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Respiration chambers are the gold standard technique for measuring methane in ruminants provided that
their gas recovery rates are close to 100%. The determination of the gas recovery rate of respiration cham-
ber facilities is a central prerequisite to assess the accuracy of the methane emission quantification.
However, data of recovery tests are seldom reported. This paper presents data from gas recovery tests
applied to an experimental facility of four open-circuit respiration chambers designed to measure
methane emissions from goats. The experimental facility is located at Thiverval-Grignon, France. The
recovery test was assessed by placing a known source of methane emission at six locations in each cham-
ber successively. For each chamber, the gas from the chamber and the ambient air were continuously
sampled by a Multi-Gas Analyser 3500 gas analyser provided with a multiport unit that switches the
sampling between the pipe from chamber and from the ambient air every 90 s. The analyser determines
the concentration (ppm) of methane by infrared. The data were further imported in an R script for calcu-
lation of the methane recovery percentage. These data are useful resources for illustrating the protocol to
assess the accuracy of respiration chambers.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Methane concentrations (ppm) were
measured using an Multi-Gas Analyser
3500 gas analyser. Mass flow (m>/h) of
the conduction system was measured by

Specification table

Subject Livestock Farming Systems

Specific subject Ruminants a mass flow meter Mass-Stream,
area
Bronkhorst.
Type of data Tablg Data format Raw data in XLSX format
R script

Parameters for

How data were
acquired

For each of the four chambers, samplings
for determining methane concentrations
were taken from the ambient air
(background outside the chamber) and
from the chamber for each of the six
locations of methane emissions.

data collection

For each location of methane emission,
the gas samples from the chamber and
the ambient air were continuously
sampled by the gas analyser using a
multiport unit that switches the samples
every 90 s during 30 min.
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Description of
data collection

For the recovery test, data were recorded
by the Multi-Gas Analyser 3500 gas
analyser that produced a csv file with
information on the sampling times, the
inlet analysed (ambient air or chamber)
and the concentration of methane in
ppm. We converted the resulted files
into Excel files and added manually a
column with the airflow rate (m/h) of
the chamber provided by the mass flow
meter Mass-Stream, Bronkhorst, and the
location of the emission of methane.

For the determination of the response
time and stability of the gas analyser, the
concentration of methane was registered
every 5 s.

Institution: INRAE, MoSAR team
City: Thiverval-Grignon
Country: France

Data source
location

Data accessibility  Repository name: data.inrae
Data identification number:

https://doi.org/10.15454/MFJXY3
Not applicable

Related research
article

Value of the Data

e Dynamic data of methane concentration from recovery tests of
four open-circuit respiration chambers are presented. The
recovery tests were applied at six locations of methane emis-
sions in the chambers

o The data are useful for illustrating the protocol to calculate the
accuracy of respiration chambers

o The data are a useful resource for training courses on the oper-
ation of respiration chambers

Data Description

The data are available at https://doi.org/10.15454/MFJXY3.
Tables Chamber1.xls, Chamber2.xls, Chamber3.xls and Chamber4.
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Fig. 1. Locations of the controlled methane emission sources used during the gas
recovery test in a chamber designed to quantify methane emissions from goats. For
the locations 1 to 4, the emission source was placed at 65 cm above the floor except.
For location 5, the emission source was located on the ground with the emission
flow oriented to the outside of the chamber. For location 6, the emission source was
placed at the air extraction point on the top of the chamber.
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xls display methane (ppm) during the methane recovery test using
a controlled source of methane emission (200 mL/min from a bot-
tle with methane at 8%) during 30 min at six locations in each
chamber (Fig. 1). The green and yellow colours in the rows of the
Excel files indicate the times when the bottle of the methane
source was opened and closed, respectively. The tables include
information on the air outflow rate from the chamber. The R script
recovery.r includes the code for the calculation of the percentage of
recovery by determination of the area under the curve.

The Excel file Analyser.xls shows dynamic data of the concen-
tration of methane (ppm) and carbon dioxide (ppm) during a test
to establish the response time and stability of the gas analyser.

Experimental design, materials and methods
Experimental facility

Our experimental facility was designed to quantify methane
emissions from goats. It may also be used for other small ruminants
like sheep, in accordance with the French regulation on the use of
animals for experimental purposes. The facility consists of four
open-circuit respiration chambers whose design was based on the
respiration chambers of Hart et al. (2014), Pinares-Patifio et al.
(2014), Eugéne and Guyader (2016). Each chamber is made of a
steel frame and polycarbonate walls (Fig. 2). The dimensions of each
chamber are as follows: 1.57 m wide x 2.06 m deep x 1.85 m high.
Each chamber has a surface of 3.22 m? and a volume of 5.98 m>. At
the bottom of the front of the chamber, there is an air gap of 10 cm
high not covered by the polycarbonate along the width of the front.
All chambers share a common pumping system that comprises two
pumps (KO6MS, FPZ Blower Technology) that continuously draw
the air through the chambers. The extract duct is located on the
top of the chamber. The ambient air is therefore drawn into the
chamber and is mixed with the gas emitted by the controlled
methane source. The extraction flow rate ranges from 14 to
80 m3/h according to the number of turbines which are active
and the number of valves open (there is one valve per chamber).
The gases from the pumping system are exhausted through the
building roof. Air flowing out of each chamber passes first to a
F300 dust filter (Agilent, Valmadrera, Italy), and then, its flow rate
is measured by a mass flow meter (Mass-Stream D-6380-DR,
Bronkhorst). The pumping system, mass flow meters and analysers
are integrated in a cabinet (ENVEA, France) to be protected from
dust. Samples of air from each chamber are obtained before the
mass flow meter by a multiport unit integrated in the infrared gas
analyser Multi-Gas Analyser 3500 (ADC Gas Analysis Ltd).
The analyser was equipped with both methane (CH4) and carbon
dioxide (COy) cells. Fig. 3 illustrates the scheme of the facility. The
chambers are located in an enclosed barn with lateral windows.
The barn is not insulated and operates at ambient pressure and
temperature.

