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Abstract

:

A field survey was conducted to quantify indoor exposure levels and emission rates of airborne microorganisms generated from domestic poultry buildings. There were three types of poultry buildings (caged layer house, broiler house, and layer house with manure belt), classified by the mode of manure treatment and ventilation, investigated in this study. Nine sites for each poultry building were selected and visited for measuring the exposure level and emission rate of airborne microorganisms. The total number of airborne bacteria and fungi among the airborne microorganisms were analysed based on the incubation method. Their emission rates were estimated by dividing the emission amount, which was calculated through multiplying indoor concentration (cfu/m3) by ventilation rate (m3/h), into the indoor area (m2) and the number of poultries reared in the poultry building. The mean exposure levels of the total airborne bacteria and fungi in the poultry building were 7.92 (SD: 2.66) log (cfu m−3) and 4.92 (SD: 1.79) log (cfu m−3), respectively. Emission rates of airborne microorganisms in poultry buildings were estimated to be 0.263 (±0.088) log (cfu hen−1h−1) and 0.839 (±0.371) log (cfu m−2h−1) for total airborne bacteria, and 0.066 (±0.031) log (cfu hen−1h−1) and 0.617 (±0.235) log (cfu m−2h−1) for total airborne fungi. The distribution patterns of the total airborne bacteria and fungi were similar regardless of poultry building type. Among poultry buildings, the broiler house showed the highest exposure level and emission rate of total airborne bacteria and fungi, followed by the layer house with manure belt and the caged layer house (p < 0.05). The finding that the broiler house showed the highest exposure level and emission rate of airborne microorganisms could be attributed to sawdust, which can be dispersed into the air by the movement of the poultry when it is utilized as bedding material. Thus, a work environmental management solution for optimally reducing airborne microorganism exposure is necessary for the broiler house.
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1. Introduction


As a result of the global increase in demand for poultry food products, poultry production has changed dramatically in many industrialised and emerging countries over the past 50 years [1]. This trend is moving away from small traditional farms towards industrialised and specialised livestock facilities with increasing numbers of animals and high stock densities [2,3]. Furthermore, public anxiety is intensifying more than ever due to consumer distrust concerning the safety of poultry foodstuffs and the possibility of airborne infections being transmitted to humans.



Suspended microbes, such as airborne bacteria and fungi, are adsorbed into fine dust and reach the alveoli of chickens or workers through respiration, causing respiratory diseases such as pneumonia, asthma, bronchitis, and rhinitis [4,5]. Previous studies have reported that the concentrations of airborne biological contaminants in poultry houses is relatively higher than those of other indoor spaces, such as general industry and public buildings [6,7,8].



It is difficult to apply existing foreign data to the concentration and emission data of airborne microorganisms in poultry houses of South Korea due to differences in climate conditions and topography, various types of house operations, and the application of different measurement and analysis methods among countries [9,10,11,12,13,14,15,16,17,18,19,20,21]. Furthermore, emission factors related to airborne microorganisms also differ considerably depending on the animal species, the type of keeping, and as a result of different sampling conditions, collection methods, and methods for the determination of the concentrations [22,23,24,25]. Thus, fundamental information reflecting the various environmental conditions unique to South Korea is urgently required.



An objective of this study was to provide basic research data for the recommendation of a disease prevention plan for domestic farmers, exposed to airborne biological contaminants while breeding poultry, by evaluating the indoor concentrations and emission levels of airborne bacteria and fungi generated from poultry houses situated in South Korea.




2. Materials and Methods


2.1. Subject


The poultry houses of South Korea can be classified into three types, the caged layer house, the broiler house, and the layer house with faeces conveyor belts, based on the breeding purpose (i.e., meat or egg production), the manure treatment system, and the ventilation mode. The caged layer house, which keeps chickens within a limited space, is used for egg production. The broiler house is a cage in the form of a plastic house, where chickens are reared on the floor covered with bedding material, such as sawdust or chaff, for the purpose of producing meat. The layer house with a faeces conveyor belt is a modern house for producing eggs, which removes excreted manure by belt transport.



The investigation sites were randomly selected based on the operation type of the poultry houses, which were situated in nine provinces nationwide: Gyeonggi, Gangwon, Chungbuk, Chungnam, Kyungbuk, Gyeongnam, Jeonbuk, Jeonnam, and Jeju. The field survey was conducted in the spring (March to May), summer (June to August), autumn (September to November), and winter (December to February) of 2017 to reflect the seasonal conditions of South Korea. The site was visited for each poultry house. Table 1 presents the basic information of the poultry houses investigated in this study.




