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Summary 
 

The aim of this study was the quantification of ammonia concentrations in the air of 
pig houses and its comparison with the threshold limit value recommended for our country. 
The significance of the interactions between ammonia concentrations, temperature, relative 
humidity and air velocity was also determined. The study was ruled in January 2009 in a pig 
breeding and fattening farm, in four types of pig houses (pregnant sows, maternity, weaners, 
fattening). The obtained results were statistically processed. The ammonia concentration 
was elevated in all of the pig houses; the highest mean value was recorded in the fattening 
category’s house (104.56 ppm) and the lowest (38.33 ppm) in the house of the weaned pigs. 
Statistically, extremely significant differences were observed (p < 0.0001) regarding the 
ammonia concentrations, between the pig houses. Among the investigated physical 
parameters, the relative humidity exceeded the recommended values in all of the house 
types, and the airflow velocity had mildly elevated values, excepting the weaned pigs’ house. 
Statistically significant correlations were demonstrated (p< 0.05) between the indoor 
temperature and ammonia and the relative humidity and ammonia in all of the investigated 
house types, with a single exception (the maternity house). The airborne ammonia 
concentration was raised in all of the investigated pig houses, exceeding the admitted 
threshold value 1.46 - 4.02 times. Among the studied physical microclimatic factors the air’s 
temperature and humidity influences the ammonia concentration in the air of the pig houses.  
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Ammonia is one major gaseous compound in the air of pig buildings 
capable of reducing daily weight gains and feed utilization (14). Ammonia is a 
highly hydrophilic base and has irritant properties which can injure the respiratory 
tract (19) and the eyes of animals and humans (9). In pig houses ammonia is an 
important co-factor in the genesis of atrophic rhinitis (11) or enzootic 
bronchopneumonia (1). Beyond these clear pathological findings, ammonia is also 
associated with antisocial behaviour, for instance cannibalism (2). Animal 
behaviour studies have also shown that pigs, if given the choice, prefer ammonia-
free sites (18). As a consequence, more food was consumed in an unpolluted 
environment. Therefore, ammonia-free air in livestock buildings could have both 
economic and animal welfare benefits. Inhaling large concentration of ammonia, 
emitted by the conversions within swine excreta, may lead to health problems in 
both animal and humans. In a study of 28 swine farms in Sweden, the incidence of 
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arthritis, porcine stress syndrome lesions, and abscesses was positively correlated 
with levels of aerial ammonia in the facilities (5).  

Due to its negative effects which can appear at certain values, the 
ammonia concentration in the air of the animal barns should not exceed the 
recommended maximal limit value. For ammonia the most common recommended 
threshold is 20 ppm (3), although other recommendations are 15 ppm (19). In our 
country, the admitted concentration of ammonia in the air of animal buildings is of a 
maximal 26 ppm. 

The aim of the present study was the measurement of ammonia 
concentrations in the buildings intended for pig growing and fattening. The 
observed data were then compared with recommended limit values. The 
significance of interactions between ammonia concentrations and temperature, 
relative humidity and airflow velocity was also determined. 

 
Materials and methods 

 
The study was accomplished in a pig growing-finishing farm in Satu-Mare 

county, with an approximate capacity of 30,000 heads. The breeding technology in 
the farm is intensive, respecting almost entirely the „everithing full – everything 
empty” principle. The farm is structured on breeding and exploitation divisions and 
the additional auxiliary buildings. The swine breeds used in the farm are the Big 
White sows, gilts from Hungary obtained as F1 between Big White and Landrace 
breeds and terminal HUNGAHIB 39 boars (Hamphshire and Pietrain) and Landrace 
boars, respectively. The pig houses dimmensions vary greatly, depending on their 
destinations. The facilities for the collection and evacuation of the semi-fluid 
manure comprise the flooring – grating, buffering pits and processing area. In all of 
the pig house types organised natural ventilation is used (inlet ports, outlet vents), 
and in the weaned pig house this facility type is improved also with mechanical 
ventilation. The house of the pregnant sows is divided in two compartments with 
collective stalls, 25 heads/stall. The maternity house is divided in four 
compartments, each compartment comprise individual farrowing stalls.  The house 
for weaners is divided in six compatments, with collective stalls. The house for pig 
fattening is divided in four compartments, each of it comprising two rows of 
centrally disposed stalls, six stalls per row, the alleyway being laterally disposed.  

