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ABSTRACT 
 
The concentration of airborne bacteria, airborne Escherichia coli and airborne enterococcus in 
indoor air and downwind air at the distance of 10m, 50m, 100m, 200m, 400m and 600m of the 
farm were detected in order to find the influence to its ambience, using the Andersen-6 stages 
sampler and RCS sampler in five large chicken farms. The results showed that the culturable 
airborne bacteria concentration in indoor air of chicken house is 3.80×105�2.57×106CFU/m3 air, 
which is higher than that in downwind air at the distance of 10m, 50m, 100m, 200m, 400m and 
600m of the farm. The concentration of airborne Escherichia coli is 0�2.36×102 CFU/m3air in 
indoor air of the farm. In the same way, we have detected the concentration of culturable airborne 
enterococcus in indoor air is far higher than that in the downwind air outside of the farm. We have 
not detected airborne Escherichia coli and airborne Enterococcus in the distance of 400m even 
faraway outside of the downwind air. The airborne microbe concentration of all groups between 
the indoor air and in the air of the neighbourhood 10m, 50m, 100m, 200m, 400m and 600m from 
the house exhibited statistical significance or highly statistical significance (P<0.05 or P<0.01). 
No statistical significance between 10m, 50m, 100m 200m, 400m or 600m was observed. The 
results indicated that the microbiological aerosols in the chicken houses were relatively higher and 
were transmitted through the atmosphere to stable surroundings and over quite considerable 
distance (>100 m), especially the downwind air of the farm. 
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1. INTRODUCTION 
 
With the rapid development of stockbreeding, it has provided more livestock product for human 
being, and made huge contribution to resolving the problem of food and nourishment of 
population. And the modern agricultural methods have changed the way animals are raised 
(Donham, K. J., et al., 1977, 1982; Olson, D. K., et al., 1996; Steven M. Wolinsky, 2006). To 
increase production with minimum labor, chickens have been fed in confinement buildings, which 
are mainly enclosed structures densely stocked with chickens. A mechanical ventilation system 
and a system for handling animal wastes are usually set up to maintain the health status of 
chickens indoors.  

However, the intensive livestock farming pollutes the environment of livestock farming itself, 
and affects the level of livestock farming. In the meantime, it pollutes the environment around, 
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and affects the living environment and living quality, restricts the positive and continuance 
development of stockbreeding. Microorganisms and their components or products, resulting from 
chickens dander, fecal matter, and feed materials, are easily accumulated and aerosolized in such 
densely populated and enclosed buildings (C. W. CHANG, et al., 2001). Due to exposure, chicken 
workers may experience upper respiratory irritation, chronic bronchitis, organic dust toxic 
syndrome, or other respiratory symptoms (Hagmar-L, et al. 1990; Wiegand-B, et al. 1993; 
Zucker-BA, Muller-W, 2000; Dennis Normile, 2004; Steven M. Wolinsky, 2006). 

The kind and concentration of the microbiological aerosols is the indicative of the sanitations 
in animal house (Dutkiewicz-J, et al., 1994; Zucker-BA, S Trojan, et al., 2000; Zucker-BA, 
Muller-W, 2000; Kaliste-E, et al., 2002). The aim of this study was to detect the airborne bacteria, 
including the concentration of airborne aerobic bacteria and airborne Escherichia coli. and 
airborne enterococcus with Andersen-6 stages sampler and RCS in five chicken farms and their 
surroundings. We have detected the concentration of airborne bacteria, airborne Escherichia coli. 
and airborne enterococcus in the indoor air and the downwind air at the distance of 10m, 50m, 
100m, 200m, 400m and 600m of the farm in order to find the influence to surroundings of the 
indoor airborne microorganisms. 
 

 
2. MATERIALS AND METHODS 

 
2.1 Animal houses studied 

Air samples were collected during normal work periods in all poultry houses. Animal disturbance 
during sampling was strictly avoided. Five poultry houses were studied in this experiment. A 
description of these animal houses is given in table 1. 
 
Table 1. Description of five poultry houses studied 

Inside Outside 
 N Layout 

T(℃) RH(%) WS(m/s) T(℃) RH(%) WS(m/s) 
1 6000 Floor unit 26 40 0 21 50 1.0–3.0 
2 2200 Cage unit 26 34 0 29 50 1.0–3.1 
3 3000 Cage unit 31 44 0 35 36 1.5–3.0 
4 3500 Cage unit 31 60 0 32 75 0–1.5 
5 4500 Cage unit 30 70 0 31 65 0–2.0 

Note: N=Number of poultry; T=Temperature; RH=Relative Humidity; WS=Wind Speed; 
 

