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Study on the in-situ Measurement of Greenhouse Gas by an Improved FTIR
XIA Ling-jun'?, LIU Li=xin', ZHOU Ling-xi', FANG Shuang-xi' , WANG Hong-yang' , ZHANG Zhen-bo'

(1. Chinese Academy of Meteorological Sciences, Beijing 100081, China; 2. School of Atmospheric Physics, Nanjing University of
Information Science and Technology, Nanjing 210044, China)

Abstract: The real-time, automatic, highly accurate and efficient system for measuring the mixing ratios of CO,, CH,, CO and N,0
has been developed by combining the commercial FTIR system ( Wollongong University) with an auto-sampling system and a working
standard module. Based on the tests conducted, the FTIR showed the high precision and a relatively low accuracy associated with its
poor determination of correction factors. The absolute error of the mixing ratio of CO was above 38. 8 x 10 ™°, suggesting that FTIR
alone could not meet the requirement for the real time measurement. Using the working standard gases to adjust results from the FTIR
significantly improved the accuracy of measurements. For both static and dynamic conditions, the discrepancies between the measured
results and the real values were below 0.11 x 107, 1.8 x 107, 0.15 x 10 > and 0.5 x 10~° for CO,, CH,, N,0 and CO
respectively, meeting the requirements for the atmospheric real-time measurements. During 6 days in-situ measurements of greenhouse
gas outside the lab, the precision of target gas can reach 0.05 x107%, 0.2 x107°, 0.07 x107?, 0.5 x 10~ for CO,, CH,, N,0,
CO, and inaccuracy can be 0.09 x 107, 0.4 x107°, 0. 14 x10™°, 0.5 x 10 ~° , respectively

Key words:FTIR; GHGs; working standard module ; auto-sampling system; in-situ measurement
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Fig. 1 Flow diagram of the FTIR system
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Table 1  Values of standard gases for the tested system

Tt €O, x10°° CH, x10~° COx10~° N,0 x10~°
WLRWR B TAER) 351.17 1899.5 131.6 298. 14
WH (e TAER) 576.72 2032.0 288. 1 382. 16
T( HAr=) 406. 46 2003.9 370.7 327.70
S1(#5R) 456. 69 2515.6 1592.9 331.03
2(F5R) 370.71 1930.2 265.7 311.55
C1(MiX=X) 396. 44 1825.8 92.3 325. 84
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Table 2 Precision and accuracy testing

. €O, x107° CH, x10~° N,0 x10~° cox10~?

Fr5 5 =5
F S F S F S F S

1 396. 19 395. 84 1843.9 1841.0 324. 86 324. 40 53.3 53.4
2 396. 20 395. 86 1844.2 1840.0 324. 89 324. 44 53.2 53.5
3 396. 17 395. 85 1844.1 1839.7 324.96 324. 44 53.5 53.4
4 396. 15 395. 85 1843.8 1840.0 324. 82 324.39 53.5 53.6
5 396. 14 395. 83 1843.8 1839.1 324. 84 324.43 53.4 53.5
6 396. 12 395. 81 1843.8 1838.9 324. 80 324. 47 53.4 53.5
7 396. 13 395. 80 1843.7 1838.9 324.95 324. 46 53.8 53.6
8 396. 12 395.78 1843. 4 1838.6 324.91 324. 48 53.6 53.4
B 22 0.03 0.03 0.2 0.8 0. 06 0.03 0.2 0.1
SHME 396. 15 395. 83 1843.8 1839.5 324.88 324. 44 53.5 53.5
FRFRIE 396. 44 1825.8 325.84 92.3

| daxfiRz | 0.29 0.61 18 13.7 0.96 1.4 38.8 38.8

1) FFRshSitia; 2)s Fomm iz, TR

MR EE R WoR S Co,. CH, . N,O,  GAW) HEFF 11 [ Pr 52 56 2 18] % E 15 e X ok =
CO BEIR AT BUAR WEAR 2245 30 0.03 x 10, 0.8 CO,/CH,/N,0/CO H.XF 43 #r 45 S i 22 {H 57 4 51
x1077,0.03 x10°F10.1 x10~° , imEHEXT BT 0.1 x10°, 2x107°,0.1 x10°F12 x
SIS 0.03x107°, 0.2 %1077, 0.06 x 10 °F1 10 ~°f & HFs.
0.2x107° , RMUIZRGEHKERLY. HAEZH  2.1.2 412 AL
M IE ZR BT B Y B R G B0 B FR A 2 TR] Y 4 %t B BB S AR (WL, WH, T, SI,
W2k F] €0,=0.29 x107°, CH,=13.7 x S2) 43 iliE A FTIR EHLIEAE R inletl $E1T 50T, 4
1077, N,0=0.96 x10™°, CO K 38.8 x10 ", UKHHFESHT 20 min, PIFIAEL AT & 225 AU PEAOC
R R AR R AL AR R B (WMo, RIS LA 2 A 3.
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Table 3 Residual analysis

b 5%24-C0, x 10 ~° 5%2%-CH, x 10 ~° #R7E-N,0 x10 ~° 3%2:-Cox 1077
S F S F S F S F
WL 0. 03 -0.05 -0.8 -0.2 -0.05 -0.03 1.2 1.4
T 0.23 0.05 -0.5 0.2 0.02 -0.07 -1.3 -1.8
WH -0.11 -0.05 0.6 -0.1 -0.02 0.02 -1.1 -0.9
sl 0.18 0. 09 -0.1 -0.1 0.02 -0.02 0.2 0.3
2 -0.33 ~0.04 0.9 0.1 0.03 0.1 1.0 1.0

WA R AR A R PR 45 S R o, CH, . FTAYE B, ML % B R H s S ()
CO ., N,OZLPEAIE R34 %)0. 999 99U |, F iz #HFE.
RGNS BRIA I RIEA . (HNFE 3 45 2.2 *h50 H S RERBE S (19 R G IR,
AL ST EEEC(F) CO, AT CH, Ay ml I FEhit ey 8 11 [ sh AL i (35 VIC
R R BAL T RS (S) , MMMEZL  Valeo (UEEA D) EIMNRA C1 4> BIEEERER 1 ~8
XIN,OF CO MIBRZEG BT, PG, TERAFVF O R FEe: FTIR FHLIERE T inlet] SEAT40HT , A5 UK
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Fig. 2 Linearity of two modules
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Table 4  Results of 8-port valve tests

& e €O, x10°° CH, x10™° N,0x10™° COx10?

1 396. 04 1842.5 324.83 53.1

2 395. 98 1842.7 324.78 53.4

3 396. 00 1842.9 324.71 53.3

4 395.98 1840. 1 324. 80 53.4

5 396. 04 1840.0 324.96 53.3

6 396. 05 1840.2 324.93 53.3

7 396. 04 1840. 1 324.88 53.3

8 396. 05 1842.2 324. 88 53.3
inletl 395.95 1842.0 324.78 53.7
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Table 5 Resulis of the target T gas
bR T €O, x107° CH, x10~° N,0 x 10 ~° COx107°
S F S F S F S F

SEHED 406. 35 406. 38 2002. 1 2003. 4 327.55 327.83 370.2 370.3

| astins | D 0.11 0.08 1.8 0.5 0.15 0.13 0.5 0.4
SEHE) 406. 10 406. 53 2005.3 2004.3 327.33 327.61 330.2 328.5

| axtigzs |2 0.36 0.07 1.4 0.4 0.37 0.09 40.5 42.2
FRFRAE 406. 46 2003.9 327.70 370.7
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U [ 25 e U0 2 R A LA AU
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