




ABSTRACT
Nitrogen (N) is converted into different types of product during the nitrogen cycle, which is one of the most important processes conducted in the biosphere. However, ammonia (NH3), one of the intermediate products, is poisonous to the environment, animal and human health. Therefore, NH3 emissions have been considered a public health issue for long time. Atmospheric ammonia is detected increasing in major agricultural areas in the world, especially in animal husbandry. When working in those animal husbandry areas, the animal feeding operators are exposed to higher concentration of NH3 than workers who do not work in such places; therefore, are facing higher risk of ammonia-related diseases (most of which are respiratory diseases). Several solutions might be used to reduce NH3 exposure. Increasing O2 concentration in the intestine, manipulating microbiome groups in the guts, using crude protein (CP) reduced diets with amino acid supplementation, urine-feces segregation, urease inhibitor, NH4+ binding materials, and manure or slurry acidification can lower the HN3 emissions. However, such methods are either not practical, or not cost-effective. At present, a new technique of nanoparticle application, using photocatalytic TiO2 painted on livestock building walls, seems to be the most cost-effective way to reduce indoor NH3 concentrations.
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1.0  Introduction

Nitrogen is the most ubiquitous element in the atmosphere, accounting for 78 percent of the gas. It is also found to be the fourth most abundant element inside cells. However, N2 itself can hardly be used by animals directly. Therefore, the nitrogen cycle, converting the element into different chemical forms during its circulation among ecosystems, is of vital importance to the biosphere. The nitrogen cycle includes stepwise reduction of nitrogen oxides to ammonia salts and oxidation of ammonia to nitrites and nitrates by bacteria and plants on the earth.(Tiso & Schechter, 2015) Bacteria play an essential role in the nitrogen cycle, since they can either convert nitrogen gas (N2) into nitrates and nitrites, also known as “nitrogen fixation,” or transfer organic nitrogen compounds back into ammonia/ammonium ion (NH4+) in the intestine (ammonification). In addition, urease produced by the microbial community in feces catalyzes the urea hydrolysis reaction, a major source of NH3 emission.(Dai & Karring, 2014) From the Atmospheric Infrared Sounder (AIRS), there has been an increasing trend of NH3 concentration in the atmosphere during a recent 14-year period. Moreover, the major agricultural areas in the world, including the European Union (EU), the U.S., India and China, account for the increasing trends. Therefore, we can conclude that farming and husbandry processes are related to ammonia emission directly. 

In the troposphere, NH3 reacts with acids, such as sulfuric (H2SO4) and nitric (HNO3) rapidly and forms fine particulate matter (PM2.5), a form that can be absorbed into the respiratory tract, particularly pulmonary alveoli, during inspiration. Moreover, atmospheric NH3 is one of the key important air pollutants and leads to variety of chronic health conditions, especially respiratory diseases, with long-term exposure. This essay will shed light on how NH3 emission affects animal feeding operators, a group at particular risk from the harmful effects of NH3.
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Figure 1. Ammonia concentration trend and global nitrogen in manure production.
(Top) NH3 concentration trend over the world in AIRS during the recent 14-year period. Red-yellow colors represent increases due to agricultural emission increases and reduced scavenging by acid aerosols. Blue-green colors represent decreases possibly due to reduced agricultural burning and fewer wild fires. (NASA, 2017) (Bottom) Global nitrogen in manure production. Amount of nitrogen in manure produced within the 0.5-degree grid cell. Grid cell values are expressed in kilograms per hectare (kg/ha) from 0 to 370. (SEDAC, 2011)
Figure 1 illustrates a global map of NH3 changing trends during a recent 14-year period (2002-2015). The change of NH3 volume mixing ratio (VMR) is in parts per billion by volume (ppbv) per year at 918 hPa for each 1x1 grid. On the map, it is observed that major agricultural areas in the world, including the EU, the U.S., India and China, were responsible for the highest increase of NH3 concentration compared to other areas. Significantly, the map of global nitrogen in manure production is in accord with the increasing trend of NH3 emission and this is the reason one should pay attention to animal feeding processes when seeking to address NH3 emission issues.
1.1 Ammonia emission from livestock buildings
1.1.1 Cattle sheds

