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Abstract: China is approaching a critical period of carbon peak and carbon neutrality. To as-

sess the impact of carbon peak and carbon neutrality measures, an accurate understanding of
the variations of the spatial and temporal distribution of greenhouse gases is crucial. Gas chro-
matography, a classical approach for greenhouse gas observation, can be employed for the
high-precision analysis of partial greenhouse gases. In this research, a new greenhouse gas ana-
lytical system capable of measuring five gases (CH,, CO, CO,, N,O and SF,) on a single in-
strument was developed based on the traditional gas chromatography approach. The following
are the chromatographic operation conditions. The carrier gases were high purity N, (99. 999% )
and argon-methane (5% methane in argon, 99.999 9% ), and a stainless steel switching valve
triggered the injection. Compressed CH,, CO, CO,, N,O and SF; mixed standard gases were
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stored in a 0. 029 m® aluminum alloy steel cylinder for this experiment. After numerous rounds
of calibration by Greenhouse Gas Laboratory of Atmospheric Sounding Center of China Meteor-
ological Administration, the gas scale met the primary standard of World Meteorological Organi-
zation (WMO). The main performance of the system, including the measurement precision, ac-
curacy and linear response, was tested. The results showed that the detection performance of
the system met the quality standards of WMO/Global Atmospheric Watch ( GAW). Precision
test results indicated that the relative standard deviations (RSDs) of the mole fractions of CH,,
CO, CO,, N,0 and SF, were 0.08%, 1.90%, 0.05%, 0.08%, and 0. 66%, respectively. For the
linear and accuracy test, the C1-C5 tested standard gases were employed and the deviations of
five gases (CH,, CO, CO,, N,O and SF,) between the calculated mole fractions of the regres-
sion equation and calibrated mole fractions were 0. 15x107°, 0.20x107°, 0.37x107°, 0.35x10~°
and 0. 02x 107", respectively. For CH,, CO, CO,, N,O and SF,, the linear regression coeffi-
cients (R*) between the peak areas or heights and calibrated mole fractions were 0. 999 9. The
linear regression residual and accuracy could roughly meet the expanded target of WMO/GAW
quality control. The atmospheric greenhouse gases in the Hangzhou urban area were continu-
ously measured from May 2021 to July 2021 using the developed system. The results revealed
that atmospheric CH,, CO, CO, and N,O have visible diurnal variation characteristics that were
primarily affected by anthropogenic emissions. The target standard gases were measured every
2 h to monitor the stability of the system operation, and the gas mole fractions of the system re-
sponse were routinely computed and compared with the assigned calibrated values. The results
demonstrated that the system had good stability during the observation period and could meet
the requirements of high-precision monitoring. The comprehensive test and trial operation re-
sults showed that the developed system had good precision, accuracy, linearity and stability.
Key words: gas chromatography ( GC); greenhouse gases; on-line monitoring; carbon
neutral
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Table 1 Mole fractions of standard gases for the system testing

Standard gas Numbered CH,/107° C0/107° C0,/107° N,0/107° SF,/10712
Tested gas Cl 1922.6 146.8 374.94 304.59 8.45
c2 2047.6 229.4 408.88 313.27 9.21
C3 2236.8 255.8 453.38 332.69 10.86
c4 2431.3 355.3 497.89 345.84 12.61
Cs 2622.3 428.9 595.47 349.06 14.16
ok 2005.9 191.6 422.25 334.37 10.76
Working gas w 2005.9 191.6 422.25 334.37 10.76
Target gas T 2075.4 185.6 414.33 322.27 10.12
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Fig. 1 Diagram of three-channel gas chromatography (GC) system
AUX. auxiliary; PCM: pressure control module; CAT: catalysis transition; FID. flame ionization detector; pw-ECD: micro-electrical

capture detector.
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Table 2 Chromatographic working conditions for the GC system

Channel Detected Quantitative Precolumn Analytical column Carrier gas
gas loop/mL Specification Packing Specification Packing Species Pressure/kPa
1 CH,/CO 10 1.2 m, 60-80 meshes 1.2 m, 60-80 meshes  high purity N, 103.43 (backflush
stainless steel molecular sieves stainless steel Unibeads 1 S (99.999% ) gas: 137.9)
2 CO, 5 1.2 m, 60-80 meshes 4.5 m, 80-100 meshes high purity N, 137.9

stainless steel molecular sieves stainless steel HayeSep Q

80—-100 meshes 2 m,
stainless steel HayeSep Q

3 N,O/SF¢ 15 2m,
stainless steel HayeSep Q

(99.999% )