2.2 Airborne aerobic bacteria, Escherichia coli and Enterococcus 

Six-stage Andersen samplers (Andersen, 1958) and RCS (Reuter Centrifugal Sampler, Biotest, 
Frankfurt) were used to collect airborne E. coli in animal houses and its surroundings (upwind 
10m, 50m and downwind 10m, 50m, 100m, 200m, 400m). The samplers were located near the 
middle of the stable about 1.0m above the ground. The rate of airflow of Anderson sampler and 
RCS is 28.3L min–1 and 40L min–1 respectively. The samplers were equipped with MacConkey 
Agar No.3 (OXOID. LTD., BasingStoke, Hampshire, England) and 5% sheep blood agar and 
operated for 1 to 10 min according to the sanitation condition. The exposed agar plates were 
incubated at 37° C for 48 h. Bacteria were identified by Gram staining and then by using the API 
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system (Bio Merieux, Marcy-I’Etoile, France).Then the number of grown colonies were counted 
and the positive hole correction (Andersen, 1958) was applied. 
Furthermore the concentration of airborne aerobic bacteria was determined outside of the poultry 
houses as described above. The samples were taken windward at a distance of 10m, 50m and 
leeward at a distance of 10m, 50m, 100m, 200m, 400m from the animal houses. 
 
 

3. RESULTS 
 
Table 2 shows that the total number of aerobic bacteria in the poultry houses was in the range of 
3.80×105�2.57×106CFU/m3air; E. coli was in the range of 0~236CFU/m3air; Enterococcus was 
0�1131CFU/m3 air. 

The total number of aerobic bacteria of upwind 10m and 50m from the poultry houses floated 
in the range of 480 to 7080CFU/m3air; E. coli floated in range of 0 to 27CFU/m3air; Enterococcus 
was 0�80CFU/m3 air. 

The total number of aerobic bacteria of downwind 10m to 400m from the poultry houses was 
in the range of 684 to 1.17×106CFU/m3air; E. coli was 0�80CFU/m3air; Enterococcus was 
0�240CFU/m3 air. 

The concentration and difference of airborne bacteria between the hen house and different 
distance in its neighborhood of 10, 50 and 100m were significant or highly significant (p<0.05 or 
p<0.01), while those in the neighborhood between 10, 50 and 100m showed no statistical 
significance (p>0.05). 
 
Table 2. Concentrations of airborne aerobic bacteria, Escherichia coli and Enterococcus in indoor 
air and outdoor air of the 5 poultry houses (CFU/m3 air). (n=5) 

Airborne aerobic bacteria Airborne Escherichia coli Airborne Enterococcus Poultry house Max. Min. Median Max. Min. Median Max. Min. Median 
Upwind 50m 2534 510 1786 7 0 1 0 0 0 
Upwind 10m 3640 480 2184 11 0 2 0 0 0 
Indoor 216466 37951 89952 134 0 37 1131 0 230 
Downwind 10m 21760 2800 13952 49 0 12 71 0 14 
Downwind 50m 7560 1867 4297 24 0 6 0 0 0 
Downwind 100m 4400 1216 2263 11 0 3 0 0 0 
Downwind 200m 4302 894 1865 3 0 1 0 0 0 

1 

Downwind 400m 3876 684 1708 0 0 0 0 0 0 
Upwind 50m 1236 482 843 0 0 0 0 0 0 
Upwind 10m 1344 520 1030 0 0 0 0 0 0 
Indoor 82580 48975 80018 59 0 13 142 0 26 
Downwind 10m 29920 10320 17733 35 0 8 20 0 4 
Downwind 50m 6560 4880 5587 12 0 2 10 0 3 
Downwind 100m 6760 3160 4730 0 0 0 10 0 3 
Downwind 200m 2453 1220 1994 0 0 0 10 0 2 

2 

Downwind 400m 1480 720 1118 0 0 0 0 0 0 
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Table 2. Continuation 

Airborne aerobic bacteria Airborne Escherichia coli Airborne Enterococcus Poultry house Max. Min. Median Max. Min. Median Max. Min. Median 
Upwind 50m 1896 583 1023 0 0 0 0 0 0 
Upwind 10m 2451 826 1894 0 0 0 0 0 0 
Indoor 182862 110530 143173 71 0 14 671 0 143 
Downwind 10m 28646 7654 22760 12 0 3 35 0 7 
Downwind 50m 7560 3864 5684 0 0 0 0 0 0 
Downwind 100m 6760 3160 3750 0 0 0 80 0 16 
Downwind 200m 2556 1234 2994 0 0 0 0 0 0 