The two chosen cow sheds are both located in Mecklenburg-Vorpommern, in the northeast of Germany. They have similar appearance, both have open doors and open sidewalls, and have approximately same areas as well.  Moreover, they share many common features, such as natural ventilation and similar manure disposal processes; thus, they are comparable. Figure 2 shows the measured concentration of NH3 in milligram per cubic meter (mg/m3) under different weather conditions in cow shed 1 for two selected three-day periods. The NH3 concentration ranged from 1.4-2.6mg/m3 at colder temperature with westerly winds, while the concentration had a peak of 5mg/m3 during warmer days with easterly winds.(Fiedler & Müuller, 2011) The wind speeds were similar in both the two periods, therefore, the differences in NH3 concentration were more likely to be affected by the temperature outside the sheds.
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Figure 2. Hourly averages of NH3, carbon dioxide (CO2) and methane (CH4) concentrations inside cow shed 1.
The concentrations were measured from selected 3-day periods with winds approaching from constant directions. (top) Westerly winds from 260-290⁰ with estimated wind speed of 2 meter per second (m/s) and temperature outside the shed was about 17℃. (bottom) Easterly winds from 80-100⁰ with estimated wind speed of 3m/s and temperature outside the shed was about 22℃. (Fiedler & Müuller, 2011)
1.1.2 Pig sheds

The NH3 emission shows a pattern during the growing period of pigs, which increases with time.(Aarnink, Keen, Metz, Speelman, & Verstegen, 1995) In research conducted by S. Liu, et al, the average NH3 emission rate from a group of swine, fed with standard diets, was 68.9 gram per day per 500 kg live mass (g/d/AU). In addition, the highest emission rate observed for this group was 150g/d/AU.(Liu, Ni, Radcliffe, & Vonderohe, 2017)
1.1.3 Poultry housing
It has been revealed that NH3 concentrations and emissions in poultry housing are usually higher than those in other livestock buildings, such as in cow sheds and pig housing. (Groot Koerkamp et al., 1998) Unlike the cow sheds and the pig houses, the hen factory did not use natural ventilation, but fans instead. In a 1.5-year-long study conducted by O. Alberdi, et al, the researchers found that the NH3 emission had a seasonality effect. The average emission was 144.9 milligram per day per hen (mg/d/hen) and 90.3mg/day/hen in summer and winter, respectively. The average indoor NH3 concentration was 2mg/m3, with a peak of 4.5mg/m3 in summer and a bottom of 0.9mg/m3 in winter. In addition, no difference in the daily range of NH3 emission was found between different seasons. (Alberdi, Arriaga, Calvet, Estellés, & Merino, 2016)
1.1.4 NH3 emission pattern in livestock buildings

All the livestock buildings show a pattern that NH3 emission is related to temperature, age and diets. Moreover, NH3 concentration inside the houses is related to diets, interval of manure clearance, and ventilation system of the livestock buildings. Figure 3 briefly shows the overall process of NH3 emission from animal feeding houses. It is indicated that the major source of NH3 emission is from animal manure, other sources affect the total emission as well. Therefore, any proposed methods of reducing NH3 emission should focus on diets, manure treatment and changing other modifiers.
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Figure 3. Flowchart for estimating NH3 emissions from livestock houses.
DMI: dry matter intake. CPI: crude protein intake.
1.2 Health effects of occupational NH3 exposure to livestock and poultry workers
Ammonia is colorless gas with a heavy pungent odor. It is considered to be a weak base, and is also corrosive. As an important industrial product, NH3 is commonly used in agricultural systems as fertilizer. In the United States, the Environmental Protection Agency (EPA) reported that the largest source of ammonia emissions is from raising and maintaining livestock for producing milk, meat, and eggs. (EPA, 2004) Dairy and beef cattle, swine, and poultry make up 95% of livestock emissions. (EPA, 2015) The occupational exposure limit for NH3 in the U.S. is regulated by the National Institute for Occupational Safety and Health (NIOSH). Although, the Occupational Safety and Health Administration (OSHA) have yet found it necessary to establish an 8-hour TWA limit for NH3, the Agency gives evidence that a 15-minute short-term exposure limit (STEL) of 35ppm can protect against its irritant effects. The irritant effects of NH3 include primarily eyes, nose and upper respiratory tract dysfunction. Both short-term and long-term pulmonary effects of the exposure to high levels of NH3 have been carefully examined but little research on exposures to low levels of NH3 has been done. In addition, little evidence has been collected so far about NH3 concentration in livestock houses higher than the OSHA limit. 
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(Barrasa, Lamosa, Fernandez, & Fernandez, 2012)
 
