  significant re-
duction in the body weight of the broilers (~ 90 g 
per bird). At  100  ppm concentration, ammonia 
may cause death even under short-term expo-
sure (Groot Koerkamp et al. 1998). This reduction 
in weight caused by these harmful gases may lead 
to economic and financial losses in the production. 

Human health
More than the annoyance and stress, unpleasant 

odour in general may cause adverse effects to hu-
man health and overall quality of life (Blanes-Vidal 
et al. 2012). The first group of people at risk of the 
health impact of odorous gases and air pollutants 
in  animal raising facilities are the workers (Mul-
hausen et al. 1987). Risk of  respiratory illnesses 
with symptoms such as  chest tightness, wheez-
ing, coughing and excess sputum production in-
creases with constant exposure to  odorous gases. 
Aside from respiratory illnesses, gastrointestinal 
illnesses and immunologic problems are also pos-
sible (Andersen et al. 2004; Thorne 2007). Aside 
from odorous gases, pollutants such as particulate 
matter (PM10 and PM2.5) are hazardous to humans 
with pre-existing cardiopulmonary conditions like 
asthma (Schwarze et al. 2006) and may also affect 
other organs such as liver, kidneys and the nervous 
system (Koren and Bisesi 2003). 

Moreover, airborne antibiotic-resistant bacteria 
can also be emitted from livestock buildings, harming 
not just the workers inside the facilities but also the 
general public (Donham et al. 2006; Gibbs et al. 2006; 
Guo et al. 2022). Specifically, Donham et al. (2006) 
and Gibbs et al. (2006) observe that air sampled from 
areas approximately 4 800 and 150 m from confined 
animal feeding operations (CAFOs), respectively, 
contained antibiotic-resistant bacteria while Schi-
nasi et al. (2011) report that people near CAFOs ar-
eas show respiratory symptoms typically observed 
among swine workers and veterinarians. 

Environment
Among the gaseous pollutants emitted from 

livestock buildings are methane, carbon dioxide 
and nitrous oxide which are considered green-
house gases (GHGs) and therefore may contribute 
to greenhouse effect (Dobeic 2011; Marszałek et al. 
2018). The livestock sector is known to have an es-
timated share of 14.5% in the global anthropogenic 
greenhouse gas emissions (Gerber et al. 2013), but 
recent analysis of Twine (2021) updated the figure 
to 16.5% . Although ammonia is not a greenhouse 
gas, Battye et al. (2003), Faulkner and Shaw (2008) 
and Groot Koerkamp et al. (1998) report that live-
stock operations such as  cattle, swine and poul-
try productions are the leading source of  ammo-
nia emission in  the environment. Approximately 
30–55% of  the global ammonia emission is  from 
livestock and storage systems (Beusen et al. 2008). 
Specifically, their ammonia emission rate is  esti-
mated at  7–70 kg/cattle/year, 4–17 kg/swine/year 
and 0.1–0.45 kg/bird/year in the United States for 
the period of 1994–2003. Moreover, about 75–85% 
of the total ammonia emission in The Netherlands, 
United States and Canada is  from livestock farm-
ing (Groot Koerkamp et al. 1998; Fabbri et al. 2007; 
Bittman and Mikkelsen 2009). In  the 28-member 
countries European Union, about 75% of the total 
ammonia emission is from livestock production ac-
tivities (Webb et al. 2005). 

Aside from its atmospheric effect, ammonia 
emitted from livestock operations causes ground-
water contamination and is  associated with the 
eutrophication in  water bodies (Groot Koerkamp 
et al. 1998; Sousa et al. 2017). Moreover, ammonia 
causes soil acidification and contributes to the de-
terioration of  metal equipment and parts (Sousa 
et al. 2017). 

ODOUR AND EMISSION STRATEGIES

Various strategies are employed in  controlling 
odour and gaseous emission from livestock facili-
ties (Table 1). Their advantages and disadvantages 
are tackled in  order to  provide an  idea on  which 
strategy or  combination of  strategies may be  best 
employed for a  particular livestock application. 
These strategies are aimed at: (i) reducing the for-
mation of  odour; (ii) enhancing dispersion; (iii) 
capturing odour and gases to prevent escape to the 
environment; and (iv) reducing odour and gaseous 
concentrations (Ubeda et al. 2013; Liu et al.s 2014). 
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In selecting the strategy or combination of strate-
gies for odour control, key factors to be considered 
include the cost, the desired level of odour and pol-
lutant reduction and their suitability to  the over-
all livestock management system (Powers 1999). 
In particular, some strategies are appropriate only 
for liquid systems while others are well suited 
to systems with little or no biological processes in-
volved, while others are only compatible for a spe-
cific ventilation system (i.e. mechanical or natural 
ventilation) (Powers 1999). 

Diet manipulation
Since the undigested feed components from ani-

mal excreta constitute the major source of odorous 
compounds (Sec. 2), diets may be modified in order 
to improve nutrient efficiency among the animals. 
Specifically, the objective is to minimise overfeed-
ing and excretion of  undigested feed that serve 
as substrates for microbial anaerobic degradations, 
while ensuring that essential nutrients and energy 
are still provided for animal growth (Liu et al. 2014; 
Sharma et al. 2017). 

Table 1. Summary of the advantages and disadvantages of the different odour control strategies 

Odour control strategy Advantages Disadvantages

Diet manipulation
Reduces odour production 

at the source
Easy to employ

Does not completely eliminate the generation 
and emission of odour

Has the potential to negatively affect animal 
productivity (i.e. carcass traits)

Use of additives
Easy to apply

There are inexpensive additives

Pollutant-specific (i.e. may only be effective  
in mitigating specific pollutants)

Short effectiveness period (up to 7 days)

Use of adsorbents
Easy to apply (i.e. either as an 
additive or a filtering media)

Needs more work to ascertain its effectiveness  
and to make it practical and economical

Use of covers

Natural covers are inexpensive and 
may be readily available

Synthetic and impermeable covers 
have long useful life  

(i.e. 5–10 years)

Natural covers only last up to 6 months hence 
diminishing odour reduction efficiency
Odour reduction efficiency is a function  

of thickness and uniformity
Synthetic covers may be costly

Installation of impermeable covers is costly and 
 management requires additional equipment

Shelterbelts
Can provide long-term interception 

of odour and gaseous emission
Can beautify the surroundings

May serve as potential habitat for pest
May serve as obstruction during operations involving  

large farm equipment

Ventilation
May be natural or 

 mechanically ventilated

Requires optimization of the ventilation rate since  
very high rates may lead to higher ammonia emission 

 to the environment

Biofilter

May employ readily available 
organic packing materials 

 (i.e. compost, soil, peat, etc.)
Effective in reducing particulate 

matter, cultivable microbes, 
 ammonia and odour

Potential for compaction of the bed that leads to increased 
pressure drop

May incur large physical footprint
Unsuitable for exhaust air with high amount of dust particles

Applicable only for mechanically ventilated livestock housing

Air scrubber/ 
biotrickling filter

Can cause adsorption of specific 
pollutants in gaseous emission 

that cannot be adsorbed in  
a conventional biofilter

May require more attention during operation due 
 to the presence of liquid phase that may contain acid

Biotrickling filter is more prone to excessive biomass accu-
mulation in the bed that increases pressure drop

Synthetic packing material may be more expensive than 
the organic ones employed in a conventional biofilter

Applicable only for mechanically ventilated livestock housing
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To achieve the above objective, the amount 
of crude protein (CP) which is usually fed in excess 
to ensure animal productivity as well as  to satisfy 
the safety margins recommended by  feeding in-
dustries, is reduced in new feed formulations. Ex-
cessive CP leads to  more nitrogen in  the manure 
and subsequent increase in  ammonia emission 
(Vuuren et  al. 2015). In  swine raising, reducing 
protein content accompanied with supplementa-
tion of essential amino acids results in reduced ni-
trogen excretion (Nahm 2003; Madrid et al. 2013; 
Montalvo Bermejo et al. 2013). Hobbs et al. (1996) 
demonstrate that modifying the diet of  growing 
(35–65 kg) and finishing (65–95 kg) pigs by reduc-
ing the amount of  nitrogen and providing essen-
tial amino acids results in  the reduction of  their 
nitrogen excretion as  compared to  pigs fed with 
commercial diets. Similar results are observed for 
nursery pigs (Cho et  al. 2008) and finishing pigs 
(Leek et al. 2007) where reduction in the CP con-
tent of the diet also results in decreased ammonia, 
hydrogen sulfide and VFA emissions in feces. Cho 
et al. (2015) explain that this is due to the changes 
in bacterial communities which occur with the re-
duction of  CP levels from 20 to  15%. Specifically, 
bacteria such as Ruminococcaceae, Bacteroides and 
Pseudomonas and odorous pollutants such as phe-
nols, indoles, short-chain and branched-chain fatty 
acids are lowest for slurry and gas samples from 
treatment with 15% CP as  compared to  20%  CP 
(Cho et al. 2015). Hansen et al. (2014) add that re-
duction of  CP levels while supplementing amino 
acids in the diet has no negative effects on growth, 
feed utilization and meat percentage of pigs. 

Aside from avoiding excessive protein in the diet, 
dietary supplements like phytase and organic forms 
of Cu, Zn, Fe and Mg also show potential in reduc-
ing nitrogen and phosphorus in  the manure (Sut-
ton and Richert 2004). Phytase reduces phosphorus 
excretion by up to 35 and 60% in chicken and pigs, 
respectively (Nahm 2002). 

