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Abstract 

Ambient air quality is one of the important factors for human being and animals in livestock building which must 
be taken consideration meticulously. Manure of animal has many organic compounds that may be decomposed at 
different climatic condition. Mineralization period may be affected by environmental conditions. This study has 
been carried out to determine climatic parameters (temperature, relative humidity) concentration of harmful gases 
(NH3, CH4, H2S) occurring in barn and O2 level. They have been measured in freestall dairy houses in autumn 
season (16-30 November) of 2007 in Konya-Turkey where little data is currently available. The air quality 
parameters have been measured by using data logger and multi-gas monitor during 15 days for freestall dairy 
housing. In this study, hydrogen sulphide and methane emission values have been measured between 0 and 0.17 
ppm/h and between % 0 and % 3.5, respectively. Because most dangerous gas is H2S and CH4 in livestock 
buildings, then NH3 follows. Ammonia emission level has been between 0.6 and 3.2 ppm/h in experimental 
periods. Oxygen level has not been at critical level for livestock buildings and sometimes changed about 1%. As a 
result, the effects of harmful gases occurring in barns on animal health and air quality of environment have been 
endeavored to determine. However, we tried to investigate effect of air quality parameters on dairy cattle and 
people that work in barn, and environmental pollution.  
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1. Introduction 

Agriculture is a major source of gaseous 
emissions contributing to air pollution and climate 
change. This sector represented 96% of the total 
French ammonia (NH3) emissions, 78% of the nitrous 
oxide (N2O) emissions and 70% of the methane (CH4) 
emissions in 2004 (CITEPA, 2005a,b). Atmospheric 
ammonia emissions are responsible for several adverse 
effects on natural habitats in Europe (Grennfelt and 
Hultberg 1986, Bobbink et al. 1998). Livestock 
production is deemed to be the greatest contributor of 
anthropogenic ammonia emissions in Europe and 
Canada (ECETOC 1994, Kurvits and Marta 1998). 
However, very few field measurements have been done 
in Turkey. Several large-scale studies measuring 
ammonia, methane, hydrogen sulphide emission rates 
and oxygen level from dairy livestock buildings have 
been conducted in the other country (Europe and in the 
United States of America), where climate, ventilation 
method or livestock management practices usually 
differ from those in Turkey.  

Livestock animals typically use less than 30% of 
the nitrogen they ingest, which leaves 50–80% to be 
excreted in urine and 20–30% in feces. Urea is the 
source of 97% of all nitrogen contained in urine 
(McCrory and Hobbs 2001). Transformation of urea 
into ammonium ions is dictated by ureic activity, 
where urease enzymes contained in feces can readily 
decompose the urea in urine. Therefore, limiting 
contact between feces and urine should limit ammonia 
emission rates. Furthermore, ureic activity increases 
exponentially with increasing temperature. Ureic 
activity is also negligible at temperatures below 10 °C 
(Rotz 2004). This can occur rapidly during short-term 
manure storage in dairy buildings, with complete 
conversion of urea into ammonium within a few hours. 
The following environmental and manure physico-
chemical parameters affect ammonia volatilization 
rates from livestock production infrastructures: 
Temperature and speed of air just over the manure 
surface (Kroodsma et al. 1993, Ni 1999). Furthermore, 
very few studies indicated the procedures used to 
evaluate the accuracy of building ventilation flow rate 
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measurements or gaseous ammonia concentration 
measurements in livestock buildings. Yet, no 
standardized procedures exist for these matters in 
agricultural air quality studies (Aneja et al. 2007).  

Environmental pollution is an important issue that 
threatens human life. Chemical composition of air in 
the media of production and growing of animal food 
indirectly affects human health as well as air quality in 
the media people lives directly affects their life. 
Harmful gases raised in livestock building adversely 
affect animal products and the health of the people 
who work in livestock buildings. Additionally, the 

harmful gases threaten health of animals living in this 
environment, so that animal production reduces. 
Spreading of these gases to surrounding area of 
livestock building indirectly causes environmental 
pollution (Uzal Seyfi and Dursun 2011). 

In this paper, ammonia, methane, hydrogen sulfur 
emission rates level from freestall dairy livestock 
buildings in Turkey and oxygen level, temperature and 
relative humidity value in there are presented. These 
values will serve as a starting point for hazardous gas 
emission inventory for agriculture. 