2.2. Measurement


The concentrations of airborne microorganisms in a poultry house were measured based on area sampling by setting a sampling point of 1 m above the centre of each site, and five replicates were taken at each poultry house. The air sampling was performed only during the daytime and the measurement time was between 2:00 and 3:00 p.m. The air samples were collected for 1 min using a one-stage viable particulate cascade impactor (Model 10-800, Andersen Inc, Bayport, MN, USA) set at a flow rate of 28.3 litres per minute. After sterilizing the inside of the cascade impactor with 70% alcohol prior to air sampling, a Trypticase soy agar (TSA) media, with 500 mg of cycloheximide to suppress fungal growth, and a malt extract agar (MEA) media, with 100 mg of chloramphenicol to suppress bacterial growth, were applied for incubating airborne bacteria and fungi, respectively. After air sampling, the culture medium plates were sealed with parafilm to prevent microbial contamination and immediately transported to the microbiology laboratory at 0–4 °C in an ice box. The TSA plates were kept in an incubator adjusted at 37.8 °C for 1–2 days. The MEA plates were incubated at room temperature for between 3 and 5 days. The counts for the air sample plates were corrected for multiple impaction using the positive hole conversion method [26] and they were reported in colony forming units per cubic metre of sampled air (cfu m−3).




2.3. Estimation of Emission Factor


The emissions of total airborne bacteria and fungi were calculated by multiplying their mean indoor concentrations, which were measured 1 m above the centre of the floor of the poultry building, by the mean ventilation rate. The air flow rate was measured by multiplying the area of all the exhaust fans by an average air flow velocity, in the case of a forced ventilation system, and was estimated by applying the thermal equilibrium method based on the temperature difference between inside and outside the poultry building, in the case of natural ventilation system. The total housing area of each poultry building and the total weight of the chickens were determined to estimate the emission factors. The area was measured with a tapeline or by the responsible farmer in cases where measurement was not allowed due to concerns about the spread of pathogenic airborne infection. It was impossible to measure the total weight of the chickens, thus, we estimated the total weight after setting 1.5 kg as the weight of one chicken and after receiving the breeding data from the responsible farmer. The reason for setting the weight of one chicken to 1.5 kg was based on the standard value suggested in the animal unit (AU) concept. On the basis of this information, the emission factors of total airborne bacteria and fungi were estimated by the unit heads (No.) and the unit area (m2). The calculation applied here is the same as Formula (1) and (2).



Enclosed poultry building with forced ventilation system:


Emission amount (log(cfu) h−1) = Indoor concentration (log(cfu) m−3) × ventilation rate (m3 h−1)

Emission factor (log(cfu) m−2h−1 or log(cfu) head−1h−1) = Emission amount (log(cfu) h−1) ÷ Area (m2) or Head (No.)



(1)







Open poultry building with natural ventilation system:


Emission amount (log(cfu) h−1) = Indoor concentration (log(cfu) m−3) × Air transfer rate (m h−1) × Area (m2)

Emission factor (log(cfu) m−2h−1 or log(cfu) head−1h−1) = Emission amount (log(cfu) h−1) ÷ Area (m2) or Head (No.)



(2)




where Air transfer rate (m h−1) = 1.44 × 10−4 m/sec: based on mass transfer theory by Cussler [27].




2.4. Data analysis


The geometric mean (GM), geometric standard deviation (GSD), and range were calculated after performing normal distribution verification on the field measurement data. The ANOVA and Duncan’s multiple comparative analysis, using the SAS package program, demonstrated the statistical differences in indoor concentrations and emission factors of airborne bacteria and fungi according to the type of poultry building.





