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USE OF THE ECHO MONITORING SYSTEM FOR
ENVIRONMENTAL CONTROL IN PIG FACILITIES
OCEPEK, M.; BERK, P.; RAKUN, J.;
JANZEKOVIC, M. & SKORJANC, D.
Abstract: A total of 240 fattening pigs ([landrace×large white]×pietren) housed in a
pig research centre (Faculty of Agriculture and Life Science, University of Maribor)
were used in a study of the effect of the ECHO monitoring system on controlling the
microclimatic condition and gas emission rates in winter and summer. With the
monitoring system, we were able to achieve optimal microclimatic conditions for pigs
in the growth phase. NH3 concentrations measured during summer reached 10±2
ppm. Lower NH3 concentrations were detected during the winter (5±1 ppm).
Although CO2 increased 57 % in winter (1094 ppm) in comparison to summer (476
ppm), recorded values were lower than prescribed by the regulations of Council of
Europe (CE) (max=3000 ppm). Higher values in winter are a result of lower
ventilation rate, in order to achieve optimal microclimatic conditions. Similarly, H2S
concentration (0.0 to 0.1 ppm) was below the level of CE regulation and
International commission of agriculture engineering (ICAE). This experimental result
suggests that with the ECHO monitoring device we are able to control and
successfully regulate microclimatic conditions and gas concentrations in pig
facilities.
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1. Introduction
In the past decades pig selection has made great progress in improving pig
growth (Cameron, 2003; Gamborg & Sandøe, 2005), feed conversion efficiency (del
Barrio et al., 1993; Berg et al., 2003), carcass and meat quality (Lo Fiego et al.,
2004), and fertility characteristics (Tummaruk et al., 2010).
Pig performance is related to appropriate microclimatic conditions (Lebret et
al., 2002; Bolhuis et al., 2006; van de Werd & Day, 2009). Microclimatic
characteristics such as ambient temperature, air velocity, relative air humidity and
light intensity are closely related to pig fattening performance. Moreover, inadequate
air velocity and air gasses negatively affect pig growth rate (Lebret 2008). Similarly,
ambient temperature has a strong impact on pig carcass, muscle and adipose tissue
characteristics (Lefaucheur at el., 1991; Le Dividich et al., 1998; Lebret et al., 2002).
Higher gas concentrations have a negative influence on atmosphere (UNECE, 2007),
human health (Urbainet al., 1994), and health of animals (Gerber et al., 1991), and
the environment (ICAE, 1984).
It is well known that the season (summer and winter) has an effect on pig
growth and fattening. Pig exposure to high summer temperatures is accompanied by
lower feed intake and growth performance (Lebret et al., 2002), as well as problems
with gilt and sow fertility (Tummaruk et al., 2010). On the contrary, during the
winter, no performance or fertility problems were observed, but providing
comfortable ambient temperature in pig facilities could be a problem, especially
during extremely low environmental temperatures. To solve this problem with
microclimatic conditions inside pig facilities, precise and accurate regulation of
ambient temperature, air gas concentration and air velocity can be controlled by a
microclimatic regulation system (Berk et al., 2010). However, such fully automatic
computer systems are expensive and inappropriate for small pig farm units.
Nevertheless, cheaper, mobile monitoring systems, which enable monitoring of
microclimatic conditions, gas emissions and light intensity may be selected. This
information is necessary for breeder decisions about how to adjust microclimatic
conditions in pig stalls.
The aim of the present study was to determine whether a mobile monitoring
system, ECHO, is suitable for detection and regulation of microclimatic conditions in
a small pig farm unit. Therefore, several microclimatic characteristics were
determined in winter and summer.
2. Materials and Methods
2.1 Materials
2.1.1 Animals
The study was carried out on 240 pigs (120 per season), in groups of 12 pigs
per pen. In both seasons, progeny from LANDRACE×LARGE WHITE dams and PIETRAIN
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sires were used. All pigs were started on the experiment at the age of 71 days and
were reared according to conventional practices for housing and feeding pigs (UL.
RS, 2007). Initial average body weight of piglets was 25.4 kg in the summer and
26.8 kg in the winter. The pigs were fed ad libitum, and their feed intake was
measured daily. The experiment lasted for 109 days, until the pigs were 180 days old.
2.1.2 Experimental design
The investigation was carried out in the Pig Research Centre, Faculty of
Agriculture and Life Science, University of Maribor, Slovenia. Conditions specified
for appropriate animal care were followed (UL. RS, 2007). Microclimatic conditions
were monitored in the fattening period in different seasons, where the summer period
lasted from May to August, 2009, and the winter period from October, 2009, to
January, 2010. In the Pig Centre, ten equal pens were used (2.0m × 2.6m = 5.20 m2),
with two-thirds of the floor being slatted floor as shown in Fig. 1. The stable was
equipped with a negative pressure ventilation system with a diffuse ceiling inlet unit.
The system had one central exhaust unit, located at the roof of the house. In such
ventilation systems, fresh air came into the attic through the side inlet units and into
the room through diffuse ceiling.

