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INTRODUCTION 
 
As an intensive and large-scale pig production system 

has progressed for economic reason, the confinement of pig 
houses, of which aerial environment is more controllable, 
has greatly expanded in recent years. Because a confined 
structure is designed to house as many pigs as possible in a 
limited space, their excretions and feed residuals can 
accumulate indoor, resulting in generation of particulates 
and gases which are hazardous to workers and animals 
(Clark et al., 1983; Arnink et al., 1999). Particulates 
suspended in aerial space of a pig house include dust and 
airborne microorganisms (Carpenter et al., 1986; Henschler, 
1990). Airborne microorganisms, which are adsorbed on 
dust smaller than 5 µm (PM5) in diameter, are inhaled by 
respiration, and deposited in the respiratory tract or the lung 
of worker and animals. It may cause the respiratory 
disorders such as pneumonia, asthma, bronchitis and rhinitis 
(Donham et al., 1986; Bruce and Sommer, 1987; Crook et 
al., 1991; Olson and Bark, 1996).  

Generation of gases released in a confined pig house 
originates from anaerobic degradation of pig manure stored 
in the pit below the floor, respiration of pig, and operation 
of ventilation system (Chang et al., 2001). Of the major 
gaseous compounds from a pig house, methane (CH4) and 
carbon dioxide (CO2) do not cause a risk to workers and 
pigs in terms of exposure limit (Verstegen et al., 1976; 

Noblet et al., 1989). On the other hand, ammonia (NH3) and 
hydrogen sulfide (H2S) have toxic impact on workers and 
pigs, and bring about environmental nuisance as odorous 
compounds emitted from a pig house (Nordstrom and 
McQuitty, 1976; Coleman et al., 1991). Odor detection 
threshold of ammonia is 5-50 ppm. It can irritate mucous 
surfaces at 100-500 ppm causing severe eye irritation. At 
2,000-3,000 ppm, it also causes coughing and frothing at 
the mouth with possible fatalities, and is fatal at 10,000 
ppm and higher (Bruce, 1981). Stombaugh et al. (1969) 
showed ammonia was related with reduced appetite, 
convulsion, and irregular breathing of pigs.  

Hydrogen sulfide has odor threshold of 0.01-0.7 ppm. 
One can get irritation in his eyes and respiratory tract, if 
exposed to H2S of 50-100 ppm for an hour. Exposure to 150 
ppm H2S for 8-48 h can cause fatal effect. Finally, rapid 
death can be resulted in from the exposure to 700-2,000 
ppm H2S (Bruce, 1981). Robertson and Galbraith (1971) 
reported that pigs experienced the loss of appetite and 
photophobia after they were exposed to 20 ppm H2S and 
vomiting and diarrhea with 50-200 ppm H2S.  

As mentioned above, optimal control of aerial pollutants 
such as dust, airborne bacteria, ammonia, hydrogen sulfide 
and odor concentration in a confined pig houses could be an 
effective management to prevent respiratory disease and 
health problems in workers and pigs. So far, however, 
studies for aerial environment in a confinement have 
focused on proper control of indoor temperature and 
relative humidity through the operation of a mechanical 
ventilation system; mainly in terms of modulating basic 
indoor condition. Only a few studies measured levels of 
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aerial environment factors emitted from a confined pig 
house (Bundy and Hazen, 1975; Curtis et al., 1975; Elliott 
et al., 1976; Seedorf et al., 1998; Takai et al., 1998). 
However these studies did not clearly show the origin of air 
pollutants and the dust distribution over space with air flow. 
To properly manage the indoor air quality in the 
confinement, the fundamental researches, which examine 
the relationship between air pollutants (i.e., dust, odor, gas, 
airborne bacteria) and thermal environment factors (e.g., 
temperature, and relative humidity) in the confinement, are 
desirable.  

Thus, in this study the degree of statistical correlation 
beween generation of air pollutants and thermal 
environment factors, i.e., temperature and relative humidity 
in a confined pig house in winter was evaluated. 

 
MATERIALS AND METHODS 

 
Experimental design  

The experiments were performed in a confined pig 
house, located at the Colligate Livestock Research Station, 
Seoul National University. The experiments were carried 
out for 60 days in January and February 2002, and the 
samples of air pollutants were taken every four days.   