Animal feeding operators face toxic gases, particles and vapors during work time, which are harmful to their health. First of all, the malodor is one of the predominant concerns. The odor threshold for NH3 has been documented in different studies to range from 0.04 ppm to 57 ppm. Such variation is due to the differences of the nervous system between individuals. OSHA estimates the odor threshold of NH3 to be between 5 ppm and 50 ppm, (NIOSH, 2011) while the American Association of Railroads suggests that most people can smell ammonia between 0.04 ppm to 20 ppm. (OSHA) Although most organizations agree that the majority of people can smell NH3 somewhere around 5ppm, long-time exposure to NH3 tends to elevate the threshold gradually. A strong, positive relationship between odor exposure and odor annoyance from livestock farming was found in a study, indicating that odor might have effects on the psychophysiological condition of animal workers.(Boers et al., 2016) However, further study concerning this topic is required.

K. J. Donham et al conducted two different studies on swine production facility workers and poultry workers, which showed that exposure to 7ppm and 12ppm NH3 were associated with significant decrease in pulmonary functions (an average of 3% decline in Forced Expiratory Volume in the first second, FEV1, value), respectively. 
 ADDIN EN.CITE 

(K. J. Donham, Cumro, Reynolds, & Merchant, 2000; Kelley J. Donham et al., 1995)
 Moreover, in a cross-sectional study conducted by M. Neghab et al, there were 124 male subjects recruited to investigate whether low concentrations of NH3 in their workplace affected their respiratory functions. In this study, they found that workers exposed to high and low levels of NH3, with average concentrations of 1.35 ±4.59 ppm and 0.29 ±0.31 ppm, separately, had significant reversible declines in Vital Capacity (VC), Forced Vital Capacity (FVC) and FEV1 values. (Neghab et al., 2018) Therefore, we can conclude that long-term exposure to low levels of NH3 affects employees in those workplaces. 

Several studies have shown that workers involved in the feeding of animals have a greater number of acute and chronic respiratory ailments than those workers not exposed to NH3 in the workplace.  One study conducted by S. P. Kirychuk et al. showed that the prevalence of current cough and wheeze of poultry workers involved in cage-based operations was higher than those who worked in floor-based sites. It was also reported in a cross-sectional study that such poultry workers had lower mean values for FEV1 or the forced expiratory volume at 1 second.   In addition, these cage-based workers exhibited other markers of small airway disease such as significantly reduced forced expiratory flow at 25-75% of the pulmonary volume (FEF25-75), higher rates of acute and chronic cough and phlegm, and lower FEV1/FVC (forced vital capacity) ratios. (Shelley P Kirychuk et al., 2003) A similar study reported that there was a significant increase in the number of chronic coughs, chronic phlegm, chronic bronchitis, and chest tightness found among poultry workers, along with significantly lower FVC, FEV1 and FEF25-75, when compared with non-poultry workers. (Zuskin et al., 1995) In a cross-sectional study of livestock workers conducted by Mustajbegovic et al., many chronic respiratory symptoms were elevated, especially chronic coughs (27.2%) among men and dyspnea in women (28.3%). Occupational asthma symptoms were observed in 3.6% of the male poultry workers and 1.5% of the female workers. In addition, dry cough (52.2%) and shortness of breath (44.9%) were reported as acute work-related symptoms. 
 ADDIN EN.CITE 

(Mustajbegovic et al., 2001)
 