Calibration, response time and stability test of the gas analyser

The gas analyser was calibrated with three reference gases:
high purity N, (Linde, >99.9990% purity), CH4 at 150 ppm (Q.S. syn-
thetic air) and CO, at 5 000 ppm (Q.S. synthetic air). The calibration
was firstly done with N, to set the zero value of the analyser for
CH,4 and CO, determination. Afterwards, the reference gases were
connected to the analyser to set the span values for CH4 and CO,.
The response time and stability of the gas analyser were tested fol-
lowing the protocol of Gardiner et al. (2015) by sampling the refer-
ence gases. The procedure was repeated three times in a row. The
response time T90 was determined as the time taken to reach 90%
of the final stable plateau reading. The stable plateau is reached
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Fig. 2. Experimental facility with the four open-circuit respiration chambers designed to quantify methane (CH4) emissions from goats, the cabinet with the gas analyser, the

pumps for air extraction and the mass flow meters.
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Fig. 3. Scheme of the open-circuit respiration chamber facility designed to quantify methane (CH4) emissions from goats.

when the concentration is at steady state. For CH,, the average T90
was 62 s. For CO,, the average T90 was 46 s. The analyser stability
was taken as the coefficient of variation of the records of methane
concentration during 90 s once the stable plateau was reached. For
CHy, the values varied from 0.15 to 0.27% (mean 0.21%). For CO,,
the values varied from 0.13 to 0.16% (mean 0.14%).

Methane recovery test

The determination of the gas recovery rate of respiration cham-
ber facilities is a central prerequisite to assess the accuracy of the
methane emission quantification (Hammond et al., 2016; Gerrits
et al., 2018). Procedures for recovery tests are documented, for
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Table 1

Percentage of methane (CH,) recovery at six locations of methane emissions in four
open-circuit respiration chambers designed to quantify methane emissions from
goats.

Location Chamber 1 Chamber 2 Chamber 3 Chamber 4
1 107.5 98.6 87.6 97.1

2 97.2 97.6 98.7 98.4

3 108.9 103.4 94.9 99.5

4 110.9 94.4 933 104.8

5 98.1 100.2 96.4 96.5

6 110 101.6 99.6 98.8

example, in Gerrits and Labussiére (2015). We performed the
recovery test of our facility following the protocol of Gardiner
et al. (2015). A bottle of CH,4 at 8% was connected to a mass flow
controller (Aera FC-R7700CD) to provide a controlled methane
emission inside the chamber. The emission rate was set to
200 mL/min for 30 min. The emission source was placed succes-
sively at five locations (Fig. 1) inside the chamber (centre and cor-
ners) at 65 cm above the floor except for location 5, where the
emission source was located on the ground with the emission flow
oriented to the outside of the chamber. These locations are meant
to cover the movement of the animal inside the chamber, including
standing (locations 1 to 4) and lying (location 5). A sixth location
was tested with the emission source placed at the air extraction
point on the top of the chamber. This location allows to charac-
terise the recovery of the ducting. The recovery test was done with
the following steps:

(i) place the gas emission source at the desired location of
methane emission, close the chamber and wait few minutes
to equilibrate the chamber.

(ii) open the mass flow controller for 30 min.

(iii) close the mass flow controller and wait 15-20 min until the
concentration of the chamber is almost equal to the concen-
tration in the ambient.

The time between independent measurements (chamber and
ambient) of the analyser was set to 90 s (about 1.5 x T90 of the
gas analyser). After data collection, the concentration of methane
in the chamber was subtracted from the methane concentration
measured in the ambient air for each time point. The total amount
of methane measured was further calculated by determination of
the area under the curve using the trapezoidal rule implemented
in the R software (https://www.r-project.org/) (see the script
recovery.R in the data repository). The methane recovery was cal-
culated as the ratio between the total amount of methane mea-
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Fig. 4. Example of the dynamics of methane (CH,) concentration at six locations of
CH,4 emission during the recovery test for chamber 4. The emission starts at t = 0.
The rectangle indicates the time at which the emission source stopped (30 min).
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sured and the known amount of methane emitted. The results
are presented in Table 1. Fig. 4 shows the example of the dynamics
of measured methane for chamber 4.
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