The confined growing-finishing pig house in this study 
was 20 m long, 12 m wide and 3 m high. It and has two 
rows, each of which contains ten pens in both sides from 
central alley with the concrete solid floor. Ten crossbred 
(Landrace×Yorkshire×Duroc) growing-finishing pigs with 
mean weight of 45 kg were housed randomly in the pens. 

The pigs were fed by an automatic feeder and provided 
drinking water with nipples attached on a fence of the pen. 
During the entire experimental period, one infrared lamp of 
620 W was installed in each pen to keep the pen warm in 
early growth phase of the growing pigs. The outside fresh 
air of winter was taken into through the slot inlet on the end 
wall of the house and warmed up when it traveled through 
the attic space and drawn into the both sides along the side 
wall of the house. The air flow was directed along the 
ceiling by the baffle hinged on the sidewall and controlled 
by the winch cables. The air was removed by the four 
exhaust fans each of which has maximum capacity of 8,360 
m3/h. They were installed on the one side of the wall, 
operated continuously at the minimum flow rate to mainly 
control moisture and airborne particulates in the 
confinement, as recommended by MWPS-8 (1988).  

 
Analysis and sampling method  

Air samples were collected using an air sampler (No. 
800519, Gilian) to quantify ammonia, hydrogen sulfide, 
total dust, and total airborne bacteria. The sampling was 
performed at three different location of the confinement (i.e., 
at the center and both sides of the house). Sampling height 
was 0.3 m high from the floor. Air samples were collected 
at the flow rate of 1.5-2 L/min except for total airborne 
bacteria. Air sample for bacteria was collected at 12.5 
L/min. Air sampling time for air pollutants is given in Table 
2. Measurements of temperature, relative humidity and odor 
concentration were made at the same sampling sites three 
times a day; morning (8:00-9:00 am), afternoon (2:00-3:00 

Table 1. The construction materials and their characteristics of the confined growing/finishing pig house 
Location Composition 
Roof material Urethane 100 mm coated w/both sides of steel sheet 0.8 mm 
Outside wall Styrofoam 100 mm coated w/both sides of steel plate 0.8 mm  
Inside wall (upper) Styrofoam 50 mm coated w/both sides of steel plate 0.8 mm  
Inside wall (lower) Concrete 200 mm 
Ceiling Styrofoam 50 mmw/both sides of steel plate 0.8 mm  
Characteristics Specification 
Pit depth (cm) 45-60 
Pit capacity (m3) 80.4 
Floor material Concrete  
Fan type Sirocco fan 

- capacity of 8,360 m3/h at maximum 
R value (m2 C/W)   
- Roof/wall 19.8/12.8 

Table 2. Measurement specifications of the thermal environment factors and air pollutants  
Parameters Measurement instrument  Sampling time Measurement method 
Temperature 6,242, Kanomax - - 
Relative humidity SK-110TRH, Sato - - 
Odor concentration Odor sensor (XP-329, Cosmos) - - 
Ammonia (NH3) Ion Chromatography (761 Compact IC, Metrohm) 30 min. NIOSH (1994) 
Hydrogen sulfide (H2S) Ion Chromatography (761 Compact IC, Metrohm) 30 min. NIOSH (1994) 
Total dust - 1 h NIOSH (1994) 
Total airborne bacteria - 15-30 min. Thorne et al. (1992) 
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pm), and evening (8:00-9:00 pm). The measurement time 
bands were carefully determined to avoid disturbances (i.e., 
particulates emitted by feeding) and to relate pig activity 
with time in a day. Table 2 shows the method, device and 
sampling time, used for analysis of environmental factors in 
the confinement.  

 
Statistical analysis  

SAS software (1996) was used to evaluate correlation 
between different parameters in this study.  

 
RESULTS AND DISCUSSIONS 

 
Fluctuations of air pollutants in the confined pig house 
with time bands in winter  

Figure 1 shows the profiles of air pollutant 
concentrations in January and February, 2002. Mean 
concentrations of the 16 measurements in air pollutants 
were 1.04 (±0.39) mg/m3 in the morning (8:00-9:00 am), 
2.53 (±1.02) mg/m3 in the afternoon (2:00-3:00 pm) and 
1.83 (±0.64) mg/m3 in the evening (8:00-9:00 pm).  The 
mean counting numbers of total airborne bacteria were 
104.58 (±100.17) CFU/m3, 105.65 (±100.70) CFU/m3 and 105.02 

(±100.38) CFU/m3 in the morning, afternoon, and evening, 
respectively. The concentrations of ammonia and hydrogen 
sulfide were, respectively, 9.14 (±0.94) ppm and 22.86 
(±1.48) ppb in the morning, 12.59 (±1.83) ppm and 42.20 
(±4.62) ppb in the afternoon, and 11.84 (±0.87) ppm and 
36.75 (±2.83) ppb in the evening.  The mean odor 
concentrations were 182.84 (±18.67), 244.10 (±29.23), and 
216.00 (±20.29), respectively. 