 

Figure 1. The plan view of freestall dairy housing (m) and air conditions measurement points 
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Indoor air quality in freestall dairy housing in autumn and the effects of gas emission on environmental pollution 
2. Material and methods 

2.1  Housing and Animal 

In this investigation, freestall dairy housing in 
Konya (Turkey) was studied to determine air pollutant 
parameters and effect of environmental condition on 
these parameters in dairy livestock buildings for the 
time period between 16 November and 30 November 
2007. Data of air pollutant and climatic condition 
parameters were collected from the farm with the 
equipment steeled suitable position in farms (Figure 1). 
Air condition measurements were done in resting area 
of the freestall dairy housing. The details of the 
experimental housing plan view and measurement 
devices are shown in Figure 1 for freestall dairy barn. 
Freestall barn had 70 dairy cattle in total of 150. In 
barn facilities, stall width, stall length, feeding length, 
courtyard area stocking density, feed alley width were 
1.15 m, 2.30 m, 0.8 m per cow, 16.40 m2 per cow, 4.40 
m, respectively. 

All animals were fed with a mixture of corn silage 
and grass silage and concentrated feed and hay 
supplemented with concentrate. Dairy cattle got their 
feed twice a day and forage was swept towards the 
feeding place twice a day. 

2.2. Observation Periods and climatic data 
collection  

Digital temperature-humiditymeter were utilized 
to determine climatic data in the companies 
(temperature measurement range: -40 ºC, +100 ºC, 
resolution: 0.03ºC, precision: ±0.3 ºC; relative 
humidity measurement range: 0-100 % rh, resolution: 
0.4 %, precision: ±3 %, Hobo Data logger, Onset 
Computer Corporation, USA). Climatic devices were 
located slightly above cow level and taped to a pole 
protected from direct sunlight. Measurement values 
were recorded every 1 h on a data logger from 9 
different points in open freestall barn during 
examination. Multi-gas monitor were used to measure 
NH3, CH4, H2S and O2 in different parts of the barn 

(measurement range and resolution: 0-30 % and 0.1 % 
for O2, 0-100 % and 1 % for CH4, 0-100 ppm and 1.0 
ppm for H2S, 0-50 ppm and 1.0 ppm for NH3. 
Working condition of this device should be between -
20 °C and 45 °C temperature and 0 % and 95 % 
relative humidity). 

Temperatures, humidity, NH3, CH4, H2S and O2 
have been measured in the barn systems, in which the 
study has been done, in order to determine the 
variation in air quality. Temperature and humidity 
values have been continuously measured from different 
parts of the barn (Figure 1) during the study. 
Parameters of air quality (NH3, CH4, H2S and O2) have 
been recorded with 5 minutes intermittence during 15 
experimental days (16-30 November 2007) considering 
the methods used in the research (Gay et al. 2003). Air 
quality measurements have been conducted in different 
positions in order to reach real values (Figure 1). 
Measurement points for air quality parameters and 
other parameters was defined as 2.5 m above surface of 
dairy house (in level animal but not be reached by 
dairy cattle) by Robarge et al. (2002) and Walker et al. 
(2006). 

All data obtained from barn has been computed 
separating 24 time periods according to day time. Time 
period of 1 h from 12:01 pm to 1:00 am has been 
considered as 1 hour. 

3. Results and discussions 

There was a special climatic characteristic in the 
study area that the winter period is very cold with 
temperature sometime -10 oC and summer period is 
very hot (some times over 30 oC) and dry. Relative 
humidity is high during winter period (about 85 %), 
but it is low in summer time about 30 %. Winter period 
is windier. Other hand, there is about 10 oC difference 
in daily between day and night time. Changing 
temperature daily affects the other meteorological 
characters, too. Mostly, closed livestock buildings 
were preferred in the region against too negative effect 
of daily and seasonal changing meteorological  
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investigated in this study. Environmental quality of 
these housing systems is better than traditional ones. 

When we look at the measurement of 
concentration of air quality parameter, H2S was very 
low or lover than measurable level in freestall dairy 
cattle barn in experiment periods. NH3 was mostly 
over measurable level and sometimes very high which 
may affect cattle health. CH4 was measurable level. 
Oxygen level was not critical level for livestock 
buildings and sometimes changed about 1%. Inside 
temperature of measurement period was between 3°C 
and 13 °C value. Relative humidity was appropriate 
during experimental period. 

Hourly distributions of NH3 emission from 
freestall dairy housing and interior temperature in the 
study during experimental period (16-30 November) 
are given Figure 1. The minimum and maximum 
indoor concentrations measured for the entire sampling 
period were as follows: 0- 7.29 ppm (29.11.2007 hour 
17:00) NH3. When we look at the measurement of 
concentration of NH3 during experimental period, it 
was observed that NH3 emission reach higher level 
after evening milking. This situation was because of 
highly usage resting area of dairy cattle during evening 
feeding periods. 