The determinations were made in one compartment of each pig house type 
(pregnant sows, maternity, weaners, fattening) which, regarding the technological 
conditions, presented average microclimatic conditions for the house category in 
which it was situated. The measurements were made in three different places in 
each compartment, at 10 days intervals, in January 2009. Ammonia concentration 
was determined by air sampling with Dräger – Multiwarn II (Dräger Safety, 
Germany) device. Air temperature, relative humidity and air flow velocity in the pig 
houses were determined simultaneously, using a Testo 400 – GmbH & Co device.  
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The obtained data were statistically processed with the SPSS version 17 
software. The descriptive statistical indicators were calculated (mean, standard 
deviation) for the measured parameters and the correlation coefficient (Pearson r) 
between ammonia concentration and relative humidity; air temperature and air flow 
velocity were also calculated. In order to compare values, the Student’s t-test was 
used.  

 
Results and discussions 

 
The determinations’ results for the four types of pig houses are shown in 

table 1. The ammonia concentration was elevated in all of the pig houses, the 
highest mean value being recorded in the barn of the fattening pig category (104.56 
ppm) and the lowest (38.33 ppm) in the weaned pigs’ house. This house was the 
only one provided with mechanical ventilation system. Despite of this, even here, 
the ammonia concentration exceeded the maximal admitted value with 12 ppm. In 
the other three pig houses (pregnant sows, maternity, fattening) the aerial ammonia 
concentrations exceeded the threshold values 2.42 - 4.02 times. Several 
researchers concluded that barn ventilation significantly impacts NH3 concentration 
(10). Certainly, other factors (temperature, pH, moisture and nitrogen content of 
manure and the housing factors) act upon the ammonia concentration in the air of 
the barns. In the investigated pig houses the ammonia concentrations varied, the 
differences between barns being statistically extremely significant (p < 0.0001) 
(Table 2).  

Table 1 
Mean and standard deviation for ammonia concentration and physical 

microclimatic parameters in pig houses 

Ammonia (ppm) 
(n= 9) 

Temperature 
(°C) 

(n= 9) 

Relative humidity 
(%) 

(n= 9) 

Airflow velocity 
(m/s) 
(n= 9) 

Parameter 
 
 
House Mean SD Mean SD Mean SD Mean SD 
House 1 85.00  * 6.04 18.98 0.42 92.22 3.80 0.48 0.05 
House 2 63.44  * 4.12 22.36 0.54 90.77 3.52 0.40 0.03 
House 3 38.33  * 3.16 22.98 0.29 83.88 2.57 0.37 0.03 
House 4 104.56 * 10.12 15.51 0.38 89.11 4.07 0.53 0.04 

*=significant differences among houses, p< 0.05 
SD = standard deviation 
n = number of measurements 

                                                                                      Table 2 
The t-test for ammonia concentration 
 n t p 

House 1 - House 2 
House 2 - House 3 
House 3 - House 4 

9 
9 
9 

  8.83 
14.49 
18.72 

< 0.0001 
<  0.0001 
<  0.0001 

 n =number of measurements 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLIII (2), 2010 TIMIŞOARA 
 

 323  

Comparing with the literature data, the ammonia values obtained in our 
study are much higher. Seedorf et al. (17) in their study found in pig buildings 
(sows, weaners, fattening) mean ammonia concentrations between 9±1 and 15±9 
ppm. Koerkamp et al. (15) conducted an extensive study of ammonia emissions 
from swine housing facilities. They investigated both indoor ammonia levels and 
with simultaneous measurements of building ventilation rates, reported the 
resulting emission rate. Generally, ammonia concentrations varied between 5 and 
18 ppm. Demmers et al. (4) investigated the exhausted concentrations and 
emission rates of ammonia from mechanically ventilated swine buildings. They 
reported ammonia concentrations in a swine finishing houses between 12 and 30 
mg NH3/m

3. Zhu et al. (20) studied the daily variations in ammonia emissions from 
various mechanically and naturally ventilated swine housing systems. For a 
mechanically ventilated swine gestation facility they measured internal ammonia 
concentrations between 9 and 15 ppm; for a mechanically ventilated farrowing 
facility they measured internal ammonia concentrations between 3 and 5 ppm; for a 
mechanically ventilated nursery facility they measured internal ammonia 
concentrations between 2 and 5 ppm; for a mechanically ventilated finishing facility 
they measured internal ammonia concentrations between 4 and 8 ppm and for a 
naturally ventilated finishing facility with pit exhaust fans they measured internal 
ammonia concentrations between 7 and 15 ppm. Ammonia concentrations in pig 
buildings in Minnesota were less than 30 ppm, averaging only 10-15 ppm (13). 
Field studies carried out in houses for growing-finishing pigs in the northern part of 
Sweden when outside temperature varied between -18 and -1°C showed that the 
ammonia concentration ranged between 10 and 45 ppm at 1.5 m above the floor. 
In farrowing houses the concentration ranged between 5 and 25 ppm. Significantly 
higher concentrations were observed at the level of manure surfaces (10). Ni et al. 
(16) observed that the average daily mean NH3 concentration at a mechanically-
ventilated swine barn was 5.6±0.41 ppm and ranged from 2.8 to 10.6 ppm. Herber 
et al. (12) showed that the daily mean NH3 concentrations ranged from 1.2 to 37 
ppm and averaged 17 and 14 ppm in pig barns. The same authors demonstrated 
also that the NH3 level was influenced by ventilation, as the highest concentrations 
were observed in January and the lowest were observed in July. We determined 
the ammonia concentration only in January, when it is assumed that its level is the 
highest.  
 The determined mean values for the physical parameters of the 
microclimate in the four pig houses (Table 1) showed mean temperatures adequate 
to the housed category, excepting the fattening pigs. The relative humidity was 
higher than the recommended value, in all of the housing types, and the air flow 
velocity, excepting the weaned pigs’ house, recorded mildly elevated values.  