Fig. 1. Layout of the experimental barn
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2.2 Methods
2.2.1 ECHO Monitoring system
In the present study, the ECHO monitoring system (http://www.echo.si/) was
used to measure concentrations of oxygen, ammonia, hydrogen sulphide and carbon
dioxide in the air. Additionally, temperature, air velocity and pressure, relative
humidity, and light intensity were measured. All values were displayed on the LCD
screen on the computer and could, therefore, be controlled directly. All parameters
were also stored in an internal hard drive every 5 min: those values could be
transferred through a RS-232 connection to the computer and monitored subsequently
(Fig. 2.).

Fig. 2. ECHO monitoring system
2.2.2 Gases
The gases (oxygen, ammonia and hydrogen sulfide) were measured using an
electrochemical galvanic cell. The measuring ranges were 0-25 %, 0-100 ppm and 050 ppm for oxygen, ammonia and hydrogen sulfide, respectively. Measurement
accuracy was 0.1 % for oxygen, 1 ppm for ammonia and 0.5 ppm for hydrogen
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sulfide. The level of the gases was determined with a sensor fitted with combined
metal–air electrodes. The measurements were taken with porous zinc electrodes and
air electrodes. Zinc was used as the anode and active carbon in contact with oxygen
from the air was used as the cathode to determine gases. Measured gases from the air
reacted when they reached the cathode and formed hydroxyl ions, which migrated
into the zinc to form zincate (Zn + 4 OH) (as shown in Equation 1). Simultaneously
the electrons were released and migrated to the cathode. Eventually, zincate decayed
into zinc oxide, and water returned to the electrolyte (Fig. 3). The water and
hydroxyls from the anode were recycled at the cathode, so water was not used.

Fig. 3. Sensor for measuring oxygen, ammonia, hydrogen sulphide
Gases were estimated by the following equations:
- Anode reaction:

(1)
- Cathode reaction:
Acid solution:

(2)

Alkaline solution:

(3)
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- The overall reaction in alkaline solution can be written as:
(4)
Carbon dioxide absorbs energy from the infrared (IR) spectrum (Fig. 4.)
Therefore, two dimensional IR gas sensors were used to determine the concentration
of carbon dioxide in pig stable air, where an absorption frequency of 4.265 μm was
used. The measuring range for carbon dioxide was 0-2000 ppm, with a measurement
accuracy of 1 ppm.

Fig. 4. Sensor for measuring carbon dioxide
2.2.3 Air velocity, temperature and relative humidity
Air velocity was measured using a thermal thin-layered detector, which was
connected via a 5-meter cable to the detector. The detector could be placed at pig
height to measure the airflow. The air velocity measuring range was 0.0-1.0 m/s, with
a measurement accuracy of 0.04 m/s. Relative humidity was measured using a
semiconductor sensor with a measuring range of 0-100 % and accuracy of ±1 %.
Temperature was measured with resistance thermometers (Pt 100), with a measured
range of −40 °C to +60 °C and accuracy of 1 °C. Sensors for relative humidity and
temperature were located in the mid-lower side, while the air velocity detector was
situated at the bottom of the machine.
2.3 Statistical analysis
The data were analyzed using GLM procedure by SPSS 17 (2008) statistical
package. The effect of season was included in the model. Gas concentrations in the
pig facility were in terms of standardized conditions of temperature and pressure.
Mean ( ) values with standard deviations (SD) are presented.
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3. Results with discussion
3.1 Ambient microclimatic conditions
Microclimatic characteristics that were monitored and controlled throughout
the experiment are presented in Table 1. Our results regarding relative air humidity
and light intensity are within ranges specified for appropriate animal care (UL. RS,
2007). Relative humidity was less than the maximum range of 60-80%, and light
intensity was above 40 lux. Air velocity in pig buildings is caused by pressure
differences, which were caused by sources such as animal heat production, cold
structure surfaces, heaters and external wind (Albright, 1990). In accordance with
this, we managed to control air velocity in the range of 0.3 m/s to 0.7 m/s, which is
within the prescribed norms (Kyriazakis, 1999) for optimal housing conditions. Pigs
were able to achieve a daily growth rate of 697 g in summer and 755 g in winter (Fig.
5), which were higher than the results presented by Ferguson and Theeruth (2002),
where fully controlled systems were used.

Fig 5. Changes in daily gain for pigs raised in summer and winter period
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RV – relative humidity; T – temperature; P - pressure; V – air velocity;
(CHARACTERISTICS × SEASON) > 0.05.