3. Results and Discussion


3.1. Indoor Concentration Distribution Pattern of Airborne Bacteria and Fungi


As indicated in Figure 1, the indoor concentrations of airborne bacteria and fungi by poultry building type were shown as a logarithmic normal distribution and are represented as the geometric mean and geometric standard deviation. In the case of total airborne bacteria, the mean level for the caged layer house, broiler house, and layer house with manure belt were 7.56 (GSD: 2.08) log(cfu) m−3, 8.26 (GSD: 3.01) log (cfu) m−3, and 7.93 (GSD: 2.89) log(cfu) m−3, respectively. Meanwhile, the mean levels of airborne fungi were 4.09 (GSD: 2.03 log(cfu) m−3 for the caged layer house, 5.56 (GSD:1.73) log(cfu) m−3 for the broiler house, and 5.12 (GSD:1.61) log(cfu) m−3 for the layer house with manure belt. Regardless of the type of poultry building, the mean concentrations of airborne bacteria and fungi were determined to be 7.92 (GSD: 2.66) log(cfu) m−3 and 4.92 (GSD: 1.79) log(cfu) m−3, respectively. The concentration distribution pattern of total airborne bacteria and fungi was similar, and those levels were shown in the following order: broiler house > layer house with manure belt > caged layer house (p < 0.05). The indoor concentration of airborne bacteria and fungi in the broiler house building type was relatively high compared to the other poultry building types because the broilers are raised by laying sawdust on the floor. Thus, the particles generated from the sawdust used as bedding material and the dried manure, which contains microorganisms, were scattered in the air during the chickens’ movements.



The previous foreign data [9,10,11,12,13,14,15,16,17,18,19,20,21] on the field concentrations of total airborne bacteria and fungi among biological contaminants in poultry buildings are as follows. The mean concentrations of airborne bacteria and fungi in poultry houses were approximated to be 7 × 105 CFU/m3 and 6 × 103 CFU/m3, respectively. The range is relatively high, likely as a result of the different housing types. The mean concentrations of total bacteria were slightly higher in laying hens, at 1 × 106 CFU/m3, as compared to broilers, at 6 × 105 CFU/m3. In contrast, the mean mould concentrations were slightly higher in broilers, at 1 × 104 CFU/m3, compared with laying hens, at 3 × 103 CFU/m3. Based on the foreign literature review, the majority of the poultry buildings surveyed were of the broiler house type and, of particular note, was the fact that all the previous studies were performed in Germany and the USA. Furthermore, the variation in measured data among the researchers was found to be quite large, a trend that was similar in this study. This is presumed to be the result of the different indoor and outdoor environmental conditions at the time of the field measurements, the structure of the poultry building and chicken breeding density, and the measuring equipment used to collect airborne microorganisms.




3.2. Distribution Pattern of Emission Factor of Airborne Bacteria and Fungi


Figure 2 shows the mean emission factor of airborne bacteria and fungi by type of poultry building. In the case of total airborne bacteria, the mean emission factor for the caged layer house, the broiler house, and the layer house with manure belt were 0.189 (±0.069) log(cfu) hen−1h−1 and 0.727 (±0.388) log(cfu) m−2h−1, 0.386 (±0.116) log(cfu) hen−1h−1 and 1.026 (±0.408) log(cfu) m−2h−1, and 7.93(GSD:2.89) log (cfu) m−3, respectively. The mean emission factors of airborne fungi were 0.052 (±0.027) log(cfu) hen−1h−1 and 0.504 (±0.189) log(cfu) m−2h−1 for caged layer houses, 0.084 (±0.039) log(cfu) hen−1h−1 and 0.726 (±0.214) log(cfu) m−2h−1 for broiler houses, and 0.061 (±0.026) log(cfu) hen−1h−1 and 0.620 (±0.301) log(cfu) m−2h−1 for layer houses with manure belt. The mean emission factors, regardless of the type of poultry building, were 0.263 (±0.088) log(cfu) hen−1h−1 and 0.839 (±0.371) log(cfu) m−2h−1 for airborne bacteria and 0.066 (±0.031) log(cfu) hen−1h−1 and 0.617 (±0.235) log(cfu) m−2h−1 for airborne fungi. Based on the results obtained from this study, the distribution pattern of the emission factor for total airborne bacteria and fungi was similar, and the level of emission factor was shown in the following order: broiler house > layer house with manure belt > caged layer house (p < 0.05). This difference in the emission factor by type of poultry building would be the variation in the concentration level of airborne microorganisms and the ventilation rates applied to the poultry building at the time of measurement.



According to the previous data relating to emission factors of airborne bacteria and fungi for poultry houses, their ranges were 1 × 103–5.9 × 106 CFU/LU×s and 2 × 101–5.6 × 104 CFU/LU×s, respectively [22,23,24,25]. The livestock unit (LU) for the standardisation of measurement values and various air sampling equipment, such as impinger, filter, and impactor, were applied to this data. Therefore, the objective comparative evaluation of emission factors of total airborne bacteria and fungi in South Korean poultry houses, which were estimated in this study, is difficult, at present, due to the application of different emission factor units and the utilization of different air sampling collectors.