In general, levels of all the air pollutants (i.e., total dust, 
total airborne bacteria, ammonia, hydrogen sulfide and odor 
concentration) in the confined pig house were at the peak in 
the afternoon (2:00-3:00 pm), subsequently followed by the 
evening (8:00-9:00 pm) and morning (8:00-9:00 am). It 
may be attributed to increased activities of pigs at warm 
inside temperature in the afternoon. That is, airborne 
particulates, which were originated from feces and residual 
feeds and deposited in dry state on the floor, were dispersed 
into aerial space by frequent movement of the pigs. Similar 
results were also obtained in the others’ works (Pederson, 
1993; van’t Klooster et al., 1993; Gustafsson, 1994).  

Because on dusts released into the aerial space in the 
confinement the gaseous compounds and airborne 
microorganisms can be easily adsorbed on (Straubel, 1981; 
Janni et al., 1984; Hartung, 1986; Hinz and Krause, 1988), 
the elevated concentration of air pollutants during the day 
time is reasonable. Dry feces and residual feeds adhered to 
pigs’ skin during their activities may also contribute to 
increase of the dust and odor in a confined pig house. It was 
observed that most pigs lay down and did not move actively 

in the morning. Activities of pigs also withered as indoor 
temperature declined rapidly in the evening. This fact 
demonstrates the pig activity relates to the surrounding 
temperature, so does the concentration of dusts and odor. 
When this study was carried out, any human activity was 
not allowed to eliminate its effect on the generation of air 
pollutants in the confined pig house.  

Compared with the previous studies (Bundy and Hazen, 
1975; Curtis et al., 1975; Elliott et al., 1976; Seedorf et al., 
1998; Takai et al., 1998), the concentrations of air pollutants 
presented in this study were higher, on the whole. This is 
mainly because, first, the confined pig house was not 
cleaned up for the entire experiment period, so the net 
concentration of indoor air pollutants accumulated with 
time although ventilation was provided; the ventilation rate 
was minimal. Second, the ventilation system was operated 
at the same rate during the sampling periods (i.e., 8:00-9:00 
am, 2:00-3:00 pm and 8:00-9:00 pm) in order to eliminate 
the effect of ventilation rate on the behavior of air pollutant 
levels in the confined pig house. As a result, the measured 
concentrations of the air pollutants in this study were higher, 
especially in the afternoon, than conventional confined pig 
houses ventilation rates of which are carefully controlled to 
maintain the optimal indoor temperature.  

 
Fluctuations of the thermal environmental factors 
(temperature and relative humidity) in the confined pig 
house 

Figure 2 and 3 show the concentration profiles of air 
pollutants (i.e., total dust, total airborne bacteria, ammonia, 
hydrogen sulfide, odor concentration) with regard to indoor 
temperature and relative humidity in the confinement, 
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Figure 1. Fluctuation of air pollutants (total dust, total 
bacteria, NH3, H2S, Odor) in the confined pig house at time (
8:00-9:00 am, 2:00-3:00 pm,  8:00-9:00 pm)
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respectively. During the experimental period, the indoor 
temperature ranged from 10°C to 20°C, generally 
complying with the range of 15°C-21°C; optimal level of 
indoor temperature, suggested by MWPS (1998). In general, 
the indoor temperature showed positive correlation with the 
concentration of pollutants. Correlation coefficient (R) of 
indoor temperature with total dust was 0.69; with airborne 
bacteria 0.61; with ammonia 0.57; with hydrogen sulfide 
0.36; with odor concentration 0.62. Total dust was highly 
correlated with indoor temperature, while hydrogen sulfide 
less. Indoor relative humidity varied from 65% to 90% 
during the experimental period and was a little higher, 
compared to optimal range for pigs. Trends of correlation 
between indoor relative humidity and air pollutants were 
generally negative. The correlation coefficient (R) of indoor 
relative humidity was -0.52 with the total dust, -0.30 with 

total airborne bacteria, -0.44 with ammonia, -0.25 with 
hydrogen sulfide and -0.43 with the odor concentration. 
This indicated that value of correlation coefficient of indoor 
relative humidity was the highest with total dust and the 
lowest with hydrogen sulfide. It seems to attribute to high 
water vapor concentration which may adsorb the dust 
particles and H2S compounds in the confinement although 
their adsorption rates may differ.  