Ammonia production and its release are generally influenced by 
temperature and moisture. These assumptions are confirmed by the significant 
correlation between indoor temperature and ammonia and relative humidity and 
ammonia, in all types of the investigated pig houses, with a single exception (Table 
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3). In the maternity building it could not be demonstrated the correlation between 
the ammonia concentration and relative humidity. Seedorf et al. (17) in their study 
demonstrated these correlations in poultry houses, and in swine they showed only 
the correlation between the ammonia concentration and the air’s humidity. 
Although several researches showed that air flow velocity also influences the 
ammonia level in the air, we could not demonstrate this fact.  

Table 3  
The correlation of ammonial concentration with the temperature and 

relative humidity of the air in pigs houses 

 
Correlation n Correlation 

coefficient (r) 
95% confidence 

interval r squared 

House 1 
NH3 - T 

NH3 - RH 

 
9 

 
 0.85*** 
0.97** 

 
0.44 to 0.96 
0.87 to 0.99 

 
0.73 
0.94 

House 2 
NH3 - T 

NH3 - RH 

 
9 

 
0.84* 

   0.41 ns 

 
0.40 to 0.96 
-0.33 to 0.84 

 
0.71 
0.17 

House 3 
NH3 - T 

NH3 - RH 

 
9 

 
 0.88** 
0.69* 

 
0.51 to 0.97 
0.06 to 0.93 

 
0.77 
0.48 

House 4 
NH3 - T 

NH3 - RH 

 
9 

 
   0.97*** 

       0.69* 

 
0.85 to 0.99 
0.05 to 0.92 

 
0.94 
0.48 

*** = p < 0.0001 considered extremely significant, ** = p< 0.001 considered very significant, 
* = p< 0.05 considered significant, ns = not significant 
n = number of measurements. 

 
The elevated ammonia concentration in the air of pig houses, especially in 

the weaned pigs’ buildings, negatively affects their growth, health and welfare. In 
the same time, it represents a risk factor for the human employees’ health. A series 
of experiments at the University of Illinois measured the effects of various levels of 
aerial ammonia on weaners. The rate of gain of weaners was reduced by 12% 
during exposure to aerial ammonia at 50 ppm, but no lesions were observed in the 
respiratory system. At both 100 and 150 ppm aerial ammonia, rate of gain was 
reduced by 30% and tracheal epithelium and nasal turbinates showed lesions 
consistent with a tissue irritant (6). Aerial ammonia at 50 and 75 ppm reduced the 
ability of healthy young pigs to clear bacteria from their lungs. At 50 and 100 ppm, 
aerial ammonia exacerbated nasal turbinate lesions in young pigs infected with 
Bordetella bronchiseptica, but did not add to the infection-induced reduction in the 
pig’s growth rate (7). In another study, 100 ppm aerial ammonia reduced the rate of 
gain by 32%; while effects of 100 ppm ammonia and concurrent ascarid infection 
were additive to where the rate of gain was reduced by 61% (8). In a study of 28 
swine farms in Sweden, a higher incidence of arthritis, porcine stress syndrome 
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lesions, and abscesses had a positive correlation with levels of aerial ammonia in 
the facilities (5). It has recently been recommended that the maximum long-term 
ammonia exposure limit for swine should be less than 20 ppm as both pathological 
data (11) and immunological data (19) suggest that exposure to ammonia 
concentrations of 10 to 15 ppm reduce resistance to infection. British workers 
utilized operant conditioning techniques giving pigs the choice between ambient 
ammonia levels of 0, 10, 20, and 40 ppm to demonstrate that pigs have an 
aversion to atmospheres containing even relatively low levels of ammonia. The 
maximal admitted value for airborne ammonia concentration in our country (26 
ppm) is higher than it is recommended in other countries. 

 
Conclusions 

 
The ammonia concentration in the air of all the investigated pig houses 

was elevated, exceeding the maximal admitted value 1.46 - 4.02 times. Among the 
studied microclimatic physical factors the air’s temperature and relative humidity 
influences the ammonia concentrations in the air of pig houses. 
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