Hourly distribution of average NH3 emission and 
interior temperature profile at freestall dairy housing 
are given Figure 2. Generally, inverse relationship 
between NH3 and temperature between 04:00 and 
12:00, 17:00 and 21:00 is shown (Figure2). However, 
it is observed that NH3 increase with the increase of 
temperature between 12:00 and 16:00. The reason of 
that, nearly % 98-100 of cows feed in feeding area 
adjacent the resting area after milking. The situation 
causes accrue of NH3 concentration though decrease of 
temperature in resting area (experimental area). What’s 
more, it is determined that maximum value of NH3 

concentration is measured at 18:00 as 3.11 ppm. That 
there is an important relationship between NH3 and 
temperature has been reported by Uzal Seyfi et al. 
(2010). Minimum value of NH3 emission from freestall 

dairy housing during experimental period is measured 
in 12:00 a.m. as nearly 0.68 ppm. NH3 concentration 
during long time periods has been reported as 20 ppm 
by (Wathes1994). Maximum level of NH3 

concentration during the research is observed as 7.29 
ppm. The indoor concentrations of NH3 measured in 
the study are appropriate conclusions reported by 
Wathes (1994). 

Hourly distribution of hydrogen sulphide emission 
from freestall dairy housing and interior temperature in 
the study are given Figure 3. H2S emissions are 
measured very low values. The minimum and 
maximum indoor concentrations measured for the 
entire sampling period were as follows: 0.008-0.17 
ppm (11.17.2007 hour 11:00) H2S. Hourly distribution 
of averaged hydrogen sulphide emission from freestall 
dairy housing and interior temperature in the study are 
given Figure 4. H2S concentration is observed in some 
times of experimental days while it is not observed in 
some hours of these days. Particularly, it is observed 
that it reached maximum value (almost 0.02 ppm) in 
hour 11:00. Time-weighted average exposure values 
10 ppm; short-term exposure values 15 ppm not to be 
exceeded for H2S in dairy cattle houses (Occupational 
Health and Safety Act, Ontario, 1986). 

Hourly distributions of CH4 emission from 
freestall dairy housing and inside temperature in the 
study during experimental period are given Figure 5. 
The minimum and maximum indoor concentrations 
measured for the entire sampling period were as 
follows: % 0- 3.44 (17.11.2007 hour 11:00) CH4. 
When we look at the measurement of concentration of 
CH4 during experimental period, directly relationship 
between CH4 and temperature is shown. However, it 
was observed that CH4 emission was not sometimes 
measured. This situation was because of lower 
temperature.  

Hourly distribution of average CH4 emission and 
interior temperature profile at freestall dairy housing 
are given Figure 6. Averaged CH4 emission was 
observed between % 1.08 and % 1.46 values. CH4 
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emission was measured higher than % 1.3 between 
6:00 and 23:00 hours while it was measured between 
% 1.0 and % 1.1 values at nighttime (hours 00:00-
5:00).  

Hourly distributions of average oxygen and 
interior temperature profile during experiment period 
are given Figure 6. O2 level is observed between % 
20.68 (hour 06:00) and % 20.86 (hours 14:00-15:00) 
value during experimental period. Measured O2 values 
are find appropriate for dairy cattle (Wathes 1994). 

Hourly distribution of average interior 
temperature and relative humidity profile at freestall 
dairy housing during experimental periods are given in 
Figure 8. Generally, interior temperature value is 
measured between 5 °C and 13 °C during experimental 
periods. Appropriate of this values for dairy cattle have 
been reported by Mutaf and Sonmez (1984), Demir 
(1992), Blowey (1994) and Spiers (2003). However, 
inside temperature values are observed less than 5°C 
between 01:00 and 07:00 hours. Generally, interior 
relative humidity values in the study change between 
% 60 and % 85. Suitable of this values for dairy cows 
have been reported by (Bickert ve ark. 1995, 
Ekmekyapar 1991). However, relative humidity values 
are observed less than % 60 at 15:00 and observed 
higher than % 85 between 00:00 and 08:00 hours. That 
relative humidity values occur less than % 60 and 
higher than % 85 are an undesirable situation for dairy 
cattle.  

Cleaning manure should be paid attention to keep 
harmful gases at low levels in livestock housing. 
Moreover, ventilation of barns should be paid 
attention, too. Otherwise, these harmful gases not only 
affect animals and people working in barns but also 
cause environmental pollution. Most important part (80 
% - 90 %) of greenhouse gases is composed of the 
gases which come out in barns.  
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