Although a lot of studies have been done, which indicate that livestock and poultry workers have a higher prevalence of chronic respiratory diseases than non-farmworkers, it has not been fully established whether the higher prevalence is directly related to NH3 emissions. Contrary conclusions have also been reported. In a cross-sectional study, pig farmers with and without chronic respiratory symptoms were recruited to investigate the etiology of the chronic conditions. Exposure to NH3, as well as dust and endotoxins, however, were not related to the symptoms; in fact, the use of disinfectants was identified as being a factor in chronic respiratory health effects. (Preller, Heederik, Boleij, Vogelzang, & Tielen, 1995) Exposure to chloramines (King et al., 2006), organic and mineral dust 
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(Faria, Facchini, Fassa, & Tomasi, 2006)
 and endotoxin 
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(S. P. Kirychuk et al., 2006)
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 are apparently the major etiological factors in chronic respiratory conditions for livestock and poultry workers. In addition, confounding factors such as gender, age, behavior, geography, season, animal age and animal feeding method are related to chronic conditions of farm workers. Thus, future studies are needed to investigate how low concentrations (less than 25 ppm) of NH3 affect the health condition of farm workers and residents, especially any vulnerable subgroups.
2.0  methods
2.1.1 Reducing ammonia production in intestine
Although endogenous ammonia poisoning symptoms in human bodies includes hepatic injury and encephalopathy, it causes muscular but not liver damage in cattle. (Constantin et al, 2007) Some enteric bacteria reduce nitrate to ammonia, with the intermediate product nitrite, during dissimilatory respiration. (Tiso & Schechter, 2015) In nitrification, the nitrifying biomass are divided into two groups, ammonium and nitrite oxidizing bacteria (AOB and NOB), respectively. (Munz, Lubello, & Oleszkiewicz, 2011) The study which G. Munz et al conducted showed that trace fluctuation in oxygen concentration affected AOB decay, and AOB increased up to 0.4 per day for oxygen concentration of 7 mg O2/L. (Munz et al., 2011) Therefore, increasing O2 concentration in the gut will increase AOB, and reduce ammonia production by oxidizing it to nitrite and nitrate. However, there is little study have done about the method. Further field studies are necessary to evaluate the realizability.
Ammonia can also be produced by urea hydrolysis with the help of bacteria urease in the intestine. The predominant microbiome groups which show urease activity are Pr. Mirabilis and Klebsiella. In addition, as the most abundant Gram-negative aerobic bacilli living in the intestine, E.coli have deamination activity. Although reducing such bacteria species can decrease ammonia production sharply, this not a realistic goal.

Changing the diet of animals has been shown to be an efficient method to reduce NH3 excretion. In addition, minimizing nitrogen excretion through dietary modification can be the first line of suppressing NH3 emission from livestock housing. (Satter, Klopfenstein, & Erickson, 2002) A study showed that in non-ruminants (pigs), using a high-fibre diet can reduce NH3 emissions sharply (27.2 g vs. 36.5 g, ~30% decline for the gestating sows; 23.2 g vs. 45.0 g, halved for the fattening pigs) compared to pigs fed a control diet. (Philippe, Laitat, Wavreille, Nicks, & Cabaraux, 2015) Some studies have reported that using supplemental amino acids (methionine, lysine and threonine) enables the reduction of crude protein (CP) from the diets of pigs and can mitigate NH3 emissions from pig manure. The group using amino acid supplementation, along with lower CP, reduced NH3 emission from the manure by 33.0% and 57.2%, respectively, compared to the control group. (Liu et al., 2017) In addition, an average of 8% reduction in N excretion per unit of CP reduction was also found. (Canh et al., 1998) It was concluded that the normal growth rate was maintained while urinary nitrogen and ammonia emission from the slurry of mature pigs was reduced. Similar results were observed in Panetta’s study, which reported that the NH3 emission rate decreased by an average of 2.46 mg/min. (Panetta, Powers, Xin, Kerr, & Stalder, 2006) In ruminants, such as cattle, diet composition can reduce NH3 emission from manure by reducing the urinary excretion of urea as well. Ruminants cannot utilize dietary N as efficient as non-ruminants, generally. As the dietary CP increased from 13.5% to 19.4%, urinary N excretion increased from 23.8% to 36.2% with a linear decline in milk N concentration. 
 ADDIN EN.CITE 

(Colmenero & Broderick, 2006)
 Using methionine in supplementation with a low-CP (128g/kg) diet also decreased the concentration of urinary N in the total excreted N, without affecting milk N excretion and N balance in homeostasis. (Kröber, Külling, Menzi, Sutter, & Kreuzer, 2000) In conclusion, the effects on NH3 emissions through urinary urea excretion are related to dietary CP levels. In other words, limiting dietary CP is important to improve both the quality of the agricultural product and the workplace environment. Moreover, it is an essential step and the easiest way that the government regulate the industry to protect the animal feeding operators.