Meanwhile, as  compared to  a  diet based on  ce-
reals, a  high-fiber diet based on  sugar beet pulp 
reduces ammonia emission but increases methane 
emission in gestating sows and fattening pigs. How-
ever, a high-fiber diet adversely affects the growth 
performance and carcass traits, specifically of  the 
fattening pigs (Philippe et al. 2015). Nahm (2002) 
add that improving the digestibility of raw materi-
als in  feed through grinding and reduction to  the 
correct particle size through expanding or pelleting 

can contribute to the reduction of nitrogen, phos-
phorus and other odour contents of both chicken 
and pig manure.

In summary, diet manipulation is  advantageous 
because it  minimises odour production at  the 
source, by reducing nitrogen input (Chadwick et al. 
2011). Nevertheless, this does not completely elim-
inate the generation and emission of  odour from 
livestock buildings, hence other strategies may 
be necessary. 

Use of additives
The reduction of  odour and gaseous emissions 

during transport, storage, agitation and land ap-
plication of  manure may be  accomplished with 
the  use of  chemical or  biological additives. These 
additives either aid in  oxidising volatile organic 
compounds or  modify the biochemical pathways 
leading to odour production (Janni 2020). Gener-
ally, an additive must be  safe to  the environment, 
easy to apply and inexpensive (Varel 2002). Com-
mon additives used in  the livestock industry in-
clude water, salt water, artificial spices and essential 
oil (Kim et al. 2008; Cheng et al. 2011). 

Occasional water spraying employed by  Cheng 
et al (2011) in sealed broiler and laying hen houses 
results in  30–50% ammonia removal efficiencies. 
On  the other hand, salt water reduces up  to  35% 
of ammonia generation while artificial spice reduc-
es odour intensity and offensiveness by up to 80% 
and essential oil reduces sulfuric compounds for 
24 h after spraying (Kim et al. 2008). 

Chemical additives may also be used to deodor-
ize livestock facilities. Yan et  al.  (2016) employ 
an enzyme lignin peroxidase with either hydrogen 
peroxide (H2O2), calcium peroxide (CaO2), or  so-
dium percarbonate (2Na3CO3·3H2O2) as  electron 
acceptor in reducing odour from pig manure. Re-
duction of  16–90% in  ammonia and hydrogen 
sulfide as  well as  other odorous compounds such 
as propionic acid, isobutyric acid, isocaproic acid, 
isovaleric acid, phenol, p-Cresol, indole, and ska-
tole is obtained and lasts for 72 hours. 

Although relatively easier to employ as compared 
to other odour control technologies (Maurer et al. 
2017), chemical additives are expensive and may 
only be  effective in  mitigating specific pollutants 
and the effectiveness period is usually short and can 
only be up to 72 hours (Rahman and Borhan 2012). 
Other chemical additives used for disinfecting in-
clude chlorine, hydrogen cyanamide, potassium 
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permanganate, and ozone (McCrory and Hobbs 
2001; Rahman and Borhan 2012). 

Alternatively, microbial additives may also 
be used for deodorisation of animal housing (Guta-
rowska et al. 2014; Choi et al. 2015; Borowski 
et al. 2017). Borowski et al.  (2017) employ micro-
bial additives in  three forms: (i) spray-dried mi-
crocapsules; (ii) mineral carrier and (iii) freeze-
dried powder, composed of  microorganisms such 
as Pseudomonas fluorescens, Enterococcus faecium, 
Bacillus subtilis, Bacillys megaterium, Leuconostoc 
mesenteroides and Lactobacillus plantarum. With 
the addition of  perlite-bentonite mixture as  sor-
bent to the mineral carrier and spray-dried micro-
capsules, the ammonia and hydrogen sulfide con-
centration in exhaust air is reduced by over 90 and 
60%, respectively. 

Kalus et al. (2017) demonstrate that while micro-
bial-mineral litter additive consisting of  20% bac-
teria powder and 80% mineral carrier can reduce 
VOC levels by  up  to  96%, its efficacy is  relatively 
short as  indicated by  decreasing VOC reduction 
efficiency on day 7th day after application. On the 
other hand, the commercial microbial additive 
used by Rahman et al. (2011) is not effective in the 
reduction of ammonia, odour and hydrogen sulfide 
emission from farrowing-gestation swine opera-
tion, thereby recommending the test of   an appli-
cation rate higher than what was recommended 
by the manufacturer (Digest3+3) (~ 23 kg/month). 

Another additive that can be  directly applied 
to the surface of manure is the non-activated, non-
functionalized biochar, which can yield ammonia 
reduction by  up  to  23%, accompanied by  25% in-
crease in methane generation (Maurer et al. 2017). 
In  composting, biochar aids in  microbial activity 
(Sánchez-García et al. 2015), particularly favoring 
the growth of  fungi and reducing the compost-
ing time without significant nitrogen losses (Jindo 
et al. 2012; Sánchez-García et al. 2015). Due to its 
high sorption characteristics, it  may contribute 
to the absorption of VOCs (Kumar et al. 2019) that 
are in the gaseous emission. Overall, the use of bio-
char is  an  economically feasible option for odour 
and gaseous emission control (Maurer et al. 2017). 

Other additives used to  reduce ammonia vola-
tilisation and nitrogen losses during composting 
include: wood fly ash, lime, jaggery, phosphor-
gypsum, polyethylene glycol (Gabhane et al. 2012), 
zeolite (Cai et  al. 2007), and bentonite (Li et al. 
2012). Jaggery and polyethylene glycol help in  fa-

cilitating microbial growth and cellulose activity 
thereby producing higher quality compost than 
other additives tested (Gabhane et  al. 2012). Li 
et al.  (2012) demonstrate that up  to 2.5% benton-
ite (by weight) as additive may aid in organic mat-
ter degradation, increase Total Kjeldahl Nitroten 
(TKN) content and decrease C/N ratio. However, 
none of  these studies specifically looked into the 
ability of these additives to mitigate ammonia vola-
tilisation. Zeolite addition of up to 10% by weight 
reduces odour in a simulated poultry manure stor-
age by up to 67% (Cai et al. 2007) while ammonia 
emission is reduced by up to 70% at the same zeo-
lite concentration in the study of Liang et al. (2005). 
Moreover, the adsorptive characteristics of zeolite 
aid in the adsorption of VOCs in the gaseous emis-
sions (Liang et al. 2005; Cai et al. 2007). 

Use of adsorbents
Adsorbents like zinc oxide (ZnO) nanoparticles 

also show potential in  reducing hydrogen sulfide 
from odorous gases. These nanoparticles can either 
be directly added to the manure or be used in the 
ventilation system as a filtering media for exhaust 
gases (Predicala et al. 2012). When used as a filter-
ing media, the performance of the adsorption sys-
tems is  a  factor of  gas flow rate, hydrogen sulfide 
concentration, temperature and particle size 
of ZnO nanoparticles (Awume et al. 2017). Specifi-
cally, when used in  the fluidised bed air filtration 
system (FBAFS) at a loading rate of 0.28 g·cm–2 fil-
ter area, 65 and 40% hydrogen sulfide and ammo-
nia reductions are achieved, respectively (Alvarado 
and Predicala 2017). 

When used as  an  additive in  swine manure 
at a rate of 3 g·L–1 manure slurry, ZnO nanoparticles 
show significant reduction in hydrogen sulfide and 
ammonia and the effectiveness last up to 15 days. 
Moreover, the performance of  the pigs and the 
properties of  the manure were not negatively af-
fected by its addition (Alvarado et al. 2014). Other 
adsorbents tested for odour reduction in  manure 
include zinc silica nanogel, copper silica nanogel, 
and silver nanoparticles which reduce odorous 
gases by inhibition of microbial activities as shown 
by  up  to  90% reduction in  aerobic and anaerobic 
microbial populations (Sarker 2018). Although, na-
noparticles show potential for odour control, it has 
not been widely used for livestock applications 
as more work needs to be done to make its applica-
tion practical and economical. 
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Use of covers
Covering materials can also be  used in  con-

trolling odour and gaseous emissions from ma-
nure storage facilities. The covers are either made 
of  natural or  synthetic materials, and may either 
be permeable or impermeable with varying degree 
of  flexibility and rigidity (Janni 2020). Permeable 
covers include straw, geotextile, clay balls, perlite, 
rigid foam, oil, natural crust, and other residuals 
like corn stalks, sawdust, wood shavings, rice hull, 
corncobs and grass clippings (Nahm 2003; English 
and Fleming 2006; Hudson et al. 2006). 

Depending on  the permeability of covering ma-
terials, covering the manure storage with litter 
materials like sawdust can reduce nitrogen by over 
20% and consequently reduce odour production 
(Nahm 2003). In  addition, supported straw cover 
surfaces and non-woven, spun fibre polypropyl-
ene weed control material reduce odour emission 
by  up  to  8  times than the uncovered anaerobic 
pond (Hudson et al. 2006). Similarly, synthetic cov-
ers like geotextile and polyurethane foam also show 
potential in  reducing emission of odour and total 
reduced sulfur (TRS). Moreover, these two covers 
show better performance in terms of reducing hy-
drocarbon emissions than the natural ones (Regmi 
et al. 2007). Geotextile membrane which is  made 
from nonwoven fabric composed of  polypropyl-
ene filaments, is a promising covering material due 
to  its resistance to  moisture and chemical attack, 
its self-floating characteristics and its effectiveness 
in odour and hydrogen sulfide emission reduction 
(Nicolai et al. 2004). Moreover, the biofilm growth 
on its surface can self-seal the cover (Clanton et al. 
1999). However, Bicudo et  al.  (2004a) argue that 
this biofilm growth may lead to  gas buildup and 
gas exit along the sidewalls, thereby reducing the 
effectiveness of the cover with time. Although not 
as effective as straw and geotextile, another floating 
cover used in livestock odour control are clay balls 
(with 1.9 to 2. 5 cm diameter) which are imperme-
able to water and other fluids (Clanton et al. 1999). 

