
 
 

 

 

  

Supplemental Informations 

Chemical and Isotopic Characterization of Industrial Gases: An Integrated and 

Robust Approach Combining Sampling and Analytical Measurements 

Supplemental Tables 

Table S1. Assessment of Repeatability for Natural Gas Compound Quantification (n=10) 

Compounds   CH4 CO2 C2H6 C3H8 iso- C4H10 n- C4H10 neo- C5H12 iso-C5H12 n-C5H12 C6H14 

Concentration 

in (%mol/mol) 
Index 88.765 0.9948 30.066 30.015 30.015 0.09525 0.00961 0.00953 0.02859 0.00814 

Average peak 

area 
 4.5×109 6.32×108 1.68×109 3.23×109 2.15×108 1.94×108 2.71×107 2.74×107 8.27×107 3.19 107 

R_%_1 1_1 104.91 108.76 106.91 106.95 106.1 106.99 103.44 103.33 108.92 105.31 

R_%_2 1_2 101.85 100.8 101.83 103.14 101.86 104.18 122.51 106.58 100.93 101.66 

R_%_3 2_1 97.15 96.64 96.69 98.36 96.43 99.28 107.83 95.69 97.26 100.16 

R_%_4 2_2 97.81 96.16 96.85 97.85 97.7 97.55 99.53 97.34 97.99 93.59 

R_%_5 3_1 103.04 106.53 105.21 106.05 105.75 105.9 110.07 108.43 107.44 103.83 

R_%_6 3_2 98.21 95.7 95.79 96.35 95.01 95.78 95.28 99.46 95.68 102.3 

R_%_7 4_1 102.38 106.6 105.34 105.84 108.39 108.1 109.28 104.22 107.41 110.22 

R_%_8 4_2 99.22 102.66 101.12 102.05 104.46 104 108.44 98.48 103.6 103.13 

R_%_9 5_1 98.96 94.47 98.77 95.54 96.41 91.47 64.17 98.98 93.61 92.74 

R_%_10 5_2 96.46 91.67 91.48 87.88 87.9 86.75 79.46 87.49 87.17 87.03 

Standard 

deviation (σ) 
/ 2 5 4 5 5 6 12 5 6 5 

 
 

Table S2. Quantification of gas well field samples, gas cylinder sampling (n = 3) 

Sample 
Sampling 

Point 

Sampling 

day 
CH

4 
(%) CO

2 
(%) C

2
H

6 
(%) C

3
H

8 
(%) 

iso- C
4
H

10 

(%) 

n- C
4
H

10 

(%) 

néo- 

C
5
H

12 
(%) 

iso-C
5
H

12 

(%) 

n-C
5
H

12 

(%) 
C

6
H

14 
(%) 