SUMME
R

WINTER

SUMMER

- mean value; SD – standard deviation; P

WINTER

SUMMER

WINTER

P
Min

Max

RH (%)

57.7

56.4

-

49.3

48.6

66.4

69.6

T (oC)

24.9

14.2

0.001

19.0

1.5

32.5

22.5

P (bar)

1004

979

-

1001

972

1008

986

V (m/s)

0.7

0.3

-

0.3

0.3

1.2

0.7

E (Lux)

47

42

-

6

0

154

366

Tab. 1. Measured microclimatic condition in summer and winter season
The difference in growth rate between the summer and winter periods can be
explained by the ambient temperature. Energy requirements increased as temperature
decreased below the critical temperature. On the other hand, ambient temperatures
above critical temperatures led to decreased feed intake and growth rate of pigs
(Lebret, 2008). From the present study, rearing conditions at temperatures around 15
°C increased growth rate of pigs. A possible explanation for results at this
temperature is that pigs have higher voluntary feed intake. These findings are in
agreement with previous work of Lebret et al. (2002). Feed intake was higher in
winter than in summer (2.0 kg vs. 1.5 kg).
3.2 Observed gas concentrations
Measured gas emission rates during summer and winter are presented in Table
2. The average NH3 concentration measured was higher during summer than during
winter (10±2 ppm vs. 5±1 ppm). These experimental results suggest that NH3
emissions are closely related to ambient temperature and ventilation rates.
Furthermore, NH3 was obviously influenced (P<0.001) by the season, with typically
higher values during the summer and lower values during the winter. These results
are in agreement with previous studies where fully controlled systems were used
(Aarnink et al., 1997; Harper et al., 2004). That phenomenon can be explained by
animal habits. A possible explanation is that pigs during the summer more frequently
lay down on the slatted ﬂoor and excreted on the solid ﬂoor (Fraser, 1985; Aarnink et
al., 1997). Consequently, seasonal variations of ammonia emissions rates have to be
taken in to account for measurement procedures and determination of annual
emission factors (Janzekovic et al., 2004; Philippe et al., 2011). Nevertheless, in both
seasons, NH3 emission rates were lower (max.=20 ppm) than prescribed by CE.
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- mean value; SD – standard deviation;

O2 – oxide; CO2 – carbon dioxide; H2S – hydrogen sulphide; NH3 – ammonia;

SUMMER
O2 (%)

± SD
18

WINTER
± SD
15

P

SUMMER
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WINTER

SUMMER

MIN.

WINTER

MAX.

-

16

13

18

17

CO2 (ppm)

476

1094

-

302

247

853

2035

H2S (ppm)

0.1

0.0

-

0

0

0.2

0.1

NH3 (ppm)

10 ± 2

5±1

0.0
00

6

1

17

7

P (CHARACTERISTICS × SEASON) > 0.05.

Tab. 2. Measured gas emission rate during summer and winter season
The concentration of CO2 is related to the animals’ metabolism, and it is an
indicator of air quality in buildings/stables (ICAE, 1984).
A major portion of CO2 is produced through respiration (96 %) and only 4 % from
the manure system (Ouwerkerk & van Pedersen, 1994; Stajnko et al., 2009).
Depending on the manure system, the proportion of CO2 from manure can account
for 10 % (Gerrits et al., 2001) to 35 % of the total (Ni et al., 1999). In the present
study, the CO2 concentration in winter was only 57% as high as it was in summer.
These differences resulted due to lower ventilation rate in the winter (Table 2).
However, the highest concentration of CO2 presented in this study is in accordance
with ICAE standards (3000 ppm). A lower ventilation rate was used on purpose, as
optimal rearing conditions were maintained in order to achieve better performance
parameters, such as daily gain.
H2S emission is a product of anaerobic breakdown of manure after storing. In
the case of insufficient ventilation rate, H2S could be toxic to humans and animals
(Patni & Clarke, 1990). Therefore, according to the CE (1974), the concentration rate
of H2S should be lower than 5 ppm. The recommended ICAE (1984) concentration
for H2S is 0.5 ppm. Results from the present study indicate that the concentration of
H2S was under that recommended by CE and ICAE.
4. Conclusions
The ECHO system was designed for monitoring microclimatic conditions and gas
emission rates. With this device we controlled ambient environmental characteristics
such as temperature, air velocity, relative humidity, light intensity, and air pressure.
Despite maintaining comfortable rearing conditions in pig facilities, we were able to
control gas emission without endangering pigs, humans, equipment, and the
environment. In the future, ECHO monitoring system could be used as cheap
microclimatic monitoring device in comparison with expensive systems that are
nowadays available in the market. In addition, monitoring device will be upgrade in
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terms of electronic notifying about when microclimatic conditions are not in
prescribed norms.
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