Although natural covers are less costly than 
the  synthetic ones, natural permeable covers do 
not last long (i.e. 2–6 months) (Bicudo et al. 2004b). 
In  particular, the odour reduction efficiency 
of straw cover diminishes with time due to satura-
tion and sinking (Bicudo et al. 2004b). Moreover, its 
efficiency depends on  the thickness and uniform-
ity, with thicker layers having higher reduction ef-
ficiency (Clanton et al. 2001; Nicolai et al. 2004). 

Although costly, the usable life of  synthetic cover 
like geotextile can be up  to five years (Nicolai et al. 
2004) while perlite which can also reduce odour 
and ammonia emission by up to 90% has 10 years 
of useful life (Hörnig et al. 1999).

On the other hand, impermeable covers may com-
pletely prevent emission of  odorous gases but its 
installation is costly and additional equipment may 
be necessary to manage the gases generated inside, 
the precipitation on top and the insects and animals 
that may walk on the cover (Janni 2020). Imperme-
able covers include plastics which can either be in-
flatable, floating, or suspended. It can also be made 
of  concrete, wood or  steel (English and Fleming 
2006). Although expensive, the plastic imperme-
able cover can have life expectancy of up to 10 years 
(Nicolai et al. 2004). Concrete, wood and steel lids 
are also capital intensive but can last up to 15 years 
(Nicolai et al. 2004). Steel, however is  rarely used 
due to  the potential of  corrosion when exposed 
to ammonia (English and Fleming 2006). 

Shelterbelts/windbreaks
A  strategy that aims to  enhance dispersion 

of  gases coming from livestock facilities involves 
the introduction of shrubs and trees arranged and 
designed in  a  manner that intercepts, disrupts 
and  dilutes odour and gaseous emissions, and 
is  known as  shelterbelts or  windbreaks (Tyndall 
and Colletti 2007). In diluting odour and gaseous 
emissions, these shelterbelts act as permeable filter 
for dust particles coming out of  the livestock fa-
cilities (Powers 1999). Moreover, shelterbelts may 
change wind directions and/or reduce wind speed, 
thereby affecting the dispersion of  gases and re-
ducing nuisance odour to  the nearby community 
(Brandle et al. 2004). VOCs may also be adsorbed 
and absorbed by the leaves of the shelterbelts (Re-
ischl et al. 1989) and may be degraded by the mi-
crobial community. 

The ability of  the shelterbelts to  perform the 
above functions is  a  function of  external charac-
teristics such as  height, width, number of  rows, 
species of  trees and shrubs, length, orientation 
and continuity (Heisler and Dewalle 1988; Tyndall 
and  Colletti 2007). Moreover, the porosity which 
is defined as the ratio of the perforated area to the 
total area also greatly influences the effectiveness 
of the shelterbelts (Heisler and Dewalle 1988), with 
40–60% as  the ideal value (Brandle et al. 2002). 
Shrubs and trees with height of 6–9 m (Heisler and 
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Dewalle 1988) and conifers that have complicated 
geometry and large circumference to area ratios are 
ideal as shelterbelts (Smith 1993).

Overall, shelterbelts can intercept odour and gas-
eous emissions on a  long-term basis (Tyndall and 
Colletti 2000), beautify the surroundings and can 
limit the view of livestock operations which is oth-
erwise nuisance for the community (Powers 1999). 
However, aside from the added maintenance labor 
in  the form of  branch trimming, shelterbelts may 
serve as a potential habitat for pests and may serve 
as  obstruction when farm equipment are used 
(Tyndall and Colletti 2000). 

Ventilation
A  basic engineering approach to  control odour 

and gaseous emission is  the installation of  me-
chanical ventilation system in  the animal hous-
ing. A ventilation system dilutes the concentration 
of  the  pollutants in  the air through introduc-
tionof fresh air into the indoor environment (Wood 
and Heyst 2016). The dilution and the concentra-
tion of  particulate matter and other gases inside 
the facility varies depending on the location of the 
air inlets of the ventilation system (Tan and Zhang 
2004). Hence, if a more uniform dilution is desired, 
more air inlets need to be installed at different loca-
tions in an animal housing. 

The ventilation rate is  also a  primary parameter 
that affects the effectiveness of  a ventilation system. 
Higher ventilation rate results in lower PM concen-
tration but caution should be observed as increase 
in PM concentration may occur beyond a threshold 
ventilation rate, potentially due to the resuspension 
of PM from surfaces (Wang et al. 2002). Moreover, 
although higher ventilation rates dilutes ammonia 
concentration inside the livestock building, it does 
not significantly reduce its emission to the environ-
ment (Wood and Heyst 2016). As a matter of fact, 
higher ventilation rates can even lead to  higher 
ammonia emission rates as observed by Gallmann 
et al. (2003) who compare ammonia emissions from 
a  mechanically-ventilated and naturally-ventilated 
swine houses. The former has 47% higher emis-
sion than the latter, potentially due to  the higher 
indoor temperatures in the former which promotes 
the biological conversion of urea to ammonia. This 
is  the drawback of  relying on  ventilation systems 
as the sole means of controlling odour and gaseous 
emissions. Hence, other engineering approaches are 
employed as discussed in the succeeding sections. 

Biofilters
An engineering technology which can be coupled 

to the mechanical ventilation system of a livestock 
facility is a biofilter. Biofilter is a biological system 
that consists of a bed of organic media which allows 
the growth of microorganisms (primarily bacteria 
and fungi) that degrade the organic matter in  the 
gaseous emissions (Ottengraf and Konings 1991). 
Aside from microbial degradation, another mecha-
nism by which biofilter achieves pollutant removal 
is through adsorption and absorption by the organ-
ic media (McNevin and Barford 2000). As  a  mat-
ter of fact, in the nitrogen mass balance performed 
by  Jinanan and Leungprasert (2015) with biofilter 
for ammonia removal in  livestock farms, it  was 
shown that the 99% ammonia removal efficiency 
is  primarily attributed to  media adsorption (67%) 
while bacterial degradation contributes to only 15% 
of the total removal. 

Kurc and Sisman (2017) discuss the parameters 
that must be considered when operating a biofilter. 
These are: (i) moisture content of the media; (ii) the 
microbial community; (iii) oxygen; (iv) temperature; 
(v) pH; (vi) medium depth and pressure drops; (vii) 
nutrient availability; (viii) pollutant load and (ix) the 
toxic and inhibitory by-products of  degradation. 
These parameters are influenced by  the selection 
of the organic media as bed packing for the biofilter. 

Organic media that may be  used include soil, 
compost, peat, activated carbon, municipal waste, 
bark, trimmings and/or leaves (Ullman et al. 2004). 
Williams and Miller (1992) and Swanson and Loehr 
(1997) describe a good biofilter media to have the 
following characteristics: (i) adequate nutrients 
and moisture for growth of  microorganisms; (ii) 
large surface area for microbial attachment and 
sorption capacity; (iii) ability to resist media com-
paction and channeling; (iv) high moisture hold-
ing capacity; and (v) high porosity to  maximize 
empty bed residence time (EBRT) and minimise 
pressure drop. Two of  the commonly used media 
include compost (Tanaka et al. 2003), wood chips 
(Chen et al. 2009a; Lim et al. 2012; Hong and Park 
2013) or  a  combination of  the two with 20–30% 
compost and 70–80% (by weight) wood chips (Sun 
et al. 2000; Nicolai and Janni 2001). The main draw-
back with the use of pure compost as biofilter me-
dia is  its tendency for compaction brought about 
by  fast degradation rates (Swanson and Loehr 
1997) which leads to  increase pressure drop and 
the need for high-capacity fans that increases cost 
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of operation (Garlinski and Mann 2003). Therefore, 
a combination of compost and wood chips is usu-
ally employed (Nicolai and Janni 2001). Moreover, 
several studies have also employed organic media 
in combination with inert bulking agents like plas-
tic saddles (Das et al. 2004), perlite and vermicu-
lite (Kalingan et al. 2004) to minimise compaction 
and channeling, and therefore extend the useful life 
of the biofilter. 

In terms of application, biofilter has been in use 
in  Europe since 1970s and in  the US since 1990s 
(Nicolai and Lefers 2006), specifically in  confined 
animal feeding operations (CAFOs) (Sheridan et al. 
2002a; Tymczyna et  al. 2007; Chen et  al. 2009b). 
Among others, it  has been used in  swine houses 
(Sheridan et  al. 2002b; Chang et  al. 2004; Chen 
and Hoff 2012; Lim et al. 2012) and poultry houses 
(Shah et al. 2003; Lau and Cheng 2007; Melse and 
Mosquera 2014). A more thorough list of biofilter 
application in  livestock facilities is  available else-
where (Chen et al. 2009b) and it is noteworthy that 
among the odor mitigation strategies reviewed 
by  Banskota et  al.  (2021), biofiltration technology 
emerged as  a  valuable and environment-friendly 
odor control approach in both the developed and 
developing countries. 