2.1.2 Reducing ammonia emissions from manure

The NH3 volatilization from manure is mainly influenced by the concentrations of NH3 and its conjugate base, ionized NH4+ in liquids. Therefore, reducing the NH3 emission by reducing the concentrations of volatile N species is a rational method. (Ndegwa, Hristov, Arogo, & Sheffield, 2008) One of the most effective ways to reduce NH3 emission from animal manures is by segregating urine and feces.  Although a 99% reduction in NH3 emissions was observed in laboratory studies utilizing this method, it is not practicable in livestock housing. Since the excretion time of urine and feces are totally random, this kind of segregation will definitely use a lot of manpower, be very expensive, perhaps much higher than the profit of running a farm. However, some easier methods have been evaluated to be efficient. For example, using a washed conveyor belt system to handle the manure from pig barns have been tested to reduce 47% NH3 emission, compared to the emission from conventional pig barns with a pit plug design. (Stewart, Lemay, Barber, Laguë, & Crowe, 2004) Other methods, such as installing a “V” shaped pit floor with a clearing scraper set up underneath the grating floor of swine pens (von Bernuth et al., 2004) and using precast concrete floors with grooves and a dung scraper (Swierstra, Braam, & Smits, 2001), reduced NH3 emission by 50% and 46% in two research studies, respectively. Although all the methods investigated above reduce NH3 emission sharply from livestock housing, the cost of system implementation and system maintenance must be considered at the very beginning.

Urease inhibitors have also been used to reduce NH3 emissions from manure, by blocking urea and uric acid hydrolysis which produces NH3 and carbon dioxide. Among the known urease inhibitors, the most commonly used are phosphorodiamides and phosphorotriamides. (Singh et al., 2009) The urease inhibitors cyclohexylphosphoric triamide (CHPT) and phenyl phosphorodiamidate (PPDA have been shown to successfully control urea hydrolysis when added to cattle and pig slurries. Adding urease inhibitors once a week was shown to be effective in preventing urea hydrolysis. By adding 10, 40 or 100 mg of PPDA per liter of cattle waste (5.6g urea/L) weekly, the urea hydrolysis was reduced by 38%, 48% and 70% over a 28-day time span, respectively. Using the same concentrations of PDDA in swine waste (2.5 g urea/L) decreased urea hydrolysis by 72%, 92%, and 92%, respectively in 28 days. In comparison, the hydrolysis of urea in untreated control groups was complete within one day. (Varel, 1997) A similar study conducted by Parker et al. showed that the urease inhibitor N-(n-butyl) thiophosphoric triamide (NBPT) could reduce NH3 emission from cattle manure as well. was Addition of NBPT every 8 days proved to the most efficient method of decreasing NH3, by 49% to 69% using 1kg NBPT/hectare and 2kg NBPT/hectare, respectively. In addition, the best benefit/cost ratios of 0.48 to 0.60 were found in the 8-day, 1kg NBPT/hectare treatment groups. (Parker et al., 2005)  A similar result was found in poultry manure when the urease inhibitor NBPT was used. (Singh et al., 2009) 