 
Correlation between air pollutants and thermal 
environment factors (temperature and relative 
humidity) in the confined pig house  

Table 3 shows the degree of correlation between air 
pollutants and temperature and between the former and 
relative humidity in the confined pig house. It was proven 
that correlations between total dust and total bacteria, total 
dust and ammonia, total dust and odor concentration, total 
dust and relative humidity, temperature and total bacteria, 

Figure 2. Relationship of air pollutants (total dust, total bacteria,
NH3, H2S, odor) with temperature in the confined pig house. 

Figure 3. Relationship of air pollutants (total dust, total
bacteria, NH3, H2S, Odor) with relative humidity in the confined 
pig house; 50-70%, recommended by MWPS (1998). 
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temperature and ammonia, temperature and odor 
concentration, and odor concentration and ammonia were 
statistically significant (p<0.05). Correlation between total 
dust and temperature was statistically very significant 
(p<0.01). As a result of statistical test, the significant level 
of total dust for other air pollutants was relatively high, 
which may be caused by:  

When indoor environmental condition is maintained at 
higher temperature and lower relative humidity, pigs are 
more active, feedstuff left in feeder and manure deposited 
on the floor drier. It may generate more dust in the confined 
pig house. Dust particles suspended into the aerial space 
easily adsorb airborne microbes, gaseous and odorous 
compounds which are originated from manure deposited on 
the floor and stored in the pit underneath the floor. They are 
easily dispersed in the confinement or settle on the floor 
(Straubel, 1981; Janni et al., 1984; Hartung, 1986; Hinz and 
Krause, 1988). In short, increase in dust generation causes 
odor and airborne microbes to increase.  

Odorous compounds adsorbed on dust are transferred to 
mucous membrane in the nose of worker and raise the level 
of nuisance by odor. Airborne microorganisms, also, are 
adsorbed on the dust smaller than 5 µm in diameter, inhaled 
by respiration, and deposited in the respiratory tract or the 
lung of workers and pigs. This induces the respiratory 
disorders such as pneumonia, asthma, bronchitis, and 
rhinitis (Donham et al., 1986; Bruce and Sommer, 1987; 
Crook et al., 1991; Olson and Bark, 1996). Therefore, dusts 
generated in a confined pig house should be controlled in 
order to effectively reduce odor concentration and risk of 
infection with the respiratory disease for workers and pigs. 
Further studies related to livestock environment are needed 
to conduct not only for well-being of livestock but also for 
preventing the respiratory disease and to lessen the level of 
nuisance caused by odor.  

Based on the statistical analyses, hydrogen sulfide was 
not significantly correlated to other factors. Generally it 
tends to be adsorbed rather on dust but has a specific 
gravity heavier than air, and is deposited easily. It is 
reported to represent high concentration mainly on the 
surface of manure stored in the pit under the floor (Shurson 
et al., 1997). Considering this molecular characteristics of 
hydrogen sulfide, therefore, the experimental results appear 

not to explain accurate concentration of hydrogen sulfide 
emitted from the confined pig house due to sampling on the 
site 30 cm away from the floor. On the other hand, this 
statistical analyses illustrates that adsorptive capacity of 
dust with hydrogen sulfide is lower than that with ammonia. 

 
CONCLUSION 

 
The level of emissions of air pollutants in the confined 

pig house was observed higher at 2:00-3:00 pm, followed 
by those at 8:00-9:00 pm and 8:00-9:00 am. Total dust was 
proved to have a statistically significant correlation with 
other factors (p<0.05) and especially very significant 
correlation with temperature (p<0.01). This implicates that 
dust is a carrier of air pollutants originated from the 
confined pig house. It was analysed that adsorptive capacity 
of dust on ammonia and hydrogen sulfide, principal 
odorous compounds emitted from the confined pig house, is 
higher in ammonia than hydrogen sulfide.  
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