Biofilter is effective in reducing both particulate 
matter, cultivable microbes, ammonia and odour 
(Martens et al. 2001; Wood and Heyst 2016). Spe-
cifically, biofilters employing different media such 
as biochips, coconut peat, wood bark, pellets and 
compost reduce bacteria and fungi by  60–95% 
while reducing odour by  40–80% (Martens et  al. 
2001). Ferguson et al (2015) demonstrate over 
90  and 85% reduction in  airborne methicillin-re-
sistant Staphylococcus auereus (MRSA) and dust 
particles, respectively, in biofilters with hardwood 
chips and western red cedar shredded bark as pack-
ing materials. 

Since the performance of the biofilter largely de-
pends on  the microorganisms (Kurc and Sisman 
2017), it is important that optimum moisture con-
tent (35–80%), temperature (20–40 °C) and pH of 7 
to 8 are maintained in the media and a minimum 
EBRT is employed (Chen et al. 2009b; Dumont et al. 
2014). Guo et al. (2022) noted that the pH in a bio-
filter is difficult to control which may result in deg-
radation of packing materials that would eventually 
affect microbial processes. To  minimise pressure 
drop, the media depth is recommended to be in the 
range of 0.25–0.50 m (Chen et al. 2009b). Depths 

ranging from 0.3 to 0.75 m have been used for high-
er removal efficiency but typically results in higher 
pressure drop, which increases energy consump-
tion (Chen et  al. 2009b). How these parameters 
affect the performance of  a  biofilter is  tackled 
in greater detail by Chen et al. (2009b). 

In terms of  configuration, the two main design 
configurations for biofilters are the flat-bed type 
and the vertical biofilter, where the former offers 
ease of construction and less capital cost. However, 
flat-bed type biofilter has higher physical footprint. 
For vertical biofilters, leaking problem is a common 
drawback due to the tendency of biological materi-
als to settle, hence multiple layers are recommend-
ed for such configuration (Harmon et  al. 2014). 
In general, the drawback in the use of biofilter is its 
unsuitability for long-term treatment of  exhaust 
air that contains high amount of dust particles due 
to their excessive accumulation on the packing me-
dia that contributes to the increase in pressure drop 
and channeling as  they accumulate in  the organic 
packing media (Melse and Ogink 2005). 

Air scrubber/biotrickling filter
Another end-of-pipe technology that can be em-

ployed in  controlling gaseous emission from 
mechanically-ventilated livestock facilities is  the 
biotrickling filter or air scrubber. Similar to a con-
ventional biofilter, a  biotrickling filter consists 
of a bed of organic/synthetic packing materials but 
is  continuously irrigated through water spraying 
(De Vela and Gostomski 2018). The same biological 
processes with biofilter take place in  biotrickling 
filter (Van der Heyden et al. 2015). Contaminated 
air is introduced either cross-currently or counter-
currently with the liquid phase, enabling adequate 
contact and mass transfer between gas and liquid 
phases. A portion of the liquid phase is recirculat-
ed to  the packing material while another portion 
is  discharged and replaced by  fresh water (Melse 
and Ogink 2005). 

Deng et  al.  (2022) employed BTFs which em-
ployed volcanic rocks and ceramsite as  packing 
materials and it  was observed that the BTF with 
ceramsite had higher removal efficiencies than the 
one which used volcanic rocks. Specifically, the 
BTF with ceramsite removed NH3, total volatile 
organic compounds and odour with approximately 
89, 70 and 88% efficiency, respectively. This shows 
that the physical and chemical properties of  the 
packing material influence BTF's performance 
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and stability as  it  is where the biofilm growth oc-
curs (Guo et  al. 2022). The microbial community 
that thrives in the packing material is the primary 
factor that determines the effectiveness of  a  BTF 
(Deng et  al. 2022). For example, the high NH3 
removal in  the BTF  used by  Deng et  al.  (2022) 
is  related to  the high relative abundance (~85%) 
of Proteobacteria. The same was observed by Kim 
et  al.  (2021) who associated the high NH3 and 
H2S removal from a  livestock wastewater treat-
ment facility to the 76% relative abundance of Pro-
teobacteria which are known to  promote nitri-
fication process (Maeda et al. 2011). In  the BTF 
used by Kristiansen et al.  (2011) for air treatment 
in a swine house, greater than 70% carboxylic acid 
reduction, up  to  50% organic sulfur compounds 
reduction and 48–81% reduction of  several aro-
matic compounds were achieved through the  mi-
crobial population dominated by  Actinobacteria 
with some representatives from Flavobacteria and 
Sphingobacteria which all thrived in porous corru-
gated cellulose pads as packing materials. 

Aside from the packing material, the pH and 
the  electrical conductivity of  the aqueous phase 
that flows into a BTF also influence its performance, 
specifically in NH3 removal. This was shown theo-
retically by Dumont et al.  (2020) who emphasised 
that the aqueous phase should have a  pH close 
to neutral in order to promote transfer of NH3 and 
nitrification process. Hence, an efficient BTF theo-
retically requires fresh water that will similarly con-
trol the thermal conductivity of the aqueous phase. 

Acid or  bases can be  added to  the liquid phase 
in order to cause adsorption of specific pollutants 
in the gaseous emission (Janni 2020). For example, 
dilute sulfuric acid may be added to the recirculat-
ing water, making it an acid scrubber with pH < 4 
and enhancing ammonia removal (>90%) as com-
pared to  a  typical biotrickling filter (50–90%). 
On the other hand, Abdi et al. (2020) use hydrogen 
peroxide as oxidant and yield up to 99% ammonia 
removal. Apart from low odour removal at 27–43%, 
the discharge of  acidic water from acid scrubber 
tends to  be  more costly than a  typical biotrick-
ling filter or air scrubber (Melse and Ogink 2005). 
Hence, a  multi-pollutant scrubber which consists 
of a scrubber coupled with a biofilter is developed 
by Zhao et al. (2011) where 60–93% PM10 remov-
al, 45–90% PM2.5 removal, 45–85% total bacte-
ria removal and 70–100% ammonia removal are 
obtained. The design of  this three-stage scrubber 

is based on the observation that acid scrubbers are 
more effective in ammonia and airborne microor-
ganism reduction while the biofilter is more effec-
tive at reducing odour (Zhao et al. 2011). 

In summary, the selection of  the appropriate 
strategies for control of  odour and gaseous emis-
sions in livestock buildings is influenced by the type 
of pollutant or gaseous emission to be removed, the 
range of pollutant concentration, the type of ven-
tilation and other factors pertaining to  the site 
of livestock facility. 

Future research directions
Until now, accurate quantification of  pollut-

ant emissions (both odour and gases) from live-
stock and poultry buildings remains a  challenge 
since many factors are at  play. Some of  these in-
clude animal type and species, stocking density 
and age, time of year and day, weather conditions, 
ventilation rates, type of housing and characteris-
tics of manure, to name a few. Weather condition, 
in particular, includes temperature, humidity, wind 
speed and solar intensity (Casey et al. 2006; Cheng 
et al. 2011). For example, emission rate of ammonia 
from broiler and laying hen houses during summer 
ranges from 0.24–0.42 kg ammonia/hen/year  and 
decreases to  0.15–0.19 kg ammonia/hen/year 
in  winter (Cheng et al. 2011). Moreover, odour 
readings are usually higher after the rain (Ismail 
et al. 2014). 

Another challenge in  odour and gaseous emis-
sion research is the lack of standards in collecting, 
measuring and calculating pollutant content in the 
air emitted by livestock facilities, thereby resulting 
in significant variability in data available in  litera-
ture (Casey et al. 2006). For European and North-
ern American countries, research studies aimed 
at evaluating pollutant emissions are relatively easy 
because most of  the livestock facilities are closed 
and confined (Osorio-Saraz et al. 2014). However, 
in  tropical and subtropical regions, most of  the 
livestock facilities are kept open and naturally ven-
tilated, making the determination of  emissions 
more complex (Mendes et  al. 2014) as  it  is influ-
enced by  wind currents and other uncontrollable 
factors (Osorio-Saraz et al. 2013). 

With the advent of  information and communi-
cation technology (ICT), the monitoring and con-
trol of  odour in  livestock facilities may automati-
cally be  done. This is  demonstrated in  the work 
of Yoon et al. (2021) who developed a livestock odor 
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monitoring system which consists of   an ammonia 
sensor, communication equipment, server, database 
management system and user operating program. 
The sensor measures the ammonia and such data are 
transmitted using a communication equipment and 
are used in planning and implementing odor reduc-
tion strategies. This automation of odor monitoring 
and control constitute a  good area for future re-
search especially in the age of artificial intelligence. 

Despite the ill impacts of livestock odour to health, 
environment and general well-being of  the neigh-
bouring communities, livestock, odour control reg-
ulations are often lacking in  many countries. Poli-
cymakers need adequate science-based information 
on how livestock odour may be controlled to guide 
them in formulating informed decisions and policies 
that balance the welfare of the livestock producers, 
the community and the environment. 