3.3. Limitations of This Study


It is necessary to interpret this measurement data by considering that the representative concentration is assumed for the concentration measured at one point in each poultry building, and that both the forced and natural ventilation systems are assumed to have equal ventilation effects in all the poultry buildings.



Likewise, the Andersen sampler used for this investigation has some limitations. First, the sampling time of 1 min is not really representative. Second, it should be mentioned that, with the Andersen sampler, only the number of particles carrying microorganisms can be determined and not all microorganisms in the respective particle size fraction. Regardless of the total number of cultivatable bacteria on an impacted particle, only one macroscopically visible colony on the nutrient agar per such particle is determined. This is especially problematic in poultry houses where particles containing thousands of single bacteria were found, which greatly underestimates the real concentrations in comparison to sampling in a liquid, e.g., by impingement or wet cyclone.





4. Conclusions


The distribution patterns of total airborne bacteria and fungi were similar regardless of poultry building type. Among poultry buildings, the broiler house showed the highest exposure level and emission rate of total airborne bacteria and fungi, followed by layer house with manure belt, and caged layer house. That the broiler house showed the highest exposure level and emission rate of airborne microorganism can be attributed to sawdust, which is utilized as bedding material and can be dispersed into the air by the movement of the chickens. Thus, based on the finding that the bedding materials, such as sawdust and rice-hull contaminated with faeces, is kicked up by chicken movement, thereby re-aerosolising the bacteria and fungi, the pertinent work environmental management solution for reducing airborne microorganism exposure should, optimally, be devised according to the characteristics of the poultry house.
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Figure 1. Mean concentration of total airborne microorganisms in poultry buildings. 
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Figure 2. Mean emission rates of total airborne microorganisms in poultry buildings. 
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Table 1. Poultry house information surveyed in this study.
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No.

	
Workplace Type

	
Manure Treatment

	
Ventilation

	
Poultry Type

	
Area

(m2)

	
No. of

Poultry

	
No. of

Workers




	
Mode

	
Mean Rate

(m3/h)






	
1

	
Caged layer house

	
Scraper

	
Forced ventilation

	
0.84

	
Layer

	
253

	
5060

	
2




	
2

	

	

	

	
1.26

	

	
287

	
5244

	
2




	
3

	

	

	

	
1.09

	

	
239

	
5167

	
2




	
4

	

	

	

	
0.77

	

	
246

	
4934

	
3




	
5

	

	

	

	
1.57

	

	
267

	
5528

	
2




	
6

	

	

	

	
1.08

	

	
292

	
6420

	
2




	
7

	

	

	

	
1.43

	

	
276

	
6517

	
2




	
8

	

	

	

	
1.68

	

	
271

	
6923

	
3




	
9

	

	

	

	
1.21

	

	
284

	
6389

	
2




	
1

	
Broiler house

	
Bedding material

	
Natural ventilation

	
1.34

	
Broiler

	
125

	
2503

	
1




	
2

	

	

	

	
0.78

	

	
107

	
2428

	
1




	
3

	

	

	

	
0.91

	

	
132

	
2598

	
1




	
4

	

	

	

	
1.16

	

	
148

	
2706

	
2




	
5

	

	

	

	
1.19

	

	
153

	
2643

	
1




	
6

	

	

	

	
1.43

	

	
161

	
2832

	
2




	
7

	

	

	

	
0.86

	

	
171

	
2734

	
2




	
8

	

	

	

	
1.37

	

	
113

	
2528

	
1




	
9

	

	

	

	
1.92

	

	
128

	
2637

	
1




	
1

	
Layer house with manure belt

	
Manure conveyor belt

	
Forced and natural

ventilation

	
0.51

	
Layer

	
274

	
5853

	
2




	
2

	

	

	

	
1.24

	

	
261

	
5921

	
3




	
3

	

	

	

	
0.73

	

	
243

	
5506

	
3




	
4

	

	

	

	
1.06

	

	
288

	
6238

	
3




	
5

	

	

	

	
0.69

	

	
251

	
5846

	
2




	
6

	

	

	

	
1.31

	

	
264

	
6108

	
2




	
7

	

	

	

	
0.89

	

	
237

	
5347

	
3




	
8

	

	

	

	
1.35

	

	
273

	
6784

	
2




	
9

	

	

	

	
1.07

	

	
231

	
5724

	
2
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