Due to its ion-exchange and adsorption properties, zeolites can be used to control NH4+ (the conjugate acid of NH3, the amount of which is controlled by pH, temperature and ionic strength) content of animal manure. (Mumpton & Fishman, 1977) Laboratory studies were conducted by covering pig slurry with zeolites, and the NH3 emission was reduced by 65%-71%. (Portejoie, Martinez, Guiziou, & Coste, 2003) Another study investigated found that NH3 emissions were reduced as a result of the application of zeolite by 63%, 89%, or 94% compared to the untreated control group, when applied at 2.5%, 5%, or 10% of the poultry manure weight, respectively.  (Hong Li, Xin, & Burns, 2006) A NH3 emission reduction of 33% to 94% was observed by applicating zeolite to poultry manure. (H. Li, Xin, Liang, & Burns, 2008) Sphagnum moss (Sphagnum fuscum peat) was also evaluated for mitigating NH3 emissions in livestock manure. This NH4+ binder reduced NH3 emission by at least 74.6% compared to the control group in liquid hog manure. (Al-Kanani, Akochi, Mackenzie, Alli, & Barrington, 1992) Sphagnum moss floating on swine manure also reduced NH3 emissions by 80%, using a 20 mm depth cover. (F. Barrington & Moreno, 1995) One commercial additive, Alliance®, was determined to reduce NH3 emissions in commercial 100-head grow-finish swine buildings. The average NH3 emission rate per animal unit from the Alliance® treated buildings (96.4g/day/animal unit) was 24% lower than the untreated control groups. However, due to its lack of cost-effectiveness ($3.43/L with only a small reduction in NH3 emissions), this product may not be acceptable by most animal building owners. (Heber et al., 2000) Another study was conducted in broiler housing, which reported that the mean NH3 concentration decreased by 38%, and the total mass of ammonia emitted from those buildings was halved compared to the control group, when using the additive De-Odorase®. (Amon et al., 1997) However, it is important for producers to know that the commercial products must have be verified to be effective and harmless by independent and reputable institutions (such as USDA, NIOSH and CDC) before using them.

Another way to reduce NH3 emissions is by reducing manure pH. Since NH3 is a weak base, it can either combine with acids to form ammonium (NH4+), a less volatile form of ammonia. Moreover, NH3 volatilization is directly proportional to the amount of dissolved NH3 in the total ammoniacal-N (TAN), as shown by Henry’s law. Thus, by lowering the pH of the manure, the equilibrium between NH3 and can be shifted towards NH4+. In other words, lowering the manure pH can reduce NH3 emission effectively. It has been shown that the greatest increase in ammonia release appears between pH 7 and 10 at high temperature. Small quantities of NH3 are released when pH<7, and almost no emission when the pH is 4.5 or below. (Hartung & Phillips, 1994) Figure 5 illustrates the relationship between pH and NH3 fraction at different temperatures. Acidification of cattle slurry with sulfuric acid (H2SO4) to pH 5.5 reduced the ammonia emission by 94% in fresh slurry. (Petersen, Andersen, & Eriksen, 2012) A similar result was observed in another study; acidification of swine slurry mitigated NH3 emission significantly by 49.4% and 92.3% at pH 6.5 and pH 5.5, respectively. (S.-H. Park, Lee, & Kim, 2015) Park et al. also found that the application of acid to the slurry reduced NH3 emissions by 78.1%, compared to non-pH- controlled pig slurry. (S. H. Park, Lee, Jung, & Kim, 2018) Several alternatives for slurry acidification were also studied. Hydrochloric acid was used in one study to acidify cattle slurry to pH 6.5, and a 90% reduction in NH3 volatilization was reported. (Husted, Jensen, & Jørgensen, 1991) Acidification to pH 5.5 with alum decreased NH3 emission by 69% and 87% in pig and dairy slurry, respectively. (Regueiro, Coutinho, & Fangueiro, 2016) Loss of NH3 was reduced by 60% in manure amended with elemental sulphur in poultry slurry. (Mahimairaja, Bolan, Hedley, & Macgregor, 1994) The addition of 20% calcium chloride (CaCl2) to poultry manure also decreased NH3 volatilization. (Kithome, Paul, & Bomke, 1999) Although most of these additives reduce the pH in manure slurries effectively, strong acids are more effective in reducing NH3 emission compared to weak acids. 

2.1.3 Photocatalytic titanium dioxide (TiO2) coating

In recent years, photocatalysis using semiconductors has been successfully in treating environmental pollutions. Semiconductors can form highly reactive species on the surface after absorbing light, leading to the photocatalytic reactions. In addition, chemical/gas sensors based on semiconductor metal oxide are widely employed in environment monitoring in various fields, such as industrial emission, household security and vehicle emission control. (Rane, Kajale, Arbuj, Rane, & Gosavi, 2017) By far, due to its stability, high activity and low price, TiO2 is the most widely used semiconductor in photocatalytic applications. Further, TiO2 thin film surface has been investigated for their ability to act as NH3 sensors as they are sensitive, selective and stabile. (Pawar et al., 2011) (Dey, 2018) Industrial applications also show that TiO2 catalytic paint can be used to transform NH3 into N2, N2O or NO and water. (Chmielarz & Jabłońska, 2015) Thus, in the recent decade, some studies have been done to determine if nanoparticle applications in husbandry processes can reduce NH3 emissions from livestock and poultry housing.