CONCLUSION

The continuous growth of the livestock industry 
poses increasing problem of  odour and gaseous 
emission which causes nuisance, health problems 
and environmental concern to  the community. 
Hence, strategies to  control odour are developed 
and employed. These strategies either reduce odour 
generation through diet manipulation, minimise 
the odour emission through the use of covers and 
additives, dilutes and disperses gases through shel-
terbelts and reduces the concentration of odorous 
gases through ventilation and end-of-pipe tech-
nologies like biofiltration and air scrubbing. These 
strategies exhibit different level of  odour reduc-
tion efficiency and no single strategy is appropriate 
to all livestock and poultry production systems. The 
selection of  the appropriate strategies for control 
of odour and gaseous emissions in livestock build-
ings is influenced by the type of pollutant/gaseous 
emission to  be removed, their concentration range, 
the desired odour reduction level, the type of venti-
lation, cost and management system and other fac-
tors pertaining to the site. 

REFERENCES

Abdi M., Alinezhad E., Akbari Sene R., Haghighi M., Kes-
hizadeh H. Naddafi K. (2020): Evaluation of a pilot-scale 
scrubber for the mitigation of NH3 emissions from labo-
ratory animal house in the presence of different oxidants. 
Journal of Environmental Chemical Engineering, 8: 103708.

Aizawa A., Miyazaki A. Tanaka N. (2022): Emissions of vola-
tile organic compounds from dairy cattle manure in a cattle 
shed in Japan. Asian Journal of Atmospheric Environment, 
16: 2022024.

Alvarado A., Predicala B. (2017): Control of  gas and odor 
levels in swine facilities using filters with zinc oxide nano-
particles. Transactions of the ASABE, 60: 943–956.

Alvarado A., Predicala B., Asis D. (2014): Mixing nanoparti-
cles with swine manure to reduce hydrogen sulfide and am-
monia emissions. International Journal of Environmental 
Science and Technology, 12: 893–904.

Andersen C.I., Von Essen S.G., Smith L.M., Spencer J., 
Jolie R,. Donham K.J. (2004): Respiratory symptoms and 
airway obstruction in  swine veterinarians: A  persistent 
problem. American Journal of  Industrial Medicine, 46: 
386–392.

Awume B., Tajallipour M., Nemati M., Predicala B. (2017): 
Application of ZnO nanoparticles in control of H2S emis-
sion from low-temperature gases and swine manure gas. 
Water, Air, & Soil Pollution, 228: 147.

Banhazi T.P.S., Rutley D., Blanes-Vidal V., Pitchford W. (2011): 
Air exchanges and indoor carbon dioxide concentration 
in  Australian pig buildings: Effect of  housing and man-
agement factors. Biosystems Engineering, 110: 272–279.

Banskota N., Acharya M.P., Dahal M., Shrestha S., Shrestha A., 
Tamang P. A review: Practical approaches for mitigation 
of odor from pig farm in Nepal. 12th National Workshop 
on  Livestock and Fisheries Research in  Nepal. Rampur, 
Chitwan, Nepal. Mar 3–4, 2021: 163–169.

Battye W., Aneja V.P., Roelle P.A. (2003): Evaluation and 
improvement of ammonia emissions inventories. Atmos-
pheric Environment, 37: 3873–3883.

Beusen A.H.W., Bouwman A.F., Heuberger P.S.C., Van 
Drecht G., Van Der Hoek K.W. (2008): Bottom-up uncer-
tainty estimates of global ammonia emissions from global 
agricultural production systems. Atmospheric Environ-
ment, 42: 6067–6077.

Bicudo J., Clanton C., Schmidt D., Powers W., Jacobson L. 
Tengman C. (2004a): Geotextile covers to reduce odor and 
gas emissions from swine manure storage ponds. Applied 
Engineering in Agriculture: 20, 65–75.

Bicudo J.R., Schmidt D.R. Jacobson L.D. (2004b). Using Cov-
ers to Minimize Odor and Gas Emissions from Manure 
Storages. Agricultural Engineering Extension Publications.

Bittman S. Mikkelsen R. (2009): Ammonia emissions from 
agricultural operations: Livestock. Better Crops, 93: 28–31.

Blanes-Vidal V., Suh H., Nadimi E.S., Løfstrøm P., Eller-
mann T., Andersen H.V., Schwartz J. (2012): Residential 
exposure to outdoor air pollution from livestock operations 
and perceived annoyance among citizens. Environment 
International, 40: 44–50.



192

Review	 Research in Agricultural Engineering, 70, 2024 (4): 181–197

https://doi.org/10.17221/55/2024-RAE

Borowski S., Matusiak K., Powałowski S., Pielech-Przybyls-
ka K., Makowski K., Nowak A., Rosowski M., Komorows-
ki  P., Gutarowska B. (2017): A novel microbial-mineral 
preparation for the removal of offensive odors from poultry 
manure. International Biodeterioration & Biodegradation, 
119: 299–308.

Brandle J.R., Hodges L., Zhou X.H. (2004): Windbreaks 
in  North American agricultural systems. Agroforestry 
Systems, 61: 65–78.

Brandle J.R., Zhou X., Hodges L. (2002): How Windbreaks 
Work. University of Nebraska - Lincoln Extension.

Cai L., Koziel J.A., Liang Y., Nguyen A.T., Xin H. (2007): 
Evaluation of zeolite for control of odorants emissions 
from simulated poultry manure storage. Journal of Envi-
ronmental Quality, 36: 184–193.

Casey K., Bicudo J., Schmidt D., Anshu S., Gay S., Gates R., 
Jacobson L., Hoff S. (2006): Air quality and emissions 
from livestock and poultry production/waste manage-
ment systems. Agricultural and Biosystems Engineering 
Publications, 361: 1–40.

Chadwick D., Sommer S., Thorman R., Fangueiro D., Card-
enas L., Amon B., Misselbrook T. (2011): Manure manage-
ment: Implications for greenhouse gas emissions. Animal 
Feed Science and Technology, 166–167: 514–531.

Chang D., Lee S., Choi W. (2004): A pilot-scale biofilter system 
to reduce odor from swine operation. ASAE Annual Meet-
ing. Ottawa, Canada: American Society of Agricultural and 
Biological Engineers.

Chen L., Hoff S. (2012): A two-stage wood chip-based biofilter 
system to mitigate odors from a deep-pit swine building. 
Applied Engineering in Agriculture, 28: 893–901.

Chen L., Hoff S., Cai L., Koziel J.A., Zelle B. (2009a): Evalu-
ation of wood chip-based biofilters to reduce odor, hy-
drogen sulfide, and ammonia from swine barn ventilation 
air. Journal of the Air & Waste Management Association, 
59: 520–530.

Chen L., Hoff S. (2009b): Mitigating odors from agricultural 
facilities: A review of literature concerning biofilters. Ap-
plied Engineering in Agriculture, 25: 19020309

Cheng W.-H., Chou M.-S., Tung S.-C. (2011): Gaseous am-
monia emission from poultry facilities in Taiwan. Environ-
mental Engineering Science, 28: 283–289.

Cho J.H., Chen Y.J., Min B.J., Yoo J.S., Wang Y., Kim I.H. 
(2008): Effects of reducing dietary crude protein on growth 
performance, odor gas emission from manure and blood 
urea nitrogen and IGF-1 concentrations of serum in nurs-
ery pigs. Animal Science Journal, 79: 453–459.

Cho S., Hwang O., Park S. (2015): Effect of dietary protein 
levels on composition of odorous compounds and bacte-
rial ecology in pig manure. Asian-Australasian Journal of 
Animal Science, 28: 1362–1370.

Choi E., Kim J., Choi I., Ahn H., Dong J., Kim H. (2015): 
Microbial additives in controlling odors from stored swine 
slurry. Water, Air & Soil Pollution, 226: 1–12.

Clanton C., Schmidt D., Nicolai R., Jacobson L., Goodrich P., 
Janni K., Bicudo J. (2001): Geotextile fabric-straw manure 
storage covers for odor, hydrogen sulfide, and ammonia 
control. Applied Engineering in Agriculture, 17: 849–858.

Clanton J.C., Schmidt R.D., Jacobson D.L., Nicolai E.R., 
Goodrich R.P., Janni A.K. (1999): Swine manure storage 
covers for odor control. Applied Engineering in Agricul-
ture, 15: 567–572.

Conti C., Guarino M., Bacenetti J. (2020): Measurements 
techniques and models to assess odor annoyance: A review. 
Environment International, 134: 105261.

Das K.C., Crompton B., Kastner J. (2004): Kinetics of am-
monia removal in a pilot-scale biofilter. Transactions of 
the ASAE, 47: 123–130.

De Vela R.J.L., Gostomski P.A. (2018): Minimising biomass 
accumulation in biotrickling filters. Reviews in Environ-
mental Science and Bio/technology, 17: 417–430.

Delgado C.L. (2005): Rising demand for meat and milk in 
developing countries: implications for grasslands-based 
livestock production. In: McGilloway, D.A. (ed.) Grassland: 
a global resource. Proceedings of the twentieth Interna-
tional Grassland Congress. Dublin, Ireland: Wageningen 
Academic Publishers.: 29–39

Deng L., Xu J., Li Y., Yu S., Yi K., Dai R., He S., Xu Y. (2022): 
Deodorization of the off-gas from livestock manure aerobic 
composting tank using biotrickling filters and its mecha-
nism. Biochemical Engineering Journal, 181: 108409.

Dobeic M.Š.P. (2011): Laying hen and pig livestock contribu-
tion to aerial pollution of Slovenia. Acta Veterinaria, 61: 
283–293.

Donham K.J., Lee J.A., Thu K., Reynolds S.J. (2006): Assessment 
of air quality at neighbor residences in the vicinity of swine 
production facilities. Journal of Agromedicine, 11: 15–24.

