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Fig. 1. (a) Spectra of the measured sample and ref-
erence channels were divided into two selected 12COq
and 13CO2 window; (b) the absorbance in the sam-
ple channel is plotted as a function of the absorbance
in the reference channel for both isotopes (A(k’) and
A(k) represent the absorbance in the 2CO2 and

13C02 window, respectively).
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Fig. 2. Experimental setup.

4 BERERMNEZEFENESIL RS
S AT 2 1 B8 T A
4.1 SEIGEEIEH|

FH [ A7 2 0 2 J R, e ) R v i
(2R3 A 1) Wsh &, Wk e e
P 2) BRI 2R S B AN i ) A e M R FL 4 ik
FE 2L 3) FEf SR 5 S5 54k COq IR FE 2 5.
Vs RGN R R, SRR, AR AR
SRR R — PP S, X R TR =
SR IR M.

4.1.1  FARFRAE

SEEG AR T SRS = E AT R I —MA TR K
JeFE L @I P HARAA 280 em3, W I B
FHFE 12 cm, JEES A A E 215 ]G, AT LASEEL
26.4 m [1)SEFHERE. BN B IR YAt 1) £ FH s T

XA R R, FEAR T 2 ORI Uk 51 R
AR B AR AR S 56 5 SR RS, AN,
PRAR 22 S AP, A R 42 9 A AR AR AR
JE, I HAERH R AR A1 00 N B B AR SE ) 2 38
HAE R GEmi B[R] _E A3, SRaeR A R — MR i
KA Ja RESHIEARNGE, ZHUHER TR ZE W
K.

412 ARREILEH

N R FR G S AE 2B AN I R FR R, Sk
FEFE N 50 scem (1 scem = 1 mL/min) =k FE R
Ji B L 15 ) 48 (mass flow controller, MFC), ¥
SR B I E 40 scem, WE3 () Fras. A
K3 (a) AT LA H, 2R G0 Hp UM R A0 3 A 4% ) £E
40 scem HARGFHufR F7 7 KRG 2 PE. H &S &
SRR ESR, I %A R 3 R #. 40 scem
PR AL+ MEFC il A2 ) 80% Ab, 1X A FI T
BRI HEm SR, B3 D) Al T RN B

064206-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 6 (2018) 064206

WSS AR 7 2 ) S B [A], BEE No 1
MON, WSS 5 R BB 0N, A5 5 R EE AR 8 5 0

R TE 2150 s, H ] 10 s Nk <& st
], BP R G0 0 B e 8] 2 150 s, Wioits i) B ey
(89140 s. BEMCRAINI10 s, LLE A e NIKEL
PIFEER AR I B0 5 7 B et 26, AKHE 40 scem
IR FE VR T SR B A [R]A 40 s, /N T 5K
Bl & i 1], 31X R PRUOABEAE No 78N, AR
A SRS R B T SR 8 SR R SR,
MW 5 Ny RG-Sk, ZTfiE P K [

A B I (]
42
I —— Flow (2)

40
= 38 40.04 {— Flow ) )
g Flow fluctuation 0.05 sccm
I 4002w T A T TN
2 36f
= 40.00

I SXCERLAL b i A LR A L

1.5 2.0 2.5 3.0 3.5
32 1 1 1 1
0 1 2 3 4 5
Time/h
0.5
(b) ® Amplitude of absorption peak
0.4k Equation: y=yo+ Aiexp[—(xz—x¢)/t1]
R?=0.99915
>
~ 10 s
< 03f
27 yo = 8.0143x10-7
= @y = —7.24737
gl Ay =0.94768
s 02 t, = 27.34902
g
20
0 0.1+
0 -
1 1

0 . 50 . 100 . 150 . 200
Time/s

3 (a) MU MIFRRE M (RN BN SR B OL);
(b) FEN No B HAEI A 5 B el (1) (AL SETE
SRR AN [A]£] 10 s)
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Fig. 5. (a) Selection of optimum regression windows by only the extreme method; (b) moving window-regression method.
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Abstract

Real-time breath gas analysis with high accuracy, precision and time resolution, as a promising, non-invasive, fast
and reliable tool, is important in medical diagnostics. Especially stable isotopologues of carbon dioxide is applied to
multiple research areas including the diagnosis of gastrointestinal diseases. Helicobacter pylori (H. pylori) is one of
the most frequent bacterial infectious diseases in human beings and is now recognized as one of the key risk factors
for chronic gastritis, peptic ulcers, stomach cancer and lymphoma. In contrast to traditional invasive tests, the most
reliable non-invasive method in the diagnosis of the H. pylori infection is considered to be **C-urea breath test which is
implemented by measuring the **COx / 1200, isotope ratio in human breath. Tunable diode laser absorption spectroscopy
(TDLAS) has the advantages of fast response, low drift, good gas selectivity and high detection sensitivity, and it is very
convenient to develop a high precision, real-time and online measurement system. A precision laser spectrometer for the
measurement of CO2 isotope abundance in human breath (with CO2 concentration of 4%—5%) or high concentration
gas is designed and evaluated based on TDLAS technology. The spectrometer contains a novel compact dense-pattern
multipass cell with a small volume of 280 cm® and an effective optical path length of 26.4 m. The cell is in conjunction
with a fiber-coupled distributed feedback diode laser operating at 2.008 pm. Wavelength modulation spectroscopy
approach is used. The mass flow, pressure and temperature of the cell are actively controlled, and able to keep long-term
stability. The influence of laser power fluctuation is eliminated by fitting the baseline with cubic polynomial to normalize
the raw spectrum. Moving window regression is used to remove the influence of frequency drift on measuring isotope
abundance. The system measurement precision is improved by wavelet denosing and Kalman filtering. The experimental
results demonstrate that moving window regression method not only extends the stability time of the system but also
improves the measurement precision of isotope abundance well, the wavelet denoising improves the signal-to-noise ratio
by 2 times that by the method of multi-spectral average, the stability time of the system is 100 s given by Allan variance,
and the measurement precision of COz isotope ratio is 0.067%o after Kalman filtering. The use of small multi-pass cell
and the default of denoising devices make the system more portable and improve the real-time and online measurement
performance of the system. In addition to the measurement of **CO2/*?CO3 isotope ratio in human breath, by replacing
different lasers, the spectrometer can also be used to measure trace gas concentration and the stable isotope abundance
of many gas molecules in atmosphere. Therefore, the spectrometer will have broad applications in the areas of medical
diagnosis, carbon cycle study and environmental monitoring.

Keywords: laser absorption spectroscopy, stable isotope, human breath, precision
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