80-100 meshes high purity N, 68.95 ( backflush
(99.999%) and argon- gas: 68.95)
methane (99.9999% )

12 4

1.0 — FID €O,
0.8 -
0.6 —
0.4 -

Peak height / kHz

02 ] [“co

1.0 ]
0.81
0.6
0.4 1

Peak height / nA

02 ]

t/ min

& 2 CH,.CO0.CO,.N,O fl SF, Fj#1E AL E
Fig. 2 Typical chromatograms of CH,, CO,
CO,, N,0 and SF,
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Table 3 Mole fractions and their deviations, RSDs of the
targets calculated from areas and heights (n=95)

Analyte Average mole fraction SD(1o) RSD/%
CH, 2005.0x107° 1.70x107° 0.08
co 191.6x107° 3.63x107° 1.90
Co, 422.24x107° 0.20x107° 0.05
N,0 334.39x107° 0.26x107° 0.08
SFg 10.76x10712 0.07x10712 0.66

CH,, CO, and SF; are quantified by peak height; N,O and
CO, are quantified by peak area.

2.2 K
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Table 4 Comparison of different GC system precision

SDs RSDs/%
Analyte - -
Ref. [9] Ref. [12] This work Ref. [ 10] Ref. [11] Ref. [12] This work
CH, 32x107° 0.63x107° 1.70x107° 0.5-3.5 - 0.04 0.08
co - 0.55x107° 3.63x107° 0.5-3.5 - 0.50 1.90
CO, 1.29%107° - 0.20x107° 0.5-3.5 0.4-6.6 - 0.05
N,0 5%107° 0.25%x107° 0.26x107° - 1.0-5.1 0.08 0.08
SFg - 0.10x107" 0.07x107 "2 - - 1.80 0.66
—. unmeasured.
F5 (UF/LEMEmMEER
Table 5 Linear response results of GC system

Analyte Regression equation R? Mole fraction range

CH, y=0.0232-0.082 0.9999 1922.6x107%-2622.3x107°

Cco y=0.007x-0.148 0.9999 146.8x107°-428.9x107°

CO, y=-0.0022>+41.2952-343.036 0.9999 374.94x107°-595.47x107°

N,0 ¥=0.006x>+22.861x—1816.137 0.9999 304.59%107°-349.06x10~°

SF y=1.992x+1.083 0.9999 8.45x10712-14.16x107"2

y: peak height (CH,, CO, SF,) or peak area (CO,, N,0); x: mole fraction.

o6 HEWMEUIER
Table 6 Accuracy test results of GC system

Analyte Regression equation R? Calculated value Calibrated value Difference
CH, y=0.023x-0.077 0.9999 2232.65%107° 2236.8x107° 0.15x107°
(0]0) ¥=0.0072-0.152 0.9998 256.0x107° 255.8x10-° 0.20x107°
€O, y=-0.0022%+41.20220-321.621 0.9999 453.75%107° 453.38x107° 0.37x107°
N,O0 y=0.0232+11.798x+3622.442 0.9999 332.34x107° 332.69x107° 0.35%x107°
SFy y=1.9922+1.066 0.9999 10.88x1072 10.86x10712 0.02x10712

y: peak height (CH,, CO, SFy) or peak area (CO,, N,0); x: mole fraction.
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Fig. 3 Standard gas fitting residual distribution
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control target.
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Fig. 4 Diurnal variations of atmospheric CH,, CO,
CO,, N,0 and SF; mole fractions in Hang-
zhou from May to July in 2021 (n=60)

The time series is consistent with Fig. 5 below.
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Fig. 5 Variations of mole fractions of CH,, CO, CO,, N,O and SF, in the atmosphere of the urban area
of Hangzhou during the trial operation of the system

The hollow boxes in the figure represent the mole fractions of the ambient atmosphere of Hangzhou, and the solid dots represent the
mole fractions of the target gas measured by the GC system, the above data have not been filtered by background and non-background
data. The system is used for both laboratory calibration and off-line sample analysis, thus the partial data missed.
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