Dumont E., Hamon L., Lagadec S., Landrain P., Landrain B., 
Andrès Y. (2014): NH3 biofiltration of piggery air. Journal 
of Environmental Management, 140: 26–32.

Dumont E., Poser M., Peu P., Couvert A. (2020): Biotrickling 
filters for the removal of gaseous ammonia emissions from 
livestock facilities. Theoretical prediction of removal effi-
ciency and experimental validation. Chemical Engineering 
Journal, 402: 126188.

English S., Fleming R. (2006): Liquid manure storage covers. 
University of Guelph. Final Report. Ridgetown, Ontario, 
Canada: 18.

Fabbri C., Valli L., Guarino M., Costa A.M., Mazzotta V. 
(2007): Ammonia, methane, nitrous oxide and particulate 
matter emissions from two different buildings for laying 
hens. Biosystems Engineering, 97: 441–455.



193

Review	 Research in Agricultural Engineering, 70, 2024 (4): 181–197

https://doi.org/10.17221/55/2024-RAE

FAO 2023. World Food and Agriculture – Statistical Year-
book 2023. Rome. Available at: https://reliefweb.int/
report/world/fao-statistical-yearbook-2023-world-food-
and-agriculture?gad_source=1&gclid=Cj0KCQiA_9u-
5BhCUARIsABbMSPsEhrhs3yX27zfsk3yBdBBzP7YV4Y
B-3Lg8mrjXWRCGCJCf5r3JnXoaAn0OEALw_wcB

Faulkner W.B., Shaw B.W. (2008): Review of ammonia emis-
sion factors for United States animal agriculture. Atmos-
pheric Environment, 42: 6567–6574.

Gabhane J., William S.P.M.P., Bidyadhar R., Bhilawe P., 
Anand D., Vaidya A.N., Wate S.R. (2012): Additives aided 
composting of green waste: Effects on organic matter 
degradation, compost maturity, and quality of the finished 
compost. Bioresource Technology, 114: 382–388.

Gallmann E., Hartung E., Jungbluth T. (2003): Long-term 
study regarding the emission rates of ammonia and 
greenhouse gases from different housing systems for fat-
tening pigs - Final results. Proc. International Symposium 
on Gaseous and Odour Emissions from Animal Production 
Facilities. Jun 1–4, 2023. Horsens, Denmark: 122–130.

Garlinski E.M., Mann D. (2003): Design and evaluation 
of  a  horizontal airflow biofilter on a swine facility. In: 
ASAE Annual Meeting. Las Vegas, USA; Jul 27–30, 2023. 
American Society of Agricultural and Biological Engineers. 

Gerber P.J., Steinfeld H., Henderson B., Mottet A., Opio C., 
Dijkman J., Falcucci A., Tempio G. (2013): Tackling cli-
mate change through livestock – A global assessment of 
emissions and mitigation opportunities. Rome: Food and 
Agriculture Organization of the United Nations (FAO).

Gibbs S.G., Green C.F., Tarwater P.M., Mota L.C., Mena K.D., 
Scarpino P.V. (2006): Isolation of antibiotic-resistant bac-
teria from the air plume downwind of a swine confined or 
concentrated animal feeding operation. Environmental 
Health Perspectives, 114: 1032–1037.

Groot Koerkamp P.W.G., Metz J.H.M., Uenk G.H., Phil-
lips V.R., Holden M.R., Sneath R.W., Short J.L., White R.P.P., 
Hartung J., Seedorf J., Schröder M., Linkert K.H., Pedersen 
S., Takai H., Johnsen J.O.W., Wathes C.M. (1998): Concen-
trations and emissions of ammonia in livestock buildings 
in northern Europe. Journal of Agricultural Engineering 
Research, 70: 79–95.

Guo L., Zhao B., Jia Y., He F., Chen W. (2022): Mitigation 
strategies of air pollutants for mechanically ventilated live-
stock and poultry housing – A review. Atmosphere, 13: 22.

Gutarowska B., Matusiak K., Borowski S., Rajkowska A., 
Brycki B. (2014): Removal of odorous compounds from 
poultry manure by microorganisms on perlite-ben-
tonite carrier. Journal of Environmental Management,  
141: 70–76.

Guthrie S., Giles S., Dunkerley F., Tabaqchali H., Harsh-
field  A., Ioppolo B., Manville C. (2018): The impact 

of  ammonia emissions from agriculture on biodiversity 
– An evidence synthesis. The Royal Society, RAND Cor-
poration, Cambridge, UK: 60.

Hansen M., Nørgaard J., Adamsen A., Poulsen H. (2014): 
Effect of reduced crude protein on ammonia, methane, 
and chemical odorants emitted from pig houses. Livestock 
Science, 169: 1.

Harmon J.D., Hoff S.J., Rieck-Hinz A.M. (2014): Animal 
housing – Biofilters overview. Agriculture and Environ-
ment Extension Publications. Iowa University. Available 
at: chrome-extension://efaidnbmnnnibpcajpcglclefindm-
kaj/https://dr.lib.iastate.edu/server/api/core/bitstreams/
a0166b4a-0ad6-492c-b8b1-89cb73c02cbb/content

Heisler G.M., Dewalle D.R. (1988): Effects of windbreak 
structure on wind flow. Agriculture, Ecosystems & Envi-
ronment, 22–23: 41–69.

Herrero M., Grace D., Njuki J., Johnson N., Enahoro D., 
Silvestri S., Rufino M. (2012): The roles of livestock in 
developing countries. Animal, 7: 1–16.

Hobbs P.J., Pain B.F., Kay R.M.A, Lee P.A. (1996): Reduction 
of odorous compounds in fresh pig slurry by dietary con-
trol of crude protein. Journal of the Science of Food and 
Agriculture, 71: 508–514.

Hong J., Park K. (2013): Wood chip biofilter performance of 
ammonia gas from composting manure. Compost Science 
& Utilization, 12: 25–30.

Hörnig G., Türk M.W.Wanka U. (1999): Slurry Covers to 
reduce Ammonia Emission and Odour Nuisance. Journal 
of Agricultural Engineering Research, 73: 151–157.

Huang D., Guo H. (2017): Diurnal and seasonal variations of 
odor and gas emissions from a naturally ventilated free-stall 
dairy barn on the Canadian prairies. Journal of the Air & 
Waste Management Association, 67: 1092–1105.

Hudson N.J.A.C.Duperouzel D.J.Melvin S.C.(2006): Assess-
ment of permeable covers for odour reduction in piggery 
effluent ponds - Laboratory-scale trials. Bioresource Tech-
nology, 97: 2002–2014.

Ismail L., Sakawi Z., Saipi M. (2014): Measurement of odour 
concentration from livestock farm. Current World Environ-
ment, 9: 264–270.

Jacobson L.D., Bicudo J.R., Schmidt D.R., Wood-Gay S., 
Gates  R.S., Hoff S.J. (2003): Air emissions from animal 
production buildings. ISHA. Mexico.

Janni K. (2020): Reflections on odor management for animal 
feeding operations. Atmosphere, 11: 453.

Jinanan J., Leungprasert S. (2015): Feasibility study of low 
cost biofilter to control ammonia from livestock farms. 
International Journal of Research in Chemical, Metallurgi-
cal and Civil Engineering, 2: 4–8.

Jindo K., Suto K., Matsumoto K., García C., Sonoki T., Sanchez-
Monedero M.A. (2012): Chemical and biochemical char-



194

Review	 Research in Agricultural Engineering, 70, 2024 (4): 181–197

https://doi.org/10.17221/55/2024-RAE

acterisation of biochar-blended composts prepared from 
poultry manure. Bioresource Technology, 110: 396–404.

Kai P., Kaspers B., Van Kempen T. (2006): Modeling sources 
of gaseous emissions in a pig house with recharge pit. 
Transactions of the ASABE, 49: Article 1-10.

Kalingan A.E., Liao C.-M., Chen J.-W., Chen S.-C. (2004): 
Microbial degradation of livestock-generated ammonia 
using biofilters at typical ambient temperatures. Journal 
of Environmental Science and Health, Part B, 39: 185–198.

Kalus K., Opaliński S., Maurer D., Rice S., Koziel J.A., 
Korczyński M., Dobrzański Z., Kołacz R., Gutarowska B. 
(2017): Odour reducing microbial-mineral additive for 
poultry manure treatment. Frontiers of Environmental 
Science & Engineering, 11: 7.

Kim D.-H., Yun H.-S., Kim Y.-S., Kim J.-G. (2021): Pollutant-
removing biofilter strains associated with high ammonia 
and hydrogen sulfide removal rate in a livestock wastewater 
treatment facility. Sustainability, 13: 7358.

Kim K.-Y., Ko H.-J., Kim H.-T., Kim Y.-S., Roh Y.-M., 
Lee C.-M., Kim C.-N. (2008): Odor reduction rate in the 
confinement pig building by spraying various additives. 
Bioresource Technology, 99: 8464–8469.

Konapathri R., Azimov U. (2024): Assessment of ammonia 
distribution in a livestock farm using CFD simulations. 
Smart Agricultural Technology, 7: 100376.

Koren H., Bisesi M. (2003): Handbook of Environmental 
Health – Biological, Chemical and Physical Agents of En-
vironmentally Related Disease. Boca Raton, Florida, USA: 
Lewis Publishers.