One study reported that, a transparent and odorless TiO2 liquid solution painted on walls inside pig rooms reduced the NH3 concentration sharply. A coating amount of 70g/m2 was used for a total surface of 150m2 in the treated room.  During the study, the average temperature inside the room was 24.5℃, and the average ammonia concentration in the TiO2 coated room was reduced by the treatment by 30.5% (average concentrations of 7.78 ppm and 5.41 ppm in control room and coated room, respectively). (Guarino, Costa, & Porro, 2008) Similar study was conducted by A. Coata et al. inside a TiO2 coated swine weaning room. The experimental room was partially coated (70g/m2 of a 260m2 surface) and irradiated with 10 UV-A lamps. However, the NH3 concentrations were similar in the reference and experimental rooms (2.73 ppm and 2.76 ppm, respectively). (Costa, Chiarello, Selli, & Guarino, 2012) Although the two studies showed different results in reducing NH3 concentrations inside the swine rooms, other indoor pollutants, such as methane (CH4), CO2 and PM10, were reported significantly lower inside the experimental rooms. The emissions of the pollutants from livestock housing were reduced as well. The cost of the TiO2 treatment including labor was estimated as $143 per room per year of application, or $3.5 per kg NH3 reduction per sow. Therefore, the novel technique of employing the TiO2 nanomaterial approach in husbandry processes is of great potential for its ease of maintenance, implementation and the extraordinarily low-cost. (Guarino et al., 2008) However, the effects of TiO2 nanoparticles on human health have not been fully investigated and further studies of this technique are needed.

3.0  conclusions
Nitrogen cycle is one of the most important chemical and biological processes in the biosphere. As one of the intermediate products, NH3 is widely used as an industrial product but adversly effects the environment, animal and human health. In the troposphere, NH3 reacts with acids rapidly and can form PM2.5, which can obstruct the respiratory track and lead to chronic diseases after long-term exposure. In the atmosphere, NH3 is a major air pollutant. The global NH3 concentration is increasing due to agricultural activities, especially livestock agriculture. 95% of livestock NH3 emissions are from dairy and beef cattle, swine, and poultry housing. In addition, animal feeding workers are reported to have greater prevalence of current and chronic respiratory diseases than other sub-groups. Therefore, NH3 seems to be one factor that affects the health of animal feeding operators. Thus, reducing NH3 emission inside livestock and poultry housing is the main focus of this study. Although temperature, season, the age of an animal can affect NH3 emission, these factors are not easily manipulated. Further work on the following possible methods of reducing NH3 emissions might be useful.
Firstly, increasing O2 concentration in the intestine can increase ammonium oxidizing bacteria and thus reduce NH3 emission from animals. However, this method has not been fully investigated. Further studies concerning O2 concentration in the gut and the effects on the microbiome should be conducted. Secondly, manipulating the bacteria species, such as reducing the number of Gram-negative aerobic bacilli in the gut is not really practicable. Dietary manipulation, however, can be the first and the easiest step to reduce NH3 emission effectively. In previous studies, at least 30% reduction of NH3 emission was found when giving the low-CP diets with supplementation. 

Although segregating urine and feces seems to be the most effective way to reduce NH3 emission (almost 99% reduction), its high initial cost, plus difficulty of implementation and maintenance, are the main problems. Other methods to deal with manure or manure slurry, such as application of urease inhibitors and NH4+ binding materials, are reported to be useful, but both the high amounts needed for effectiveness and the high frequency of application will definitely lead to high cost.

Manure acidification is another way to reduce NH3 emission. It is concluded that strong acids are more effective than weak acids in reducing NH3 emission, however, using acids is still not a cost-effective method.

Using photocatalytic TiO2 coating is a new method which has been studied in recent years. Unlike other methods, it is an eco-friendly and cost-effective way to reduce the indoor NH3 concentration. In addition, it can reduce other greenhouse gases and PM10 concentrations as well. The main problem with this method, however, is that the effects of nanoparticles on human health are far from well-known. Therefore, further studies of this novel technique are required.
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