GW_WH_B_

8 
Tubing 16/01/2024 94 ± 0.8 

0.233 ± 

0.001 

5.15 ± 

0.01 

0.576 ± 

0.005 

0.115 ± 

0.003 

0.085 ± 

0.0002 
n.d 

0.0155 ± 

0.0002 
0.0075 ± 0 

0.0034 ± 

0.0002 

GW_WH_B_

8 
Tubing 13/01/2025 94 ± 2 

0.178 ± 

0.004 
5.3± 0.1 

0.71 ± 

0.02 

0.11 ± 

0.001 

0.098 ± 

0.001 
n.d 

0.016± 

0.0007 

0.0058 ± 

0.0005 
n.d 

GW_WH_B_

8 
Tubing 31/01/2025 

91.2 ± 

0.3 

0.198± 

0.005 

5.18 ± 

0.08 

0.72 ± 

0.01 

0.108 ± 

0.0031 

0.098 ± 

0.002 
n.d 

0.0144 ± 

0.0007 

0.0055 ± 

0.0009 
n.d 

GW_WH_B_

8 
Tubing 03/06/2024 89.63 ± 2 n.d 5.86± 0.11 

0.81 ± 

0.015 

0.021 ± 

0.0015 

0.0259 ± 

0.0009 

0.039 ± 

0.001 

0.0017 ± 

0.0001 
n.d n.d 

GW_WH_A_

2 
Tubing 18/06/2024 

90.9 ± 

0.4 

0.0046 ± 

0.0003 

5.809± 

0.006 

0.104 ± 

0.0015 

0.0046 ± 

0.0004 

0.0039 ± 

0.0003 
n.d 

0.002 ± 

0.001 
n.d n.d 

GW_WH_A_

2 
Tubing 04/07/2024 91.06 ± 1 

0.013 ± 

0.0018 
3.5 ± 0.03 

0.144 ± 

0.021 

0.0122 ± 

0.0004 

0.011 ± 

0.0003 
n.d 

0.0059 ± 

0.0003 

0.0019 ± 

0.0002 
n.d 

GW_WH_A_

2 
Tubing 11/10/2024 

91.2 ± 

0.2 

0.278± 

0.0013 

4.77 ± 

0.03 

0.611 ± 

0.002 

0.097 ± 

0.001 

0.067 ± 

0.0004 

0.0256 ± 

0.0003 

0.0086 ± 

0.0001 

0.0021 ± 

0.0002 

0.0049 ± 

0.0003 

GW_WH_A_

2 
Tubing 13/01/2025 93.3± 0.9 

0.233± 

0.006 
5.5 ± 0.1 

0.58 ± 

0.01 

0.09 ± 

0.001 

0.072 ± 

0.003 
n.d 

0.023 ± 

0.001 

0.009 ± 

0.0004 
n.d 

GW_WH_A_

2 
Tubing 31/01/2025 94.2 ± 2 

0.278± 

0.01 
5.5 ± 0.2 

0.79 ± 

0.04 

0.12 ± 

0.008 

0.112 ± 

0.006 

0.00 ± 

0.00 

0.01 ± 

0.0005 

0.0062 ± 

0.0002 
n.d 
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Table S3. Quantification of gas well field samples, One day sampling campaign, direct plugging (n=3) 

Sample 
Sampling 

Point 

Sampling 

day 
CH

4 
(%) CO

2 
(%) C

2
H

6 
(%) C

3
H

8 
(%) 

iso- C
4
H

10 

(%) 

n- C
4
H

10 

(%) 

néo- 

C
5
H

12 
(%) 

iso-C
5
H

12 

(%) 

n-C
5
H

12 

(%) 
C

6
H

14 
(%) 