Kristiansen A., Lindholst S., Feilberg A., Nielsen P., Neufeld J., 
Nielsen J. (2011): Butyric acid- and dimethyl disulfide-
assimilating microorganisms in a biofilter treating air emis-
sions from a livestock facility. Applied and Environmental 
Microbiology, 77: 8595–8604.

Kumar A., Singh E., Khapre A., Bordoloi N., Kumar S. (2019): 
Sorption of volatile organic compounds on non-activated 
biochar. Bioresource Technology, 297: 122469.

Kurc H.C., Sisman C. (2017): The prevention of harmful gases 
and odours dispersion by biofiltration in the animal farm. 
Agronomy Research, 15: 219–224.

Lau A., Cheng K. (2007): Removal of odor using biofilter from 
duck confinement buildings. Journal of Environmental 
Science and Health, Part A, 42: 955–959.

Le P.D., Aarnink A.J., Ogink N.W., Becker P.M., Verstegen 
M.W. (2005): Odour from animal production facilities: Its 
relationship to diet. Nutrition Research Reviews, 18: 3–30.

Leek A., Hayes E., Curran T., Callan J., Beattie V., Dodd V., 
O'Doherty J. (2007): The influence of manure composition 
on emissions of odour and ammonia from finishing pigs 
fed different concentrations of crude protein. Bioresource 
Technology, 98: 3431–3439.

Li R., Wang J.J., Zhang Z., Shen F., Zhang G., Qin R., Li X., 
Xiao R. (2012): Nutrient transformations during compost-
ing of pig manure with bentonite. Bioresource Technology, 
121: 362–368.

Liang Y., Xin H., Li H., Koziel J., Cai L. (2005): Evaluation 
of treatment agents and diet manipulation for mitigating 
ammonia and odor emissions from laying hen manure. 
Agricultural and Biosystems Engineering Conference 
Proceedings and Presentations, 74.

Lim T.-T., Jin Y., Ni J.-Q., Heber A.J. (2012): Field evaluation 
of biofilters in reducing aerial pollutant emissions from 
a commercial pig finishing building. Biosystems Engineer-
ing, 112: 192–201.

Liu Z., Powers W., Mukhtar S. (2014): A review of practices 
and technologies for odor control in swine production 
facilities. Applied Engineering in Agriculture, 30: 477–492.

Mackie R.I., Stroot P.G.Varel V.H. (1998): Biochemical iden-
tification and biological origin of key odor components in 
livestock waste. Journal of Animal Science, 76: 1331–1342.

Madrid J., Martinez S., López C., Orengo J.C.M.J.Hernández F.
(2013): Effects of low protein diets on growth performance, 
carcass traits and ammonia emission of barrows and gilts. 
Animal Production Science, 53: 146–153.

Maeda K., Hanajima D., Toyoda S., Yoshida N., Morio-
ka R.A.O.T.(2011): Microbiology of nitrogen cycle in animal 
manure compost. Microbial Biotechnology, 4: 700–709.

Marszałek M., Kowalski Z., Makara A. (2018): Emission 
of greenhouse gases and odorants from pig slurry – Effect 
on the environment and methods of its reduction. Ecologi-
cal Chemistry and Engineering S, 25: 383–394.

Martens W., Martinec M., Zapirain R., Stark M., Hartung E., 
Palmgren U. (2001): Reduction potential of microbial, 
odour and ammonia emissions from a pig facility by bio-
filters. International Journal of Hygiene and Environmental 
Health, 203: 335–345.

Maurer D.L., Koziel J.A., Kalus K., Andersen D.S., Opalin-
ski S. (2017): Pilot-scale testing of non-activated biochar 
for swine manure treatment and mitigation of ammonia, 
hydrogen sulfide, odorous volatile organic compounds 
(VOCs), and greenhouse gas emissions. Sustainability, 
9: 929.

McCrory D.F., Hobbs P.J. (2001): Additives to reduce ammo-
nia and odor emissions from livestock wastes: A review. 
Journal of Environmental Quality, 30: 345–355.

McNevin D., Barford J. (2000): Biofiltration as an odour 
abatement strategy. Biochemical Engineering Journal, 5: 
231–242.

Melse R.W., Mosquera J. (2014): Nitrous oxide (N2O) emis-
sions from biotricking filters used for ammonia removal 
at livestock facilities. Water Science & Technology, 69: 
994–1003.



195

Review	 Research in Agricultural Engineering, 70, 2024 (4): 181–197

https://doi.org/10.17221/55/2024-RAE

Melse R.W., Ogink N.W.M. (2005): Air scrubbing techniques 
for ammonia and odor reduction at livestock operations: 
Review of on-farm research in the Netherlands. Transac-
tions of the ASABE, 48: 2303–2313.

Mendes L.B., Tinoco I.F.F., Ogink N.W.M., Rocha K.S.O., 
Osorio S.J.A., Santos M.S. (2014): Ammonia emissions 
from a naturally and a mechanically ventilated broiler 
house in Brazil. Revista Brasileira de Engenharia Agrícola 
e Ambiental, 18: 1179–1185.

Mihina S., Sauter M., Palkovičová Z., Karandusovska I., 
Broucek J. (2012): Concentration of harmful gases in poul-
try and pig houses. Animal Science Papers and Reports, 
30: 395–406.

Miles D., Branton S.L., Lott B. (2004): Atmospheric ammonia 
is detrimental to the performance of modern commercial 
broilers. Poultry Science, 83: 1650–1654.

Montalvo Bermejo G., Morales J., Piñeiro C., Godbout S., 
Bigeriego M. (2013): Effect of different dietary strategies 
on gas emissions and growth performance in post-weaned 
piglets. Spanish Journal of Agricultural Research, 11: 1016.

Mulhausen J.R., McJilton C.E., Redig P.T., Janni K.A. (1987): 
Aspergillus and Other Human Respiratory Disease Agents 
in Turkey Confinement Houses. American Industrial Hy-
giene Association Journal, 48: 894–899.

Nahm K.H. (2002): Efficient feed nutrient utilization to re-
duce pollutants in poultry and swine manure. Critical Re-
views in Environmental Science and Technology, 32: 1–16.

Nahm K.H. (2003): Current pollution and odor control tech-
nologies for poultry production. Avian and Poultry Biology 
Reviews, 14: 151–174.

Nicolai R., Lefers R. (2006): Biofilters used to reduce emis-
sions from livestock housing – A Literature review. Work-
shop on Agricultural Air Quality. 952–960.

Nicolai R., Pohl S., Schmidt D. (2004): Covers for manure 
storage units. Fact Sheet, Paper 107. Available at https://
openprairie.sdstate.edu/cgi/viewcontent.cgi?article=1106
&context=extension_fact.

Nicolai R.E., Janni K.A. (2001): Determining pressure drop 
through compost-wood chip biofilter media. 2001 ASAE 
Annual Meeting. St. Joseph, USA, Jan 2021: ASAE.

Osorio J.A., Ferreira Tinoco I.Ciro H.J. (2009): Ammonia: A 
review of concentration and emission models in livestock 
structures. Dyna (Medellin), 76: 89–99.

Osorio-Saraz J.A., Ferreira Tinôco I.d.f., Gates R.S., Oliveira 
de Paula M., Mendes L.B. (2013): Evaluation of different 
methods for determining ammonia emissions in poultry 
buildings and their applicability to open facilities. Dyna 
(Medellin), 80: 51–60.

Osorio-Saraz A., Ferreira-Tinoco I., Gates R., Rocha K.S., 
Combatt E., Sousa F. (2014): Adaptation and validation 
of a methodology for determining ammonia flux gener-

ated by litter in naturally ventilated poultry houses. Dyna 
(Medellin), 81: 137–143.

Ottengraf S.P.P., Konings J.H.G. (1991): Emission of microor-
ganisms from biofilters. Bioprocess Engineering, 7: 89–96.

Peng S., Zhu J., Liu Z., Hu B., Wang M., Pu S. (2023): Pre-
diction of ammonia concentration in a pig house based 
on machine learning models and environmental param-
eters. Animals, 13: 165.

Philippe F., Laitat M., Wavreille J., Nicks B., Cabaraux J.-F. 
(2015): Effects of a high-fibre diet on ammonia and green-
house gas emissions from gestating sows and fattening pigs. 
Atmospheric Environment, 109: 197–204.

Phung L., Aarnink A., Ogink N.W.M., Verstegen M.W. (2005): 
Effects of environmental factors on odor emission from pig 
manure. Transactions of the ASAE, 48: 757–765.

Powers W. (1999): Odor control for livestock systems. Journal 
of Animal Science, 77 Suppl 2: 169–176.

Predicala B., Alvarado A., Asis D. (2012): Use of zinc oxide 
nanoparticles to control hydrogen sulphide, ammonia, and 
odour emissions from pig barns. 2012 IX International 
Livestock Environment Symposium (ILES IX). Jul 8–12, 
2012, Valencia, Spain.

Rahman S. Borhan M. S. (2012): Typical odor mitigation 
technologies for swine production facilities – A  review. 
Civil & Environmental Engineering, 2: 1–11.

Rahman S., DeSutter T., Zhang Q. (2011): Efficacy of a mi-
crobial additive in reducing odor, ammonia, and hydrogen 
sulfide emissions from farrowing-gestation swine opera-
tion. Agricultural Engineering International: CIGR Journal, 
13: Article 1-10.

Rappert S., Müller R. (2005): Odor compounds in waste gas 
emissions from agricultural operations and food industries. 
Waste Management, 25: 887–907.