3 

Downwind 400m 2480 976 2019 0 0 0 0 0 0 
Upwind 50m 5760 890 3248 10 0 2 0 0 0 
Upwind 10m 7080 3100 5027 27 0 7 80 0 16 
Indoor 257279 84488 148919 236 0 63 424 0 87 
Downwind 10m 29040 23440 26688 80 0 24 80 0 16 
Downwind 50m 8400 3920 5888 40 0 16 10 0 3 
Downwind 100m 11560 6880 9632 10 0 2 0 0 0 
Downwind 200m 10246 5810 8764 10 0 2 0 0 0 

4 

Downwind 400m 4123 2947 3278 0 0 0 0 0 0 
Upwind 50m 2480 1520 2080 0 0 0 0 0 0 
Upwind 10m 2982 1630 2458 0 0 0 0 0 0 
Indoor 192721 158021 170389 35 0 9 495 0 108 
Downwind 10m 24480 5680 14293 18 0 5 240 0 48 
Downwind 50m 7840 2840 5800 0 0 0 0 0 0 
Downwind 100m 116960 91120 100747 0 0 0 144 0 31 
Downwind 200m 43520 25387 32338 0 0 0 10 0 2 

5 

Downwind 400m 5120 3547 4276 0 0 0 0 0 0 
 
 

4. DISCUSSION 
 
It is well known that there are many types and strains of E. coli, a few of which are potentially 
pathogenic. Various strains may cause illness by a variety of infective and toxin-producing 
mechanisms. In poultry, E. coli can cause many diseases such as septicemia, swollen head 
syndrome, omphalitis, cellulitis, yolk-sack infection and respiratory tract infections (Sojka and 
Carnaghan, 1961; Morley and Thomson, 1984; Randall et al., 1984; Dho-Moulin and Fairbrother, 
1999). The resulting morbidity and mortality have led to serious economic losses to the poultry 
industry (Gross, 1994). And it can cause many diseases to human beings, such as 
hemolyticuremic syndrome (HUS), haemorrhagic colitis (HC), neonatal meningitis and bloody 
diarrhea (Marjut Eklund, et al., 2001; Norval J.C. et al., 2005; S.K. Manna, et al., 2006; Marilda 
C. Vidotto, et al., 2007). In addition, Enterococcus is a kind of common bacteria in the air of 
animal house environment too(Cormier Y, et al., 1990; Crook B, et al., 1991; Predicala BZ, et al., 
2002). And Enterococcus, particularly some of the species including E. faecalis and E. faecium, is 
indigenous flora in the human bowel and has emerged as one of the leading causes of nosocomial 
bacteremias, urinary tract infections, central nervous system destroy, and wound infections 
(Uttley et al., 1998; Satoshi Takahashi, et al., 1999; Gambarotto et al., 2000; Soltani et al., 2000; 
NNIS 2001; É.J. Kaszanyitzky, et al., 2007). 
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In this study, the concentration of aerobes, E. coli and Enterococcus in indoor air of poultry 
houses was much higher than it’s ambient. In the open-air there was only a small amount of E. 
coli and Enterococcus normally (Yu, xihua and Fx. Che, 1997). Therefore, microorganism in the 
air of the neighborhood of the hen house came from the indoor air of the poultry house. It can be 
concluded that the concentration of the bacteria aerosols in the hen house was slightly higher than 
normal. So, such a high concentration of bacteria particles in the indoor air means that the animals 
must have had some diseases, were in recessive infection or were germ carriers. Animals breeding 
in high density will lead to building a quicker channel exchanging of pathogen bacteria within 
animals, and the pathogenicity of the bacteria will be raised (Melhorn and Chai, 2000).This 
suggested that the microbiological aerosols in the chicken house could be transmitted through the 
atmosphere to stable surroundings over quite considerable distance and could cause environment 
pollution as well as spread of epidemics. And the presence of high concentrations of airborne 
culturable bacteria and potentially allergic might pose health risks for workers (C. W. CHANG, et 
al., 2001). So, poultry house should be set up outside 400 meters away from resident at least. 
These results can provide important reference for the officers and farm keeper. 

Although there is no statistical data which can prove the fact that there is some inherent 
correlation between the concentration and the incidence of the disease, from many studies we 
infer that the high concentration of the airborne microorganism can burden the immune system of 
the animals, make them grow slowly and reduce their economic value. Chai (1998) concluded that 
the concentration in the cowshed with straw should not exceed 104CFU/m3 and in the hen house 
should not exceed 104 CFU/m3, though there is no unitive criterion about the concentration of the 
airborne particles in the hen environments. In the present study, the concentration of the aerobes 
in indoor air, upwind air and downwind air of poultry houses were 
3.80×105�2.57×106CFU/m3air, 480 to 7080CFU/m3air and 684 to 1.17×106CFU/m3air 
respectively, which are very higher than that in the normal plain (Yu and Che, 1997). So the 
hygienic condition of the poultry house should be improved. 
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