GW_WH_A_6 Tubing 18/04/2025 85 ± 0.2 
0.017 ± 

0.001 
3.1 ± 0.03 

0.46 ± 

0.004 

0.06 ± 

0.001 

0.047± 

0.001 
n.d 

0.007 ± 

0.0002 

0.003± 

0.0002 
n.d 

GW_WH_A_3 Tubing 18/04/2025 86 ± 0.5 
0.02 ± 

0.001 
2.2 ± 0.02 

0.2 ± 

0.003 

0.02 ± 

0.0009 

0.015 ± 

0.0004 
n.d 

0.01 ± 

0.0006 

0.002± 

0.0002 
n.d 

GW_WH_B_11 Tubing 18/04/2025 88 ± 1 
0.45 ± 

0.01 
4.1 ± 0.1 

0.78 ± 

0.02 

0.1 ± 

0.003 

0.1 ± 

0.0025 
n.d 

0.01 ± 

0.0003 

0.008± 

0.0005 
n.d 

GW_WH_A_5 Tubing 18/04/2025 
85.2 ± 

0.6 

1.15 ± 

0.01 

5.63 ± 

0.08 

1.13 ± 

0.02 

0.11 ± 

0.003 

0.15 ± 

0.002 
n.d 

0.029 ± 

0.0004 

0.023 ± 

0.0002 
n.d 

GW_WH_A_7 EA1 18/04/2025 
79.5 ± 

0.7 

0.011 ± 

0.006 

4.05 ± 

0.04 

0.63 ± 

0.007 

0.08 ± 

0.0001 

0.064 ± 

0.0005 
n.d 

0.01 ± 

0.0008 

0.006 ± 

0.0001 
n.d 

GW_AS_A_3 EA1 18/04/2025 
79.3 ± 

0.4 

0.01 ± 

0.005 

4.17 ± 

0.05 

0.703 ± 

0.006 

0.08 ± 

0.002 

0.07 ± 

0.003 
n.d 

0.017 ± 

0.0006 

0.005± 

0.0002 
n.d 

GW_AS_A_6 EA0 18/04/2025 
82.2 ± 

0.4 

0.012 ± 

0.001 
3.7 ± 0.2 0.6 ± 0.01 

0.091 ± 

0.002 

0.075 ± 

0.002 
n.d 

0.012 ± 

0.0004 

0.006 1 ± 

0.0006 
n.d 

GW_AS0_B_10 Tubing 18/04/2025 89 ± 2 
0.827 ± 

0.004 
5.6 ± 0.1 

0.86 ± 

0.01 

0.093 ± 

0.002 

0.125 ± 

0.003 
n.d 

0.019 ± 

0.0004 

0.015 ± 

0.0003 
n.d 

 

Table S4. Manometer Specifications 

Parameter Specification 

Model LEO 2 - Keller 

Battery (cell)  RENATA CR2430 

Accuracy at 20–25 °C ≤ ± 0,1 %EM 

Total error band 0–50 °C ≤ ± 0,2 %EM 

Table S5. Maximum Pressure Supported by the Different Components (bar) 

Component Maximum Pressure [bar] 

T fitting 2000  

Double manual valve 1000 

Vanne remplissage 1000 
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Supplemental Figures 

Figure S1. Calibration Certificate of the Certified Natural Gas Reference Mixture (EffecTech, 2023) 
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Figure S2. Gas chromatograph coupled to Isotopic Ratio Mass Spectrometer system (GC-IRMS)  

 

 

 

 

 

 

 

Figure S3. Isotopic ratio mass spectrometry analysis of δ13C ethane ‘C2H6’ and propane ‘C3H8’   

Supplemental Data 

Data S1. Detailed Gas Sampling Protocol 

 The vacuum gas sampling system operates according to the following three functional steps. The detailed 

protocol is as follows: 

1. Gas Sampling System Cleansing 

• Connect the gas sampling system to the gas source using a high-pressure stainless-steel capillary and 

appropriate fittings. 

• Connect the vacuum pump to the power converter (12 V to 220 V, 200 W), which is powered by a slow-discharge 

battery (140 Ah). Both units must be placed outside the ATEX zone (at least 10 m away). The pump is connected 

to the sampling system via a PVC capillary. 

• Gently open filling valves 4,7, and allow the gas to circulate at a moderate flow rate, regulating the pressure to 

3 bar using the pressure regulator1. 

• Purge the entire filling circuit for 5 minutes, up to the sampling needle 8. This purging step must be performed 

each time the gas source is changed. 
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Note: For sampling from low-pressure or low-volume sources, this purging step is not mandatory. Step 2 is sufficient 

to ensure system decontamination. 

2. Gas System Evacuation 

• Open the vacuum valve 5. 

• Insert the vial using the sampling needle; at this stage, the vacuum is applied throughout the entire system, up 

to the gas source. 

• Once a high vacuum is reached (0.004 bar), as indicated on the digital pressure manometer 6, close both the 

filling valve4 and the vacuum valve5. 

 

3. Gas Sampling 

• Open the gas source valve. 

• Gradually open the filling valve 4 and fill the vial until the internal pressure reaches 1 bar (as indicated on the 

digital pressure manometer 6). 

• Close the filling valve immediately once the target pressure is reached 

 