Regmi S., Ongwandee M., Morrison G., Fitch M., Surampalli R. 
(2007): Effectiveness of porous covers for control of ammo-
nia, reduced sulfur compounds, total hydrocarbons, selected 
volatile organic compounds, and odor from hog manure 
storage lagoons. Journal of the Air & Waste Management 
Association, 57: 761–768.

Reischl A., Reissinger M., Thoma H., Hutzinger O. (1989): 
Accumulation of organic air constituents by plant surfaces: 
Part IV: Plant surfaces: A sampling system for atmospheric 
polychlorodibenzo-p-dioxin (PCDD) and polychlorodiben-
zo-p-furan (PCDF). Chemosphere, 18: 561–568.

Robinson T.P., P.K.T., Franceschini G., Kruska R.L., Chiozza F., 
Notenbaert A., Cecchi G., Herrero M., Epprecht M., Fritz 
S., You L., Conchedda G., See L. (2011): Global livestock 
production systems. Rome: Food and Agriculture Or-
ganization of the United Nations (FAO) and International 
Livestock Research Institute (ILRI). Available at: https://
hdl.handle.net/10568/10537



196

Review	 Research in Agricultural Engineering, 70, 2024 (4): 181–197

https://doi.org/10.17221/55/2024-RAE

Salmon G.R., MacLeod M., Claxton J.R., Pica Ciamarra U., 
Robinson T., Duncan A., Peters A.R. (2020): Exploring 
the landscape of livestock 'Facts'. Global Food Security,  
25: 100329.

Sánchez-García M., Alburquerque J.A., Sánchez-Monede-
ro M.A., Roig A., Cayuela M.L. (2015): Biochar accelerates 
organic matter degradation and enhances N mineralisation 
during composting of poultry manure without a relevant 
impact on gas emissions. Bioresource Technology, 192: 
272–279.

Sarker N.C. (2018): Application of nanoparticles in livestock 
manure for understanding hydrogen sulfide and green-
house gas reduction mechanism. [Ph.D. thesis], North 
Dakota State University of Agriculture and Applied Sci-
ence., Fargo, North Dakota, USA, USA: 188.

Schinasi L., Horton R.A., Guidry V.T., Wing S., Marshall 
S.W., Morland K.B. (2011): Air pollution, lung function, 
and physical symptoms in communities near concentrated 
swine feeding operations. Epidemiology, 22: 208–215.

Schwarze P.E., Ovrevik J., Låg M., Refsnes M., Nafstad P., 
Hetland R.B.Dybing E. (2006): Particulate matter proper-
ties and health effects: consistency of epidemiological and 
toxicological studies. Human & Experimental Toxicology, 
25: 559–579.

Shah S.B., Basden T.J., Bhumbla D.K. (2003): Bench-scale 
biofilter for removing ammonia from poultry house ex-
haust. Journal of Environmental Science and Health, Part 
B, 38: 89–101.

Sharma N.K., Choct M., Wu S.Wick R.A. (2017): Nutritional 
effects on odour emissions in broiler production. World’s 
Poultry Science Journal, 73: 257–280.

Sheridan B., Curran T., Dodd V.Colligan J. (2002a): SE –
Structures and environment: Biofiltration of odour and 
ammonia from a pig unit – A pilot-scale study. Biosystems 
Engineering, 82: 441–453.

Sheridan B.A., Curran T.P.Dodd V.A. (2002b): Assessment 
of the influence of media particle size on the biofiltration 
of odorous exhaust ventilation air from a piggery facility. 
Bioresource Technology, 84: 129–143.

Smith J., Sones K.G.D., MacMillan S., Tarawali S., Herrero 
M. (2013): Beyond milk, meat, and eggs: Role of livestock 
in food and nutrition security. Animal Frontiers, 3: 6–13.

Smith R.J. (1993): Dispersion of odours from ground level 
agricultural sources. Journal of Agricultural Engineering 
Research, 54: 187–200.

Sousa F., Tinôco I., Silva J., Baptista F., Souza C., Silva A. 
(2017): Gas emission in the poultry production. Journal 
of Animal Behaviour and Biometeorology, 5: 49–55.

Sun Y., Clanton C., Janni K., Malzer G. (2000): Sulfur and 
nitrogen balances in biofilters for odorous gas emission 
control. Transactions of the ASAE, 43: 1861–1875.

Sutton A.L., Richert B.T. (2004): Nutrition and feed manage-
ment strategies to reduce nutrient excretions and odors from 
swine manure. Water Science & Technology, 49: 397–404.

Swanson W.J., Loehr R. (1997): Biofiltration: Fundamentals, 
design and operations principles and applications. Journal 
of Environmental Engineering (New York), 123: 538–546.

Tan Z., Zhang Y. (2004): A review of effects and control meth-
ods of particulate matter in animal indoor environments. 
Journal of the Air & Waste Management Association, 54: 
845–854.

Tanaka A., Yakushido K.C., Shimaya A. (2003): Adsorption 
process for odor emission control at a pilot scale dairy ma-
nure composting facility. Air Pollution from Agricultural 
Operations III, St. Joseph, MI: ASABE, 189–196.

Thorne P.S. (2007): Environmental health impacts of  con-
centrated animal feeding operations: anticipating hazards 
– Searching for solutions. Environmental Health Perspec-
tives, 115: 296–297.

Thornton P.K. (2010): Livestock production: Recent trends, 
future prospects. Philosophical Transactions of the Royal 
Society B, 365: 2853–2867.

Twine R. (2021): Emissions from animal agriculture – 16.5% 
is the new minimum figure. Sustainability, 13: 6276.

Tymczyna L., Chmielowiec-Korzeniowska A., Drabik A. 
(2007): The effectiveness of various biofiltration substrates 
in removing bacteria, endotoxins, and dust from ventilation 
system exhaust from a chicken hatchery. Poultry Science, 
86: 2095–2100.

Tyndall J., Colletti J. (2007): Mitigating swine odor with 
strategically designed shelterbelt systems: a review. Agro-
forestry Systems, 69: 45–65.

Tyndall J., Colletti J.P. (2000): Air quality and shelterbelts: 
Odor mitigation and livestock production – A literature 
review. Forestry Publications: 82.

Ubeda Y., López-Jiménez P., Nicolas J., Calvet S. (2013): 
Strategies to control odours in livestock facilities: A critical 
review. Spanish Journal of Agricultural Research, 11: 1004.

Ullman J., Mukhtar S., Lacey R., Carey J. (2004): A review 
of literature concerning odors, ammonia, and dust from 
broiler production facilities: 4. Remedial management 
practices. Journal of Applied Poultry Research, 13: 
521–531.

Van der Heyden C., Demeyer P. Volcke E. I. P. (2015): Miti-
gating emissions from pig and poultry housing  facilities 
through air scrubbers and biofilters: State-of-the-art 
and perspectives. Biosystems Engineering, 134, 74–93.

Varel V. H. (2002): Livestock manure odor abatement with 
plant-derived oils and nitrogen conservation with urease 
inhibitors: A review. Journal of Animal Science, 80: E1–E7.

Vuuren A., Piñeiro C., Van der Hoek K. Oenema O. (2015). Eco-
nomics of Low Nitrogen Feeding Strategies. In: Reis S., How-



197

Review	 Research in Agricultural Engineering, 70, 2024 (4): 181–197

https://doi.org/10.17221/55/2024-RAE

ard, C., Sutton M.A. (eds.) Costs of Ammonia Abatement 
and the Climate Co-Benefits. The Netherlands: Springer.

Wang X., Zhang Y., Riskowski G., Ellis M. (2002): SE – Struc-
tures and environment: Measurement and analysis of dust 
spatial distribution in a mechanically ventilated pig build-
ing. Biosystems Engineering, 81: 225–236.

Webb J., Menzi H., Pain B.F., Misselbrook T., Dammgen U., 
Hendriks H., Dohler H. (2005): Managing ammonia emis-
sions from livestock production in Europe. Environmental 
Pollution, 135: 399–406.

Williams T.D., Miller F.C. (1992): Odor control using biofil-
ters. BioCycle, 33: 72–77.

Wlazło Ł., Nowakowicz-DeRbek B.Z., Ossowski M., 
Stasińska-Ban B., Kułazynski M. (2020): Estimation of am-
monia emissions from a dairy farm using a computer 
program. Carbon Management, 11: 195–201.

Wood D.J., Heyst B.J. (2016): A review of ammonia and 
particulate matter control strategies for poultry housing. 
Transactions of the ASABE, 59: 329–344.

Yan Z., Wei X., Yuan Y., Li Z., Li D., Liu X., Gao L. (2016): 
Deodorization of pig manure using lignin peroxidase with 
different electron acceptors. Journal of the Air & Waste 
Management Association, 66: 420–428.

Yoon S.U., Chong S.M., Lee J.H. (2021): A study on the de-
velopment of livestock odor (ammonia) monitoring system 
using ICT (information and communication technology). 
Agriculture, 12: 46.

Zhao Y.,  Aarnink A .,  De Jong M., Ogink N.W.M., 
Groot  Koerkamp P.W.G. (2011): Effectiveness of multi-
stage scrubbers in reducing emissions of air pollut-
ants from pig houses. Transactions of the ASABE, 54: 
285–293.

Received: July 4, 2024
Accepted: October 31, 2024

Published online: December 3, 2024 


	_Hlk170933452
	_GoBack

